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The immune system is essential to host defense because it 
senses attacking pathogens and elicits protective immune 
responses. Although immune responses can protect 
against pathogens, uncontrolled immune responses 
cause tissue damage and other pathological consequences 
through their inflammatory mediators. For example, 
unsolicited or exaggerated IL-6 production causes severe 
inflammatory autoimmune diseases and cancer [1-3] 
and, thereby, Il6 expression is tightly regulated, both 
transcriptionally and post transcriptionally. RNA-binding 
proteins (RBPs) are known to regulate gene expression 
at the posttranscriptional level and are highly recognized 
owing to their associations with many biological functions 
and diseases [4-7]. AT-rich interactive domain-containing 
protein 5A (Arid5a) is known to be a cofactor of various 
transcription factors such as Sox9, and it also contributes 
to cell growth and differentiation [1,3,8]. Interestingly, 
our group has identified a novel function of Arid5a 
in mRNA stabilization as well as its associations with 
inflammation and autoimmunity [9-11]. We observed 

that chlorpromazine (CPZ), which is an antihistaminic 
and antipsychotic drug, inhibits lipopolysaccharide 
(LPS)-induced IL-6 production in macrophages [9,12]. 
Mechanistically, Arid5a, which is also inhibited by CPZ, 
functions in mRNA stability by binding to the adenylate/
uridylate (AU)- and U-rich elements (AREs) on the 3′ 
untranslated region (3′UTR) of the Il6 mRNA transcript, 
thereby facilitating the posttranscriptional regulation 
of Il6 gene expression, which in turn, increases the 
overproduction of IL-6 in vivo. Arid5a resides in the 
nucleus under normal conditions where it binds to various 
TFs, such as Sox9, to contribute to nuclear functions [8]. 
Subsequently, we have recently revealed that the Arid5a 
protein regulates the adipogenesis and the development 
of obesity in mice [13]. This study explained that Arid5a 
inhibits adipogenesis by suppressing the transcription 
of peroxisome proliferator activated receptor gamma 2 
(Ppar-γ2) in the nucleus, which is the main facilitator of 
adipogenesis. However, Arid5a interacts with Il6 mRNA 
and is exported in the cytoplasm along with UPF-1 via the 
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chromosomal region maintenance 1 (CRM1) pathway in 
response to inflammation, thereby leading to the mRNA 
stabilization of not only Il6 but also other inflammatory 
genes (Tbet, Stat3, etc.) [14]. Nonetheless, the precise 
molecular mechanism underlying nucleocytoplasmic 
Arid5a transport needs to be elucidated and understanding 
this mechanism may further aid in developing strategies to 
block the nuclear export of Arid5a to reduce inflammation. 

IL-17 is known not only to drive immunity against fungal 
pathogens such as Candida albicans (C. albicans) but also 
to contribute to autoimmune diseases [15]. Regnase-1, 
an RNase, constrains the expression of IL-17-induced Il6 
and Lcn2 and thus works as a negative regulator in the 
IL-17 pathway [16]. A group recently investigated whether 
Arid5a drives the IL-17-induced immune response in 
mouse mesenchymal cells and in human keratinocytes [17] 
and whether Arid5a interferes with destabilizing function 
of Regnase-1. The study demonstrated that Arid5a binds 
directly to the 3′UTRs of multiple target mRNAs and 
stabilizes the IL-17-induced mRNA transcripts encoding 
Il6 and CXC chemokines. Furthermore, Arid5a enhances 
the translation of IL-17-induced TFs such as C/ebpβ and 
IκBζ, which further augments the expression of the Lcn2 
gene. Additionally, we found that Arid5a is significantly 
involved in the differentiation of naive T helper (Th) cells 
into type 17 T helper (Th17) cells in a murine experimental 
autoimmune encephalomyelitis (EAE) model [9] by 
controlling the stability of Stat3 mRNA (Figure 1) [10]. 

Arid5a-deficient mice are highly resistant to developing 
EAE, which is due to a significant decrease in the IL-6 
serum level. Interestingly, the number of IL-17-producing 
CD4+ T cells is critically reduced in Arid5a-/- mice. 
Arid5a binds with the stem regions of the Il6 and Stat3 
3′UTRs via its residue R128, and Regnase-1 binds to 
these 3′UTRs as well [10]. Therefore, by interfering in 
binding to the 3′UTR, Arid5a reduces the destabilizing 
effect of Regnase-1 on these mRNAs and contributes to 
the development of autoimmune inflammatory diseases. 
Additionally, Regnase-1 represses the activation and 
differentiation of CD4+ T cells by destabilizing the mRNAs 
of Ox40, inducible T-cell costimulator (Icos) and cytotoxic 
T-lymphocyte-associated protein 4 (Ctla4) [18]. The 
adoptive transfer of Arid5a-/- encephalitogenic CD4+ T 
cells ameliorates EAE, which is related to the implication 
of the Arid5a/Ox40 axis in IL-17 production and EAE 
development in CD4+ T cells [19]. Moreover, a balance 
between Arid5a and Regnase-1 is likely to regulate Ox40 
mRNA in CD4+ T cells under Th17-polarizing conditions. 

Some IL-17-dependent pathways that lead to mRNA 
stabilization are initiated through IL-17 receptor complex 
adaptors such as Act1, TRAF2, and TRAF5 [20-22]. A 
subsequent study reported a role of SEFIR domain of Act1 
in mediating Act1 RNA binding activity to stabilize mRNAs 
of the pro-inflammatory genes (Tnf, Csf2 and Cxcl1) in 
IL-17-stimulated conditions [23]. In order to control 
mRNA metabolism, Act1 directly binds to the 3’-UTRs 

 

 

Figure 1: A schematic diagram illustrating Arid5a-mediated mRNA stability, inflammation and autoimmunity.
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of inflammatory mRNAs and form distinct ribonucleic 
proteins (RNPs) in processing (P)-bodies. This binding 
between Act1 and mRNAs can be diminished by RNA 
aptamers, which results in attenuation of IL-17-mediated 
mRNA stabilization [23]. However, Act1 does not interact 
with Arid5a, both could associate with TRAF2 [17]. It is 
likely that Act1 might regulate Arid5a mRNA under IL-
17 stimulated conditions and both could mediate IL-17-
mediated mRNA stabilization and translational control. 

The unsolicited production and release of products by 
immune cells are often the reason for cytokine storm, 
which is characterized by varying degrees of pathological 
reactions including vascular expansion, high fever, 
respiratory disorders, and the secretion of secondary 
mediators, such as nitric oxide and reactive oxygen species 
(ROS), resulting in tissue damage [24]. We reported that 
Arid5a-/- mice are less susceptible to bleomycin (BLM)-
induced lung injury and show nominal inflammation 
or edema in the lung tissue [25]. ROS production in the 
bronchoalveolar lavage fluid (BALF) is observed to be 
lower in BLM-treated Arid5a-/- mice, and this reduction 
is associated with a reduced OxPAPC level in the lung 
tissue of these mice. Additionally, Arid5a and Il6 gene 
expression is induced in response to OxPAPC stimulation 
in murine alveolar macrophages. Further studies are 
needed to delineate the mechanism of the Arid5a-
mediated regulation of ROS. In addition, sepsis is a worthy 
example of a severe systemic inflammatory response to 
infection associated with cytokine storm. We showed that 
Arid5a-/- T cells are defective in expressing IFN-γ under 
Th1-polarizing conditions, as T-bet mRNA expression 
is inhibited [11]. Arid5a is involved in binding with the 
conserved stem-loop structure of the 3′UTR of Tbet and 
stabilizing Tbet mRNA. Arid5a-/- mice are also resistant 
to Propionibacterium acnes-primed LPS injection, an 
IFN-γ-dependent endotoxic shock model. Overall, Arid5a 
regulates the augmentation of IFN-γ and IL-6 levels via the 
stabilization of Tbet and Il6 mRNAs, respectively, which 
possibly works synergistically to amplify the expression 
of various other cytokines that ultimately lead to the 
development of septic shock in mice (Figure 1).

Ample amount of data has demonstrated that cardiac 
fibroblasts (CFs) regulate the cardiac function through 
the secretion of various cytokines and growth factors 
[26,27]. Angiotensin II-stimulated CFs released IL-6 
family proteins and enlarged cardiomyocytes [27]. Thus, 
one of the promising strategies against cardiac remodeling 
could be the inhibition of the release of pro-inflammatory 
cytokines from CFs. It is well-known that β-adrenergic 
receptor (βAR) agonist enhances the production of pro-
inflammatory cytokines [28,29] which results in the 
onset and/or progression of heart failure. A recent study 

has shown a mechanism by which how βAR stimulation 
induces the production of pro-inflammatory cytokines 
by using adult murine CFs [30]. The data have suggested 
that β2-adrenergic stimulation post-transcriptionally 
upregulates the expression of Il6 by the induction of Arid5a 
through cAMP/PKA/CREB pathway in adult CFs, which 
is further directed that β2AR/Arid5a/IL-6 axis could be a 
therapeutic target against cardiac inflammation [30]. 

Immunity and inflammation are essential elements of 
tumor microenvironment which provides a nurturing 
niche for cancer [31]. A German group has more recently 
reported the association of Arid5a in lung cancer [32]. 
It is well reported that tumor-associated macrophages 
(TAMs) influence lung tumorigenesis by inducing 
immunosuppression. The functional heterogeneity of 
TAMs is reflected by phenotypic subsets such as tumor-
inhibiting M1-like and tumor-promoting M2-like TAMs. 
However, the precise mechanisms by which tumor 
microenvironment induces the phenotypic transition of 
M1-like TAMs to M2-like TAMs are not yet fully understood 
[33,34]. By transcriptome analysis, Sarode et al. have found 
upregulation of Wnt/β-catenin signaling in TAMs isolated 
from human lung tumor. Pharmacological inhibition and 
macrophage-specific genetic alteration of β-catenin gene 
reprogrammed M2-like TAMs to M1-like TAMs confirmed 
in both in vitro and in vivo models. This reprogramming 
of TAMs was associated with the suppression of primary 
and metastatic lung tumor growth. The higher expression 
of β-catenin, and β-catenin-mediated transcriptional 
activation of FOS-like antigen 2 (FOSL2) and inhibition 
of the Arid5a are responsible to initiate gene regulatory 
switch from M1-like TAMs to M2-like TAMs. Furthermore, 
higher expression of β-catenin and FOSL2 are correlated 
with poor prognosis of patients with lung cancer. Thus, 
targeting β-catenin/FOSL2/Arid5a axis in macrophages 
may offer a new immunotherapeutic option in lung cancer. 
Collectively, these reports highlight the importance of 
Arid5a-mediated transcriptional and posttranscriptional 
regulation of inflammatory mRNAs through its nucleic 
acid binding specificity and disease outcome. Moreover, a 
better understanding of Arid5a protein and its interaction 
with mRNAs may help to improve therapeutic and 
diagnostic modalities targeting Arid5a.
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