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Running Head: Cholinomirs Potential Therapeutic
Targets for Inflammatory Diseases
The host inflammatory response can be self-limited or progress to
immunological and inflammatory diseases. It has been well known that
humoral anti-inflammatory mechanisms, including IL-10, TGF-β1,
glucocorticoids and other cytokine inhibitors, can protect tissue
against cytokine-induced damage in humans. Recent advances have
identified a brain to immune system mechanisms, termed cholinergic
anti-inflammatory pathway (CAP). Briefly, the vagus nerve senses and
conveys the inflammatory signal to the brain, and the brain, via vagal
secretion of acetylcholine (ACh) which binds a7 nicotinic receptors on
macrophages (α7nAchR), suppresses peripheral cytokine production
and guard against tissue damage [1,2]. The brain maintains immune
homeostasis via in real time monitoring and adjusting the
inflammatory response, and this regulation manner is quicker, effective
and localized when compared to humoral ones. Activation of this
‘‘cholinergic reflex’’ has been found effective in various inflammatory
disease such as sepsis, rheumatoid arthritis, Crohn’s disease, and
cerebral and myocardial ischaemia. However, vagus nerve stimulation
in humans is an invasive procedure and is not feasible under many
circumstances. Pharmacological activation, such as nicotine, a nonspecific α7nAchR agonist, is associated with severe side effects and
toxicity. Novel specific and effective targets activating CAP are still
needed for the therapeutic interventions in inflammatory diseases.
MicroRNAs (miRNAs) are non-coding transcripts of 18-25
nucleotides, and they usually target mRNAs to modulate gene
expression by 1.2 to 4.0 fold rather than acting as on-off switches for
genes. miRNAs have been found to contribute to both neuronal and
immune cell fate [3], but their involvement in the neuroimmune
interface of CAP remains largely unknown. Several miRNAs assisting
vagal cholinergic anti-inflammatory activity, named cholinomiRs, has
been identified only recently [2], especially miR-124 and miR-132.
They are reported to be induced by LPS challenge and their treatment
could potentiate the CAP and attenuate inflammation [4-6].
α7nAChR is essential for the cholinergic anti-inflammatory action
[2]. Downstream signal molecules that link α7nAChR activation and
pro-inflammatory cytokine production will be potential targets for
therapeutic interventions that modulate inflammatory responses.
MiR-124 is reported to be induced after LPS and α7nAChR activation,
which in turn targets signal transducer and activator of transcription 3
(STAT3) and TNF-α converting enzyme (TACE) and reduces IL-6
production and TNF-α release [4]. MiR-124 knockdown abolished the
nicotine’s cholinergic anti-inflammatory action in LPS-triggered
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macrophages and mice. Furthermore, miR-124 overexpression could
significantly increase the survival rate of mice that were given a lethal
dose of LPS [4]. Therefore, miR-124 might be a valuable target in
treating sepsis. Moreover, miR-124 shows therapeutic potential in
other inflammatory-related diseases. MiR-124 mediates the protective
role of nicotine in DSS-induced mice colitis [7], and miR-124
reduction promoted inflammation and pathogenesis in ulcerative
colitis patients [8]. Abnormal expression of miR-124 is also found in
rheumatoid arthritis (RA) patients and ankylosing spondylitis (AS)
patients. Forced expression of miR-124 repressed adjuvant-induced
arthritis (AIA) in rats by decreasing synoviocyte proliferation,
leukocyte infiltration, and cartilage or bone destruction through
suppressing RANKL and NFATc1 [9-11]. MiR-124 overexpression
suppresses experimental autoimmune encephalomyelitis (EAE) by
deactivating microglia, a kind of macrophages resident in the brain
and spinal cord, via the C/EBP-α-PU.1 pathway [12]. Microinjection of
miR-124 into the peritoneum, which then be transported by
macrophages to the site of spinal cord injury, could decrease the
infiltration of macrophages and therefore ameliorate spinal cord injury
[13]. MiR-124 also shows its therapeutic effect in the treatment of
glioma, B-cell lymphomas and even liver cancers by regulating STAT3
or other targets [14-16]. Therefore, miR-124 is a promising candidate
target for a broad spectrum of inflammatory diseases.
ACh is the neurotransmitter activating α7nAchR in the CAP. It is
hydrolyzed by acetylcholinesterase (AChE), therefore, AChE inhibition
restricts inflammation by enhancing the cholinergic anti-inflammatory
action. MiR-132 is the first miRNA that has been experimentally
validated as targeting AChE. It can be induced by LPS exposure in
leukocyte of both mice and human, which then targets AChE to
attenuate inflammation. Transgenic mice overexpressing 3’UTR null
AChE exhibited higher tissue AChE acitivity, excessive inflammatory
mediators and impaired cholinergic anti-inflammatory regulation
despite normal miR-132 levels [17]. MiR-132 also inhibits LPS-induced
inflammation in alveolar macrophages by decreasing AChE level and
enhancing
cholinergic
anti-inflammatory
pathway
[18].
Correspondingly, miR-132 modulates vagal tone and consequently
inflammation in inflammatory diseases. MiR-132 levels are higher
while cholinergic status and AChE activity were lower in inflammatory
bowel disease (IBD) patients [19]. MiR-132 increases in RA patients as
well [20]. Downregulation of miR-132 associates with EAE severity,
and miR-132 mediates the 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD)-induced anti-inflammation effect and attenuation of EAE
[21]. During wound healing, miR-132 facilitates the transition from
the inflammatory to the proliferative phase by regulating a large
number of immune response- and cell cycle-related genes [22]. In viral
or bacterial-infected cell/tissue, miR-132 is induced [23], which then
inhibits both inflammatory cytokines and antiviral genes. Thus,
miR-132 seems to be an attractive target for designing therapies aimed
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to restore the cholinergic anti-inflammatory reflex in various
inflammatory conditions [2]. Besides miR-132, miRNA-199a also
suppresses cholinesterases to increase cholinergic signaling, resulting
in decreased expression of proinflammatory cytokines [24]. Over 200
miRNAs are identified to target different cholinesterease transcripts,
and most of them remain to be validated in the future [25].
In addition, MiR2055b is also reported to be involved in the
cholinergic anti-inflammatory action. MiR2055b expression
significantly increased following the activation of α7nAchR in
macrophages [26]. It is a critical mediator of cholinergic antiinflammatory activity in late sepsis by targeting HMGB1, suggesting
that it is also a potential therapeutic target for the treatment of
inflammatory diseases.
The ‘‘micromanagement’’ of brain to immune system attracts special
attention. MiR-124 and miR-132 has now been termed as
“cholinomiRs”, which modulates both neuronal and immune processes
and acts as negotiators between these two interacting compartments.
There are other miRNAs (eg. miR-125b and miR-146a) involved in the
neuroimmune interface which may also participate in the CAP [27].
By mimicking the activation of α7nAChR or manipulation of AChE
level, they could be beneficial for various pathological conditions,
including inflammation, depression and anxiety, neurodegenerative
diseases [2,28]. This editorial emphasizes the role of miRNAs in CAP
and hopes to avail opportunity of using these “cholinomiRs” in the
treatment of inflammatory diseases.

Financial and competing interests disclosure
This work was supported by grants from the National Natural
Science Foundation of China (81273606 and 81473259 to XL,
81603116 to YS), and National Science and Technology Major Project
(2014ZX09J14103-08C to XL). The authors declare no conflict of
interests. No writing assistance was utilized in the production of this
manuscript.

References
1.
2.

3.
4.
5.
6.

7.
8.

Qin Z, Wang PY, Su DF, Liu X (2016) miRNA-124 in Immune system and
immune disorders. Front Immunol 7: 406.
Priyadarshini M, Arivarasu NA, Shah A, Tabrez S, Priyamvada S, et al.
(2013) MicroRNA: novel modulators of the cholinergic antiinflammatory pathway. Antiinflamm Antiallergy Agents Med Chem 12:
136-140.
O'Connell RM, Rao DS, Baltimore D (2012) microRNA regulation of
inflammatory responses. Annu Rev Immunol 30: 295-312.
Sun Y, Li Q, Gui H, Xu DP, Yang YL, et al. (2013) MicroRNA-124
mediates the cholinergic anti-inflammatory action through inhibiting the
production of pro-inflammatory cytokines. Cell Res 23: 1270-1283.
O'Neill LA (2009) Boosting the brain's ability to block inflammation via
microRNA-132. Immunity 31: 854-855.
Taganov KD, Boldin MP, Chang KJ, Baltimore D (2006) NF-kappaBdependent induction of microRNA miR-146, an inhibitor targeted to
signaling proteins of innate immune responses. Proc Natl Acad Sci U S A
103: 12481-12486.
Qin Z, Wan JJ, Sun Y, Wu T, Wang PY, et al. (2016) Nicotine protects
against DSS colitis through regulating microRNA-124 and STAT3. J Mol
Med.
Koukos G, Polytarchou C, Kaplan JL, Morley-Fletcher A, Gras-Miralles B,
et al. (2013) MicroRNA-124 regulates STAT3 expression and is downregulated in colon tissues of pediatric patients with ulcerative colitis.
Gastroenterology 145: 842-852.

Immunother Open Acc, an open access journal
ISSN:2471-9552

9.
10.
11.
12.

13.

14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.

25.
26.
27.
28.

Nakamachi Y, Ohnuma K, Uto K, Noguchi Y, Saegusa J, et al. (2016)
MicroRNA-124 inhibits the progression of adjuvant-induced arthritis in
rats. Ann Rheum Dis 75: 601-608.
Zhou Q, Long L, Shi G, Zhang J, Wu T, et al. (2013) Research of the
methylation status of miR-124a gene promoter among rheumatoid
arthritis patients. Clin Dev Immunol 2013: 524204.
Xia Y, Chen K, Zhang MH, Wang LC, Ma CY, et al. (2015)
MicroRNA-124 involves in ankylosing spondylitis by targeting ANTXR2.
Mod Rheumatol 25: 784-789.
Ponomarev ED, Veremeyko T, Barteneva N, Krichevsky AM, Weiner HL
(2011) MicroRNA-124 promotes microglia quiescence and suppresses
EAE by deactivating macrophages via the C/EBP-α-PU.1 pathway. Nat
Med 17: 64-70.
Louw AM, Kolar MK, Novikova LN, Kingham PJ, Wiberg M, et al. (2016)
Chitosan polyplex mediated delivery of miRNA-124 reduces activation of
microglial cells in vitro and in rat models of spinal cord injury.
Nanomedicine 12: 643-653.
Wei J, Wang F, Kong LY, Xu S, Doucette T, et al. (2013) miR-124 inhibits
STAT3 signaling to enhance T cell-mediated immune clearance of
glioma. Cancer Res 73: 3913-3926.
Jeong D, Kim J, Nam J, Sun H, Lee YH, et al. (2015) MicroRNA-124 links
p53 to the NF-κB pathway in B-cell lymphomas. Leukemia 29: 1868-1874.
Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki A, Poultsides
GA, et al. (2011) An HNF4α-miRNA inflammatory feedback circuit
regulates hepatocellular oncogenesis. Cell 147: 1233-1247.
Shaked I, Meerson A, Wolf Y, Avni R, Greenberg D, et al. (2009)
MicroRNA-132 potentiates cholinergic anti-inflammatory signaling by
targeting acetylcholinesterase. Immunity 31: 965-973.
Liu F, Li Y, Jiang R, Nie C, Zeng Z, et al. (2015) miR-132 inhibits
lipopolysaccharide-induced inflammation in alveolar macrophages by the
cholinergic anti-inflammatory pathway. Exp Lung Res 41: 261-269.
Maharshak N, Shenhar-Tsarfaty S, Aroyo N, Orpaz N, Guberman I, et al.
(2013) MicroRNA-132 modulates cholinergic signaling and inflammation
in human inflammatory bowel disease. Inflamm Bowel Dis 19:
1346-1353.
Pauley KM, Satoh M, Chan AL, Bubb MR, Reeves WH, et al. (2008)
Upregulated miR-146a expression in peripheral blood mononuclear cells
from rheumatoid arthritis patients. Arthritis Res Ther 10: 101.
Hanieh H, Alzahrani A (2013) MicroRNA-132 suppresses autoimmune
encephalomyelitis by inducing cholinergic anti-inflammation: a new Ahrbased exploration. Eur J Immunol 43: 2771-2782.
Li D, Wang A, Liu X, Meisgen F, Grunler J, et al. (2015) MicroRNA-132
enhances transition from inflammation to proliferation during wound
healing. J Clin Invest 125: 3008-3026.
Lagos D, Pollara G, Henderson S, Gratrix F, Fabani M, et al. (2010)
miR-132 regulates antiviral innate immunity through suppression of the
p300 transcriptional co-activator. Nat Cell Biol 12: 513-519.
Song J, Li N, Xia Y, Gao Z, Zou SF, et al. (2016) Arctigenin Confers
Neuroprotection Against Mechanical Trauma Injury in Human
Neuroblastoma SH-SY5Y Cells by Regulating miRNA-16 and
miRNA-199a Expression to Alleviate Inflammation. J Mol Neurosci 60:
115-129.
Hanin G, Soreq H (2011) Cholinesterase-Targeting microRNAs Identified
in silico Affect Specific Biological Processes. Front Mol Neurosci 4: 28.
Zhou W, Wang J, Li Z, Li J, Sang M (2016) MicroRNA-2055b inhibits
HMGB1 expression in LPS-induced sepsis. Int J Mol Med 38: 312-318.
Soreq H, Wolf Y (2011) NeurimmiRs: microRNAs in the neuroimmune
interface. Trends Mol Med 17: 548-555.
Ofek K, Soreq H (2013) Cholinergic involvement and manipulation
approaches in multiple system disorders. Chem Biol Interact 203:
113-119.

Volume 2 • Issue 4 • 1000e106

