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MicroRNA-155 as a therapeutic target for inflammatory diseases
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Abstract MicroRNAs are short non-coding molecules

expressed in different tissues and regulate the transcription

of different genes. They are highly specific in their action.

Upregulation or downregulation of specific microRNAs

has been observed during different diseases like cancers,

embryogenesis, organogenesis, apoptosis and arthritis.

They are also known to be involved in autoimmune dis-

eases. MicroRNAs are also found to be stable and easy to

validate. Differential expression of microRNA-155 has

been studied by different groups in inflammatory diseases

including arthritis along with other miRNAs. This suggests

that it can be used as a potential biomarker or therapeutic in

the autoimmune diseases, especially rheumatoid arthritis.

Experimental studies are needed to explore their role as

biomarker or therapeutic.
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MicroRNA-155 in inflammatory diseases

MicroRNAs are a class of short, non-coding, evolutionary

conserved RNA molecules that can modulate the tran-

scription of other genes [1]. miRNAs are highly conserved

among mammals [2]. In silico studies and gene mapping

suggest that miRNAs regulate 30 % genes of human gen-

ome. miRNAs are highly specific for every cell type and

developmental stage [3]. They control the basic biological

functions, such as apoptosis, organogenesis, proliferation,

embryogenesis, antiviral response and the stress [4].

MicroRNA abnormal levels are lined with cancers in

humans [5], haematopoiesis [6], metabolism [7] and car-

diac hypertrophy [8]. miRNAs are also found to modulate

T-cell receptor sensitivity and T-cell selection [9] as well

as Treg cell development [10], which could suggest the

involvement of miRNA in the autoimmunity development.

They act by binding to the 30UTR and act as post-tran-

scription modulators.

miRNA-155 is encoded within B-cell integration (Bic)

gene located on chromosome 21. Its expression was

observed during many autoimmune diseases like multiple

sclerosis, rheumatoid arthritis and systemic lupus erythe-

matosus. Moreover, it serves as potential regulator of

immune cells which target specific miRNAs. Since

immune cells play important role in human autoimmune

disease pathogenesis, miR-155 might be a good therapeutic

target [12].

miRNA-155 individually controls autoimmune destruc-

tive arthritis in two ways: it inhibits the generation of

self-reactive T- and B-cell responses and controls the

development of local bone destruction. So, these types of

interactions make it a novel target for the treatment of RA

[13]. Generally, miRNA-155 together with miR-146 is

induced by proinflammatory stimuli like tumour necrosis

factor a (TNFa), Toll-like receptors (TLRs), LPS,

pam3CSK4 and interleukin 1 by the activation of tran-

scription factors like MAP kinases such as JNK and

NF-kB. miRNA-155 is also known to regulate the Th1 cells

and positively regulate the TNFa mRNA. It was also
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studied based on genetically modified mice that miR-155 is

a key regulator of B-cell maturation by controlling the

AID-mediated myc-IgH translocation process.

miRNA-155 positively regulates the production of

TNFa, which is the first cytokine involved in the patho-

genesis of inflammatory diseases. This makes it a potential

therapeutic target for treating such diseases [14].

Positive regulation of TNFa and increased levels of

TNFa by miRNA-155 are associated with RASF; thus, it

may be concluded that increased levels of this miRNA may

lead towards disease pathogenesis [15]. miRNA-155 is also

shown to involve in a large number of biological activities.

It was initially discovered to be involved in cancers and

neoplastic diseases [16] in modulation of haematopoiesis

and in immune system [17–19]. miRNA-155 has also been

shown to be induced in colons and activated CD4? T cells

[20].

miRNA-155 has a key role in autoimmunity. In the hae-

matopoietic compartment, it promotes the development of

inflammatory T cells. It has also been shown to be involved in

the cytokine production (IL-6, IL-17 and IL-22) and local

bone destruction [21]. Experiments with knockout mice

demonstrate the absence of miRNA-155 results in the

impaired memory response, which is the indication that it

might regulate generation of memory B-cells [22].

miRNA-155 regulates several immune responses. Acti-

vated B and T cells and activated macrophages showed its

higher expression. Its expression is also associated with

B-cell malignancies. Together, this information suggests its

role in normal functioning of B and T lymphocytes and

dendritic cells [23].

In a study, it was observed that during experimental

autoimmune encephalomyelitis (EAE), miRNA-155

expression was upregulated in CD4? T cells. Furthermore,

miRNA-155 knockout mice showed less inflammation in

CNS and reduced severity of disease, which may be due to

the decrease in Th1 and Th17 responses in the CNS and

peripheral lymphoid organs. The scientists confer from

these experiments miRNA as a new target for therapeutic

intervention in multiple sclerosis [25].

Generally, miRNAs mediate disease pathology via

coordinated regulation of molecular effectors pathways.

Unravelling miR disease-related activities will facilitate

future therapeutic interventions.

miRNAs are found in dried biological fluids such as

semen, saliva, vaginal secretions and menstrual blood. It is

also found that in the plasma, miRNA is protected from

endogenous RNase activity and is stable enough that it

does not degrade at room temperature for 24 h and can be

stored at -20 �C for up to 7 days, so it can serve as a

biomarker [29].

Multiple tests are used to diagnose the autoimmune

diseases, such as CT scan, X-ray, ESR, white blood cell

count, C-reactive protein, antinuclear antibodies (ANA)

and serum rheumatoid factor in case of RA. But miRNAs

can be used as biomarker due to their stability and

expression in multiple tissues, and the fact that they can be

easily targeted. Furthermore, miRNA-based gene therapies

can also be used to treat autoimmune diseases. Still further

studies are needed to further explore their role as thera-

peutics in future.

MicroRNA-155 in rheumatoid arthritis

MicroRNAs (miRNAs) regulate the immunoinflammatory

response. So, inflammation may alter miRNA levels in

joints of RA patients. During inflammation, upregulated

TLRs may involve in miRNA pathway. RT-PCR and

microarray analysis showed comparable expression levels

of 12 miRNAs including hsa-miR-155 [11].

Microarray analysis of TNF-treated RASFs showed

significant upregulation of miRNA-155 as compared to

patients with osteoarthritis (OA). It was also analysed that

miR-155 expression can be induced by TNF, interleukin-1,

lipopolysaccharide, poly (I–C) and bacterial lipoprotein.

The expression of miR-155 in RA synovial tissue was

higher than in OA synovial tissue.

It has been studied that if expression of miRNA-155 is

higher in synovial fibroblasts derived from patients with

RA (RASFs), then it can repress the expression of matrix

metalloproteinase 3 (MMP-3) and MMP-1 via TLR ligands

and cytokines that may lead to tissue destruction in joints.

In RA patients, higher miRNA-155 levels were observed in

synovial fluid as compared to monocytes [3]. Moreover,

another study showed that RA PBMCs exhibit much higher

expression of miR-155 as compared to normal individual

PBMCs [24]. It could suggest that this microRNA can have

therapeutic potential for the treatment of joint destruction

in RA.

In arthritis synovial fluid macrophages, it was observed

that with the increased expression of miRNA-155, the

expression of Src homology 2-containing inositol phos-

phatase-1 (SHIP-1) was downregulated, which is an

inhibitor of inflammation, and the expression of pro-

inflammatory cytokines like IL-6 (which is an inducer for

the development of the autoreactive Th17 cells) and TNF-a
(mediator of chronic inflammation) was upregulated. Both

IL-6 and TNF are validated clinical therapeutic targets in

RA. Moreover, it was also observed that miR-155 knockout

mice showed reduced levels of TNF-a and other chemo-

kines and was resistant to collagen-induced arthritis, so it

can be a good therapeutic target in case of arthritis. But

further studies are required to explore the involvement of

these miRNAs in different cellular pathways before

exploring their roles as therapeutics.
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Iain McInnes and colleagues report that miRNA-155 has

a critical role in antigen-dependent arthritis and cytokine-

driven joint inflammation. So, aberrant cytokine expression

in RA may be blocked by targeting miRNA-155 [26].

In vitro and mouse studies suggest antagonizing miR-155

could help treat RA [27].

Researchers from the University of Florida have

recently found out that specific miRNA upregulation in the

blood mononuclear cells of patients can be used as

potential marker for RA diagnosis and therapy response.

They have measured the upregulation of different miRNAs

in RA patients and healthy controls. Expression of miR-

146a, miR-155, miR-132 and miR-16 was 1.8- to 2.6-fold

higher in RA patients as compared to healthy controls [28].

Joanna Stanczyk in 2008 [3] specifically showed the

upregulation of miR-155 in the synovial fibroblasts

(RASFs) and synovial tissues of RA patients by real-time

PCR. So, these types of studies suggest that it is a novel

target for the treatment of RA [13].

Conclusions

Several studies showed the differential expression of

microRNA-155 in the inflammatory diseases. It has also

been shown that microRNA-155 was upregulated in the

activated macrophages and activated B and T cells. Vari-

able expression of microRNA-155 also observed in various

experiments in RA patients suggests that it can be used in

the diagnosis and treatment of inflammatory diseases

including rheumatoid arthritis.
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