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Abstract 
 

miRNA regulates immunity by modulating the expression of key genes involved in 

leukocyte development and function. Furthermore, immunity includes innate and 

adaptive systems comprising myeloid-derived cells and lymphocytes which mediate 

nonspecific and pathogen-specific responses. Innate immunity encompasses the 

generation of myeloid-derived cells and their ability to mount a rapid and appropriate 

response to pathogen-associated danger. Here we highlight common components of 

research investigating the role of miRNA in innate immunity. The identification of 

miRNAs involved in immunity generally begins with the profiling of samples generated 

ex vivo or in vitro which include the cell types and immunological conditions of interest. 

From here a core set of methods and technologies are utilised. Various technologies exist 

for quantifying miRNA expression, including qRT-PCR and microarray platforms 

capable of profiling all known human miRNAs as listed by miRBASE. miRNA array 

expression data may be confirmed by qRT-PCR before in silico analysis of predicted 

miRNA targets, and these miRNA-target interactions validated by dual luciferase assays. 

Finally, the biological significance of any miRNA is dependent upon the degree of 

modulation it exerts combined with the importance of it target within the relevant system. 

A widely used approach for ascertaining this is to perform experiments in which the 

miRNA is constitutively expressed or knocked-down and altered function or 

experimental outcome tested. To date these methods have revealed several important 

roles for miRNA in the functioning of the immune system. As the technologies and 

techniques described here continue to develop so will our understanding of the function 
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of miRNA within immunity and with our prospects of manipulating expression for 

therapeutic gain. 

 

 

Introduction 
 

microRNA (miRNA) expression is an integral component of the machinery that 

modulates gene expression at the post-transcriptional level. The biogenesis and modus 

operandi of miRNA has been well established and comprises the sequential activity of RNA 

polymerase, Drosha and Dicer enzymes to form a primary-miRNA (pri-miRNA) transcript 

which is converted into precursor-miRNA (pre-miRNA) and finally a mature miRNA duplex 

[1]. Originally the 3’ strand of the duplex was believed to mediate the translational inhibition 

or degradation of the target mRNA; however, this canonical view has been expanded in 

recent times to include alternative mechanisms of pri-miRNA generation, additional 

processing of the pre-miRNA (notably in the let-7 family), and functionality of the 5’ strand 

[2]. During this time new technologies have been introduced and existing technologies have 

been refined. These improvements have increased the range and sensitivity of miRNA 

detection, refined the process of messenger RNA (mRNA) target prediction and validation, 

and expanded the methods available for its manipulation and functional analysis. 

miRNA identification and target prediction are two important aspects of miRNA research 

and are the cornerstone of many investigations. Perhaps the best way to describe the 

implementation of these and other techniques is with the use of an exemplar which will cover 

miRNA expression during the innate immune response. As a rule, miRNA expression appears 

to be more prevalent in innate than adaptive immunity. For instance, a central pillar of innate 

immunity is the activation of leukocytes by way of pathogen-recognition receptors (PRRs), 

most notably the Toll-like receptors (TLRs) and Nucleotide-binding oligomerisation domain 

(NOD)-like receptors, which recognise highly conserved pathogen-associated molecular 

patterns (PAMPs) [3]. Many PAMPs have been discovered to alter miRNA expression and 

numerous miRNAs are known to regulate these responses [4]. By comparison, the central 

mechanism of activation in adaptive immunity is the recognition of cognate antigen/MHC 

complexes by T cell receptors (TCR) or B cell receptors (BCR), where only a few miRNAs 

have been found to be involved. It’s likely that such a discrepancy reflects the longer 

evolutionary history that miRNA-mediated gene regulation and innate-immunity have shared.  

Leukocyte development is a complex process whereby haematopoietic stem cells follow 

branching paths which mark increasing commitment towards a final cell type. In this fashion 

monocytes are generated in the bone-marrow before entering the bloodstream and 

extravasating into tissues. Here they may differentiate into one of several possible cell types, 

which include macrophages (MΦs), dendritic cells (DCs) and osteoclasts (OCs). Although 

these cell types have different functional capacities they also share many features. Since these 

cells possess a common progenitor, share many morphological and functional characteristics, 

moreover display plasticity during immune activation, it would be reasonable to predict a role 

for miRNA in their differentiation and function. Here we discuss the application of miRNA 

technologies to help elucidate the role of miRNA in myeloid inflammatory cell development 

and biology.  
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microRNA and Myeloid Inflammatory Cell Biology 
 

In immunity there are many examples of subtle changes having profound effects. For 

instance the heterozygous loss of the transcription factor PU.1 in mice, being a 2-fold 

reduction, alters the balance of monocyte and granulocyte production in the bone marrow. 

miR-155 and miR-223 have been shown to alter this balance (with the latter being regulated 

by PU.1) [5] Indeed, several miRNAs have been found to alter the development and function 

of leukocytes and innate immunity has proven to be a particularly fruitful avenue of miRNA 

research [6]. Confirmed targets within innate immunity include many of the receptors and 

ligands involved in pathogen recognition and the sensing of danger, the mechanisms of 

pathogen removal, and the regulation of inflammation [4].  

miRNAs that function in innate immunity can be divided into two groups: those that 

promote pathogen recognition, inflammation and removal, as typified by miR-155, and those 

that inhibit these functions, as miR-146 does. miR-155 has been the focus of much 

investigation and many of its functions are now well-known. Its inflammatory potential is 

most apparent in its positive regulation of the key pro-inflammatory cytokines tumour 

necrosis factor-α (TNF-α), IL-6, IL-23 and the type 1 interferons (IFN) [7-10]. Alteration of 

its expression in mice has repercussions that include an increased susceptibility to septicaemia 

and a myeloproliferative disorder when over-expressed, and impaired immunity when its 

expression is absent [11]. miR-155 deficient mice have impaired immunity to many 

pathogens to the extent that immunisation is ineffective. This deficiency indicates the 

importance of PRR-induced NF-κB activation and the importance of NF-κB activation in 

upregulating miR-155 expression, although TNF-α may also induce miR-155 expression by 

way of AP-1 [12]. miR-155 expression also inhibits the effectiveness of anti-inflammatory 

signalling by downregulating receptors such as IL-13 and intracellular-signalling molecules 

such as SHIP1 and SOCS1 [13]. 

Opposing these effects are the anti-inflammatory miRNAs like miR-146 which is also 

upregulated by NF-κB activation and TNF-α signalling. Interestingly miR-146 upregulation 

appears to be biased towards PRRs that recognise bacterial PAMPs, indicating that secondary 

signals to NF-κB activation influence its expression. miR-146 also acts as a negative 

regulator of both its own expression and the activation of innate, pro-inflammatory responses, 

which it does by inhibiting signalling components of NF-κB activation (including TRAF6 and 

IRAK1) [14]. Another miRNA, miR-21, acts in a similar fashion and is mainly upregulated 

by the TLR4/NF-κB pathway. Here miR-21 targets PDCD4, another activator of NF-κB. The 

aforementioned miRNAs have been widely investigated but only represent a fraction of the 

PRR-induced miRNAs the functions of which remain to be discovered. 

Although the regulatory functions of miRNA appear to be more prevalent in innate than 

adaptive immunity, there are some significant exceptions. Take central tolerance, where 

positive and negative selection in the thymus mediates the removal of highly auto-reactive 

immature T cells. Here miR-181a contributes to the regulation of this process. In mice 

deficient for miR-181a the threshold for the negative selection of immature T cells is higher 

resulting in an increased number of autoreactive T cells being positively selected for [15]. In 

the periphery T helper (Th) cells are important for coordinating adaptive responses, with 

different Th subsets being tailored to the removal of different types of pathogen. miR-155 

promotes the differentiation of two of these subsets: Th1 and Th17,which support anti-
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microbial and cell-mediated immune responses. Without miR-155 expression Th2 responses 

which mainly support B cell maturation and aid in the clearance of extracellular pathogens are 

dominant [11].  

 

 

Application of miRNA Technologies to Investigate 
Myeloid Cell Differentiation and Function 

 

Identification of the miRNAs expressed during myeloid cell differentiation would begin 

with the acquisition of monocytes. In this section we will provide examples using primary 

human cells although the techniques described herein also apply to other cell types. CD14
+
 

monocytes are easily isolated from peripheral blood mononuclear cells (PBMCs) obtained 

from human donors by density gradient sedimentation (Ficoll-Hypaque) and magnetic-

activated cell sorting (MACS). Greater numbers of cells can be obtained using counterflow 

centrifugal elutriation in the order of 1 x 10
8
-2 x 10

9
 from 300 milliliters of blood obtained by 

leukapheresis [16]. In the absence of leukapheresis, approximately 2 x 10
8
-4 x 10

8 
monocytes 

can still be recovered from 1 unit of whole blood using this procedure. These methods 

typically results in >95% purity, based on flow cytometric analysis of CD14 expression. 

miRNA profiling of monocytes would be considered the baseline from which differentiation-

induced changes would be calculated. For the differentiation of MΦs, macrophage-colony 

stimulating factor (M-CSF) or granulocyte-macrophage colony stimulating factor (GM-CSF) 

may be added to the culture medium, while interleukin-4 (IL-4) and GM-CSF is required to 

induce the differentiation of DCs [17, 18]. Osteoclasts are generated from monocytes with a 

combination of soluble (sRANKL) and M-CSF. The time taken for full differentiation can be 

assessed by characteristic changes in morphology (Figure 1A) and flow cytometric analysis of 

cell-type specific markers. Four useful markers are CD14, CDw93, CD1a and CD209 and 

their differential expression by monocytes, MΦs and DCs is shown in Table 1. The extreme 

size and adhesive properties of osteoclasts requires methods other than flow cytometry for 

their identification, which can include size, number of nuclei and tartrate-resistant acid 

phosphatase (TRAP) expression (Figure 1B). 

Flow cytometry may indicate that complete differentiation of MΦs and DCs requires seven 

days of culture while OC differentiation may take up to six days with functionality (i.e., bone 

degradation) increasing over the next seven to fourteen days. As such, analysis of miRNA 

expression over this extended time requires careful consideration of the kinetics of miRNA 

expression. Like mRNA, changes in miRNA expression can be transient or stable and are 

influenced by numerous factors including the rate of transcription, the stability of the 

transcript and mechanisms of targeted-degradation or alteration. Several factors that regulate 

miRNA expression and functional outcome have recently been identified. The classical innate 

response to viral infection: interferon production and signalling, can down-regulate Dicer 

expression to limit the rate of mature miRNA production. While at a more local level the 

transcription factors Smad and p53, and the mRNA-decay promoting factor KSRP, appear to 

regulate miRNA synthesis and may specifically contribute to increased miR-155 expression 

during the inflammatory response. Intriguingly inflammation can also induce a form of 

miRNA-editing by activating the adenosine deaminase Adar. By converting adenosines to 
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inosines Adar can alter the target specificity of a miRNA, however the biological relevance of 

this editing remains to be seen. 

miRNA expression profiling begins with the isolation of total RNA and various protocols 

are available [19]. It is important that any isolation method be inclusive of small RNAs (20-

50nt) while the concomitant capture of larger RNA molecules is useful for analysis of mRNA 

target species from the same sample. One widely used method is the chemical extraction 

protocol which utilises chaotropic salts (e.g., QIAzol [Qiagen] & Trizol [Invitrogen]) in 

conjunction with silica-based columns. Kits containing these reagents are available from a 

number of manufacturers and provide a rapid and efficient means of RNA isolation.  

 

 

Figure1. A) Characteristic morphology of monocytes, macrophages and dendritic cells. B) 

Characteristic morphology of differential osteoclasts (left panel), with staining for nuclei (blue) and 

lysosomes (red) (Centre). Osteoclast expression of TRAP (right panel). 

Table 1. Expression of differentiation markers by monocytes, macrophages,  

dendritic cells and osteoclasts 

 

Cell Type Differentiation Marker 

 CD14 CDw93 CDla CD209 

Multi-

nucleated TRAP 

Bone 

Degradation 

Monocyte + + - - - - - 

Macrophage + - - - - - - 

Dendritic Cell - - + + - - - 

Osteoclast - - - - + + + 
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Assessment of RNA quantity, purity and integrity is essential as degraded RNA and 

contaminants will have a negative affect on the accuracy and reproducibility of results 

derived from downstream applications such as quantitative real time-polymerase chain 

reaction (qRT-PCR) assays or miRNA microarrays [20]. Measurement of absorption by 

ultraviolet spectrophotometry using precision instruments such as the Nanodrop (Agilent) 

provides a good estimate of concentration (260nm) and purity (260nm/280nm and 

260nm/230nm ratios). For assessment of RNA integrity electrophoresis-based methods such 

as Agilent’s Bioanalyzer or the Bio-Rad’s Experion are useful. RNA Integrity Number (RIN), 

with a score ≤ 5 indicates poor quality RNA while a score of > 6 indicates reasonably good 

quality RNA for further study [21]. Profiling of single or small numbers of miRNAs or 

validation microarray data can be achieved using qRT-PCR or Northern blotting. Northern 

blotting requires larger quantities of RNA while qRT-PCR requires a much smaller sample 

and has a wider dynamic range of quantification. For example, qRT-PCR can be routinely 

used to monitor expression levels of miR-155 and miR-146 in myeloid cells after challenge 

with lipopolysaccharide (LPS). TaqMan or SYBR-green based qRT-PCR assays are 

commercially available some of which can be bought as low-density ‘PCR arrays’ in 96- or 

394-well plate format tailored to known biological functions and pathways (e.g. 

inflammation, cell differentiation, cancer, etc.). Northern blotting has the advantage in that 

interrogation of pre-mRNA levels (presenting as a higher molecular weight band) 

identification of 3’ and 5’ length variants, and confirm the molecular weight of a miRNA is 

possible. This was one of the first technologies to be used for large-scale analysis of miRNA 

expression and today these are offered as technical services (Exiqon and Affymetrics).  

The rapid expansion of the field has been supported by advances in miRNA profiling 

technology, with modern platforms now capable of analysing the expression of many 

thousands of miRNAs and with greater sensitivity than ever before. While early efforts in 

profiling faced technical difficulties due to the short nucleotide length and variable melting 

temperatures of miRNAs, plus the high sequence similarity that exists between family 

members, new technologies have overcome these issues. For example, the use of locked 

nucleotide RNA (LNA) technology (locked referring to the constraint of the ribose ring by the 

addition of a methylene bridge between the O2’ and C4’ atoms) has improved microarray 

hybridization technology [21]. As our ability to detect miRNA expression has deepened so 

the known pool of miRNAs expressed by each species has widened. Novel miRNA sequences 

are still being found for many species, including viruses, with approaches such as genome 

wide deep-sequencing proving useful, and the central repository of sequences. Indeed, 

miRBase now contains over 20,000 mature mRNA sequences (miRBase v18.0, accessed 10 

December 2012) spanning close to 200 different species. 

For each miRNA its target mRNA can be predicted in silico using algorithms such as 

Targetscan, miRWalk, MiRanda and others [22]. These algorithms are regularly updated as 

our understanding of miRNA biology has progressed. Early predictions were based purely on 

miRNA-mRNA sequence complementarity with approximately 10% of predicted targets 

translating into true targets. This has since been adapted to factor in intergenic conservation 

between species, and while this increases true target identification to 60% it also omits 

approximately 40% of the valid targets [23, 24]. Current algorithms, such as miRanda, will 

cross-reference a miRNA sequence with known 3’ UTRs (according to the Ensembl genome 

annotation database) and assign a target score still based upon the degree of sequence 
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complementarity but adjusted according to the complementarity at the seed region, the 

presence of multiple targets within the 3’ UTR, and the degree of intergenic conservation.  

Also, the recently introduced Nanostring nCounter (which is still based on novel 

hybridization technology) uses an innovative approach in which sequence-specific capture 

probes tailored for miRNAs of interest are used in the creation of a multiplexed probe library 

[25] The main advantage of the Nanostring is its ability to discriminate between similar 

variants of a miRNA with a high degree of accuracy. High-throughput sequencing, termed 

RNA-seq, has emerged as an application of next-generation sequencing (NGS) technologies 

and can also be used for miRNA profiling experiments [26]. This approach uses a small RNA 

cDNA library that has been generated from the sample for the ‘massively parallel’ sequencing 

of each cDNA. Bioinformatic analysis of the sequence reads then identifies miRNA and 

digital methods are applied for relative quantification.  

Data analysis begins once miRNA profiling is complete. Visualization of global profiling 

data can be presented as a heatmap where the relative expression of each miRNA is presented 

on a dual-coloured spectrum (Figure 2A), or alternatively as a volcano plot where miRNA 

expression is plotted against p-value. For a comprehensive description of the analytical 

approaches to miRNA profiling data the reader is referred to recent reviews on the subject 

[24, 27]. These provide a convenient visual representation of the most significantly 

differentially expressed miRNAs. However for the differentiation-induced changes in MΦs 

and DCs, miRNA expression would be calculated for each time-point using monocyte 

expression as a baseline. From this analysis, baseline miRNAs that display statistically 

significant changes compared to monocytes would be candidates for functional analysis. In 

our example the number of differentially expressed miRNAs was found to increase over time 

for both MΦs and DCs (Figure 2B).  

 

 

Figure 2. A) Heat-map representation of miRNA expression. On a spectrum from red (denoting 

downregulation) to green (upregulation) the magnitude of the fold-change in individual miRNA 

expression is indicated by intensity. B) miRNA profiling of monocytes as they differentiate into 

macrophages (left panel) and dendritic cells (right panel). 

The selection of candidate miRNAs is based upon two central criteria: the fold change in 

expression (coupled with statistical significance) and functional the importance of the 

predicted mRNA targets. The greater the fold change the more likely it is to alter mRNA 

expression, with the caveat that basal levels of expression in different tissues or cells is also a 

factor. While the average copy number for an individual miRNA is ~500, its expression 
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across different cell types can be over a range of four orders of magnitude [28]. For instance, 

a 2-fold upregulation of a given miRNA may be comparable to a 4-fold upregulation of an 

alternate miRNA species if its basal expression is 2-fold greater than the former. 

One example is the activation of B cells with LPS which results in the upregulation of 

miR-155 and -146a. Although this induction of miR-155 expression is greater than that of 

miR-146a, the higher basal level of miR-146a results in comparable levels. This is an 

important consideration as miRNA expression only needs to reduce mRNA copy numbers 

below threshold levels. For while protein production is sensitive to changes in mRNA 

expression it is highly repressed when it drops below threshold levels. Moreover, modulation 

of gene expression by miRNA is not solely based on the ratio of miRNA to mRNA copy 

number, but also includes the strength of the miRNA-mRNA interaction. This implies that a 

small increase in the expression of a highly inhibitory miRNA may be equal or greater than a 

larger increase in a low-inhibitory miRNA. Work of this nature has clarified how certain 

miRNAs can function as molecular switches (e.g., miRNA lin-4 in C. elegans) as well as 

fine-tuners of gene expression [29]. As such, the use of highest fold-change as the primary 

consideration for selection may ignore miRNAs with smaller expression changes but of 

significant biological importance. Further information on the challenges of miRNA target 

prediction can be found in the recent review by Barbato [27]. 

Initial confirmation of miRNA-mRNA interactions can be performed using reporter 

assays. Options include the dual-luciferase reporter system, and recently developed methods 

such as the introduction of biotin-tagged miRNA duplexes into cells followed by the isolation 

of miRNA-mRNA complexes from cell lysates using streptavidin beads [30]. For 

conventional luciferase reporter assays, cloning of the target 3’UTR downstream of the 

luciferase gene followed by transfection of the vectors and miRNA mimic into a cell line such 

as the HEK293 is commonplace. A decrease in the luciferase readout relative to controls 

would indicate potential miRNA modulation of the target gene. At this point further 

confirmation would require analysis of protein expression.  

Further confirmation that a particular miRNA alters protein expression and hence a 

biological function, can be achieved by overexpression or inhibition studies. miRNA 

inhibition involves the introduction of an antisense oligonucleotide, while miRNA mimics act 

as mature miRNAs. The use of mimics raises two points that do not apply to the use of 

inhibitors. First, the concentration of the mimic may be much higher than present under 

normal conditions, and while this may confirm miRNA-mRNA interaction it does not 

confirm its relevance to biological function [31]. Second, the complementary strand of the 

mimic may cause off-target effects, although careful titration of the mimic may limit or 

exclude this possibility [32].  

Various methods exist for the transfer of oligonucleotides into cells. Established 

techniques that are efficient for transferring short nucleotide sequences are also suitable for 

experiments that utilise miRNA mimics and inhibitors. The choice of which method to use 

usually depends on the degree of resistance to transfection, whether stable or transient 

transfection is required, and the degree of activation or cell death induced by the method. For 

long-term expression viral vectors are the most useful and this method possesses distinct 

advantages. Cells transduced in this way display stable expression and if coupled to response 

elements, expression can be induced or repressed through promoter activity. Inducible-

expression using viral vectors also implies that rescue of phenotype studies can be performed 

using a single vector rather than requiring multiple transfections or over-
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expression/knockdown genetic manipulations. Potential drawbacks to viral vectors include 

the induction of type 1 interferons and apoptotic responses as well as the resistance of certain 

cell types, such as monocytes, to infection. Still, where large numbers of cells are available 

for transduction the application of fluorescence activated cell-sorting (FACS) may circumvent 

these issues.  

Other methods include electroporation and chemical transfection. Chemical methods 

transfect cells transiently, although this may still constitute four days or more, and have the 

added benefit of being highly efficient for the transduction of many cell types. 

Electroporation can be particularly useful for transient transfection of cell types that are 

challenging to transfect by other methods but require specialized equipment. In all cases 

transfected cells are identifiable if fluorescence-labeled oligonucleotides are used. In MΦ and 

DC, we employ HiPerfect transfection reagent in Opti-MEM medium (Gibco) beginning two 

days after monocyte differentiation. Here an estimate of transfection efficacy is observed by 

fluorescence microscopy (Figure 3A) or quantified by flow cytometry (Figure 3B). 

Alternatively this can be measured using qRT-PCR (Figure 3C).  

 

 

Figure 3. A) Light (left) and Fluorescent microscopy (right) images of macrophages transfected with a 

red fluorescent protein (RFP)-labelled oligonucleotide. B) Quantification of transfection efficiency by 

flow cytometry. C) Quantification of transfection efficiency by qRT-PCR. 



Jezrom B. Fordham, Afsar Raza Naqvi and Salvador Nares 122 

Oligonucleotide with scrambled miRNA sequences have been used as transfection 

controls but were often plagued with off-target effects. These have been largely superseded 

by alternatives such as species-specific miRNA sequences. For example, selection of 

sequences identified only in C. elegans (such as Qiagen) are useful as controls for human 

studies as there are no predicted targets found in humans [32]. Opposing or negligible effect 

should be realized when using mimics and inhibitors, depending upon whether basal level of 

expression is sufficient for regulation or not. 

The human genome encodes ~30,000 mRNAs and up to a half of these may be regulated 

by the ~1000 miRNAs found in the genome. Understanding this regulation requires the 

analysis of networks formed by a single miRNA which can target hundreds of mRNAs. 

Identifying the networks formed by miRNA-mRNA interactions is challenging. Much more is 

known about the networks formed by protein-protein interactions and how they alter cell 

function but these are also complex. The challenge presented in linking changes in the 

expression of multiple miRNAs to changes in multiple proteins, and predicting the 

physiological process most likely to be regulated is considerable. Faced with this complexity, 

the myopic view of a single miRNA-mRNA-protein interaction is the easiest to see. 

For a predicted miRNA target there should be a consensus among several predictive 

algorithms, with each one providing a high target score. The target should also be expressed 

by the tissue or cell type in question and be of relevance to the experimental conditions in 

question. Identification of a single miRNA-mRNA interaction resulting in significant 

downregulation of protein is the simplest and most commonly published observation. In 

reality that particular miRNA may (due to partial mismatching and the bias of 3’ UTR 

targeting to the much shorter seed region) regulate hundreds of mRNAs, inhibiting some and 

degrading others [23]. Individually none of these may not significantly affect protein 

expression or cellular function, yet when altered in unison their role may become apparent. 

The other limitation of focusing on individual miRNA-mRNA interactions is that it does not 

take into account the ability of multiple miRNAs, each possessing a negligible regulatory 

capacity, to target a single mRNA to achieve inhibition [23]. The future of miRNA research 

will include the mapping of functional networks from single miRNA to multiple mRNA- and 

multiple miRNA to single mRNA-interactions. Knowledge of these networks will be 

particularly important in the context of therapeutic manipulation where changes in one 

miRNA target may be advantageous while others may be deleterious to the host. The 

increasing application of analytical programs like Uniquity and mirConnX which can cross-

reference changes in miRNA, mRNA and protein expression to generate networks should 

accelerate this process [33]. 

So how has this technology been harnessed to further our understanding of miRNA 

function in immunity? First it should be noted that the reputation of miRNA as mainly being 

fine-tuners holds true for immunity. Still, to extend the analogy a small turn of the dial can 

mean the difference between a coherent signal and white noise. In immunity this may mean 

the difference between an appropriate response to pathogen-associated danger or a 

dysregulated response leading to chronic inflammation, immunopathology or autoimmunity.  

To return to innate immunity and our exemplar experiment, the profiling is likely to 

reveal numerous miRNAs differentially expressed over time and between cell types. Our 

three cell types: monocytes, MΦs and DCs, share many functions while also possessing 

adaptations that better allow them to fulfill their distinct roles in immunity. It is reasonable to 

hypothesise that when changes in an individual miRNA are present in multiple cell types it 
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may be contribute to a shared function. By contrast, cell-type specific changes are more likely 

to contribute to functions that are not shared. Here phagocytosis is a shared function but the 

downstream responses in each cell type are different. In monocytes the main outcome of 

phagocytosis is the production of pro-inflammatory cytokines (also present in MΦs and DCs). 

The phagocytic function in MΦs is important for anti-microbial responses and in the 

restoration of homeostasis following tissue inflammation [34, 35]. In DCs the most important 

outcome of phagocytosis is antigen presentation and the initiation of adaptive immunity [36]. 

In silico analysis may predict that a miRNA interacts with many targets that are known to be 

involved in phagocytosis. To investigate the functional capacity of miRNA to augment or 

inhibit a particular biological function in this case phagocytosis, cells can be transfected with 

synthetic oligonucleotides and their phagocytic activity assayed using fluorescent-labelled 

bioparticles, with quantification by fluorescent microscopy (Figure 4A) or flow cytometry 

(Figure 4B).  

Identification of a cellular function that is regulated by a miRNA is an important step in 

the discovery process, but just one of many. To complete the picture the mRNAs that are 

downregulated by the miRNA must be confirmed, as well as those that are responsible for the 

alteration in cellular function. The recent introduction of techniques for analysing miRNAs 

that are bound to their targets (for example cross-linking with immunoprecipitation [CLIP]) 

will accelerate the validation of true miRNA-target interactions [37]. 

 

Figure 4. A) Phagocytic uptake of red fluorescent protein (RFP)-labelled bioparticles by microphages 

transfected with a synthetic miRNA oligonucleotide (left panel), anti-sense oligonucleotide (centre), or 

negative control oligonucleotide derived from C.elegans (right). B) Quantification of phagocytosis by 

flow cytometry. 
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Where immunity is the main focus the role of the miRNA may be further explored using 

fresh or archived human biopsy samples as well as transgenic mice and appropriate models of 

immunity and disease. The accessibility and sensitivity of detection of miRNA makes them 

attractive candidates as disease biomarkers, and several miRNAs have already been found 

whose expression is specific for certain types of cancer [38]. Looking to the future miRNA 

expression profiling may be used in the prognosis of disease or in choosing the best type of 

therapy for different pathologies. These advances will mark important stepping stones in the 

translation of miRNA research to miRNA-based clinical therapy.  

 

 

Conclusion 
 

miRNA has emerged as an information-rich component of the cells regulatory machinery 

and one that has an impact on the most fundamental processes of biology. Its expression alters 

cell development (the beginning), function (the middle) and apoptosis (the end). Our 

understanding of the role miRNA expression plays in immunity has also expanded, and it is 

now evident that miRNA contributes to the recognition, response, and removal of non-self 

from self (survival). Equally its aberrant expression can contribute to disease susceptibility 

and morbidity, including autoimmunity and immunopathology, and ultimately to mortality. 

As we continue to uncover the pathways between miRNA and protein expression, and to 

further our knowledge of their cause and effect, so we also build a roadmap towards their 

therapeutic manipulation. If miRNA-based therapy can deliver on its potential to improve 

human health then one hopes that the road is approximately 22 nucleotides long. 
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