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Abstract
During the last few years, several types of small regulatory RNA-sRNA have been described, which

participate in gene silencing. So far, the largest group of sRNA described is microRNA, which are mul-
tifunctional molecules that participate in many physiological and pathological processes in mammals.
As it turns out, the molecules are also related to the immune system, and their participation was described
in both innate and adaptive immunity.
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Introduction
Recent studies have led to description of several types of

srRNA (small regulatory RNA), which participate in the post-
transcription gene silencing, which refers to microRNA
(miRNA) or transcription and post-transcription phase in the
case of siRNA (small interfering RNA). Among the two basic
regulatory RNA, miRNA occur in vertebrae, insects, plants,
fungi, unicellular organisms, viruses, whereas siRNA in ani-
mals, plants, fungi and ciliates.

Within siRNA, there are 9 specialised molecules, and
these include rasiRNA (repeat-associated small interfering
RNA) (plants), tasiRNA (trans-acting small interfering RNA)
(plants), exogenous siRNA (exogenous small interfering
RNA) (animals, plants, fungi), ha-siRNA (heterochromatin-
associated small interfering RNA) (plants, fungi), nat-siRNA
(natural antisense small interfering RNA) (plants), and scn-
siRNA (siRNA-like scan [scn] RNA) (ciliates) and casiRNA
(cis-acting-siRNA) (plants) [1-5], piRNA (piwi-interacting
RNA) (Drosophila melanogaster, Caenorhabditis elegans
and Apodemus agrarius) [6, 7], as well as tsRNA (tRNA-
derived small RNA), present in humans [8].

A group larger than siRNA is formed by miRNA, as
16800 sequences of such molecules have been described so
far. Their genes have various location, and are present in
introns and/or exons of structural genes or in areas between
genes [3]. For the first time, the molecules were described
in the 1990s, during the studies on development phases of
Caenorhabditis elegans. It was then discovered that in this
nematode, correct transition from the first larval stadium

into the second and fourth stadium – the mature form, is the
responsibility of short RNA molecules, lin-4 and let-7, lat-
er referred to as miRNA [4]. Further miRNA were described
for Drosophila melanogaster, Danio rerio, and Apodemus
agrarius [9]. The mechanism for translation attenuation as
a result of antisense RNA and mRNA, recorded in the ear-
ly 1990s, was confirmed in 1998, when Andrew Z. Fire and
Craig C. Mello discovered the phenomenon of RNAi (RNA
interference) [10], for which in 2006 they were honoured
with the Nobel Prize in the area of biology and medicine.
At that time, multiplicity of miRNA molecules were found,
yet they varied with the nucleotide sequence, expression
profile and participation in the post-transcription regulation
of gene expression [11]. At present, in the Internet miRNA
base – mirbase [12], as mentioned, there is information about
16800 miRNA sequences described in animals, plants, fun-
gi and viruses, whereas 1424 of them have been described
in humans, 13144 in animals, and 3656 in plants, fungi and
viruses [12]. It was evidenced that about 2% of genes known
in humans encode miRNA, whereas one type of miRNA
may be responsible for regulation of about 200 genes [13].
MicroRNA are multifunctional molecules that play a major
role in mammals in many physiological and pathological
processes. Such processes include differentiation of stem
cells of the haematopoietic system, haematopoiesis, differ-
entiation of skeletal muscles, embryogenesis, neurogenesis,
angiogenesis, exocytosis, apoptosis, regulation of xenobi-
otic metabolism, regulation of insulin secretion, differenti-
ation of adipocytes and inflammations, carcinogenesis, viral
and bacterial infections, as well as cardiovascular and neu-
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rological diseases, as well as autoimmunisation process
[9, 14-16]. At present, it is known that about 100 miRNAs
undergo expression in cells forming the immune system
[14, 17] and play a key role in their development, including
innate and acquired immunity. Despite the fact that all the
aforementioned functions of miRNA, in particular the con-
nection of miRNA with the immune system, have been
described in the last 15 years, the indications of possible reg-
ulation of the immunological response by RNA appeared as
early as in the 1950s [18], as at that time TF (transfer fac-
tor) was isolated from leukocytes of allergic animals, which
is capable of transmitting immunological information onto
naïve individuals. In practice, this meant that contact with
antigen of an individual who had previously received TF
allowed for stimulating secondary immunological response
[18]. As a consequence of further studies, it was determined
that TF is composed of small two-strand RNA, which is fis-
sured at the temperature of 90C, just as in the case of pri-
mary RNA fissure to precursor miRNA. The studies on the
possibility of therapeutic application of TF lasted until the
1980s, and their results were rather treated as curiosity [18].

Biogenesis of miRNA and mechanism
of action

Owing to the present achievements of molecular biolo-
gy and studies on many organisms, the biogenesis and cel-
lular function of mammal miRNA is rather well-known
[2, 11, 19, 20]. It was evidenced that miRNA is transcribed
principally by polymerase II RNA, which generates primary
transcripts – pri-miRNA [11, 19]. In the nucleus, primary
transcripts of miRNA (pri-miRNA), are transformed into
pre-miRNA, which is regulated inter alia by Drosha enzyme.
Next, pre-miRNA in conjunction with nuclear transport pro-
tein – exportin 5, transfers into cytoplasm, where further pro-
cessing of the precursor molecule occurs with participation
of Dicer enzyme [11]. Dicer enzyme recognises two-strand
pre-miRNA and cuts this duplex, as a result of which two-
strand RNA are formed with the length of 22 nucleotides,
remaining within the RISC complex. The complex recog-
nises guide strand of RNA duplex, which, after degradation
of the other strand, becomes mature miRNA, which is trans-
ported by importin 8 to specific place in the cell [11, 15].
It was evidenced that miRNA expression and function is reg-
ulated during transcription, maturation and location of the
molecule within the cell, but also impacts on inflammations
and stress [11, 19]. MicroRNA expression is also regulated
by transcription factors that may be activated during
immunological response by ligands of Toll-like receptors
(TLR) [21] and by antigens and cytokines [22].

MicroRNA and haematopoietic stem cells
Haematopoietic stem cells (HSCs) present in the bone

marrow give origin to all lines of blood cells, including cells
forming the immune system. Hematopoietic cells must keep

precise balance between self-renewal and differentiation i.a.
into lymphocytic and myeloid line of hematopoietic system
cells [14, 23]. As evidenced, miRNA already mediates in
the regulation of early development of HSCs cells [14, 23].
It was proved that miRNA may inhibit expression of rele-
vant genes of haematopoietic cells and impact on produc-
tion of haematopoietic progenitor cells, and may be involved
in HSCs biology [14]. It was evidenced that in loci of HOX
(homeobox genes), which play major role in the regulation
of HSCs homeostase, there are miRNA from miRNA196
and miRNA-10 families, which may directly inhibit expres-
sion of HOX, similarly as in the case of miRNA-126, which
inhibits gene responsible for expression of progenitor cells,
HOXA9 [14]. In turn, miRNA-221 and miRNA-222 mol-
ecules regulate expression of KIT (tyrosine kinase gene),
which affect homeostase of (multipotential) stem cells.

MicroRNA and innate immunity
Innate immunity cells, such as granulocytes, monocytes,

macrophages, dendritic cells, form the first line of defence
against infections [24]. It turns out that miRNA molecules
play a major role in generation and functioning of various
types of cells, from which granulocytes, monocytes,
macrophages, NK cells and some antigen-presenting cells
are formed, including dendritic cells. It was also evidenced
that this is influenced by activity resulting from interaction
between miRNA and relevant transcription factors [14].

Granulocytes. The cells are formed from myeloid line
under the impact of GFI1 (grow factor independent 1) [25].
It was evidenced that GFI1 binds to promoter region
of primary transcripts pri-miRNA-21 and pri-miRNA-196b,
and inhibits their expression, whereas overexpression of
miRNA-21 and miRNA-196, blocks granulocytepoesis
in vitro [25]. Apart from miRNA impact on regulation of
granulocyte development, the molecules impact on their
function, as it was evidenced that miRNA-223 induced by
myeloid transcription factor PU.1 and transcription factor
binding to CCAAT sequence, acts as negative regulator of
proliferation and activation of neutrophils [26].

Monocytes. The cells, and principally their develop-
ment, depend on miRNA, although also during differenti-
ation of human haematopoietic progenitor cells towards
monocytes, it was recorded that decrease in the level of their
expression is related to miRNA-17-5p, miRNA-20a,
miRNA-106a, miRNA-17-92, miRNA-106a-92 [27]. It was
also evidenced that miRNA-17-92 group inhibits produc-
tion of RUNX1 (runt-related transcription factor 1), which,
during monocytopoesis, regulates the expression of CSFR
(colony stimulating factor receptor) [27]. In turn, miRNA-
424 and miRNA-155 are considered as promoters of mono-
cyte differentiation, as the earlier inhibits expression of NFI-
A (nuclear factor I/A) [14, 27], while increased expression
of the latter (miRNA-155) in monocytes was found after
their stimulation by TLRs [14].
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Macrophages. The elements, similarly as granulocytes
and monocytes, in the area of differentiation and function-
ing, also depend on miRNA. It was evidenced that the cells,
occurring in the inflammation area due to e.g. infection, are
characterised with increased differentiation of miRNA,
among which miRNA-155, miRNA-146a and miRNA-
146b, miRNA-147, miRNA-125b, and miRNA-21 were
observed [21, 22, 28]. In the case of the best described mol-
ecule miRNA-155, it was determined that their high expres-
sion occurs in macrophages, after stimulation with
lipopolysaccharides (LPS), which led to increased synthe-
sis of pro-inflammatory cytokines, e.g. tumor necrosis fac-
tor α (TNF-α) and interferon β (IFN-β) [22]. In turn, in the
case of miRNA-146 and miRNA-147, it was evidenced that
in macrophages they regulate expression of IRAK1 (interleu-
kin-1 receptor-associated kinase 1), IRAK2 (interleukin-1
receptor-associated kinase 2) (genes encoding receptors for
IL-1 and IL-2) and TRAF6b (TNF receptor-associated fac-
tor 6b) [21]. Furthermore, it was observed that miRNA-
21 and miRNA-125b enhance macrophage activation [28],
whereas the latter molecule is responsible for generation of
activated and mature macrophages probably through par-
tial decrease in the level of IRF4 (interferon regulatory fac-
tor 4) [28].

Dendritic cells. The development, differentiation and
functioning of such leucocytes is influenced by many spe-
cific miRNA, such as miRNA-21, miRNA-34a, miRNA-
148 family, miRNA-155, miRNA-221 and miRNA-222,
miRNA-142-3p, miRNA-146a [29]. It was evidenced that
miRNA-21, miRNA-34a molecules, present during differ-
entiation of dendritic cells may inhibit expression of JAG1
(jagged1) gene, the product of which is necessary for den-
dritic cells differentiation. The expression of miRNA-148
was recorded during maturation of dendritic cells that
impact on regulation of the process of antigen presentation
to dendritic cells and on cytokine production. MicroRNA-
155, appearing during maturation of dendritic cells, impacts
on the change of expression and their markers, and on
cytokine production [29]. The studies also indicate that
expression of miRNA-221 and miRNA-222 is necessary
for maturation of dendritic cells [29], while in nature den-
dritic cells, expression of miRNA-142-3p inhibits the syn-
thesis of IL-6. In turn, expression of miRNA-146a in
Langerhans cells is related to inhibition of signals from
TLRs present in such cells [29].

Natural killer cells. These elements, as very important
cells of the immune system, principally in the fight against
tumours and viral infections, depend on miRNA in the area
of development and functioning. It was evidenced that the
effectiveness of development of natural killer (NK) cells in
humans principally depends on the level of miRNA-181a
and miRNA-181b [30]. Furthermore, in the same study, it
was recorded that overexpression of miRNA-181a/b con-
ditions increased production of IFN-γ by NK cells [30].
Results of the latest studies indicate that miRNA-155 par-

ticipates in the regulation of cytotoxicity of human NK cells,
because over-expression of this molecule has been observed
in NK cells during their cidal capacity; although the mech-
anism of this process is not entirely known. Overexpression
of miRNA-155 outstandingly increased during the lysis of
target cells and degranulation of NK cells, whereas inhibi-
tion of miRNA-155 resulted in the decrease in such activ-
ity [31].

MicroRNA and adaptive immunity
The development of adaptive immunity, related to many

subpopulations of lymphocytes T and lymphocytes B, is
controlled by signalling complexes of protein connections
(or complexes of network signalling proteins), subject to
regulation by miRNA, and the process occurs both during
their development and during their functioning [14].

T-cells. In the case of these lymphocytes, it was evidenced
that miRNA production by Dicer enzyme is necessary for
effective development of T-cells in vivo, many subpopula-
tions of which condition adaptive immunity. It was deter-
mined that among subpopulations of T-cells, there is a broad
range of expression of molecules from the miRNA group,
which templates of miRNA expression are recorded for var-
ious subpopulations and in their development phases [14].
Furthermore, several variants of miRNA were discovered in
the very T-cells, where mature miRNA have terminal 3’ or
5’ of various length, or contain mutated sequences. The stud-
ies prove that miRNA mediates in target regulation of T-cells,
and this is a dynamic process. It was evidenced that miRNA-
17-92 group comprises highly conservative molecules that
affect the process of lymphocyte T production and selection
[14]. Moreover, it was determined that miRNA-181a in mam-
mals is responsible for correct development of T-cells and
participates in the T-cells’ response to antigens [14]. In turn,
miRNA-155 affects differentiation of T-cells, and its binding
point is transcription factor of IL-2 – basic cytokine for
T-cell differentiation into Th1. In the absence of miRNA-
155, there is no development of naive T-cells into Th2, and
this is related to production of IL-4, IL-5 and IL-10 [18]. Fur-
thermore, shortage of miRNA-155 in T-cells is the cause for
their incorrect activity in inflammatory response, which is
manifested by reduced secretion of IL-2 and INF-α [14, 18].
Furthermore, with miRNA-155, there is inhibited expression
of SOCS1 (suppressor of cytokine signaling 1). It was also
determined in vitro that miRNA-326, regulating differentia-
tion of lymphocytes TH17, also participates in the pathogen-
esis of sclerosis multiplex [32]. It was also evidenced that
regulator T-cells (Treg), which affect and regulate the auto-
immunisation process, also depend on many types of miR-
NA, e.g. miRNA-155 and miRNA-142-3p [14].

B-cells. As indicated by the studies, generation and mat-
uration of B-cells requires participation of miRNA, as in
animals with shortage of Dicer enzyme, irregularities in
development of B-cells were recorded, related to the defect
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of transition of progenitor B cells (proB) into precursor
(preB) B cells [14]. In other studies [18] it was evidenced
that it is miRNA-155 that plays the key role in the regula-
tion of B-cell response, as overexpression of this type of
miRNA was observed in lymphomas of B-cell origin, which
caused a suspicion that this molecule is the regulator for
such cells. In the case of miRNA-150 and miRNA-17-92
group, it was proved that they impact on early development
of B-cells by inhibition of expression of MYB gene and BIM
gene (BCL-2-like protein) [14].

Conclusions
MicroRNA is the key regulator in the development and

functioning of many cells in the immune system, including
granulocytes, monocytes, macrophages, dendritic cells, NK
cells and T- and B-cells. The role of these molecules is sig-
nificant both in innate and adaptive immunity. Owing to the
fact that increasingly more specialised molecules are iden-
tified within this group, in the future it will be possible to
define their role in a more precise and exhaustive manner,
and thus know the biology of immune system cells better,
which may also have practical implications.
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