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ABSTRACT

Several kinds of microRNA have been studied as prospective biomarkers in the pursuit of better
diagnostics tests for infectious diseases. miRNA which is processed mostly from introns plays a
significant role in gene expression involving cell differentiation, proliferation, apoptosis, metabolism,
and immune response. Many miRNA mimics or inhibitors are in their clinical phases and advancement
in RNA interference will make miRNA become effective tools in the treatment of human infectious
diseases. miRNA has been discovered to be largely involved in viral gene regulation as well as the
change of host cellular genes during viral infections. The role of miRNA in most bacterial infections
has not been thoroughly explored compared to viral infections. Recent studies have highlighted the vital
role of host immunity against bacterial infections. miRNA that is sequenced due to fungal infections
bear a close similarity to those produced in response to allergy or inflammation. Host-derived miRNA
plays a vital role in immune regulation; inflammatory responses may be enhanced or inhibited by its
upregulation or downregulation. Here, we outlined the involvement of microRNA in viral, fungal, and
bacterial infections and the immune response associated. Further studies on these, will provide advanced
diagnostic and treatment protocols for infectious diseases.
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1. INTRODUCTION

MicroRNA (miRNA) is an RNA sequence with 22 nucleotides that regulates how genes
involved in the synthesis of proteins are expressed. It was found in 1993 by Ambros and
associates while seeking to understand the underlying mechanisms of gene regulation in
nematodes, which they assumed were unique to nematodes [1]. Non-coding RNASs consisting
of 22 nucleotides make up miRNAs. The majority of miRNAs are produced from DNA
sequences into primary miRNAs (pri-miRNAs), which are then converted into precursor
mMiRNAs (pre-miRNAs) and mature miRNAs by RNA polymerase 1l. In the majority of cases,
miRNAs and the 3" UTR of target messenger RNAs (mRNAs) interact to inhibit expression.
Nevertheless, additional areas, such as the 5' UTR, coding sequence, and gene promoters, have
been found to interact with miRNAs. MicroRNAs (miRNAs, miRs) are small single-stranded
RNA molecules that can trigger and control gene expression.

They have broadened our understanding of gene expression [2]. Similar to how the RNA
interference pathway works, miRNAs stop translation by binding to complementary sequences
in the 3’ untranslated regions of mRNA transcripts [3]. miRNAs modify protein production
after the transcription of a gene. After a gene is transcribed, miRNAs alter protein synthesis.
Despite the fact that the discovery of miRNAs is still in its early stages, it is obvious that
miRNAs are significantly involved in gene regulation. Cell differentiation, proliferation,
apoptosis as well as metabolism, and immune response are controlled by miRNAs [4][5].
Predictably, pathogens have developed mechanism that enables them to subvert the immune
response by exploiting host miRNAs [6]. The discovery of the importance of miRNAS'
physiological functions in immunity has facilitated the development of miRNA-based testing
and treatments [7].

Infectious diseases are oftentimes referred to as transmissible/communicable diseases that
are caused as a result of infection, presence, and pathogenic agents’ growth or its toxic products
existing in a host organism with the evidence of illness (disease symptoms) [8].

25-



World News of Natural Sciences 44 (2022) 24-42

They are caused by disease-causing agents known as pathogens, which can be transmitted
by various means such as through inhalation, physical contact, contamination of food, body
fluids, or objects. Infectious pathogens include prions, living parasites (protozoa and
helminths), bacteria, fungi, and nonliving viruses [9].

Many classes of miRNA have been investigated as possible biomarkers to improve
diagnostic procedures for infectious disorders [10]. Their functions in protozoan, bacterial and
viral infections are well understood than ever and how they regulate proteins that are associated
with innate and adaptive immune when an infection occurs. Studies have shown dysregulation
of miRNA levels during infections [11].

miRNAs are gaining substantial recognition in their clinical application in managing
infectious diseases. This review summarizes the manner of alteration and the participation of
the host immune cells during bacterial, viral, and fungal infections are summarized in this
article. Finally, we look at how miRNAs might be used as diagnostic indicators and therapeutic
targets, as well as the challenges that miRNA research faces.

Biogenesis of MicroRNA

In the synthesis of miRNA, RNA Polymerase II/111 genes are processed post- or co-
transcriptionally [12]. Most of the miRNAs identified originate from introns with a few having
protein-coding regions of exon origin. These miRNAs are usually intragenic while a few
remainders are transcribed independently; intergenic genes that do not have a host gene and are
controlled by their promoters [2]. miRNAs are considered family if the transcription occurs as
one long transcript referred to as a cluster. This cluster may have a similar seed region [13].
Canonical and non-canonical miRNA biogenesis are the two types of miRNA biogenesis.

The canonical pathway involves the use of a microprocessor complex composed of the
RNA binding protein DiGeorge syndrome critical region 8 (DGCRS8) and the ribonuclease (111)
enzyme Drosha to generate pri-miRNA. The pri-mRNA produced from the gene is then
processed into pre-miRNA [14]. DGCRS recognizes N6 methylated GCAC and other patterns
in pri-miRNA, while Drosha, a nuclear RNase I11, cleaves the primary miRNA complex at the
base of its hairpin structure, bringing about the formation of pre-miRNA [15]. The pre-miRNA
is subsequently carried to the cytoplasm by an exportin 5(XPOR)/RanGTP complex, where it
is converted by the RNase 11l endonuclease Dicer into a 22-nucleotide long miRNA duplex
[16]. The various proteins actively involved in the canonical pathway, primarily Dicer, Drosha,
Exportin 5, and AGO2, are integrated with the production of miRNA in the non-canonical
pathway. The Drosha/DGCR8-independent pathway and the Dicer-independent pathway are
two types of this pathway (Figure 1).

Infectious Diseases

Infectious diseases are oftentimes referred to as transmissible/communicable diseases that
are caused as a result of infection, presence, and pathogenic agents’ growth or its toxic products
existing in a host organism with the evidence of illness (disease symptoms) [8]. They are caused
by disease-causing agents known as pathogens, which can be transmitted by various means
such as through inhalation, physical contact, contamination of food, body fluids, or objects.
Infectious pathogens include prions, living parasites (protozoa and helminths), bacteria, fungi,
and non-living viruses [9]. The understanding of factors that facilitates transmission helps to
mitigate and control the spread of infectious diseases.
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Figure 1. Canonical and Non-canonical pathway [17].
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Infectious diseases are termed contagious when a non-infected person is more prone to
infection when exposed to a carrier of the pathogen or its secretions (e.g., influenza).

Contagiousness does not apply to other modes of infection, such as vector/sexual transmission
(Figure 2).
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Figure 2. Mode of Transmission of Infectious Disease [18].

Infectious agents are transmitted from a natural reservoir to a susceptible host through
various means. They are classified under two major modes, the direct and indirect modes [19].
Direct transmission occurs when the pathogenic agent is transferred directly, mode of direct
transmission include physical contacts, droplet transmissions or aerosols and vertical (trans-
placental /congenital) or perinatal transmission while indirect transmission takes place when
there is a medium of transfer between the reservoir and the susceptible host and can be
categorized into three[20]: biological(when a pathogenic agent grows and multiplies in a
biological vector (intermediate host), mechanical(when a pathogen is transferred physically by
a living entity (mechanical vector) or vehicle (non-living ) to a susceptible host and does not
need the pathogen to grow or multiply within an organism) and airborne(through the release of
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particles containing infectious agents or evaporated aerosol droplets in aerosols suspension a
long distance and still retain the ability to infect).

MicroRNA in Infectious Diseases

Infectious diseases are responsible for 15 percent of death globally [21]. Many classes of
miRNA have been investigated as possible biomarkers to improve diagnostic procedures for
infectious disorders [10]. Their functions in protozoan, bacterial and viral infections are well
understood than ever, and how they regulate proteins that are associated with innate and
adaptive immune when an infection occurs. Studies have shown dysregulation of miRNA levels
during infections [11]. For example, Listeria monocytogenes (L. monocytogenes) infection in
epithelial cells altered the regulation of miR-145, miR-155, let-7al, miR-16, miR-146b [22].
miRNA such as miR-448, miR-431, miR-351, miR-296, and miR-196 are frequently modified
in hepatitis C virus (HCV) infection of the liver [23]. Let-7 targets NF-kB inhibitor A20 modify
the immune response of macrophages to Mycobacterium tuberculosis (Mtb) infection [24]. In
drug development, miRNAs are now been used as therapeutic agents because their small
sequences are normally conserved in many species [25]. These therapeutic agents are either
mimics or inhibitors of naturally occurring miRNAs [11]. For instance, miR-122 enhances the
stability of the RNA genome of HCV thereby increasing the production of the HCV virus.
Administration of 16-nt is complementary to the 5’ -end of miR-122 lowered the population of
the virus and damage to the liver of mice [26]. Mice inflammatory responses to endotoxin were
enhanced by the administration of exosomes containing miR-155 and miR-146a in vivo [27].
Many miRNA mimics or inhibitors are currently in clinical trials, and advances in RNA
interference will enable miRNA to be used as useful therapeutic tools in the management of
human infectious diseases [11].

MicroRNA in Bacterial Infections

Bacteria have developed intricate strategies to exploit miRNAs of the host to produce an
immune-tolerant condition and alter the immune mechanism of the host to their advantage
thereby enhancing its survival rate and latency/persistence. miRNAs are an important aspect of
an efficient immune response from the host's perspective, as they are involved in infection
control and clearance [28]. Macrophages, lymphocytes, neutrophils, and innate lymphoid cells
are host immune cells that use phagocytosis, secretion of cytokines, and generation of
inflammatory responses to identify, process, and remove invading bacteria. Pathogen-
associated molecular patterns (PAMPs) bind to NOD-like receptors (NLRs), Toll-like
Receptors (TLRs), and other pattern-recognition receptors (PRRs) to trigger multiple
inflammatory signals that finally result in the production of pro-inflammatory cytokine or
apoptosis. As soon as the intruders have been removed, negative immunoregulatory cytokines
and Th2 cells will take up the function of controlling the degree of immunologic reaction to
elicit minimal allergies and reduced damage to the tissue [5]. Using disease-causing pathogens
such as Salmonella enterica, Salmonella Typhimurium, Helicobacter pylori (H. pylori),
Mycobacterium tuberculosis, Listeria monocytogenes, and others, the potential of bacterial
pathogens to modify host miRNAs has now been well understood and experimentally proven
[29].

H. pylori have a high ability to colonize the human stomach and is consequently
responsible for a variety of gastrointestinal disorders around the world, including peptic ulcers,
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gastritis, and gastric cancer [30]. Infection of epithelial cells of the stomach with H. pylori has
been reported to alter in miRNA expression including miR-146a, miR-16, miR-155, miR-
152/miR-200b, miR-1289, miR-210, miR-30b, and let-7 [5]. In patients infected with H. pylori,
a histological investigation revealed upregulation of miR-155 in sections of mucosal tissue. In
the BIC/miR-155 promoter, potential binding sites for activator protein-1 (AP-1) and nuclear
factor-B (NF-B) have been found, and both AP-1 and NF-B are necessary for the induction of
miR-155 in gastric epithelial cells during H. pylori infection [31]. Because Th17 responses and
pathogen-specific T helper type 1 (Th1l) were defective in miR-155 knockout mice, they were
unable to manage infection of H. pylori and have minimal protection from infection following
H. pylori-specific vaccination than wild-type mice [5]. CTB-UE, a multi-epitope vaccination,
may alleviate stomach inflammatory responses during H. pylori infection by the upregulation
of miR-155 and the inhibition of Th17 responses [32]. miR-146a is another miRNA that had
been demonstrated to be overexpressed during infection caused by H. pylori in gastric mucosal
tissues, gastric epithelial cells, and in an NF-kxB-dependent manner.

According to other studies, H. pylori infection triggers the overexpression of miR-146a
resulting in decreased production of prostaglandin-endoperoxide synthase 2 (PTGS2) [5].
Mechanistically, the virulence factor of H. pylori CagA was discovered to be a key factor in
alterations of miRNA expression induced by H. pylori, 61 miRNAs were variably expressed in
a CagA-dependent manner. miR-320 and miR-370, two tumor-suppressing miRNAs were also
found to be down-regulated by CagA [33].

The Mycobacterium genus contains virulent pathogens that cause diseases that continue
to be serious public health concerns [28]. Mycobacterium contains extremely pathogenic
species such as Mycobacterium leprae (M. leprae) the organism that causes leprosy and
Mycobacterium tuberculosis (M. tuberculosis) which causes tuberculosis, as well as
opportunistic pathogens like Mycobacterium avium (M. avium), which can affect
immunocompromised people [33]. Various cellular models, experimental settings, and
Mycobacterium species have been used by several studies to investigate miR-155’s role and
regulation in mycobacterial infection [34]. miR-155 enhances the survival and function of
specific T-cells and that of infected macrophages, allowing for an efficient adaptive immune
response by the secretion of cytokines needed to fight infection [35]. The activation of miR-
27b in murine macrophages because of M. tuberculosis infection is another example of a
miRNA's dual participation in infection [36].

A relationship has been established between Mycobacterium species pathogenicity, tumor
necrosis factor (TNF) production, and differential regulation of miR-125b and miR-155,
according to a new study. miR-125b targets TNF-mRNA directly, but miR-155 may increase
the production of TNF through its target SHIP1, a negative regulator of the PI3K/AKT pathway.
Lipomannan, a component of the cell wall of bacteria, stimulates cells either from M.
tuberculosis or Mycobacterium smegmatis (M. smegmatis) strain, causing negative effects on
TNF-synthesis. Lipomannan from M. tuberculosis impedes TNF-synthesis, whereas
lipomannan from M. smegmatis enhances it. M. tuberculosis produces a lot of miR-155 but very
little miR-125b, while M. smegmatis produces a lot of miR-125b but very little miR-155 [37].
It has been established that the miRNA response to Mycobacterium spp. is dependent on the
cell environment and bacterial type. For instance, miR-21, miR-142-3p, and miR-29a levels
were reported to upregulate in serum of patients with tuberculosis and infected macrophages
while they are decreased in the peripheral blood samples and CD4* T-cells of tuberculosis-
infected patients [33].
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The intracellular bacteria Listeria monocytogenes (L. monocytogenes) creates severe
sickness in immunocompromised people and pregnant women. In certain cells, L.
monocytogenes may hijack miRNA-mediated host defense. Following Listeria infection in
epithelial cells, miR-155, miR-146b, miR-16, miR-145, and let-7al were highly dysregulated.
L. monocytogenes caused considerable changes in macrophage's miRNA expression, according
to [38]. The most changed miRNAs were miR-146a, miR-125a-3p/5p, miR-155, and miR-149.
The TLR2 axis was discovered to be regulated by miR-125a-3p/5p, while NF-B p65 affected
the transactivation of miR-155 upon infection [5]. Lind et al. also discovered that cytotoxic T
cells lacking the miR-155 gene were insensitive to AKT signaling after TCR cross-linking
responses to L. monocytogenes infection. This suggests that proper CD8+ T-cell response
stimulation requires miR-155[39]. By targeting IFN-y, miR-29 reduced immunological
responses to L. monocytogenes infection in CD4+ T cells, CD8+ T cells, and natural Killer cells.
miR-21, on the other hand, inhibited the uptake of listeria monocytogenes in macrophages,
allowing infection to be controlled [5].

Salmonella is a Gram-negative intracellular bacterium that belongs to the
Enterobacteriaceae family that causes gastroenteritis and typhoid fever in people and animals
[40]. The role of miRNA dysregulation in disease etiology has been discovered in studies.
Salmonella typhimurium (S. typhimurium) infection enhanced the production of miR-29a,
which then targeted Caveolin 2, a tight junction factor connected to bacterial pathogen
absorption, to change the activation state of the small Rho GTPase CDC42 [5]. In S.
typhimurium-infected zebrafish embryos, the introduction of some members of the
apolipoprotein gene were inhibited by miR-146.

This suggests that during inflammation, miR-146 may be involved in the regulation of
lipid metabolism [41]. When Salmonella was infected, TLR4 detection of bacterial LPS reduced
the expression of let-7 miRNAs. The expression of important cytokines IL6 and IL-10 was
boosted when these miRNAs were downregulated [5]. Maudet et al., argued that miRNAs are
possible modulators in infection caused by S. typhimurium and that different miRNAs impede
different stages of infection using a mix of high screening with a collection of mMiRNA mimics
and RNA-seq. They also discovered that when Salmonella infection was present, a decrease in
the miR-15 increased the cyclin Dlexpression. Salmonella replication in hosts was greatly
boosted when host cells were inhibited at the G2/M phase [42]. Furthermore, miR-155 inhibited
both lymphocytes and dendritic cells’ function resulting in a reduction in immunological
responses overall. miR-155-deficient mice were not protected from virulent S. Typhimurium
after being vaccinated with an engineered vaccine [5]. Macrophage colony-stimulating factor
(M-CSF, CSF1) is a cytokine that attracts macrophages to the site of infection in other to help
fight the disease. Intestinal epithelial miR-128 is modulated by virulent Salmonella enteritidis,
which suppresses epithelia-secreted M-CSF and prevents macrophage mobilization [43].

To add to the infection models listed above, miRNAs had been implicated in immune
responses of the host to other bacterial infections. Even though NF-B activation is necessary
for miR-155 introduction, little is known about the fundamental processes of miR-155
introduction by diverse pathogens or stimuli [5]. The microRNAs miR-16 and miR-15a have
been connected to sepsis caused by bacterial infections [44]. TLR4 rather than TLR3 is
necessary for triggering macrophage miR-718 expression in Neisseria gonorrhoeae infection
models [45]. Vibrio harveyi and LPS stimulation have also been shown to drastically upregulate
miR-214. To prevent massive inflammation, increasing miR-214 suppressed the production of
inflammatory cytokines by binding MyD88 [46].
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Bacterial pathogens live in host cells in a variety of ways including manipulation of
miRNA expression. This modification might be studied as a new research viewpoint because
of the intricate bacterial and host cell interaction [33].

MicroRNA in Viral Infection

Viral infections are linked to changes in host miRNA levels. Host miRNAs can have both
direct and indirect impacts on viral infection. miRNAs have a direct effect on virus control
because they target specific sections of viral RNA. Modulation of a cellular transcript
generating a host component required for various phases of the life cycle of the virus is the
indirect effect. Virus infections, on the other hand, may decrease the production of miRNAs as
part of the antiviral response. Viral pathogens exploit the host’s cellular mechanisms to produce
viral miRNAs (v-miRNAs) found in the Epstein-Barr virus for the first time (EBV) [47]. These
v-miRNAs not only control virus replication by targeting their transcripts, but they also
suppress host gene expression, create settings that are favorable to replication and latency, and
evade detection by the immune system of the host. Virus infection can also trigger increased or
decreased expression of host micro RNAs, which can either impede or promote viral replication
[48].

The initial defense against all infections is the host's inborn immune responses. The
immune response includes natural killer cells; granulocytes, epithelial cells, macrophages,
monocytes, and dendritic cells [49]. Innate immune cells sense viral infection primarily through
germline-encoded pattern recognition receptors (PRRs) on the cell or in specific intracellular
compartments [50]. Recent research has discovered that miRNASs belonging to the host can
attach to numerous RNA viruses, influencing their pathogenicity. (+)-strand RNA viral genome
replication mimics mMRNAs in the cell, allowing the miRNA to attach to viral RNA, which could
be comparable to how host MRNAs are regulated. The impact of these miRNAS is by inhibiting
viral genome translation in other to hinder viral replication [51]. Type | IFN-inducible miR-
128, for example, specifically affects two locations in the transportin TNPO3 mRNA,
significantly lowering protein levels and TNPO3 mRNA. Downregulation of the nuclear
importer TNPO3, which is required for the reproduction of human immunodeficiency virus
(HIV-1), limits viral replication [52].

Others also demonstrated that miR-128 inhibits HIV replication by specifically attacking
the viral genome's 3'-UTR. miRNAs, such as miR-323, hsa-miR-324-5p, miR-485, miR-3145,
miR-491, and miR-654 prevent infection caused by influenza virus by attacking polymerase
basic protein 1 (PB1), which is the major factor of the viral polymerase complex [48]. miR-
548g-3p has previously been found to attach to the stem-loop. The 5’-UTR promoter of dengue
virus (DENV), prevents viral RNA-dependent RNA polymerase (NS5) from being recruited to
the viral genome and so suppresses viral reproduction [53]. Other research utilizing in silico
analytic methods revealed that several human miRNAs bind all SARS-CoV-2 genes except E
and ORF6. hsa-miR-203b-3p, for instance, was assumed to attack ORF3a and ORF1ab and has
already been proven to limit the reproduction of the influenza A virus [54]. Although hsa-miR-
148a-3p was discovered to bind the ORFla, S, E, and M genes in SARS-CoV to impede
interspecies replication and transmission, it has also been identified to bind the ORF8 gene. In
SARS-CoV-2, hsa-let-7c-5p is anticipated to bind ORFlab, and was discovered to have been
implicated in HIN1 influenza A virus reduction by binding its M1 gene. As a consequence,
inhibiting COVID-19 with a miRNA mimic could likewise affect COVID-19.
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Some miRNAs in humans that bind the genome of SARS-CoV-2 are also efficient against
SARS-CoV, MERS-CoV, and coronavirus NL63 (HCoV-NL63) in humans [48].

The majority of viruses make their non-coding RNAs (ncRNAs). Viruses connect with
proteins that will be important for their function and stability just like their host. Viral ncRNAS
have been linked to several biological processes, such as cellular transformation, viral
persistence, viral reproduction, and host immune evasion [55]. HSUR 1, short uracil (U)-rich
NcRNA encoded by Herpesvirus saimiri (HVS), has a complementary sequence with miR-27.
miR-27 is cleaved when it binds to HSUR 1, and this decreased T cells during HVS infection
[56].

According to Mishra et al., miR-30e-5p and miR-30e are introduced by infection caused
by hepatitis B virus (HBV) which regulates the innate immune responses [57]. miR-372 and
miR-302b regulate the mitochondrial-mediated antiviral immune system by modulating
metabolic demand and mitochondrial activity, according to research into the involvement of
miRNAs in mitochondrial-mediated innate immunity. Increased expression of these miRNAs
stops the generation of type I IFN (IFN/) and cytokines that cause inflammation in dsRNA virus
infection [58]. Inhibiting the activities of miR-372 and miR-302b may thus have an antiviral
property on RNA viral disease [48]. Zhao et al. looked into the differential expression
of mMiRNAs and discovered that miR-136 was upregulated fivefold in A549 of human lung
epithelial cells and had potent antiviral activities in vitro against HSN1 influenza A virus and
vesicular stomatitis virus (VSV) [59].

MicroRNA in Fungal Infection

Fungi are classified under eukaryotic microorganisms. They can be found in a variety of
places ranging from indoor to outdoor settings. Most species of fungi are saprophytic in nature,
obtaining their nutrient from organic materials. A very small percentage of the over 1.5 million
species have been identified to be primary or opportunistic disease-causing agents. Personal
contact with fungal species has been linked to some negative health impacts, these includes;
lung, sinus, and subcutaneous infections, as well as respiratory morbidities such as
hypersensitivity pneumonitis, allergies, and asthma. The immunological response of the host
and the fungus species exposed determine each of these health impacts. Recent studies show
that the miRNA profile that is seen after exposure to fungi is similar to those that are found in
other allergy-induced or inflammatory-mediated studies [60].

Several studies carried out to ascertain miRNA profiles after acute and chronic exposure
to fungi have identified the following 5 clinically significant fungi: Paracoccidioides
brasiliensis (P. brasiliensis) [61], Cryptococcus neoformans (C. neoformans) [62], Aspergillus
fumigatus (A. fumigatus) [63], Candida albicans (C. albicans) [64], and Stachybotrys
charternum (S. charternum) [60].

P. brasiliensis which is a dimorphic fungus causes paracoccidioidomycosis, a major
public health concern in Latin America [65]. The disease starts when spores are inhaled into an
individual’s lungs, germinating into yeast. This leads to a primary lung infection or further
spread throughout the body, causing oral and cutaneous sores. Differentially expressed
miRNAs in human and mice models after P. brasiliensis exposure were investigated in two
investigations [60]. Marioto et al., examined the profiles of miRNA of mice given P.
brasiliensisin the veins and found that the let-7 family, miR-126a-5p, miR-301a-3p, miR-340-
5p, miR-369-3p, miR-30b-5p, miR-20a-5p, miR-19b-3p, miR-130a-3p, and miR-26b-5p, and
miR-221-3pwere up-regulated after 28 days [61].
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Another study looked at the serum miRNA profile of P. brasiliensis-infected humans and
discovered that 8 out of 752 miRNAs were differentially expressed. miR-125b-5p, miR-132-
3p, miR-186-5p, miR-604, miR-29b-3p, mMiR-376c-3p, and miR-30b-5p were among the
elevated miRNAs, while miR-423-3p was the only downregulated miRNA. These miRNAs
have been established to play a major function in macrophage polarization or TLR2 signaling,
both of which are signs of a Th1 immune response [66]. These investigations found an increase
in miR-30b-5p, which suggest that it might be used as a biomarker for P. brasiliensis infection
[60].

Aspergillus fumigatus is a common pathogenic fungus species found in the soil,
occupational settings [67], and indoor settings [68]. Depending on the host's preexisting
circumstances, inhaling Aspergillus fumigatus unicellular spores can cause different grades of
an illness, known as aspergillosis. When monocytes and dendritic cells of humans are
stimulated with A. fumigatus, in comparison to a control, LPS, miR-132 is activated [69]. These
data point to a Th2-elicited response that is backed up by the study A. fumigatus inhalation
exposure on animals [70].

Candidiasis is a fungal infection caused by numerous Candida species that are mainly
endogenous in origin. This manifests with a variety of symptoms depending on the infection
site. Candidiasis is a type of opportunistic fungal infection that can affect the gastrointestinal
tract popularly known as thrush, some parts of the groin, foot, and hands, or it can progress to
invasive candidiasis and spread throughout the body, including the blood, eyes, heart, brain,
and bones [71]. miR-155, miR-146a, miR-455, and miR-125a, were elevated in mice
macrophages activated by 10° cells/mL heat-inactivated Candida albicans, indicating that these
miRNAs are involved in macrophage polarization. In human monocytic THP-1 cells infection
caused by C. neoformans, miR-146a was also found to be increased, blocking the production
of inflammatory cytokines and nuclear factor-B activation [62].

Host Derived MicroRNA in Immune Responses

Host-derived miRNA has a major role in immune expression and can modulate and
influence the cells of the adaptive and innate immune systems. Its upregulation or
downregulation may enhance or inhibit inflammatory responses. Significant changes were
observed in mMiRNA-155 of the primary murine macrophage during their exposure to cytokines
IFN-B. Toll-Like Receptor (TLR) ligands can activate, and regulate miRNA-155, and miRNA-
155, and also act on SH-2 containing inositol 5 polyphosphates 1 (SHIP 1) in macrophages
and granulocytes expansion during inflammation [72]. miRNA-147 inhibits excessive
inflammation in macrophages by activating TLR 2, TLR3, and TLR 4 in MyD88 and TRIF
manner [73]. miRNA-92a inhibits inflammation by TLR4, by targeting MAKK4 [74].

Differentiation of granulocyte is regulated positively by miRNA 223, miRNA-223
controls the function of cells in human neutrophils introduced by bacterial lipopolysaccharide
LPS by regulating NF-kB/MYD88 [75]. Expression of miRNA-146a was also found to be
markedly increased during dendritic cell differentiation, this causes the modulation of
inflammatory cytokines and increases dendritic cell apoptosis [76].

Decrease in effector CD8+ of miRNAs in T-cells were found to cause upregulation in
CD8+ T-cells level and more expression of miRNA with shorter 3’UTRs was found in the
CD4+ T-cells activation. Studies also show that reduced T-cell count occurs if the biogenesis
of miRNA is disrupted [77]. Some T-cell clones are deleted due to the expression of miRNA-
188, overexpression of miRNA-155 causes the CD4+ T-cell differentiation to Thl cells [78].
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miRNA such as miRNA-10, miRNA-146a, and miRNA-155 also regulate the role of regulatory
T-cells which are necessary for immune cells homeostasis and prevention of auto-immune
conditions [79].

[80] stated that defective Ago2 hemopoiesis affects early differentiation of B-cell and
causes impairment in the production of peripheral B-cell. It prevents the transition of pro-B to
pre-B-cell development and a subsequent decrease in the population of B-cell occurs by dicer
or Ago2 deletion during the biogenesis of miRNA. The absence of miRNA-155 causes the
production of defective antibodies leading to the impairment of immune response to antigenic
stimulation [81].

2. CONCLUSION

miRNAs are small non-coding RNA transcript derived from RNA, it consists of about
18-22 nucleotides and has been important regulators of biological processes including gene
expression and immune regulation. They were first discovered by Ambros and Ruvkun groups
in 1993and are abundant in the body occurring in several parts of the body such as the lungs,
liver, and kidney and modifying the functions of these organs.

Increase or decrease of mMiRNA is responsible for the occurrence and progress of certain
disease conditions as well as the host’s resistance to certain diseases. miRNA may enhance or
inhibit the survival and multiplication of certain pathogens and miRNA derived from pathogens
has been found to be an important tool used by pathogens to manipulate the host mechanism to
its advantage. miRNAs are important in the regulation of the body defense system of the host.
Their expression controls the functions of the cells involved in the defense of the host against
conditions like inflammation or diseases. miRNA is crucial in the diagnosis of numerous
diseases and may act as an important biomarker for infectious diseases.
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