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miRNAs, a subclass of small regulatory RNAs, are present
from ancient unicellular protozoans to parasitic helminths
and parasitic arthropods. The miRNA-silencing mechanism
appears, however, to be absent in a number of protozoan
parasites. Protozoan miRNAs and components of their silencing
machinery possess features different from other eukaryotes,
providing some clues on the evolution of the RNA-induced
silencing machinery. miRNA functions possibly associate
with neoblast biology, development, physiology, infection
and immunity of parasites. Parasite infection can alter host
miRNA expression that can favor both parasite clearance and
infection. miRNA pathways are, thus, a potential target for the
therapeutic control of parasitic diseases.

Introduction

microRNAs (miRNAs) are one subtype of small endogenous sin-
gle-stranded RNAs and have been so far reported in many viruses,
animals and plants such as Mareks diseased virus, fruit flies,
humans, zebra fish and Arabidopsis. But the miRNA-induced
silencing mechanism may be lost in yeast and some unicellular
organisms.! miRNA-mediated regulation of gene expression may
be pervasively distributed across the parasite kingdom, although
miRNAs are absent in some unicellular parasites.*® Individual
miRNAs can directly or indirectly repress hundreds or even
thousands of genes, affecting protein production mostly on a fine
scale via translational repression or/and mRNA degradation.*> A
systematic survey showed that more than 20% human genes were
regulated by miRNAs.® Although a study in which 95 miRNA
genes were mutated in Caenorbabiditis elegans, no abnormal phe-
notypes were observed, indicating major miRNAs are not vital
for the development or viability.” Increasing evidence supports
the idea that miRNAs participate in complex regulatory net-
works and the abnormality of some miRNAs is related to occur-
rence of many human diseases, including cancer.®!2

Silencing of the main RNA-induced silencing complex
(RISC) component was shown to promote the susceptibility of
Anaopheles gambiae to Plasmodium infection.” Similarly, dysfunc-
tion in Dicer and RNA-dependent RNA polymerase resulted
in a loss of the regulation control of specific surface proteins in
Giardia lamblia® These observations indicate that regulatory
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small RNAs are essential in parasite infection. We herein outline
our current understanding of miRNAs in unicellular and multi-
cellular parasites and provide examples of some unique proper-
ties of protozoan miRNAs. The relationship between snoRNAs
and miRNA precursors, miRNA markers for neoblasts and the
potential roles of miRNAs in parasites are also discussed.

Biogenesis of miRNAs. In the canonical approach, miRNA
genes are first transcribed into long pri-miRNA transcripts by
RNA polymerase (Pol), usually Pol II. These pri-miRNAs are
specifically spliced by Drosha, a nuclear RNase III, giving rise to
the precursors of miRNAs with a size of approximately 70 nucle-
otides (pre-miRNAs). With the help of a nuclear transport recep-
tor (exportin-5) that acts with the molecules with a stem and a
short overhang at the 3' end, the pre-miRNAs in the nucleus are
transported to the cytoplasm. Afterwards, the molecules exported
are cleaved into smaller duplexes, which are mediated by RNase
III Dicer. To be functional, double-stranded shortened miRNAs,
which are swiftly changed into single strand during assembly,
are loaded onto an Argonaut-containing RNA-induced silenc-
ing complex (RISC)."'® In most cases, the partner of the mature
miRNA incorporated into the complex, named as miRNA*, is
degraded. Recently, it has been shown that miRNAs* are also
present at a relatively high level and have capacity of repressing
targets (Fig. 1).” This finding adds the complexity of regulatory
networks where miRNAs or miRNAs* dominate.

By contrast, the biogenesis of mirtron miRNAs, which are
found in C. elegans, Drosophila melanogster,” chicken' and sev-
eral mammals,” is different. The short intron-derived pri-miR-
NAs are spliced into intron-removed mRNAs and intron lariats.
Without the cleavage by Drosha, the introns are folded directly
to form pre-miRNAs with the hairpin structure” and further
processed as described above. Murine herpesvirus miRNAs are
produced in yet another way.?” RNA Pol III, instead of Pol II,
is functional to produce pri-miRNAs that contain a tRNA-like
structure at the 5' end and two stem loops 1 in the middle and 2
at the 3" end. The pri-miRNAs are cleaved by tRNase Z but not
Drosha to yield the pre-miRNAs that are then further edited in
a typical way to liberate mature viral miRNAs.?' In Giardia lam-
blia, an ancient parasitic protozoan, miRNAs are derived from
small nucleolar RNAs (snoRNAs) that participate in modifi-
cation of other types of RNA.?* Together with other facts that
Drosha and Exportin 5 homologs are absent but two vital RISC
factors, Argonaute and Dicer, do exist in Giardia raise the pos-
sibility of another Drosha-independent pathway is involved in
miRNA biogenesis.
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Figure 1. Biogenesis of canonical and mirtron miRNAs in animals.

The biogenesis of miRNAs from transcription to mature
miRNAs is tightly controlled via modifications of miRNA-
producing RNA and factors that form functional RISC or other
complexes and these modifications can be offered by internal or

even external molecules.”? Together with other proteins, such
as TRBP and PACT, Dicer constitutes a machinery to process

pre-miRNAs and its elevating level can result from the stabi-
lized TRBP through phosphorylation.?® In infected T cells, the
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abundance of mature miR-27 was alternatively downregulated
by binding to one of non-coding RNAs of Herpesvirus saimiri,
HSURLI, although the consequent effects of induced decay have
not been determined.”

miRNAs in parasite kingdom. At present, miRNAs have
been computationally or experimentally investigated in seven
protozoans, three trematodes, two nematodes, one cestode and
three arthropods (Table 1). The lack of coding genes for Dicer
and Argonaute proteins, key factors of RISC, in the genome of a
number of protozoan parasites, implies the absence of miRNA-
induced regulation of gene expression.’ Alignment analysis
of Argonaute showed that the expression modulation by small
RNA is extensively present across parasitic cestodes and nema-
todes (Table 1). Interestingly, apart from active Argonaute-
coding genes, there are Argonaute pseudogenes present in three
Leishmania species (Table 1), suggesting the shrinking of RNA-
inducing silencing functions during evolution. Conversely, the
expansion of miRNA pathways has been demonstrated in the
plant parasite, Acyrthosiphon pisum, although the biological sig-
nificance of the miRNA machinery gene duplication events is
elusive.?

The loss of this mechanism should be evaluated cautiously;
however, in that these coding genes may have undergone great
variations in domain(s) during evolution, leading to low simi-
larity and difficulties in identification of putative protein homo-
logs. For instance, Trypanosoma cruzi, the causative pathogen of
Chagas disease, was thought to be unable to utilize siRNAs to
alter gene expression;® more recently, however, the presence of
a ubiquitously expressed Argonaute/Piwi protein-coding gene
has been described.?” Although no potential miRNAs have been
found in a small RNA subpopulation,® it is still hard to rule out
the possibility of that this protozoan parasite has the ability to
produce miRNAs because of limitations of the methods used.

Characteristics of protozoan miRNA-induced silencing net-
work. Growing studies have demonstrated that miRNA-related
pathways in protozoan parasites have features different to other
metazoan organisms, possibly shedding light on the evolution
of miRNA-induced silencing networks. The RISC components
are more heterogeneous in sequence, compared with other ani-
mals. Protozoan Argonaute- and Piwi-like genes form an indi-
vidual lineage, distinct from other Argonaute-like subfamily
and Piwi-like subfamily of other multicellular organisms.?”
Similarly, phylogenetic analysis of Dicer and RNA-dependent
RNA polymerase homologs of Toxoplasma gondii that play a role
in magnifying RNA silencing have shown common origins with
Chlamydomonas reinhardtii, a unicellular alga that has a capacity
of orchestrating gene expression using miRNAs,? and the fungus
Neurospora crassa, respectively.®® It can be partly explained by the
concept that the ancestor of apicomplexan animals is proposed to
be an endosymbiont of red alga.?® These evidences reinforce the
idea that the appearance of the RNA-induced silencing machin-
ery is a primitive event.

Extensive alignment analysis reveals that parasitic proto-
zoans lack Drosha homologs (Table 1), indicating that most
miRNA biogenesis in these organisms is independent of Drosha.
Alternatively, other factor(s) that are significantly divergent in the
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sequence execute the catalytic activity to liberate pre-miRNAs
from primary transcripts. Without the functions of Drosha and
Exportin 5, G. lamblia bypasses the canonical Drosha-dependent
way to generate miRNAs using snoRNAs as precursors.*”

In the target recognition, animal miRNAs are partly comple-
mentary to sites of mRNA, majority of which are localized at 3'
UTRs, while plant miRNAs show near-full or full pairing. It has
been shown that the extensive base pairing in animal miRNAs
induces the turnover of bound small RNA by tailing or trim-
ming.? In plants, the modification of 2'-O-methyl at the 3" last
nucleotide of miRNAs and siRNAs by Henl, a methyltransfer-
ase, allows these silencing molecules to be immune to uridylation-
elicited degradation. The 2'-O-methyl group addition is also
required to form the active siRNA-argonaute complex in flies.’!
Of particular interest, it was predicted that 7oxoplasma miRNAs
bind to target regions via nearly perfect or perfect matching.?’
In addition to this, more than half of the target sites (20/34)
are distributed at 5' UTRs or in coding regions. Nevertheless,
miRNAs are not methylated in 7. gondii and the lack of meth-
ylation raises the question of how these miRNA are protected.
Although the resultant effects are controversial, adenylation at 3'
ends of miRNAs may be a feasible approach adopted to enhance
miRNA stabilization.> Consistent with this, the addition of
untemplated adenine found in some Zoxoplasma miRNAs render
the possibility that miRNAs that are perfectly paired with targets
function normally although 3' adenylation may have an adverse
effect on loading miRNA into RISC.% This may be reflected by
the components of the RNA-silencing machinery in 7. gondii, of
which Dicer does not possess typical DSRM and PAZ domains
that associate with RNA binding, are remarkably distinct in
structures.

snoRNAs: Original precursors of miRNAs? snoRNAs are
comprised of two types, box C/D and box H/ACA snoRNAs,
and combine with other specific factors to be able to modify other
types of RNA or function in splicing. In human, both classes of
snoRNAs can be a source of small regulatory RNAs (sd-RNAs)
that are functionally similar to miRNAs.*** Nonetheless, C/D
sd-RNAs are distinguished from these out of H/ACA snoR-
NAs in terms of length and location.*® Conservation of most
snoRNAs that can be processed to generate miRNA-like mol-
ecules is observed across evolutionarily unrelated species.>**
sd-RNAs are extensively present in many organisms, including
plants, virus and unicellular eukaryotes.*®*” The production of
miRNA-like sd-RNAs is Drosha-independent but does require
Dicer. Moreover, it has been demonstrated that the capacity of
small RNA production is a common characteristic of a portion of
snoRNAs. 3 The extensive discovery that sd-RNAs modulate
gene expression in a miRNA-like pattern adds the complexity of
RNA-induced silencing mechanism reservoir.

Though the classification of sd-RNAs as miRNAs is unre-
solved, sd-RNAs and miRNAs are evolutionarily related. snoR-
NAs and precursors of miRNAs have similar genomic locations.
A large number of human snoRNAs reside in introns of genes
as well as transposable elements, from which many miRNAs are
derived.**#* Moreover, both types of small silencing molecules

exhibit conservation throughout evolution.****¥ Furthermore,
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Table 1. miRNAs and/or RNA-induced silencing machinery in parasites

Species
Protozoanc
Plasmodium falciparum
Trypanosoma brucei
Trypanosoma congolense
Trypanosoma cruzi
Trypanosoma gambiense
Trypanosoma vivax
Leishmania major
Leishmania infantum
Leishmania braziliensis
Leishmania mexicana
Leishmania tarentolae
Leishmania braziliensis
Cryptosporidium spp
Theileria spp
Babesia bovis
Eimeria tenella
Giardia lamblia
Neospora caninum
Giardia intestinalis
Trichomonas vaginalis
Entamoeba histolytica
Toxoplasma gondii
Trematode
Clonorchis sinensis
Schistosoma mansoni
Schistosoma japonicum
Nematode
Bursaphelenchus xylophilus
Brugia malayi
Hemonchus contortus
Globodera pallida
Trichuris trichiura
Onchocerca volvulus
Strongyloides ratti
Trichuris muris
Nippostrongylus brasiliensis
Heligmosomoides polygyrus
Cestode
Echinococcus multilocularis
Echinococcus granulosus

Hymenolepis microstoma

Approach?

Ex

Com

Ex

Ex
Ex
Com
Ex

Ex/Com
Ex
Ex

Ex
Ex/Com

Ex

Num of miRNAs

No
1,162

62,518

55

810
32
ND
ND
ND
ND
ND
ND
ND
ND

22
23
ND

Main RISC components® Ref.
No 2
Yes 3,69
Yes 3
Yes 3,27

Yes (sanger)
Yes (sanger)
Yes/Pseudogene
Yes/Pseudogene

Yes (sanger)

Yes/Pseudogene
Yes (TriTrypDB)
Yes 3
No 3
No 3
No 3
No 3
Yes 22
Yes
Yes 3,49
Yes 3,49
Yes 3,78
Yes 3,30
- 79
Yes 58, 59
Yes 80
o 61

Yes 81

Yes (sanger)

Yes (sanger)

Yes (sanger)

Yes (sanger)

Yes (sanger)

Yes (sanger)

Yes (sanger)

Yes (GenePool)
Yes (sanger) 82
Yes (sanger) 82

Yes (sanger)

2miRNAs are identified experimentally (Ex) or computationally (Com) or both (Ex/Com); PArgonaute or Dicer or both are present in species indicated.
Argonaute homolog(s) in parasitic nematodes, cestodes and arthropods were searched using C. elegans Argonaute (ABA18180) in the databases shown
in brackets; ‘Drosha homolog(s) in protozoans were searched using C. elegans Drosha (NP_001122460) and there were no hits with an e value > 10°.
Due to the fact that protozoan Drosha homologs may be highly heterogeneous in an amino acid level, it can’t be ruled out the possibility of factor(s)

that are functionally similar to Drosha; ‘Our unpublished data; ND, not determined; -, not applicable; ?, unclear.
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Table 1. miRNAs and/or RNA-induced silencing machinery in parasites (continued)

Arthropod
Pediculus humanus humanus Com
Acyrthosiphon pisum Com
Ixodes scapularis Ex

57 Yes (VectorBase) 83
163 Yes 84
34 Yes (VectorBase) 85

2miRNAs are identified experimentally (Ex) or computationally (Com) or both (Ex/Com); PArgonaute or Dicer or both are present in species indicated.
Argonaute homolog(s) in parasitic nematodes, cestodes and arthropods were searched using C. elegans Argonaute (ABA18180) in the databases shown
in brackets; ‘Drosha homolog(s) in protozoans were searched using C. elegans Drosha (NP_001122460) and there were no hits with an e value > 10°.
Due to the fact that protozoan Drosha homologs may be highly heterogeneous in an amino acid level, it can’t be ruled out the possibility of factor(s)
that are functionally similar to Drosha; ‘Our unpublished data; ND, not determined; -, not applicable; ?, unclear.

like miRNAs, upon loading into Argonaute-containing RISC, sd-
RNAs induce gene silencing via Watson-Crick base pairing to tar-
get sites of mMRNA they regulate. Not surprisingly, some registered
human miRNAs (miRBase) are really derived from snoRNAs.3:4!
Of note, some sd-RNAs are expressed in a specific cell-type man-
ner, likely due to the post-transcriptional process of snoRNAs as
do some miRNA precursors.’®%* However, the second structures
of snoRNAs contain two hairpins, obviously different from classi-
cal miRNA precursors. Taken together suggests the evolutionary
relationship between snoRNAs and miRNA pathways.

Functional similarity of these silencing RNAs is supported
by the interactions between Argonaute proteins and some core
components of snoRNPs, such as NOP56.%% Although the real
functions are unclear, the presence of NOP56 in RISC may reveal
that sd-RNAs are expressed in 7. gondii. The fact that miRNAs
are exclusively derived from snoRNAs in unicellular animal,
G. lamblia, results in the hypothesis that snoRNAs are the origi-
nal source of miRNAs.?? In agreement with this, a portion of
miRNA precursors did have box H/ACA snoRNA properties
and all five snoRNA-like miRNA precursors investigated showed
capacity of binding with dyskerin," a pseudouridine synthase in
snoRNA-containing nucleolar ribonucleoparticles (snoRNDPs),
suggesting the preservation of snoRNA functions in these
miRNA precursors. snoRNAs being derived from transposable
elements as miRNA precursors may be likely during evolution
because the rapid generation of miRNAs through transposable
elements could be a driving force.” It is no doubt that the clari-
fication of how snoRNAs are processed into sd-RNAs allows us
to profoundly understand the relationship between sd-RNAs and
miRNAs.

snoRNAs are also reported in Plasmodium falciparum,
Trypanosoma spp,”*® Trichomonas vaginalis® and S. mansoni
and S. japonicum®® but their ability to encode miRNA-like sd-
RNAs remains unclear. It is noticed that P. falciparum and
Saccharomyces cervisiae express snoRNAs but no miRNAs, in

45,46

agreement with the idea that primitive snoRNAs may have pro-
duced certain types of miRNA-like RNA.#

Potential miRNA biomarkers for flatworm neoblasts. In
the phylum Platyhelminthes, planarians are characterized by the
ability to regenerate® and neoblasts are thought to contribute
to this regeneration. The neoblasts of E. multilocularis are able
to generate mature metacestodes in vitro under specific condi-
tions,* suggesting the preservation of regenerative capacity in the
neoblasts.

www.landesbioscience.com

Fifteen miRNAs, including let-7a and 7b, have been impli-
cated in the functions of the planaria neoblasts,”** although
there is some disparity probably due to methodological differ-
ences. Aligned with planarian miRNAs, there are six potential
miRNA neoblast markers commonly found in S. japonicum
and E. multilocularis, in all of which the seed regions are intact
(Table 2). Interestingly, miR-71 with other three miRNAs miR-
2d, miR-752 and miR-13 are clustered in planarians but miR-752
is completely lost in S. japonicum and E. multilocularis. Moreover,
two copies of the miR71 clusters are observed in S. japonicum®®
but not in E. multilocularis (our unpublished data), suggesting
duplication of miR71 cluster after speciation. What the loss
of miR-752 influences the regenerative ability of neoblasts is
unknown and remains to be identified experimentally.

Possible roles of parasite miRNAs. An exactly spatial and
temporal control of gene expression is crucial for animals whose
life cycles are fulfilled through several different developmental
stages. mictoRNAs, such as the let-7 family and lin-4, were first
revealed to be a master switch of development in C. elegans,"! tar-
geting hb1-7 and lin-14 mRNAgs, respectively, to ensure proper
larval developmental transition. The transcription of let-7 family
is controlled by the interaction between the nuclear hormone
receptor DAF-12 and its ligands, dafachronic acids that are
naturally produced in favorable environments.” The striking
discrepancy of expression of Dicer and Argonaute at different
stages in S. mansoni is an indication that small RNA-induced
silencing represents a mechanism of modulation of developmen-
tal transitions.”® The idea that S. japonicum let-7 may associate
with transition from miracidium to sporocyst is indirectly sup-
ported by higher expression of let-7 in miracidium. Along with
let-7, the miRNA bantam that is extraordinarily highly expressed
in cercaria is supposed to be active in developmental processes
through regulation of a cellular population size.”” However, a
recent study preferably supports the notion that let-7 has other
functions rather than controlling developmental timing.®® It is
clear that these presumptions need to be further experimentally
tested.

Some miRNAs are anticipated to take part in other pro-
cesses of parasites, such as reproduction and tissue development
(Table 3). Of interest is the very high expression of miR-71(a/b)

in stages in trematodes’®>®

and a cestode (our unpublished
data) but not in a nematode.® Apart from functional connections
with neoblast biology,”*° miR-71 is expected to have an addi-

tional role probably related to development. Further experiments
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Table 2. Potential neoblast-specific miRNAs
miRNA? Homolog® Homolog® Alignment (5"-3")¢ Ref.
TCACCGGGTAGACATTAATCATG
sme-miR-36b miR-36 miR-36-3p e CCTGC? 54,55
(e C--TCGC
TATCACAGCCCCGCTTGGAACGCT
sme-miR-2a miR-2a miR-2b-3p fpmmmmm=== {femmmmma=s c—? 54

sme-miR-2d miR-2b miR-2a-3p el TA------ AA-G 54, 55

TATCACAGTCATGCTAAAGAGC?
sme-miR-13 miR-2c miR2¢3p 0 e C-C----TGG—CACA 53,54
———————— CG-G----T---G--?
TGAAAGACACAGGTAGTGGGAC
sme-miR-71b miR-71 miR717 e GAT------- A--? 53-55

sme-miR-124a TAA GCACGCGGTGAATGCTT
miR-124 miS 0000 e A-CA 55
------------------ TCA

sme-miR-124b

2S. mediterranea miRNAs closely related to neoblast biology. Apart from those listed in this table, another eight sem-miR-7b, 7c, 752, 92, let-7a, let-7b,
2160 and 756 are considered to participate in neoblast functions; PCognate miRNAs in E. multilocularis; <Cognate miRNAs in S. japonicum; ‘Sequences of
miRNAs of both species are aligned. Consensus nucleotides are masked by dash and gaps, and are filled by question markers. Variants in homologs of
E. multilocularis (second sequence) and S. japonicum (third sequence) are shown.

Table 3. Potential functions of parasite miRNAs

miRNA Species Possible functions? Expression® Ref.

let-7 Transition from miracidium to sporocyst? ? 59, 60
Bantame Regulation of cell proliferation and a.popt05|s/sex development Cercaria, female 59, 60

or reproduction

miR-7 S. japonicum Tissue development Cercaria
miR-36 Developmental transition Cercaria 60
miR-71 Sexual development Male

miR-nov-70¢ Sexual development/reproduction Female
let-7 B. xylophilus
_ Regulation of worm activity Cold-stressed worm
miR-
miR-nov-10¢ miR-29 ) 61
miR-40 e D S s Downregulated in cold-stressed
worm

miR-72

miR-4
miR-49 T. gondii Lethal strain
miR-60 Related to virulence? 30
miR-40

Hypo-virulent strain
miR-56
/° T. brucei 69
Antigenic variation ND
miR-2 G. lamblia 22

2None of miRNA functions was experimental validated; ®miRNA(s) are highly or exclusively expressed in tissues or strains listed, if not clearly stated;
cmiR-nov-110 are highly homogenous to bantam and therefore the latter is listed here; {Novel miRNAs; *Many miRNAs are predicted to target VSG
mRNA and therefore not listed here; ?, controversial or not clear; ND, not determined.
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will be worthwhile specifying the connections between its
expression and functions.

miRNAs are modulators in immune systems, affecting
differentiation, development, homeostasis and functions of
6263 It is well-studied that miRNAs play impor-
tant roles in viral infection and immunology.****” The tem-

immune cells.

poral regulation of variant surface proteins (VSGs), one of
which covers the entire surface of a parasite at any time, is
essential to survive host immune attacks in free living pro-
tozoans such as Trypanosomes and G. lamblia.®*® Various
VSGs expressed on the surface were observed in individual
G. lamblia with silenced Dicer and RNA-dependent RNA
polymerase, indicating the key role of silencing machinery in
VSG expression regulation. miRNAs may be partly respon-
sible for this antigenic variation by targeting 3' VSG-coding
gene UTRs that contain highly conserved fragments.?>*8 The
mechanism of how miRNA(s) modulate several hundreds of
VSG genes to ensure that only one is retained is unknown.
Unfortunately, little has been done to experimentally
investigate the functions of parasite miRNAs but a wealth of
the genome, transcriptome and proteome data will accelerate
to characterize their roles in parasites and parasitic infection.
Host miRNAs in response to parasite infection. The
alterations of host miRNA expression reflect the roles of host-

low parasite burden
4 b

miR-125b-1, 21

let-7 =y TLR4 ? +— 30b, 23b-27b-24-1 miR-30c, 16
A

NFKB p50

C/EBP B parasites

. CUCCRTTERTTRITIR 3

NFkB p65

miR-513 = B7-H1

v o
apoptosis

Figure 2. Host miRNAs response to Cryptosporidium infection. During the
period of infection, Cryptosporidum can elicit alterations of host-origin
miRNA expression. Some miRNAs including let-7 and miR-513 are repressed,
whereas others up-regulated (the rest miRNAs, TLR4 and B7-H1) in NFKB p65-
dependent or —-independent (?) manner. Protein levels of some key players
involved in infection and immunology will be subsequently increased (in red),

derived miRNAs in parasite infection. Cryptosporidium par-

facilitating parasite clearance or infection.

vum, a protozoan parasite which lacks the RNA-induced
silencing mechanism (Table 1), can induce a decrease of
let-7 expression in infected cells, leading to upregulation of Toll-
like receptor 4 (TLR4) expression, which contains a let-7 bind-
ing site in the 3' UTR.® In vitro suppression of let-7 gives rise
to a significantly lower parasite burden, suggesting that it con-
tributes to immune responses against the infection. The para-
site-induced downregulation of let-7 expression is executed by a
repressor binding to the Let-7 promoter, which is comprised of
transcription factors NFkB p50 and CCAAT/enhancer-binding
protein 3.”' By contrast, a number of miRNAs was upregulated
in a NFkB p65-dependent or -independent manner in response
to C. parvum invasion (Fig. 2).”? Functional silencing of selected
miRNAs resulted in an increase of C. parvum burden in vitro
without effects on cell attachment and invasion, suggesting a role
of host miRNAs in epithelial defense against parasite infection.
C. parvum can repress miR-513 transcription and simultane-
ously activate the expression of B7-H1, residing a binding site for
miR-513. This leads to an increase of B7-H1 expressed on the cell
surface that in vitro induces the apoptosis of activated T cells.”
This is of particular interest because it illustrates the feasibility that
parasites take advantage of host miRNA pathways as a method of
defense against the host. The in vivo events following increased
B7-H1 will be of interest to be further investigated. Parasite-
induced host miRNA expression alterations were also observed in
1. gondii, though the relationship between elevating miRNA level
and the infection is not clear.” In contrast to the unaltered level in
response to Neospora caninum infection, the expression of mature
miR-17 family was upregulated in the cells infected by 7. gondii,
illustrating the elevated abundance specific to 7. gondii infection.
Collectively, host miRNA-induced silencing networks take part in

www.landesbioscience.com

interplay between host and pathogen via modulation of key players
that are active in a course of infection and immunology.

Concluding Remarks

Although the vast majority of miRNAs are enigmatic in function,
it is clear that the miRNA-induced silencing machinery directly or
indirectly affects many processes of organisms and their responses
to environments. Parasite and host miRNA profiles can be served
as a probe to investigate underlying mechanisms and, thus, deeply
understand pathogen-host interplay. Likewise, miRNA silencing
network will be an alternative to help us understand global delete-
rious drug resistance in parasitic nematodes.”” The intervention of
miRNA pathways to control diseases is in infancy, but successful
attempts to control viral infection in chimpanzees or tumorigene-
sis in animal models®”” have shed light on the potential of miRNA
pathways as the therapeutical targets.
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