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Abstract: MicroRNAs (miRNAs) post-transcriptionally regulate gene expression by binding to target
mRNAs with perfect or imperfect complementarity, recruiting an Argonaute (AGO) protein complex that
usually results in degradation or translational repression of the target mRNA. AGO proteins function as the
Slicer enzyme in miRNA and small interfering RNA (siRNA) pathways involved in human physiological and
pathophysiological processes, such as antiviral responses and disease formation. Although the past decade
has witnessed rapid advancement in studies of AGO protein functions, to further elucidate the molecular
mechanism of AGO proteins in cellular function and biochemical process is really a challenging area for
researchers. In order to understand the molecular causes underlying the pathological processes, we mainly
focus on five fundamental problems of AGO proteins, including evolution, functional domain, subcellular
location, post-translational modification and protein-protein interactions. Our discussion highlight their

roles in early diagnosis, disease prevention, drug target identification, drug response, etc.
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Introduction

Small RNA molecules (small RNAs), including microRNAs
(miRNAs), small interfering RNA (siRNAs) and Piwi-
interacting RNA (piRNAs), play important roles in
cellular processes as diverse as development, disease, stress
response, or transposon silencing (1,2). In animals, most
endogenous miRNAs are transcribed by RNA polymerase
IT (Pol II) to generate a primary miRNA (pri-miRNA)
containing imperfectly base-paired hairpin structures.
And then the pri-miRNA is bound to dsRNA binding
domain (dsRBD) protein DGCRS, a homologue of
Drosophila melanogaster (D. melanogaster) Pasha, forming
the microprocessor complex together with Drosha. Then
DGCRS directs Drosha to cleave 11 bp away from the
dsRNA-ssRNA junction to release approximately 60-
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70 nt precursor miRNAs (pre-miRNAs). And later, pre-
miRNAs are exported to the cytoplasm by expotin-5 where
they are subjected to the second processing. With the
help of Dicer, a member of RNase III family, an imperfect
pairing about 22 nt miRNA:miRNA" duplex with 2-base
pair 3' overhangs at both ends is yielded. In plants, the
dsRBD protein is HYPONASTIC LEAVES 1 (HYL1) and
there exists no Drosha homologue. And the production of
Dicer-like (DCL) is always in nucleus (1,3). The siRNAs
synthesis in D. melanogaster also need Dicer (dicerl, dicer2),
associating with a dsRBD protein partner, Logs and R2D2,
respectively, whereas the maturation of piRINA needs Piwi
or Aubergine (Aub) instead of Dicer protein. These small
RNAs mediated gene silencing are involved in regulating
diverse biological processes, and Argonaute (AGO) protein
is the essential component of the RNA-induced silencing
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complex (RISC). Only one strand of mature miRNA is
selectively incorporated into miRINA-protein complex
(miRNP/miRISC) and binds to complementary sites in 3'
untranslated regions 3' UTRs) of the target. Imperfect base
pairing of the miRNA with the target results in translational
inhibition, while perfect base pairing with its transcript
promotes RNA cleavage. A new research suggested that
the overexpression of AGO protein decelerates miRNA
degradation and increases miRNA half-life. In simple terms,
AGO proteins can stabilize mature miRNAs (4). As miRNA
control has emerged as a critical regulatory principle in
the mammalian physiological processes, there is no doubt
that AGO proteins participate in molecular regulation of
the small RNNAs functions. Furthermore, miRNA, siRNA
and to piRNA are only known to be present in eukaryotes,
but AGO proteins have been reported in various organisms
including bacterial and archaea species in recent years.
The fact suggests that prokaryotes may use different
mechanisms in an attempt to regulate translation of target
mRNAs, and to provide protection against viruses and
transposable elements. Recently, the significant roles of
AGO proteins in maintaining genome integrity, controlling
RNA stability and protein synthesis are confirmed.
Furthermore, human AGO proteins have been reported to
be associated with kinds of diseases, although little is known
about their molecular mechanism, for example, colonic
carcinogenesis. In the following, we present a review about
the evolution, functional structure, subcellular location,
and post-translational modification of AGO proteins, and
the discussion may help us understand their functions in
physiology, human disease and antiviral defense.

Evolution of AGO protein

AGO proteins are widely involved in many cellular
physiological processes through RNA silencing pathways,
but the total number of members varies across different
species, such as 10 AGO proteins in Arabidopsis, 8 in Homo
sapiens, 1 in Schizosaccharomyces pombe, etc. Obviously,
evolutionary analyses of AGO proteins are conducive to
understand function diversification in development and
physiology. AGO proteins can be grouped into three major
clades in eukaryotes, the Ago clade proteins (Ago), the PIWI
clade proteins (PIWI) and worm-specific clade proteins
(WAGO) (2,5,6). The Ago loaded with miRNA or siRNA
ensures that the appropriate guide strand is selectively
stabilized (1), however, piRNA is loaded into PIWI (7).
What’s more, Ago extensively exists in all species, including
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animals, plants and fungi. PIWI is only found in animal’s
germ cells and germline stem cells, which participates
in the biogenesis and cellular functions of piRNAs in
animal gonads and functions in genome surveillance (8).
In this paper, 135 AGO protein sequences from 36 species
were chosen for phylogenetic analysis (Figure 1A4). The
results showed that genes encoding AGO proteins have
undergone a marked degree of duplication, especially in
plants and metazoans, and the champion of this expansion is
Caenorbabditis elegans (C. elegans). In C. elegans, the member
C06A1.4 has been certificated as pseudogene, and the other
25 AGO proteins were found in different clades, such as
Ce_Algl, Ce_Rdel in Ago; Ce_Prgl, R09al.1 in PIWI;
and Csr-1, Ppw-1 and the rest in WAGO clade. However,
the phylogenetic distribution of archaeal and bacterial AGO
proteins is chaotic, and both species consist of a phylogenetic
clade away from eukaryotic AGO proteins, suggesting that
multiple horizontal gene transfers (HGT) have occurred
between bacteria and archaea. The above result is consistent
with the notion that prokaryotic AGO (pAGO) genes mostly
disseminated by HGT (9).

Characteristics of AGO protein structure

AGO proteins are multidomain proteins expressed in all
kinds of organisms. As the functions of pAGO protein
are still unclear, eukaryotic AGO proteins are taken as
excellent models for functional research in prokaryotes.
AGO proteins are composed of 4 discrete folding units,
which are N-terminal region, PAZ domain, MID domain
and PIWI domain, respectively (Figure 1B). The N-terminal
region acts as a wedge, interceding in the trajectory of
the annealed guide/target duplex (10). A new study shows
that a functional N domain is strictly required for small
RNA duplex unwinding but not for precedent duplex
loading or subsequent target cleavage (11). PAZ domain
is approximately 140 aa in length that is identified in both
AGO proteins and Dicer enzymes, containing a binding
pocket which is used to anchor the 2-nucleotide 3'-overhang
of siRNA-like duplex (12,13). Nevertheless, we found no
PAZ domain in most prokaryotes by domain scanning,
so it led us to suppose that the domain may be not so
important in prokaryotes. MID domain, which is located
between the PAZ domain and the PIWI domain, is similar
to the glucose/galactose-binding protein (GGBP) and Lac
repressor (14). The main function of MID domain is to
provide a binding pocket for the 5'-phosphate of guide
RNA. Besides, a special ring consisting of P523, G524,
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Figure 1 Phylogenetic tree reconstruction of 135 AGO protein sequences and domain-structure analysis of the AGO protein. A. Unrooted
phylogenetic tree of 135 AGO protein sequences from 36 species constructed using Neighbor-Joining method. Hs, Homo sapiens; Ss, Sus
scrofa; Ms, Mus musculus; Gg, Gallus gallus; Dm, Drosophila melanogaster; Bm, Bombyx mori; Dr, Danio rerio; Xt, Xenopus tropicalis;
Od, Oikopleura dioica; Sp, Strongylocentrotus purpuratus; Nc, Neurospora crassa; Em, Echinococcus multilocularis; Ce, Caenorhabditis
elegans; Nv, Nematostella vectensis; Gi, Giardia intestinalis; Pt, Populus trichocarpa; Os, Oryza sativa; At, Arabidopsis thaliana; Pps,
Physcomitrella patens subsp.patens; Es, Ectocarpus siliculosus; Cr, Chlamydomonas reinhardtii; Scp, Schizosaccaromyces pombe; N,
Neurospora crassa; Aqa, Aquifex aeolicus VFS5; Anf, Anoxybacillus flavithermus WK1; Tt, Thermus thermophilus HB8; Af, Archacoglobus
fulgidus DSM 4304; Ma, Methanosarcina acetivorans C2A; Pf, Pyrococcus furiosus DSM 3638; Sf, Syntrophobacter fumaroxidans MPOB;
Pt, Pelotomaculum thermopropionicum SI; Mk, Methanopyrus_kandleri_AV19; HIl, Halorubrum lacusprofundi ATCC 49239; Aa,
Aromatoleum aromaticum EbNT1; Xc¢, Xanthomonas campestris str_B100; M1, Mesorhizobium loti MAFF303099; Re, Rhizobium etli CIAT
652; B. Structure domains of Pyrococcus furiosus DSM AGO protein (PDB: 1225.pdb)

K525, T526 and P527 in Hs_AGO2 has been certified,
and has the ability to recognize the first nucleotide of
a miRNA sequence, showing a strong bias to U or A at
the 5' position of miRNA (15). Additionally, Kiriakidou
et al. (16) found MC sequence in Hs_AGO2, which is
similar to translation initiation factor 4E-like (eIF4E-like)
mRNA cap-binding motif, and proposed that the sequence
may bind to target mRINA disturbing translation initiation.
Whereas, Kinch et 4/. (17) mapped the MC sequence of
Hs_AGO2 to MID domain, but did not find the motif,
meaning that it’s not easy to explain the mechanism of
inhibition of translation initiation. Djuranovic et al. (18)
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superimposed the MID domain of Dm_Agol onto
the Rossmann-like fold of the archaeal and eubacterial
homologues, and the result suggested that the eukaryotic
MID domains take the allosteric regulation similar to the
prokaryotes. Furthermore, the crystal structural analysis of
Neurospora crassa quelling deficient 2 (QDE-2) MID domain
showed that there exists an another ligand-binding site
previously unreported (19), suggesting a simple mechanistic
explanation for the allosteric effect in eukaryotic AGO
proteins, but the precise mechanism of MID domain
directly involved in the translational suppression of target
mRNA remains to be explored.
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PIWI domain, which is unique to the AGO proteins
superfamily, adopts a classical RNase H fold, and three
residues within the PIWI domain form a catalytic triad. Song
et al. (20) showed us the similarity of Pf_AGO and RNase
H in the PIWI domain, and revealed that PIWI domain
has three highly conserved residues (D558, D628, H745),
which form the DDH motif colored by cyan in Figure 1B.
Two aspartic acids, D558 and D628, were identified as
likely active site residues, while the third residue is variable
and might be R or K. The experimental analysis of Thermus
thermophilus AGO protein bound to a 5’-phosphorylated
21-base DNA guide strand showed the molecular details
of guide-strand recognition and cleavage: the bases 2 to
6 of seed sequence are positioned for matching with the
mRNA target on the basic principle of complementary
base pairing, and bases 10 and 11 at the cleavage site
are locked by two critically positioned arginines (21).
Further instructions should come from two putative
models for target-RNA recognition mediated by AGO
protein. The first is fixed-end model which postulate that
both ends of the guide RNA remain stably bound to AGO
protein during slicing, limiting the seed region to 2-8 nt
of the guide RNA by topological constraint. The second
is two-state model, and the distinctive feature is 3' end of
the guide strand dissociating from the PAZ domain (22,23).
Taken Thermus thermophilus AGO protein as an example, the
3" end of the guide switches on and off PAZ domain during
the catalytic cycle, whereas, its 5' end remains fixed (10).
However, detailed molecular mechanisms of target RNA
recognition and high-affinity guide-target interactions in
different species remain unclear.

Subcellular location of AGO protein

Localization studies using immunofluorescence approach
and tagged Ago protein showed that in somatic cells,
Ago protein concentrated in cytoplasm and cytoplasmic
processing body (P body, also referred to as GW or Dcp
body), known as site of RNA degradation and transient
storage of translationally repressed mRNA (24-27). It
has been shown that when double-stranded siRNAs are
transfected into cells, they rapidly localize to P-bodies, and
up-regulate expression of Human_AGO2 and GW182 (28).
However, Ago proteins can inhibit translation of target
mRNA in the absence of P-bodies. What’s more, a
quantitative analysis has revealed that the Ago proteins are
not only concentrated in P-bodies but also in stress granules
(SGs) (29). It was noted that there are non-translating
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mRNAs, translation initiation factors (eIF2, eIF3, elF4E,
and elF4G) and 40S ribosome in SGs, when cells are
exposed to a number of stresses including heat shock,
osmotic stress and oxidative stress (29-31). Further evidence
showed that it is in a miRNA-dependent way that Ago
proteins localize to SGs, and physical association between
SGs and P-bodies in vivo is promoted by the related mRINA
decay factors T'TP and BRF1 (32,33).

Nuclear AGOs function in a wide range of biological
processes, such as transportation of specific SRNAs to
distinct compartments by specific AGO, nuclear RNAi, and
ribonucleoprotein (RNP) complex and DNA methylation
complex assembly, etc. In the absence of siRNAs, C. elegans
Ago NRDE-3 resides in the cytoplasm, otherwise NRDE-3
binds siRNAs redistributes to the nucleus (34). NRDE-3
associates with siRNAs, acting in conjunction with the
nuclear RNAi factors NRDE-1, NRDE-2, and NRDE-4,
and promotes siRNA expression in inheriting progeny (35).
Analysis of retrovirus-infected cells further demonstrated
that Agol co-localized with siRNA in the nucleus, while
Ago2 co-localized with siRNA in the inner nuclear
envelope, indicating nuclear compartment distribution of
Ago-associated siRNA and a nuclear trafficking mechanism
for components of RNA-induced transcriptional gene
silencing-like complex involving the actin cytoskeleton (36).
A novel nuclear miRNA, miR-671, guides Ago2 to
specifically cleave the antisense. Blocking miR-671 led
to an upregulation of circular cerebellar degeneration-
related protein 1 (CDRI) antisense and sense mRNA
levels in HEK293 cells. And in the presence of miR-671-
Ago2-RISC in the nucleus, the circular CDRI1 non-coding
antisense is degraded, destabilizing the sense mRINA.
This may be a novel mechanism for gene regulation that
involves stabilization of a sense transcript by a circular non-
coding antisense RNA (37). Interestingly, Ago proteins
are also found in the Cajal bodies (CBs), originally called
them nucleolar “accessory” bodies (38,39), known as site of
siRNA and miRNA biogenesis in plants, whereas in animals
siRNA and miRNA are finally produced in cytoplasm.
Li er al. (40) reported that siRNA processing center shares
features of CBs, and the DCL3/AGO4-containing nuclear
processing center co-localize with CBs in Arabidopsis
thaliana. Also, CBs act as the key site of nuclear RNP
complex assembly, and it has been suggested that a larger
DNA methylation complex contains At_ AGO4 and siRNAs
(40,41). In short, AGO can regulate nuclear events like
transcription, genome maintenance, and splicing (42).

In contrast, PIWI family has not been shown to interact
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Figure 2 Post-translational modifications and protein-protein interaction network of AGO protein. A. Post-translational modifications of

AGO Protein; B. Construction of protein-protein interaction networks for Hs_AGO2 (EIF2C2). The protein-protein interaction networks are

visualized by STRING (http://string-db.org/) with the default settings. The blue lines represent the interactions between proteins. The similar
information can also be found on the website of BioGRID (http://thebiogrid.org/118041/summary/homo-sapiens/eif2¢c2.html)

with miRNAs and does not localize to cytoplasmic foci
when ectopical expression of Hiwi (24). There are three
members of PIWI proteins in D. melanogaster: Aub, AGO3
and Piwi [a polar granule (PG) component]. It has been
proven by confocal immunofluorescence and immuno-
electron microscopy methods that all of them are required
for germ cell formation and germline stem cell maintenance
(43,44). The PG is a perinuclear germline structure, most
notably during oogenesis as the nuage in flies, and the
counterpart of PG in mammalian is chromatoid body,
which is a male reproductive cell-specific organelle (45).
Furthermore, chromatoid bodies are related to the P Bodies,
which concentrate the enzymes involved in the RNA-decay
pathway and accumulate mRNAs targeted for degradation
or translation repression (25,45,46), and seem to operate
as an intracellular nerve-center of the miRNA pathway.
Surprisingly, Mus musculus Piwi (Miwi), which is essential
for spermatogenesis, is found in RNP complex in male germ
cells, and is co-localized with other Ago/PIWI members,
such as AGO2 and AGO3 in the chromatoid body (45).

Posttranslational modification of AGO protein

sRNAs and their associated proteins are subject to diverse
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modifications contributing to the dynamic regulation
of RNA silencing, and post-translational modifications
(PTMs) of RNA silencing proteins include phosphorylation,
hydroxylation, ubiquitination, methylation, etc. The first
genetic demonstration showed that only Hs_ AGO2 (known as
elF2C2) has endonucleolytic activity, although the postulated
catalytic residues (Asp587, Asp669 and His807) of the DDH
motif are conserved in other human AGO proteins. Now a
major breakthrough has been achieved in the study of PTMs
of Hs_AGO?2 (Figure 2A) (47-50).

Using in vivo labeling and mass spectrometry (MS)
approach, Zeng et al. (47) found that Hs_AGO?2 can be
phosphorylated at Ser387, which is significantly induced
by treatment with sodium arsenite, a known activator
of p38 mitogen-activated protein kinase (p38 MAPK)
signaling pathway. What’s more, the p38 MAPKs are a
second mammalian stress-activated MAPK family. Further
experiments showed that Hs_AGO?2 is phosphorylated at
the same site directly by MAPKAPK? in vitro. Anisomycin,
another p38 activator, also induces the phosphorylation
of Hs_AGO2 at Ser-387, indicating that p38 MAPK
activation via different mechanisms is sufficient to induce
Hs_AGO2 phosphorylation. The results show that Hs_
AGO2-mediated gene silencing links to the MAPK
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signaling pathways, or rather, Hs_ AGO?2 could be activated by
a wide variety of different stress stimuli acting through the p38
MAPK pathway. In fact, mutating Ser (387) to alanine (GRA or
ARG) leads to significantly reduced localization of Hs_ AGO2
to cytoplasmic P-bodies. It is notable that the recent
emerging evidence shows that p38 stress MAPK pathway
may function as a tumor suppressor through regulating Ras-
dependent and -independent proliferation, transformation,
invasion and cell death by isoform-specific mechanisms.

In proteomic analysis of human AGO proteins, Qi et al. (48)
reported that Hs_AGO?2 physically interacts with the
a-[P4H-a(l)] and b-(P4H-b) subunits of the type I collagen
prolyl-4-hydroxylase [C-P4H(I)], which catalyzes the
formation of the 4-hydroxyproline residues that are critical
for the generation of triple helical collagen molecules.
Hydroxylation of the Hs_AGO2 at Pro700 has been
experimentally identified by mass spectrometric analysis in
living cell, and both Hs_AGO2 and Hs_AGO4 seem to be
more efficiently hydroxylated than Hs_ AGO1 and Hs_AGO3
by recombinant human C-P4H(I). Conversely, knockdown
of C-P4H(I) reduces siRNA-induced silencing activity in
vitro. Mutation of the Pro700 to GRA (P700A) results in
less stable than the wild-type Hs_AGO?2, but has no effect
on Hs_AGOI1 and Hs_AGO3, suggesting that Pro700
is important for Hs_AGO?2 in stability regulation (48).
Obviously, post-translational hydroxylation of protein is not
only required for the stability of Hs_AGO?2, but also has
been proven to involved in the localization to the P-bodies.

Apart from phosphorylation and hydroxylation,
ubiquitination also plays an important role in regulating
Hs_AGO?2 stability. The first lin-4 miRNA was discovered
by Lee et al. (51), however, it didn’t give rise to a lot of
attention until let-7 miRNA had been found (52). And then
it is also found in plants, mouse and human (53). The target
genes of let-7 are lin-41, lin-42, lin-14, lin-28, etc. Lin-41
is among the best studied regulatory targets of let-7 in C.
elegans (54), and it encodes a conserved protein containing
a tripartite motif (TRIM), which frequently possesses
E3 ubiquitin ligase activity. Also, mouse homologue of
lin-41 (mLin-41) exhibits an E3 ubiquitin ligase activity in
an auto-ubiquitylation assay, and mediated ubiquitylation
of Ms_AGO?2 in vitro and in vivo (55). In addition, Lin-41 is
negatively regulated by let-7, and let-7 is highly expressed
in differentiated cell (DC) but not in the stem cell (SC).
Consequently, the expression of Lin-41 is higher in SC than
in DC. Thereby, mLin-41 and let-7 constitute a negative
feed-back circuit shown in Figure 2A.

Most animal PIWI contain symmetric arginine
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dimethylation (sDMA) motifs composed of an arginine
flanked by either two glycines (GRG) or by a GRG and
an GRA (56,57), and sDMA modifications are typically
clustered close to the amino terminus, but no animal
Ago containing such motifs. Further evidence of PIWI
dimethylation modification came occasionally that PIWI
protein couldn’t be methylated in dPRMT5 deficient
ovaries, showing that methyltransferase PRMT'S catalyzes
sDMAs of Piwi, AGO3 and Aub in flies ovaries in vivo
(49,58). As arginine methylation helps to stabilize PIWT and
consequently increases piRNA levels, leading to transposon
silencing and germ cell development. sDMA modification
of Aub is required for interaction with Tudor domain-
containing proteins (I'DRDs) in D. melanogaster (59,60).
It is notable that Tudor associates with PIWI protein
specifically in gametogenesis (61,62), and contributes to
Aub localization to the posterior pole of the embryo (63).
As sDMA is a covalent marking of proteins by methyl group
addition to specific arginine residues (64,65), the precise
positions of sDMAs in mouse and flies PIWT are identified
using the MS method, and the results showed that there
are three modified arginines in Miwi (R14, R49, and R371)
and six in Mili (R74, R95, R100, R146, R163, and R549),
respectively (59). In addition, R11, R13 and R15 in Aub and
R4, R68 and R70 in AGO3 were determined to be SDMAs
in flies (66). An intriguing finding is that methylated
PIWI can interact with the TDRDs and, then, locate to
chromatoid body in mouse. There are different opinions
arguing that the stability of PIWT is not changed by the loss
of sDMA modification in D. melanogaster germline.

AGO protein interaction with other proteins

Recently, proteomic and functional analyses of Human AGO
proteins revealed that they play crucial roles in the protein
regulatory network governing the growth and development
of an organism (67). Hs_AGO2 (EIF2C2) has endonuclease
activity described previously, and interacts with Dicerl and
TAR (HIV-1) RNA binding protein 2 (TARBP2) which
recruits the Dicerl complex to Hs_AGO2 for miRNA
processing and gene silencing (68). DDX20 (GEMIN3),
GEMIN4, TNRCO6A, EIF2C1 and TNRCO6B interact with
Hs_AGO?2, and these proteins are required for miRNA-
dependent translational repression or endonucleolytic
cleavage of complementary mRNAs (69-71). Also, AGO2
interacts with TP53 and MYC and so on (Figure 2B). AGO2
interacts with the retroviral Group Specific Antigen (GAG)
core proteins and preferentially binds unspliced RNAs
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through the RNA packaging sequences without affecting
RNA stability or eliciting translation repression (72).
While a recent study indicated that major components of
the miRNA pathway, such as DGCRS, AGO1, AGO2,
PACT, and TARBP1, are dysregulated in epithelial skin
cancer (73). Transmembrane human prion protein PrP®
preferentially binds AGO, and PrP® promotes formation
or stability of miRISC effector complexes and miRNA-
repressed mRNA (74). As protein-protein interactions form
the basis for a vast majority of cellular events, including
signal transduction and transcriptional regulation, the
above results suggest an important associoation between
Hs_AGO?2 and many human diseases, such as autoimmune
diseases (75,76), Fragile X syndrome (77,78), tumor (79)
and antiviral defence (80). The anti-Su antibodies from both
human patients with rheumatic diseases and a mouse model
of autoimmunity recognize the endonucleolytic AGO
and Dicer proteins (75,76), and a later study declared that
autoantibodies to the Su antigen are found in a variety of
systemic rheumatic diseases, suggesting that AGO proteins
may involve in autoimmune diseases. Whereas Fragile
X syndrome is caused by loss of expression of the fragile
X mental retardation protein (FMRP), and it has been
reported that mammalian FMRP interacts with miRNAs
and AGO2. Overexpression of dFmrl gene could lead to the
partial loss of AGO1 and suppress the neuronal apoptosis,
showing that AGO1 is critical for FMRP function in
neural development and synaptogenesis. Wherase AGO2
together with FXRI1P, one of two autosomal paralogs of the
FMRP, factors associated with miRNPs, are recruited by
AU-rich elements (AREs) in 3’ UTR of cytokine mRNAs,
such as tumor necrosis factor-a (IT'NFa), contributing
significantly to translation up-regulation upon cell cycle
arrest (78,81,82). Li et al. (79) identified that AGO1-4 and
PIWIL1-4 are significantly higher in tumorous tissue than
in adjacent tissue, indicating that they should be capable
of promoting tumor invasion. Similarly, high expression
of Hili can also contribute to tumorigenesis (83). Also,
increased mRNA levels of Hiwi, which has been described
primarily in hematopoietic stem cell (HSC) and germ cells,
have been detected in several distinct types of tumors,
such as seminoma cell hyperplasia, adenocarcinoma of the
pancreas (84), esophageal squamous cell carcinoma (85)
and soft-tissue sarcoma (86). miR-122 is liver-specific
miRNA for hepatitis C virus (HCV), binding the 5' UTR
of the messenger-sense HCV RNA genome, stimulating
translation and promoting genome replication, and binding
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HCV RNA in association with Ago2 involved in slowing
decay of the viral genome in infected cells. Namely, Ago2
and miR-122 act coordinately to protect the viral genome
from 5' exonuclease activity of the host mRNA decay
machinery (87). More AGO protein-mediated miRNA
functions involved in physiological and pathophysiological
processes are shown in 7able 1. Do they integrate with
their associated sRNAs to prompt tumorigenesis by RINA
silence way, or interact with other proteins resulting in
tumor? Co-expression of Ago and shRNA showed that
Hs_AGO?2 is the primary rate-limiting determinant of both
in vitro and in vivo RNAIi efficacy (106). Another interesting
evidence is that in Arabidopsis both AGO1 and AGO2 play
crucial roles in antiviral defense (80), and this may help
further understanding of functional differentiation in AGO
proteins.

Conclusions

AGO proteins are key components of small RNA pathways
and are involved in diverse biological functions and
pathogenesis of diseases. It has got dramatic advances in
AGO structure and regulation of its function. As discussed
earlier, overexpression of miR-17-92 may activate the PI3K/
AKT pathway and inhibit chemotherapy-induced apoptosis
in MCL cell lines, and miR-17-92 has been considered as
a therapeutic target. In fact, AGO proteins in conjunction
with the different small regulatory RNAs are associated
with various cellular processes, such as stem cell self-
renewal, tumor development and progression, and so on.
Only with the help of AGO proteins, human physiological
processes can run smoothly to keep your body healthy.
The elucidation of biochemical and physiological functions
of AGO proteins will facilitate the determination of the
diagnostic and/or prognostic value of AGO proteins. Also,
AGO proteins may serve as potential biomarkers in early
detection of human diseases. Despite so much progresses
having been made, the identification of molecular basis of
physiological processes and pathology still is a challenging
problem. The more detailed analysis of AGO protein
functions may help us deeply understand the biology of
disease and facilitate development of drugs to slow, stop or
reverse disease progression.
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Table 1 Examples of miRINAs involved in physiological and pathophysiological processes
miRNA Species Target Function Ref.
Lin-4 C.elegans Lin-14 Lin-14 is negatively regulated by lin-4 (51)
Let-7 C.elegan Lin-41 Lin-41 is negatively regulated by let-7 (52)
Lys-4,miR-273 C.elegan Unknown Control the asymmetric development of neurons (88,89)
miR-1 D.melanogaster Twist, Mef2 miR-1 knockout fruit flies lead to death in 3-instar larva (90)
stage, muscle deformity and smaller size
miR-7 D.melanogaster YAN miR-7 is involved in promoting retina progenitor cell 91)
differentiation through negative regulation of YAN
miR-206, miR-133, Pig Cx43, SRF, Highly expressed at one or more stages of muscle (92-94)
miR-1 HDAC4 development
miR-126 Mice VEGF, Enhance the proangiogenic actions of VEGF and FGF (95)
FGFSpred-1 and promote blood vessel formation by repressing the
expression of Spred-1
miR-17-92 Mice Pten, Overexpression of miR-17-92 activates the PISK/ (96,97)
Bim AKT pathway and inhibits chemotherapy-induced
apoptosis in MCL cell lines
miR-155 Mice Unknown miR-155 promotes autoimmune inflammation by (98)
enhancing inflammatory T cell development
miR-21 Mice SPRY1, PDCD4 Reduction of miR-21 induces glioma cell apoptosis via 99)
activating caspase 9 and 3
miR-15-16 Mice BCL2 Control B cell proliferation and its deletion leads to (100)
chronic lymphocytic leukemia
mir-377, mir-368, Human Unknown mir-377, mir-368 and mir-495 are silenced by (101)
mir-495 epigenetic mechanisms in bladder cancer
miR-451 Human Multidrug Transfection of the MCF-7/DOX-resistant cells with (102)
resistance 1 gene  microRNA-451 can increase the sensitivity of cells to DOX
miR-34a Human P53 p53-independent upregulation of miR-34a during (103)
oncogene-induced senescence represses MYC
miR-31 Human, Unknown miR-31 overexpression causes the regression of (104,105)
Mice metastases with no effect on the primary tumor
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