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Abstract. Argonaute RNA‑induced silencing complex cata‑
lytic component 2 (AGO2) is an evolutionary conserved protein 
involved in microRNA‑dependent gene expression regulation 
via the RNA interference (RNAi) mechanism. Nevertheless, 
AGO2 may also be involved in other key processes, such 
as histone modification, DNA methylation and alternative 
splicing. Its role in the proper development of organisms is key 
and no homologue is able to compensate for its loss. Therefore, 
using advanced immunofluorescence, transient transfection 
and molecular bioinformatics, the present study aimed to 
investigate novel, non‑canonical, RNAi‑dependent functions 
of AGO2 protein in mRNA/protein local homeostasis. The 
data revealed microtubule network‑dependent, localization of 
AGO2 in both centrosome and mitotic spindle assemblies during 

cell division and in the cytokinetic bridge formed during the 
last stage of mitosis (cytokinesis). Detection of AGO2 protein 
in these mitosis‑specific compartments, regardless of the pres‑
ence of malignant phenotypes or multiple centrosomes/mitotic 
spindles in liver cells, indicates the cardinal role of AGO2 in 
centrosome biosynthesis, mitotic spindle formation and func‑
tion, potentially controlling locality‑dependent homeostasis, 
in a novel non‑canonical, RNAi‑dependent manner. This novel 
AGO2/centrosome/mitotic spindle/cytokinetic bridge pathway 
may serve as a versatile molecular ‘toolbox’ for targeted 
therapy of human malignancy, including liver cancer.

Introduction

MicroRNAs (miRNAs) are endogenous, non‑coding, single 
stranded RNAs, with a size of 19‑25 nucleotides, involved in 
RNA interference (RNAi), which can direct post‑transcrip‑
tional suppression via complementarity to selected mRNA 
transcripts (1‑3). Because of their role as negative regulators 
of gene expression, miRNAs are essential for proper function 
and development of an organism. miRNAs regulate >30% 
of mRNAs, serving key roles in diverse cellular processes, 
such as differentiation, cell proliferation, stress response 
and apoptosis  (2,4,5), and in mechanisms associated with 
neuro‑development (6,7) and organogenesis (8). Argonaute 
(AGO) proteins form the core of the RNA‑induced silencing 
complex (RISC) and interact directly with miRNAs (9‑11). 
Specifically, generated miRNAs are loaded as duplexes, 
containing functional guide and passenger strands, onto the 
AGOs, a process that is typically followed by the unwinding 
of double‑stranded RNA (12,13). Subsequently, the mature 
miRNA guides RISC to complementary mRNA targets, 
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causing downregulation of their expression, through either 
mRNA cleavage or translational suppression, depending on 
whether the miRNA has full or partial complementarity to its 
target mRNA, respectively (4,14‑16).

AGOs constitute evolutionary conserved proteins that are 
ubiquitously expressed in all tissue (17‑19). In humans, the 
AGO family includes four members: AGO1, AGO2, AGO3 
and AGO4, which share an ~80% amino acid identity (17,20). 
Typically, each AGO protein consists of four primary domains 
that are called (ordered from N‑ to C‑terminus) ‘N’, ‘PAZ’, 
‘MID’ and ‘PIWI’ domain, and connected by two linker 
domains, ‘L1’ and ‘L2’, creating a ‘Y’‑shaped RNA‑binding 
channel bifurcated by the N domain (20,21). N domain serves 
the loading of miRNAs onto AGOs, while PAZ and MID 
domains recognize the 5' and 3' ends of the guide RNA strand, 
respectively. The PIWI domain structurally resembles RNase 
H and, thus, is responsible for target cleavage. The L1 and L2 
linkers are located between the N and PAZ, and the PAZ and 
MID domains, respectively, serving a structural rather than 
functional role (9,21‑24).

Due to similarities in molecular structures, the four AGO 
paralogs are hypothesized to carry out largely overlapping 
functions. However, each AGO protein serves distinct roles 
that mainly depend on the cell type, or specific cellular 
setting and environment. AGO2 is the most extensively 
studied protein of the family, since it is the only member 
with catalytic activity and serves an essential role in RISC 
function, although, AGO3 has also been revealed to be cata‑
lytically activated by shorter miRNA species (25‑27). The 
human AGO2 gene (HAGO2) is located on chromosome 8 
and its product, the AGO2 protein, resides predominantly 
in the cytoplasm, where it serves its primary role in gene 
expression regulation via key engagement in the RNAi mech‑
anism (28,29). However, a number of studies have described 
AGO2 distribution in the nucleus, where it controls histone 
modification, DNA methylation and alternative splicing 
processes (18,30,31). AGO2 is key for mouse development, 
with its loss causing embryonic lethality early in develop‑
ment, and its activity controlling the early development of 
lymphoid and erythroid cells (32‑35).

Given its intracellular topology in the cytoplasm or/and 
in the nucleus, the present study aimed to investigate AGO2's 
compartmentalization in critical cell organelles and assem‑
blies, during mitosis, seeking to discover new roles of AGO2 
in spatiotemporal homeostasis control.

Materials and methods

Cell culture. Human cell lines LX‑2 (stellate liver cells; cat. 
no. SCC064; MilliporeSigma) and HepG2 (liver cancer cells; 
American Type Culture Collection; cat. no. HB‑8065; LGC 
Limited) were cultured in standard conditions (37˚C and 5% 
CO2), using 1X DMEM (cat. no. 41966‑029), supplemented 
with 10% FBS (cat. no. 16000044), 1% penicillin/strepto‑
mycin (cat. no. 10378016; all Gibco; Thermo Fisher Scientific, 
Inc.) and 1% L‑Glutamine (cat. no. BEBP17‑605E; Lonza 
Group, Ltd.). Both LX‑2 and HepG2 cell lines have been 
authenticated by advanced transcriptomics, proteomics, 
metabolomics and functional kinomics (whole‑kinome 
activity) profiling.

Transfection. LX‑2 cells (6x104; ~80% confluency) were tran‑
siently transfected with the expression plasmids EGFP‑hAgo2 
(cat. no. 21981; 0.8 µg) and RNT1‑GFP (cat. no. 17708; both 
Addgene, Inc.) (0.8  µg), using Lipofectamine® 2000 (cat. 
no. 11668027; Invitrogen; Thermo Fisher Scientific, Inc.; 1.5 µl), 
according to manufacturer's instructions for 6 h at 37˚C. The 
pcDNA3.1(+) (cat. no. V790‑20; Addgene, Inc.) empty vector 
served as a negative control. Cells were incubated at 37˚C and 
5% CO2, for 24 h post‑transfection for immunofluorescence.

Immunofluorescence. LX‑2 and HepG2 cells (6x104; ~80% 
confluency) were cultured on 10 mm round coverslips and 
fixed in 4% paraformaldehyde (cat. no. P6148; Merck KGaA) 
solution for 10  min at room temperature. The cells were 
membrane‑permeabilized by incubation in 0.1% Triton‑X 100 
(cat. no. 1086031000; Merck KGaA), followed by blocking 
with 5% BSA (cat. no. A 7906; Merck KGaA) for 1  h at 
room temperature. Cells were exposed to anti‑AGO2 (cat. 
no. ab57113; Abcam) (1:100), anti‑DICER (double‑stranded 
RNA endoribonuclease) (cat. no. N BP1‑06520; Novus 
Biologicals, LLC) (1:100), anti‑TRBP (transactivation 
response element RNA‑binding protein; cat. no. ab180947; 
Abcam) (1:100), anti‑UPF1 (up‑frameshift protein 1) 
(cat. no.  12040, Cell Signalling Technology, Inc.; 1:100), 
anti‑centrin‑2 (cat. no. 2091, Cell Signalling Technology, Inc.) 
(1:200), anti‑peri‑centriolar‑material (PCM)‑1 (cat. no. 5213, 
Cell Signalling Technology, Inc) (1:200), anti‑γ‑tubulin (cat. 
no. T5192; Merck KGaA) (1:200) and anti‑α‑tubulin (cat. 
no. 3873, Cell Signalling Technology, Inc.) (1:100) primary 
antibodies, overnight at 4˚C. Cells were incubated with 
secondary antibodies [goat anti‑mouse (cat. no. A ‑11004; 
Invitrogen; Thermo Fisher Scientific, Inc.) and anti‑rabbit IgG 
(H+L)‑Alexa Fluor™ 568 (cat. no. A‑11011; Invitrogen, Thermo 
Fisher Scientific, Inc.) and anti‑mouse IgG (H+L)‑Alexa Fluor 
488 (cat. no. A‑28175; Invitrogen; Thermo Fisher Scientific, 
Inc.) and donkey anti‑rabbit IgG (H+L)‑Alexa Fluor 488 
(cat. no. A‑21206, Invitrogen; Thermo Fisher Scientific, Inc.)] 
(1:500) for 1 h at room temperature. Vectashield® Mounting 
Medium, with DAPI (Vector Laboratories, Inc.), was used to 
visualize cell nuclei at 405 nm excitation wavelength, using 
confocal laser scanning microscopy.

Drug treatment. LX‑2 cells (6x104; ~80% confluency) were 
treated with 0.4 µg/µl demecolcine (cat. no. D7385; Merck 
KGaA), an inhibitor of tubulin polymerization, for 6 h at 37˚C, 
and processed (fixation in 4% paraformaldehyde solution for 
10 min at room temperature, followed by blocking in 5% 
BSA for 1 h at room temperature) for immunofluorescence. 
DMSO (cat. no. A3672; Merck KGaA) was used as the control 
(reference condition).

Confocal laser scanning microscopy. Observation of immuno‑
fluorescence stained, or transiently transfected fluorescent cells 
was performed using the Confocal Laser Scanning Microscope 
Leica SP5 (Leica Microsystems GmbH) and LAS‑AF 
(version 2.7.3.9723) software (Leica Microsystems GmbH).

Molecular modelling. For modelling, the experimental struc‑
ture with the highest resolution available was selected for AGO2 
[Protein Databank (PDB) ID: 4Z4D chain: A (4Z4D.A)] (36). 
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Structure was retrieved from PDB‑REDO (37) and refined 
using the Protein Preparation Wizard of the Schrödinger 
Maestro Suite (version 2023‑2) (38). The ClusPro Server (39) 
was used to predict docking positions for AGO2‑UPF1 (PDB 
ID: 6EJ5.A) (40) and AGO2‑centrin‑2 (PDB ID: 8EBX.J) (41). 
Constrained docking between AGO2 and tubulin‑A1A was 
performed, as previously described (42), using 6WSL.A (43). 
Interacting residues of tubulin‑G1, within the γ‑tubulin ring 
(PDB ID: 6V6S) (44), were excluded from docking between 
AGO2 and tubulin‑G1 (PDB ID: 3CB2.A) (45). Structures 
6EJ5.A, 8EBX.J and 3CB2.A were retrieved from Research 
Collaboratory for Structural Bioinformatics (RCSB) 
PDB (46), and refined with PDBFixer (version 1.9) (47) and 
APBS‑PDB2PQR (version 3.6.2) (48).

DICER structure (PDB ID: 7XW3.A) (49) from RCSB 
PDB was processed with EasyModel Server (50) via Basic 
Modelling/Loop Refining (51) (1,450‑1,470 residue range) 
and APBS‑PDB2PQR (48). As DICER is a large protein, 
docking between AGO2 PIWI and DICER RNAse III A 
was performed, since these domains are known to interact, 
as based on experimental evidence (52). Each detection of 
interfacing residues relied on the PDBSum Server (53), while 
the dissociation constant (Kd) of the hypothetical complex 
in each docking model was predicted using the Prodigy 
Server  (54). Selection of docking models and heatmap 
production for the computed Kd values were generated, as 
previously described  (42). Predictions of whole‑structure 
DICER‑AGO2 and CEP250‑AGO2 putative complexes 
were performed by the AlphaFold Server (55), using protein 
sequences from UniProt (56) (seed=42). Output files were 
converted to PDB format using Gemmi (version 0.7.0) (57), 
for compatibility with PDBsum and Prodigy Server. As 
AlphaFold Server provides five outputs per complex, the 
predicted DICER‑AGO2 complex that features the PIWI 
domain at the interphase between DICER and AGO2 was 
selected, as previously described  (51). Concerning the 
CEP250‑AGO2 presumable complex, selection of the output 
was made according to the predicted Kd value by Prodigy 
Server. A comparative heatmap, including the Kd values of 
all putative complexes, was generated, using the Seaborn 
(/joss.theoj.org/papers/10.21105/joss.03021) (version 0.12) 
Python Package. VMD (version 1.9.3) (58) and ChimeraX 
(version 1.9)  (59) were used for visualizing the docking 
models and predicted complexes, respectively.

Molecular mapping of AGO2 protein‑protein interactions 
was conducted via the IntAct Molecular Interaction Database 
(EMBL‑EBI; Wellcome Genome Campus) (60).

Results

Cytoplasmic distribution of the AGO2 protein in LX‑2 cells, 
during interphase: Coupling of punctate patterning with local 
homeostasis. Specificity of the anti‑AGO2 antibody used in the 
present study was verified by transfecting human stellate liver 
(LX‑2) cells with a plasmid (EGFP‑hAgo2) responsible for the 
overexpression of human AGO2 protein fused to the (enhanced) 
green fluorescent protein (GFP). GFP served as an imaging 
reporter for its sub‑cellular visualization and detection. Following 
GFP‑AGO2 overexpression, LX‑2 cells were processed for 
targeted immuno‑localization of the endogenous AGO2 protein 
(red). GFP‑AGO2 overlapped with the red AGO2‑signals (Fig. 1), 
demonstrating that the antibody used in the present study specifi‑
cally bound human AGO2 protein, in liver cells. Furthermore, 
GFP did not alter AGO2 ability to be recognized by the, herein, 
used antibody, thereby indicating that, besides antigenicity, 
both locality and interactivity of GFP‑AGO2 have to remain 
unaffected, presenting highly similar profiles to the endogenous 
AGO2‑specific ones. The AGO2‑specific (overlap; yellow) punc‑
tate pattern in the LX‑2 cytoplasm suggests key essential roles of 
the protein in the control of local homeostasis during interphase 
of human liver cells. Αn AGO2‑dependent operation of the 
RNAi machinery in multiple cytoplasmic foci/bodies (such as 
P‑bodies) (61) at the interphase stage (Fig. 1) may indicate the 
locality‑dependent regulation of sub‑cellular homeostasis at the 
mRNA stability (or translation) level.

Novel patterns of AGO2 compartmentalization in human liver 
cells undergoing mitosis: Non‑canonical, RNAi‑dependent, 
activity in centrosomes, mitotic spindles and cytokinetic bridges 
during cell division. Sub‑cellular localization profiles of the 
AGO2 protein in LX‑2 cells undergoing mitosis were investigated. 
Despite its cytoplasmic distribution in the form of punctate bodies 
at the interphase stage (Figs. 1 and 2), AGO2 protein presented 
novel localization patterns at the mitotic stages of dividing LX‑2 
cells. AGO2 was immuno‑detected in the centrosomes, mitotic 
spindle and cytokinetic bridge, also exhibiting similarities to the 
α‑tubulin‑dependent cytoskeletal network during mitotic, but not 
interphase, stages (Figs. 2 and S1A‑D), thereby indicating a novel, 
non‑canonical, RNAi‑dependent, activity of AGO2 in mitotic 
apparatus, to likely ensure local homeostasis.

Oncogenic signatures of HepG2 human liver cancer cells do 
not impair AGO2‑topology profiling during mitosis. To examine 
the role of oncogenicity in AGO2‑specific patterning during the 
cell cycle, AGO2 sub‑cellular distribution in HepG2 human 

Figure 1. Punctuate patterning of AGO2 protein in the cytoplasm of LX‑2 liver cells during interphase. Confocal laser scanning immunofluorescence images of 
LX‑2 cells at the interphase stage overexpressing the human AGO2 protein being fused with the GFP reporter protein (eGFP‑hAGO2), after immuno‑staining 
with an anti‑AGO2 primary antibody. Overlap (yellow) demonstrated the specificity of the anti‑AGO2 primary antibody. Nuclei were visualized with DAPI 
staining (blue). Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2.

https://www.spandidos-publications.com/10.3892/mmr.2025.13609
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liver cancer cells undergoing mitosis was immuno‑profiled. 
Similarly to LX‑2, HepG2 dividing cells were characterized by 
AGO2‑localization patterns in the centrosomes, mitotic spindle 
and cytokinetic bridges of mitotic cells (Fig. 3). A cytoplasmic, 
punctate pattern of AGO2 topology was observed in HepG2 
cells during interphase, demonstrating compartmentaliza‑
tion similar to LX‑2 cells, both at the interphase and mitosis 
stages. Liver oncogenicity did not alter AGO2 patterning during 
cell division, thereby indicating the malignancy‑independent 

role of AGO2 protein in controlling local homeostasis via 
canonical, RNAi‑dependent (at interphase), or non‑canonical, 
RNAi‑dependent (at mitosis), mechanisms.

Co‑localization of AGO2 with key centrosomal proteins 
reveals a potential role in the centrosome of LX‑2 dividing 
cells. Given the novel immuno‑detection profiling of AGO2 
protein in liver centrosomes, its co‑localization landscape was 
mapped with key centrosomal (centriolar or PCM) proteins. 

Figure 2. AGO2 distribution profiling in LX‑2 liver cells undergoing mitosis. Confocal laser scanning microscopy of LX‑2 cells during interphase and mitosis 
demonstrating endogenous AGO2 protein expression and distribution in the cytoplasm of interphase cells (punctuate pattern), and in the centrosome, mitotic 
spindle and cytokinetic bridge of mitotic cells (white arrowheads). Nuclear/chromosomal DNA is indicated in blue by DAPI. Yellow is produced by the overlap 
of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2.

Figure 3. Localization of AGO2 protein in HepG2 liver cancer cells during mitosis. Confocal laser scanning microscopy immunofluorescence images of 
HepG2 cells at the interphase and mitotic stages, demonstrating AGO2 protein expression and distribution in the cytoplasm at interphase, and in the centro‑
some, mitotic spindle and cytokinetic bridge (white arrowheads) during mitosis of dividing cells. Nuclear/chromosomal DNA is indicated in blue by DAPI. 
Yellow, merger of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2.
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Immunofluorescence imaging of LX‑2 mitotic cells revealed 
co‑localization pattern of AGO2 with centrin‑2 (Fig. 4A‑D), a 
key structural component of centrioles (62‑64). Notably, AGO2 
was also co‑localized with γ‑tubulin, a protein that serves as 
a template for the initiation of α‑ and β‑tubulin heterodimer 
polymerization at the PCM area (64‑66), in several of the exam‑
ined cells (Fig. 4I‑L). PCM‑1 protein, a component of centriolar 
satellites/PCM mass (64,67,68), was not observed in proximity 
to AGO2 (Fig.  4E‑H), indicating a novel, non‑canonical, 
RNAi‑dependent, role for the AGO2 protein in γ‑tubulin‑linked, 
but not PCM‑1‑associated, peri‑centriolar material, in liver cells. 
Of note, the PCM area comprised distinct structural ‘niches’ 
(or layers) with different protein compositions among them; for 
example, one niche contained γ‑tubulin and AGO2 in proximity 
to each other (γ‑tubulin/AGO2 co‑localization) (Fig. 4I‑L), 
whereas another contained PCM‑1 in the absence of AGO2 
(lack of PCM‑1/AGO2 co‑localization; Fig. 4E‑H).

AGO2‑localization patterning in LX‑2 cell cycle stages. To 
determine AGO2‑specific localization profiles throughout cell 
division, the sub‑cellular topology of AGO2 was observed at each 
stage of mitosis and interphase in LX‑2 dividing cells. AGO2 
was immuno‑detected in LX‑2 centrosomes at the interphase 
and early prophase stages, while AGO2 distribution was similar 
to α‑tubulin patterning during mitotic spindle formation at the 
metaphase stage, without alteration until late anaphase (Figs. 5 
and S1A). During the subsequent cell cycle stages of telophase 
and cytokinesis, AGO2 was observed in the cytokinetic bridge 

between the daughter cells (Fig. 5). AGO2 was localized in an 
interior area of the cytokinetic bridge, forming fibrillar‑like 
structures (Figs. 5 and S1C), which may stabilize the integrity of 
the bridge in a non‑canonical, RNAi‑dependent, manner. Taken 
together, the present data suggest novel sub‑cellular topologies 
of AGO2, which may be associated with its role in the efficient 
operation of cell division machinery.

Centrosomal co‑localization of AGO2 and DICER 
proteins in LX‑2 cells undergoing mitosis: Non‑canonical, 
RNAi‑dependent, control of local homeostasis. Since AGO2 
forms the protein core of the RISC complex, it was hypoth‑
esized that other RISC components may also reside in key 
mitotic structures of dividing cells. Hence, the overlapping 
topology and distribution patterns of AGO2, DICER and 
TRBP2 proteins in LX‑2 cells were examined. At the inter‑
phase stage, AGO2 co‑localized with DICER in several 
cytoplasmic foci/bodies (potentially P‑bodies; Fig. 6), directly 
reflecting their locality‑dependent joint action in the RNAi 
mechanism. During mitosis, a co‑localization pattern of 
AGO2 and DICER proteins was detected in liver centrosomes 
(Figs. 6 and S1E), whereas at the cytokinesis stage, AGO2 and 
DICER presented distinct sub‑cellular compartmentaliza‑
tion profiles; AGO2 resided in the cytokinetic bridge, while 
DICER was located in the midbody structure (Figs. 6 and 
S1F). Despite their different distribution, overlap suggested 
the locality‑dependent functionality of RNAi machinery at 
the cytokinetic bridge/midbody ‘borders’.

Figure 4. Co‑localization of AGO2 with centrin‑2 and γ‑tubulin centrosomal proteins during cell cycle. Confocal laser scanning microscopy immunofluorescence 
images of LX‑2 liver cells, showing co‑localization patterns (white arrowheads) of AGO2 protein with key (A-D) centrosomal components centrin‑2 (centriolar 
protein) and (I-L) γ‑tubulin (PCM protein). (E-H) PCM‑1 did not co‑localize with AGO2. Cell nucleus (chromosomal DNA) is presented in blue by DAPI. Yellow, 
merge of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2; PCM‑1, peri‑centriolar‑material 1.

https://www.spandidos-publications.com/10.3892/mmr.2025.13609
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The TRBP2 protein, a key component of the RNAi 
machinery that undergoes cell cycle regulation (42), was not 
co‑localized with AGO2 at any mitotic apparatus (Fig. 7), 
suggesting the non‑canonical, RNAi‑dependent, role of AGO2 
and DICER joint actions in the LX‑2 centrosome and cytoki‑
netic bridge. AGO2 and DICER may function together, in the 
absence of TRBP2, in a non‑canonical, RNAi‑dependent, 

manner, to control local homeostasis at the centrosomal and 
cytokinetic bridge level in liver cells.

AGO2 does not require UPF1 activity in the centrosome/ 
mitotic spindle/cytokinetic bridge mitotic pathway of LX‑2 
dividing cells. To investigate RNA binding proteins (RBPs) 
other than AGO2 and their capacity to compartmentalize 

Figure 5. AGO2 protein distribution in LX‑2 cells undergoing mitosis. Confocal laser scanning microscopy immunofluorescence images of LX‑2 hepatic/liver 
cells, presenting AGO2 localization patterns at different stages of mitosis. Nuclear/chromosomal DNA is presented in blue by DAPI. Yellow, merger of green 
and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2.

Figure 6. Co‑localization of AGO2 and DICER proteins in LX‑2 liver cells undergoing mitosis. Immunofluorescence confocal laser scanning microscopy of 
centrosome‑ and cytokinetic bridge‑specific co‑localization of the AGO2 and DICER proteins in LX‑2 mitotic cells (white arrowheads). Nuclear/chromosomal 
DNA is shown in blue by DAPI. Yellow, merger of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2; 
DICER, double‑stranded RNA endoribonuclease.
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in the centrosome, mitotic spindle and/or cytokinetic bridge 
mitotic machinery, UPF1, a key RBP family member 
and AGO2 interactor  (69), was next examined. UPF1 is a 
monomeric RNA helicase that co‑localizes with AGO2 in 
processing bodies (potentially P‑bodies) and contributes to the 
RNA silencing program (70‑72). Hence, localization of both 
proteins was imaged in control and LX‑2 cells transfected 
with the EGFP‑hAgo2 and RNT1‑GFP plasmids, responsible 
for the overexpression of GFP‑AGO2 and GFP‑UPF1 chimeric 
proteins, respectively. In control [transiently transfected with 
the empty vector pcDNA3.1(+)] cells, the endogenous AGO2 
and UPF1 proteins presented weak co‑localization in the 
cytoplasm, but not in the nucleus, of LX‑2 interphase cells 
(Fig. 8A). Similarly, the overexpression of AGO2 (GFP‑AGO2) 
protein did not cause notable co‑localization with endogenous 
UPF1, whereas the UPF1 (GFP‑UPF1) overexpression resulted 
in a strong, punctate co‑localization profile with endogenous 
AGO2, with the two proteins being immuno‑detected in the 
same sub‑population of cytoplasmic foci/bodies of LX‑2 
interphase cells (Fig. 8B and C). To ensure technical integ‑
rity, target specificity of the anti‑UPF1 antibody was checked 
by transiently transfecting LX‑2 cells with the RNT1‑GFP 
expression plasmid, and transfected cells were stained with 
the anti‑UPF1 antibody to obtain overlapping (yellow) signals 
(Fig. S2). To confirm reliability of the data, the distribution 
of both AGO2 and UPF1 proteins were separately examined 
in LX‑2 cells, transiently transfected with the empty vector 
pcDNA3.1(+) (Fig. S3).

The present data suggest GFP did not disturb UPF1 
capacity to be specifically recognized by the antibody, likely 

indicating unimpaired antigenicity that is mechanistically 
coupled with undisturbed locality and interactivity, in the 
GFP‑UPF1 molecular context and LX‑2 cytoplasm setting. 
UPF1 (GFP‑UPF1) overexpression induced cytoplasmic 
accumulation of UPF1‑containing foci/bodies, with a 
distinct sub‑population carrying both UPF1 (GFP‑UPF1) 
and AGO2 (endogenous) proteins (yellow), suggesting 
their cooperative actions in the RNA silencing process. 
Concentration‑dependent formation of UPF1‑bodies may 
induce AGO2 recruitment to generate UPF1/AGO2‑bodies 
in a locality‑specific manner.

To determine the UPF1 sub‑cellular patterning towards 
mitosis, endogenous UPF1 immuno‑detection profiles were 
obtained from LX‑2 dividing cells. UPF1 and α‑tubulin 
(a structural component of microtubule networks) distribution 
profiles were not similar to each other, either in interphase or 
in mitotic LX‑2 cells, since the UPF1 protein was missing from 
the centrosome/mitotic spindle/cytokinetic bridge pathway 
that mechanistically typifies mitosis (Fig. 9). Taken together, 
the present data demonstrated the capacity of AGO2, but not 
other RBPs, such as UPF1, to specifically control structural 
architecture and/or functional integrity of the centrosome, 
mitotic spindle and cytokinetic bridge assemblies, in a 
non‑canonical, RNAi‑dependent mode to provide spatial and 
temporal homeostasis.

Microtubule‑network disruption impairs AGO2 distribu‑
tion patterns in LX‑2 cells. AGO2 and α‑tubulin exhibited 
similar sub‑cellular distribution patterns, especially during 
centrosome/mitotic spindle and cytokinetic bridge formation, 

Figure 7. TRBP2 does not co‑compartmentalize with AGO2 in LX‑2 hepatic/liver cells. Confocal laser scanning microscopy immunofluorescence images of 
LX‑2 dividing cells demonstrating the absence of AGO2 and TRBP2 co‑localization in the centrosome, mitotic spindle and cytokinetic bridge apparatuses 
during mitosis. There was no TRBP2 detection at the anaphase stage in LX‑2 mitotic cells (middle panels). Nuclear/chromosomal DNA is presented in blue by 
DAPI. Scale bar, 10 µm. AGO2, argonaute RNA‑induced silencing complex catalytic component 2; TRBP2, transactivation response element RNA‑binding 
protein.

https://www.spandidos-publications.com/10.3892/mmr.2025.13609
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leading to the hypothesis that the two proteins may physically 
interact and exhibit crosstalk in a locality‑dependent manner. 
A clinically relevant concentration of demecolcine (0.4 µg/µl), 

a potent microtubule‑polymerization inhibitor, was adminis‑
tered to LX‑2 cells, to disintegrate the cytoskeletal system. A 
complete disruption of the microtubule network was observed 

Figure 9. UPF1 does not compartmentalize with α‑tubulin in mitotic apparatuses during LX‑2 cell division. Confocal laser scanning microscopy immu‑
nofluorescence images of centrosome, mitotic spindle and cytokinetic bridge machineries (containing α‑tubulin as a major structural component) (white 
arrowheads) lacking UPF1 localization in LX‑2 hepatic/liver cells undergoing mitosis. Nuclear/chromatin DNA is shown in blue by DAPI. Scale bar, 10 µm. 
UPF1, up‑frameshift protein 1.

Figure 8. AGO2 and UPF1 distribution in LX‑2 interphase cells. Confocal laser scanning microscopy immunofluorescence images of LX‑2 hepatic/liver cells at 
the interphase stage, showing cytoplasmic localization patterns of endogenous (A) AGO2 and UPF1 protein expression in control, (B) UPF1 and eGFP‑hAGO2 
protein expression in the AGO2‑overexpressing cells and (C) AGO2 and eGFP‑UPF1 protein expression in UPF1‑overexpressing cells. Nuclear/chromosomal 
DNA is presented in blue by DAPI. Yellow (punctate cytoplasmic patterning), merge of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced 
silencing complex catalytic component 2; UPF1, up‑frameshift protein 1.
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6 h post‑administration, with AGO2 also losing its typical, 
canonical, immuno‑localization pattern in LX‑2 interphase 
cells (Fig. 10). During cell division, both centrosome and 
mitotic spindle were lost, and the AGO2‑specific foci in the 
centrosome/mitotic spindle axis were also absent (Figs. 10 and 
S1D), demonstrating the ability of fibrillar α‑tubulin to regu‑
late the recruitment of AGO2 protein in the centrosome and 
mitotic spindle assembly of diving cells, to maintain spatial 
and temporal homeostasis in liver‑cell normal settings.

AGO2 localization in mitotic apparatus was observed in cases 
of abnormal cell divisions. In rare LX‑2 cell sub‑populations charac‑
terized by aberrant number, geometry and topology of centrosomes 
and mitotic spindles (such as multi‑polar spindles), AGO2 

co‑localized with α‑tubulin in all pathogenic/pre‑oncogenic assem‑
blies (Fig. 11), demonstrating the importance of AGO2 protein in 
centrosome/mitotic spindle biosynthesis and structural/functional 
integrity in dividing liver cells undergoing mitotic stress. Removal 
or elimination of AGO2 protein, specifically from multi‑polar 
spindles, may inhibit the transition from a pre‑oncogenic to an 
oncogenic cell state, thereby opening a novel therapeutic window 
of locality‑dependent AGO2 activity suppression against human 
malignancies, including liver cancer. To determine the involvement 
of AGO2 in tumorigenesis, the interactome landscape of AGO2 
protein has been mapped (60). AGO2 is characterized by a plethora 
of interactions, with several of its interactors being affected by 
driver oncogenic mutations in human cells (Fig. S4).

Figure 10. Microtubule network disintegration causes disruption of AGO2 mitotic patterning in LX‑2 dividing cells. Confocal laser scanning microscopy 
immunofluorescence images of LX‑2 hepatic/liver cells, presenting AGO2 distribution, in control (DMSO) and microtubule polymerization inhibitor deme‑
colcine‑treated (0.4 µg/µl; 6 h) mitotic and interphase cells. In response to demecolcine, AGO2 protein loses its centrosome/mitotic spindle axis localization 
pattern at mitosis and its cytoplasmic compartmentalization at interphase. Nuclear/chromatin DNA is indicated in blue by DAPI. Scale bar, 10 µm. AGO2, 
argonaute RNA‑induced silencing complex catalytic component 2.

https://www.spandidos-publications.com/10.3892/mmr.2025.13609
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Molecular modelling of AGO2 protein‑protein interactions. 
AGO2 protein‑protein interaction profiling was examined, 
through an advanced in silico molecular modelling approach. 
Docking tests were carried out between AGO2 and its 
(known or potential) interactors, including α‑ and γ‑tubulin, 
centrin‑2, DICER and UPF1 proteins. In silico, AGO2 was 
able to recognize and bind proteins that immuno‑co‑localized 
with AGO2 in liver cells (Figs. 12A and S5). DICER (first) 
and centrin‑2 (second) displayed the highest AGO2‑binding 
activity, according to their comparatively low Kd values, which 
denoted intrinsic structural stability of protein‑containing 
bi‑molecular complexes (Fig. 12B). These molecular model‑
ling metrics corroborate the immunofluorescence‑derived 
co‑localization patterns, indicating joint actions between 
partners (for example, AGO2, centrin‑2 and DICER), to 
control local (for example, centrosomal) homeostasis, during 
mitosis. α‑tubulin had the lowest AGO2‑binding capacity 
(highest Kd) among proteins (Fig.  12B), thus indicating 
the contribution of additional co‑factors to strengthen the 
interaction. Furthermore, AGO2 is as an interactome compo‑
nent (interactor) of CEP250 (centrosomal protein 250), a 
centriole linker protein with disordered regions that, due 
to high plasticity levels, promote multivalent interactions at 
the centrosome (73). Molecular modelling tests assess the 
CEP250‑AGO2 complex stability in silico (Fig. S6), indi‑
cating a novel role of AGO2 in controlling CEP250‑specific, 
local, homeostasis at the centriole linker sub‑compartment.

Discussion

AGO2 protein forms the core of the RISC complex and 
serves an essential function in miRNA‑dependent gene 

expression regulation via the canonical RNAi mechanism. 
AGO2 serves key roles in biological processes, including 
embryonic development, cell differentiation, anti‑viral 
defence and transposon silencing (25,74‑77). Furthermore, 
a number of reports have revealed the role of AGO2 in 
pathological conditions, such as abnormal neurological 
development, infertility and tumorigenesis  (75,78,79). 
Notably, AGO2 is present in sub‑cellular areas, such as the 
GW (glycine/tryptophan)‑ and P (processing)‑bodies, stress 
granules, along apical junctions and Drosophila nanotubes, 
while an association with endosomes at synapses has also 
been reported (80‑84). Notably, our previous study demon‑
strated AGO2 localization in tubular protrusions of human 
thyroid cells (17).

The present findings revealed AGO2 localization in 
centrosomes and mitotic spindles, and demonstrate AGO2 
presence in cytokinetic bridges of both normal liver and liver 
cancer cell lines (LX‑2 and HepG2, respectively). To the best 
of our knowledge, the present study is the first to describe 
the molecular composition of an alternative, non‑canonical 
RNAi machinery that contains AGO2 and DICER, but 
lacks TRBP2 and UPF1, and functions in specific intracel‑
lular contexts, such as the centrosome, mitotic spindle and 
cytokinetic bridge apparatuses, during the cell cycle of 
human liver cells. In addition to the oncogenic (HepG2) and 
non‑oncogenic (LX‑2) liver cells in the present study, normal 
human primary thyroid follicular epithelial cells (NTHY‑ori 
3‑1) accommodate AGO2 in tunnelling nanotubes and 
cytokinetic bridges (17), indicating the universality of RNAi 
machinery variations associated with AGO2 functional 
nuances. Nevertheless, additional cell types of diverse tissue 
origin, oncogenic state and mutational signature, should be 

Figure 11. Centrosome/mitotic spindle aberrations do not alter mitotic co‑localization of AGO2 and α‑tubulin proteins in LX‑2 dividing cells. Confocal laser 
scanning microscopy immunofluorescence images of rare LX‑2 liver cell sub‑populations carrying aberrant (number, geometry, topology and architecture) 
centrosome and mitotic spindle structures (multi‑polar spindles). AGO2 and α‑tubulin co‑localization patterning was observed in aberrant mitotic apparatuses 
(white arrowheads). Nuclear/chromatin DNA is indicated in blue by DAPI. Yellow, merge of green and red. Scale bar, 10 µm. AGO2, argonaute RNA‑induced 
silencing complex catalytic component 2.
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assessed to demonstrate the general and universal character‑
istics of the AGO2 locality profiles and their non‑canonical, 
RNAi‑mediated, regulatory networks.

AGO2 exerts oncogenic activities, since it is involved in 
cellular transformation and tumorigenesis in numerous types 
of cancer, including liver, hypopharyngeal, colon, ovarian 
and gastric cancer, promoting cell proliferation, metastasis 
and angiogenesis  (85‑92). However, in certain cases, such 
as lung and breast cancer and melanoma, AGO2 serves as a 
tumour suppressor, decreasing proliferation and motility of 
cancer cells (75,93,94). Regardless of its tumor‑promoting 
or -suppressing activities, AGO2 has emerged as a key 
regulator of oncogenesis, potentially exerting cellular 
context‑dependent effects in versatile and multifaceted 
manners (12). AGO2 interactome maps contain key bi‑molec‑
ular interactions between AGO2 and the EGFR (epidermal 
growth factor receptor), LIMD1 (LIM domain containing 1) 
and MTDH (Metadherin) proteins, which control key onco‑
genic pathways, thus indicating the clinical applicability of 
AGO2‑based therapeutic strategies.

AGO2 homozygous null (AGO2‑/‑) mice display embryonic 
lethality characterized by neural‑tube defects, abnormal fore‑
brain patterning, enlarged hearts, pericardial swelling, delayed 
development, and defects in yolk sac and placenta (95‑97). 
In vivo studies (for example, AGO2+/+ vs. AGO2‑/‑ mice) of 
centrosome‑, mitotic spindle‑ and cytokinetic bridge‑specific 
structural integrity and functional capacity cannot be 
mechanistically performed in diverse organs, tissue and cell 

populations derived from adult AGO2‑/‑ mice. Therefore, novel 
tools and advanced technology are required to distinguish 
RNAi‑dependent from ‑independent, AGO2‑containing 
protein networks, in  vivo. Experimental validation of the 
proposed ‘AGO2‑centric’ therapeutic platform in next‑genera‑
tion animal models may facilitate novel drug schemes offering 
strong chemotherapeutic benefits in patients with aggressive 
malignancies.

The localization of AGO2 protein in the centrosome and its 
potential interaction with centrosomal proteins (indicated by 
immuno‑detection and molecular docking assay, respectively), 
together with AGO2 centrosomal topology at all stages of 
mitosis, demonstrated new roles for AGO2 in centrosome patho‑
physiology. In accordance, GW/P‑body populations, marked 
by GW182 and hAGO2 proteins, reside in the centrosome of 
numerous types of cell during interphase (98,99). Molecular 
modelling of CEP250‑AGO2 complex indicates a novel role 
of AGO2 in regulating CEP250‑dependent, local, homeostasis 
at the centriole linker structure. Moreover, centriole body 
may also recruit AGO2 in a centrin‑2‑dependent manner, 
with AGO2 protein potentially exerting distinct effects in the 
centriole linker vs. body, ensuring spatiotemporal‑specific 
regulation of homeostasis, during cell division. AGO2 may 
control linker‑mediated cohesion and positioning of centri‑
oles/centrosomes, and body‑derived integrity and stability of 
centrioles/centrosomes at all mitosis stages. Since a number 
of specific RNA species reside at the centrosome (100‑104), 
AGO2 may serve as a ‘molecular barrier’ against the harmful 

Figure 12. Molecular modelling of AGO2 protein‑AGO2 protein‑interactor complexes. Docking tests between AGO2 and potential interacting proteins. 
(A) Predicted 3D molecular models of AGO2 protein with interactors, such as centrin‑2, γ‑tubulin, UPF1, α‑tubulin and DICER* proteins. (B) Dissociation 
constant (Kd) values, indicating the possibility (complex stability) of bi‑molecular binding between AGO2 and putative interactors centrin‑2, γ‑tubulin, UPF1, 
α‑tubulin and DICER*. *Constrained docking between the AGO2 PIWI (position: 517‑818th aa; 301 residues) and the DICER RNase III A domain (position: 
1,295‑1,596th aa; 301 residues). AGO2, argonaute RNA‑induced silencing complex catalytic component 2; aa, amino acid; DICER, double‑stranded RNA 
endoribonuclease; UPF1, up‑frameshift protein 1.

https://www.spandidos-publications.com/10.3892/mmr.2025.13609
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accumulation of non‑specific RNA transcripts, which may be 
eliminated via a centrosome‑specific AGO2/RNAi machinery.

The centrosome‑specific co‑localization of AGO2 and 
DICER proteins underpins their essential roles as funda‑
mental components of the RNAi mechanism that controls 
local homeostasis during cell cycle progression. However, 
the inability of TRBP2 to co‑localize with AGO2 indicates 
a novel, TRBP2‑independent, RNAi machinery, which uses 
an AGO2‑DICER‑containing complex that lacks TRBP2, to 
safeguard centrosomal RNAs from contamination with cyto‑
plasmic transcripts, exhibiting either non‑essential activity 
or synthesizing toxic products against centrosome functions, 
during mitosis. The novel, AGO2‑DICER‑dependent and 
TRBP2‑independent apparatus may target and eliminate 
RNA transcripts leaked from the cytoplasm to the centro‑
some. Centrosomes and cytokinetic bridges may recruit 
non‑canonical (AGO2+/DICER+/TRBP2‑) RNAi machinery to 
locally control RNA homeostasis, by protecting centrosome‑ 
and cytokinetic bridge‑specific RNAs from cytoplasm‑derived 
RNA species. Upon arrival at the centrosome or the cytoki‑
netic bridge structure, the misdirected cytoplasmic RNAs are 
subjected to an AGO2+/DICER+/TRBP2‑‑mediated degrada‑
tion or translational suppression, via a novel, non‑canonical, 
RNAi machinery, during cell division. It was hypothesized 
that centrosomes, cytokinetic bridges and mitotic spindles 
accommodate non‑canonical RNAi machinery, to maintain 
local RNA homeostasis at mitosis.

Nevertheless, the non‑canonical RNAi machinery, which 
may function in a mitotic apparatus‑specific manner, needs 
direct experimental evidence. Single‑molecule fluorescence in 
real‑time imaging, spatial (centrosomal) mRNA/small inter‑
fering (si)RNA‑transcriptomics and RNA‑cleavage reaction 
assays in vitro may provide support for the operation of RNAi 
machinery with non‑canonical functionality, specifically 
at mitotic centrosomes of dividing cells. The present study 
lacked experimental validation, which is required to develop 
AGO2‑centric therapies in the clinical management of human 
pathologies, including liver cancer.

As TRBP2 ensures efficient processing of pre‑miRNA 
species in RNA‑overpopulated cellular environments (105), 
the absence of TRBP2 from mitotic centrosomes may be 
mechanistically associated with the comparatively lower 
number of RNA molecules residing in these organelles. TRBP2 
undergoes mitosis‑specific downregulation in several human 
cancer cell lines of diverse tissue origin (42), supporting a 
mitotic centrosome‑specific non‑canonical RNAi mechanism 
that operates in RNA‑underpopulated environments lacking 
TRBP2 activity.

Nevertheless, an RNAi‑independent role of AGO2 in centro‑
some/mitotic spindle/cytokinetic bridge cannot be excluded. 
For example, an AGO2‑orchestrated recruitment of specific 
RNA transcripts to mitotic centrosomes may enhance centro‑
some cohesion by strengthening centriole/centrosome‑linker 
integrity. As AGO2 binds nucleus‑specific mRNA  (106), 
nuclear rRNA  (107) and nascent tRNA  (108,109) species, 
AGO2 may direct the targeted transport of specific RNAs 
to the centrosome, with the mobilized transcripts serving as 
structural components of the centriole/centrosome linker, 
during the cell cycle. AGO‑mRNA associations occur indepen‑
dently of miRNA species, with mRNA‑residing guanine‑rich 

motifs controlling the bi‑molecular interactions  (109,110). 
Notably, the successful molecular docking of CEP250, a 
key centriole/centrosome‑linker protein  (111), with AGO2 
supports the role of AGO2 protein in centriole/centrosome 
linker stability and dynamics in dividing cells undergoing 
mitosis. Nevertheless, isolating, profiling and characterizing 
centrosome‑specific RNA transcripts transported to the mitotic 
apparatus in an AGO2‑dependent manner is challenging. 
Although diverse AGO2‑RNA interactions can be identified, 
their mitotic centrosome landscapes cannot be readily and 
reliably mapped. It is difficult to distinguish between RNA 
populations that, despite residing in mitotic centrosomes, may 
derive from an AGO2‑dependent mechanism, whereas some 
may originate from an AGO2‑independent mechanism, both 
controlling RNA‑targeted recruitment to the organelle by 
engagement of different molecular routes.

Molecular modelling of AGO2‑containing (bi‑)
proteinaceous complexes revealed that centrin‑2 was the 
strongest interactor, following DICER. Centrin‑2 may serve 
as a key recruiter of AGO2 to mitotic centrosomes, with the 
centrin‑2‑AGO2 complex potentially regulating biogenesis, 
stability, functionality and homeostasis of centrosome, in 
both spatial (reflected by co‑localization immuno‑profiles) 
and temporal (depending on cell cycle phases) manners. The 
computational predictions of AGO2‑centered interactions 
should be verified by quantitative approaches, such as fluo‑
rescence resonance energy transfer, and immunoprecipitation 
(IP) and western blotting, to support their biological accuracy 
and significance. None of the tested AGO2‑specific anti‑
bodies demonstrated IP reactions, potentially due to epitope 
masking, or epitope obliteration effects produced by AGO2 
participation in (super‑)complex mitotic apparatuses (such 
as centrosomes), which may require AGO2 to either hide or 
lose its key epitope(s) recognized by primary antibodies for 
IP assays.

Dividing human liver cells may use non‑canonical, 
RNAi‑dependent, machinery that contains AGO2 and 
DICER, but not TRBP2, proteins, to manage centrosomal 
homeostasis. In addition to TRBP2, endogenous UPF1 did 
not demonstrate AGO2‑specific (co‑)localization patterns at 
key mitotic structures, thereby indicating a non‑canonical, 
RNAi‑dependent, pathway that lacks TRBP2 (and UPF1), 
and primarily relies on AGO2 and DICER activity during 
mitosis. To experimentally validate the role of TRBP2 protein 
in centrosomal RNAi machinery, mouse embryonic fibro‑
blasts (MEFs) derived from both control (TRBP2+/+) and null 
(TRBP2‑/‑) mice should be mechanistically exploited. Spatial 
transcriptomics‑mediated profiling of the mRNA/siRNA 
species populating either TRBP2+/+ or TRBP2‑/‑ MEF‑residing 
centrosomes in dividing/mitotic vs. interphase cells may 
indicate TRBP2‑independent centrosome‑specific RNAi 
machinery that functions non‑canonically during mitosis. 
As TARBP2 (encoding TRBP2 protein) homozygous null 
mice are characterized by lethal phenotype at the weaning 
stage (95‑97), cells from TRBP2‑/‑ adult mouse tissues cannot 
be attained. Furthermore, mice homozygous for a targeted 
UPF1 null mutation (UPF1‑/‑) are viable in the pre‑implanta‑
tion period, but embryos resorb in the early post‑implantation 
period (95‑97), thus complicating the acquisition, proliferation 
and maintenance of UPF1‑/‑ cells from adult mouse tissues. To 
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overcome these limitations, the RNAi and clustered regularly 
interspaced short palindromic repeats/CRISPR‑associated 
protein 9 gene expression‑targeting technology can also be 
applied, although clonal variation in gene silencing efficiency, 
or negative selection (due to gene targeting‑induced lethality) 
of the gene‑targeted cells cannot be excluded, impeding reli‑
able and comprehensive interpretation of the obtained data.

The centrosome/mitotic spindle/cytokinetic bridge 
pathway‑specific RNAi machinery, due to its potential 
intrinsic instability, may be undetected during interphase, 
but structurally stabilized at mitosis, through its physical 
association with tubulin‑containing microtubules. The 
mitotic microtubular network may serve as scaffold for 
biosynthesis, assembly, stabilization and function of 
the AGO2+/DICER+/TRBP2‑/UPF1‑ machinery to exert 
non‑canonical, RNAi‑specific actions to control local homeo‑
stasis. Of note, our previous study (17) demonstrated that actin 
filaments do not control the AGO2 subcellular distribution, 
as cell exposure to cytochalasin D, a chemical compound 
that specifically targets actin dynamics, by disrupting actin 
(micro‑)filaments and inhibiting actin polymerization, does 
not cause detectable changes in AGO2 typical distribution 
during mitosis, highlighting the mechanistic dependence of 
AGO2 localization and functionality on microtubule network 
stability and integrity.

Structural integrity of microtubule polymerization‑derived 
cytoskeleton may enable non‑canonical, RNAi‑dependent 
pathways to act locally and control essential mitotic assem‑
blies, such as the centrosome, mitotic spindle and the 
cytokinetic bridge. As demecolcine‑induced disintegration 
of microtubular cytoskeleton causes the disappearance of 
AGO2‑α‑tubulin co‑localization patterns, both at inter‑
phase and mitosis, and generation of aberrant centrosome 
number, geometry, topology and orientation does not alter 
the AGO2‑α‑tubulin co‑localization immuno‑profiling at the 
abnormal mitotic centrosomes and spindles (multi‑polar spin‑
dles) during the cell cycle, the α‑tubulin‑derived cytoskeleton 
may serve an important role in AGO2‑containing complexes, 
with the AGO2+/DICER+/TRBP2‑/UPF1‑ apparatus potentially 
exploiting the microtubular cytoskeleton for its structural scaf‑
folding and locality‑dependent, RNAi‑specific activity.

Altogether, the present study demonstrated that 
AGO2 is an essential regulator of the maintenance of 
mRNA/protein local homeostasis and may direct the 
formation of non‑canonical, RNAi‑dependent molecular 
machinery that controls the centrosome/mitotic spindle/cyto‑
kinetic bridge biosynthesis and functionality during mitosis 
of dividing (human) liver cells. Given its unique and atypical 
composition, and dependency on microtubule‑network integ‑
rity, the AGO2+/DICER+/TRBP2‑/UPF1‑, non‑canonical, 
RNAi‑specific, (super‑)complex may be a druggable molecular 
system. This may be spatially and temporally targeted, for the 
development of novel therapeutic strategies against diverse 
human pathologies, including liver cancer.

In conclusion, using advanced imaging and molecular 
bioinformatics, the present study demonstrated the compart‑
mentalization of AGO2 protein in the centrosome, mitotic 
spindle and cytokinetic bridge assemblies of dividing human 
liver cells. The findings of the present study reveal novel, 
non‑canonical, RNAi‑dependent roles of AGO2 during 

mitosis in locality‑specific control of sub‑cellular homeostasis. 
Spatiotemporal (genetic or pharmaceutical) targeting of AGO2 
may provide new therapeutic windows in human cancer.
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