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INTRODUCTION 
 

The tumor microenvironment induced by interactions 
between hepatocarcinoma cancer cells (HCC) and bone 

marrow-derived mesenchymal stem cells (BMSCs) is 

critical for HCC proliferation and metastasis, HCC 

microenvironment consists of stromal cells, 

extracellular and HCC components [1]. Stromal cells 

that contribute to HCC proliferation and metastasis  

are mainly BMSCs and others immune cell. 

Communication interactions between HCC and BMSCs 

depend on exosomes [2]. Some experimental studies 
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ABSTRACT 
 

Cancer microenvironment plays an important role in the proliferation and metastasis of hepatocarcinoma 
cancer cells (HCC). Exosomes from bone marrow-derived mesenchymal stem cells (BMSCs) are a component 
of the cancer microenvironment. In this study, we reveal that miRNA-652-3P from BMSC-derived exosomes 
promotes proliferation and metastasis in HCC. The ability of cancer proliferation, migration and invasion can 
be evaluated after co-culture by CCK-8, wound healing and transwell assay. Isolated exosomes were 
identified by transmission electron microscopy (TEM) and the biomarkers of the purified exosomes were 
showed in West-blotting (WB). MiR-652-3p was detected in the HepG2 and 7721 after co-culturing with 
exosome derived from BMSCs under different conditions. Target authentication was performed by a 
luciferase reporter assay to confirm the presumptive target of miR-652-3p. After overexpressing miR-652-3p, 
the mRNA and protein expression level of TNRC6A in HCC was examined by q-PCR and WB. Further, we 
observed greater miR-652-3p upregulation in hypoxic BMSCs-exosomes than in normal- exosomes. In 
addition, a miR-652-3p inhibitor attenuates the proliferation and metastasis of HCC cells after co-culturing 
with BMSCs. Our data demonstrate that hypoxic BMSCs-derived exosomal miR-652-3p promotes 
proliferation in HCC cells by inhibiting TNRC6A. The BMSCs-derived exosomal miR-652-3p may help find 
patient-targeted therapies in hepatocarcinoma cancer. 
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have revealed that BMSCs release specialized 

exosomes, which contribute to tumor progression and 

metastasis [3]. 

 

Exosomes are one of the smallest extracellular vesicles 

(EVs) released from all cell types, approximately 40–

150 nm size [4]. Exosomes are composed of a lipid 

bilayer like cell membranes, and contain all known 

molecular constituents of a cell, such as DNA, proteins, 

and RNA [5]. Previous studies show that around 1300 

different RNAs are enclosed in exosomes by microarray 

assessment, shuttle RNA of exosomes, such as 

MicroRNAs (miRNAs), which are delivered into 

recipient cells, some of which have been proven to be 

functional [6]. Some miRNAs contained in stem cell-

derived exosomes could be a promising metastasis and 

proliferation in the context of hypoxic conditions [7, 8]. 

 

MiRNAs are non-coding and endogenous RNA, 

approximately 22 nt, regulating gene expression post-

transcriptionally [9]. Myriad studies were proved function 

of miRNAs in the pathogenesis of cancer, such as a 

seminal study showed that miR-15a/16-1 cluster is 

frequently deleted in chronic lymphocytic leukemia 

(CLL), implicating function of these miRNAs in CLL 

maybe as tumor suppressors [10]. Several previous studies 

have been demonstrated that function of many miRNAs 

as tumor suppressor in the majority of cancers profiled by 

far, but function of other miRNAs as oncogenous-miR  

in the most of cancer malignancies profiled, such  

as abnormal expression of miR-155 was found in  

Reed-Sternberg cells of Hodgkin’s Lymphoma [11]. 

MicroRNAs can post-transcriptionally mediate gene 

silencing mRNA of target genes, which by targeting 

specific sites in the 3’untranslated region, previous study 

demonstrated that miR-26a-5p promote theca cell 

proliferation by regulates TNRC6A expression [12]. 

 

TNRC6A, also known as GW182, protein of TNRC6A 

have multiple Glycine- Tryptophan (GW) repeats in the 

N-terminal and molecular weight are a 182 kDa [13]. In 

vertebrate, the family of GW182 including three—

TNRC6A, 6B, and 6C. GW182 family proteins play 

pivotal role in miRNA- regulatory gene suppression 

[14]. Li Kang and colleagues demonstrated the analyzed 

the relationship between miR-26a-5p and TNRC6A in 

chicken ovary and ovarian follicles, further proved 

function of metastasis and proliferation of miR-26a-5p 

and TNRC6A in chicken ovarian theca cell [15]. 

 

Therefore, in this work, we first demonstrated hypoxic 

BMSC-derived exosomal miR-652-3p promotes 

metastasis and proliferation of hepatocarcinoma tumor 
cells via targeting TNRC6A. According to this study, 

we hope to provide some new ways in the 

comprehending and therapy of HCC. 

RESULTS 
 

Hypoxic BMSCs co-culture promotes HCC cells 

proliferation and metastasis in vitro 

 

To explore the potential interactions between HCC and 

BMSCs, we first developed co-culture model. HepG2 

cells and SMMC-7721 cancer cells line perform many 

differentiated hepatic functions and they with high 

proliferation rates, proliferation of HepG2 and SMMC-

7721 cells as measured by CCK8 after co-culturing with 

BMSCs or hypo-BMSCs in 12h, 24h, 48h and 72h. As 

showed in Figure 1A, the proliferation levels are higher 

HepG2 and SMMC-7721 cells co-culture with hypo-

BMSCs than BMSCs and control group, the result 

demonstrated that BMSCs or hypo-BMSCs co-culture 

promote HCC cells proliferation. Further, in colony 

formation assay, histogram (Figure 1B) shown that 

HepG2 and SMMC-7721 cells co-culture with hypo-

BMSCs or BMSCs formed markedly more colonies 

than control group (Figure 1C). Next, the migration and 

invasion ability of cells were measured by wound 

healing (Figure 1D) and transwell assay (Figure 1G), 

respectively, after co-culturing with BMSCs or hypo-

BMSCs. The data of histogram (Figure 1E, 1F) revealed 

that the migration or invasion ability of HepG2 and 

SMMC-7721 cells markedly increased in 48h compared 

with control. 

 

MiR-652-3p is upregulated in hyoxic BMSCs-

derived exosome and can be transferred to HCC 

cells 

 

More and more evidence demonstrate that exosomes play 

an import role in facilitating tumorigenesis by regulating 

cancer microenvironment [16]. To elucidate underlying 

mechanism, we first isolate exosomes by procedures 

involving ultracentrifugation and quantify exosomes 

accurately by used the transmission electron microscopy 

(TEM) [17]. Exosomes isolated and purify from freshly-

harvested supernatant of BMSCs or hypo-BMSCs 

culture, were evaluated by Western blots, NanoSight and 

TEM (Figure 2A). The ultracentrifuged, resuspended 

BMSC-derived exosomal appear in TEM has thus a 

characteristic well defined membrane-bound vesicles. 

Test of exosomes isolated from supernatant of hypo-

BMSCs or normal cell cultural in the NanoSight 

instrument gave a broad peak corresponding to the mean 

particle size of 70 nm with the range of 50–150 nm 

(Figure 2B). Western blots were performed to determine 

the biomarkers of exosome (markers including CD63, 

HSP70, TSG101) in isolated BMSCs derived exosomes 

(Figure 2C). Interestingly, expression of miR-652-3p was 

detected in exosome derived from BMSCs under 

different conditions using qRT-PCR (Figure 2D). 

Further, high expression of miR-652-3p also was 
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Figure 1. Hypoxic BMSCs co-culture promotes HCC cells proliferation and metastasis in vitro. (A) Proliferation of HepG2 and 
SMMC-7721 cells determined by CCK-8 after co-culturing with BMSCs or hypo-BMSCs, Data were presented as the mean ± SD, and analyzed 
with Student’s t-test. *P < 0.05; ** P < 0.01. (B) The numbers of colony were counted from six fields of view in each group. Data were 
presented as the mean ± SD, and analyzed with Student’s t-test. *P < 0.05; ** < 0.01. (C) Colony formation assays showed that the 
proliferation rate was increased in HepG2 and SMMC-7721 cells after co-culturing with BMSCs or hypo-BMSCs. (D) Cell migration was 
measured by wound healing assay. The increased migration capability induced by hypoxic BMSC-secreted exosomes. (E) The distance of 
migration was measured from six fields of view in each group. Data were presented as the mean ± SD, and analyzed with Student’s t-test. *P 
< 0.05; ** P < 0.01. (F) The numbers of dot violet were counted from six fields of view in each group. Data were presented as the mean ± SD, 
and analyzed with Student’s t-test. *P < 0.05; ** P < 0.01. (G) Cell invasion were measured by transwell assays. HepG2 and SMMC-7721 cells 
co-culturing with BMSCs or hypo-BMSCs for 48 h. Cells that invaded to the bottom surface were stained with crystal violet and observed by 
light microscopy (magnification, 10×). 
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Figure 2. MiR-652-3p is upregulated in hyoxic BMSCs-derived exosome and can be transferred to HCC cells. (A) Transmission 

electron microscopy (TMB) showed the representative image of BMSCs or hypo-BMSCs derived exosome. (B) The particle diameter of the 
purified exosomes was showed in histogram. (C) Exosomal markers were detected by West blotting in BMSCs derived exosome and BMSCs 
cells. (D) Expression of miR-652-3p was detected in exosome derived from BMSCs under different conditions using qRT-PCR. Data were 
presented as the mean ± SD, and analyzed with Student’s t-test; ** P < 0.01, compared with the indicated controls. (E) Expression of miR-652-
3p was detected in HepG2 and SMMC-7721 cells after co-culturing with exosome derived from BMSCs under different conditions. Data were 
presented as the mean ± SD, and analyzed with Student’s t-test. *P < 0.05; ** P < 0.01, compared with the indicated controls. 
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detected in HepG2 and SMMC-7721 after co-culturing 

with exosome derived from BMSCs under different 

conditions (Figure 2E). 

 

Inhibit miR-652-3p attenuates the proliferation and 

metastasis of HCC cells after co-culturing with 

BMSCs 

 

To further investigate the function underlying of miR-

652-3p to promote proliferation and metastasis of HCC 

cells after co-culturing with BMSCs. After BMSCs by 

hypoxia condition treatment, exosome was isolated with 

hypo-BMSCs transfected with NC or miR-652-3p 

inhibitor, next HepG2 and SMMC-7721 cells were co-

cultured with above exosome. The expression of miR-

652-3p in HCC cells determined by qRT-PCR, the qRT-

PCR analyses revealed that the expression of miR-652-

3p is markedly reduced in miR-652-3p inhibitor group 

compared with NC and control (Figure 3A). As showed 

in Figure 3B, the proliferation levels of HepG2 and 

SMMC-7721 cells with miR-652-3p inhibitor are 

markedly lower than NC and control. After co-cultured 

with above exosome, next examination different ability 

of HepG2 and SMMC-7721 cells, such as Colony 

formation (Figure 3C, 3D), migration (Figure 3E, 3F) 

and invasion (Figure 3G), we confirmed that the 

proliferation and metastasis levels of HepG2 and 

SMMC-7721 cells with miR-652-3p inhibitor are 

markedly weaker than NC and control. In addition, the 

results indicate that overexpression of miR-652-3p 

inhibitor attenuates the proliferation and metastasis of 

HepG2 and SMMC-7721 cells after co-culturing with 

hypo-BMSCs. 

 

TNRC6A is a direct target of miR-652-3p in human 

HCC cells 

 

To further investigate the molecular mechanisms 

underlying of miR-652-3p to promote proliferation and 

metastasis of HepG2 and SMMC-7721 cells after co-

culturing with BMSCs, we used bioinformatics analysis 

methods such as TargetScan and miRDB to predict the 

target genes based on the consensus binding sites of 

miR-652-3p, eventually TargetScan and miRDB returns 

4 predicted common target genes (Figure 4A). Next 

expression of target genes in HepG2 cells determined 

by qRT-PCR after transfecting with miR-652-3p mimic, 

the qRT-PCR result showed that four gene largely 

increase, which including ISL1, TNRC6A, NPTN and 

CAPZB (Figure 4B). TNRC6A was predicted to be a 

directly target of miR-652-3p. To confirm whether 

TNRC6A was a direct target of miR-652-3p in HCC, 

next the mutant of TNRC6A was constructed (Figure 
4C)and perform dual luciferase assays, Our data present 

that the luciferase activities were notably deceased after 

co-transfection of wild type TNRC6A 3’ UTR and miR-

652-3p mimics. However, remained largely unchanged 

both after co-transfection of miR-652-3p mimics and 

mutated TNRC6A 3’ UTR, or co-transfection of NC 

and wild type TNRC6A 3’ UTR in HCC, respectively 

(Figure 4D). These results implied the direct binding of 

miR-652-3p to the 3’UTR of TNRC6A. In addition, 

TNRC6A mRNA level was significantly decreased in 

HepG2 and SMMC-7721 cells transfected with miR-

652-3p mimic in comparison to the cells transfected 

with NC (Figure 4E). Moreover, our WB assays also 

demonstrated markedly decreased protein levels of 

TNRC6A in HepG2 and SMMC-7721 cells when 

transfected with miR-652-3p mimic (Figure 4E). 

Therefore, above results indicate that TNRC6A is a 

direct downstream target of miR-652-3p in HepG2 and 

SMMC-7721 cells. 

 

Overexpression of miR-652-3p aborted the inhibitive 

effects of TNRC6A on the proliferation and 

metastasis of HCC cells 

 

To further substantiate the target relationship between 

miR-652-3p and TNRC6A in HepG2 and SMMC-7721 

cells. Cells were treated with four different means: 

pcDNA3.1 group, pcDNA3.1-TNRC6A group, co-

transfection pcDNA3.1-TNRC6A and NC mimics and 

co-transfection pcDNA3.1-TNRC6A and miR-652-3p 

mimic group, next the miR-652-3p expressions in 

HepG2 and SMMC-7721 cells were determined by 

quantitative RT-PCR. The quantitative RT-PCR assay 

results demonstrated that TNRC6A over-expression 

significantly enhanced the mRNA level of TNRC6A 

and markedly inhibited the miR-652-3p level of HepG2 

and SMMC-7721 cells (Figure 5A, 5B). And the mRNA 

level of TNRC6A was adverse with the miR-652-3p 

(Figure 5B). According to the WB assay, the protein of 

TNRC6A markedly higher in overexpression group 

compare with co-transfection pcDNA3.1-TNRC6A and 

miR-652-3p mimic group (Figure 5C). Next the 

proliferation of HepG2 and SMMC-7721 cells 

determinate by CCK-8 after transfection with different 

matter in 12h, 24h, 48h and 72h, the result showed that 

the proliferation of HepG2 and SMMC-7721 cells in 

overexpression TNRC6A group significantly decrease 

compare with other group, while overexpression of 

miR-652-3p aborted the inhibitive effects of TNRC6A 

on the proliferation of HepG2 and SMMC-7721 cells 

(Figure 5D). A similar conclusion emerged separately in 

colony formation assay (Figure 5E), wound healing 

(Figure 5H) and transwell (Figure 5I) assay. As show in 

histograms (Figure 5F) and (Figure 5G) that the colony 

formation, migration and invasion capacity of HepG2 

and SMMC-7721 cells in overexpression TNRC6A 
group significantly decrease compare with other group, 

while overexpression of miR-652-3p aborted the 

inhibitive effects of TNRC6A on the proliferation of 
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Figure 3. Inhibit miR-652-3p attenuates the proliferation and metastasis of HCC cells after co-culturing with BMSCs.  
(A) Expression of miR-652-3p was detected in HepG2 and SMMC-7721 cells co-culturing with BMSCs or hypo-BMSCs by using qPCR assay. 
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Data were presented as the mean ± SD, and analyzed with Student’s t-test. **P < 0.01; *** P < 0.001, compared with the indicated controls. 
(B) Cell growth curves in HepG2 and SMMC-7721 cells transfected with different combinations. Data were presented as the mean ± SD, and 
analyzed with Student’s t-test. *P < 0.05; ** P < 0.01, compared with the indicated NC controls. (C) Colony formation assays showed that the 
proliferation rate was decreased in HepG2 and SMMC-7721 cells after treat isolated exosome hypo-BMSCs-derived with miR-652-3p 
inhibitor. (D) The numbers of colony were counted from six fields of view in each group. Data were presented as the mean ± SD, and analyzed 
with Student’s t-test. *P < 0.05. (E) The distance of migration was measured from six fields of view in each group. Data were presented as the 
mean ± SD, and analyzed with Student’s t-test. *P < 0.05; ** P < 0.01. (F) The numbers of dot violet were counted from six fields of view in 
each group. Data were presented as the mean ± SD, and analyzed with Student’s t-test. *P < 0.05; ** P < 0.01. (G) Cell invasion were 
measured by transwell assays. HepG2 and SMMC-7721 cells co-culturing with isolated exosome hypo-BMSCs-derived with miR-652-3p 
inhibitor treat for 48 h. Cells that invaded to the bottom surface were stained with crystal violet and observed by light microscopy 
(magnification, 100×). 

 

 
 

Figure 4. TNRC6A is a direct target of miR-652-3p in human HCC cells. (A) The underlying targets of miR-652-3p were predicted using 

TargetScan and miRDB databases. (B) Expression of target genes in HepG2 cells determined by qRT-PCR after transfecting with miR-652-3p 
mimic. (C) Scheme and sequence of the intact miR-652-3p, TNRC6A (Wt) and its mutant (Mut). Computer prediction of miR-652-3p binding 
sites in the 3’UTR of human TNRC6A gene. (D) SMMC-7721 cells were co-transfected with miR-652-3p and WT or MUT 3’UTR of TNRC6A. 
Data were presented as the mean ± SD, and analyzed with Student’s t-test. ** < 0.01; compared with the indicated NC mimic controls.  
(E) Protein level of TNRC6A was detected by WB in HepG2 and SMMC-7721 cells transfected with NC mimic and miR-652-3p. GAPDH was also 
detected as a loading control. Data were presented as the mean ± SD, and analyzed with Student’s t-test; ** P < 0.01. 
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Figure 5. Overexpression of miR-652-3p aborted the inhibitive effects of TNRC6A on the proliferation and metastasis of HCC 
cells. (A) The expression of miR-652-3p inHepG2 and SMMC-7721 cells determined by qRT-PCR, Cells were treated with four different 
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means: pcDNA3.1 group, pcDNA3.1-TNRC6A group, co-transfection pcDNA3.1-TNRC6A and NC mimics and co-transfection pcDNA3.1-TNRC6A 
and miR-652-3p mimic group. Data were presented as the mean ± SD, and analyzed with Student’s t-test *** P < 0.001 (B) The mRNA 
expression of TNRC6A in HepG2 and SMMC-7721 cells determined by qRT-PCR. Data were presented as the mean ± SD, and analyzed with 
Student’s t-test *P < 0.05; ** P < 0.01. (C) The protein expression of TNRC6A in HepG2 and SMMC-7721 cells determined by WB. Histogram 
show the protein expression of TNRC6A in HepG2 and SMMC-7721 cells. Data were presented as the mean ± SD, and analyzed with Student’s 
t-test *P < 0.05; **P < 0.01, ***P < 0.001. (D) Proliferation of HepG2 and SMMC-7721 cells determined by CCK-8 after treating with different 
ways, Data were presented as the mean ± SD, and analyzed with Student’s t-test. *P < 0.05 *** P < 0.001. (E) Colony formation assay of 
HepG2 and SMMC-7721 cells after treating with different ways (F) Histogram show the amount of colony in HepG2 and SMMC-7721 cells. 
Data were presented as the mean ± SD, and analyzed with Student’s t-test *P < 0.05; ** P < 0.01 *** P < 0.001. (G) Histogram show the 
distance of cellular migratory in HepG2 and SMMC-7721 cells. Data were presented as the mean ± SD, and analyzed with Student’s t-test *P < 
0.05; ** P < 0.01. (H) Migration of HepG2 and SMMC-7721 cells determined by wound healing. (I) Invasion of HepG2 and SMMC-7721 cells 
determined by transwell. Cells that invaded to the bottom surface were stained with crystal violet and observed by light microscopy 
(magnification, 100×). Histogram show the capability of cellular invasion in HepG2 and SMMC-7721 cells. Data were presented as the mean ± 
SD, and analyzed with Student’s t-test *P < 0.05; ** P < 0.01 *** P < 0.001. 

 

HepG2 and SMMC-7721 cells. According to these data 

demonstrated that miR-652-3p abrogates TNRC6A on 

the proliferation and metastasis of HepG2 and SMMC-

7721 cells. 

 

DISCUSSION 
 

Various studies have reported that tumor micro-

environment plays an important function in the 

proliferation and metastasis of cancer cells [18]. Cancer 

microenvironment consists of various cellular, cellular 

secretion and extracellular components, such as BMSCs 

and BMSCs-derived exosomal [19]. More and more 

research has been focused on the tumor micro-

environment of cancer and its function [20, 21]. In this 

article, after BMSCs or hypo-BMSCs co-culture with 

HepG2 and SMMC-7721, to promote HepG2 and 

SMMC-7721 cells proliferation and metastasis in vitro, 

the result of above are similar to previous report [22].  

 

Exosome as one of cellular secretion have been 

attributed for their roles in proliferation and metastasis 

of cancer [23]. Due to their low immunogenicity, long 

half-life in the circulation and the nanoparticles 

characteristic of exosomes, it as the major mediators in 

cell–cell communication [24]. The size of exosome 

approximately 50–150 nm and exosomes contain 

various components of host cells, such as proteins, 

nucleic acids, RNA (mRNA, miRNA and LncRNA) and 

DNA [25]. Exosomes derived from different cell types 

have different characteristics, such as biomarker of T 

cells or tumor cells derived exosomes including CD3 

[25]. Our data revealed that the size of BMSCs-derived 

exosomal approximately 50–150 nm and biomarker 

including CD63, HSP70, TSG101. 

 

Various mechanisms have been reported that miRNA 

promote metastasis and proliferation of cancer cells via 

exosome way [26]. Previous evidence suggests that 

anomalous expression of miRNAs in various cellular of 

tumor microenvironment can promote cancer cells 

metastasis and proliferation by means of exosome 

pathway [27]. Previous studies demonstrated that 

exosomal miRNAs and miRNA dysregulation mediate 

various cancer cells proliferation, migration and 

invasion. Such as colonization and invasion potential of 

tumor cells is enhanced when miR-200 from exosomes 

of invasive tumor cells is transferred to less invasive 

tumor cells [28]. Several recent studies demonstrated 

that Hypoxic BMSC-derived exosomal miRNAs play 

various import function in cell communication, such as 

miR-214 derived from BMSCs regulate oxidative 

damage in cardiac stem cells [29], promote proliferation 

of lung cancer cells Epithelial-mesenchymal transition 

[30], miR-101-loaded exosomes secreted by BMSCs 

facilitating osteogenic differentiation [31], BMSC-

derived exosomal miR-340 inhibits myeloma-related 

angiogenesis [31]. However, the correlation between 

Hypoxic BMSC-derived exosomal miRNAs and 

hepatocarcinoma cancer cells remains unclear. 

 

In this research, we found that Hypoxic BMSC-derived 

exosomal miR-652-3p promotes proliferation and 

metastasis of hepatocarcinoma cancer cells. Emerging 

evidence has demonstrated miR-652-3p play various 

function in different cell, such as effect on apoptosis 

and drug sensitivity in pediatric acute lymphoblastic 

leukemia [32], induces Epithelial-mesenchymal 

transition in PC3 prostate cancer cells [33], promotes 

proliferation and metastasis in non-small cell lung 

cancer [34]. Further mechanistic investigations 

provided evidence highlighting the effects of miR-652-

3p promotes proliferation and metastasis in HCCs  

was achieved through targeting and restricting 

TNRC6A expression. TNRC6A, also name GW182, 

major function is an Argonaute-navigator protein for 

microRNA-mediated gene silencing [35], recent 

evidence demonstrated that miR-26a-5p facilitates theca 

cell metastasis in chicken ovarian follicles via regulates 
TNRC6A expression [36], TNRC6A-mediated miRNA 

function is development of yolk sac endoderm [37]. 

However, we first discover that miR-652-3p from 
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exosomal of Hypoxic BMSC-derived and TNRC6A 

promotes proliferation and metastasis in HCCs.  

 

In a summary, the mechanistic of exosomal miR-652-3p 

of our found in the tumor microenvironment may help 

provide new diagnostic and therapeutic target for HCCs. 

 

MATERIALS AND METHODS 
 

Cell culture and co-culture system 

 

Two liver tumor cell lines: smmc-7721 and hepG2 were 

got from The Cell Bank of Type Culture Collection of 

the Chinese Academy of Sciences. Cells were developed 

in Dulbecco’s modified Eagle’s medium (DMEM) 

(HyClone; Cytiva, USA) and added 1% penicillin-

streptomycin (Thermo Fisher Scientific, Inc., USA), with 

10% fetal bovine serum (FBS, HyClone; Cytiva, USA). 

Bone marrow derived stem cells (BMSCs) were obtained 

from Shanghai Fusheng Biotechnology (Shanghai, 

China). After passaging for one time, the primary 

BMSCs were cryopreserved in liquid nitrogen using a 

cryopreservation medium (EXINNO). When recovered, 

the BMSCs were cultured in DMEM (Sigma, USA). All 

cells were normally cultured in a cell incubator at 37° C 

with 5% CO2. For hypoxic culture, cells were cultured 

in medium at 37° C with 5% CO2 and 1% oxygen in 

nitrogen in a 3-gas incubator. 

 

Transwell chamber (4.0-μm, Corning, USA) was used 

for the co-culture system. Briefly, ~ 3.0×104 of hepG2 

and smmc-7721 were planted in 24-well-plate with 500 

μl medium and 2.0×105 of BMSCs were seeded onto the 

transwell chamber with 200 μl medium. Six hours after 

seeding, transwell chamber was inserted into 24-well 

plate and co-culturing at 37° C with 5% CO2. Fresh 

media were replaced every 2 days, and hepG2 and 

smmc-7721 culture single was considered as the 

control. On the day 5 after co-culture, the hepG2 and 

smmc-7721 cells were harvested. 

 

Cell transfection  

 

The miR-652-3pmimic (5ʹ-AAUGGCGCCACUAGG 

GUUGUG-3ʹ), mimic negative control (mimic NC, cat. 

no. miR1N0000001-1-10), miR-652-30 inhibitor (5ʹ-

CACAACCCUAGUGGCGCCAUU-3ʹ), and inhibitor 

NC (cat. no. miR2N0000001-1-10) were obtained from 

RIBOBIO biotechnology company (Guangzhou, China). 

Meanwhile, pcDNA3.1 and pcDNA3.1-TNRC6A were 

gained from GenePharma (Shanghai, China). For 

transfection, hepG2, smmc-7721, or BMSCs were planted 

in a six-well-plate at 37° C for at least 24 h with 70% 

confluency. Then, the Lipofectamine® 3000 kit (Thermo 

Fisher Scientific, Inc., USA) was used to transfect cells 

with indicated plasmids for 48 h. 

Isolation and characterization of exosome 

 

For exosome collection, cells were cultivated in 

exosome-free FBS (Gibco, USA) at 37° C under 

normoxic or hypoxic condition. After 48h culturing, the 

supernatants of cells were collected and exosome in the 

supernatants were isolated using differential 

centrifugation. Briefly, cell supernatants were firstly 

centrifuged at 1,000×g for 15 min to remove intact 

cells. Next, the supernatants were centrifuged a 

10,000×g for 30 min in turns to remove debris and large 

vesicles. Then, the supernatants were harvested 

followed by 0.22-μm filtration (Millex, Germany). After 

this, the supernatants were centrifuged at 100,000 ×g for 

70 min for collect pallet exosome. Subsequently, 

exosome pellet was washed with PBS, harvested by 

100,000 ×g centrifugation for 1 h, and assessed via 

transmission electron microscopy (TEM; JEM-1400, 

JEOL, Japan) and nanoparticle tracking analysis (NTA; 

Zeta View, Particle Metrix, DE). The protein 

concentration of exosome was qualified by the Bradford 

assay (Sangon, Shanghai, China) and exosomes were 

confirmed by specific markers CD63, HSP70, TSG101, 

and Calnexin were determined by western blotting. 

 

Cell counting kit-8 (CCK-8) assay 

 

The CCK-8 kit (AccuRef Scientific, Xi’an, China) 

was utilized to analyze cell proliferation. HepG2 or 

SMMC-7721 cells with different treatments were 

cultured in a 96-well plate (2000 cells/well). Later, 10 

μl of the Cell Counting Kit-8 reagent was added to 

each well and incubated for 2 hours at 37° C. The 

absorbance at 450 nm was measured using an 

ELX800 microplate reader (BioTek Instruments, Inc., 

USA) to assess cell viability. 

 

Colony formation 

 

HepG2 or smmc-7721 were planted into 6-well-plate 

(500 cells/well) and cultivated for 14 days. The 

growth medium was replenished every two days. Cell 

colonies were fixed by incubating them in cold 

methanol at 4° C for a duration of 30 minutes. 

Subsequently, they were stained using a 1% crystal 

violet solution in 20% methanol for 30 minutes at  

37° C. Then, the staining solution was cleaned and 

cells were washed with slow running water, followed 

by natural drying and counting under a light micro-

scope (Nicon; Nikon Corporation, Japan). 

 

Transwell 

 
Transwell chamber (8-μm pore size; Corning, USA) 

was used to measure the migration and invasion abilities 

of hepG2 and smmc-7721cells. For pre-coating, 
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Matrigel was transferred from a temperature of -20° C 

to 4° C overnight and diluted with serum-free DMEM 

(at a ratio of 1:5) on ice using a pre-cooled pipette. 

Afterward, an equal volume of the diluted Matrigel was 

introduced into the upper transwell chamber and 

incubated at room temperature for 1 hour. To remove 

the uncombined Matrigel, the chamber that had been 

coated was rinsed with serum-free DMEM. Then, 50 µl 

of serum-free medium with a concentration of 10 g/l of 

bovine serum albumin (BSA) was added at a 

temperature of 37° C. In both migration and invasion 

assays, a total of 5×104 cells were suspended in serum-

free DMEM and seeded into the upper chamber. The 

lower chamber was filled with 500 μL DMEM 

supplemented with 10% FBS. After incubation for 48 h 

at 37° C, the migrated or invaded cells were fixed with 

4% formaldehyde at room temperature for 20 min and 

stained with 1% crystal violet (Solarbio, China) for 15 

min. Finally, cells were counted under a light 

microscope (Nicon; Nikon Corporation, Japan). 

 

Quantitative real time polymerase chain reaction  

(qRT-PCR) 

 

The TRIzol reagent (AccuRef Scientific, China) was 

used to extract RNA from cells. According to the 

manufacturer’s instruction, cDNA was synthesized from 

total RNA using the PrimeScript® RT Master Mix 

Perfect Real-Time Reagent kit (Takara Bio, Inc., 

Japan). With cDNA as the template, The SYBR Green 

(cat. no. RR420A; Takara Bio, Inc.) was used to 

perform qPCR. in an ABI 7500 Real time PCR 

instrument (Applied Biosystems, USA) under the 

following conditions: 95° C for 5 min, 40 cycles of 95° 

C for 15 s, 58° C for 20 s and 72° C for 10 s. Using 

GAPDH (mRNA) or U6 (miRNA) as the internal 

control, the 2-ΔΔCq method was used to calculate fold-

changes. The primer sequences of qRT-PCR were 

tabulated in Table 1. 

 

Western blotting 

 

The RIPA lysis buffer (AccuRef Scientific, China) was 

used to extract protein from hepG2 and smmc-7721 

cells or exosome. The BCA method (Thermo Fisher 

Scientific, Inc., USA) was carried to quantify the 

extracted protein. After boiling with an equal volume of 

loading buffer, isovolumetric proteins were separated 

by 12% SDS-PAGE and then electronically transferred 

to PVDF membrane (Millipore Sigma, USA). Then, the 

membrane was blocked with 5% non-fat milk at room 

temperature for 1h and incubated with indicated anti-

CD63 (#ab271286; Abcam, USA), anti-HSP70 
(#ab2787; Abcam, USA), anti-TSG101 (#ab125011; 

Abcam, USA), anti-Calnexin (#ab133615; Abcam, 

USA), anti-TNRC6A (#SAB2102506; Sigma, USA), 

and anti-GAPDH (#ab8245; Abcam, USA) primary 

antibodies overnight at 4° C. For the secondary 

incubation, membranes were incubated with HRP-

conjugated anti-mouse (#97040; Abcam, USA) or anti-

rabbit (#7090; Abcam, USA) secondary antibody at 

room temperature for 1 h. Protein bands were visualized 

using the Enhanced Chemiluminescence kit (EXINNO, 

China), ImageJ software (version 1.49, National 

Institutes of Health) was used to qualify and gray value 

represented protein amount. 

 

Dual-luciferase reporter assay 

 

Luciferase reporter gene vector PGL3 and PGL3-

TNRC6A contained TNRC6A promoter were 

purchased from GenePharma (Shanghai, China). 

Then, reporter gene plasmid was co-transfected with 

phRL-TK. Cells were cultured in a 24-well-plate until 

they reached a confluence of 70-80%, then 

Lipofectamine® 3000 kit (Thermo Fisher Scientific, 

Inc., USA) was used to transfect cells with 100 ng 

pGL3-WT, 20 ng of the transfection control Renilla 

vector (pRL-TK; Promega Corporation, USA) and 

100 nM miR-652-3p mimic or mimic NC (Guangzhou 

RiboBio Co., Ltd., China). Luciferase activity then 

was determined: the substrate of Firefly Luciferase 

LAR II was prepared and dissolved into LAR II 

buffer, which was stored separately at -80° C and 

protected from light. 1X PLB was putted in and cells 

were lysed for 15 min. A substrate of Renilla 

Luciferase Stop and Glo was used to block the 

reaction of LAR II. Add 10 ul of cell lysis solution to 

40 ul of LAR II, mixing it to test the Firefly 

Luciferase value. Moreover, add 40 ul Stop and Glo to 

read the value of Renilla Luciferase. Finally, data 

processing is carried out: the ratio of firefly luciferase 

to Renilla luciferase in each tube was calculated, and 

then the ratio of control group was set to 1 to obtain 

the relative luciferase activity of each group. 

 

Statistical analyses 

 

All experiments were performed in triplicate and data 

are presented as the mean ± standard deviation (SD). 

The student’s t test was used for comparing between 

groups. One-way ANOVA with Tukey’s correction for 

multiple comparisons was used to differentiate data 

among the multiple groups. P<0.05 was considered 

statistically significant. Prism 7.0 software (GraphPad, 

USA) was used to analyze data. 

 

Availability of data and materials 

 
The datasets used and/or analyzed during the current 

study available from the corresponding author on 

reasonable request.  
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Table 1. Primers for qRT-PCR. 

Gene 
Primers (5’→3’) 

Forward Reverse 

miR-652-3p AATGGCGCCACTAGGGTTGTG Universal PCR Reverse Primer (cat. no. 

B532451; Sangon Biotech Co., Ltd.) 

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT 

ISL1 TGCCCGCTCCAAGGTGTA CCGA AGCGCAAATTCGTC 

TNRC6A CTGAGTTTGCCAGTGAAGAG GCACCATTCCAGTGATTGAG 

NPTN CCAGCTGGACCAATGAAAACC AGGTCATGTTGCCACCAGTT 

CAPZB CTCCGAGGCCAGCAGA CGGTCAGTGGGAAGCA 

β-actin ACCGCAAATGCTTCTAGG ATCCAACCGACTGCTGTC 

 

AUTHOR CONTRIBUTIONS 
 

Mei Li, Pengtao Zhai and Juan Su designed the study 

and reviewed the manuscript. Xudong Mu and Juanrong 

Song performed the experiments. Huilin Zhang and Mei 

Li analyzed and interpreted the data. Pengtao Zhai and 

Juan Su wrote the manuscript. All authors read and 

approved the final manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

FUNDING 
 

This work was supported by the Science and 

Technology Project of Yulin City [No. YF-2020-041]. 
 

REFERENCES 
 

1. Ren B, Cui M, Yang G, Wang H, Feng M, You L, Zhao 
Y. Tumor microenvironment participates in 
metastasis of pancreatic cancer. Mol Cancer. 2018; 
17:108. 

 https://doi.org/10.1186/s12943-018-0858-1 
PMID:30060755 

2. Whiteside TL. Exosome and mesenchymal stem cell 
cross-talk in the tumor microenvironment. Semin 
Immunol. 2018; 35:69–79. 

 https://doi.org/10.1016/j.smim.2017.12.003 
PMID:29289420 

3. Wang Y, Zhao R, Liu D, Deng W, Xu G, Liu W, Rong J, 
Long X, Ge J, Shi B. Exosomes Derived from miR-214-
Enriched Bone Marrow-Derived Mesenchymal Stem 
Cells Regulate Oxidative Damage in Cardiac Stem Cells 
by Targeting CaMKII. Oxid Med Cell Longev. 2018; 
2018:4971261. 

 https://doi.org/10.1155/2018/4971261 
PMID:30159114 

4. Li K, Chen Y, Li A, Tan C, Liu X. Exosomes play roles in 
sequential processes of tumor metastasis. Int J Cancer. 
2019; 144:1486–95. 

 https://doi.org/10.1002/ijc.31774 PMID:30155891 

5. Yu X, Odenthal M, Fries JW. Exosomes as miRNA 
Carriers: Formation-Function-Future. Int J Mol Sci. 
2016; 17:2028. 

 https://doi.org/10.3390/ijms17122028 
PMID:27918449 

6. Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, 
Lötvall JO. Exosome-mediated transfer of mRNAs and 
microRNAs is a novel mechanism of genetic exchange 
between cells. Nat Cell Biol. 2007; 9:654–9. 

 https://doi.org/10.1038/ncb1596  
PMID:17486113 

7. Ge L, Xun C, Li W, Jin S, Liu Z, Zhuo Y, Duan D, Hu Z, 
Chen P, Lu M. Extracellular vesicles derived from 
hypoxia-preconditioned olfactory mucosa 
mesenchymal stem cells enhance angiogenesis via 
miR-612. J Nanobiotechnology. 2021; 19:380. 

 https://doi.org/10.1186/s12951-021-01126-6 
PMID:34802444 

8. Wen Z, Mai Z, Zhu X, Wu T, Chen Y, Geng D, Wang J. 
Mesenchymal stem cell-derived exosomes ameliorate 
cardiomyocyte apoptosis in hypoxic conditions through 
microRNA144 by targeting the PTEN/AKT pathway. 
Stem Cell Res Ther. 2020; 11:36. 

 https://doi.org/10.1186/s13287-020-1563-8 
PMID:31973741 

9. Balaj L, Lessard R, Dai L, Cho YJ, Pomeroy SL, 
Breakefield XO, Skog J. Tumour microvesicles contain 
retrotransposon elements and amplified oncogene 
sequences. Nat Commun. 2011; 2:180. 

 https://doi.org/10.1038/ncomms1180  
PMID:21285958 

10. Kalluri R. The biology and function of exosomes in 
cancer. J Clin Invest. 2016; 126:1208–15. 

 https://doi.org/10.1172/JCI81135 PMID:27035812 

https://doi.org/10.1186/s12943-018-0858-1
https://pubmed.ncbi.nlm.nih.gov/30060755
https://doi.org/10.1016/j.smim.2017.12.003
https://pubmed.ncbi.nlm.nih.gov/29289420
https://doi.org/10.1155/2018/4971261
https://pubmed.ncbi.nlm.nih.gov/30159114
https://doi.org/10.1002/ijc.31774
https://pubmed.ncbi.nlm.nih.gov/30155891
https://doi.org/10.3390/ijms17122028
https://pubmed.ncbi.nlm.nih.gov/27918449
https://doi.org/10.1038/ncb1596
https://pubmed.ncbi.nlm.nih.gov/17486113
https://doi.org/10.1186/s12951-021-01126-6
https://pubmed.ncbi.nlm.nih.gov/34802444
https://doi.org/10.1186/s13287-020-1563-8
https://pubmed.ncbi.nlm.nih.gov/31973741
https://doi.org/10.1038/ncomms1180
https://pubmed.ncbi.nlm.nih.gov/21285958
https://doi.org/10.1172/JCI81135
https://pubmed.ncbi.nlm.nih.gov/27035812


www.aging-us.com 12792 AGING 

11. Lu TX, Rothenberg ME. MicroRNA. J Allergy Clin 
Immunol. 2018; 141:1202–7. 

 https://doi.org/10.1016/j.jaci.2017.08.034 
PMID:29074454 

12. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch 
E, Aldler H, Rattan S, Keating M, Rai K, Rassenti L, Kipps 
T, Negrini M, et al. Frequent deletions and down-
regulation of micro- RNA genes miR15 and miR16 at 
13q14 in chronic lymphocytic leukemia. Proc Natl Acad 
Sci USA. 2002; 99:15524–9. 

 https://doi.org/10.1073/pnas.242606799 
PMID:12434020 

13. Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer. 
Annu Rev Pathol. 2014; 9:287–314. 

 https://doi.org/10.1146/annurev-pathol-012513-
104715 PMID:24079833 

14. van den Berg A, Kroesen BJ, Kooistra K, de Jong D, 
Briggs J, Blokzijl T, Jacobs S, Kluiver J, Diepstra A, 
Maggio E, Poppema S. High expression of B-cell 
receptor inducible gene BIC in all subtypes of Hodgkin 
lymphoma. Genes Chromosomes Cancer. 2003;  
37:20–8. 

 https://doi.org/10.1002/gcc.10186 PMID:12661002 

15. Kang L, Yang C, Wu H, Chen Q, Huang L, Li X, Tang H, 
Jiang Y. miR-26a-5p Regulates TNRC6A Expression and 
Facilitates Theca Cell Proliferation in Chicken Ovarian 
Follicles. DNA Cell Biol. 2017; 36:922–9. 

 https://doi.org/10.1089/dna.2017.3863 
PMID:28876086 

16. Lian S, Jakymiw A, Eystathioy T, Hamel JC, Fritzler MJ, 
Chan EK. GW bodies, microRNAs and the cell cycle. Cell 
Cycle. 2006; 5:242–5. 

 https://doi.org/10.4161/cc.5.3.2410 PMID:16418578 

17. Nishi K, Nishi A, Nagasawa T, Ui-Tei K. Human TNRC6A 
is an Argonaute-navigator protein for microRNA-
mediated gene silencing in the nucleus. RNA. 2013; 
19:17–35. 

 https://doi.org/10.1261/rna.034769.112 
PMID:23150874 

18. Menck K, Bleckmann A, Schulz M, Ries L, Binder C. 
Isolation and Characterization of Microvesicles from 
Peripheral Blood. J Vis Exp. 2017; 55057. 

 https://doi.org/10.3791/55057 PMID:28117819 

19. Skalnikova HK, Bohuslavova B, Turnovcova K, Juhasova 
J, Juhas S, Rodinova M, Vodicka P. Isolation and 
Characterization of Small Extracellular Vesicles from 
Porcine Blood Plasma, Cerebrospinal Fluid, and 
Seminal Plasma. Proteomes. 2019; 7:17. 

 https://doi.org/10.3390/proteomes7020017 
PMID:31027284 

20. Muller L, Hong CS, Stolz DB, Watkins SC, Whiteside TL. 
Isolation of biologically-active exosomes from human 

plasma. J Immunol Methods. 2014; 411:55–65. 
 https://doi.org/10.1016/j.jim.2014.06.007 

PMID:24952243 

21. Sun Z, Yang S, Zhou Q, Wang G, Song J, Li Z, Zhang Z, Xu 
J, Xia K, Chang Y, Liu J, Yuan W. Emerging role of 
exosome-derived long non-coding RNAs in tumor 
microenvironment. Mol Cancer. 2018; 17:82. 

 https://doi.org/10.1186/s12943-018-0831-z 
PMID:29678180 

22. Denton AE, Roberts EW, Fearon DT. Stromal Cells in 
the Tumor Microenvironment. Adv Exp Med Biol. 
2018; 1060:99–114. 

 https://doi.org/10.1007/978-3-319-78127-3_6 
PMID:30155624 

23. Meldolesi J. Exosomes and Ectosomes in Intercellular 
Communication. Curr Biol. 2018; 28:R435–44. 

 https://doi.org/10.1016/j.cub.2018.01.059 
PMID:29689228 

24. Raposo G, Stoorvogel W. Extracellular vesicles: 
exosomes, microvesicles, and friends. J Cell Biol. 2013; 
200:373–83. 

 https://doi.org/10.1083/jcb.201211138 
PMID:23420871 

25. Simpson RJ, Kalra H, Mathivanan S. ExoCarta as a 
resource for exosomal research. J Extracell Vesicles. 
2012; 1. 

 https://doi.org/10.3402/jev.v1i0.18374 
PMID:24009883 

26. Shifrin DA Jr, Demory Beckler M, Coffey RJ, Tyska MJ. 
Extracellular vesicles: communication, coercion, and 
conditioning. Mol Biol Cell. 2013; 24:1253–9. 

 https://doi.org/10.1091/mbc.E12-08-0572 
PMID:23630232 

27. Ma P, Pan Y, Li W, Sun C, Liu J, Xu T, Shu Y. Extracellular 
vesicles-mediated noncoding RNAs transfer in cancer. J 
Hematol Oncol. 2017; 10:57. 

 https://doi.org/10.1186/s13045-017-0426-y 
PMID:28231804 

28. Le MT, Hamar P, Guo C, Basar E, Perdigão-Henriques R, 
Balaj L, Lieberman J. miR-200-containing extracellular 
vesicles promote breast cancer cell metastasis. J Clin 
Invest. 2014; 124:5109–28. 

 https://doi.org/10.1172/JCI75695 PMID:25401471 

29. Zhang X, Sai B, Wang F, Wang L, Wang Y, Zheng L, Li G, 
Tang J, Xiang J. Hypoxic BMSC-derived exosomal 
miRNAs promote metastasis of lung cancer cells via 
STAT3-induced EMT. Mol Cancer. 2019; 18:40. 

 https://doi.org/10.1186/s12943-019-0959-5 
PMID:30866952 

30. Li Y, Wang J, Ma Y, Du W, Feng K, Wang S. miR-101-
loaded exosomes secreted by bone marrow 

https://doi.org/10.1016/j.jaci.2017.08.034
https://pubmed.ncbi.nlm.nih.gov/29074454
https://doi.org/10.1073/pnas.242606799
https://pubmed.ncbi.nlm.nih.gov/12434020
https://doi.org/10.1146/annurev-pathol-012513-104715
https://doi.org/10.1146/annurev-pathol-012513-104715
https://pubmed.ncbi.nlm.nih.gov/24079833
https://doi.org/10.1002/gcc.10186
https://pubmed.ncbi.nlm.nih.gov/12661002
https://doi.org/10.1089/dna.2017.3863
https://pubmed.ncbi.nlm.nih.gov/28876086
https://doi.org/10.4161/cc.5.3.2410
https://pubmed.ncbi.nlm.nih.gov/16418578
https://doi.org/10.1261/rna.034769.112
https://pubmed.ncbi.nlm.nih.gov/23150874
https://doi.org/10.3791/55057
https://pubmed.ncbi.nlm.nih.gov/28117819
https://doi.org/10.3390/proteomes7020017
https://pubmed.ncbi.nlm.nih.gov/31027284
https://doi.org/10.1016/j.jim.2014.06.007
https://pubmed.ncbi.nlm.nih.gov/24952243
https://doi.org/10.1186/s12943-018-0831-z
https://pubmed.ncbi.nlm.nih.gov/29678180
https://doi.org/10.1007/978-3-319-78127-3_6
https://pubmed.ncbi.nlm.nih.gov/30155624
https://doi.org/10.1016/j.cub.2018.01.059
https://pubmed.ncbi.nlm.nih.gov/29689228
https://doi.org/10.1083/jcb.201211138
https://pubmed.ncbi.nlm.nih.gov/23420871
https://doi.org/10.3402/jev.v1i0.18374
https://pubmed.ncbi.nlm.nih.gov/24009883
https://doi.org/10.1091/mbc.E12-08-0572
https://pubmed.ncbi.nlm.nih.gov/23630232
https://doi.org/10.1186/s13045-017-0426-y
https://pubmed.ncbi.nlm.nih.gov/28231804
https://doi.org/10.1172/JCI75695
https://pubmed.ncbi.nlm.nih.gov/25401471
https://doi.org/10.1186/s12943-019-0959-5
https://pubmed.ncbi.nlm.nih.gov/30866952


www.aging-us.com 12793 AGING 

mesenchymal stem cells requires the FBXW7/HIF1α/ 
FOXP3 axis, facilitating osteogenic differentiation. J Cell 
Physiol. 2021; 236:4258–72. 

 https://doi.org/10.1002/jcp.30027 PMID:33438204 

31. Umezu T, Imanishi S, Azuma K, Kobayashi C, Yoshizawa 
S, Ohyashiki K, Ohyashiki JH. Replenishing exosomes 
from older bone marrow stromal cells with miR-340 
inhibits myeloma-related angiogenesis. Blood Adv. 
2017; 1:812–23. 

 https://doi.org/10.1182/bloodadvances.2016003251 
PMID:29296725 

32. Jiang Q, Lu X, Huang P, Gao C, Zhao X, Xing T, Li G, Bao 
S, Zheng H. Expression of miR-652-3p and Effect on 
Apoptosis and Drug Sensitivity in Pediatric Acute 
Lymphoblastic Leukemia. Biomed Res Int. 2018; 
2018:5724686. 

 https://doi.org/10.1155/2018/5724686 
PMID:29967774 

33. Nam RK, Benatar T, Amemiya Y, Wallis CJD, Romero 
JM, Tsagaris M, Sherman C, Sugar L, Seth A. MicroRNA-
652 induces NED in LNCaP and EMT in PC3 prostate 
cancer cells. Oncotarget. 2018; 9:19159–76. 

 https://doi.org/10.18632/oncotarget.24937 
PMID:29721191 

34. Yang W, Zhou C, Luo M, Shi X, Li Y, Sun Z, Zhou F, Chen 
Z, He J. MiR-652-3p is upregulated in non-small cell lung 
cancer and promotes proliferation and metastasis by 
directly targeting Lgl1. Oncotarget. 2016; 7:16703–15. 

 https://doi.org/10.18632/oncotarget.7697 
PMID:26934648 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

35. Chaston JJ, Stewart AG, Christie M. Structural 
characterisation of TNRC6A nuclear localisation signal 
in complex with importin-alpha. PLoS One. 2017; 
12:e0183587. 

 https://doi.org/10.1371/journal.pone.0183587 
PMID:28837617 

36. Suzawa M, Noguchi K, Nishi K, Kozuka-Hata H, Oyama 
M, Ui-Tei K. Comprehensive Identification of Nuclear 
and Cytoplasmic TNRC6A-Associating Proteins. J Mol 
Biol. 2017; 429:3319–33. 

 https://doi.org/10.1016/j.jmb.2017.04.017 
PMID:28478284 

37. Jiang Z, Yu N, Kuang P, Chen M, Shao F, Martin G, Chui 
DH, Cardoso WV, Ai X, Lü J. Trinucleotide repeat 
containing 6a (Tnrc6a)-mediated microRNA function is 
required for development of yolk sac endoderm. J Biol 
Chem. 2012; 287:5979–87. 

 https://doi.org/10.1074/jbc.M111.297937 
PMID:22187428 

https://doi.org/10.1002/jcp.30027
https://pubmed.ncbi.nlm.nih.gov/33438204
https://doi.org/10.1182/bloodadvances.2016003251
https://pubmed.ncbi.nlm.nih.gov/29296725
https://doi.org/10.1155/2018/5724686
https://pubmed.ncbi.nlm.nih.gov/29967774
https://doi.org/10.18632/oncotarget.24937
https://pubmed.ncbi.nlm.nih.gov/29721191
https://doi.org/10.18632/oncotarget.7697
https://pubmed.ncbi.nlm.nih.gov/26934648
https://doi.org/10.1371/journal.pone.0183587
https://pubmed.ncbi.nlm.nih.gov/28837617
https://doi.org/10.1016/j.jmb.2017.04.017
https://pubmed.ncbi.nlm.nih.gov/28478284
https://doi.org/10.1074/jbc.M111.297937
https://pubmed.ncbi.nlm.nih.gov/22187428

