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Abstract  

Sorafenib is an antitumor drug for treatment of advanced hepatocellular carcinoma. It acts as a 

multikinase inhibitor suppressing cell proliferation and angiogenesis.  Human microRNA-125a-5p 

(miR-125a) is endowed with similar activities and is frequently downregulated in hepatocellular 

carcinoma.  Looking for a potential microRNA-based mechanism of action of the drug, we found 

that sorafenib increases cellular expression of miR-125a in cultured HuH-7 and HepG2 

hepatocellular carcinoma cells.  Upregulation of the microRNA inhibited cell proliferation by 

suppression of sirtuin-7, a NAD(+)-dependent deacetylase, and p21/p27-dependent cell cycle arrest 

in G1. Later, recruitment of miR-125a in the antiproliferative activity of sorafenib was inquired by 

modulating its expression in combination with the drug treatment. This analysis showed that 

intracellular delivery of miR-125a had no additive effect on the antiproliferative activity of 

sorafenib, whereas a miR-125a inhibitor could counteract it. Finally, evaluation of other oncogenic 

targets of miR-125a revealed its ability to interfere with the expression of matrix metalloproteinase-

11, Zbtb7a proto-oncogene, and c-Raf, possibly contributing to the antiproliferative activity of the 

drug. This article is protected by copyright. All rights reserved 
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Introduction 

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at post-

transcriptional level by affecting both translation and stability of complementary mRNAs (Ambros, 

2004). MiRNAs play crucial roles in a variety of physiological processes, such as development and 

cell differentiation (Bartel, 2004; Wienholds and Plasterk, 2005). Several studies have also 

demonstrated that altered miRNA profiles are linked to pathological conditions, including several 

types of cancers (Calin and Croce, 2006; Esquela-Kerscher and Slack, 2006; Grammatikasis et al., 

2013).  Downregulation of the microRNA biosynthesis enzyme Dicer in cancer cells leads to 

dysregulation of miRNA biogenesis and increased tumor progression (Kitagawa et al., 2013; 

Rupaimoole et al., 2014). On the other hand, differentiating cells often exhibit increased Dicer 

expression (O’Rourke et al., 2007; Kawase-Koga et al., 2009; Potenza et al., 2009). In this field, a 

growing body of evidence indicates that miRNAs can function as either tumor suppressors by 

down-regulating oncogenic targets, or tumor promoters by negatively regulating oncosuppressor 

proteins (Di Leva et al., 2014).  In the case of hepatocellular carcinoma (HCC), deregulation of 

miRNA expression has been described for its establishment, growth, and metastatic activity 

(Negrini et al., 2014). HCC is the third cause of tumor-related mortalities and the fifth most 

common cancer worldwide (Parkin et al., 2005). Surgery is currently the only curative treatment, 

but those patients who have advanced stage disease, or recurrent tumor, are treated 

pharmacologically (Schwartz et al., 2007).  

Sorafenib is an oral drug acting as a multikinase inhibitor and represents the standard of care 

for advanced HCC (Llovet et al., 2008; Cheng et al., 2009). The molecule is endowed with 

antiproliferative and antiangiogenic properties that suppress tumor growth but its mechanism of 

action has not been fully elucidated yet (Liu et al., 2006; Wilhelm et al., 2006). On the other hand, 

various studies highlight changes in miRNA expression profiles in response to sorafenib and other 

therapeutics (Zhou et al., 2011; Lv et al., 2015; Peveling-Oberhag et al., 2015; Stiuso et al., 2015), 
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and some reports suggest that miRNAs may modulate the cellular response to the drugs (Bai et al., 

2009; Shimizu et al., 2010). 

MiR-125a-5p (miR-125a) regulates the expression of several target proteins that are 

involved in cell proliferation, apoptosis, angiogenesis, and migration (Potenza and Russo, 2013). In 

breast cancer, several studies support a tumor suppressive role for miR-125a and a germline 

mutation in the sequence of miR-125a has been linked with the incidence of the tumor (Scott et al., 

2007; Guo et al., 2009; Li et al., 2009). In HCC, miR-125a is frequently down-regulated and in 

vitro studies have shown that it inhibits cell proliferation, angiogenesis and cell migration through 

the down-regulation of sirtuin-7 (SIRT7), a NAD(+)-dependent deacetylase, vascular endothelial 

growth factor A (VEGF-A), and matrix metalloproteinase-11 (MMP11), respectively (Bi et al., 

2012; Kim et al., 2013). 

Given the antiproliferative activities of sorafenib and miR-125a toward HCC cells and other 

similarities in their biological effects, we hypothesized that the miRNA may be involved in the 

mechanism of action of the drug.  
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Materials and Methods 
 

Reporter plasmids 

The c-Raf DNA segment targeted by miR-125a was obtained by chemical synthesis of 

complementary oligodeoxynucleotides containing a downstream NotI site and upstream XhoI and 

EcoRV sites. Sequences were 5’-TCGAGATATCTCCGCATCTCAGCCCTCTCAGGGAGC-3’ 

and 5’-GGCCGCTCCCTGAGAGGGCTGAGATGCGGAGATATC-3’ for sense and antisense 

strand, respectively. The two oligonucleotides were annealed, 5’-phosphorylated with T4 

polynucleotide kinase, and ligated into XhoI and NotI sites of psiCheck-2 vector (Promega). 

Screening of recombinant clones was performed by digestion with EcoRV. Control plasmid with 

inverted target sequence was obtained using the following oligodeoxynucleotides: 5’-

TCGAGATATCAGGGACTCTCCCGACTCTACGCCTGC-3’ and 5’-

GGCCGCAGGCGTAGAGTCGGGAGAGTCCCTGATATC-3’. 

 

Cell cultures and transfections 

Human hepatocarcinoma cell lines HepG2 and HuH-7 were cultured in RPMI 1640 and DMEM 

respectively, containing 10% fetal bovine serum, 2 mM L-glutamine, 50 U/ml penicillin and 100 

g/ml streptomycin. The day before transfection, cells were trypsinized and seeded in medium 

without antibiotics. Transfections were then performed with Lipofectamine2000, using 50nM 

MiRidian mir-125a-5p mimic, miRIDIAN miR-125a-5p hairpin inhibitor, or their control molecules 

with unrelated sequences (Dharmacon, Lafayette, CO). Mature miRNA sequences were: 5’-

UCCCUGAGACCCUUUAACCUGUGA-3’ for hsa-miR-125a-5p, 5’-

UCACAACCUCCUAGAAAGAGUAGA-3’ for microRNA mimic negative control, 5’-

UUGUACUACACAAAAGUACUG-3’ for microRNA mimic negative control #2.  Negative 

controls were non-targeting mimics whose sequences are based on C. elegans microRNAs with 

minimal sequence identity in mammals.  For luciferase reporter assays, miRNA mimic and inhibitor 
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were transfected along with 200 ng or 50 ng of reporter plasmids in HepG2 and HuH-7, 

respectively. 

 

Luciferase reporter assay 

Assay was performed 48 h after transfection. Luciferase assays were performed using the Dual-

Luciferase Reporter Assay System (Promega). Briefly, cells were washed with phosphate buffered 

saline and lysed chemically. Lysates were then centrifuged to remove cellular debris and 20 µl of 

the supernatants were loaded into an automated luminometer (Turner Biosystems). Then the 

instrument performed a sequential auto-injection of 100 µl of Luciferase Assay Reagent II 

(substrate for firefly luciferase) and 100 µl of Stop and Glow Reagent (stop solution for firefly 

luciferase containing the substrate for Renilla luciferase). The mean of the luciferase activities 

measured for 10 s each were used to calculate ratios between Renilla and firefly luciferases. 

 

Cell proliferation assay and flow cytometry 

Cells were plated in 96-well microtiter plates and their growth was evaluated by quadruplicate 

analysis with MTT assay, as detailed below. 50 µl of 1mg/ml 3-(4,5-Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium bromide (MTT) were mixed with 200 μl of medium and added to the well. 

After one hour of incubation at 37 °C, the medium was removed and the purple formazan crystals 

produced in the viable cells were solubilized in 100 μl of dimethyl sulfoxide and quantitated by 

measurement of absorbance at 570 nm with a plate reader. Flow cytometry was performed with a 

FACScan equipment from Becton Dickinson. Cells were seeded in 100-mm plates at the density of 

1 × 10
6
 cells/plate, treated with the test molecule for 72 h, collected, and stained in a propidium 

iodide solution  (50 μg PI in 0.1% sodium citrate, 0.1% NP40, pH 7.4) for 30 minutes at 4 °C in the 

dark. Flow cytometry analysis was performed using a FACScan flow cytometer (Becton 

Dickinson). To evaluate cell cycle, propidium fluorescence was collected as FL2 (linear scale) by 

the ModFIT software (Becton Dickinson). For the evaluation of intracellular DNA content, at least 
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20,000 events for each point were analyzed in at least three different experiments giving an SD less 

than 5%. 

 

RNA purification and real-time PCR 

Total RNA was purified from cultured cells using the miRNeasy Mini Kit (Qiagen); the RNA 

concentration was determined spectrophotometrically with NanoDrop 2000c (ThermoScientific). 

MiR-125a was quantified along with RNU6B (reference gene) by RT-qPCR with TaqMan® 

miRNA assays from Applied Biosystems according to the manufacturer’s protocol. The expression 

levels of transcripts targeted by miR-125a were determined by RT-qPCR with iTaq™ Universal 

SYBR
®
 Green Supermix (Bio-Rad). In particular, 200 ng of RNA were retrotranscribed by 

Transcriptor High Fidelity cDNA Synthesis Sample kit (Roche) using random examer primers; 1 µl 

of the cDNA product was then used to amplify the target sequences along with GAPDH as 

reference.  Primers were: GAPDH, 5’-GAAGGTGAAGGTCGGAGTC-3’ and 5’-

GAAGATGGTGATGGGATTT-3’; ERBB3, 5’-CCCTGCCATGAGAACTGCAC-3’ and 5’-

TCACTGTCAAAGCCATTGTCAGAT-3’; SIRT7, 5’-GTCTGCATGAGCAGAAGCTG-3’ and 

5’-GGAACGCAGGAGGTACAGAC-3’; VEGF-A, 5’-GGAGGAAGGAGCCTCCCTC-3’ and 5’-

TGTTCTGTCGATGGTGATGG-3’; c-Raf, 5’-GCAATGAAGAGGCTGGTAGC-3’ and 5’- 

GGAGCAGCTCAATGGAAGAC-3’.  Primers for ERBB2, MMP11, and Zbtb7a were from the 

literature (Bi et al., 2012; Hojo et al., 2015).  The expression levels of miR-125a and its targeted 

transcripts were normalized to their respective reference genes by using the 2
-Ct

 method (Marra et 

al., 2013). Comparison of the data sets was performed by Student’s t-test and a value of p < 0.05 

was considered significant. 

 

Protein extraction and western blotting  

Cells were lysed with 1% Triton X-100, 0.5% sodium deoxycholate, 100 mM NaCl,  1 mM EDTA, 

10 mM Na2HPO4, pH 7.4, 10 mM PMSF, 25 mM benzamidin, 1 mM leupeptin, 0.025 units/ml 
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aprotinin. Lysates were clarified by centrifugation; 40 g protein samples were then separated by 

10% SDS–polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (GE 

Healthcare) (Esposito et al, 2012; Vitiello et al, 2008). Blots were treated with antibodies against 

p21, p27, SIRT7, and tubulin from Cell Signaling Technology and Santa Cruz Biotechnology. 

Immunoreactive bands were detected with the horseradish peroxidase conjugated anti-rabbit 

antibody (Santa Cruz Biotechnology) and Immobilon™ Western Chemiluminescent HRP Substrate 

(Millipore). 
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Results  

 

Antiproliferative activity of miR-125a toward hepatocarcinoma cells  

Several studies attribute to miR-125a an anti-proliferative activity (for a review see Potenza and 

Russo, 2013). In breast cancer it counteracts cell proliferation by down-regulation of ERBB2, 

ERBB3 and/or HuR (Scott et al., 2007; Guo et al., 2009). In hepatocellular carcinoma (HCC) 

Hep3B and SNU-449 cells, ectopic expression of miR125a inhibits cell proliferation through 

targeting of SIRT7 and subsequent arrest of cell cycle in G1 phase (Kim et al., 2013).  To gain new 

insights into this interesting activity, we transfected another HCC cell line, HuH-7, with miR-125a 

mimic or control miRNAs with unrelated sequences and cell proliferation was evaluated by MTT 

assay.  In this system, the miRNA inhibited cell growth by 35 % (Fig. 1a).  Ctrl-miRNA was 

selected as control for the subsequent experiments. FACS analyses of treated cells showed that 

miR-125a had no effects on apoptosis, autophagy and cellular senescence (data not shown). In 

contrast, it affected cell cycle by increasing the portion of cells in G1 phase (Fig. 1b). Further 

analyses by western blot then revealed that p21 and p27, two regulators of G1/S cell cycle 

progression, were up-regulated and SIRT7 was down-regulated (Fig. 1c). Overall, these data 

suggest that miR-125a counteracts HuH-7 cell proliferation by downregulating SIRT7 and 

subsequent p21- and p27-dependent cell cycle arrest in G1.  

 

MicroRNA 125a mediates the antiproliferative activity of sorafenib  

In a previous study we have showed that sorafenib inhibits proliferation of HuH-7 and HepG2 cells 

with IC50 values of 5 and 6 µM, respectively (Stiuso et al., 2015).  We then considered the 

possibility that sorafenib may exert this activity by recruiting miR-125a.  To test this hypothesis, the 

effect of sorafenib on miR-125a expression was evaluated. HepG2 and HuH-7 cells were treated 

with sorafenib at concentrations equal to their IC50s and miR-125a expression was quantitated by 
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RT-qPCR. These analyses revealed an increased miR-125a expression, compared to the untreated 

cells, with an up-regulation at 72 h of 3.2- and 3.4-fold for HepG2 and HuH-7, respectively (Fig. 2). 

Sorafenib treatment of HuH-7 cells was then combined with the modulation of miR-125a 

activity. Treated cells were transfected with either miR-125a mimic or miR-125a inhibitor and cell 

proliferation was evaluated. As shown in Fig. 3a, both sorafenib and the miRNA were able to 

inhibit cell growth but the combination of the two molecules didn’t yield any additive effects.    

Conversely, the inhibition of miR-125a counteracted the antiproliferative activity of sorafenib (Fig. 

3b). These data strongly suggest that miR-125a is a downstream effector in the antiproliferative 

pathway triggered by sorafenib.  

Since miR-125a inhibitor antagonized the effect of sorafenib on cell growth, the mechanism 

underlying this activity was further investigated. First, cell cycle progression was examined using 

flow cytometry. As shown in Figure 1b, treatment with sorafenib induced a significant 

accumulation of cells in the G0/G1 and G2/M phases and a decrease of cells in S phase when 

compared to control; miR-125a mimic potentiated the effects of sorafenib by additionally increasing 

the cells in G2/M phase and reducing cell accumulation in S phase, while the inhibitor antagonized 

the G1/S block  induced by sorafenib (p<0.05).  

p21 plays a key role as cell cycle checkpoint regulator by inhibiting cell cycle progression 

and blocking the transition from G1 to S phase (Xiong et al., 1993). Previous studies showed that 

sorafenib induced a significant p21 down-regulation in several human carcinoma cell lines and this 

downregulation occurred independently from RAF/MEK/ERK signalling pathway (Dasmahapatra 

et al., 2007; Inoue et al., 2011). Also in our experimental system, sorafenib significantly reduced the 

expression of p21 (Fig. 1c).  However, when miR-125a mimic was combined with sorafenib, the 

reduction of p21 was largely abrogated whereas the inhibitor potentiated its downregulation. On the 

other hand, sorafenib increased p27 espression and this effect was enhanced by miR-125a mimic 

and antagonized by miR125a inhibitor.  Overall, these data indicate that miR-125a contributes to 
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the antiproliferative pathway triggered by sorafenib because it attenuates the downregulation of p21 

and enhances the upregulation of p27, thus potentiating cell cycle arrest.  

 

Other oncogenic targets of miR-125a 

MiR-125a is known to interfere with expression of ERBB2 and ERBB3 in human breast cancer cell 

lines (Scott et al., 2007); it also downregulates SIRT7, MMP11 and VEFG-A in hepatocellular 

carcinoma cell lines (Bi et al., 2012; Kim et al., 2013); finally, a recent report shows its ability to 

suppress the expression of Zbtb7a proto-oncogene in lung cancer cells (Hojo et al., 2015).  We then 

tested the ability of miR-125a to downregulate these targets in our experimental system. HuH-7 

cells were transfected with miR-125a mimic and the expression of target genes was evaluated by 

RT-qPCR.  This analysis showed that expression of MMP11, Zbtb7a and SIRT7 was reduced by 

31-39%, whereas ERBB2 and ERBB3 and VEGF-A were unchanged (Fig. 4).  We then used 

MiRanda and Targetscan to predict other potential targets of miR-125a and were intrigued by the 

finding that both programs indicated c-Raf as a possible new target gene.  Its expression in HuH-7 

cells was then evaluated following transfection of the miRNA mimic revealing a 32% inhibitory 

effect (Fig. 4).   To rule out the possibility that the effect of miR-125a on c-Raf expression was 

indirect, we validated the miRNA/mRNA interaction by a luciferase reporter assay.  The genomic 

DNA segment of c-Raf containing the putative binding site for miR-125a (Fig. 5A) was cloned in 

psiCheck-2 vector within the 3-UTR region of the Renilla luciferase gene.  Following transfection 

of the construct in HuH-7, luciferase activity was reduced by the endogenous miRNA by 33% (Fig. 

5B).  Transfection of miR-125a mimic further increased inhibition to 75%.  Similar results were 

obtained with HepG2 cells.  Overall, these results suggest that c-Raf is a direct target of miR-125a 

in hepatocarcinoma cell lines and that its downregulation may contribute to the antiproliferative 

activity of sorafenib.  
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 Discussion 

HCC is among the most common malignancies worldwide, with more than 500,000 new 

cases diagnosed each year (Parkin et al., 2005). Sorafenib is used to treat HCC patients with an 

advanced stage of disease or with malignant progression after locoregional therapy (Llovet et al., 

2008; Cheng et al., 2009). Sorafenib is also effective against a variety of other tumors such as renal 

cell carcinoma, breast cancer, colon cancer, non-small cell lung cancer, and melanoma (Wilhelm et 

al., 2008) and there are over 400 clinical trials involving this drug (http://www.clinicaltrials.gov). 

Sorafenib is known to inhibit the activity of several cellular kinases: the serine/threonine kinases c-

Raf (Raf-1) and B-Raf; platelet derived growth factor receptors; VEGF receptors; the cytokine 

receptor c-KIT; the receptor tyrosine kinases Flt-3 and RET; the Janus kinase/signal transducer and 

activator of transcription (JAK/STAT); the mitogen-activated protein kinases MEK and ERK (de La 

Coste et al., 1998; Hwang et al., 2004; Avila et al., 2006; Carlomagno et al., 2006; Wilhelm et al., 

2008). Recent data also indicate that sorafenib induces changes in miRNA expression profiles (Bai 

et al., 2009; Shimizu et al., 2010; Lv et al., 2015).  Considering a potential involvement of miRNAs 

in the antiproliferative activity of sorafenib, we focused our attention on miR-125a.  This miRNA is 

implicated in the hepatocyte/hepatitis B virus interaction, with hepatitis B being one of the most 

important risk factors for HCC development (Potenza  et al., 2011; Coppola et al., 2013; Mosca et 

al., 2014; Federico et al, 2005); miR-125a has functional targets with oncogenic potential in HCC 

and is frequently down-regulated in HCC tissues (Bi et al., 2012; Kim et al., 2013; Potenza and 

Russo, 2013). In addition, in breast cancer miR-125a plays an antitumor role, and the same activity 

has been suggested for gastric, lung and ovarian cancers (Scott et al., 2007; Nam et al., 2008; Guo 

et al, 2009; Li et al., 2009; Wang et al., 2009; Nishida et al., 2011).  

In this study, we first inquired the antiproliferative activity of miR-125a toward HuH-7 cells 

(Fig. 1) and found that the miRNA counteracts cell proliferation by downregulation of SIRT7 and 

subsequent p21- and p27-dependent cell cycle arrest in G1, as already reported for other HCC cell 

lines (Bi et al., 2012; Kim et al., 2013). Then, the effect of sorafenib on miR-125a expression was 

http://www.clinical/
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evaluated, revealing a kinetic of accumulation of the miRNA from 24h to 72h of treatment with the 

drug (Fig. 2). Later, the involvement of miR-125a in the antiproliferative activity of sorafenib was 

verified by modulating its expression in combination with sorafenib treatment. The data revealed 

that intracellular delivery of miR-125a had no additive effect on the antiproliferative activity of 

sorafenib, whereas a miR-125a inhibitor could counteract it (Fig. 3).  

To better understand the mechanisms underlying this effect, cell cycle analysis was 

performed. As shown in Figure 1b, sorafenib blocked G1/S transition; miR-125a mimic potentiated 

this effect whereas the inhibitor antagonized it. Moreover, miR-125a mimic partially prevented the 

down-regulation of p21 induced by sorafenib while the inhibitor additionally downregulated it in 

combination with the drug. On the other hand, sorafenib increased p27 expression and this effect 

was potentiated by miR-125a mimic and antagonized by miR125a inhibitor. The effects on p21 

expression were related to SIRT7 levels whereby SIRT7 inhibits transcriptional activation of 

p21(WAF1/Cip1); in fact, sorafenib increased SIRT7 expression, while miRNA attenuated the up-

regulation of SIRT7 induced by sorafenib. SIRT7 is a direct target of miR-125a; in our case, mimic 

reduced SIRT7 expression, as expected but miR-125a inhibitor did not increased its expression 

probably because these cells express low endogenous miRNA levels and correspondingly high 

target gene expression so the effect of the inhibitor on target gene expression are strictly related to 

endogenous miRNA levels. However, these results show that miR-125a contributes to the 

antiproliferative pathway triggered by sorafenib because it attenuates the downregulation of p21 

expression and enhances p27 upregulation induced by sorafenib by potentiating cell cycle arrest. 

In previous studies it has been shown that sorafenib was able to block cancer cells in G1 

phase of cell cycle (Guan and He, 2011) and cell cycle arrest occurred in parallel with the 

inactivation of p-MEK and p-ERK and cyclin D1 down regulation. In fact, we found that sorafenib 

inhibited pERK1/2 activation and this effect was abrogated by miR-125 inhibitor (data not shown).  

On the other hand, it has been reported that sorafenib decreased p21 levels in several cancer cells 

(Huynh et al., 2009; Inoue et al., 2011; Dasmapathra et al., 2007). Since p21 is a potent inhibitor of 
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cyclin-dependent kinases that acts by inhibiting cell cycle progression and blocking the transition 

from G1 to S phase (Liu  and Lozano, 2005), miR125-a likely enhances the antitumor effects of 

sorafenib by attenuating p21 downregulation that was induced by sorafenib. Increased p21 levels 

could inhibit cell growth by inducing cell cycle arrest while miR-125a inhibitor could antagonize 

these effects by additionally reducing p21 levels and activating Raf/MEK/ERK pathway. 

We finally found that miR-125a interferes with the expression of MMP11, Zbtb7A proto-

oncogene and c-Raf, possibly contributing to the antiproliferative activity of sorafenib. Since 

sorafenib is a specific c-RAF inhibitor (Ambrosini et al., 2008), and miR125a induced upregulation 

of cell cycle inhibitor p21
cip1/waf1

 and reduced c-Raf expression, the dual inhibition of cell cycle 

progression and c-Raf activation coherently combine to explain the antiproliferative activity of the 

drug.   

Overall, this study contributes to the understanding of the mechanism of action of sorafenib, 

an antitumor drug for treatment of advanced hepatocellular carcinoma, highlighting a miRNA-based 

pathway that supports its antiproliferative activity.  This knowledge may also be useful for the 

development of new therapeutic strategies for HCC based on other treatments able to boost the 

cellular reservoir of miR-125a.   
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Figure legends 

 

Fig. 1. Antiproliferative activity of miR-125a. HuH-7 cells were transfected with miR-125a 

mimic, miR-125a inhibitor, or their control RNA molecules with unrelated sequences. After 72 

hours, (a) cell growth was estimated by MTT assay, (b) cell cycle phase distribution was defined by 

FACS analysis, and (c) expression of p21, p27, and SIRT7 was evaluated by western blot (c). 

**p<0.01. 

 

Fig. 2. Up-regulation of miR-125a by sorafenib. HepG2 (a) and HuH-7 (b) cells were treated with 

sorafenib and miR-125a expression was evaluated by RT-qPCR at the indicated times (solid bars) in 

comparison with untreated controls (empty bars). Probability values at Student’s t-test were 

*p<0.05, **p<0.01, ***p<0.001.  

 

Fig. 3. Effect of miR-125a on the antiproliferative activity of sorafenib. HuH-7 cells were 

transfected with miR-125a mimic (a) or miR-125a inhibitor (b) in the presence (solid bars) or 

absence (empty bars) of sorafenib.  After 72 hours, cell growth was evaluated by MTT assay. 

Probability values at Student’s t-test were *p<0.05, **p<0.01, ***p<0.001. 

 

Fig. 4. Functional targets of miR-125a. HuH-7 cells were transfected with 50 nM miR-125a 

mimic and the expression of its targets was evaluated after 48 h by RT-qPCR.  

 

Fig. 5.  Validation of c-Raf as a direct target of miR-125a. a) Predicted base-pairing between 

miR-125a and the 3’-UTR of c-Raf mRNA.  b) Cultured hepatocellular carcinoma cells were 

transfected with the luciferase reporter plasmid psiCheck-2 containing the c-Raf gene 3’-UTR 

segment harboring the putative miR-125a binding site (WT) or a control DNA with inverted 

sequence (I).   Luciferase activity was measured 48 h after transfection.  
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