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Abstract. Hepatocellular carcinoma (HCC) is character-
ized by the aberrant expression of a number of genes that 
govern crucial signaling pathways. The insulin-like growth 
factor (IGF) axis is important in this context, and the precise 
regulation of expression of members of this axis is known 
to be lost in HCC. miR-155 is a well-established oncogene 
in numerous types of cancer. However, to the best of our 
knowledge, its effect on the regulation of the IGF axis has 
not been investigated to date. The present study aimed to 
elucidate the interactions between miR-155 and key compo-
nents of the IGF axis, in addition to examining its effect 
on HCC development. Reverse transcription-quantitative 
polymerase chain reaction was used to measure the expres-
sion of miR-155 in HCC and cirrhotic tissues, in addition 
to HCC cell lines. Furthermore, the effect of the induction 
of miR-155 expression on the expression of three members 
of the IGF axis [IGF II, IGF type-1 receptor (IGF-1R) and 
IGF-binding protein 3 (IGFBP-3)], was analyzed. Finally, 
the effect of miR-155 on HCC cell proliferation, migration 
and clonogenicity was also examined. Quantification of the 
expression of miR-155 demonstrated that it is upregulated in 
HCC. Induction of the expression of miR-155 in HCC cell 
lines led to the upregulation of IGF-II and IGF-IR, and the 
downregulation of IGFBP-3. In addition, the proliferation, 
migration and clonogenicity of HCC was increased following 
induction of miR-155 expression. miR-155 is an oncomiR, 
which upregulates the oncogenes, IGF-II and IGF-IR, and 
downregulates the tumor suppressor, IGFBP-3, thereby 

resulting in increased HCC cell carcinogenicity. Therefore, 
miR-155 may be a therapeutic target in HCC.

Introduction

microRNAs (miRs) are known to be involved in the develop-
ment of hepatocellular carcinoma (HCC). They are non-coding 
microregulators of ~22 nucleotides in length, which are 
involved in the regulation of hepatocarcinogenesis (1). miRs 
may function as oncogenes or as tumor suppressors. An 
example of an oncogenic miR, or oncomiR, is miR-221. HCC 
cells were shown to overexpress miR-221, which, in turn, 
enhances HCC cell proliferation, migration and invasion 
by enhancing AKT signaling (2-4). By contrast, miR-122, a 
tumor suppressor, is the most abundantly expressed miR in the 
healthy liver, while it is downregulated in HCC (5). Inducing 
the expression of miR-122 has been shown to induce apoptosis 
and suppress proliferation in HepG2 and Hep3B cells, which is 
in part due to direct targeting of Cyclin G1 (6,7).

miR-155 has been demonstrated to be involved in the devel-
opment of a number of types of malignancies, such as B cell 
malignancies (8), breast cancer (9) and colon cancer (10), in 
addition to hepatocellular carcinoma (11), which was the focus 
of the present study. It has been reported that miR-155 is an 
oncomiR that is frequently upregulated in HCC (12). miR-155 
was found to be involved in the initiation of hepatocarcino-
genesis, in which it provided a link between inflammation and 
HCC. Zhang et al (13) reported that the inflammation‑related 
transcription factor, nuclear factor κB, induces upregulation of 
miR-155, which in turn promotes tumorigenesis by activating 
Wnt signaling. Similarly, loss of function studies demonstrated 
that silencing miR-155 leads to G0/G1 cell cycle arrest and 
increased cell death (13). This is in accordance with other 
observations, where the upregulation of miR-155 in HCC has 
been shown to correlate with the upregulation of oncogenes, 
such as cyclin D1, c-MYC and matrix metalloproteinase-9 (14), 
and the downregulation of tumor suppressors, such as phos-
phatase and tensin homolog and CCAAT/enhancer binding 
protein β (12). Therefore, miR-155 is hypothesized to be a 
potential target for the treatment of HCC.

Insulin-like growth factor-II (IGF-II) is a member of a 
complex system, termed the IGF axis. The IGF axis consists 
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of two ligands, two receptors and six IGF-binding proteins 
(IGFBPs). Upon binding of the ligands to the tyrosine 
kinase receptor, IGF type-1 receptor (IGF-1R), activation of 
the RAF/MEK/ERK and the PI3K/AKT/mTOR mitogenic 
signaling pathways occurs, which leads to the induction of cell 
proliferation, differentiation and survival (15). Uncontrolled 
IGF-II-IGF-1R interaction, and consequent excessive intracel-
lular mitogenic signals, is a common feature of a number of 
types of cancer. This is ordinarily restricted by the presence of 
IGFBPs, which sequester IGF-II in the blood and thereby limit 
its interaction with IGF-1R (16).

Three IGF axis members are known to be involved in the 
development of HCC. IGF-II has been reported to be upregu-
lated in HCC tissues, and this increase in expression was 
correlated with cancer cell proliferation and tumor neovascu-
larization (17,18). IGF-1R has also been demonstrated to be 
upregulated in HCC. Rodriguez-Tarduchy et al (19) reported 
that the primary tumorigenic effects of IGFs are regulated 
by IGF-IR. By contrast, the expression of IGFBP-3 has been 
found to be downregulated in HCC, and appears to exhibit 
tumor suppressor effects, by neutralizing IGFs and inducing 
the expression of p53 (20).

Based on preliminary in silico miR-mRNA binding 
predictions, the current study aimed to investigate the effect of 
miR-155 on the three IGF axis family members, and on HCC 
cellular functions.

Patients and methods

Patients. The present study included 23 patients with HCC, 
who underwent liver transplant surgery in the Kasr El Einy 
Hospital (Cairo University, Cairo, Egypt). Four samples of 
cirrhotic tissues were taken from a subsection of these patients 
with focal HCC lesions. Ten biopsies from healthy livers were 
obtained. According to the agreement between the ethical 
review committee of the German University in Cairo and the 
institutional review board of Cairo University, ethical approval 
was obtained for the present study. In addition, all participants 
provided written informed consent. The institutional ethics 
committees approving this research comply with the princi-
ples set forth in the international reports and guidelines of the 
Helsinki Declaration and the International Ethical Guidelines 
for Biomedical Research Involving Human Subjects, issued 
by the Council for International Organizations of Medical 
Sciences. The majority of the patients (66.6%) had >1 focal 
lesion, as indicated in the pathology report, and were subjected 
to clinical assessment, as summarized in Table I.

Cell cultures. HuH-7 and HepG2 cells were maintained 
in Dulbecco's modified Eagle's medium (Lonza, Basal, 
Switzerland), supplemented with 4.5 g/l glucose, 4 mmol/l 
L-glutamine, 10% fetal bovine serum and Mycozap (1:500, 
Lonza) at 37˚C in a 5% CO2 atmosphere.

Transfection of miR oligonucleotides. HuH-7 and HepG2 cell 
lines were transfected with miScript™ miRNA mimics/inhibi-
tors of miR-155, and scrambled miRs (Qiagen, Venlo, The 
Netherlands). All transfection experiments were conducted 
at room temperature using HiPerfect Transfection Reagent 
(Qiagen), according to the manufacturer's instructions. 

Experiments were performed in triplicate and repeated 3 times. 
Cells that were exposed only to the transfection reagent were 
designated mock cells; cells transfected with scrambled 
miRs were designated as Scr-miR cells; cells transfected 
with miR-155 mimics were designated miR-155 cells; and 
cells transfected with the miR-155 inhibitor were designated 
anti-miR-155 cells. Cells were lysed 48 h posttransfection and 
total RNA was extracted for further analysis.

mRNA and miR extraction from liver biopsies and HCC cell 
lines. mRNA and miR were extracted from liver biopsies 
and the HCC cell lines. Fresh liver samples (HCC, cirrhotic 
and healthy tissues) were collected during surgery and were 
immediately snap-frozen in liquid nitrogen. The specimens 
were manually pulverized in liquid nitrogen and ~100 mg of 
the resulting tissue powder was used for large and small RNA 
extraction, using mirVana miRNA Isolation kit (Ambion Life 
Technologies, Austin, TX, USA), according to the manufactur-
er's instructions. Cells were harvested 48 h after transfection, 
according to the HiPerfect Transfection Reagent instructions. 
For transfection of HuH-7 cell, 150 ng oligonucleotides was 
used and for HepG2 cells, 300 ng oligonucleotides were used 
in 6‑well plates. The RNA yield was quantified using a V-530 
UV-Vis Spectrophotometer (Jasco International Co., Ltd., 
Tokyo, Japan), and RNA integrity was tested by 18S rRNA 
bands detection on 1% agarose gel electrophoresis. RNA 
samples with an Optical Density 260/280 of >2 were excluded.

miR and mRNA quantification. Extracted miRs were reverse 
transcribed into single stranded cDNA, using a TaqMan® 
MicroRNA Reverse Transcription kit (Applied Biosystems 
Life Technologies, Foster City, CA, USA), and specific primers 
for hsa-miR-155 and RNU6B. IGF-II mRNA was reverse 
transcribed into cDNA, using the high-capacity cDNA reverse 
transcription kit (Applied Biosystems Life Technologies), 
according to the manufacturer's instructions. The relative 
expression of miR-155 to that of RNU6B, as well as that of 
IGF-II, IGF-1R and IGFBP-3 to that of β-microglobulin, 
was quantified with TaqMan Real‑Time Q‑PCR (ABI Assay 
IDs: 002623, 001093, Hs01005963_m1, Hs00609566_m1, 
Hs00365742_g1 and Hs00984230_m1 respectively), using 
StepOne™ Systems (Applied Biosystems Life Technologies). 
The polymerase chain reaction (PCR) for miR quantification 

Table I. Clinical assessment of 23 patients with HCC.
 
Parameter Value
 
Age (years) 49±13.5
Aspartate aminotransferase (U/l) 100.5±65.8
Alanine aminotransferase (U/l) 85.6±95.6
Alkaline Phosphatase (U/l) 110.2±60.7
Serum albumin (g/dl) 4.6±1.5
Serum α fetoprotein (ng/ml) 155.7±22.3

Data are presented as the mean ± standard deviation. Male:female, 
2:1. All patients were positive for hepatitis C virus antibody. HCC, 
hepatocellular carcinoma.
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included 1 µl TaqMan Small RNA Assay (20X) specific for 
miR-155 or RNU6B and 1.33 µl cDNA from the miR-155 or 
RNU6B RT reactions, respectively. TaqMan Gene Expression 
Assay (1.25 µl) specific for each of the three target genes, 
IGF-II, IGF-1R and IGFBP-3, and 5 µl cDNA from the mRNA 
reverse transcription reaction were used for quantification. For 
both reactions, TaqMan Universal PCR Master Mix II (2X) 
was used for quantifications (Applied Biosystems Life Tech-
nologies) and the cycling conditions were as follows: 2 min 
at 50˚C and 10 min at 95˚C followed by 40 cycles of 15 sec at 
95˚C and 60 sec at 60˚C. The relative expression was calcu-
lated using the 2-∆∆Ct method. All PCR reactions, including 
controls, were run in duplicate.

Cell proliferation assay (BrdU). HuH-7 and HepG2 cells 
were seeded 24 h prior to transfection in black 96-well plates, 
and transfected with 12.5 ng and 25 ng oligonucleotides, 
respectively, according to the HiPerfect instructions, with 
an initial constant cell count of 5x104 cells/well. At 48 h 
following oligonucleotide transfection, cells were labeled with 
BrdU labeling reagent for 4 h (final concentration, 100 uM), 
using the Cell Proliferation ELISA (Roche Applied Science, 
Penzberg, Germany). Cells were then fixed using FixDenate 
for 30 min and incubated with Anti‑BrdU POD (final concen-
tration, 10 uM) for 90 min. Colorimetric measurements were 
performed using Wallac 1420 Victor2™ Multilabel Counter 
(PerkinElmer, Inc., Waltham, MA, USA). All cell proliferation 
experiments were conducted in triplicate and repeated three 
times.

Cell scratch wound healing assay. HuH-7 and HepG2 cells 
were cultured to 80-90% confluence in 6-well plates. At 
48 h post-transfection, 5 scratches/well were made in each 
plate with 200-µl pipette tip. Detached cells were removed 
using serum-free medium. Medium [Dulbecco's modified 
Eagle's medium supplemented with 4.5 g/l glucose, 4 mmol/l 
L-glutamine, 1% fetal bovine serum and Mycozap (1:500)] 
was then added and culture plates were incubated at 37˚C for 
48 h. Migration was then documented and wound closure was 
quantified with Image J software for Windows (version 1.48; 
http://rsbweb.nih.gov/ij/download.html), by measuring 
the surface area covered by the cells. All Scratch assays 
were conducted in duplicate (two wells/test, representing 
10 scratches/test) and repeated three times.

Colony‑forming assay. HuH-7 cells were seeded at an initial 
count of 1,000 cells/well and left to adhere overnight. Cells 
were then transfected with miR-155 mimics, inhibitors or small 
interfering RNA to IGF-II (siIGF-II). At 24 h post-transfection, 
cells were detached by trypsinization, and embedded on a gel 
composed of a soft 0.36% (w/v) agarose bottom layer and a 
hard 0.76% cell-free media-enriched agarose top layer. Cells 
were incubated at 37˚C and colonized for 2 weeks. Colonies 
were observed under a light microscope (Axio Observer A1; 
Zeiss, Oberkochen, Germany) and the number of cells in each 
well was counted. All colony-forming assays were conducted 
in duplicate (two wells/test) and repeated three times.

Bioinformatics. Bioinformatics algorithms; microrna.org 
(www.microrna.org), miRDB (www.mirdb.org/miRDB/), 

DIANA Lab (www.diana.cslab.ece.ntua.gr/) and Target 
Scan (www.targetscan.org/) were used to predict 3'-UTR 
downstream targets for miR-155. 5'-UTR regions were 
predicted using bibiserv software (Bielefeld University 
Bioinformatics Server; http://bibiserv.techfak.uni-bielefeld.
de/rnahybrid/submission.html).

Statistical analysis. All data are presented as the mean ± stan-
dard error of the mean. Statistical significance was analyzed by 
performing one-way analysis of variance or paired Student's 
t-tests using GraphPad Prism 5 software (GraphPad Software, 
Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑155 screening in non‑metastatic liver cancer tissues 
and HCC cell lines. miR-155 expression was significantly 
higher in HCC and cirrhotic tissues, and in HCC cell lines, 
compared with that in healthy tissues (P=0.0015, P=0.0036 
and P<0.0001, respectively; Fig. 1).

Bioinformatics. miR-155 accession numbers and mature 
sequences were retrieved using the miRBase database 
(http://www.mirbase.org/). Using different in silico algorithms 
for predicting binding to the downstream targets at the 3'-UTR 
and 5'-UTR positions, miR-155 was shown to target IGF-II 
IGF-1R and IGFBP-3 mRNA. Microrna.org and miRDeep2 
computational algorithms, demonstrated that miR-155 targeted 
the 3'-UTR of the IGF-II ligand and IGF-1R, although not that 
of IGFBP-3 (Table II). By contrast, miR-155 was predicted to 
target the 5'-UTR of IGF-II, IGF-1R and IGFBP-3, according 
to bibiserv software (Table II).

Transfection efficiency of miR‑155 oligonucleotides. HuH-7 
and HepG2 cells transfected with miR-155 mimics, exhibited 
an upregulation in miR-155 expression of 20-fold and 17-fold 

Figure 1. miR-155-5p expression in liver tissues and HCC cell lines. 
miR-155-5p expression was significantly higher in HCC (n=23) and cir-
rhotic tissues, as well as in HuH-7 and HepG2 cell lines, compared with 
healthy tissues (P=0.0015, P=0.0036, P<0.0001 and P<0.0001, respectively). 
miR, microRNA; HCC, hepatocellular carcinoma; HCV, hepatitis C virus. 
**P<0.01; ***P<0.001.
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compared with mock HuH-7 and HepG2 cells, respectively 
(both P<0.0001; Fig. 2).

IGF‑II, IGF‑1R and IGFBP‑3 mRNA expression following 
induction and inhibition of miR‑155 expression. Transfec-
tion of HuH‑7 with miR‑155 mimics resulted in a significant 
increase in the expression of IGF-II mRNA (P=0.0046) as well 
as that of IGF-1R mRNA (P=0.0078), compared with control 
cells. By contrast, a significant downregulation of IGFBP-3 
mRNA expression, compared with that of mock cells, was 
observed (P=0.0458). Inhibition of miR-155, significantly 
repressed IGF-II and IGF-1R mRNA expression in HuH-7 
cells (P=0.0008 and P=0.0006, respectively). By contrast, 
IGFBP-3 mRNA expression was increased in cells transfected 
with miR-155, compared with miR-155 mimic-transfected cells, 
as shown in Fig. 3. The same statistically significant effects were 
observed in HepG2 cells; for example, a significant increase in 
IGF-II mRNA expression was observed in HepG2 cells tran-
fected with miR-155 mimics (P=0.029; data not shown).

Effect of miR‑155 inhibition on cellular functions
Cellular proliferation. Transfection with the miR-155 inhibitor, 
significantly decreased HuH-7 and HepG2 cell prolifera-
tion (P=0.0005 and P=0.0009, respectively), compared with 
that of negative control and mock cells (Fig. 4A). By contrast, 
transfection with miR-155 mimics significantly enhanced 
the proliferation HuH-7 and HepG2 cells (P=0.0017 and 
P=0.0292, respectively Fig. 4A). It is worth noting that cells 
transfected with siIGF-II were used for confirmation and 
showed a negative effect on cell proliferation in Huh7 and 
HepG2 cells (P=0.0005 and P=0.0042, respectively; Fig. 4A), 
similar to the effect of miR-155 inhibitors.

Cellular migration. Images for the 2D scratch-migration 
assay were captured at 5x magnification (21). Migration 

inhibition by miR-155 antagomirs (inhibitors) abrogated 
the migratory effect of miR-155 in HuH-7 and HepG2 cells 
compared with the controls, with coverage of 48 and 76% of 
the original scratch, respectively (Fig. 4B). By contrast, trans-
fection of miR-155 mimics resulted in the promotion of tumor 
cell migration in HuH-7 and HepG2 cells, with coverage of 
89 and 100% of the original scratch, respectively, compared 
with mock and Scr-miR, which exhibited original scratch 
coverage of 84.2 and 82.7%, and 100 and 100%, in the HuH-7 
and HepG2 cell lines, respectively (Fig. 4B). siIGF-II also 

Figure 3. Effect of transfection with miR-155 mimics and inhibitors on 
IGF-II, IGF-1R and IGFBP-3 mRNA expression. Transfection of HuH-7 cells 
with miR‑155 mimics, resulted in a significant increase in IGF‑II and IGF‑1R 
mRNA expression (P=0.0046 and P=0.0078, respectively) compared with 
that in untransfected mock cells. Transfection of HuH-7 cells with miR-155 
mimics resulted in significant downregulation of IGFBP‑3 mRNA expres-
sion (P=0.0458) compared with that in mock cells. Inhibition of miR-155 
significantly repressed IGF‑II and IGF‑1R mRNA expression in HuH‑7 cell 
lines (P=0.0008 and P=0.0006, respectively), while IGFBP-3 expression 
was increased compared with cells treated with miR-155 mimics. The same 
effects were observed in HepG2 cells (data not shown). miR, microRNA; 
IGF, insulin-like growth factor; IGF-1R, IGF type 1 receptor; IGFBP-3, 
IGF-binding protein 3. *P<0.05; **P<0.01; ***P<0.001.

Figure 2. Transfection efficiency of miR‑155 oligonucleotides. HuH‑7 and 
HepG2 cells transfected with miR-155 mimics, exhibited upregulation of 
miR-155 expression by 20-fold and 17-fold, respectively, compared with 
mock cells (P<0.0001 and P<0.0001). miR-155 expression was normalized to 
that of RNU6B, as an internal control. miR, microRNA. ***P<0.001.

Table II. Binding sites of miR-155 to IGF-II, IGF-1R and 
IGFBP-3 UTRs.
 
A, 5'-UTR target regions

IGF family member miR-155 binding position

IGF-II Pos: 658
IGF-1R Pos: 127
IGFBP-3 Pos: 114

B, 3'-UTR target regions

IGF family member miR-155 binding position

IGF-II Pos: 3838
IGF-1R Pos: 4205
IGFBP-3 N/A

Binding site positions: 5'UTR, predicted by bibiserv and 3'UTR, pre-
dicted by microrna.org and miRDeep2. UTR, untranslated region; miR, 
microRNA; IGF-II, insulin-like growth factor II; IGF-1R, IGF type-1 
receptor; IGFBP-3, IGF-binding protein 3; N/A, not applicable.
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significantly decreased the migration of Huh7 and HepG2 
cells compared with mock untransfected cells, with coverage 
of 72.5 and 54.0% (P=0.0002 and P=0.0001, respectively) of 
the original scratch, respectively (Fig. 4B).

Cellular clonogenicity. Inhibition of miR-155 suppressed 
its tumorigenic effect by significantly decreasing the 
colony-forming capability of HuH-7 cells, compared with that 
of untransfected mock cells (P=0.0195; Fig. 4C). This was in 
contrast to the induction of miR-155 overexpression, which 
induced high clonogenicity in HuH-7 cells, compared with 
that of mock cells (P=0.0013; Fig. 4C). Furthermore, siIGF-II 
significantly suppressed colony formation in Huh7 cells 
compared with mock untransfected cells (P=0.0455; Fig. 4C).

Discussion

One of the pathways that may be involved in the pathogenesis of 
human HCC, is the IGF axis. Aberrant expression of members 
of the IGF axis is a hallmark of the initiation, progression and 
metastasis of HCC (21-25). In addition, miR-155 was recently 
demonstrated to be involved in HCC proliferation and migra-
tion (11,26). Therefore, the present study aimed to investigate 
whether an IGF axis-miR-155 interaction exists in HCC. 
In silico analysis demonstrated that miR-155 had putative 
target sites in the 3'-UTR regions of two IGF axis members, 
involved in HCC, namely IGF-II and IGF-1R (Table II). 
The aim of the current study was to examine the interaction 
between miR-155 and certain IGF axis members, in order to 
improve the understanding of the mechanisms underlying the 
development of HCC.

Expression profiling of miR-155 demonstrated higher 
expression of this molecule in liver biopsies from patients with 
non-metastatic HCC and cirrhosis, compared with those from 
healthy controls (Fig. 1). Similarly, when measured in HuH-7 
and HepG2 cell lines, miR‑155 expression was significantly 
upregulated compared with healthy controls (Fig. 1). These 
findings are in accordance with those from other studies, which 
reported the elevation of miR-155 expression in non-neoplastic 
tissues compared with that in normal liver tissues (27), and 
in biopsies from HCV-induced and HBV-induced HCC, 
compared with healthy tissues (11,13). Since the increase in 
miR-155 expression occurs at an early stage of hepatocar-
cinogenesis, even prior to the development of cirrhosis (28), it 
was hypothesized to act as a oncomir, bridging inflammation 
with carcinogenesis (13,29). Functional analysis, performed 
in HuH-7 and HepG2 cell lines, demonstrated that miR-155 
promoted cellular proliferation (Fig. 4A), migration (Fig. 4B) 
and anchorage-independent growth (Fig. 4C). This data is 
in accordance with previous studies, which demonstrated 
that miR-155 promotes invasiveness of HCC cells and tumor 
recurrence, and predicts poor survival in patients with HCC 
following liver transplantation (14,26). Transfection of HuH-7 
cells with inhibitors of miR‑155, resulted in a significant reduc-
tion in the proliferation, migration and anchorage-independent 
growth of these cells, compared with mock cells (Fig. 4A-C). 
This data is in accordance with that from a previous study, 
which reported reduced cell growth and enhanced cell death 
in xenograft tumors, following knockdown of miR-155 expres-
sion in J7 and Mahlavu hepatoma cells (30). In addition, a 
separate study showed that miR-155 overexpression leads to 

Figure 4. Effect of miR-155 inhibition on cellular functions. (A) Cellular pro-
liferation. Inhibition of miR‑155 significantly decreased HuH‑7 and HepG2 
cell proliferation compared with negative control and mock cells (P=0.0005 
and P=0.0009, respectively). This was in contrast to induced miR-155 expres-
sion using miR-155 mimics, which significantly enhanced the proliferation of 
HuH-7 and HepG2 cells (P=0.0017 and P=0.0292, respectively). (B) Cellular 
migration. Inhibition of miR-155 abrogated the effect of miR-155 on the pro-
motion of migration in HuH-7 and HepG2 cells compared with the controls, 
with coverage of 48 and 76% (P=0.0002 and P=0.0001, respectively) of the 
original scratch, respectively. By contrast, transfection of miR-155 mimics 
resulted in the promotion of tumor cell migration in HuH-7 and HepG2 cells, 
with coverage of 89 and 100% of the original scratch, compared with mock 
and Scr-miR, which had an original scratch coverage of 84.2 and 82.7%, and 
100 and 100%, in these cell lines, respectively. (C) Cellular clonogenicity. 
Inhibition of miR‑155 suppressed its tumorigenic effect by significantly 
decreasing the colony-forming ability of HuH-7 cells compared with that 
of with untransfected mock cells (P=0.0195). Induction of miR-155 over-
expression induced high clonogenicity in HuH-7 cells compared with mock 
cells (P=0.0013). miR, microRNA; Scr-miR, scrambled miR; siIGF, small 
interfering RNA specific to insulin‑like growth factor II. *P<0.05; **P<0.01; 
***P<0.001.

  C
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the promotion of cell proliferation and tumorigenesis, and 
the inhibition of hepatocyte apoptosis, through the activation 
of Wnt signaling, by enhancing β-catenin nuclear accumula-
tion with a simultaneous increase in cyclin D1 and c-myc 
expression (13).

This indicates that miR-155 may act through alterna-
tive mechanisms, to link inflammation with tumorigenesis. 
Preliminary in silico analysis demonstrated that miR-155 
has potential target sites in the 3'-UTR regions of IGF-II and 
IGF-1R, although not that of IGFBP-3 (Table II). Despite 
this prediction, IGF-II and IGF-1R mRNA expression was 
significantly upregulated following ectopic induction of 
miR-155 expression in HuH-7 and HepG2 cells, compared 
with that in the respective untransfected mock cells (Fig. 3). 
This overexpression of the downstream targets was restored 
to normal levels following transfection of HuH-7 cells with 
specific antagomirs or miR‑155 (Fig. 3). Ordinarily, miRNAs 
act by base-pairing with 3'-UTR of their target mRNAs, 
thereby hindering their translation into proteins or enhancing 
their degradation (31,32). However, the anticipated downreg-
ulation by miR-155 of its predicted targets did not occur in 
the present study. Further analysis using bioinformatic tools, 
demonstrated that miR-155 has potential target sites in the 
5'-UTR regions of IGF-II and IGF-1R (Table II). The present 
findings were in accordance with those of another study, 
which proposed a new mechanism of action of miRNAs (33). 
The authors reported that 5'-UTR binding may lead to the 
activation of gene expression, through stabilization of the 
mRNA rather than the induction of its degradation, which 
may, in part, explain the observed induction of IGF-II and 
IGF‑1R mRNAs by miR‑155. This was not the first study 
to report the enhancement of target mRNA expression by 
miRNAs as a result of binding to the 5'-UTR region. Other 
studies have demonstrated that miR-122 and miR-346 may 
bind to the 5'-UTR of HCV RNA and Receptor-Interacting 
Protein 140, respectively, resulting in the induction of trans-
lation and thereby the upregulation of the expression of these 
proteins (34-37).

By contrast, the tumor suppressor, IGFBP-3, was predicted 
to bear a putative miR-155 binding site in its 5'-UTR, although 
not in its 3'-UTR (Table II). However, it was observed that 
IGFBP‑3 mRNA expression was significantly downregulated 
in HuH-7 cells transfected with miR-155 mimics, compared 
with the untransfected mock cells (Fig. 3). The translational 
repression by miRNA-mediated 5'-UTR binding has been 
reported for miR-2 in Drosophila (38). The authors reported 
6 miRNA binding sites in the 5'-UTR and in the open reading 
frame, where miR-2 binding inhibits translation initiation in 
a cap-dependent manner, induces mRNA deadenylation and 
decrease 80S complex formation, resulting in inhibition of 
the translation initiation step.

The present results suggest a possible mechanism under-
lying the involvement of miR-155 in the development of 
HCC. Following transfection of HuH-7 cells with miR-155 
mimics, there was a concomitant increase in the mRNA 
expression of IGF-II and IGF-1R, which are mitogenic, and a 
decrease in the mRNA expression of IGFBP-3 mRNA, which 
is a tumor suppressor. This variability in the expression of 
the IGF axis family members, potentiates the tumorigenic 
effect of miR-155 by activating the downstream signaling 

cascade, eventually leading to tumor formation, progression and 
metastasis.

In conclusion, the present study demonstrated that miR-155 
expression is higher in cirrhotic and non-metastatic HCC 
tissues, compared with that in healthy controls (Fig. 1), which 
is in accordance with the results of previous studies, implicating 
its upregulation in each stage of tumor formation beginning with 
inflammation, passing through cirrhosis, and culminating with 
HBV- and HCV-induced HCC (11,27,28). This is in contrast to 
other metastamiRs, such as miR-17-5p, which was found to be 
significantly downregulated in non‑metastatic HCC, while its 
expression was upregulated only in metastatic HCC (39,40). The 
current data indicate that miR-155 is an oncogenic miR that is 
involved early in the development of HCC. To the best of our 
knowledge, the present study demonstrated, for the first time, 
a novel mechanism through which miR-155 regulates multiple 
oncogenic IGF pathway components in HCC. The current 
results provide a rationale for the potential use of miR-155 in 
therapeutic approaches as a 'one for all' target, through which 
multiple oncogenic targets may be inhibited and tumor suppres-
sors induced.
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