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Abstract. Interferon regulatory factor-1 (IRF-1) is a tumor-
suppressor gene induced by interferon-γ (IFNγ) and plays an 
important role in the cell death of hepatocellular carcinoma 
(HCC). HCC tumors evade death in part by downregulating 
IRF-1 expression, yet the molecular mechanisms accounting 
for IRF-1 suppression in HCC have not yet been characterized. 
Previous studies have shown that microRNA-23a (miR-23a) 
can suppress apoptosis by targeting IRF-1. Therefore, we 
hypothesized that miR-23a promotes HCC growth by down-
regulating IRF-1. For the in vivo studies, 7 cases of resected 
HCC and adjacent liver samples were analyzed. For the 
in vitro studies, IRF-1 mRNA and protein were examined in 
HepG2 and Huh-7 HCC cells after IFNγ stimulation by real-
time PCR and western blotting, respectively. To determine 
the role of miR-23a in regulating IRF-1, HepG2 cells were 
transfected with an miR-23a mimic or inhibitor, and IRF-1 
expression was examined. Binding of miR-23a was assessed 
by cloning the 528-bp human IRF-1 3'-untranslated region 
(3'UTR) into luciferase reporter plasmid pMIR-IRF-1-3'UTR. 
The results showed that IRF-1 mRNA expression was down-
regulated in the human HCC tumor tissues compared to that 
in the adjacent background liver tissues. IFNγ-induced IRF-1 
protein was less in the HepG2 tumor cells compared to that 
in the primary human hepatocytes. miR-23a expression was 
inversely correlated with IRF-1, and addition of the miR-23a 
inhibitor increased basal IRF-1 mRNA and protein. Likewise, 
the miR-23a mimic downregulated IFNγ-induced IRF-1 
protein expression, while the miR-23a inhibitor increased 
IRF-1. Furthermore, the miR-23a mimic repressed IRF-1-
3'UTR reporter activity, while the miR-23a inhibitor increased 

the reporter activity. These results demonstrated that IRF-1 
expression is downregulated in human HCC tumors compared 
to that noted in the background liver. miR-23a downregulates 
the expression of IRF-1 in HCC cells, and the IRF-1 3'UTR 
has an miR‑23a binding site that binds miR-23a and decreases 
reporter activity. These findings suggest that the targeting of 
IRF-1 by miR-23a may be the molecular basis for IRF-1 down-
regulation in HCC and provide new insight into the regulation 
of HCC by miRNAs.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most frequently 
diagnosed cancer worldwide, and commonly leads to cancer-
related mortality (1). The molecular mechanisms involved in 
HCC carcinogenesis are a focus of extensive investigation. The 
cell signaling effects of mutagens on specific HCC oncogenes 
and tumor-suppressor genes have been reported.

Interferon regulatory factor-1 (IRF-1) was identified as an 
IFN-inducible master transcription factor that plays important 
roles in immunity and oncogenesis (2). IRF-1 has been identi-
fied as a tumor-suppressor gene through regulation of the cell 
cycle and apoptosis in addition to its function in immuno-
modulation and antiviral response (3-8).

Our previous study found that interferon-γ (IFNγ) induced 
autophagy in HCC cells through IRF-1  (9). Additionally, 
aberrant expression of IRF-1 has been found in many malig-
nant tumors including melanoma, leukemia, gastric and 
breast cancer, and esophageal squamous cell carcinoma (10). 
Carcinogenesis signaling in HCV-mediated HCC was found 
to be related to suppression of IRF-1, and downregulation of 
IRF-1 was found to predict a poor prognosis in HCC (11,12). 
However, the molecular mechanisms of IRF-1-mediated 
suppression of HCC growth are not well defined.

MicroRNAs (miRNAs) are small non-coding RNA mole-
cules of 20-30 nucleotides which specifically recognize and 
suppress particular mRNAs at the post-transcriptional level 
by exerting a translational blockade or causing degradation 
of mRNAs (13). This regulation is involved in fundamental 
cellular processes, including cell cycle, differentiation, 
metabolism, as well as carcinogenesis and tumor progres-
sion (14). Furthermore, miRNAs are frequently observed to 
be dysregulated in HCC (15,16). Recently, a study found that 
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193 miRNAs were differentially expressed in an HCC cell line 
compared to normal liver cells (17). microRNA-23a (miR-23a), 
located in the miR-23a/24/27a cluster, has been shown to be 
upregulated in HCC, and can suppress apoptotic activities in 
HCC cells (15,16,18,19). IFNγ stimulation of melanoma cells 
showed that miR-23a is inversely associated with IRF-1 (20). 
Additionally, research has demonstrated that miR-23a targets 
IRF-1 to suppress the apoptosis of gastric cancer cells and 
facilitates the replication of herpes simplex virus type 1 in 
HeLa cells (21,22).

In the present study, we showed that IRF-1 expression was 
decreased in primary human HCC tumors and human HCC 
cell lines. The expression of IRF-1 induced by IFNγ in hepa-
tocytes and HCC cells demonstrated that miR-23a is inversely 
correlated to IRF-1. We identified an miR-23a binding site in 
the 3'-untranslated region (3-UTR) of the human IRF-1 gene 
and showed that miR-23a decreased the post-transcriptional 
expression of IRF-1. These findings suggest that the targeting 
of IRF-1 by miR-23a may be a molecular basis for IRF-1 
downregulation in HCC and provide new insight into the regu-
lation of HCC by miRNAs.

Materials and methods

Acquisition of human tissue specimens. Seven paired HCC 
and adjacent liver tissues were obtained from patients who 
underwent hepatectomy at the Liver Cancer Center of the 
University of Pittsburgh School of Medicine (Pittsburgh, PA, 
USA). All human tissues were acquired in accordance with 
the University of Pittsburgh Institutional Review Board (IRB) 
approved protocol.

Cell lines. The primary human hepatocytes (hHCs) were 
isolated at the University of Pittsburgh as part of the 
NIH-funded Liver Tissue and Cell Distribution System. The 
hepatocytes were used immediately following receipt and 
cultured in Williams' medium E (Lonza, Walkersville, MD, 
USA) with 5% newborn calf serum. The human HCC cell 
lines Huh-7 and HepG2 and colon cancer cell line HCT116 
were purchased from the American Type Culture Collection 
(ATCC; Rockville, MD, USA). Huh-7 and HepG2 cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
(Lonza), while HCT116 cells were cultured with McCoy's 5A 
medium (Gibco/Life Technologies, Grand Island, NY, USA), 
containing 10% heat-inactivated fetal bovine serum (FBS) 
(Clontech, Mountain View, CA, USA), 100 U/ml penicillin, 
100 µg/ml streptomycin, 15 mmol/l HEPES and 200 mmol/l 
L-glutamine. All cells were incubated at 37˚C in a humidified 
incubator containing 5% CO2.

Quantitative reverse transcriptase-polymerase chain reaction 
(qRT-PCR). Total RNA was extracted with TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's protocol. Then, 1 µg of total RNA from each sample 
was reverse transcribed to single-stranded cDNA with RNA to 
cDNA EcoDry™ Premix (Clontech). One microliter of cDNA 
was diluted 50-fold with nuclease-free water and used as a 
template for the following qRT-PCR. The IRF-1 mRNA 
expression was quantified using the IRF-1 primer, as well as 
the SYBR-Green PCR Master Mix with the StepOne Plus 

Real-Time PCR system (both from Applied Biosystems, Foster 
City, CA, USA). The IRF-1 primers were: 5'-ACCCTGGCTAGA 
GATGCAGA-3' (forward), and 5'-GCTTTGTATCGGCCTGT 
GTG-3' (reverse); GAPDH primers were: 5'-GGGAAGCTTGT 
CATCAATGG-3' (forward), and 5'-CATCGCCCCACTTGA 
TTTTG-3' (reverse). The qPCR cycling conditions used were 
as follows: 95˚C for 10 min, 95˚C for 15 sec, 60˚C for 1 min, 
95˚C for 15 sec and 60˚C for 1 min. Exponential amplification 
had been confirmed up to 40 cycles of the amplification. The 
relative gene expression levels were calculated using the 2-ΔΔCt 
method. All primers were purchased from Invitrogen.

miR-23a expression was determined by quantitative 
RT-PCR using TaqMan miRNA assays according to the 
manufacturer's protocol. Reverse transcription reactions were 
prepared using the TaqMan MicroRNA Reverse Transcription 
kit (Applied Biosystems, Foster City, CA, USA). Each 15 µl 
multiplex reaction contained 10 ng total RNA as template. 
Prior to real-time PCR, the multiplex RT-reactions were diluted 
with 100 µl nuclease-free water. The diluted RT-products were 
mixed with TaqMan Universal PCR Master Mix, without 
UNG (Applied Biosystems). U6 snRNA was used for normal-
ization. miR-23a and U6 snRNA primers were purchased from 
Applied Biosystems. The qPCR cycling conditions used were 
as follows: 50˚C for 2 min, 95˚C for 10 min, 95˚C for 15 sec 
and 60˚C for 1 min. The relative gene expression levels were 
calculated using the 2-ΔΔct method.

Western blotting. Whole protein was extracted with cell lysis 
buffer (Cell Signaling Technology, Danvers, MA, USA). 
Nuclear protein was extracted as previously described (23). A 
total of 20 µg of nuclear protein was electrophoresed on 10% 
SDS-polyacrylamide gels and transferred to polyvinylidene 
difluoide membranes. After blocking with 5% non-fat milk at 
room temperature for 1 h, the membranes were incubated with 
a 1:1,000 dilution of anti‑IRF-1 or lamin A/C (Cell Signaling 
Technology) antibodies overnight, respectively. Lamin A/C 
was used as a loading control. Then, the membranes were 
washed with Tris-buffered saline and Tween-20 (TBST) for 
three times, and incubated with a 1:10,000 dilution of goat 
anti-rabbit secondary antibody for 1 h, and developed onto 
X-ray film using chemiluminescent reagent.

Cell infection. The adenovirus of the miR-23a inhibitor 
(admiRa‑has-miR-23a-Off Virus) and its negative control (NC) 
(admiR-23a-Off Negative Control Virus) were purchased from 
Applied Biological Materials (Richmond, BC, Canada), and 
were amplified by the Vector Core Facility at the University of 
Pittsburgh. Huh-7 and HepG2 cells were infected for 48 h with 
either the ad-NC adenovirus or the ad-miR-23a inhibitor. After 
48 h of infection, the cells were harvested, and then total RNA 
and nuclear protein were extracted to determine the expression 
of IRF-1.

Immunofluorescent staining. Immunofluorescent staining was 
performed according to our previous study (9). Huh-7 cells 
were cultured on coverslips, fixed with 2% paraformaldehyde 
in phosphate-buffered saline (PBS) for 15 min, permeabilized 
with 0.1% Triton X-100 and 10% FBS in PBS for 30 min at 
room temperature, and incubated with the primary IRF-1 
antibodies (Cell Signaling Technology) for 1 h, which was 
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diluted in a 1:150 ratio. Next, Alexa Fluor 488 anti-rabbit 
IgG antibody (1:500; Invitrogen) was applied for 1 h at room 
temperature. After washing with PBS, the slides were stained 
with 4',6‑diamidine‑2'‑phenylindole dihydrochloride (DAPI) 
and mounted, and then observed with a Olympus Fluoview 
FV1000 II microscope (Olympus, Tokyo, Japan).

Plasmid construct. pMIR-IRF-1-3'UTR plasmid was 
subcloned into the multicloning site of the retroviral vector. 
The 528-bp of the human IRF-1 3'UTR sequence containing 
the miR-23a binding site was amplified by PCR from cDNA of 
the HCC cell line Huh-7 and inserted into the cloning site to 
construct pMIR-IRF-1-3'UTR. The primers were: 5'-AAA 
ACTAGTAGTGTCTGGCTTTTTCCTCTGA-3' (forward) 
and 5'-TTTAAGCTTATGACATTTCCAATTTTAA-3' 
(reverse). The recombinant plasmid was re-cut with endonu-
clease HindIII and SacI and sequenced and compared with 
BLAST for confirmation.

Transfection. The mirVana™ miRNA mimics and inhibitor 
of hsa-miR-23a-3p were transfected in cells in 6-well plates 
using Lipofectamine 2000 (Invitrogen) for 48 h according 
to the manufacturer's protocol. miR-23a-3p mimics and 
inhibitors were purchased from Ambion (Life Technologies, 
Grand  Island, NY, USA). The procedure was followed 
according to the manufacturer's protocol. For the luciferase 
assay, the pMIR‑IRF-1-3'UTR plasmid was transfected into 
cells in 12-well plates using Lipofectamine 3000 (Invitrogen) 
for 48 h.

Luciferase assay. The pMIR-REPORT™ miRNA expres-
sion reporter vector system (Applied Biosystems) was used 
to evaluate miRNA regulation and the β-gal reporter control 
plasmid was used to normalize the transfection efficiency. 
HCT116 and HepG2 cells were cultured in a 12-well plate and 
transfected with 200 ng β-gal combined with 500 ng of the 
pMIR-REPORT empty vector or pMIR-IRF-1-3'UTR plasmid. 
Furthermore, the cells were co-transfected with the pMIR-
IRF-1-3'UTR plasmid and 50 pmol of the miR-23a mimic, 
inhibitor and its NC (Ambion), respectively. miRNA NC was 
used to normalize the total volume for transfection. Serum-free 
medium was replaced with growth medium after 6 h. Relative 
luciferase and β-galactosidase activities were measured with 
the reporter lysis buffer and luciferase substrate (Promega, 
Madison, WI, USA). The cells were lysed 48 h after transfec-
tion. The relative luciferase unit (RLU) was measured using the 
Dual-Luciferase Report Assay (BioTek, Winooski, VT, USA).

Statistical analysis. Statistical analysis was performed using 
SPSS for Windows version 19.0 (SPSS, Inc., Chicago, IL, 
USA). Data are presented as the mean ± SD. Student's t-test 
was used for raw data analysis and a value of p<0.05 was 
accepted as statistically significant.

Results

IRF-1 expression is repressed in HCC tumors and HCC cell 
lines. In the in vivo studies, IRF-1 mRNA expression was down-
regulated in 7 of the 7 human HCC tumor tissues compared to 

Figure 1. Expression of interferon regulatory factor-1 (IRF-1) is suppressed in hepatocellular carcinoma (HCC). (A) IRF-1 mRNA expression in 7 cases of 
HCC was decreased compared with the expression level in adjacent non-cancerous background liver samples. The IRF-1 mRNA level was quantified by qPCR. 
(B) IRF-1 mRNA levels were significantly lower in the HCC compared to the non-cancerous liver samples (**p<0.001). (C) IRF-1 mRNA levels induced by 
IFNγ (250 IU/ml) stimulation for 3-24 h were lower in the Huh-7 tumor cells compared to primary human hepatocytes (hHCs). IRF-1 mRNA expression was 
quantified by qPCR. (D) IRF-1 protein levels in the HepG2 cells were lower than hHCs when induced by IFNγ (250 IU/ml) at 3-6 h. IRF-1 nuclear protein was 
measured by western blotting and lamin A/C was used as a loading control. Results shown are representative of three similar experiments.
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Figure 2. Expression of miR-23a is inversely correlated with IRF-1 mRNA in (A) primary human hepatocytes (hHC) and (B) HCC Huh-7 cells induced by 
IFNγ (250 IU/ml) for 3-24 h. Results shown are representative of three similar experiments.

Figure 3. IRF-1 expression is downregulated by miR-23a. IRF-1 mRNA expression as determined by real-time PCR was induced by IFNγ stimulation in 
(A) Huh-7 and (B) HepG2 cells. miR-23a inhibitor increased basal IRF-1 mRNA levels, while the miR-23a negative control (NC) had no effect. (C) The basal 
IRF-1 nuclear protein level in the HepG2 cells was increased by the miR-23a inhibitor. In contrast, the miR-23a mimic decreased the IFNγ-induced IRF-1 
nuclear protein level, while the miR-23a inhibitor had no significant effect compared to IFNγ alone. IRF-1 protein levels were measured by western blotting. 
IFNγ (250 IU/ml) for 6 h. Results shown are representative of two similar experiments.
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that in the adjacent background liver (Fig. 1A and B). In the 
in vitro studies, expression levels of IFNγ-stimulated IRF-1 
mRNA and protein were compared in the human hepatocye 
(hHC) cultures and HCC (Huh-7 and HepG2) cell lines. IRF-1 
mRNA and protein was induced by IFNγ in a time-dependent 
manner; however, the magnitude of induction was markedly 
less in the HCC tumor cells compared to that in the primary 
hHCs (Fig. 1C and D).

miR-23a expression is inversely correlated with IRF-1 mRNA 
in the HCC cell lines induced by IFNγ. IFNγ induced IRF-1 
mRNA expression in the primary hHCs and Huh-7 HCC cells 
in a time‑dependent manner, with a peak IRF-1 mRNA level 
observed at 3 h, which was decreased by 24 h (Fig. 2). Notably, 
miR-23a expression was also increased by IFNγ, however the 
induction peaked at 24 h and was inversely correlated with 
IRF-1 mRNA induction.

miR-23a downregulates expression of IRF-1. To determine a 
cause/effect relationship between miR-23a and IRF-1 expres-
sion, human HCC Huh-7 and HepG2 cells were infected with 
the adenovirus overexpressing the miR-23a (admiR‑23a) 
inhibitor or NC. The miR-23a inhibitor increased basal IRF-1 
mRNA levels 2 to 3-fold as determined by real-time PCR, 
while the NC had no effect (Fig. 3A and B). These findings 
suggest that endogenous miR-23a suppresses basal IRF-1 
mRNA levels in tumor cells, since the inhibitor increased 
basal IRF-1 mRNA. As expected, IFNγ markedly induced 
IRF-1 mRNA expression, however addition of the miR-23a 
inhibitor did not further increase the IRF-1 mRNA (data not 
shown). Basal IRF-1 nuclear protein levels in the HepG2 cells 
were increased by the miR-23a inhibitor. In contrast, miR-23a 
mimic decreased IFNγ-induced IRF-1 nuclear protein levels, 
while the miR-23a inhibitor had no significant effect compared 
to IFNγ alone (Fig. 3C).

Figure 4. IRF-1 nuclear protein in Huh-7 liver tumor cells is increased by the miR-23a inhibitor. (A) Immunofluorescent staining of IRF-1 nuclear protein in 
Huh-7 cells shows low basal expression (scale bar, 10 µm). (B) IFNγ (250 IU/ml, 6 h) strongly induced IRF-1 nuclear protein expression in the Huh-7 cells. 
(C) Expression of miR-23a inhibitor negative control (admiR-23a NC infection for 48 h) did not alter basal IRF-1 protein. (D) Expression of miR-23a inhibitor 
(admiR-23a inhibitor infection for 48 h) increased basal IRF-1 protein.
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To observe the expression of IRF-1 nuclear protein in 
the HCC cells, confocal immunofluorescent staining was 
performed in human Huh-7 cells. Only minimal basal IRF-1 
nuclear protein was observed in resting Huh-7 cells (Fig. 4A). 
As expected, IFNγ strongly induced IRF-1 nuclear protein 
staining  (Fig. 4B). Infection with the admiR-23a inhibitor 
increased basal IRF-1 nuclear protein expression (Fig. 4D), 
while the NC had no effect (Fig. 4C).

miR-23a targets the specific binding site in the IRF-1 mRNA 
3'UTR. miRNAs are known to modulate gene expression 
by binding to specific miRNA sequences in the 3'UTR of 
target genes. Therefore, we used MicroInspector software to 
identify putative miR-23a binding sequence(s) in the 3'UTR 
of the human IRF-1 mRNA. An miR-23a binding sequence 
match was identified at nucleotide 474 in the 528-base pair 
(bp) IRF-1 3'UTR (Fig. 5A). To show a functional role for 
this binding site, the 528-bp human IRF-1 3'UTR was cloned 
into a luciferase reporter plasmid pMIR-IRF-1 3'-UTR and 
transfected into human HCT116 cells. Addition of the miR-23a 
mimic significantly decreased basal luciferase reporter 
activity, while addition of the miR-23a inhibitor significantly 
increased basal reporter activity (Fig. 5B). Transfection with 
the β-galactosidase expression plasmid was used to control for 
transfection efficiency (data not shown). These results suggest 
that miR-23a binds to the human IRF-1 3'UTR region, and 
suppresses post-transcriptional activity.

Discussion

IRF-1 functions as a tumor-suppressor gene to inhibit the 
oncogenesis and progression of malignant tumors through 
regulation of apoptosis and the cell cycle. DNA damage-
inducing cell apoptosis relies on the cooperation of IRF-1 

and p53 pathways (24). Additionally, IRF-1 binds to distinct 
sites in the promoter with upregulation of p53 upregulated 
modulator of apoptosis (PUMA) to activate apoptosis (7). In 
a previous study, we identified that IFNγ induced autophagy 
in HCC cells through IRF-1  (9). In the present study, we 
investigated the mechanism by which IRF-1 is repressed in 
HCC. The major and novel findings were as follows. i) IRF-1 
expression was downregulated in the resected human HCC 
tumors compared to that observed in the background liver. 
ii) miR-23a downregulates the expression of IRF-1 in HCC 
cells; and iii) the IRF-1 3'-untranslated region (3'UTR) has a 
miR‑23a binding site that binds miR-23a and decreases post-
transcriptional activity. These findings suggest that miR-23a 
targeting IRF-1 may be the molecular basis for IRF-1 down-
regulation in HCC and provide new insight into the regulation 
of HCC by miRNAs.

IRF-1 regulates cell apoptosis induced by DNA damage, 
which is dependent on cell type and differentiation (7,25). 
IFNγ induces apoptosis in breast cancer cells through IRF-1 
resulting in caspase cleavage and reduced expression of the 
apoptosis-suppressor gene survivin independent of p53, in 
addition to cell cycle arrest dependent on upregulation of 
p21 (6,26). The expression of IRF-1 has been shown to be 
reduced in several types of malignant tumors and we observed 
that the basal level of IRF-1 was suppressed in IFNγ-induced 
HCC cell lines as well as in HCC tissues when compared to  
that in adjacent non-cancerous tissues, which may account for 
the oncogenesis and progression of HCC.

Several possible mechanisms have been reported to 
account for the inability of IRF-1 to exert a tumor-suppressor 
effect. The genetic alteration of the IRF-1 genotype with loss 
of heterozygosity in leukemia or myelodysplastic syndrome 
(MDS) as well as loss of one IRF-1 allele in esophageal and 
gastric cancers has been reported (10,25). Additionally, inac-
tivation of IRF-1 has been demonstrated in various types of 
cancers. Upregulation of nucleophosmin to inhibit the func-
tion of IRF-1 was observed in myeloid leukemia cells (27). A 
low level of IRF-1 mRNA was discovered in breast cancer and 
HCC (10,25).

In the present study, we investigated the role of the 
specific miR-23a in the post-transcriptional regulation of 
IRF-1. Previous studies demonstrated increased expression 
of miR-23a in HCC along with anti-apoptotic function and 
subsequent promotion of tumor proliferation (18,19). In addi-
tion, miR-23a was believed to play a role in gluconeogenesis in 
HCC, which is involved in the process of liver tumorigenesis 
and correlates with the prognosis of HCC (28). Furthermore, 
miR-23a was noted to play a role in regulating tumor cell 
response to chemotherapeutic agents (29).

We observed that miR-23a and IRF-1 mRNA are inversely 
expressed in human hepatocytes (hHCs) and HCC cell lines 
induced by IFNγ. The miR-23a inhibitor increased basal 
expression of IRF-1 in the HCC cells, while a specific miR-23a 
mimic suppressed IFNγ-induced IRF-1 expression. These find-
ings add new important information to the complex signaling 
pathways in inflammation-associated carcinogenesis.

Previously studies have shown that miRNAs regulate 
hundreds of genes via inducing mRNA degradation or prohib-
iting gene translation by direct binding to the 3'UTR of target 
mRNAs (29-31). Indeed we identified an miR-23a binding 

Figure 5. miR-23a regulates IRF-1 mRNA by binding to the IRF-1 3'-untrans-
lated region (3'UTR). (A)  Bioinformatic analysis indicated a putative 
miR-23a-specific binding site in the IRF-1 3'UTR. (B) IRF-1 3'UTR lucif-
erase reporter activity was decreased by the miR-23a mimic, and increased 
by the miR-23a inhibitor in the HCC HCT116 cells (*p<0.05). Results shown 
are representative of two similar experiments.
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site in the 3'UTR of the human IRF-1 mRNA, and showed 
that this 3'UTR was responsive to the miR-23a mimic and 
inhibitor in the reporter assays. These findings are consistent 
with a recent study showing that miR-23a targets IRF-1 and 
modulates cell proliferation and paclitaxel-induced apop-
tosis in gastric cancer (21). Moreover, miR-23b was shown 
to have an important role in promoting avian leukosis virus 
subgroup J (ALV-J) replication by binding the IRF-1-specific 
sequence (32). Another group showed that IFNγ could induce 
miR-29b by recruiting IRF-1 to binding sites in the miR-29b 
promoter in colorectal cancer (31). In a related study, IRF-1 
was found to regulate miR-203 transcription by binding to the 
miR-203 promoter in cervical cancer (33).

In summary, these results demonstrated that IRF-1 
expression is downregulated in resected human HCC tumors 
compared to background liver. miR-23a inhibition increases 
basal expression of IRF-1, and the finding of a functional 
miR-23a binding site in the 3'UTR of the human IRF-1 gene 
suggests that miR-23a mediates post-transcriptional suppres-
sion of IRF-1. Taken together, these findings are consistent with 
the notion that the targeting of IRF-1 by endogenous miR-23a 
may be the molecular basis for IRF-1 downregulation in HCC. 
These findings also provide new insight into the regulation of 
HCC by miRNAs during inflammatory conditions.
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