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Abstract: MicroRNAs (miRNAs) are classes of small, non-coding RNAs that regulate the translation of target mRNA 
transcripts. In this study, we demonstrated that miR-592 was downregulated in human hepatocellular carcinoma 
(HCC) and could suppress growth of the human HCC cell line HepG2. A tumor oncogene, DEK, was identified as a 
direct target of miR-592. Luciferase report assay indicated miR-592 regulates DEK expression though bind to its 
3’UTR. Furthermore, knockdown of DEK also suppressed cell proliferation of HepG2 cells, which was consist with 
miR-592. At last, we suggested that DEK was upregulated in HCC tissues inversely with miR-592. These results 
demonstrated that miR-592 targets DEK transcript and suppresses HCC cell growth, and may provide potential 
therapeutic target in human HCC.
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Introduction

MicroRNAs are a new group of molecules, 
which are non-coding RNAs that are approxi-
mately 22 nt in length, were identified and 
shown to function as post-transcriptional regu-
lators [1]. Studies have been reported that miR-
NAs are involved in many physiological and 
pathological progresses [2-4]. It has been indi-
cates that many miRNAs function as onco-
genes or tumor suppressors and play an impor-
tant role in cancer initiation and progression by 
regulating their target genes negatively, includ-
ing hepatocellular carcinoma (HCC), breast, 
ovarian, and lung cancers [5-8] as well as gas-
tric adenocarcinoma [9]. By using Taqman miR-
NAs array and reverse transcription polymerase 
chain reaction method, the previous study con-
firmed a set of miRNAs deregulated in HCC tis-
sues compared to the adjacent normal liver  
tissues, including ten up-regulated miRNAs 
(miR-217, miR-518b, miR-517c, miR-520g, miR-
519a, miR-522, miR-518e, miR-525-3p, miR-
512-3p, and miR-518a-3p) and 11 down-regu-
lated miRNAs (miR-138, miR-214, miR-214*, 
miR-199a-5p, miR-433, miR-511, miR-592, 

miR-483-3p, miR-483-5p, miR-708 and miR-
1275) [1]. Among these dysregulated miRNAs, 
miR-592 was largely unexplored in HCC. There- 
fore, the aim of this study was to detect the 
detailed mechanism of this differentially ex- 
pressed miRNAs in the pathogenesis of HCC.

DEK, which encode by DEK gene, is a 43-kDa 
phosphoprotein. It has been indicated to be 
expressed in the proliferating cells and connect 
with chromatin reconstruction, gene transcrip-
tion and cell apoptosis, which was originally 
identified in a subset of acute myeloid leukemia 
patients carrying the t(6;9) translocation [10, 
11]. Previous study has been demonstrated 
that its’ expression levels were significantly 
increased during the progression of colorectal 
cancers [12]. DEK is also a biomarker of cell 
proliferation in breast cancer [13]. Furthermore, 
in lung neuroendocrine carcinomas, the levels 
of DEK are inversely correlated with survival 
rates [14, 15].

However, few studies was about the regulation 
mechanism of DEK during cancer pathogene- 
sis despite its description as one of the most 
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deregulated transcripts involved in cellular pro-
liferation in HCC [16]. In this study, we found 
miR-592 could inhibit the HepG2 cell prolifera-
tion. Then we found that the miR-592 can 
directly target the 3’-UTR region of the DEK 
mRNA by repressing its translation, and conse-
quently suppressing cell growth in HCC. In addi-
tion, knockdown of DEK has the same effect on 
HepG2 cell proliferation. These suggested miR-
592/DEK axis play on important role in HCC 
cell tumorigenesis, and may serve as a target 
for HCC therapeutic.

Materials and methods

Clinical species and RNA isolation

Nine pairs of human HCC tissues and match- 
ed adjacent normal tissues used in this study 
were collected from the affiliated hospital of 
Changchun University of Chinese Medicine. The 
matched adjacent normal liver tissues were 
taken from the distal end of the operative exci-
sions, far from the tumor. All of the samples 
were obtained with the patients’ informed con-
sent and approved by the Ethics Committee of 
affiliated hospital of Changchun University of 
Chinese Medicine. Large and small RNAs were 
extracted from the tissue samples and purified 
using the mirVana miRNA Isolation Kit (Ambion, 
Austin, TX, USA) according to the manufactur-
er’s instructions.

Cell culture and transfection

The human HCC cell line HepG2 was grown in 
RPMI 1640 (GIBCO) supplemented with 10% 
fetal bovine serum, 100 IU/ml penicillin and 
100 lg/ml streptomycin and was incubated at 
37°C in a humidified chamber supplemented 
with 5% CO2. The transfection was performed 
using the Lipofectamine 2000 Reagent (Invi- 
trogen, Carlsbad, CA, USA) following the manu-
facturer’s instructions.

Cell proliferation assay

HepG2 cells were seeded in 96-well plate at a 
density of 4000 cells per well and transfected 
with miR-592 or control 24 hour later after 
seeding. MTT assay was used to measure the 
number of viable, proliferating cells at 24 h  
and 48 h after transfection. The absorbance  
at 570 nm was measured using an lQuant 

Universal Microplate Spectrophotometer (Bio-
tek Instruments).

Colony formation assay

After transfection, the cells were counted and 
seeded in 12-well plates (in triplicate) at 150 
cells per well. Fresh culture medium was 
replaced every 3 days. Colonies were counted 
only if they contained more than 50 cells, and 
the number of colonies was counted from the 
10th day after seeding and then the cells were 
stained using crystal violet.

Fluorescent report assay

The luciferase expression vector pGL3/lucifer-
ase was constructed as previously described 
[2]. The 3’-UTR fragment of DEK containing  
the miR-592 binding site was amplified by PCR 
using the following primers: DEK sense, 5’- 
CGCGAATTCAGAGAGCTAAACCAAGTACTT-3’ and 
DEK antisense, 5’-GGATTTACTGATACGTACATG- 
TACTTCTAGG-3’. The resulting PCR product was 
cloned into pGL3/luciferase at the BamHI and 
EcoRI sites. The RFP expression vector pDs-
Red2-N1 (Clontech, Mountain View, CA, USA) 
was spiked in and used for normalization. The 
transfected cells were lysed with radio immuno-
precipitation assay (RIPA) lysis buffer (DingGuo 
bioconpany, Beijing, China), and the proteins 
were harvested. The intensities of the lucifer-
ase fluorescence were detected with the Fluo- 
rescence Spectrophotometer F-4500 (HITACHI, 
Tokyo, Japan).

Quantitative RT-PCR

Small RNA (5 μg) was reverse transcribed into 
cDNA using M-MLV reverse transcriptase (Pro- 
mega, Madison, WI, USA) with the following 
specific primers: miR-592-RT, 5’-GTCGTATCC- 
AGTGCAGGGTCCGAGGTGCACTGGATACGAAC- 
ATCATC-3’; and U6-RT, 5’-GTCGTATCCAGTGCA- 
GGGTCCGAGGTATTCGCACTGGATACGACAAAA- 
TATGGAAC-3’. The cDNA was used as template 
to amplify either mature miR-592 or an endog-
enous control U6 snRNA by PCR. The PCR was 
performed as follows: 94°C for 3 min, followed 
by 40 cycles of 94°C for 30 s, 50°C for 30 s 
and 72°C for 30 s. The real-time PCR was per-
formed using SYBR Premix Ex Taq (TaKaRa, 
Otsu, Shiga, Japan) on the iQ5 Real-Time PCR 
Detection system (Bio-Rad). Real-time RT-PCR 
was performed to detect the relative level of 
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DEK mRNA. Briefly, a cDNA library was gener-
ated through reverse transcription using M-MLV 
reversetranscriptase (Promega) with large RNA 
(5 μg). The cDNA was used to amplify the DEK 
gene and the β-actin gene, which served as an 
endogenous control. The PCR was performed 
as follows: 94°C for 3 min, followed by 40 
cycles of 94°C for 30 s, 58°C for 30 s and 72°C 
for 30 s. Real-time PCR was performed as 
described above.

Western blot

The cells were harvested 48 h later after trans-
fection, and protein was separated from the 
cytoplasmic protein using Nonidet P40 (NP-40) 
and RIPA. All proteins were resolved on a 6% 
SDS-denaturing polyacrylamide gel and then 

transferred onto a nitrocellulose membrane. 
The membranes were incubated with anti-DEK 
or anti-GAPDH with Blotto overnight at 4°C. The 
membranes were then washed and incubated 
with a horseradish peroxidase-conjugated sec-
ondary antibody. Protein expression was ass- 
essed by enhanced chemiluminescence after 
exposure to chemiluminescent film. Band inten-
sity was quantified using the Lab Works Image 
Acquisition and Analysis Software (UVP, Upland, 
CA, USA).

Statistical analysis

Data are expressed as the means ± standard 
deviation (SD), and P ≤ 0.05 is considered to  
be statistically significant using the Students 
t-test.

Figure 1. Overexpression of miR-592 suppresses cell growth in vitro. A and B: Measurement of miR-592 expression 
levels by real-time RT-PCR. Small RNA was extracted from HepG2 cells transfected with miR-592 mimics or control 
vector, miR-592 ASO (ASO-592) or control oligonucleotides, and U6 snRNA served as an endogenous normalizer. 
The relative miR-592 expression level (mean ± SD) is shown (P < 0.05). C: Measurement of cell growth by the MTT 
assay. After HepG2 cells were transfected with the miR-592 mimics or control vector, the MTT assay was used to 
determine the relative cell growth activity at 24 and 48 h post-transfection. The histogram shows the mean ± SD 
of three independent experiments (P < 0.05). The relative cell growth activity was normalized to the growth activity 
of HepG2 cells in the control groups. D: Effect of miR-592 on cell proliferation as evaluated by a colony formation 
assay. HepG2 cells transfected with miR-592 mimics or control vector were seeded in 12-well plates. On the 10th 
day after seeding, the number of colonies was counted, and the colony formation rate was calculated (P < 0.05). 
E: HepG2 cells transfected with Anti-miR-592 were seeded in 12-well plates. On the 10th day after seeding, the 
number of colonies was counted (P < 0.05).
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Results

MiR-592 suppresses the long-term prolifera-
tion of the HCC cell line HepG2

To determine the role of miR-592 in tumor cell 
proliferation, the MiR-592 mimics and a miR-
592 antisense oligomer were used to overex-
press and block miR-592 expression respec-
tively in HepG2 cells (Figure 1A, 1B). By using a 
MTT assay, overexpression of miR-592 was 
demonstrated to reduce HepG2 cell growth 
compared to control (Figure 1C). The colony for-
mation rate of HepG2 cells transfected with 
miR-592 was significantly lower by approxi-
mately 70% than that of the control group 
(Figure 1D). In contrast, HepG2 cells transfect-
ed with anti-miR-592 showed enhanced prolif-
eration activity in the colony formation assay 
(Figure 1E). These results indicated that miR-
592 suppressed the cell proliferation of HepG2 
cells.

miR-592 directly target DEK in HepG2 cells

Based on the miR-592-induced suppression  
of the proliferation of a HCC cell line, we have 
assumption that miR-592 inhibited the malig-
nancy of HCC cells by regulating oncogenes 
and/or genes involved in cell proliferation or 
apoptosis. Thus, bioinformatic analyses (Tar- 
getScan, miRanda and miRDB) were used to 
identify potential target genes of miR-592. DEK 
was predicated to have two putative miR-592 
binding site within its 3’-UTR (Figure 2A) and 
thus was chosen for further study. To illuminate 
whether miR-592 directly regulates DEK, a 
luciferase reporter system was used to identify 
the target site in the DEK 3’-UTR. The 3’-UTR 
region containing either the predicted miR-592 
binding site or a mutant version of the binding 
site was fused downstream of the luciferase 
gene following a stop codon (pGL3/luciferase-
DEK-3’-UTR or pGL3/luciferase-DEK-3’-UTR-
mut). The HepG2 cells were transfected with 
the reporter vector along with miR-592 mimics 
or a control vector. The fluorescence intensity 
in miR-592 transfected cells was significantly 
lower than in the control group (Figure 2B). In 
contrast, the luciferase intensity increased 
when treated with the miR-592 ASO (Figure 
2D). To further confirm the miR-592 binding 
site, the pGL3-DEK-3’-UTR-mut-1 plasmid and 
the pGL3-DEK-3’-UTR-mut-2 plasmid were con-

structed, which contained a mutated version of 
the predicted miR-592 binding site (Figure 2A). 
The results suggested luciferase intensity from 
the mutated DEK 3’-UTR group was not affect-
ed by the amount of miR-592 (Figure 2C, 2E). 
Taken together, these results indicate that miR-
592 binds directly to the 3’-UTR of DEK, thereby 
repressing gene expression.

DEK is negatively regulated by miR-592

miRNAs may suppress the expression of target 
genes through translational repression or deg-
radation of the target transcript. The results of 
qRT-PCR indicated that overexpression of miR-
592 does not affect the DEK mRNA expression 
compared with the control group (Figure 3A, 
3B). Furthermore, overexpression of miR-592 
reduced DEK protein expression (Figure 3C). In 
contrast, blockage of miR-592 enhanced DEK 
protein expression (Figure 3D). Taken together, 
these results indicated that miR-592 regulates 
endogenous DEK expression through mRNA 
translational repression.

Knockdown of DEK inhibits the growth of 
HepG2 cells in vitro

An RNAi approach was used to conform if the 
knockdown of DEK affects HepG2 cell growth. 
The siRNA expression vector, pSilencer/si-DEK, 
effectively reduce DEK protein levels (Figure 
4A, 4B). The transient transfection of pSilenc-
er/si-DEK into HepG2 cells indicated that 
knockdown of DEK could suppress cell growth 
in 24 h and 48 h after transfection, as deter-
mined by the MTT assay (Figure 4C). The colony 
formation ability of the cells transfected with 
the si-DEK vector was markedly lower than that 
of the control group (Figure 4D). These results 
are consistent with the finding that miR-592 
overexpression can suppress cell growth in 
vitro, which provides further evidence that DEK 
is involved in the miR-592-mediated suppres-
sion of HCC cell growth. Accordingly, the identi-
fication of DEK as a target gene of miR-592 
might explain, at least in part, why miR-592 
could suppresses HepG2 cell growth. 

Quantitative analysis of DEK and miR-592 ex-
pression in human HCC tissue

To determine the expression of miR-592 in HCC 
tumor tissues and adjacent normal tissue, real-
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Figure 2. DEK is a direct target of miR-592. A: The predicted miR-592 binding site on the DEK mRNA 3’-UTR and the 
deletion mutation at the miR-592 “seed region” binding site, involving three nucleotides, on the DEK mRNA 3’-UTR 
are shown. B and C: HepG2 cells were transfected with the wild type (Wt. UTR) or mutated version (Mut. UTR) of the 
Luciferase-DEK 3’-UTR reporter vector as well as the miR-592 mimics or control vector (Ctrl). The miR-592 mimics 
reduced the intensity of the fluorescence from the luciferase-DEK 3’-UTR vector, but the mutation of the miR-592 
binding site restored the intensity of the luciferase fluorescence. D and E: HepG2 cells were transfected with the 
Wt. UTR or Mut. UTR reporter vector as well as anti-miR-592 or the control oligonucleotides. The relative luciferase 
intensity is shown.
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time RT-PCR assay were performed. The results 
indicated that the expression levels of DEK 
were remarkably higher in HCC tissues than in 
the paired adjacent normal tissues. In contrast, 
MiR-592 expression levels were predominantly 
downregulated in HCC tissues (Figure 5).

Discussion

Abnormal regulations of miRNAs have been 
linked to many human diseases, and some spe-
cific miRNAs were connected with the clinico-
pathological features of HCC, especially metas-

Figure 3. MiR-592 regulates DEK mRNA expression via transcript degradation and at the translational level. A and 
B: Measurement of DEK expression levels by RT-PCR. RNA was extracted from HepG2 cells transfected with the miR-
592 mimics or control vector, Anti-592 or control oligonucleotides. The endogenous expression levels of the GAPDH 
mRNA were used for normalization, and the relative DEK expression levels are shown. (P < 0.05). C and D: Measure-
ment of DEK expression levels by Western blot analysis. Protein was extracted from HepG2 cells transfected with 
the miR-592 mimics or control vector, Anti-592 or control oligonucleotides. The endogenous expression levels of the 
GAPDH protein were used for normalization, and the relative DEK protein expression levels are shown (P < 0.05).
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tasis, recurrence, and prognosis [17-19]. The 
present study suggests that miR-592 sup-
presses HepG2 cell growth by directly regulat-
ing DEK. Firstly, in vitro validation experiments 
indicated that the expression of luciferase 
under the control of the DEK 3’-UTR sequence 
can be regulated by miR-592. This down-regu-
lation was shown to be adjusted by the direct 
binding of the miRNA to an identified target site 
in the DEK 3’-UTR as mutation of this region 
wipes out this effect. Secondly, we indicated 

cell proliferation of HepG2 cells were sup-
pressed by knockdown of DEK and by the over-
expression of miR-592 (Figures 1, 4). Thirdly, 
DEK expression was inversely correlated with 
miR-592 levels in HCC tissues. These results 
suggested downregulated miR-592 could lead 
to the upregulated DEK in HCC then promote 
HCC tumorigenesis. 

Previous study has been reported that the level 
of DEK was reduced by butyrate in a dose-

Figure 4. Knockdown of DEK suppresses cell growth and colony formation. A: Measurement of pSilencer/si-DEK 
(si-DEK) levels by real-time RT-PCR. B: DEK protein expression levels were significantly decreased in HepG2 cells 
transfected with si-DEK. C: Cell-independent growth activity of HepG2 cell as determined by the colony formation 
assay. The HepG2 cells were transfected with either the si-DEK or control vector (final concentration 5 ng/lL) and 
seeded in 12-well plates. On the 7th day after seeding, the number of colonies was counted. The calculated colony 
formation rate is shown. In the colony formation assay, the cells were stained by crystal violet, with representative 
pictures of the colonies being shown. D: The cell growth activity of HepG2 cells at the indicated times as determined 
by the MTT assay. The HepG2 cells were transfected with either the si-DEK or control vector. The relative cell growth 
activity is shown (P < 0.05). Values are means ± SD of triplicate experiments.
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dependent manner [20]. Other researchers 
have shown that DEK is a phospho-protein with 
several phosphorylation sites of located on 
chromosome 6p22.3, which most are clustered 
in the carboxy terminal region [21]. Despite its 
broad use as a marker for cellular proliferation 
there have been few studies that revealed the 
correlation between the expression of DEK and 
miRNAs in HCC. Our study provides evidence 
that the upregulation of DEK in HCC, which was 
confirmed by quantitative RT-PCR, may pro-
mote the oncogenic activity of DEK and thereby 
contribute to tumorigenesis. Because DEK is  
a target gene for miR-592, the suppression of 
miR-592 may account for the overexpression of 
DEK in HCC, however, other mechanisms can-
not be eliminated. DEK as a putative diagnostic 
marker and candidate for drug development 
will also be discussed [22]. 

In conclusion, DEK was definite at higher levels 
in HCC tissue compared with normal hepatic 
tissue, and miR-592 was verified to be a direct 
modulator of DEK. The overexpression of miR-
592 suppressed the expression of DEK, lead-
ing to the inhibition of HCC cell growth. These 
finding obviously indicate that DEK expression 
is partially regulated by miR-592 in HCC cells. 
The repression of miR-592 in HCC could con-
tribute to the malignant phenotype by allowing 
high levels of DEK to be detected. Thus, the 
identification of miR-592 and its target gene, 
DEK, in HCC provides a basis for future investi-
gations, to explore the role of this regulatory 

relationship in the physiology and pathophysiol-
ogy of this intriguing protein. In addition, the 
miR-592/DEK axis dynamic may have diagnos-
tic and/or therapeutic value in the future.
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