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Abstract: miR-34a is an important molecule that can inhibit the tumor growth. This study aimed to investigate the 
functional role of miR-34a in hepatocellular carcinoma (HCC) and explore the interaction between miR-34a and 
histone deacetylase 1 (HDAC1). RT-qPCR was employed to detect the mRNA expression of miR-34a and HDAC1 in 
60 HCC tissues. Results showed miR-34a expression in HCC tissues was significantly lower than in normal tissues 
(P<0.05), but HDAC1 expression in HCC tissues was markedly higher than in normal tissues (P<0.05). In addition, 
miR-34a expression was negatively related to HDAC1 expression. miR-34a mimic was transfected into HCC cell 
lines (HepB3 and HepG2). CCK8 assay, colony formation assay and flow cytometry showed miR-34a over-expression 
could inhibit the proliferation of HCC cells and induce their apoptosis. Western blotting indicated miR-34a over-
expression down-regulated the expression of Bcl-2, procaspase-3, procaspase-9 and c-Myc, but up-regulate p21 
expression. Bioinformatics analysis indicated HDAC1 was a target gene of miR-34a. Dual Luciferase Reporter Gene 
Assay and retrieval assay showed miR-34a could act at the 3’UTR of HDAC1 gene to regulate its expression. Thus, 
miR-34a may inhibit the proliferation of HCC cells and induce their apoptosis via regulating HDAC1 expression. Our 
findings provide evidence for the diagnosis and therapeutic target of HCC.
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Introduction

Liver cancer has been the second leading 
cause of cancer related death world wide [1] 
and mainly includes hepatocellular carcinoma 
(HCC) and cholangiocarcinoma. HCC accounts 
for about 90% of primary liver malignancy and 
has high morbidity and high mortality [2]. The 
early diagnosis of HCC is usually difficult, it is 
often highly malignant and frequently diag-
nosed at advanced stage, therefore the res- 
pectable HCC accounts for only 20-30% of 
HCC, the 5-year survival rate of HCC patients is 
only 30-50%, and more than 60% of HCC 
patients will develop metastasis and/or recur-
rence [3, 4]. Other non-surgical treatments for 
HCC (such as chemotherapy, ablation, trans-
catheter hepatic arterial chemoembolization 
[TACE]) usually fail to prevent the recurrence 
and metastasis of HCC [5, 6]. Thus, the early 
diagnosis of HCC and the identification of ther-
apeutic target are crucial for the prognosis of 
HCC.

microRNA (miRNAs) are a group of endogenous 
small non-coding RNA molecules containing 
19-22 nucleotides. miRNAs widely exist in eu- 
karyotic cells. miRNA may bind to the specific 
bases of target mRNA to involve the post-tran-
scriptional regulation, which plays important 
role in a variety of biological processes [7-9]. 
Studies have shown that miRNA can regulate 
the expression of some proteins related to the 
occurrence and development of cancers, exert-
ing anti-tumor effects. The relationship between 
miRNA and tumorigenesis has been a hot topic 
in recent studies [10, 11]. There is evidence 
showing that miR-34a may exert anti-tumor 
effects on esophageal cancer [12], breast can-
cer [13], pancreatic cancer [14] and gastric can-
cer [15]. In HCC, miR-34a expression reduces 
[16]. To further understand the role of miR-34a 
in the pathogenesis of HCC, bioinformatics 
analysis (TargetScan, miRanda target gene pre-
diction database) showed HDAC1 might be a 
target gene of miR-34a. Whether miR-34a is 
able to inhibit the HDAC1 expression to affect 
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the proliferation and apoptosis of HCC cells has 
never been reported. In this study, the expres-
sion of miR-34a and HDAC1 was detected in 
HCC tissues and cells, and their relationship 
was further evaluated, aiming to explore the 
role of miR-34a in the occurrence and develop-
ment of HCC. Our findings may provide a new 
target for the diagnosis and therapy of HCC.

Materials and methods

Clinical samples

HCC tissues and adjacent normal tissues were 
collected from 60 patients with HCC who were 
hospitalized in the Provincial People’s Hospital 
of He’nan between June 2014 and December 
2015. There were 51 males and 9 females with 
the median age of 51 years (range: 38-65 
years). Patients did not receive radiotherapy 
and immune therapy before study. Informed 
consent was obtained from each patient before 
recruitment, and the whole study was approved 
by the Ethics Committee of our hospital. HCC 
was diagnosed by ultrasound examination, CT, 
and pathological examination together with 
blood AFP level and history of hepatitis. 
Adjacent normal tissues were collected at the 
site >2 cm away from the cancer and pathologi-
cal examination confirmed absence of cancer 
cells.

Cell lines and materials

HCC cell lines (HepB3 cells [HB-8064] and 
HepG2 [HB-8065]) were purchased from the 
Type Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China). Cells were main-
tained in high glucose DMEM containing 10% 
fetal bovine serum, 1000 U/ml penicillin and 
100 mg/ml streptomycin (Gibco BRL, Gaither- 
sburg, MD, USA) at 37°C in a humidified envi-
ronment with 5% CO2.

RNA extraction and RT-qPCR

Real time quantitative PCR (RT-qPCR) was 
employed to detect the mRNA expression of 
miR-34a and HDAC1 in HCC tissues and adja-
cent normal tissues. Total RNA was extracted 
with a RNA extraction kit (Qiagen, Venlo, Ne- 
therlands), and then the concentration and 
purity of RNA were determined by NanoDrop 
1000 spectrophotometer (Thermo Fisher Sci- 
entific, Wilmington, DE). RNA was reversely 

transcribed into cDNA with MMLV RTasecDNA 
Synthesis Kit (TaKaRa, Dalian, China) accord- 
ing to manufacturer’s instructions. PCR was 
performed with ABI Power SYBR-Green PCR 
Master Mix (Applied Biosystems, Foster City, 
CA). The copies of target genes were normal-
ized to those of U6 gene, and 2-ΔΔCT method was 
employed to calculate the mRNA expression of 
miR-34a and HDAC1 with β-actin as a refer-
ence control.

miRNA transfection

HCC cells were seeded into 6-well plates at a 
density of 5×104 cells/well before transfection. 
When the cell confluence reached 50-80%, 
transfection was done with LipofectamineTM 
2000 kit (Invitrogen, Carlsbad, CA, USA) accor- 
ding to the manufacturer’s instructions. Cells 
were divided into 3 groups: miR-21 mimic 
group, scramble miRNA group and blank con-
trol group. At 6 h after trasnfection, the me- 
dium was refreshed with complete medium,  
followed by incubation for another 24 h. Then, 
cells were harvested for detections.

Western blotting

At 24 h after transfection, total protein was 
extracted from each group. In brief, cells were 
washed in PBS and then lysed in RIPA, followed 
by protein quantification with BCA assay kit 
(Beyotime, Haimen, China). 50 μ of protein was 
loaded for SDS-PAGE and then transferred onto 
PVDF membrane. After blocking, the mem-
brane was incubated with primary antibodies 
(1:500; mouse anti-human HDAC1, Bcl-2, pro-
caspase-3, procaspase-9, c-Myc and P21; 
Santa Cruz) at 4°C over night. After washing in 
TBS thrice (15 min for each), the membrane 
was treated with horseradish peroxidase conju-
gated goat anti-rabbit secondary antibody 
(1:1000; Santa Cruz) in TBS at room tempera-
ture for 1 h. Detection was done with chemilu-
minescence detection kit (Amersham Phar- 
macia Biotech, Piscataway, NJ). GAPDH (Santa 
Cruz) served as a reference control, and the 
relative protein expression of target genes was 
determined.

Detection of cell proliferation by CCK-8 assay

CCK-8 kit (Dojindo Laboratories, Japan) was 
used to detect cell viability. After transfection, 
HCC cells were seeded into 96-well plates at a 
density of 0.5×104 cells/well. Detection was 
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done in 6 wells per group, and blank controls 
were also detected. At 0, 24 h, 48 h, 72 h and 
96 h, 10 μL of CCK-8 solution was added, fol-
lowed by incubation for 3 h at 37°C. The optical 
density (OD) was measured at 450 nm to reflect 
the cell viability.

Colony formation assay

At 24 h after transfection, cells were digested 
with trypsin and then seeded into 6-well plates, 
followed by incubation at 37°C in an environ-
ment with 5% CO2 for 2 weeks. After crystal vio-
let staining, cell colonies were counted with 
QCapture Pro software under a microscope 
(Olympus SZX12). A cell colony includes at least 
50 cells. The mean number of cell colonies  
was used to reflect the capability of colony 
formation.

Detection of cell apoptosis by flow cytometry 

Annexin V-FITC/PI cell apoptosis detection kit 
(BD Biosciences, SanJose, CA) was used for the 
detection of apoptotic cells. Cells in logarithmic 
growth phase were used to prepare single cell 
suspension at 1×106 cells/ml. After addition of 

propidium iodide (PI) and FITC Annexin V, the 
apoptotic cells were detected by flow cytometry 
(BD Biosciences), and apoptosis rate was cal-
culated. Experiment was done thrice, and data 
were analyzed with Cell Quest software (BD 
Biosciences). 

Dual luciferase reporter gene assay 

The wild type (Wt) and mutant type (Mt) 3’UTR 
of HDAC1 were independently amplified with 
PCR. Genomic DNA was extracted from the 
blood of healthy controls, and the Wt 3’UTR of 
HDAC1 containing miR-34a binding site was 
amplified. The overlap PCR was employed for 
the mutation of seed region of 3’UTR of HDAC1, 
and then the mutant sequence of 3’UTR of Wt 
HDAC1 was obtained. The PCR products were 
inserted into pmirGLO vector to acquire recom-
binant HDAC1-wt and HDAC1-mut. HCC cells 
were seeded into 12-well plates, and the vec-
tors (HDAC1-wt and HDAC1-mut) were indepen-
dently trasnfected into HCC cells with miR-34a 
mimics or scramble miRNA by using Lipofecta- 
mineTM 2000 kit (Invitrogen, Carlsbad, CA, 
USA). 24 h later, dual luciferase reporter gene 

Figure 1. miR-34a and HDAC1 mRNA expression in HCC tissues (RT-qPCR). A: miR-34a expression in HCC tissues re-
duced significantly as compared to normal tissues (P<0.05); B: In HCC tissues, the higher the TNM stage, the lower 
the miR-34a expression was (P<0.05); C: miR-34a in HCC tissues with lymph node metastasis was significantly 
lower than in HCC tissues without lymph node metastasis (P<0.05); D: HDAC1 mRNA expression in HCC tissues was 
markedly higher than in normal tissues (P<0.05); E: In HCC tissues, the higher the TNM stage, the higher the HDAC1 
mRNA expression was (P<0.05); F: miR-34a expression was negatively related to HDAC1 expression in HCC tissues. 
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assay kit (Promega) was used to detect the 
dual luciferase signals.

Rescue experiment

HDAC1 mRNA without 3’UTR was amplified by 
PCR and then connected to pcDNA3.1 eukary-
otic expression vector. pcDNA3.1-HDAC1 vec-
tor expression HDAC1 was obtained. pcDNA3.1-
HDAC1 vector was subsequently transfected 
into HepB3 cells or HepG2 cells together with 
miR-34a mimic or scramble miRNA. 48 h later, 
cells were harvested, and apoptotic cells were 
detected by flow cytometry. Western blotting 
was done to detect HDAC1 protein expression. 

Statistical analysis 

Statistical analysis was done with SPSS version 
18.0. Quantitative data are expressed as mean 
± standard deviation (SD). Comparisons were 
performed with one way analysis of variance 
(ANOVA), and correlation was evaluated with 
Pearson correlation analysis. A value of P<0.05 
was considered statistically significant.

Results

Low miR-34a expression and high HDAC1 
expression in HCC tissues 

RT-qPCR was employed to detect the mRNA 
expression of miR-34a and HDAC1 in HCC tis-
sues from 60 patients. Results showed miR-
34a expression in HCC tissues was significantly 
lower than in normal tissues (P<0.05; Figure 
1A), but HDAC1 expression in HCC tissues 
increased significantly when compared with 
normal tissues (P<0.05; Figure 1D). Moreover, 
the miR-34a expression was negatively related 
to HDAC1 expression (P<0.05; Figure 1F). 
Further analysis revealed that miR-34a expres-
sion in HCC tissues was related to the clinical 
stage and lymph node metastasis (P<0.05; 
Table 1; Figure 1B, 1C), but had no relationship 
with age, gender, cell differentiation, tumor size 
and AFP (P>0.05, Table 1). In HCC tissues, 
HDAC1 mRNA expression was associated with 
clinical stage (P<0.05; Table 1; Figure 1E), but 
had no association with age, gender, cell differ-

Table 1. Association of miR-34a and HDAC1 mRNA expression in HCC tissues with clinicopathological 
parameters
Clinicopathological

n
miR-34a

P value
HDAC1

P value
Characteristics Expression level (median ± SD) Expression level (median ± SD)
Age (yr)
    ≤50 22 0.5545±0.2618 0.198 3.1805±1.2260 0.654
    >50 38 0.4703±0.1966 3.2884±0.6320
Gender
    Male 51 0.4732±0.1963 0.141 3.2402±0.8808 0.872
    Female 9 0.5783±0.2920 3.2978±0.9804
Cell differentiation
    Well 12 0.4733±0.2182 0.914 3.4944±0.9526 0.565
    Intermediately 39 0.5087±0.2314 3.1641±0.9526
    Poorly 9 0.4975±0.2226 3.3400±0.7959
Clinical stage
    I-II 28 0.6300±0.2440 0.000* 2.7693±0.8893 0.000*

    III-IV 32 0.3884±0.1258 3.6684±0.6495
Lymph node metastasis
    No 44 0.5441±0.2340 0.013* 3.1548±0.9384 0.123
    Yes 16 0.3831±0.1438 3.5075±0.6919
AFP (μg/L)
    <400 23 0.4748±0.2104 0.467 3.3035±0.8800 0.709
    ≥400 37 0.5176±0.2339 3.2149±0.9031
Tumor size (cm)
    <5 38 0.5153±0.2324 0.518 3.1284±0.8410 0.185
    ≥5 22 0.4768±0.2127 3.4568±0.9471
Note: *P<0.05.
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entiation, lymph node metastasis, tumor size 
and AFP (P>0.05; Table 1).

miR-34a over-expression inhibits proliferation 
of HCC cells in vitro 

miR-34a mimic or Scramble miRNA was trans-
fected into cells, and CCK-8 assay and colony 
formation assay were performed to evaluate 
the effect of miRNA-34a on cell proliferation. At 
24 h after transfection with miRNA-34a mimic, 
CCK-8 assay showed the proliferation rate of 
HepB3 cells and HepG2 cells reduced marked-
ly as compared to Blank control group and 
scramble group (P<0.05), and this difference 
was more obvious at 48 h and 72 h after trasn-
fection. However, no significant difference was 
observed between blank control group and 
scramble group (P>0.05) (Figure 2). Colony for-
mation assay showed the number of cell colo-
nies after transfection with miRNA-34a mimic 
reduced dramatically when compared with 
blank control group and scramble group (P< 
0.05) (Figure 3). These suggest that miRNA-
34a over-expression is able to inhibit the prolif-
eration of HepB3 cells and HepG2 cells.

miR-34a over-expression induces apoptosis of 
HCC cells in vitro 

We speculated that the miRNA-34a induced 
inhibition of HCC cell proliferation was related 
to the induction of their apoptosis. Thus, flow 
cytometry was performed to detect apoptotic 

cells after transfection with miRNA-34a. Re- 
sults showed, after transfection with miRNA-
34a mimic, the apoptosis rate of HepB3 cells 
and HepG2 cells increased significantly, when 
compared with blank control group and scram-
ble group (P<0.05; Figure 4A, 4B). This indi-
cates that miRNA-34a is able to promote the 
apoptosis of HepB3 cells and HepG2 cells.

Western blotting was performed to detect the 
expression of cell apoptosis related proteins 
and cell cycle related p21 after transfection 
with miRNA-34a. Results indicated that miR-
34a over expression was able to reduce the 
expression of caspase-9 and caspase-3, inc- 
rease Bcl-2 expression, down-regulate c-Myc 
expression and up-regulate p21 expression in 
HepB3 cells and HepG2 cells (Figure 4C). This 
further indicates that miRNA-34a over-expres-
sion promotes the apoptosis of HCC cells. 

miR-34a acts on 3’UTR of HDAC1 mRNA to 
inhibit HDAC1 expression 

Bioinformatics analysis with TargetScan, mi- 
Randa and microRNA.org showed HDAC1 
mRNA was a potential target gene of miR-34a, 
and the binding site of HDAC1 mRNA for miR-
34a is hsown in Figure 5A. To confirm the inter-
action between miR-34a and HDAC1, Western 
blotting was employed to detect the HDAC1 
protein expression in HCC cells after transfec-
tion with miR-34a mimic. Results showed the 
HDAC1 protein expression reduced significantly 

Figure 2. miRNA-34a over-expression inhibits the proliferation of HepB3 cells and HepG2 cells. CCK-8 assay showed 
the proliferation rate of HepB3 cells (A) and HepG2 cells (B) at 24 h after transfection with miRNA-34a mimic re-
duced markedly as compared to blank control group and scramble group (P<0.05), and this difference was more 
obvious at 48 h and 72 h after transfection. *P<0.05.
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Figure 3. The number of cell colonies of HepB3 cells (A) and HepG2 cells (B) after transfection with miRNA-34a mimic reduced markedly when compared with blank 
control group and scramble group (P<0.05). *P<0.05.
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Figure 4. miRNA-34a over-expression induces apoptosis of HCC cells. A, B: After transfection with miRNA-34a mimic, the apoptosis of HepB3 cells and HepG2 cells 
increased markedly as compared to blank control group and scramble group (P<0.05). *P<0.05. C: After transfection with miRNA-34a mimic, caspase-9 and cas-
pase-3 expression reduced, Bcl-2 expression increased, c-Myc expression reduced, but p21 expression increased significantly as compared to blank control group 
and scramble group. 
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in HepB3 cells and HepG2 cells after transfec-
tion with miR-34a mimic (Figure 5B). To further 
confirm HDAC1 mRNA as a target of miR-34a, 
Wt 3’UTR and Mt 3’UTR of HDAC1 were cloned 
and then connected to dual luciferase reporter 
vector pmirGLO which was then independently 
transfected into HCC cells together with miR-
34a mimic or Scramble miRNA, followed by 
detection of luciferase signals. Results showed 
the luciferase activity after transfection with 
HDAC1-mut and miR-34a mimic was compara-
ble to that in control group (transfection with 
scramble miRNA and HDAC1-mut (P>0.05, 
Figure 5C). After transfection with miR-34a 
mimic and HDAC1-wt, the luciferase activity 
was inhibited significantly as compared to con-
trol group (transfection with scramble miRNA 
and HDAC1-wt (P<0.05, Figure 5C). This indi-
cates that miR-34a may binds to HDAC1 mRNA 
to inhibit HDAC1 expression.

HDAC1 over-expression rescues the miR-34a 
induced apoptosis of HCC cells

Eukaryotic expression vector pcDNA3.1-HDAC1 
without 3’UTR of HDAC1 mRNA was construct-
ed and then transfected into HCC cells together 
with miR-34a mimic or scramble miRNA. Cells 
transfected with miR-34a mimic or scramble 
miRNA served as controls. Western blot assay 

was performed to detect the HDAC1 protein 
expression. Results showed HDAC1 expression 
increased significantly in HepB3 cells and 
HepG2 cells after transfection with pcDNA3.1-
HDAC1 and miR-34a mimic, but transfection 
with miR-34a mimic alone reduced HDAC1 pro-
tein expression. This suggests that pcDNA3.1-
HDAC1 rescues the miR-34a induced inhibition 
of HDAC1 expression (Figure 6A). Cell apopto-
sis detection showed the apoptosis rate 
increased significantly after transfection with 
miR-34a mimic (P<0.05; Figure 6B), but the 
apoptosis rate reduced markedly after trans-
fection with pcDNA3.1-HDAC1 alone or in com-
bination with miR-34a mimic (P<0.05; Figure 
6B). This indicates that pcDNA3.1-Bcl-w trans-
fection in HCC cells with miR-34a over-expres-
sion rescues the miR-34a induced apoptosis of 
HCC cells. This further indicates that miR-34a 
acts on the 3’UTR seed region of HDAC1 to reg-
ulate HDAC1 expression, exerting apoptosis 
inducing effect. 

Discussion 

In recent years, some studies show some non-
encoding RNAs play important roles in the nor-
mal development of cells and the pathogenesis 
of diseases, and miRNAs have been intensively 
studied in recent studies among these non-

Figure 5. miR-34a acts on 3’UTR of HDAC1 mRNA to regulate HDAC1 expression. A. Seed sequence of HDAC1 3’UTR 
for miR-34a; B. Western blotting showed miR-34a mimic transfection was able to inhibit HDAC1 protein expression 
in HepB3 cells and HepG2 cells. C. Dual luciferase reporter gene assay showed, after transfection with miR-34a 
mimic and HDAC1-mut, the luciferase activity was similar to control group (transfection with scramble miRNA and 
HDAC1-mut) (P>0.05). After transfection with miR-34a mimic and HDAC1-wt, the luciferase activity reduced signifi-
cantly as compared to control group (transfection with scramble miRNA and HDAC1-wt) (P<0.05). *P<0.05. 
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encoding RNAs [17]. Studies have confirmed 
that some miRNAs are involved in the occur-
rence and development of HCC [18], of which 
miR-34a is the most common miRNA regulated 
by p53 [19]. In addition, miR-34a is an impor-
tant molecule that can inhibit the growth of 
some cancers, and the abnormal miR-34a 
expression has been revealed in breast cancer 
[13], colon cancer [20], cervical cancer [21], 
prostate cancer [22], esophageal squamous 
cell carcinoma [23], and lung cancer [24]. miR-
34a may act on its target genes to regulate the 
proliferation, apoptosis, invasion, metastasis 
and epithelial mesenchymal transition of can-
cer cells, exerting inhibitory effects on the 
growth and metastasis of cancers [25].

The role of miR-34a in the pathogenesis of liver 
cancer is still controversial. Some studies indi-
cate that miR-34a acts as an oncogene [26]. 
Pineau et al [27] found that miR-34a was highly 
expression in liver cancer, and its expression 
was positively related to the progression from 
hepatic cirrhosis to liver cancer. Pogribny et al 
[28] found miR-34a expression increased sig-
nificantly in tamoxifen induced liver cancer of 
mice as compared to controls, indicating that 
miR-34a acts as an oncogene. However, other 
studies reveal that miR-34a may act as a tumor 
suppressor gene in the occurrence and devel-
opment of liver cancer [29-31]. Dang Y et al 

[32] found miRNA expression reduced in HCC 
tissues, and their further investigation indicat-
ed that miR-34a mimic could inhibit the growth, 
migration and invasion of HCC cells, induce cell 
apoptosis and increase caspase activity. In this 
study, miR-34a expression was detected in 
HCC tissues and adjacent normal tissues from 
60 patients diagnosed with HCC. Results 
showed miRNA-34a expression in HCC tissues 
was lower than in normal tissues and closely 
related to the clinical stage and lymph node 
metastasis (P<0.05). Then, miR-34a mimic was 
independently transfected into HepB3 cells 
and HepG2 cells, and results showed the cell 
proliferation reduced, cell apoptosis increased, 
expression of apoptosis related proteins (cas-
pase-9 and caspase-3) increased, expression 
of anti-apoptosis protein Bcl-2 reduced, c-Myc 
expression was down-regulated, and P21 ex- 
pression was up-regulated. These indicate that 
miR-34a may act as a tumor suppressor gene 
to inhibit proliferation of HCC cells.

Bioinformatics analysis showed HDAC1 might 
be a target gene of miR-34a. HDAC1 is involved 
in the deacetylation of histones and non-his-
tone, and low acetylation and high methylation 
are major characteristics of cancer cells [33]. 
Thus, HDAC1 may serve as a new target in the 
therapy of cancers. HDAC1 over-expression is 
related to the development of some cancers 

Figure 6. HDAC1 over-expression rescues miR-34a induced apoptosis of HCC cells. A. Western blotting showed 
transfection of pcDNA3.1-HDAC1 without 3’UTR of HDAC1 together with miR-34a mimic significantly increased 
HDAC1 expression in HepB3 cells and HepG2 cells; B. Transfection of pcDNA3.1-HDAC1 without 3’UTR of HDAC1 
together with miR-34a mimic markedly reduced apoptosis rate of HepB3 ‘cells and HepG2 cells (P<0.05).
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such as gastric cancer, breast cancer, lung can-
cer, colorectal cancer and cervical cancer [34]. 
Senese et al [35] found human cancer cells 
with HDAC1 deficiency had no mitosis and the 
growth of these cancer cells was inhibited. In 
the present study, RT-qPCR was employed to 
detect the mRNA expression of HDAC1 in HCC 
tissues from 60 HCC patients. Results showed 
HDAC1 mRNA expression in HCC tissues was 
markedly higher than in normal tissues and 
closely related to clinical stage (P<0.05). Mo- 
reover, miR-34a expression was negatively as- 
sociated with HDAC1 expression (P<0.05). We- 
stern blotting showed HDAC1 protein expres-
sion reduced markedly in HCC cells after trans-
fection with miR-34a mimic. Thus, we specu-
late that miR-34a may exert anti-tumor effect 
via regulating HDAC1 expression.

To further confirm HDAC1 as a target gene of 
miR-34a and the interaction between miR-34a 
and HDAC1, dual luciferase reporter gene 
assay was performed. HDAC1 3’UTR was clon- 
ed into pmirGLO. Results showed, after trans-
fection with HDAC1-wt and miR-34a mimic, the 
luciferase activity reduced significantly; after 
transfection with miR-34a mimic and HDAC1-
mut, the luciferase activity remained unch- 
anged. This indicates that miR-34a is able to 
bind to the 3’UTR seed region of HDAC1, which 
inhibits the HDAC1 expression. Rescue experi-
ment further indictaed that HDAC1 over-expres-
sion in HCC cells could rescue the miR-34a 
induced apoptosis of HCC cells. These findings 
suggest that miR-34a is able to act on 3’UTR of 
HDAC1 mRNA to regulate HDAC1 expression, 
which inhibits cell proliferation and induces cell 
apoptosis. 

Our study indicates low miR-34a expression 
and high HDAC1 expression in HCC are closely 
related to the occurrence and development of 
HCC, and miR-34a may act as a tumor suppres-
sor gene to regulate HDAC1 expression. We fur-
ther investigate the functions of miR-34 in view 
of the important role of HDAC1 in cancers, 
which may provide new evidence for the diag-
nosis and therapy of HCC. 
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