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Abstract: Background: The implication of miR-452-5p and its prospective machinery in hepatocellular carcinoma 
(HCC) remains largely unknown. For this reason, this study aimed to inspect the clinical implication of miR-452-5p 
expression in HCC tissues with multiple detection approaches, to analyze its potential function via in silico methods, 
and to validate this using a dual-luciferase reporter assay. Methods: The assessment of the expression level of 
miR-452-5p in HCC was conducted via four methods: 1) in-house real-time quantitative PCR (RT-qPCR), 2) miRNA-
sequencing (miRNA-seq) from The Cancer Genome Atlas (TCGA), 3) miRNA microarrays from the Gene Expression 
Omnibus (GEO), and 4) comprehensive meta-analyses calculating the standard mean difference (SMD) and sum-
mary of receiver operator characteristic (sROC). Following the target prediction, one of the potential targets of miR-
452-5p was validated through a dual-luciferase reporter assay. Results: MiR-452-5p was consistently elevated in 
HCC tissues via various detection methods, including in-house RT-qPCR, miRNA-seq, and miRNA microarrays. The 
final SMD was 0.842 for 820 cases of HCC samples. Simultaneously, the area under curve (AUC) of the sROC was 
0.80 (0.76-0.83). The 1,135 predicted targets of miR-452-5p were enriched in the pathways of cytokine-cytokine 
receptor interaction, carbon metabolism, and complement and coagulation cascades. Among these predicted tar-
gets, CDKN1B was verified to be a real target of miR-452-5p. Conclusion: The overexpression of miR-452-5p may 
play a pivotal role in the carcinogenesis of HCC via targeting multiple signaling pathways and genes. The function 
and molecular machinery of miR-452-5p in HCC requires further in-depth exploration. 
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Introduction

Liver cancer is the most prevalent cancer of the 
digestive system, and it can be divided into pri-
mary and secondary types. Primary liver cancer 
(PLC) is the main type of all liver cancers, which 
is composed of several histologic subtypes, 
such as cholangiocarcinoma (CC) and hepato-
cellular carcinoma (HCC), as well as the combi-
nation of the two: combined hepatocellular-
cholangiocarcinoma (cHCC-CC) [1-4]. Primary 
liver cancer is dominated by HCC, which is the 
fifth most frequent malignant tumor and the 
third most prevalent determinant factor of can-
cer-related mortality globally [5]. Despite the 
fact rapid improvement has been achieved in 

the therapeutics of HCC in the last few years, 
HCC continues to have a high mortality rate 
[6-9]. Epidemiological research has indicated 
that 40-50% of the cases of HCC worldwide 
occur in China every year, which is the number 
two determinant of cancer death in the world. 
Moreover, many HCC cases are not diagnosed 
until they are in the advanced stage. The five-
year survival rate of HCC in developing coun-
tries is extremely low, in some cases as low as 
5%. Although the curative effect of comprehen-
sive treatment of HCC, which is mainly achieved 
by surgery, has been greatly improved, because 
of the complex pathogenesis of liver cancer, the 
persisting survival rate and clinical cure rate of 
HCC are nonetheless low [10-12]. Hence, the 
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search for new molecular mechanisms of HCC 
is necessary and urgent for human health pro-
tection. In fact, the molecular machinery of 
miRNA in liver cancer is not fully understood. 
Therefore, this study aimed to unravel the 
molecular machinery of miRNA in HCC and con-
tribute to the discovery of new molecular mech-
anisms in HCC.

MiRNAs are small and non-coding RNAs, which 
are around 20 nucleotides long, that can 
repress genes expression through binding in 
the 3’ untranslated region (UTR) of the target 
mRNAs [13-17]. They adjust the expression of 
targets by binding to perfectly or partially 
matching mRNA sequences [18-21]. The evi-
dence strongly indicates that miRNAs regulate 
the expression of known tumor suppressor 
genes and oncogenes, and they play the role of 
tumor suppressors [22-24]. In recent years, 
miRNAs have been confirmed to be abnormally 
expressed in HCC and have been found to be 
related to the occurrence and progression of 
HCC [25-29]. We speculate that one of the miR-
NAs, miR-452 may play a vital role in HCC either 
as a tumor suppressing gene or promoter and 
that it participates in and influences the patho-
genesis of HCC.

MiR-452 is an important member of the miRNA 
family, which is divided into two subtypes: miR-
452-5p and miR-452-3p. MiR-452 has been 
studied in a variety of cancers, including blad-
der cancer [30], non-small cell lung cancer 
(NSCLC), breast cancer, and HCC [31]. Chang et 
al. found that the abnormal expression of miR-
452 is possibly connected with the malignant 
biological characteristics of cancer and is locat-
ed on human chromosome Xq28 [32]. For 
instance, the high expression of miR-452 inhib-
its tumorigenesis of gliomas and metastasis of 
NSCLC. Liu et al. determined that miR-452, as 
an onco-miRNA in HCC, promotes cell metasta-
sis [33]. Hui et al. considered miR-452-3p as a 
probable oncogene targeting the CPEB3/EGFR 
axis in HCC [34]. Zheng et al. stated that miR-
452 promotes the development of stem-like 
cells in HCC by suppressing Sox7, which is 
involved in the Wnt/-catenin signaling pathway 
[35]. In terms of the association between miR-
452-5p and HCC, the miR-452-5p expression 
level has been documented to be elevated in 
HCC. Consistent with this, Zhu et al. also men-
tioned this point in their research results [36]. 
Nevertheless, the accurate machinery of miR-
452-5p in HCC remains unclear and needs to 
be elucidated in-depth. Zhu et al. found that 

LINC00052 could inhibit the cell mobility and 
infiltration of HCC by upregulation of EPB41L3 
with miR-452-5p [37]. However, few studies 
have been conducted on the character of miR-
452-5p in HCC, and the exact mechanism of 
miR-452-5p in HCC is still unclear, so it needs 
to be further illuminated.

In this research, we primarily evaluated the 
expression level of miR-452-5p in HCC with in-
house real-time quantitative polymerase chain 
reaction (RT-qPCR), miRNA-sequencing (miR-
NA-seq), cancer genome sequencing using The 
Cancer Genome Atlas (TCGA), and miRNA 
microarrays from the Gene Expression Omnibus 
(GEO). Furthermore, a potential target of miR-
452-5p was confirmed by dual-luciferase 
reporter gene assay. We intended to study the 
clinicopathological implication of miR-452-5p 
expression in HCC, to analyze its potential func-
tion via in silico methods, and to validate this 
with a dual-luciferase reporter assay. We 
believe that this article will contribute to the fur-
ther study of the molecular mechanism of HCC 
and help to find more safe and effective treat-
ment strategies for HCC.

Materials and methods

RNA extraction and RT-qPCR  

An in-house RT-qPCR was conducted to evalu-
ate the miR-452-5p level in 95 cases of HCC 
tissues and neighboring non-cancerous liver 
tissues no less than 2 cm away from the edge 
of the tumor. All participating patients signed 
an informed consent form. The RNA extraction 
and RT-qPCR were employed as previously 
reported. The sequence of miR-452-5p was 
AACUGUUUGCAGAGGAAACUGA. Data were 
analyzed using the 2-ΔCq method [38-43].

MiR-452-5p expression in HCC from miRNA-
seq of TCGA

In order to extend the scope of the study, we 
achieved the expression data of miR-452-5p in 
HCC using TCGA miRNA-seq, and we calculated 
the associations between clinical parameters 
and miR-452-5p. Features of HCC samples 
were downloaded from TCGA through the 
University of California, Santa Cruz (UCSC) Xena 
Functional Genomics Explorer (https://xena.
ucsc.edu/). The downloaded data included 50 
adjacent non-cancerous tissues and 373 HCC 
tissues, and then the extracted data were log2-
transformed for subsequent analysis.
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MiR-452-5p expression in HCC from other 
microarray and miRNA-seq data

To validate the expression of miR-452-5p in 
HCC, we accessed the GEO, Array Express, 
SRA, and Oncomine. The following key words 
were used in the searches for HCC: (malignan* 
OR neoplas* OR cancer OR carcinoma OR 
tumor) AND (hepatocellular OR hepatic OR liver 
OR HCC). All studies included had to meet to 
the criterion that the study was designed with a 
control group of human non-cancerous liver tis-
sues and human HCC tissues as the case 
group. We extracted all the expression data for 
miR-452-5p. Only studies with proper groups 
and available or calculable expression data of 
miRNA were included. Finally, we obtained 13 
eligible miRNA microarray profiles in this meta-
analysis (Table 1).

Statistical analysis  

To further evaluate the veracity of the data from 
these resources (TCGA, GEO, Array Express, 
SRA, and Oncomine), relative statistical analy-
sis was implemented with Stata software 5 ver-
sion 12.0 (StataCorp LLC, College Station, TX, 
USA). The continuous outcomes were assessed 
by the standard mean difference (SMD) with 
95% confidence interval (95% CI). The hetero-
geneity of the analysis was assessed by the Q 
test (chi-squared test) and the I² statistic value. 
A random-effect model was leveraged when 
the heterogeneity existed; if not, a fixed-effect 
model was preferred. Forest plots of SMDs with 
CIs of miR-452-5P in each group were calculat-

ed and pooled, and the publication bias was 
conducted using Begg’s or Egger’s funnel plots. 
A two-sided P-value over 0.05 indicated that no 
publication bias existed. Based on all available 
databases, the expression data were pooled 
together and a summary of receiver operator 
characteristic (sROC) was performed to eluci-
date the expression level and function of miR-
452-5p in HCC. IBM SPSS Statistics 23.0 (IBM, 
Armonk, NY, USA) was used for all statistical 
analysis. ROC curves (sensitivity vs. 1 specifici-
ty) were generated to determine the optimal 
cutoff value for each protein expression. Area 
under the curve (AUC) of miR-452-5p was also 
calculated.

Functional enrichment for target genes

MiRWalk3.0 was used for the target prediction 
of miR-452-5p. We intersected the predicted 
genes from eight prediction programs among 
12 in MiRWalk3.0. We received 1,135 prospec-
tive targets of miR-452-5p. In order to assess 
the latent function of the potential target 
mRNAs of miR-452-5P in HCC, we utilized the 
Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway annota-
tion with R software. The GO plot package was 
used for mapping.

Dual-luciferase reporter assay

The miR-452-5p in HCC was selected for fur-
ther verification. A dual-luciferase reporter 
gene assay was carried out. The human embry-
onic kidney HEK-293T cells were used as the 

Table 1. Basic characteristics of miR-seq and microarray databases

Dataset Country Sample 
source

Data 
source Platform Cancer Mean1 SD1 Normal Mean0 SD0

TCGA USA tissues TCGA RNA-seq 371 7.419217 1.643848 49 5.522102 1.109133
GSE21362 Japan tissues GEO GPL10312 73 5.723791 1.915917 73 4.958394 1.332598
GSE31383 USA tissues GEO GPL10122 9 0.266314 0.157709 10 0.232738 0.075521
GSE36915 Taiwan tissues GEO GPL8179 68 10.522523 1.404588 21 8.789549 1.073489
GSE40744 USA tissues GEO GPL14613 26 4.825 1.642611 50 3.062 1.364373
GSE41874 Japan tissues GEO GPL7722 6 1.222802 0.215252 4 1.036838 0.514752
GSE5755501 Japan tissues GEO GPL16699 16 0.917185 0.01779 16 0.924954 0.023778
GSE5755502 Japan tissues GEO GPL18044 16 0.966242 0.008091 16 0.963673 0.012219
GSE64632 USA tissues GEO GPL18116 3 0.280778 0.158097 3 0.160951 0.063965
GSE98269 China tissues GEO GPL20712 3 6.799311 0.9357 3 5.248964 0.045875
GSE115016 China tissues GEO GPL21572 12 18.37839 29.57517 12 2.872884 2.150306
GSE12717 China tissues GEO GPL7274 10 8.573606 2.382533 6 4.531271 0.987178
GSE22058 USA tissues GEO GPL10457 96 0.750991 0.106841 96 0.679112 0.050447
GSE39678 Korea tissues GEO GPL15852 16 9.021111 0.977739 8 7.455979 0.436564
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tool cell line, and they were placed in a 48-well 
plate to grow to 70-80%. The wild-type and 
mutant CDKN1B 3’UTR region bound to miR-
452-5p was synthesized and linked to psi-
CHECK-2-report luciferase reporter plasmid. 
The cells were transfected with miR-452- 
5p mimics or non-mimic controls and psi- 
CHECK-CDKN1B 3’UTR wild type (AAACAGT) or 
psicheck-CDKN1B 3’UTR mutant (GTGACCA) 
with Lipofectamine 2000. After being cultured 
for another 48 h at 37°C, the activity of firefly 
and heparin luciferase was detected by a dual-
luciferase reporter assay (Promega Corporation, 
Madison, WI, USA). All experiments should be 
carried out in triplicate.

Results

MiR-452-5p was frequently increased in HCC 
tissues by RT-qPCR

The miR-452-5p expression level in HCC tis-
sues was notably increased than that in the 
neighboring non-cancerous liver tissues 
(P<0.0001, Figure 1A). 

The increase of miR-452-5p in HCC was veri-
fied based on various databases

According to miRNA-seq data, the expression of 
miR-452-5p was markedly more elevated in 

Figure 1. The scatterplots 
of individually included 
datasets. Based on the 
student’s t-test, the differ-
ences of 13 datasets were 
considered to be signifi-
cant with P<0.05.
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tumors than in non-tumor tissues (P<0.0001, 
Figure 1B). In this study, according to the inclu-
sion criteria, 13 GEO series (GSE) were select-
ed from the GEO database. The expression lev-
els of miR-452-5p in cancerous tissues were 
markedly up-regulated compared to the non-
cancerous tissues in the 11 databases 
(P<0.05). However, in the rest of GSE data 
(GSE41874, GSE98269), no difference was 
noted for the miR-452-5p levels between the 
cancer and non-cancerous groups (Figure 1).

The meta-analysis included 15 studies from in-
house RT-qPCR, miR-seq from TCGA, and 
microarrays from GEO mentioned above (Figure 
2). The outcome of the meta-analysis notified 
that the expression level of miR-452-5p was 
observably up-regulated in 820 cases of HCC 
tissues compared with that in adjacent liver tis-
sues (SMD=0.842, 95% CI [0.583,1.102], P< 
0.001), shown in Figure 3A. Publication bias 
was examined by graphic examination and 
quantitative assessment. No publication bias 
in our investigation (Pr>|z|=0.656) was detect-
ed in either Begg’s plot or Egger’s plot (Figure 
3B) [44]. The root causes of heterogeneity were 
assessed by sensitivity analysis and no signifi-
cant heterogeneity was found, as described 
above [45]. The ROC curves for the assessment 
of miR-452-5p expression in HCC were deter-
mined (Figure 4). The area under the sROC 
curve was 0.80 (0.76-0.83) (Figure 5A). The 
pooled sensitivity, specificity, positive likeli-

hood ratio (PLR), negative likeli-
hood ratio (NLR), and diagnostic 
odds ratio (DOR) of miR-452-5p in 
these studies were 0.87 (95% CI 
[0.84, 0.89]), 0.58 (95% CI [0.54, 
0.62]), 2.07 (95% CI [1.64, 2.60]), 
0.31 (95% CI [0.20, 0.46]), and 
7.71 (95% CI [4.77, 12.45]), respec-
tively (Figure 5B-F) [46]. 

Associations between clinic-path-
ological parameters and elevated 
expression of miR-452-5p in HCC 
tissues

The clinic-pathological character-
istics of liver cancer clinical param-
eters downloaded from TCGA were 
generalized in Table 2. Expression 
of miR-452-5p in HCC tissues  
was memorably correlated with 
distant metastasis of liver cancer 

Figure 2. Flow chart 
of database search 
and selection.

(8.302±0.198, P<0.001). No noticeable rela-
tionship was noted between miR-452-5p 
expression and the other clinic-pathological 
parameters of HCC, such as gender, event, vas-
cular invasion, and lymph node metastasis.

Functional enrichment 

Through the verification of the literature and 
prediction by miRWalk3.0, we found that 
CDKN1B had a targeting relationship with miR-
452-5p. As a result of functional enrichment, 
miR-452-5p plays a role in HCC tissues mainly 
through the small molecule catabolic process, 
organic acid catabolic process, and carboxylic 
acid catabolic process in biological processes, 
regarding cellular components, the most 
enriched pathways were mitochondrial matrix, 
extracellular matrix, and vesicle lumen. For 
molecular function, miR-452-5P was mainly 
aggregated in cofactor binding, coenzyme bind-
ing, and sulfur compound binding (Figure 6). 
Specific KEGG pathways were revealed, among 
which cytokine-cytokine receptor interaction, 
carbon metabolism, and complement and 
coagulation cascades deserve to be more thor-
oughly investigated (Figure 7).

CDKN1B is a direct target of miR-452-5p

We investigated whether miR-452-5p directly 
controls CDKN1B expression by binding to 
3’UTR of CDKN1B mRNA through luciferase 
reporter gene detection. We found the binding 
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site of miR-452-5p in the 3’UTR of CDKN1B 
mRNA. We identified that, compared with co-
transfection with pmirglo-CDKN1B 3’UTR-wt 
and miR-452-5p mimic, the luciferase activity 
of pmirgl-CDKN1B 3’UTR-mut and miR-452-5p 
mimic was significantly reduced (P<0.05, 
Figure 8), indicating the specific binding of miR-
452-5p and CDKN1B mRNA in 3’UTR. Thus, the 
result indicated that CDKN1B is a straightfor-
ward target of miR-452-5p, and miR-452-5p 
directly and negatively determines CDKN1B 
expression by binding to 3’UTR of CDKN1B 
mRNA. 

Discussion

As far as we know, this is the first study to report 
the relationship of miR-452-5p with its target 

Figure 3. A. Forest plot of datasets evaluating miR-452-5p expression 
between HCC and control groups. B. The publication bias test of the 
meta-analysis.

gene CDKN1B in HCC. The target-
ing regulation association between 
miR-452-5p and CDKN1B in HCC 
was investigated, and the results 
suggest that further exploration of 
the miR-452-5p underlying mech-
anisms in HCC may offer a theo-
retical basis for new treatments.

HCC is the most prevalent type of 
liver cancer. Due to late diagnosis 
and the lack of effective treat-
ment, the mortality rate of HCC 
remains tremendously high [47]. It 
is reported that many genetic and 
epigenetic factors affect the inci-
dence and progress of HCC. Qin et 
al. found that miRNA may play a 
crucial role in the pathogenesis of 
HCC [48]. Herein, the expression 
level of miR-452-5p in HCC tissues 
and matched adjacent normal tis-
sues was quantified by RT-qPCR. 
The results indicated that the 
expression level of miR-452-5p in 
HCC tissues was significantly high-
er than that in adjacent normal tis-
sues, and miR-452-5p was signifi-
cantly up-regulated in HCC tissues 
with metastasis compared with 
that in HCC tissues without metas-
tasis. This was constant with Zhu 
et al. [49]. The influence of miR-
452-5p on the prognosis of HCC 
was also verified. These results 
suggest that miR-452-5p might 
play an important role in HCC as 

an oncogene and a biomarker with poor prog-
nosis. Thus, miR-452-5p could be a new mark-
er for the diagnosis and treatment of HCC.

Recently, an increasing amount of evidence 
has supported the impression that the miRNAs 
play a prime role in the molecular mechanism 
of HCC through changing their biological behav-
ior in HCC. Zheng and others have shown that 
the expression of miR-452 is pronouncedly 
augmented in HCC tissues, miR-452 greatly 
accelerates the overexpression of proliferation, 
it significantly improves the migration and inva-
sion of qgy-7703 and HepG2 cells in vitro, and 
it directly targets CDKN1B in the 3’UTR. The 
ectopic expression of miR-452 inhibits the 
expression level of CDKN1B mRNA and protein. 
Studies have shown that increased expression 
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Figure 4. The ROC curves for the assessment of miR-452-5p expression in HCC. 
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Figure 5. A. The SROC curves for the assessment of miR-452-5p. B-F. Forest plots showing the sensitivity, specificity, 
positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio, respectively.
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Table 2. Relationships between the expression of miR-452-5p and clinicopathological parameters in 
HCC analyzed by data from the TCGA database

Clinicopathological feature N
Relevant expression of miR-452-5P (log2x)

Mean±SD t P-value
Tissue Adjacent non-cancerous liver tissue 49 5.522102±1.109133 10.541 <0.001*

HCC 372 7.419217±1.643848
Gender FEMALE 119 7.560126±1.5700339 1.116 0.265

MALE 251 7.355922±1.689206
Event Alive 240 7.307791±1.597293 1.771 0.077

Dead 129 7.625187±1.721841
Stage Stage I-II 257 7.311789±1.574841 -1.568 0.118

Stage III-IV 90 7.625093±1.785473
Grade G1-2 228 7.297407±1.645111 -0.239 0.811

G3-4 137 7.340539±1.715023
T T1-2 274 7.350438±1.58885 -1.429 0.154

T3-4 93 7.631074±1.771022
N NO 253 7.400806±1.689829 0.273 0.785

YES 4 7.167555±2.213217
M NO 267 7.395343±1.674103 -6.362 <0.001*

YES 4 8.302672±0.198398
Note: Student’s unpaired t-test was used for comparison between two groups. One-way analysis of variance (ANOVA) was per-
formed. *P<0.05 was considered statistically significant.

of miR-452-5p was increased in HCC tissues 
and that the high expression of miR-452-5p sig-
nificantly improved cell growth, migration, and 
invasion in vitro. Furthermore, our results con-
firmed that CDKN1B is determined as a direct 
target gene of miR-452-5p in HCC by luciferase 
reporter assay. From this, we hold the opinion 
that miR-452-5p acts as a cancer promotor in 
HCC and its upregulation enhances metastasis 
of HCC.

Although miR-452-5p can target a great amount 
of predictive genes, our findings indicate that 
miR-452-5p can also target CDKN1B. In our 
research, we explored the potential molecular 
characterization of miR-452-5p mediated by 
CDKN1B in HCC.

CDKN1B, a member of the Cip/Kip family  
of cyclin/cyclin-dependent kinase inhibitors 
(CKIs), promotes the migration of metastatic 
HCC cells by regulating RhoA activity. Research 
has shown that the lack of CDKN1B in tumor 
cells infiltrating inflammatory cells and inflam-
matory cytokines in rising and STAT3 signaling 
pathways promotes the occurrence of carcino-
gen-induced liver cancer. Thus, the continued 
lack of cell cycle protein kinase inhibitor 
CDKN1B, traditionally considered as a result of 

DNA damage, by enhancing inflammation, in 
turn, promotes the progress of HCC, which can 
prevent the occurrence of cancer of the liver 
and the progress of promising therapeutic tar-
gets. Since the expression level of CDKN1B 
decreased in the occurrence and progress of 
HCC, the expression of CDKN1B in HCC has 
been considered as an indicator of the diagno-
sis and prognosis of HCC. Studies have shown 
that the expression of CDKN1B has something 
to do with tumor grade reduction and liver can-
cer recurrence. CDKN1B can decrease the pro-
liferation and death of HCC cells and the accu-
mulation of DNA damage [50]. In our research, 
we primarily concentrated on investigating the 
expressions of miR-452-5p and evaluated its 
function in HCC tissues. At the same time, we 
also concentrated on probing the targeted reg-
ulatory relationship between miR-452-5p and 
CDKN1B. Despite a large number of articles in 
the literature that have shown that CDKN1B is 
poorly expressed in liver cancer and inhibits the 
proliferation, migration, and invasion of tumor 
cells, the up-regulation of miR-452-5p could 
reverse these effects to a large extent. 
Luciferase analysis has provided evidence that 
CDKN1B is directly targeted by miR-452-5p. 
Thus, we speculated that high expression of 
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Figure 6. The GO of 1,135 pre-
dicted potential targets. A. Bio-
logical process. B. Cellular com-
ponent. C. Molecular function.
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Figure 7. The KEGG pathways of 1,135 predicted potential targets.
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Figure 8. miR-452-5p suppresses expression by di-
rectly targeting the CDKN1B 3’UTR. The expression 
of CDKN1B transfected with miR-452-5p was sig-
nificantly down-regulated compared with the control 
group (P<0.05). Whereas, the expression of CD-
KN1B-mut transfected miR-452-5p compared with 
the control group showed no significant difference 
(P>0.05).

miR-452-5p can play a role in promoting HCC 
by down-regulating CDKN1B.

Furthermore, the prospective mechanism of 
miR-452-5p in HCC was elucidated in respect 
to possible signaling pathways. A total of 1,135 
predicted potential targets were annotated to 
investigate how miR-452-5p works on HCC. The 
GO analysis results were mainly related to 
metabolism, including the small molecule cata-
bolic process, organic acid catabolic process, 
and carboxylic acid catabolic process. Studies 
have shown that miR-452 is elevated in HCC 
and predicts survival and advanced TNM stag-
ing in HCC patients, and miR-452 has been 
found to accelerate tumor stem cells via the 
activation of the Wnt signaling pathway by 
inhibiting Sox7. However, there is no direct evi-
dence that miR-452-5p is related to the cata-
bolic process of small molecules, the catabolic 
process of organic acids, or the catabolic pro-
cess of carboxylic acids. In terms of biological 
engineering, this study hypothesized that miR-
452-5p may play an anti-tumor role by activat-
ing the small molecule catabolic process, 
organic acid catabolic process, and carboxylic 
acid catabolic process. However, more research 
is needed to verify this.

In order to explain the potential machinery of 
miR-452-5p in HCC, we conducted KEGG path-
way enrichment for 1,135 predicted potential 
targets, and the results showed that the cyto-
kine-cytokine receptor interaction was the 
main pathway in which miR-452-5p acted in 

HCC. Cytokines are low molecular weight 
(15~30 KD) proteins or glycoproteins secreted 
by a variety of cells. They regulate cell growth 
and differentiation by binding to the corre-
sponding receptors and participate in immune 
inflammatory reactions and wound healing. 
Cytokine-cytokine receptor interaction is the 
key to the study of cytokine function. Some 
studies indicated that there is a cytokine-cyto-
kine interface in the assembly of higher-order 
structure and stimulation of the interleukin-3 
receptor complex [51]. Ye et al. argue that com-
parative transcriptomic analysis of porcine 
peripheral blood discloses aberrantly expressed 
genes from the cytokine-cytokine receptor 
interaction pathway correlated with health sta-
tus [52]. In this study, we suggest that miR-
452-5p may exert its effect on HCC by affecting 
the cytokine-cytokine receptor interaction 
pathway.

The second abundant KEGG pathway is “car-
bon metabolism”, whose mechanism is quite 
complicated in HCC. Previous studies have 
reported that the polymorphism of OCM-related 
donor genes plays an important role in HCC 
recurrence after transplantation [53]. Genetic 
variations in the one‑carbon metabolism gene 
may contribute to HCC susceptibility [54]. Also, 
research has indicated that one-carbon metab-
olism and nucleotide biosynthesis are attrac-
tive targets for anticancer therapy [55]. These 
results suggest that miR-452-5p may play a 
substantial role in the carcinogenesis of liver 
cancer through carbon metabolism.

At present, the study of miR-452-5p in HCC is 
superficial, and the discussion is not deep 
enough. However, we hope that the results of 
this study can supplement the pathogenesis of 
HCC. Luciferase reporter assay results showed 
that CDKN1B is determined as a direct target 
gene of miR-452-5p in HCC. This is powerful 
evidence proving that miR-452-5p plays an 
essential role in the development of HCC. 
Based on our findings, more research must be 
conducted to address the shortcomings of our 
study. The knockdown and overexpression may 
need to validate the role of miR-452-5p by in 
vitro experimentation. Moreover, a larger cohort 
is desirable to confirm the clinical role and 
prognostic value of CDKN1B in HCC patients. 
These findings can help us to explore more new 
prognostic markers and potential targets sup-
porting the treatment strategy of liver cancer in 
the near future.
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In summary, we determined that miR-452-5p is 
overexpressed in HCC tissues. According to our 
research, we proved that miR-452-5p may be a 
new marker for HCC. The overexpression of 
miR-452-5p may play a pivotal role in the carci-
nogenesis of HCC via targeting multiple signal-
ing pathways and genes.
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