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Abstract

purpose of our study was to search for HCC related miRNA prognostic biomarkers to predict the risk degree and survival time of

Hepatocellular carcinoma (HCC) is one of the malignancies with high morbidity and mortality in the world. The

HCC patients and provide effective prognostic information for HCC patients. Four methods were used to identify differentially
expressed miRNAs (DEMs) from The Cancer Genome Atlas(TCGA). Kaplan-Meier survival curve, univariate and multivariable Cox
regression analysis were used to identify prognostic miRNAs of HCC from DEMSs. Four prognostic miRNAs biomarkers (hsa-miR-
132-3p, hsa-miR-139-5p, hsa-miR-3677-3p, hsa-miR-500a-3p) of HCC were identified at last, and combined into a risk score model.
There was no experimental evidence that hsa-mir-3677-3p is related to HCC, and it was a newly discovered miRNA in this study.
The evaluation results of various bioinformatics methods, including survival curve, ROC curve, chi-square test, et al.. All indicated
that the risk score calculated by the model can effectively predict the risk degree of patients(P<0.000, hazard ratio=2.551, 95%
confidence interval=1.751-3.717). 1-5 year survival rates of HCC patients in the low risk group had 20%-30% higher than in the
high risk group. Through the clinical data analysis, it was found that the combined biomarkers have a better prognostic effect than
other clinical indicators, and can also be used as an independent prognostic factor. Target genes of four miRNAs were predicted,
including AGO2, FOXO1, ROCK2, RAP1B, CYLD, et al., and enriched in biological processes such as cell proliferation, migration,

apoptosis and immune response.
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Hepatocellular carcinoma (HCC) is one of the
malignant tumors in the world with the characteristic
of easy metastasis and poor prognosis. In 2018, there
were about 850 000 new HCC cases in the world
(48.4% in Asia) and about 780 000 death cases(57.3%
in Asia) . HCC was the sixth cancer with high
incidence after lung, breast, colorectal, prostate and
stomach cancer and the fourth mortal cancer. HCC
has a high incidence and mortality rate in Asia,
accounting for 48.4% of new cases and 57.3% of
deaths globally. Most patients are diagnosed with
HCC in the middle or late stages because the early
symptoms are not obvious. In addition, most HCC
patients have depression, tension, anxiety or other
negative mental. This phenomenon will aggravate the

disease. However, the study on the prognosis can
predict the disease progression and provide prognosis
information to HCC patients, relieve anxiety, and give
patients motivation for survival. Therefore, prognostic
research has great significance for the treatment and
future development of HCC patients.

Nowadays, the main diagnostic methods of HCC
are ultrasonic alpha-
fetoprotein(AFP) However,

examination and serum

content  detection(?.
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ultrasonic examination can only detect HCC and
cannot predict the prognosis of patients. AFP is the
most commonly used biomarker for HCC detection,
but it is only reliable in the 3/4 stage of HCC. The
novel and reliable biomarkers are needed to obtain
With  the
development of second-generation gene sequencing

accurate  prognostic  information.
technology, some novel markers obtained from gene
chip expression profile data have attracted wide
attention, especially microRNAs(miRNAs). miRNA
and its target genes form a regulatory network
together. A single miRNA can regulate multiple genes,
and multiple miRNA can also regulate the same gene.
In tumor tissues, the dysregulation of miRNA
expression may result in oncogenes over expression
suppressor
Therefore, the abnormal expression miRNAs may be

or tumor genes low expression34,
an effective biomarker for tumor diagnosis and
prognosis.

The miRNAs are small non-coding RNAs with
about 22 nt length, which play an important role in
many cancer pathways in HCC such as JAK/STAT,
TP53, WNT/B-catenin and PI3K/MAPK7. The JAK/
STAT pathway is considered to be one of the major
molecular pathways in HCC development. JAK
participates in cell proliferation, apoptosis, and
glucose metabolism by recruiting STAT3 protein to
mediate gene transcription. SOCS2 is an inhibitor of
the cytokine signaling (SOCS) family and a key
negative regulator of the JAK/STAT signaling
pathway, which inhibits the JAK/STAT pathway in
HCCH®., At the same time, SOCS2 is a functional
target of miR-196a and miR-196b in HCC cells. miR-
196a or miR-196b regulates the JAK/STAT pathway
by targeting SOCS2 to promote the progression of
HCC. That means the over expression of miR-196a
and miR-196b in liver tissue indicates a poor
prognosis for HCC patients. Therefore, miRNAs play
an important role in cancer pathways. In addition,
many other studies have also shown that there are a
variety of abnormal miRNA expressions in liver
cancer tissues. The detection and analysis of miRNAs
expression in tumor tissues and adjacent tissues of
HCC patients can provide the main basis for the HCC
prognosis.

Gradually developed vivo detection technology is
an important way to obtain liver cancer tissue cells of
patients. Northern blot, polymerase chain reaction
(PCR), microarray chip and other methods can obtain

the expression of miRNAs after getting sample by
vivo detection). The prognosis of HCC can be
determined and analyzed after obtaining the
expression of biomarker miRNAs. /n vivo detection
technology has increased the feasibility and provided
technical support for the theoretical study of
prognosis using miRNAs. Meanwhile it also adds
commercial value for the prognosis study of miRNA.

However, most research only focus on the
diagnosis of HCC, but ignore the importance of
prognosis. And at the same time, they have also
focused on a single miRNA, but we believe that
multiple miRNA combinations can provide more
information than a single miRNA. Moreover, a lot of
studies used miRNA precursors data for research,
while in this study we used the mature miRNA data.
Since miRNA regulation target genes play a role
through mature miRNA, the mature miRNA data is
more valuable than the precursor data. Therefore, we
believe that using mature miRNA data and studying
with multiple miRNA combinations can provide
effective prognostic information for HCC patients.

The purpose of this study is to identify the
prognostic-related miRNAs of HCC through the
expression of mature miRNAs and clinical data from
The  Cancer Atlas(TCGA, https:/

cancergenome. nih. gov/) database. The identified

Genome

miRNAs were used to construct a model which can
predict the prognosis of HCC patients. The model was
used to predict the survival time and risk degree of
HCC patients, and various bioinformatics methods
were used to prove the relationship between the risk
score calculated by the model and the survival time of
HCC patients. The accuracy and practicability of the
model were compared with other clinical indicators.
And the effect of miRNAs in vivo were verified by
target gene enrichment analysis.

1 Materials and methods

1.1 Data collection and pre—processing

HCC related data, including Level 3 mature
miRNA expression data and clinical data were
downloaded from TCGA(accessed August 2, 2018).
The former data files consisted of 370 HCC tumor
tissues and 50 adjacent normal liver tissues. The later
data files consist of 9 indicators: age, gender, AFP,
grade, pathologic stage, child-pugh, liver fibrosis,
vascular invasion and race. The raw counts of mature
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miRNA expression data needed to be preprocessed
after downloading. The same patient's HCC tumor
tissues needed to be paired with adjacent normal live
tissues. Meanwhile, the miRNAs were deleted which
sample data loss more than 20% and mean expression
<1. The multiple interpolation method of mice in R
software was used to predict the missing sample
datal'%l, In this method, each missing sample data was
calculated by Gibbs sampling from other complete
sample data for five times and a mean value of five
predictions was filled in the missing location.
1.2  Differentially expressed miRNA

screening

(DEM)

DESeq, edgeR and Limma packages in R
software were used to screen miRNA expression
datal''1?l. The logarithm of fold change with base 2
and the false positive rate(FDR) were used as
screening criteria to screen miRNA with |log, fold
change [>0.8 and FDR<0.001. Paired student's test (-
test) was performed between the HCC tumor group
and the adjacent normal liver group of miRNAs, and
miRNAs with P value less than 0.001 were retained.
The overlapping miRNAs of the four methods were
identified as final DEMs.

1.3 DEM-based prognostic biomarkers screening

The data of DEMs with all HCC tissue samples
were transformed into logy(reads per million+1).
Patients with a survival time less than 30 days would
be deleted to avoid the influence of other factors (For
example, death from non-liver cancer causes). Kaplan-
Meier(K-M) and univariate Cox proportional hazards
regression analysis were performed with a survival
package of R software to screen HCC prognostic
biomarkers and evaluate the prognostic value of
DEMs. The screening criteria of the two methods
were P<0.01 and P<0.01, respectively. The overlap of
DEM-based biomarkers screening was regarded as
prognostic biomarkers which significantly associated
with the overall survival (OS) of HCC patients.

1.4 Construction of risk score model

In order to determine the survival status of HCC
patients accurately, the hazard ratio(HR) value, P
value, and other factors were comprehensively
considered for finding the optimal prognostic DEM
multivariate COX
proportional hazards regression analysis and "step"

combination. In this process,

function were used for further screening to find a risk
score model, which contained a small amount of

miRNA but more characteristics and accurately
predicted the prognosis, as shown in formula (1). This
method is called stepwise feature addition.

Risk score = Bixnar X EXPrignar + Brienaz X

EXPrirvaz 7 F Buirvan X EXPiirnas (1)

The multivariate Cox regression coefficient(f)
was used as the weight for building the model. Exp is
the expression value of miRNA.

According to the formula, calculate the risk score
value of each sample and sort them according to the
value. And the HCC patients were divided into two
groups by the median: the high expression group, and
the low expression group. The 1,3 and 5-year receiver-
operating characteristic(ROC) curves were drawn by
the survivalROC package to evaluate the reliability of
the risk score model. The Chi-square test was used to
determine the relationship between risk scores and
HCC patient survival times.

1.5 Comprehensive analysis of risk score model
and clinical indicators

Nine different clinical indicators were included
for further discussion of the impact of the risk score
model and clinical indicators on the HCC patient OS.
After
regression analysis, clinical indicators with a P value

the wunivariate Cox proportional hazards
less than 0.05 were selected for further multivariate

Cox proportional hazards regression analysis.
According to the results, the former analysis could
find the key clinical indicators affecting the OS rate,
and the latter analysis could determine whether the
risk score model could predict the prognosis
independently. K-M survival curves and box plots
were drawn to study the value of clinical indicators
and the potential application of the risk score model in
clinical practice.

1.6  Target gene prediction and functional
enrichment analysis

miRTarBase 6.0(http://mirtarbase. mbc. nctu. edu.
tw/php/index. php, accessed March 28, 2019) was
used to predict target genes of prognostic DEMs!!3],
All target genes in miRTarBase 6.0 database have
experimental evidence to support the relationship
between miRNAs and target genes. Therefore, the
selected target genes needed to be proved by strong
Western  blot, qRT-PCR,
Luciferase reporter assay and Immunoprecipitation).

experiments(such  as

The interaction networks between target genes and
miRNAs were drawn by Cytoscape 3.6.1(http://www.
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cytoscape. org/, accessed September 29, 2018) 4],
Though the enrichment analysis of Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGQ) by ClusterProfiler package of R software to
find the potential functions of target genes.
1.7 Statistical analysis

The P values calculated by edgeR, DESeq,
Limma software package were adjusted by Benjamini-
hochberg method to obtain the FDR values. K-M
analysis was used to draw the survival curve, and the
log-rank test was adopted to evaluate the difference
between miRNAs and OS, as well as clinical
indicators and OS. The miRNAs and clinical
indicators were selected according to the P value for
further multivariate Cox proportional hazards
regression analysis. The purpose of it was to explore
its potential association with the OS of HCC patients.
All statistical analyses were performed with SPSS
21.0(IBM Corporation, Armonk, NY, USA) and
R3.5.1.

2 Results

2.1 DEM screening

Among the 50 adjacent normal liver tissue
samples, 49 pairs were successfully matched with the
HCC tumor tissue samples, and only one sample was
not matched with the tumor samples (Table 1). A total
of 2 165 mature miRNAs were extracted from the
downloaded file, and 453 miRNAs were remained after
pretreatment in which deleting miRNAs with a lot of
data missing and very low expression. Four methods of
edgeR, DESeq, Limma and #-test were used to screen
453 miRNAs according to the above criteria. The
number of remaining miRNA was 114, 119, 123 and
155, respectively. The number of screened overlapping
miRNA was 70, which can be regarded as DEMs. The
overlapping graph and heatmap of DEMs were
respectively drawn by UpSetR package(Figure 1a) and
pheatmap package (Figure 1b).

Table 1 Matched comparison table of HCC tumor tissue samples and normal adjacent liver tissue samples

NO. Cancer Normal NO. Cancer Normal

1 BC-A10Q-01A BC-A10Q-11A 26 DD-A1EH-01A DD-A1EH-11A
2 BC-A10R-01A BC-A10R-11A 27 DD-A1EI-01A DD-A1EI-11A
3 BC-A10T-01A BC-A10T-11A 28 DD-A1EJ-01A DD-A1EJ-11A
4 BC-A10U-01A BC-A10U-11A 29 DD-A1EL-01A DD-A1EL-11A
5 BC-A10W-01A BC-A10W-11A 30 DD-A39V-01A DD-A39V-11A
6 BC-A10X-01A BC-A10X-11A 31 DD-A39W-01A DD-A39W-11A
7 BC-A10Y-01A BC-A10Y-11A 32 DD-A39X-01A DD-A39X-11A
8 BC-A10Z-01A BC-A10Z-11A 33 DD-A39Z-01A DD-A39Z-11A
9 BC-A110-01A BC-A110-11A 34 DD-A3A1-01A DD-A3A1-11A
10 BC-A216-01A BC-A216-11A 35 DD-A3A2-01A DD-A3A2-11A
11 BD-A2L6-01A BD-A2L6-11A 36 DD-A3A3-01A DD-A3A3-11A
12 BD-A3EP-01A BD-A3EP-11A 37 DD-A3A4-01A DD-A3A4-11A
13 DD-A113-01A DD-A113-11A 38 DD-A3A5-01A DD-A3A5-11A
14 DD-A114-01A DD-A114-11A 39 DD-A3A6-01A DD-A3A6-11A
15 DD-A116-01A DD-Al116-11A 40 DD-A3A8-01A DD-A3A8-11A
16 DD-A118-01A DD-A118-11A 41 EP-A12J-01A EP-A12J-11A
17 DD-A119-01A DD-A119-11A 42 EP-A26S-01A EP-A26S-11A
18 DD-A11A-01A DD-A11A-11A 43 EP-A3RK-01A EP-A3RK-11A
19 DD-A11B-01A DD-A11B-11A 44 ES-A2HT-01A ES-A2HT-11A
20 DD-A11C-01A DD-A11C-11A 45 FV-A23B-01A FV-A23B-11A
21 DD-A11D-01A DD-A11D-11A 46 FV-A2QR-01A FV-A2QR-11A
22 DD-A1EB-01A DD-A1EB-11A 47 FV-A310-01A FV-A3I10-11A
23 DD-A1EC-01A DD-A1EC-11A 48 FV-A3I11-01A FV-A3I1-11A
24 DD-A1EE-01A DD-A1EE-11A 49 G3-A3CH-01A G3-A3CH-11A
25 DD-A1EG-01A DD-A1EG-11A - - -

*01A represents the HCC tumor tissue sample and 11A represents the adjacent normal liver tissue sample.
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Fig.1 The overlapping plot and heatmap of DEMs in HCC
(a) The overlapping plot of four methods screening the DEMs in HCC. (b) Heat map of 70 DEMs in HCC.

2.2 DEM-based prognostic biomarkers screening

HCC patient samples with survival time less than
30 days were deleted, leaving 363 samples. The
and univariate Cox

results of survival curve

proportional risk regression analysis showed that there

were 10 DEMs with P values less than 0.01(Table 2).
The 10 DEMs were regarded as candidate prognostic
biomarkers for multivariate Cox proportional hazards
regression analysis and risk model construction.

Table 2 P values of univariate COX and Survival for 70 DEMs and identification of candidate biomarkers

NO. miRNA HR Cox P value significant Survival P value significant Candidate
1 hsa-let-7¢-3p 0.894 0.184 No 0.828 No No
2 hsa-miR-106b-3p 1.468 0.001 Yes 0.091 No No
3 hsa-miR-10b-5p 1.118 0.027 No 0.340 No No
4 hsa-miR-1180-3p 1.318 0.000 Yes 0.010 No No




2020; 47 (4) ITER, %: FHETEmIRNARKBIES AR ST *349-
Continued to Table 2
NO. miRNA HR Cox P value significant Survival P value significant Candidate

5 hsa-miR-122-3p 0.854 0.005 Yes 0.065 No No
6 hsa-miR-1266-5p 1.364 0.000 Yes 0.073 No No
7 hsa-miR-1269a 1.040 0.090 No 0.129 No No
8 hsa-miR-128-3p 1.083 0.503 No 0.667 No No
9 hsa-miR-1301-3p 1.319 0.002 Yes 0.523 No No
10 hsa-miR-1307-3p 1.349 0.005 Yes 0.318 No No
11 hsa-miR-130a-3p 1.010 0.913 No 0.830 No No
12 hsa-miR-132-3p 1.605 0.001 Yes 0.004 Yes Yes
13 hsa-miR-136-5p 0.996 0.934 No 0.912 No No
14 hsa-miR-139-3p 0.802 0.005 Yes 0.001 Yes Yes
15 hsa-miR-139-5p 0.734 0.000 Yes 0.000 Yes Yes
16 hsa-miR-142-3p 1.056 0.504 No 0.728 No No
17 hsa-miR-142-5p 0.976 0.749 No 0.748 No No
18 hsa-miR-144-3p 0.981 0.746 No 0.590 No No
19 hsa-miR-144-5p 0.929 0.210 No 0.158 No No
20 hsa-miR-151a-3p 1.583 0.000 Yes 0.014 No No
21 hsa-miR-182-5p 1.088 0.045 No 0.130 No No
22 hsa-miR-183-5p 1.101 0.014 No 0.070 No No
23 hsa-miR-188-5p 1.392 0.003 Yes 0.010 No No
24 hsa-miR-199a-3p 0.997 0.959 No 0.514 No No
25 hsa-miR-199a-5p 0.955 0.313 No 0.153 No No
26 hsa-miR-199b-3p 0.997 0.948 No 0.514 No No
27 hsa-miR-214-3p 1.071 0.424 No 0.304 No No
28 hsa-miR-214-5p 1.007 0.913 No 0.840 No No
29 hsa-miR-21-5p 1.304 0.036 No 0.009 Yes No
30 hsa-miR-216a-5p 1.009 0.791 No 0.775 No No
31 hsa-miR-216b-5p 1.008 0.805 No 0.864 No No
32 hsa-miR-221-3p 1.162 0.092 No 0.090 No No
33 hsa-miR-222-3p 1.358 0.001 Yes 0.019 No No
34 hsa-miR-224-3p 1.152 0.084 No 0.218 No No
35 hsa-miR-224-5p 1.088 0.089 No 0.049 No No
36 hsa-miR-24-1-5p 0.947 0.626 No 0.878 No No
37 hsa-miR-25-3p 1.529 0.000 Yes 0.026 No No
38 hsa-miR-30d-5p 0.956 0.661 No 0.456 No No
39 hsa-miR-3127-5p 1.752 0.000 Yes 0.001 Yes Yes
40 hsa-miR-324-3p 1.467 0.000 Yes 0.000 Yes Yes
41 hsa-miR-330-5p 1.354 0.001 Yes 0.016 No No
42 hsa-miR-34a-5p 0.808 0.045 No 0.074 No No
43 hsa-miR-3677-3p 1.617 0.000 Yes 0.000 Yes Yes
44 hsa-miR-369-5p 1.110 0.119 No 0.101 No No
45 hsa-miR-378¢c 0.933 0.364 No 0.505 No No
46 hsa-miR-3928-3p 1.537 0.003 Yes 0.616 No No
47 hsa-miR-411-5p 1.057 0.343 No 0.422 No No
48 hsa-miR-421 1.562 0.000 Yes 0.003 Yes Yes
49 hsa-miR-423-5p 1.337 0.038 No 0.166 No No
50 hsa-miR-424-3p 0.999 0.992 No 0.376 No No
51 hsa-miR-424-5p 1.191 0.043 No 0.098 No No
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Continued to Table 2

NO. miRNA HR Cox P value significant Survival P value significant Candidate
52 hsa-miR-4326 1.211 0.041 No 0.333 No No
53 hsa-miR-450a-5p 1.048 0.645 No 0.302 No No
54 hsa-miR-450b-5p 0.989 0.913 No 0.928 No No
55 hsa-miR-452-3p 1.192 0.009 Yes 0.065 No No
56 hsa-miR-452-5p 1.145 0.025 No 0.046 No No
57 hsa-miR-500a-3p 1.333 0.003 Yes 0.005 Yes Yes
58 hsa-miR-501-3p 1.311 0.003 Yes 0.028 No No
59 hsa-miR-501-5p 1.361 0.003 Yes 0.008 Yes Yes
60 hsa-miR-502-3p 1.202 0.129 No 0.140 No No
61 hsa-miR-511-5p 1.153 0.123 No 0.320 No No
62 hsa-miR-532-5p 1.027 0.805 No 0.283 No No
63 hsa-miR-542-3p 0.963 0.727 No 0.891 No No
64 hsa-miR-5586-5p 1.310 0.006 Yes 0.018 No No
65 hsa-miR-589-5p 1.278 0.031 No 0.179 No No
66 hsa-miR-93-5p 1.190 0.075 No 0.191 No No
67 hsa-miR-937-3p 1.336 0.002 Yes 0.536 No No
68 hsa-miR-96-5p 1.130 0.020 No 0.043 No No
69 hsa-miR-99a-3p 0.832 0.050 No 0.686 No No
70 hsa-miR-99b-3p 1.400 0.000 Yes 0.002 Yes Yes

2.3 Construction of risk score model

10 DEMs for
proportional hazards regression analysis, the number

Using multivariate  Cox
of miRNAs were gradually reduced to construct a risk
score model, which has a strong predictive ability.
Considering the factors mentioned above, it is found
that better prognostic predictive results can be
obtained using models constructed with hsa-miR-132-
3p, hsa-miR-139-5p, hsa-miR-3677-3p and hsa-miR-
500a-3p. The K-M survival curve and ROC curve of
four miRNAs were shown in Figure 2a—d and Figure
2f-i. ROC curves were plotted using the adjacent
normal liver group as a control to obtain P values. The
risk score formula was shown in formula (2).
Risk score = (0.348 XExp,, . mir - 132-3p) —
(0.178 X EXp iy ir - 139-5]))
+(0.250 x Exphsa-miR-3677-3p) +
(0.237 XEXPy - ik - 5000 - 3p) (2)

The expression of hsa-miR-132-3p marked as
Expy, _ ix- 13 -5, and it is same to others.

The HR values of hsa-miR-132-3p, hsa-miR-139-
5p, hsa-miR-3677-3p and hsa-miR-500a-3p were
shown as following: 1.416(95% confidence interval
(CDH =1.069-1.882, P=0.016); 0.836(95%CI=0.713-
0.999,P=0.036);1.283(95%CI=1.021-1.622,P=0.033);
1.267(95%CI=1.049-1.533, P=0.012) (Figure 3a). The

median risk score for 363 HCC patients was 3.49.
Patients with a risk score higher than 3.49 were in the
high risk group and lower than 3.49 were in the low
risk group. Meanwhile, hsa-miR-139-5p was a low-
risk miRNA, which HR value less than 1, and the risk
of death would decrease with the
expression level. On the contrary, hsa-miR-132-3p,
hsa-miR-3677-3p and hsa-miR-500a-3p were high
risk miRNAs, with a HR value over 1, and the risk of
death would increase with the increase of expression
level. With the increase of risk score calculated by the
formula(2), the survival time of HCC patients became
shorter and the number of deaths started increasing
(HR=2.551, 95%CI=1.751-3.717, P<0.000; Figure 4a
and b). The expression distribution of these four
miRNAs between adjacent normal tissues and HCC
tissues was shown in Figure 3b, as well as HCC

increase of

tissues of low risk and high risk groups were shown in
Figure 3c. When the expressions of hsa-miR-132-3p,
hsa-miR-3677-3p, hsa-miR-500a-3p were up-regulated
and the expression of hsa-miR-139-5p was down-
regulated, the prognosis was poor. The results of the
Chi-square test also demonstrated a significant
correlation between risk scores and HCC patient
survival times (Table 3). The 1, 3 and 5-year survival
rates of HCC patients in low-risk group and high-risk

group were 91.8%, 70.2%, 56.9% and 71.2%, 40.0%,
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24.5%, respectively (Table 4). Overall, 1-5 year
survival rates of HCC patients in the low-risk group
were 20%-30% higher than high-risk group. The
difference in survival rates between the two groups
increased with time. And the Area Under Curve(AUC)
and 0.704,
respectively, as shown in Figure 4c. Time-related

corresponding was  0.775, 0.721

ROC curve analysis also showed the model performed
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well in OS prediction of HCC prognosis. These all
proved that HCC patients in the high-risk group and
the low-risk group had significant differences in
survival time and risk degree. It also proves that this
grouping is reliable. Since the grouping was based on
risk score, it also indicated the reliability of the four
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Fig.2 The Kaplan—-Meier and ROC curves of four prognostic DEMs and clinical indicator in HCC
The order of Kaplan-Meier curves were as follows: (a) hsa-miR-132-3p; (b) hsa-miR-139-5p; (c¢) hsa-miR-3677-3p; (d) hsa-miR-500a-3p;
(e) Pathologic stage. The order of ROC curves of four prognostic DEMs were as follow: (f) hsa-miR-132-3p; (g) hsa-miR-139-5p; (h) hsa-

miR-3677-3p; (i) hsa-miR-500a-3p.
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Fig. 3 Forest plot of multivariable Cox regression analysis and expression level of four prognostic DEMs between HCC

tumor and adjacent normal liver tissues, and low— and high-risk groups

(a) Multivariable Cox proportional hazards regression analyses of four prognostic DEMs in HCC patients. The black squares represent the HR and

the short transverse. lines represent 95% CI. *P<0.05;

adjacent normal liver tissues; (c¢) Scatter plot of four prognostic DEMs’

0.0001. DEM, differentially expressed miRNA; HR, hazard ratio; CI, confidence interval;

(b) Scatter plot of four prognostic DEMs’

expression level between low-and high-risk groups. ***P<0.001;

HCC, hepatocellular carcinoma.

expression level between HCC tumor and

****P<
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Fig. 4 Prognostic risk score model analysis of four prognostic DEMs in HCC patients

(a) From top to bottom are the risk score, patients' survival status distribution, and four prognostic DEMs' expression heat map for low- and high-

risk groups; (b) K-M curves for low- and high-risk groups; (c¢) ROC curve for predicting survival in HCC patients by the risk score. ROC,

receiver-operating characteristic; AUC, the area under the curve.

Table 3 Chi-Square tests between risk scores and HCC

patient survival times

Asymptotic Signifi-

Value d cance (2-sided)
Pearson Chi-Square 8.951V 1 0.003
Likelihood Ratio 8.989 1 0.003
N of Valid Cases 363 1 -

D0 cells (0.0%) have expected count less than 5. The minimum

expected count is 90.25.

Table 4 Survival rates in the low-risk group and high—

risk group
Survival Low risk group High risk group
time Survival rate (95%CI Survival rate (95%CI

<lyear 91.8% (87.2%-96.6%) 71.2% (63.9%-79.4%)
1-2 years 79.1% (71.6%-87.3%) 51.6% (43.2%—-61.8%)
2-3years 70.2% (61.5%-80.2%)  40.0% (31.2%-51.1%)
3-4years 66.8% (57.5%~77.6%) 31.2% (22.5%-43.4%)
4-5years 56.9% (45.6%-70.9%)  24.5% (15.9%-37.8%)
<56.9%

>5 years <24.5%
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2.4 Comprehensive analysis of risk score model
and clinical indicators

The risk score model and 9 clinical indicators
were also analyzed by univariate Cox proportional
hazards regression. It was found that there were
significant differences in Risk Score (HR=1.826, P<
0.000, 95% CI=1.516-2.189) and pathologic stage(HR
=2.639, P<0.000, 95% CI=1.785-3.899) (Table 5).
The K-M survival curves of pathologic stage were
shown in Figure 2e. The two indicators were further
analyzed by multivariate Cox proportional hazards
regression analysis. It was found that Risk Score(HR=
1.644, P<0.000, 95% CI=1.342-2.014) and
pathologic stage(HR=2.061, P=0.001, 95% CI=1.362-
3.119) still existed significant differences, as shown in

Table 6. The results showed that there were two
indicators that could affect OS of HCC patients. At
the same time, risk score and pathologic stage were
not affected by other indicators. It could predict the
survival status of HCC patients independently and be
belonged to independent prognostic factors. The box
plots showed that the risk score of HCC patients was
significantly correlated with pathologic stage, grade,
AFP and vascular invasion(Figure 5). Therefore, those
could be predicted by
patient's risk score. Through
found that the
combination of these four prognostic DEM performed
well in not only OS prediction, but also clinical
analysis.

four clinical indicators

calculating the

comprehensive analysis, we

Table 5 Univariable Cox proportional hazards regression analyses of risk score model and clinical indicators

Univariate analysis

Variables Patients (n=363)

HR (95%CD P-value
Age (years) (<60/>60) 169/190 1.167 (0.811-1.679) 0.405
Gender (Male/Female) 247/116 1.154 (0.797-1.671) 0.448
AFP (<400 Heg/L/=400 Hg/L) 210/64 1.131 (0.682-1.875) 0.633
Grade (G1-2/G3-4) 228/131 1.020 (0.698-1.492) 0.917
Pathologic stage (I-II/II-IV) 251/88 2.639 (1.785-3.899) <0.000
Child-Pugh (A/B-C) 213/22 2.002 (0.982-4.084) 0.056
Liver Fibrosis (No/Yes) 74/136 0.821 (0.482-1.399) 0.468
Vascular Invasion (No/Yes) 200/93 1.373 (0.857-2.199) 0.187
Race (Asian/Others) 159/192 1.217 (0.827-1.792) 0.318
Risk Score (low/high) 182/181 1.826 (1.516-2.198) <0.000

Table 6 Multivariable Cox proportional hazards regression analyses of risk score model and pathologic stage

Multivariate analysis

Variables Patients (n=363)
HR (95%CD P-value
Pathologic stage (I-II/III-1V) 251/88 2.061 (1.362-3.119) 0.001
Risk Score (low/high) 182/181 1.644 (1.342-2.014) <0.000
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Fig.5 The box plots of risk score differences in nine clinical indicators
(a) Pathologic stage; (b) Grade; (c) AFP; (d) Vascular invasion; (e) Age; (f) Gender; (g) Race; (h) Child-Pugh; (i) Liver

fibrosis. ¥*P<0.05; ****P<0.0001. AFP, alpha-fetoprotein.

2.5 Target prediction and enrichment analysis

A total of 60 target genes confirmed by strong
experiments were predicted by miRTarBase 6.0. The
number of target genes of hsa-miR-132-3p, hsa-miR-
139-5p and hsa-miR-500a-3p was 32, 25 and 3,
respectively. However, hsa-mir-3677-3p didn't have
target genes in miRTarBase verified by strong
experiment, only have the target genes verified by
weak experiment. These 60 target genes were
constructed the interaction network between target

genes and miRNAs (Figure 6a). The enrichment

results of target genes include GO and KEGG
enrichment. The GO enrichment also includes three
parts: molecular function, biological process and
cellular component. The GO enrichment results in
Figure 6b showed the 60 target genes were major
enriched in biological processes, such as immune
response signaling pathway, regulation of cell mitotic
cycle, modification of protein phosphorylation and
negative regulation of the metabolic process. The
KEGG enrichment results in Figure 6¢ showed the
target genes of the four miRNAs were enriched in
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Fig. 6 The prognostic miRNAs target genes interactions network and their enrichment analysis results

(a) The prognostic miRNAs-target genes interactions network; (b) GO term enrichment results; (¢) KEGG enrichment results.

MAPK signaling pathway, ErbB signaling pathway,
FoxO signaling pathway, cell senescence, adhesion
spots, and other aspects. The enrichment of GO and
KEGG demonstrated that the predicted target genes

could affect the immune
modification and metabolism,

migration, and apoptosis.

response, protein

cell proliferation,
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3 Discussion

Currently, miRNAs have been used in many
kinds of research as biomarkers for diagnosis and
prognosis analysis of breast, colorectal, prostate,
stomach, lung, liver and other cancers!!>!"l, The
prognosis of HCC often is poor, so it is necessary to
find reliable miRNAs as prognostic biomarkers to
provide effective prognostic information for HCC
patients. The advantages of this study include the use
of mature miRNA data and pre-processing of the raw
count's data to avoid the impact of a large number of
absences and low expression miRNAs on the
screening. Meanwhile, four methods were also used to
screen DEM simultaneously to ensure the reliability
of screening. The optimal model for HCC prognosis
was built by the function of step in R software. A
variety of bioinformatics methods have demonstrated
that the risk score calculated by the model can
accurately predict the OS of HCC patients, especially
in the chi-square test. In addition, the study explored
the potential prognostic application of the model
through box plots and analysis between the model and
clinical indicators.

Many research have suggested that dysregulated
miRNAs can be used as biomarkers for diagnosis or
prognosis of HCCI'8l, Four miRNAs(hsa-miR-132-3p,
hsa-miR-139-5p, hsa-miR-500a-3p
3677-3p) with dysregulated were found in our study.
The target genes of has-miR-132-3p include AGO2,
FOXOI1, MAPKI, SOX4, etc. AGO2 is an essential
protein in miRNA processing and gene silencing!'*-21,

and hsa-miR-

The overexpression of hsa-miR-132 affects the
downstream pathway by inhibiting AGO2 expression.
In addition, FOXO1 has been shown to be a tumor
suppressor protein by blocking the G1/S transition in
the cell cycle and inducing apoptosis®!l. Activation of
PI3K/AKT signaling pathway promotes cell
proliferation, which leads to poor prognosis. hsa-miR-
132 reduces FOXO1 expression and promotes cancer
progression by directly targeting FOXOT1 or activating
the PI3K/AKT pathway. hsa-miR-132-3p is a
recognized biomarker for early diagnosis of HCC,
indicating that its expression level changes have high
research valuel?.

The target genes of has-miR-139-5p include
ROCK2, RAPIB, NFKBI, WNTI, etc. ROCK2
overexpression is associated with tumor invasion.

RAPI1B, a member of the Ras superfamily G-protein,
has the properties
proliferation and mitosis. In summary, ROCK2 and

of promoting tumor cell
RAPIB promote the proliferation and migration of

cancer cells. However, these genes play a
carcinogenic role not only through its expression
products, but also through its mRNAs, which can
interact to affect the biochemical properties of cells.
For example, ROCK2 and RAP1B compete with each
in binding with miR-139-5p

carcinogenic functions that regulate proliferation and

other to execute
migration'®®l. The low expression of miR-139-5p
failed to inhibit the expression of ROCK2 and
RAPIB, which led to its function as an oncogene,
promoting the proliferation and metastasis of cancer
cells. Therefore, this process may be an important
reason for the poor prognosis of HCC. Similar to the
result of our study, Li ef al * also found that hsa-
miR-139-5p was significantly down-regulated in both
cancer tissues and plasma of HCC patients, and the
low expression of hsa-miR-139-5p significantly
reduced the OS of HCC patients. This demonstrates
that hsa-miR-139-5p is one of the most important
prognostic factors for HCC.

Only three target genes, CYLD, OTUD7B and
TAXIBPI1, were enriched in hsa-miR-500a-3p. CYLD
is a potential miRNA target gene that encodes
deubiquitinating enzymes. CYLD is considered a
tumor suppressor because of its low expression in
many human tumor types®’l. It has been reported that
the deletion of CYLD gene in hepatocytes leads to the
formation of HCC[®, Therefore, we speculated that
the high expression of miR-500a-3p may target CYLD
and promote cells to proliferate, resulting in a poor
prognosis. Jiang et al. 71 showed that miR-500a-3p
was significantly increased in HCC tissues, cells and
blood, and its high expression reduced OS of HCC
patients. According to the analysis of clinical data, the
expression of hsa-miR-500a-3p is
correlated with tumor size, distant metastasis and
clinical stage of HCC patients. In our study of HCC,
the report on hsa-miR-3677-3p is still
theoretical stage, and there is no experimental

positively

in the

evidence to prove the relationship between hsa-miR-
3677-3p and HCC. But, it is known that hsa-miR-
3677-5p in HCC cells is considered as a novel
miRNA that affects the expression of STAT3 and
JAK1 proteins?]. Therefore, we speculated that hsa-
miR-3677-3p may also be related to the occurrence
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and development of HCC. This study revealed that the
expression of hsa-miR-3677-3p had a certain impact
on the prognosis of HCC patients. Further biological
experiments are needed to explore the specific
mechanism of adverse prognosis of HCC patients due
to the high expression of hsa-miR-3677-3p.

The functions enrichment of target genes of hsa-
miR-132-3p, hsa-miR-139-5p and hsa-miR-500a-3p
show that these target genes will affect the immune
response  regulation,  protein  phosphorylation
modification and degradation metabolism, as well as
cell proliferation and migration in HCC patients. It
has been reported that hsa-miR-132-3p activates PI3K
signals in T cells during the activation of T cells to
establish precise immune response?’l. hsa-miR-139-
S5p and hsa-miR-500a-3p affect cell proliferation,
migration and invasion by regulating multiple
pathways. Due to the expression of hsa-miR-139-5p
has an important influence on the development of
HCC cells, it can also be used as an HCC inhibitor.
Furthermore, the abnormal expression of hsa-miR-
139-5p inhibits Akt These

researches show that these three miRNAs not only can

phosphorylation°l.

serve as biomarkers for the HCC prognosis, but may
also serve as therapeutic strategies for HCC.

Four miRNAs were identified and combined into
a risk score model in our study, which confirmed their
important role in the prognosis of HCC through a
variety of bioinformatics methods. At the same time, a
large number of related articles have been retrieved to
prove the validity of the model. After clinical data
analysis, the model
independent prognostic factor. All the above results
indicate that the risk score model can be used as a
prognostic HCC, and
provides effective prognostic information and clinical
application value for HCC patients. In commercial
application, in vivo detection technology can be used
to obtain HCC cell tissues and detect the expression
of these four miRNAs. The expression of 4 miRNAs
was substituted into the formula to calculate the risk

can also be used as an

combined biomarker for

score, and the survival time and risk degree of patients
were predicted accordingly.

5 Conclusion

Four prognostic miRNA biomarkers of HCC
were identified and combined into a risk score model.
The relationship between risk score and survival time

of HCC patients was verified. And the risk score can
be calculated by using the expression of the four
miRNAs to evaluate any HCC patients, and providing
useful prognostic information.
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JE ) miRNA T 2B bR 88, B0 HCC (& i RS R B A A A2 i ), A il T3 A i 10U 15 J8. . (8 4 Fh ik A
TCGA iR 2 25 miRNAs  (DEMs) . 3/ Kaplan-Meier A= 77128 . 2AZE AL N Cox 1115347 L DEMs H i e AT
I U5 AH G 1 miRNA. 54 44> HCC 1Y 1l f5 miRNA A= ¥)2# 4554 (hsa-miR-132-3p. hsa-miR-139-5p. hsa-miR-3677-3p.
hsa-miR-500a-3p) 8% i 36 HH SR 20 A B — 1> RURSE PP 480 . 1 i V50 AT S5 30T 4f 22 H 20 & v 1Y) hsa-mir-3677-3p 55 HCC AH2C,
JEARTFSEH & B miRNA. ZEAF 2R . ROCHIZR . RTKISE 2R AEWE BF R I a5 R 3B, A3 s A X
W6: 3 FE A RCHIN AR 2 KU FRE (P<0.000, KUK Fb=2.551, 95% H{5 X [H]=1.751-3.717). iKUK 20 HCC i % 1-5 4E4: 7F
R B AU 2 75 20%—30%. 3 et 55 AR /A R B, 204 A AE 027 bn ak e FL A I PRAS AA L B T A BUS S5OR,
AR RIS TSR T B, 00T 430 miRNA BHEIER, 5 4G02, FOXOI., ROCK2., RAPIB, CYLD%%, FH1e4l
JsgE . TR, T, SRR R E

KR miRNA, T4, HU5, 4925 hrEY, TCGA
FE4SES R735.7, R318.04 DOI: 10.16476/j.pibb.2019.0286
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