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Abstract

Background and aims Researches have shown that
miRNAs have been proposed as novel diagnostic
biomarkers for classification and prognostic stratification of
HCC. However, whether or not miR-431 contributes to the
progression of HCC remains unknown. Therefore, we
aimed to investigate the clinicopathological significance of
miR-431 in HCC.

Methods MiR-431 expression in 95 HCC cases and cor-
responding adjacent non-cancerous tissues was evaluated
by quantitative reverse transcription polymerase chain re-
action (qQRT-PCR). Furthermore, statistical analysis was
performed to identify the correlations between expression
of miR-431 and a variety of clinicopathological parameters
and patient recurrence. The area under the receiver oper-
ating characteristic curve (AUC) was used to evaluate the
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accuracy of miR-431 as a biomarker for HCC diagnosis
and prediction of disease deterioration.

Results MiR-431 was markedly down-regulated in the
HCC samples (1.1885 £ 0.75867) compared with corre-
sponding adjacent tumor tissues (1.7957 £ 0.89333,
P < 0.001). The AUC of low miR-431 expression to di-
agnose HCC was 0.668 (95 % CI10.592-0.744, P < 0.001).
MiR-431 down-expression was correlated with multiple
malignant characteristics, including lymph node metastasis
(r = —-0.455, P <0.001), clinical TNM stage (r=
—0.223, P = 0.030), MTDH (r = —0.292, P = 0.006),
vaso-invasion (r = —0.204, P = 0.047), MVD (r=
—0.281, P = 0.006) and HCV (r = 0.215, P = 0.037).
Additionally, the recurrent time of lower miR-431 ex-
pression group was 56.602 + 3.914 months, much longer
than that in the high expression group (50.009 £
2.731 months), however, no significant difference was
noted (y* = 0.005, P = 0.943).

Conclusions The down-expression of miR-431 is par-
tially responsible for a series of clinicopathological fea-
tures which may be tightly correlated with the progression
of HCC. Thus, expression of miR-431 may be proposed as
a new factor in association with the progression of HCC.

Keywords MiR-431 - HCC - Adjacent non-cancerous
liver - RT-qPCR - Metastasis - TNM stage

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
type of malignant tumor and ranks as the third leading
cause of cancer-related mortality rate in the world, with
estimated 600,000 new cases per annum [1]. HCC is a
complicated disease involving numerous factors, and
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patients with cirrhosis, hepatitis B or C virus may be at
high risk of HCC [2, 3]. Although surgical resection is
recognized as the first priority for HCC treatment, the
frequent postsurgical recurrence is still an obstacle needed
to be overcome urgently. Besides, the general response of
HCC patients to chemotherapy remains far from satisfac-
tion [4]. Early diagnosis of HCC and effective treatment
are likely to prolong the survival time of liver cancer pa-
tients [5]. Therefore, discovering new biomarkers that
identify patients at high risk for recurrence and combining
other postsurgical adjuvant therapies to obtain better out-
comes would be applied to improve their survival.

MicroRNAs (miRNAs) comprise a family of small,
endogenous, noncoding functional RNA molecules of
18-25 nucleotides in length. They are responsible for post-
transcriptional regulation and participate in nearly all bio-
logical processes [6]. MiRNAs regulate gene expression by
binding to the 3’-untranslated regions (3'-UTRs) of target
messenger RNAs and decrease or stop their translation to
proteins [7]. Numerous studies have revealed differences in
the expression of various miRNAs between tumors and
normal tissues [8], suggesting that miRNAs can function as
either tumor suppressors or oncogenes in human cancers.
In recent years, the therapeutic potential of miRNAs in
HCC has been reported in various studies [9-11].

Previous studies have proposed that in RSa cells (a
human embryo-derived fibroblasts line) which were highly
sensitive to the ability of HulFN-f (human interferon-f3) to
inhibit cell viability, HuIFN-B-induced miR-431 expres-
sion may down-regulate insulin-like growth factor 1 re-
ceptor and insulin receptor substrate 2 (putative miR-431
target genes) expression, and consequently inhibit cell
proliferation by suppressing the MAPK pathway [12].
Another research also demonstrated that miR-431 could
bind to versican 3’-UTR [13]. It also reported that trans-
genic mice expressing the versican 3’-UTR developed
HCC and increased expression of versican isoforms VO and
V1, which play important roles in HCC development. As
little is known accurately about the functions of miR-431 in
HCC patients, herein we constructed a series of clinico-
pathological data of 95 clinical samples to quantify the
expression of miR-431 in HCC tissues and adjacent tissues
to identify the relationship between miR-431 and clinico-
pathological features.

Materials and methods
Patients and samples
In this prospective study, a total of 95 HCC samples (with a

mean age of 52 years old, ranged from 29 to 82 years old
and 70 included in the follow-up) and corresponding
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adjacent tissues were recruited from March, 2010 to De-
cember, 2011 at the First Affiliated Hospital of the Guangxi
Medical University (Nanning, Guangxi, China). The non-
tumorous tissues were obtained from a section of the re-
sected specimen at the farthest distance from tumor (>2 cm
from tumor). Of the 70 HCC patients included in the fol-
low-up, 59 had recurrent tumors and 11 were dead or
censored at the end of the follow-up. The median time of
follow-up was 32.78 months (range 2.68-68.00 months).
The clinicopathological characteristics (including age, tu-
mor size, serum level of AFP and other information) were
presented in Table 1. The study was approved by the Re-
search Ethics Committee of First Affiliated Hospital,
Guangxi Medical University, China in accordance with
institutional protocol and informed consents were obtained
from all patients. All samples were reviewed and diagnosed
by two independent pathologists.

RNA isolation and qRT-PCR assay

Total RNA including miRNA was extracted from tumor
sections using the miRNeasy FFPE Kit (QIAGEN, KIJ
Venlo, the Netherlands) according to our previous reports
[14—-16]. RNA concentrations were determined by Nano-
Drop 2000 (Wilmington, DE, USA). A combination of
RUNG6B and RUN48 was the housekeeping genes for de-
tection of miR-431 expression [15, 16]. The primers for
miR-431, RNU6B and RNU48, were included in TagMan
MicroRNA Assays (4427975, Applied Biosystems, Life
Technologies, Grand Island, NY, USA). Sequence of
miRNA and references used in the paper are as follows:
miR-431 (Applied Biosystems Cat. No. 4427975-001979):
UGUCUUGCAGGCCGUCAUGCA; RNUG6B, (Applied
Biosystems Cat. No. 4427975-001093): CGCAAGGAU-
GACACGCAAAUUCGUGAAGCGUUCCAUAUUUUU;
RNU48 (Applied Biosystems Cat. No. 4427975-001006):
GAUGACCCCAGGUAACUCUGAGUGUGUCGCUGA
UGCCAUCACCGCAGCGCUCUGACC. The reverse
primers were also used for reverse transcription with
TagMan MicroRNA Reverse Transcription Kit
(4366596, Applied Biosystems, Life Technologies,
Grand Island, NY, USA) in a total volume of 10 pL.
Real-time qPCR for miRNA was performed with Applied
Biosystems PCR7900. The miR-431 abundance in each
sample was normalized to its references. The expression
of miR-431 in the FFPE experiments was calculated with
the formula 229 [14-17].

Statistical analysis
Statistical analysis was performed by using SPSS20.0

software and the GraphPad Prism Data are presented as
mean = SD. The t test (Student’s ¢ test) or ANOVA
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Table 1 Clinicopathological characteristics of patients with HCC and adjacent tumor tissues

Clinicopathological features n MiRNA-431 relevant expression (2~29)
Mean + SD t P

Tissue
Adjacent non-cancerous liver 95 1.7957 £+ 0.89333 5.049 0.000
HCC 95 1.1885 £ 0.75867

Age
>50 46 1.1804 £ 0.69216 0.100 0.920
<50 49 1.1961 £ 0.82335

Gender
Male 75 1.1803 £ 0.75265 0.204 0.838
Female 20 1.2195 £ 0.80000

Differentiation
High 6 1.5250 £+ 0.67973 F=1514 P =0.225
Moderate 60 1.2395 £+ 0.77074
Low 29 1.0134 £+ 0.73244

Size
<5 cm 18 1.1967 £ 0.87169 0.05 0.96
>5 cm 77 1.1866 £ 0.73615

Tumor nodes
Single 52 1.2813 £ 0.77460 1.316 0.191
Multi 43 1.0763 £+ 0.73216

Metastasis
Without metastasis 46 1.5639 £ 0.64628 5.305 0.000
With metastasis 49 0.8361 + 0.68831

Clinical TNM stage
I-11 22 1.4836 £+ 0.70153 2.120 0.037
I-1v 73 1.0996 £ 0.75715

Portal vein tumor embolus
— 63 1.1976 £+ 0.79389 0.163 0.871
+ 32 1.1706 £+ 0.69589

Vaso-invasion
- 59 1.3058 £ 0.76030 1.957 0.053
+ 36 0.9964 + 0.72579

Tumor capsular infiltration
With complete capsule 36 1.0858 £ 0.77559 1.398 0.165
No capsule or infiltration 59 1.3027 £ 0.7314

HCV
- 63 1.0740 £ 0.73494 2.102 0.038
+ 32 1.4141 £ 0.76540

HBV
- 17 1.1553 £ 0.64872 0.198 0.843
+ 78 1.1958 £ 0.78416

AFP
— 41 1.3334 £+ 0.77666 1.431 0.157
+ 38 1.0889 =+ 0.74060

Cirrhosis
- 50 1.2618 £ 0.73963 0.992 0.324
+ 45 1.1071 £ 0.77945
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Table 1 continued

Clinicopathological features

MiRNA-431 relevant expression (27Acq)

Mean £+ SD t P
nm23
- 20 1.3915 £+ 0.66997 1.353 0.179
+ 75 1.1344 4+ 0.77575
MTDH
- 50 1.4208 4+ 0.73775 3.6333 0.000
+ 39 0.8600 £ 0.70250
P53
— 40 1.3448 £+ 0.78992 1.730 0.087
+ 55 1.0749 £+ 0.72115
P21
- 62 1.2818 £ 0.77805 1.657 0.101
+ 33 1.0133 4+ 0.69877
VEGF
- 25 1.2848 £+ 0.77424 0.737 0.463
+ 70 1.1541 £ 0.75568
Ki-67 LI
Low 47 1.2655 £ 0.69665 0.980 0.330
High 48 1.1131 4+ 0.81512
MVD
Low 47 1.3951 £ 0.62353 2.722 0.008
High 48 0.9863 + 0.82863

MVD microvessel density, MTDH metadherin

(analysis of variance) was used to determine the differ-
ences between two or more independent groups. Receiver
operating characteristic (ROC) curve was constructed to
evaluate the specificity and sensitivity of predicting HCC
and non-tumorous tissues by miR-431 expression levels.
And the various cut-off values were identified by the
Youden’s Index. Kaplan—-Meier method was used to esti-
mate recurrence, and the log-rank test was used to compare
the recurrence between groups. Values of P < 0.05 were
considered to indicate a statistically significant difference.

Results
Down-regulation of miR-431 in HCC tissues

To investigate the expression of miR-431, we performed
quantitative real-time PCR in 95 pairs of HCC tissues and
matched adjacent tissues. MiR-431 was markedly down-
regulated in the HCC samples (1.1885 £ 0.75867), and
expressed at a much higher level in corresponding non-
cancerous tissues (1.7957 £ 0.89333, P < 0.001, Fig. 1a).
To evaluate the diagnostic value of miR-431, the ROC
curve was used to analyze the sensitivity and specificity. As
shown in Fig. 1b, the ROC curve in HCC and non-
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cancerous tissues indicated the AUC of the miR-431 was
0.668. At a cut-off value of 2.25, and the sensitivity and
specificity were 0.389 and 0.895, respectively (Fig. 1b).

Correlation between miR-431 expression levels
and clinicopathological characteristics in patients
with HCC

The relationship between levels of miR-431
and the clinicopathological features

The parameters of 95 HCC patients were summarized in
Table 1. Compared with those with lymph node metastasis
(0.8361 £ 0.68831), the expression of miR-431 was sig-
nificantly higher in those HCC patients without lymph
node metastasis (1.5639 4+ 0.64628, P < 0.001). When
compared with HCC patients of advanced stages (III and
IV, 1.0996 £ 0.75715), the relative expression of miR-431
in early stages patients (I and II, 1.4836 £ 0.70153,
P = 0.037) notably increased. In association with HCV,
HCC patients with positive expression of HCV
(1.4141 £ 0.76540) had a higher level of miR-431 than
those with negative expression (1.0740 % 0.73494,
P = 0.038). Moreover, miR-431 level in HCC patients
with MTDH negative (1.4208 £ 0.73775) was higher,
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Fig. 1 Expression levels of
miR-431 in HCC tissues

(n = 95) and corresponding
non-cancerous tissues (n = 95)
by using quantitative real-time
PCR. a MiR-431 expression
levels in HCC tissues and non-
cancerous tissues

(***P < 0.001). b ROC curve
for miR-431 for HCC patients
(95) vs. adjacent tumor group
(n =95), AUC = 0.668
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Fig. 2 Effects of miR-431 on the clinical parameters in HCC
patients. Results are presented as means £ SD. *P < 0.05
**P < 0.01, ***P < 0.001. The relationship between the expression
of miR-431 and lymph node metastasis, clinical TNM stage, and the
expression level of HCV, MTDH and MVD. HCV: /. Negative 2.
Positive; MTDH: [. Negative 2. Positive; MVD: /. Low 2. High;
Clinical TNM Stage: /. I-II 2. III-IV; Metastasis: /. Without
metastasis 2. With metastasis

compared  with  those with MTDH  positive
(0.8600 £ 0.70250, P < 0.001). Besides, the relative ex-
pression of miR-431 in HCC patients with low level of
MVD (1.3951 &£ 0.62353) was remarkably higher in
comparison with those with high level of MVD
(0.9863 £ 0.82863, P = 0.008, Fig. 2). By contrast, no
statistically significant relations were detected between the
expression of miR-431 and the following factors: gender,
age, differentiation, HCC cirrhosis, portal vein invasion,
tumor capsular infiltration and other clinicopathological
information (Table 1). Simultaneously, we conducted a
further analysis by using Spearman correlation test.
Negative correlation was found between miR-431 and
metastasis (r = —0.455, P = 0.000), MTDH (r = —0.292,
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P = 0.006), vaso-invasion (r= —0.284, P = 0.047),

MVD (r = —0.281, P = 0.06), as well as clinical TNM
stage (r = —0.223, P = 0.030). However, no significant
correlation was found between miR-431 expression and the
rest clinicopathological parameters.

Capability of miR-431 to function as a HCC tumor marker
for diagnosis and progression prediction

The ROC curve analysis was conducted to identify the
diagnostic value of miR-431 in HCC patients. As was
mentioned in Fig. 1b, the AUC of the miR-431 in HCC and
non-cancerous tissues was 0.668, at a cut-off value of 2.25,
and the sensitivity and specificity were 0.389 and 0.895,
respectively. As was shown in Fig. 3, the AUC of miR-431
to predict metastasis was 0.763, at a cut-off of 0.865 (95 %
CI 0.669-0.586, P < 0.001). The AUC for clinical TNM
stage was 0.652, at a cut-off of 1.555 (95 % CI
0.527-0.777, P = 0.031). As for vaso-invasion, an AUC of
0.621 was detected, with its cut-off as 1.265 (95 % CI
0.506-0.737, P = 0.048).

Evaluation of the relationship between miR-431
expression and recurrence of HCC patients

Among the 70 patients, 41 had low miR-431 expression
(lower than the median level of 1.26),

while 29 had high miR-431 expression.As for time to re-
currence, low miR-431 expression group was
50.009 +£ 2.731 months, while the high expression group
was 56.602 £ 3.914 months. Compared with those with
low level of miR-431, HCC patients with high level of
miR-431 had nearly 6 months longer survival time. How-
ever, no significant difference of recurrent time was found
between the low and high miR-431 groups (y* = 0.005,
P = 0.943).
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Fig. 3 ROC curve analysis for predicting prognostic accuracy of

hepatocellular carcinoma with expression of miR-431. a, b, ¢ were

ROC of metastasis, clinical TNM stage and vaso-invasion,
respectively

Discussion

MiR-431 was initially cloned from brain tissue of mouse
embryos and identified as central nervous system specific
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miRNA for the first time by Wheeler et al. [18]. Whole
mount in situ hybridization revealed that miR-431 is par-
ticularly strongly expressed in the pons. The pons is par-
ticularly rich in synapses as ninety percent of the
descending axons passing through the midbrain synapse on
neurons in the pons [18]. However, up till now, limited
information is available on physiological function of miR-
431. A previous study in correlation with atuism revealed
that alteration of miR-431 expression was discovered in
autism patients [19]. Meanwhile, another report verified
that neither mutations nor SNPs in miR-431 and miR-21
were found among atuism patients by analyzing the se-
quence virations of miR-431 [20]. Wu et al. demonstrated
[21] that nerve injury-induced miR-431 could stimulate
regenerative axon growth by silencing Kremenl (an an-
tagonist of Wnt/beta-catenin signaling pathway) through
interacting with the 3’-UTR of Kremenl mRNA [21]. Ar-
ticles mentioned above all emphasized the correlations of
miR-431 with nerve system.

Date to the recent 2 or 3 years, scholars have succes-
sively observed the potential contribution that miR-431
may play important roles in regulating the progression of
carcinoma. Recent observation has identified that expres-
sion of miR-431 may be correlated with regulation of cell
viability by using microarray-based comparative tran-
scriptome analysis [12]. MiR-431 was upregulated by the
addition of human fibroblast interferon (HulFN-fB) in a
non-cancerous HulFN-f sensitive cell lines RSa, with
concomitant suppression of IGFIR and IRS2 (putative
miR-431 target genes) signaling and inhibition of cell
proliferation by suppressing the MAPK pathway [12].
Compared with normal subjects, miR-431 was suppressed
in PBMC from initial GD patients, and then recovered in
remission. Furthermore, miR-431 expression could be di-
rectly inhibited by acute and chronic T3 exposure in PBMC
in vitro. Considering these results, miR-431 could serve as
a novel biomarker of GD and potential targets for GD
treatment [22]. Only one study has indirectly identified the
correlation between miR-431 and HCC.As mentioned in
the study by Fang et al. [13], HepG2 cells transfected with
versican 3/-UTR, which was found to promote versican
expression by regulating microRNAs, displayed increased
proliferation, survival, migration, invasion, colony forma-
tion, and enhanced endothelial cell growth, but decreased
apoptosis. Furthermore, 3’-UTR of versican could bind and
arrest the functions of miR-431, resulting in upregulation
of versican, fibronectin, and CD34 mRNA and protein
levels.

HCC still remains as a major disease that causes sub-
stantial mortality and plays a negative role in human
health, though there has been much advancement in early
prognosis and medical or surgical treatment. As better
understanding of molecular of pathogenesis of HCC has
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been proposed in HCC research progresses and novel
treatment options. Therefore, the relationship between ex-
pression of miR-431 and the progression of HCC probably
would provide a new target in the treatment of HCC
patients.

Up to now, our study was the first one to reveal directly
the relationship between expression of miR-431 and the
progression of HCC. In our study, we observed that down-
expression of miR-431 may promote the development of
HCC through the negative correlation with metastasis,
clinical TNM stage, MTDH, MCV and vaso-invasion.

First of all, low level of miR-431 was closely associated
with factors of HCC development, such as metastasis,
lymph node metastasis and advanced clinical TNM stages.
This verified that miR-431 may inhibit the deterioration of
HCC. Furthermore, MVD, MTDH and vaso-invasion are
factors related to angiogenesis, which play a vital role in
tumor growth and progression. In this study, these three
factors are all negatively relevant to expression of miR-
431. Thus, the expression of miR-431 may inhibit the
progression of HCC by affecting the levels of MVD and
MTDH, as well as the status of vaso-invasion. Besides,
HCV is positively associated with the expression of miR-
431. However, a mount of researches have shown that
HCV-associated HCC is induced by viral protein-mediated
oxidative stress and DNA damage [23]. Another new re-
search has also proposed that HCV nonstructural protein
3(NS3), which plays a role in regulating cell proliferation
in carcinogenesis, could activate MMP-9 and COX-2 ex-
pression to enhance the invasion and migration of hep-
atoma cells [24]. Considering these, the role of miR-431 in
HCV-related HCC was deserved further research to eluci-
date the influence of HCV. Although patients with lower
level of miR-431 showed a longer time of recurrence than
the higher level patients, no statistical significance was
observed. A larger sample size is required to figure out the
correlation between miR-431 and recurrence in HCC.

Conclusion

In accordance with previous researches, our current study
significantly proposes that miR-431 could function as a
new tumor-suppressive molecular biomarker for HCC,
contributing to the carcinogenesis and deterioration of
HCC. Considering the new value of miR-431 in HCC,
further observation to investigate and identify the potential
functions of miR-431 in HCC is urgent.
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