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Expression and clinical
significance of miR-3615 in
hepatocellular carcinoma
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Abstract

Objective: To investigate the association between microRNA-3615 (miR-3615) expression and

the prognosis and clinicopathological features in patients with hepatocellular carcinoma (HCC).

Methods: We obtained clinicopathological and genomic data and prognostic information on

HCC patients from The Cancer Genome Atlas (TCGA) database. We then analyzed differences

in miR-3615 expression levels between HCC and adjacent tissues using SPSS software, and

examined the relationships between miR-3615 expression levels and clinicopathological charac-

teristics. We also explored the influence of miR-3615 expression levels on the prognosis of HCC

patients using Kaplan–Meier survival curve analysis.

Results: Based on data for 345 HCC and 50 adjacent normal tissue samples, expression levels of

miR-3615 were significantly higher in HCC tissues compared with adjacent tissues. MiR-3615

expression levels in HCC patients were negatively correlated with overall survival time and

positively correlated with high TNM stage, serum Ki-67 expression level, and serum alpha-

fetoprotein level. There were no significant correlations between miR-3615 expression and

age, sex, and pathological grade.

Conclusion: MiR-3615 may be a promising new biomarker and prognostic factor for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the
main pathological type of primary liver
cancer. HCC has the fifth highest annual
incidence and third highest mortality of all
cancers worldwide. China accounts for
more than half of all cases of liver cancer
globally each year.1 A lack of early sensitive
diagnostic markers and methods means
that HCC is usually diagnosed at a later
stage, with a consequently poor prognosis
and difficult clinical treatment, leading to a
5-year survival rate of less than 7%.2 There
is thus an urgent need to identify bio-
markers and therapeutic targets for the
early detection of HCC, to improve its
early diagnosis and survival rates.

MicroRNAs (miRNAs) are a class of
endogenous single-stranded non-coding
RNAs with a length of about 22 nucleotides,
which have been confirmed to be involved in
all types of tested cancers to date. MiRNAs
can inhibit mRNA translation by binding to
a target mRNA or long non-coding RNA
(lncRNA), or can degrade bound mRNAs
and lncRNAs.3 An imbalance in miRNA
regulation can lead to the development of
malignant tumors.2 MiR-3615 is an
miRNA with regulatory roles in Barrett’s
esophagus,4 follicular lymphoma,5 colorectal
adenocarcinoma,6 and other diseases.
However, the expression of miR-3615 in
HCC and its relationship with clinicopatho-
logical features have not been well studied.

In this study, we investigated the expres-
sion of miR-3615 in HCC using an online
database, and analyzed the relationships
between its expression levels and clinical
characteristics. We also plotted survival
curves to determine the relationship
between miR-3615 expression level and
overall survival (OS), to determine its influ-
ence on the prognosis of HCC. The results
of this study may provide new diagnostic
and prognostic targets and thus improve
the clinical outcomes of patients with HCC.

Patients and methods

Genomic and clinicopathological data

The Cancer Genome Atlas (TCGA, https:
//tcga-data.nci.nih.gov/tcga/) is a public
project using high-throughput genomic
analysis techniques to improve the preven-
tion, diagnosis, and treatment of cancer.7

We downloaded data from TCGA, as
described previously.8 We compared miR-
3615 expression levels in HCC patients
between tumor and adjacent normal tissues
from the same patients. We also examined
the correlations between expression levels
of miR-3615 in HCC tissues and various
clinical features and prognosis in HCC
patients. The data for this study were
derived from a public database and ethical
review was therefore deemed unnecessary.

Classification

Patients were classified before treatment
according to sex, age, serum alpha fetopro-
tein (AFP) level (cutoff: 8.366 [median]),
Ki-67 expression level (cutoff: 10.000
[median]), TNM stage, and pathological
grade. Patients were also divided into
high-expression and low-expression groups
according to the median expression level of
miR-3615 in the cancer tissues.

Statistical analysis

Statistical analysis was carried out using
SPSS Statistics for Windows, Version 23.0
(IBM Corp., Armonk, New York, USA).
Quantitative TCGA data consistent with a
normal distribution were expressed as
mean� standard deviation. Differences in
miR-3615 expression levels between HCC
tissues and adjacent tissues were analyzed
by t-tests, and relationships between
miR-3615 expression levels and clinical
characteristics were analyzed by v2 tests.
Kaplan–Meier survival curves were drawn
to determine the relationship between
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miR-3615 expression level and prognosis of

HCC patients. The significance probability

threshold was set at 0.05.

Results

Patients and miR-3615 expression levels

in HCC tissues and adjacent tissues

Data for 345 HCC samples (including

50 paired non-tumor tissues from the

same patients) were obtained by

screening the genomic data from TCGA

database and excluding individuals with

incomplete data on gene expression, clinico-

pathological features, and prognosis.

Expression levels of miR-3615 were signifi-

cantly higher in HCC tissues (relative

expression: 13.41� 0.87) compared with

adjacent tissues (12.78� 0.41) (P< 0.001)

(Figure 1). These findings suggested that

miR-3615 was significantly up-regulated

in HCC tissues compared with non-

tumor tissues.

Relationships between miR-3615

expression level and clinical

characteristics

MiR-3615 levels were positively correlated

with TNM stage, serum Ki-67 expression

level, and AFP level. Patients were divided

into high-expression (n¼173) and low-

expression groups (n¼172) according to

the median expression level of miR-3615

in the cancer tissues (10.00)). Patients

with high expression of miR-3615 expres-

sion had high TNM stage, and high serum

Ki-67 and AFP levels. However, age,

sex, and pathological grade were not corre-

lated with miR-3615 (Table 1). Collectively,

these findings suggested that elevated miR-

3615 expression was associated with an

unfavorable prognosis among patients

with HCC.

Relationship between miR-3615
expression level and prognosis

Kaplan–Meier survival curves indicated
that HCC patients with low miR-3615
expression had significantly longer OS
than those with high miR-3615 expression
(P< 0.001) (Figure 2). These results sug-
gested that miR-3615 could be a novel
prognostic biomarker in HCC.

Discussion

MiRNAs regulate the cell cycle, and cell
differentiation and migration. They may
also act as tumor suppressor genes or onco-
genes during tumorigenesis and tumor
development. Members of miRNA families
in the miR17/18/19a/20/19b/92 cluster have
previously demonstrated a strong embryon-
ic signature, associated with proliferation
and cancer.9 MiRNAs are also involved in
the development of a variety of cancers and
have been widely reported in HCC. Rashad
et al.10 found that expression levels of
miRNA-27a and miRNA-18b were related
to the development of HCC and could be
used as prognostic factors in HCC, indicat-
ing its distant metastasis, Child–Pugh
grade, and degree of lymph node metasta-
sis. Kong et al.11 proved that miR4435-
2HG was up-regulated in liver cancer and
promoted the proliferation of cancer cells
through up-regulated miRNA-487A. In
addition, Aye et al.12 reported that reducing
miR-200b-3P in cancer cells promoted
angiogenesis in HCC tissues by enhancing
the expression of ERG (erythroblast
transformation-specific [ETS]-related gene)
in endothelial cells.

MiR-3615 was significantly down-
regulated in high-grade intra-epithelial neo-
plasia/Barrett’s adenocarcinoma (HG-IEN/
BAc) samples in patients with Barrett’s
esophagus.4 In addition, miR-3615 was
down-regulated in Chinese patients with
follicular lymphoma, as demonstrated by
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Table 1. Relationships between miR-3615 expression level and clinicopathological characteristics.

General information and

clinicopathological features

Expression level of miR-3615

v2 PLow (n¼ 172) High (n¼ 173)

Sex

Female 48 62 2.498 0.114

Male 124 111

Age, years

�60 93 78 2.784 0.095

>60 79 95

Pathological grade

I–II 111 104 0.717 0.391

III–IV 61 69

TNM stage

I–II 139 116 8.472 0.004

III–IV 33 57

Serum AFP level

Low 96 76 4.872 0.027

High 76 97

Ki-67 level

Low 116 57 41.049 < 0.001

High 56 116

TNM, tumor-node-metastasis; AFP, alpha fetoprotein.

Figure 1. Expression of miR-3615 in 345 hepatocellular carcinoma (HCC) tissues and 50 adjacent non-
tumor tissues. MiR-3615 relative expression levels (expressed in transcripts per million, TPM) were sig-
nificantly higher in HCC tissues (13.41� 0.87) compared with adjacent non-tumor tissues (12.78� 0.41)
(P< 0.001).
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quantitative reverse transcription-

polymerase chain reaction.5 MiR-3615 was

also identified as one target of five altered

miRNAs in retinitis pigmentosa,13 suggest-

ing an association between oxidative stress

and the occurrence and development of ret-

initis pigmentosa.
In the current study, miR-3615 was

highly expressed in liver cancer, and

patients with high miR-3615 expression

had poorer OS. MiR-3615 was also posi-

tively correlated with TNM stage, AFP

level, and Ki-67 level. AFP level is widely

used as a diagnostic marker of HCC, while

high levels of Ki-67 can indicate tumor

invasiveness, such as advanced tumor

stage, portal vein invasion, and intrahepatic

metastasis, which are in turn associated

with high early recurrence rates and poor

prognosis of HCC.14 Expression levels of

miR-3615 were positively correlated with

serum AFP and Ki-67 levels, suggesting

that miR-3615 could be a useful biomarker

for HCC. It could potentially make up for

deficiencies in the early detection of serum

AFP and imaging, and could indicate a

poor prognosis. Detection of miR-3615 is

thus an ideal candidate method for improv-

ing the early diagnosis of HCC.
This study was limited by restricting its

analysis to HCC tissues from TCGA data-

base, and further studies including serolog-

ical and clinical data, as well as cell

experiments, are needed to verify the

results.

Conclusion

MiR-3615 is highly expressed in HCC tis-

sues and its expression levels correlate

with clinicopathological features and

patient survival. MiR-3615 may thus repre-

sent a novel biomarker and therapeutic

target in HCC.

Availability of data and materials

The datasets used and/or analyzed during the

current study are available from the correspond-

ing author on reasonable request.

Figure 2. Relationship between miR-3615 expression level and prognosis. Hepatocellular carcinoma
patients with low miR-3615 expression had significantly longer overall survival than those with high miR-
3615 expression (P< 0.0001).
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