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Decreased serum miR-375 and miR-320a levels are
useful in predicting liver cancer
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Abstract: Purpose: The aim of the current study was to explore expression levels of miR-375 and miR-320a in
the plasma of patients with liver cancer, analyzing diagnostic efficacy and the effects of miR-375 and miR-320a.
Methods: Blood samples from 72 patients with liver cancer and blood samples from 46 concurrent health examina-
tions were used for prospective analysis. Patients with liver cancer were defined as the liver cancer group, while
healthy physical examination patients were defined as the control group. Real-time quantitative PCR (RT-PCR) was
used to measure expression of miR-375 and miR-320a in plasma. Differences in expression levels of miR-375 and
miR-320a between the liver cancer group and control group were determined. Correlation levels between miR-375
and miR-320a and liver cancer incidence rates were analyzed, as well as the value of miR-375 and miR-320a for
diagnosis of liver cancer. Results: Expression levels of miR-375 and miR-320a in the liver cancer group were sig-
nificantly lower than those in the control group (P<0.001). Expression levels of miR-375 and miR-320a showed no
differences in different patients in terms of age, weight, sex, place of residence, smoking habits, and exercise habits
(P>0.050). However, they showed significant differences in different pathological stages, lymphatic metastasis,
and differentiation degrees (P<0.001). Receiver operating characteristic curve analysis indicated that, for miR-375
expression at a cut-off value of 15.28, the sensitivity for diagnosing liver cancer was 95.22%. The specificity was
61.94%. Using 16.68 as a cut-off value for miR-320a expression, the sensitivity for diagnosing liver cancer was
98.61% and the specificity was 58.94%. Using 0.507 as a cut-off value for miR-375 and miR-320a expression,
the sensitivity for combined diagnosing liver cancer was 71.53% and the specificity was 89.75%. Conclusion: The
combination of miR-375 and miR-320a may become a useful indicator for diagnosis of liver cancer in the future.
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Introduction

Liver cancer is one of the most common malig-
nant tumors, with very high incidence rates [1].
According to statistics, in 2016, the number of
new liver cancer patients, worldwide, reached
about 2.4 million. The cumulative number of
patients with liver cancer has exceeded 500
million [2, 3]. Patient populations with liver can-
cer have shown large regional differences.
Incidence rates are more significant in some
coastal countries and in Africa [4]. Currently,
incidence of liver cancer is rising yearly. Some
studies have estimated that by 2030, liver can-
cer will become the most common malignant
tumor in the world [5]. Although current inci-
dence rates of liver cancer are not the highest,

the threat of liver cancer to the human body is
the largest among malignant tumors. Data has
shown that 5-year survival rates for liver cancer
are only 10 to 30% [6]. In the face of the harm
caused by liver cancer, clinicians have advo-
cated “early detection and early treatment”.
However, because there are no specific symp-
toms in the early stages of liver cancer, patients
often ignore or mishandle their treatment
because of a lack of medical knowledge. Most
patients have reached the middle or late stages
of liver cancer at diagnosis [7]. At present, a
diagnosis of liver cancer still needs to be con-
firmed by a pathological biopsy. Thus, there is
an urgent need for a sensitive and accurate
tumor examination methods, improving diagno-
sis rates of early liver cancer [8].
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Table 1. Primer sequences

R F
miR-375 5-CGCGGTTTGTTCGTTCGGCTC-3’ 5’-ATCCAGTGCAGGGTCCGAGG-3’
miR-320a 5’-TATTCGCACTGGATACGACTCCAGC-3’ 5’-GTCGTATCCAGTGCAGGGTCCGAGG-3’
ue 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

Research has increasingly focused on the
involvement of microRNAs (miRNAs) in patho-
logical conditions. MicroRNAs are a type of
conserved non-coding RNA that can regulate
gene expression post-transcriptionally. They
are closely related to cell growth, proliferation,
and differentiation. MicroRNAs are closely re-
lated to occurrence and development of vari-
ous tumors in humans [9-11]. MicroRNA-375
(miR-375) and microRNA-320a (miR-320a)
have shown abnormal expression in a variety of
tumors, participating in the process of tumor
development [12-14]. However, their roles in
liver cancer remain unclear. One study showed
that miR-375 and miR-320a were included in
the detection of abnormal genes in the serum
of patients with liver cancer [15], but the roles
of miR-375 and miR-320a in liver cancer remain
unclear. Therefore, the current study aimed to
evaluate the roles of miR-375 and miR-320a in
occurrence and development of liver cancer,
analyzing the diagnostic value for liver cancer
and providing reference and guidance for diag-
nosis of early liver cancer in the future.

Materials and methods
Participant information

A prospective analysis was performed on 74
patients with liver cancer and 46 blood sam-
ples from concurrent health examinations of
healthy subjects. Patients with liver cancer
comprised the liver cancer group. The group
included 42 males and 32 females, aged
between 37 and 66 years old, with an average
age of 52.24+10.88 years. Staging of liver can-
cer in patients refers to liver cancer TNN
Staging [16]. Healthy physical examination sub-
jects were used as the control group. This group
included 28 males and 18 females, aged 35-68
years, with a mean age of 51.27+11.36 years.
The current study was approved by the Ethics
Committee and all subjects provided written
informed consent.

Inclusion and exclusion criteria

Inclusion criteria: Clinical symptoms were in
accordance with 2015 Liver Cancer Diagnosis
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guidelines [15]; Liver cancer was confirmed
after biopsies in the Pathology Department;
Patients were evaluated according to the TNM
Staging for liver cancer [16]; After diagnosis,
patients were treated with surgical resections;
Patients between 30 and 70 years old; Patients
that did not receive any radiotherapy, chemo-
therapy, or hormone therapy before surgery;
Patients providing complete pathological infor-
mation; Patients agreed to cooperate with the
work arrangements of the medical staff in the
hospital. Exclusion criteria: Patients with other
tumors; Patients with cardiovascular and cere-
brovascular diseases; Patients with severe
organ failure; Patients with mental illness;
Patients with surgical tolerance; Patients with
physical disabilities; Transferred patients.

Methods

After diagnosis with liver cancer, 4 mL of venous
blood was collected from the patients. After
standing at room temperature for 30 minutes,
the blood was centrifuged for 10 minutes at
4,000 rpm. The supernatant removed and
placed in a -80°C refrigerator until testing.
Levels of alpha-fetoprotein (AFP) were analyzed
using an automatic biochemistry analyzer.
Real-time quantitative PCR (RT-PCR) was used
to measure expression of miR-375 and miR-
320a in plasma. The miR-375 kit was pur-
chased from Nanjing Kebai Biotechnology Co.,
Ltd. (SF-1622) and the miR-320a kit was pur-
chased from Xiamen Keyan Co., Ltd. (XW-
CPK3172). The experiment was carried out
according to the instructions of the TRIzol RNA
isolation and extraction kit (purchased from
Chengdu Dongsheng HKechuang Technology
Co., Ltd., 15596026). Plasma miRNA was iso-
lated and purified and the RNA was reverse
transcribed into cDNA, according to the instruc-
tions of the reverse transcription kit (purchased
from Shanghai Haifang Biotechnology Co., Ltd.,
AO000b5). Concentration and purity levels were
estimated according to an 0D260/0D280
value of 1.8-2.0. The cDNA sample was placed
in the refrigerator before use as a template for
the RT-PCR reaction. RT-PCR primers were syn-
thesized by Thermo Fisher Scientific, China
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Table 2. Comparison of clinical data [n (%)]
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Outcome measures

Liver cancer

Control group

group (n=72) (n=46)

Age 52.24+10.88 51.27+11.36
Body weight (KG) 63.27+15.74 64.33+16.04
Height (cm) 162.37+11.74 164.52+12.31
Gender

male 42 (58.33) 28 (60.87)

female 30 (41.67) 18 (39.13)
Place of residence

town 50 (69.44) 34 (73.91)

rural 22 (30.56) 12 (26.09)
Marital status

married 67 (93.06) 44 (95.65)

unmarried 5 (6.94) 2 (4.35)
Smoking

yes 43 (59.72) 30 (65.22)

no 29 (40.28) 16 (34.78)
Sports habit

yes 11 (15.28) 8 (17.39)

no 61 (84.72) 38 (82.61)
Pathological staging

I~ 26 (36.11) -

I~V 46 (63.89) -
Lymphatic transfer

yes 49 (68.06) -

no 23 (31.94) -
Differentiation

Highly differentiated 19 (26.39) -

Medium differentiation 30 (41.67) -

Low differentiation 23 (31.94) -

X2ort P Differences in miR-375 and
miR-320a expression levels
0.464 0.643 between the liver cancer gro-
0.354 0.724 up and control group were
0.952 0.343 determined. Values of miR-
0.075 0.784 375 and miR-320a in the dia-
gnosis of liver cancer were an-
alyzed. They were compared
0.273 0.601 with the diagnosis results of
AFP (AFP >25 ug/L is regard-
ed as having liver cancer).
0.339 0.560 Statistical methods
Data was analyzed and pro-
0.359 0549 c_es;ed using SPSS 24.0 staj
tistical software (Shanghai
Yuchuang Network Technology
Co., Ltd.). Count data, such as
0.093 0.761

patient clinical data, are
expressed in the form of num-
bers or percentages. Chi-
square testing was used for
comparisons between groups.
Measured data, such as
expression of miR-375, are
expressed as the mean =+
standard deviation. Analysis
of variance was used to com-
pare values between groups
and post-hoc Bonferroni’'s
t-tests were used for compari-
sons among groups. The diag-

(Table 1). The reaction included cDNA 1 uL, for-
ward primer 0.4 pL, universal miRNA gPCR
primer 0.4 uL, 2 x TransStart Tip Green qPCR
SuperMix 10 uL, passive reference dye (50 x)
(Optional) 0.4 uL, and ddH,0, to a total volume
of 20 pL. Conditions for the miR-375 reaction
were 95°C for 30 seconds, followed by
45 cycles of 95°C for 5 seconds and 64°C
for 34 seconds. Reaction conditions for
miR-320a were 95°C 30 seconds, followed
by 40 cycles of 95°C for 30 seconds and
60°C for 30 seconds. Relative expression
levels of miR-320a and miR-375 were
expressed using the 2-AACt method, taking
U6 as internal reference. All tests were re-
peated three times and the results were
averaged.
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nostic value of miR-375 and

miR-320a expression was
analyzed using receiver operating characteris-
tic (ROC) curves. P values <0.050 indicate sta-
tistical significance.

Results
Comparison of baseline clinical data

Age, weight, height, gender, place of residence,
marital status, smoking status, and exercise
habits of the two groups were compared (Table
2). There were no significant differences
(P>0.050) between the two groups concerning
these variables.

Expression of miR-375 and miR-320a

The relative expression level of miR-375 in the
liver cancer group was 0.69+0.08, significantly
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Figure 1. miR-375 expression levels in liver cancer
and control groups. *P<0.001 for comparison with
expression levels of miR-375 in the liver cancer
group.

lower than that in the control group (0.88+0.04),
P<0.001. The relative expression level of miR-
320a in the liver cancer group was 0.54+0.05,
also significantly lower than that in the control
group (0.69+0.06), P<0.001 (Figures 1 and 2).

Expression patterns of miR-375 and miR-320a
across clinical characteristics

Expression levels of miR-375 and miR-320a
showed no differences in different patients in
terms of age, weight, gender, place of resi-
dence, smoking habits, or exercise habits
(P>0.050). However, they showed significant
differences in different pathological stage, lym-
phatic metastasis, and differentiation degrees
(P<0.001) (Tables 3 and 4).

Detection of liver cancer diagnosis efficiency
using miR-375 and miR-320a

ROC curve analysis indicated that, when the
cut-off value was 0.507, the sensitivity of miR-
375 combined with miR-320a for diagnosis of
liver cancer was 71.53% and the specificity
was 89.75%. When the cut-off value was 25,
the sensitivity of AFP in the diagnosis of liver
cancer was 94.51% and the specificity was
73.14%. The sensitivity of AFP in the diagnosis
of liver cancer was significantly higher than that
of miR-375 and miR-320a. The specificity was
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Figure 2. miR-320a expression levels in liver cancer
and control groups. **P<0.001 for comparison with
expression levels of miR-320a in the liver cancer
group.

significantly lower than that of miR-375 and
miR-320a (P<0.001). (Figure 3, Table 5).

Discussion

Liver cancer is a malignant tumor with very high
mortality rates. Better healing effects can usu-
ally be achieved in the early stages of tumori-
genesis using resections and radiotherapy.
However, because there have been no signifi-
cant breakthroughs in the early diagnosis of
liver cancer and early liver cancer shows no
specific symptoms, most patients have devel-
oped a middle- or late-stage disease by the
time liver cancer is diagnosed. At this point, the
tumor is generally metastasized and invaded.
This makes treatment difficult, resulting in poor
prognosis [16-18]. At present, the pathogene-
sis of liver cancer is unclear. Early diagnosis of
liver cancer lacks an effective and accurate ref-
erence index. However, the discovery of miR-
NAs and their association with diseases may
provide a new direction for targeted research of
tumors [19].

MicroRNAs are endogenously expressed non-
coding small RNAs that occupy only 1% to 3% of
the human genome sequence, about 17-25
nucleotides in length [20]. Incomplete pairing
of the non-coding region at the 3'UTR end of
the target mRNA causes blockage of transla-
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Table 3. Pathological correlation between miR-375 and

of tumor cells through targeting the

liver cancer B-catenin mRNA [24]. miR-375 and miR-
n  miR-375 F 320a have been shown to play different
e 0595 0554 o e aancer have not been cart
in liv \ i-
::2 23 g'gzig'gz fied. Therefore, in the current study,
- Y expression of miR-375 and miR-320a in
Body weight (KG) 0.496  0.623 the blood of patients with liver cancer
>63 34 0.67+0.08 and in healthy controls was detected
<63 38 0.68+0.09 using qPCR. This study also explored the
Gender 0.578 0.565 roles and diagnostic value of miR-375
Male 42 0.69+0.08 and miR-320a in liver cancer, examining
Female 30 0.68+0.06 their relationship with pathological con-
Place of residence 0.463 0.645 ditions of patients with liver cancer.
town 50 0.67x0.09 Results of this study showed that miR-
rural 22 0.68£0.07 375 and miR-320a expression levels
Smoking 1.846  0.069 were significantly lower in the patients
yes 43 0.62+0.13 with liver cancer, compared with healthy
no 29 0.67+0.08 controls, suggesting that miR-375 and
Sports habit 0.496 0.621 miR-320a are closely related to occur-
yes 11 0.67+0.07 rence and development of liver cancer.
no 61 0.68+0.06 They may be involved in its pathogenesis
Pathological staging 6.602 <0.001 as proto-oncogenes. Present results
I~ 26 0.70+0.09 were consistent with those of Cui et al.
ey 46 0514013 [25] and Wang et al. [26]. Cui et gl. fur-
) ther mentioned that high expression of
Lymphatic transfer 9350 <0.001 miR-375 in liver tissues could inhibit cell
yes 49 0.52£0.08 proliferation and migration and induce
no 23 0.69+0.05 cell cycle G1 arrest and apoptosis. Zhang
Differentiation 218.834 <0.001 et al. [27] proposed that expression lev-

Highly differentiated 19 0.69+0.07
Medium differentiation 30 0.54+0.02
Low differentiation 23 0.42+0.03

els of star cell upregulated gene 1 (AGE-
1) in normal human tissues is minimal.
However, high expression of AEG-1 can

tion. Effects of miRNAs on life activities, such
as apoptosis, proliferation, metastasis, and dif-
ferentiation of cells, have been demonstrated
to play important roles in various tumors as
cancer-promoting or tumor suppressor genes
[24, 22]. In the future, studies of miRNAs may
become the keys to diagnosis and treatment of
cancer. The current study was especially inter-
ested in miR-375 and miR-320a. miR-375 is
found in the gene region of CRYAB2 and
CCDC108 in the 2g35 region of human chro-
mosome 2. It can generate mRNA precursors
about 70 nucleotides in length under the catal-
ysis of RNA polymerase Il. It can regulate cell
activation with Dicer and transactivation of
responsive RNA binding proteins [23]. However,
miR-320a is located on human chromosome 8
and plays a regulatory role in the proliferation

8859

turn non-carcinogenic hepatocytes into
highly invasive hepatocytes. It was,
therefore, speculated that miR-375 could
reduce the carcinogenic effects of hepatocytes
by inhibiting expression of AEG-1 and exerting
tumor suppressing effects. Schwartzman et al.
[28] showed that another driving factor in liver
cancer is Yes-related protein (YAP), which is a
downstream effector of the Hippo signaling
pathway. It influences organ size by regulating
cell proliferation and apoptosis. miR-375 binds
to a specific site of the 3’ non-coding region of
the YAP proto-oncogene and regulates YAP
expression at the post-transcriptional level.
Moreover, miR-375-mediated inhibition of YAP
translation inhibits the ability of YAP to activate
hepatoma cells and controls the development
of cancer. In addition, Chang [29] suggested
that miR-375 might be related to autophagy.
However, this has not been verified and should
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Table 4. Pathological correlation between miR-320a

and liver cancer

Results suggest that miR-375 and miR-
320a are closely related to the differen-

n miR-320a F

tiation and proliferation of hepatoma

Age 0.696
>52 43 0.53+0.07
<52 29 0.54+0.04
Body weight (KG) 0.930
>63 34 0.56+0.04
<63 38 0.55+0.05
Gender 0.704
male 42 0.56+0.07
female 30 0.55+0.04
Place of residence 1.667
town 50 0.53+0.04
rural 22 0.55+0.06
Smoking 1.212
yes 43 0.53+0.03
no 29 0.52+0.04
Sports habit 0.671
yes 11 0.56+0.07
no 61 0.55%0.04
Pathological staging 11.253
I~ 26 0.58+0.07
I~V 46 0.42+0.05
Lymphatic transfer 14.592
yes 49 0.33+0.04
no 23 0.49+0.05
Differentiation 226.634

Highly differentiated 19 0.53+0.04
Medium differentiation 30 0.42+0.03
Low differentiation 23 0.27+0.05

0.356

<0.001

0.489 cells. The degree of disease progression

can be judged by detecting expression
levels of miR-375 and miR-320a.

ROC curve analysis showed that, when
the cut-off value was 0.507, the sensitiv-
ity of miR-375 combined with miR-320a

0.484 in the diagnosis of liver cancer was

71.53% and the specificity was 89.75%.
When the cut-off value was 24.973, the

0.100 sensitivity of AFP in the diagnosis of liver

cancer was 94.51% and the specificity
was 73.14%. The sensitivity of AFP in the

0.230 diagnosis of liver cancer was significant-

ly higher than that of miR-375 and miR-
320a. Its specificity was significantly
lower than that of two. The reason for
this is presumed to be that AFP, as the
most sensitive indicator for responding
to liver function damage, provides valu-
able reference for the diagnosis of liver
function. However, AFP detection does
not have good specificity. Thus, it is

0.505

<0.001 impossible to accurately determine what

kind of liver damage has occurred in the
patient. At present, miR-375 and miR-

<0.001 320a are still abnormally expressed in

various tumors. Thus, they cannot be
completely regarded as diagnostic mark-
ers for diagnosis of liver cancer in clinical

be investigated in future research. Lu et al. [30]
suggested that downregulation of miR-320a
could activate Wnt/B-catenin signaling path-
ways and promote cell proliferation, suggesting
that miR-320a also acts as a tumor suppressor
gene in patients with cancer.

Further analysis of the clinicopathological sta-
tus of patients with liver cancer with different
expression levels of miR-375 and miR-320a
showed that expression levels of miR-375 and
miR-320a did not correlate significantly with
age, weight, sex, place of residence, smoking
habits, or exercise habits. However, they
were closely associated with pathological
stage, lymphatic metastasis, and differen-
tiation.
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practice. The combined examination of
miR-375 and miR-320a can be used as
an indicator to screen early liver cancer and
prevent occurrence.

Furthermore, the current study investigated
expression levels of miR-375 and miR-320a in
liver cancer. Results indicated that a combina-
tion of miR-375 and miR-320a might be an
effective indicator for future diagnosis and
treatment of liver cancer. However, this conclu-
sion requires further in-depth experimental
confirmation in a larger cohort, as the number
of subjects in this study was small. In addition,
expression levels of miR-375 and miR-320a in
liver cancer tissues were not analyzed. The
mechanisms of action of miR-375 and miR-
320a in liver cancer remain unclear, requiring
further research.
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Figure 3. ROC curve analysis. When the cut-off value was 0.507, the sensitivity
of miR-375 combined with miR-320a in the diagnosis of liver cancer was 71.53%
and the specificity was 89.75%. When the cut-off value was 24.973, the sensi-
tivity of AFP in the diagnosis of liver cancer was 94.51% and the specificity was [3]

73.14%.

Table 5. Diagnostic efficacy of combined diagnosis and AFP for liver

100

Identity%

mir-320a

mir-375 2]
Joint detection

AFP

and impact of inter-
ventions (risk factors,
screening, and treat-
ment) to reduce future
rates. Cancer 2009;
116: 544-573.
Fujimoto A, Furuta M,
Totoki Y, Tsunoda T,
Kato M, Shiraishi Y,
Tanaka H, Taniguchi H,
Kawakami Y and Ueno
M. Whole-genome mu-
tational landscape and
characterization of no-
ncoding and structural
mutations in liver can-
cer. Nature Genetics
2016; 48: 500-509.

Ho MC, Hasegawa K,
Chen XP, Nagano H,
Lee YJ, Chau GY, Zhou
J, Wang CC, Choi YR
and Poon RT. Surgery

cancer for intermediate and

AFP Joint diagnosis miR-375 miR-320a advanced hepatocellu-

Sensitivity (%) 94.51 71.53 95.22 98.61 lar carcinoma: a con-

Specificity (%) 73.14 89.75 61.94 58.94 sensus report from the

cut-off 24.973 0.507 15.28 16.68 Sth Asia-Pacific Primary

Liver Cancer Expert

AUC 0.842 0.936 0.895 0.859 Meeting (APPLE 2014).

95% Cl 0.781~0.903 0.90~0.96  0.840~0.951 0.796~0.922 Liver Cancer 2016: 5:
P <0.001 0.004 <0.001 <0.001 245-256.

In summary, expression levels of miR-375 and
miR-320a are significantly lower in plasma from
patients with liver cancer. The combination of
the two is expected to become an excellent
indicator for diagnosis of liver cancer in the
future.
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