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Abstract: Objective: To investigate the expression level of RBM8A and its significance in HCC. Methods: RT-PCR
method, immunohistochemistry and Western blot assay were performed to detect RBM8A expression in 105
cases of HCC tissues, adjacent tissues and 67 cases of normal liver tissues; The relationship between RBM8A
expression and clinicopathological features of HCC was analyzed. Results: RT-PCR showed that: RBM8A mRNA
expression in HCC tissues was significantly higher than that in adjacent tissues and normal liver tissues (P<0.05).
Immunohistochemistry showed that: the positive rates of RBM8A in hepatocellular carcinoma tissues, adjacent tissues, normal liver tissues were 85%, 61.67%, 5.71% (P<0.05); western blotting showed that: Gray values of RBM8A
in HCC tissues, adjacent tissues and normal tissues were 1.86 ± 0.36; 1.35 ± 0.32; 0.95 ± 0.35 (P<0.05). The
correlation analysis of RT-PCR, immunohistochemistry results and clinical features of liver cancer patients showed
that: RBM8A protein expression was positively correlated with HBsAg, tumor size, TNM stage, Edmondson pathological grade (P<0.05). The overall OS and PFS of patients with low expression of RBM8A were prolonged compared
with those with high RBM8A expression (P<0.05). Conclusion: RBM8A expression in HCC tissues was significantly
higher than that in adjacent and normal tissues; RBM8A may be related to the occurrence and development of HCC.
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Introduction
Primary Liver Cancer (PLC) is one of the world’s
common gastrointestinal tumors [1]. China is a
big country of liver cancer; PLC incidence rate
ranks No. 2 in all cancers; the mortality is only
second to lung cancer [2]. Among them, hepatocellular Carcinoma (HCC, hereinafter referred
to as liver cancer) accounts for about 70-85%
percent [3]. The incidence and development of
liver cancer is a multi-gene, multi-step, multistage process; its invasion and metastasis are
related with the dysfunction of a series of related genes; the key genes or protein products in
this process have become the focus of biomedical research. Bursch et al in a series of experimental studies of liver cancer [4-7] found that
in the initiation, triggering and progression of
liver cancer, there was abnormal apoptosis,
revealing the close relationship between apoptosis and liver cancer development. Early in
1999, domestic scholars Xu Hong Yu et al [8]

proposed that overexpression of Bcl-2 and low
expression of Bax in HCC could inhibit cell apoptosis to cause imbalance between cell proliferation and apoptosis, leading to tumorigenesis.
Then some researchers detected human liver
cancer tissue and found that [9], apoptotic
index of invasive liver cancer and liver metastases was significantly lower than that of noninvasive and non-metastatic liver cancer. These
studies showed that apoptosis regulatory
mechanism disorders-induced apoptosis blocking was undoubtedly very important for liver
cancer cell transfer. So looking for liver cancerrelated apoptosis gene and exploring its molecular mechanism of regulating tumor apoptosis
are the forefront topics of liver cancer research,
with great scientific significance.
Newly discovered RNA binding motif protein 8A
(RBM8A) (also known as Y14) is one member of
RNA binding motif protein (RBM) family [10].
Such protein is an RNA-binding protein, associ-
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Table 1. Primers and reaction conditions of RT-PCR
Genes

Primers

RBM8A

5’-AGATGGCGGACGTGCTAGA-3’
60
5’-CTCCACGCTGTCATAATCCTCA-3’
5’-TGGCACCCAGCACAATGAA-3’
60
5’-CTAAGTCATAGTCCGCCTAGAAGCA-3’

β-actin

ated with gene expression, cell cycle regulation
and stability, regulation of apoptosis, RNA splicing and translation; its role has attracted widespread attention [11-15]. Recent studies on the
mechanism of apoptosis have found that, deletion of RBM8A gene can induce apoptosis;
RBM8A is an important modulator of apoptosis. Ishigaki et al [16] in the research of human
cervical carcinoma cell line (HeLa) and human
lung adenocarcinoma cell line (A549) found
that, after RBM8A genes were knocked out,
tumor cell activity was inhibited; cell cycle
was arrested in M phase; abnormal central
body, a characteristic of tumor cell apoptosis,
appeared; these further confirmed that deletion of RBM8A gene can directly regulate the
cell cycle, leading to tumor cell apoptosis; on
the other hand, the deletion of RBM8A gene
can down-regulate the expression levels of multiple pro-apoptotic genes such as the Bcl-Xs,
Bim, and Mcl1S [17, 18]. Obviously, RBM8A
gene is involved in multiple aspects of apoptosis. Other studies have confirmed that RBM8A
gene could regulate the splicing of different
mRNAs, closely related with tumor development.
At present, the relationship between liver cancer and RBM8A is rarely reported. ZINDY et al
[19] had found that as one of the genes involved
in liver cancer cell extracellular matrix remodeling, metabolism and post-transcriptional gene
regulation, expression of RBM8A gene in HCC
increased, but without in-depth study. Therefore, this study took RBM8A as the research
object, detected and analyzed the relationship
of RBM8A expression intensity with clinicopathological features and prognosis to explore its
expression and significance in hepatocellular
carcinoma.

Reagents and instruments: RBM8A antibody
(Santa Cruz, USA); Trizol (Invitrogent company);
reverse transcription kit and quantitative PCR
kit (Takara Biotechnology Inc.); fluorescence
quantitative PCR instrument Agilent Mx3000P;
Nanodrop; conventional reagents, cold centrifuges and refrigerators were provided by the
laboratory of Cancer Hospital of Guangxi
Medical University.
Methods
RT-PCR to detect mRNA level: RNA was
extracted by Trizol; After the quantitation of
total RNA by a UV spectrophotometer, reverse
transcription was performed according to
reverse transcription kit instructions to obtain
cDNA; Mx3000P real-time PCR instrument was
used to detect RBM8A mRNA Levels. Primers
were designed and synthesized by TAKARA
Company; internal reference was β-actin; the
reaction system was 20 ul; primer sequences
and reaction conditions were listed in Table 1.

Materials

Western blotting to detect protein leve: lRIPA
lysis buffer was used to extract tissue protein;
Protein concentrations were determined by
BCA method. 10 ul sample was subjected
to SDS-PAGE gel electrophoresis to isolate
protein, and then the protein was transferred
to PVDF membranes by semi-dry electric
transfer apparatus, blocked with skimmed milk
powder, incubated with RBM8A primary
antibody at 4°C overnight and β-actin secondary antibody at room temperature for 2 h
before ECL developing and fixing. RBM8A
molecular size was 24 KDa; β-actin protein size
was 44 KDa. Bio-Rad imaging gel imager was
used to capture images and analyze the results.

Source of specimen: 105 cases of pathologically confirmed liver cancer patients receiving

Immunohistochemistry assay to detect protein
levels: Immunohistochemical two-step staining

Materials and methods
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According to the number of
chromogenic cells × color intensity: 0-2 negative (-); >2 positive, 3-4 weak positive
(+), 5-7 moderate positive
(++), ≥8 strong positive (+++).
Western Blotting results: The
film was scanned; Bio-Rad’s
Imaging Analysis software
was used to analyze gray
value (integrated absorbance,
IA); IA target gene/IA β-actin
represented the relative expression of RBM8A.
Statistical analysis
SPSS16.0 statistical software
was used for analysis. Measurement data were expreFigure 1. RBM8A mRNA expression in human HCC tissue, adjacent tissue
ssed as x ± s; count data were
and normal tissue.
indicated by the number of
cases. The group in line with
method was used; conventional dewaxing
homogeneity of variance was analyzed by
and hydration of slices were performed;
independent t-test or ANOVA; if there was variendogenous peroxidase was inactivated at
ance arrhythmia, natural logarithm conversion
room temperature; high-temperature antigen
was performed before independent t-test or
retrieval was performed; then the sample was
ANOVA. Count data were analyzed using
blocked with normal goat serum, incubated
Pearson X2 test, continuity correction X2 test or
with 1:50 RBM8A primary antibody at 4°C
Fisher’s exact test. The results of immunohistoovernight and Secondary Antibodies; After
chemistry were analyzed using Ordinal-logistic
DAB staining, hematoxylin re-staining was
regression analysis. Correlation analysis was
performed. Positive tissue sections were used
performed using Spareman rank correlation.
as positive controls; PBS buffer instead of
P<0.05 was considered statistically signiprimary antibody was used as the negative
ficant.
control.
Results
Result determination: After completing RT-PCR,
the relative expression level was calculated by
RBM8A mRNA expression in human HCC tis2-ΔΔCT (ΔΔCT = [CT (target gene) - CT (β-actin-)
sue, adjacent tissue and normal tissue
experimental group] - [CT (target gene) - CT (βactin) control group]); normal liver cells 7702
RT-PCR analysis showed that, the average relawere used as controls. Immunohistochemical
tive expression levels of RBM8A mRNA in canfilm reading was performed by two pathologists;
cer tissues, adjacent tissues and normal tissemi-quantitative analysis was performed
sues were 7.99595 ± 5.49764, 4.6667 ±
using thirteen-point scoring method: according
3.78338, and 1.6460 ± 1.53852, respectively;
to the proportion of coloring cells in slices to
the results showed that in terms of the expresscore: 0-no cell was stained; 1-the ratio of
sion of RBM8A mRNA, HCC > adjacent tissues
coloring cells was less than 10%; 2-the ratio of
> normal tissues (Figure 1), and the difference
coloring cells was more than 10% but less than
was statistically significant (P<0.05).
50%; 3-the ratio of coloring cells was more than
50% but less than 80%; 4-the ratio of coloring
RBM8A protein expression in human HCC tiscells was more than 80 percent. According
sue, adjacent tissue and normal tissue
to cell color intensity to score: 0-no coloration;
Western Blotting assay was used to detect the
1-pale yellow (weak staining); 2-brownish yellow
RBM8A mRNA expression in human HCC tis(moderate staining); 3-tan (strong staining).
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Table 2. Gray value of RBM8A expression in each
group
RBM8A/β-actin gray value
Cases Mean ± standard
P-value
deviation
HCC tissues
105
1.86 ± 0.36
Adjacent tissues
105
1.35 ± 0.32
0.000*
Non-cancerous tissues
67
0.95 ± 0.35
0.000#
Note: Compared with HCC tissues, adjacent tissues *P = 0.00,
Non-cancerous tissues #P = 0.00.

RBM8A positive expression rates in HCC
tissues, adjacent tissues and non-cancerous tissues were 87.62% (92/105), 60.95%
(64/105), 4.47% (3/67). RBM8A staining
intensity in each group was shown in Table
3.
Immunohistochemistry showed that, there
were significant differences in RBM8A
expression levels in HCC tissues, paraneoplastic and non-cancerous tissues (P =
0.00). RBM8A expression level in HCC tissues was higher than that in adjacent and noncancerous tissues, and the level in adjacent
tissues was higher than that in non-cancerous
tissues.
The relationship between RBM8A expression
and clinical index

Figure 2. RBM8A protein expression in human HCC
tissue, adjacent tissue and normal tissue.

sue, adjacent tissue and normal tissue; the
results showed that RBM8A had been expressed in three kinds of tissues.
Results showed that, the average relative gray
values in cancer tissues, adjacent tissues and
normal tissues were 1.86 ± 0.36, 1.35 ± 0.32
and 0.95 ± 0.35, respectively; The statistical
analysis showed that: RBM8A protein expression in HCC tissues was higher than that in
adjacent tissues and non-cancerous tissues,
and RBM8A protein expression in adjacent tissues was higher than that in non-cancerous tissues; the difference was statistically significant
(P = 0.00), shown in Table 2; Figure 2.
Immunohistochemistry
Compared with the negative control (Figure
3A), RBM8A was lightly expressed in non-cancerous tissue (Figure 3B); its expression can
also be found in adjacent tissues, and the
degree of intensity was stronger compared with
non-cancerous tissues (Figure 3C); high expression (Figure 3D) was observed in hepatocellular carcinoma tissues; protein was mainly located in cytoplasm of cancer cells, showing dark
brown yellow or brown granular staining.
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With 7.99595 as the boundary of RBM8A
mRNA expression in HCC, 105 cases were
divided into RBM8A low expression group (85
cases) and high expression group (20 cases);
high expression positive rate was 80.95%. And
the relationship of RBM8A mRNA and protein
levels with clinical pathological features was
analyzed, shown in Tables 4, 5.
There were statistically significant differences
in RBM8A protein expression between different
groups of HBsAg, tumor diameter, TNM stage
and Edmondson pathologic grade (P<0.05.)
RBM8A mRNA high expression was significantly
correlated with HbsAg and Edmondson pathologic grade; while in terms of tumor diameter
and TNM stage, there was no significant difference (P>0.05). RBM8A expression increased in
groups of HbsAg and Edmondson pathologic
grade.
Further nonparametric rank correlation analysis of RBM8A protein expression in Edmondson
pathologic grade groups showed that: P = 0.00,
shown in Table 5. Spearman correlation coefficient was 0.992, suggesting that liver cancer
histological grade was positively correlated
with RBM8A expression intensity; the lower
degree of differentiation, the stronger RBM8A
expression.
Survival analysis
For the 105 cases, follow-up time was 3-620
days; 0 lost cases; a total of 105 cases were
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Figure 3. Immunohistochemistry was used to detect RBM8A expression in the negative control group (A), noncancerous tissue (B), adjacent tissues (C) and HCC tissues (D), ×200.

Table 3. RBM8A staining intensity in HCC tissues, adjacent tissues and non-cancerous tissues
Cases
HCC tissues
Adjacent tissues
Non-cancerous tissues

105
105
67

Strong
positive
18
3
0

Positive
46
28
1

Weak
positive
28
33
2

Negative

Positive rate

P value

13
41
64

87.62%
60.95%
4.47%%

0.00*
0.00#

Note: Compared with HCC tissues, adjacent tissues *P = 0.00, Non-cancerous tissues #P = 0.00.

included in the statistics; follow-up rate was
100%. The RBM8A expression of all patients
were divided into high expression group (positive and strongly positive, n = 64) and low
expression group (negative and weak positive,
n = 41). Kaplan-Meier survival curve method
was used to analyze and calculate the OS and
PFS in high expression group and low expression group, with the Log-rank test to detect
whether there were significant differences
between the two groups.
The results showed that: in RBM8A low expression and high expression groups, the median
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OS were 229 days and 160 days (P = 0.000)
respectively (Figure 4A); the median PFS were
114 days and 90 days, respectively (P = 0.001)
(Figure 4B). Therefore, the overall OS and PFS
of patients with low expression of RBM8A was
significantly longer (P<0.005).
Discussion
RBM8A is a RNA binding protein of 26 kDa; the
corresponding gene in the chromosome is
14q21-q23, which encodes four transcriptions;
it is widely expressed in cells, shuttling in cytoplasm and nucleus [20]. Compared with other
Int J Clin Exp Med 2017;10(1):598-607
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Table 4. The relationship between the strength of RBM8A expression in HCC tissue and clinical index
Items
Sex
Male
Female
Age
≥60 years
<60 years
AFP (μ·gL-1 )
≥400
<400
HBsAg
Positive
Negative
Tumor diameter (CM)
≥10
5-10
<5
Cirrhosis
Yes
No
Portal vein tumor thrombosis
Yes
No
Child-pugh score
A
B
C
Edmondsom Pathology
Grades
I
II
III
IV
TNM stages
I
II
III
IV

Cases

RBM8A mRNA
High
Low
expression
expression

P-value

Positive

Positive

71
21

7
6

0.104
78
27

66
19

12
8

35
70

25
60

10
10

0.463
29
63

6
7

0.516
78
27

62
23

16
4

82
23

73
12

9
11

28
50
27

20
41
24

8
9
3

0.433
70
22

8
5

81
11

1
12

27
39
26

1
11
1

0.000

0.000

0.248

0.013

0.329
58
47

45
40

13
7

42
63

31
54

11
9

43
58
4

34
49
2

9
9
2

0.58
54
38

4
9

35
57

7
6

37
52
3

6
6
1

0.128

0.276

0.283

0.670

0.004
20
45
38
2

10
40
33
2

10
5
5
0

24
60
21
0

16
51
18

8
9
3

P-value
0.144

0.079

0.003
12
42
36
2

8
3
2
0

15
58
19

9
2
2

0.153

genes in the family, currently RBM8A’s complete structure and specific mechanism of
action are rarely reported in the literature; it
has been known that its main biological role is
to participate in the formation of exon-junction
biding complex (EJC) [21]; meanwhile, it is also
the core protein of nonsense codon-mediated
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RBM8A protein

0.000

mRNA decay (NMD), involved in NMD-mediated
mRNA monitoring. NMD is a monitoring mechanism to ensure the stability of RNA in eukaryotic cells; it can quickly clear the abnormal transcripts containing premature termination codons (PTC) and reduce the generation of hazardous truncated proteins [22-24]. In 2001,

Int J Clin Exp Med 2017;10(1):598-607

Enhanced RBM8A expression hepatocellular carcinoma
Table 5. Relationship between the strength of
RBM8A protein expression and Edmondson
pathological grade
Edmondson
Pathological grade
I
20
II
45
III
38
IV
2

RBM8A/β-actin
gray value
1.41 ± 0.51
1.63 ± 0.89
2.21 ± 0.63
2.50 ± 0.71

0.004#
0.001##
0.031###

Edmondson pathological grade, #: Between grade II and
grade III, P = 0.004. ##: Between grade I and grade III, P
= 0.001. ###: Between grade I and grade IV, P = 0.031.

Noensie and Dietz [25] proposed to use NMD
mechanism in cancer research, using drugs or
siRNA to inhibit NMD, thereby identifying the
mutant gene. Chinese scholars also raised that
the incidence of malignant tumors was related
with the stability of mRNA [26]; therefore, looking for the NMD interfering with cancer cells is
likely to open new avenues for cancer treatment. RBM8A, as a core component of NMD,
may play an important role in cell malignant
transformation process.
So far high RBM8A gene expression has been
found in a variety of malignancies, including: primary liver cancer, pleural mesothelioma and multiple myeloma [18, 19, 27-31]. It
has been found in further studies that RBM8A
may be involved in tumor regulation mechanism through following ways:
In human lung adenocarcinoma, RBM8A geneknockout cells were arrested in G2/M phase;
RBM8A-Mago complex affected the positioning
of the central body thereby preventing tumor
cell mitosis; it mediated apoptosis by regulating
cell cycle [16, 32]. Meanwhile, as the core component of EJC, RBM8A deletion can down-regulate the expression levels of pro-apoptotic
genes such as Bcl-xS and Mcl1 in Bcl-2 family;
it was closely related with disorders in apoptosis regulation mechanism; so it can mediate
metastasis of HCC [17].
Three cell pathways, Ras/MAPK, JAK/STAT3
and NF-κB, had been confirmed to be closely
associated with liver cancer, synergistically
involved in the development, invasion and
metastasis of liver cancer [33-35]. RBM8A
deletion would result in the following changes
in above three pathways [36-39]: 1, MAPK protein synthesis was reduced, inhibiting Ras/
604

MAPK pathway and leading to cell apoptosis
in advance; 2, JAK/STAT3 pathway was inhibited; DNA-binding activity of STAT3 decreased in
tandem; 3, phosphorylation in TNF-α/STAT3
pathway was reduced, resulting in weakened
effect of NF-κB. Therefore, as the common
molecular of three signaling pathways, RBM8A
genes play a very important role in controlling
cell growth and apoptosis molecular network.
Our research from cell and histology levels confirmed that the expression level of RBM8A in
HCC tissues was significantly higher than that
in adjacent tissues and normal liver tissues,
indicating that RBM8A can be used as a meaningful histopathological marker, providing an
iconic protein marker for diagnosis of liver cancer. One of the mechanisms of malignancy is
high-frequency nonsense mutation of oncogenes; these nonsense mutants after initiating
NMD pathway can lead to deletion of tumor
suppressor gene expression because the translation is terminated in advance. High expression of RBM8A in HCC confirmed that mechanism of action of NMD was more active, indirectly identifying that PTC gene mutation level
in hepatocellular carcinoma was significantly
higher than that in normal liver cancer. The
expression of RBM8A in adjacent tissues was
significantly higher than that in normal tissues,
whether the difference was caused by the presence of micro-metastases in adjacent tissues
remains to be further studied.
RBM8A expression level is associated with
HbsAg expression. Epidemiological data show
that hepatitis B virus infection is the primary
risk factor of HCC in China; almost all HBVrelated liver cancers have hepatitis B virus integration; hepatitis B virus integrated in the liver
cell genome accelerates the development of
liver fibrosis and liver cell inflammation, thus
promoting liver cancer [40, 41]. This study
found that, in HbsAg positive group, gene and
protein levels of RBM8A were significantly
increased, most likely participating HbsAg gene
integration and at the protein level interacting
with the hepatitis B surface antigen to jointly
promote the occurrence of liver cancer.
Histological grade and TNM stage of HCC are
clinically important indicators to assess the
degree of malignancy and prognosis of liver
cancer; they are important for prognosis judgement [42]. The results of this study showed
Int J Clin Exp Med 2017;10(1):598-607
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and the clinical follow-up
study was conducted. Survival analysis showed that, in
low RBM8A expression group,
median OS and the median
PFS were was 229 days and
114 days respectively, higher than those (160 and
90 days) high RBM8A expression group; the difference
was statistically significant.
So RBM8A may be used as a
prognostic factor of HCC,
which was closely related with
the recurrence and metastasis, and survival of patients.
In summary, in this study, we
confirmed that the expression
of RBM8A was elevated in
HCC. There were statistically significant differences in
RBM8A expression between
different groups of HBsAg,
tumor diameter, TNM stage
and Edmondson pathologic
grade, likely to help determine
the degree of pathological differentiation and clinical stage.
Meanwhile, in the survival
analysis, we found that OS
and PFS of patients with low
expression of RBM8A were
longer than those with high
expression of RBM8A. Our
study revealed the possible
Figure 4. Strength of RBM8A protein expression and survival analysis.
correlation between RBM8A
and liver cancer development;
that: the expression level of RBM8A in advanstrengthening the in-depth study of the molecuced hepatocellular carcinoma was higher than
lar mechanisms will contribute to provide new
that in early stage; while in histology, the
ways for tumor targeted therapy.
lower the histological grade, the higher the
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