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Alpha-actinin 4 and tumorigenesis of hepatocellular carcinoma
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Background: We examined the expression of alpha-actinin 4 (ACTN4) in hepatocellular carcinoma (HCC)
tissues, to investigate the relationships between the expression of ACTN4 and the clinicopathological
features of HCC patients. We have also analyzed the relevance of ACTN4 expression and survival time after
HCC patients undergo surgery.

Methods: The expression of ACTN4 was analyzed by quantitative reverse transcription polymerase chain
reaction (QRT-PCR) and immunohistochemistry in 87 HCC patients. Statistical analyses were conducted
with SPSS 22.0 software.

Results: qRT-PCR revealed that the expression of ACTN4 mRNA was significantly higher in HCC tissues
than in adjacent tissues. Immunohistochemistry revealed that the positivity rate of ACTN4 was increased in
HCC tissues compared with adjacent tissues (P=0.029). A Mann-Whitney U analysis revealed that positive
ACNTH4 expression was statistically significantly associated with the lymph node statuses of the HCC
patients. Kaplan-Meier curves revealed that positive ACTN4 expression was inversely correlated with the
S-year survival times of HCC patients after surgery, and this relationship was statistically significant.
Conclusions: ACTN4 plays an important role in the carcinogenesis and progression of HCC.
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Introduction tumor metastasis and recurrence are still the main factors that

affect the survival of patients (5,6). Therefore, a thorough

Hepatocellular carcinoma (HCC) is the most common . . .
'p i ; ( d)' ) L understanding of the underlying molecular mechanisms
primary majignant iver tumor, and 1ts mortality rate ranks associated with the occurrence and development of HCC that

third among those of all tumors worldwide (1). Although focuses on the identification of the molecular targets related

many studies have demonstrated that oncogene amplification
or deletions of tumor suppressor genes may cause cancers
(2-4), the specific cellular and molecular mechanisms of
tumorigenesis are still not fully understood. In recent years,
with technological innovations in the diagnosis of and
treatment methods for HCC, the current survival rate of
patients with HCC has been greatly extended; however,
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to the prognosis of HCC and on the exploration of effective
interventions will help to clarify the pathogenesis of HCC
and aid in the development of new treatment strategies.

It is reported that over 75% of all HCC cases are due to
chronic infection with hepatitis B virus (HBV) or hepatitis C
virus (HCV) (5,6). HBV, a DNA virus, and HCV, an RNA
virus, both increase the risk of HCC in those infected. HBV
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contains a partially double stranded genomic DNA that does
not encode a dominant oncogene. Thus, HBV is thought to
be carcinogenic in an indirect fashion, such as by insertional
activation of cellular oncogenes the induction of genetic
instability upon HBV DNA integration or by the regulatory
protein HBx. HCV is a small enveloped positive-sense,
single stranded RINA virus. There is no DNA intermediate
in the replication of the HCV genome or integration of
viral nucleic acid and viral pathology may contribute to
oncogenesis through cirrhosis and regeneration of liver cells.
When HCV replicates in hepatocytes, it causes changes in
liver cell structure and function or interferes with hepatocyte
protein synthesis, which can cause degeneration and necrosis
of hepatocytes. The molecular mechanisms underlying
hepatocarcinogenesis remain far from understood, including
the responsible etiological factors, the marked genetic and
epigenetic heterogeneity, as well as the cell types at the origin
of transformation. There are many studies focus on the
molecular mechanisms underlying hepatitis virus-induced
hepatocarcinogenesis, as well as oncogenic pathways that are
activated particularly at late stages of the transformation process
in virus and non-virus induced hepatocarcinogenesis (6).
Viral eradication is the common effective strategy to reduce the
risk of HCC development from HBV and HCV patients (7).
However, for those who have already developed cirrhosis,
it does not work. Cirrhosis is an advanced form of liver
disease that has many causes (8). A damaged liver caused by
alcoholism or chronic infections like hepatitis B and C can
lead to cirrhosis. It is the biggest risk factor for liver cancer,
and is considered as a preneoplastic state (8). Cirrhosis usually
occurs when the liver is damaged over an extended period of
time. When liver cells are damaged and die due to chronic
disease of the liver, fibrosis is activated. Fibrous scar tissue
can be deposited in place of the missing cells. The scar tissue
blocks the flow of blood through the liver and slows the liver’s
ability to process nutrients, hormones, drugs, and natural
toxins. This impairs the hepatic functions. HCC is one serious
complication that develops as a result of chronic cirrhosis (9).
The key difference between liver cirrhosis and HCC is that
liver cancer can spread to the adjacent organs and then into
the distant sites because of the invasive nature of the malignant
cells whereas cirrhosis is confined to the liver (10). In the late
stage of cancer, metastasis can occur when cancer cells break
away from the primary tumor, where the cancer began. There
is an increase of evidence supporting that alpha-actinin 4
(ACTN4) is associated with cancer cell motility (11). ACTN4
is a member of the spectrin superfamily, widely expressed, and
cross-links with actin microfilaments to maintain cytoskeletal

© Translational Cancer Research. All rights reserved.

1375

integrity and control cell motility (12).

ACTN4 has been demonstrated to be involved in
cytoskeletal reorganization and the regulation of cell adhesion
and morphology. Silencing ACTN4 expression significantly
reduces the number of oral squamous cells (13), glioma
cells (14), and astrocytoma cells (15) and a variety of tumor
movements and invasive abilities. However, no research has
focused on the role of ACTN4 in the development of HCC
or its clinical relevance to HCC. In this study, the expression
of ACTN4 in HCC tissues was measured by quantitative
reverse transcription polymerase chain reaction (QRT-PCR)
and immunohistochemistry. The relationships between the
expression of ACTN4 in HCC and the clinicopathological
features and postoperative survival rates of HCC patients were
analyzed. We studied the expression of ACTN4 in hepatocytes

and its prognostic value.

Methods
Materials

A total of 87 HCC specimens were collected from the
Department of Hepatobiliary Surgery of Linyi Hospital
of Traditional Chinese Medicine from December 2005 to
December 2010 and were confirmed by pathology and follow-
up data. The clinical-pathological demographic information
is available in Table 1. All patients without any anti-tumor
therapies before surgery were included. The tumor tissues
and corresponding paracancerous tissues were collected
according to the experimental design of the tissue chips. The
postoperative follow-ups were conducted at 3 months with
telephone interviews. The follow-up time was 3 months after
the patient was discharged from the hospital, and the deadline
was the end of the study or December 31, 2015. Lost cases
were not included in the final statistical analyses of this study.
The study was approved by the Ethics Committee of Linyi
Hospital of Traditional Chinese Medicine, and all patients
enrolled in the study agreed to the use of their tissue samples
and provided written informed consent.

Experimental reagents and instruments

Rabbit anti-human ACTN4 polyclonal antibody
was purchased from Abcam. The concentrated DAB
Chromogenic Kit and ready-to-use immunohistochemical
Elivision Super Test kit were purchased from Fuzhou
Maixin Science and Technology Co., Ltd. The TRIzol cell
lysates were purchased from Life Technologies (Thermo
Fisher Scientific Inc.). The RNA reverse transcription
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Table 1 The associations between ACTN4 expression and the
clinicopathological features of the patients with hepatocellular
carcinomas

ACTN4 expression

Clinicopathological

features n Positive Negative P value
(n=47) (n=40)
Age 0.894
<50 years 42 23 19
>50 years 45 24 21
Gender 0.989
Male 74 40 34
Female 13 7 6
Tumor size 0.498
<5cm 36 21 15
>5cm 51 26 25
Tumor number 0.405
Single 66 34 32
Multiple 21 13 8
Lymph node status 0.046
Present 8 7 1
Absent 79 40 39
Edmonson-Steiner 0.237
grade
1,2 64 37 27
3,4 23 10 13

reagent was purchased from the TaKaRa company.

Methods
Immunobistochemistry

Conventional xylene dewaxing and gradient alcohol
dehydration were applied. The samples were repaired with
a high-pressure treatment comprising citrate buffer for 90 s,
incubated in 30 mL/L hydrogen peroxide for 25 min and
rinsed 5 times in phosphate buffer for 5 min/wash. The
samples were then incubated with rabbit anti-human ACTN4
primary antibody (1:150) overnight at 4 °C and rinsed 5 times
in phosphate buffer for 5 min/wash. First, a polymer enhancer
was added, and the tissues were then incubated at 37 °C for
15 min. Later, the samples were washed in phosphate buffer
5 times for 5 min/wash. Second, the enzyme-labeled anti-
rabbit polymer amplification agent was added, the samples
were incubated at 37 °C for 15 min, and a phosphate buffer

© Translational Cancer Research. All rights reserved.

Wang et al. ACTN4 in hepatocellular carcinoma

wash was applied 5 times for 5 min/wash. The DAB color
and hematoxylin counterstain were added, and 1 mL/L
hydrochloric acid was applied before alcohol differentiation.
When the PBS turned blue, the samples were dehydrated and
sealed when they were transparent. The results determined the
reference judgments (16). On each film, 10 fields were selected,
100 cells were counted in each field, and the percentage of
positive cells and the degree of staining were determined.
The immunohistochemical results were evaluated by two
pathologists under a microscope in a double-blind manner.
Inconsistencies between the results were resolved by discussion
to obtain consistent results. Indeed, the intensities of staining
were indicated as follows: 0, no staining; 1 light staining (or
less than 25% positive cells); 2 moderate staining (25% to 50%
positive cells); and 3 for strong staining (>50% positive cells).
Staining was also dichotomized into negative and positive.
Negative was scored for 0 and 1 and positive was scored if 2
and 3 (17,18).

RNA extraction and gRT-PCR

Total RNA was extracted from transfected cells using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer’s instructions. The first-
strand cDNA was generated using a High-Capacity cDNA
Reverse Transcripton kit (TAKARA BIO INC, Otsu, Japan).
Gene expression levels were determined by qRT-PCR
using a real-time PCR system (Bio-Rad) with the following
primers: ACTN4 (5'-ACAAGCCCAACCTGGAC-3" and
5'-GGTGCGGGCAATGGTG-3") (19). The B-actin was
used as an endogenous control for RT-PCR amplification
measurements of ACTN4 expression. RT-PCR primers
for B-actin: 5'-CTGGAACGGTGAAGGTGACA-3" and
5'-AAGGGACTTCCTGTAACAATGCA-3"' (19). The
qRT-PCR was conducted based on following conditions:
pre-denaturation at 95 °C for 3 min, followed by 40 cycles of
denaturation at 95 °C for 12 s, annealing and extension at 60 °C
for 35's.

Statistical analysis

The experimental data were statistically analyzed with
IBM SPSS 22.0 and are expressed as the means + SD. The
data were compared between groups with #-tests. The
differences in ACTN4 expression between the cancer
tissues and adjacent tissues were examined with chi-square
tests, and the relationships between ACTN4 expression and
the clinicopathological features of the patients with HCC
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were examined using the Mann-Whitney U test. A Kaplan-
Meier survival curve was calculated, and the difference in
survival between the groups was examined using the log-
rank test. We have also performed one-way Multivariate
Analysis of Variance (MANOVA) by using Matlab software.
It performed with MANOVA function for comparing the
multivariate means of the grouped data, and determine
whether the mean of a variable differs significantly among
groups. P<0.05 was taken to indicate a significant difference.

Results
ACTN4 is bighly expressed in HCC

The qRT-PCR results indicated that the expression of
ACTN#4 in the HCC tissues were significantly higher than
that in the paracancerous tissues (Figure 1, P<0.05). All
the patients were divided into two groups based on the
PCR results of ACTN4 expression. The patients who had
higher ACTN4 expression in the HCC tissues than in the
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Figure 1 The expression levels of ACTN4 mRNA in the

hepatocellular carcinoma tissues and adjacent tissues. *P<0.05.
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paracancerous tissues, as detected by the PCR analysis,
were labeled as ACTN4-positive; otherwise, they were
labeled as ACTN4-negative. The immunohistochemistry
results indicated that the expression of ACTN4 was
upregulated in the HCC tissues as illustrated in Figure 2
and that the upregulation rates are significantly higher
than those in the adjacent tissues (as illustrated in Figure 3).
The ACTN4-positive staining of the cancer cells indicated
that the stained granules in the nucleus and cytoplasm
were manifested as brown granules. The results of the
comprehensive analysis of the 87 cases of HCC in the
patients with cancer tissues and adjacent tissues for ACNT4
protein immunohistochemical staining are presented in
Table 2. Ay test revealed that the staining for ACNT4
differed significantly between the HCC tissues and the
adjacent tissues (1able 2, P=0.029).

ACTN4 and the clinicopathological features of the HCC
patients

Mann-Whitney U analysis showed that the upregulation of
ACTN4 in HCC was significantly associated with lymph node
metastasis (Table 1, P=0.046). The expression of ACTN4
exhibited no significant correlations with clinicopathological
features, including gender, age, tumor size, tumor number
and Edmondson-Steiner pathological grade.

ACTN4 and the postoperative survival of the HCC patients

According to the results of the ACTN4 immunohistochemical
staining, we divided the patients with HCCs into an ACTN4-
positive group and an ACTN4-negative group. In the
ACTN4-positive group, the 5-year overall survival rate

ACTN4-positive

ACTN4-negative

Figure 2 Immunohistochemical staining for ACTN4 expression in hepatocellular carcinoma tissues (x200). The left panel presents

ACTN4-positive results, and the right panel presents ACTN4-negative results.
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Figure 3 Immunohistochemical staining for ACTN4 expression in hepatocellular carcinoma-adjacent tissues (x200). The left panel presents

ACTN4-positive results, and the right panel presents ACTN4-negative results.

Table 2 The expression of ACTN4 in the HCC tissues and in the
adjacent tissues

ACTN4 in ACTN4 in adjacent tissues

HCC tissues " _ Total
+ 6 41 47
- 0 40 40
Total 6 81 87

The expression levels of ACTN4 in the HCC tissues and
adjacent tissues were analyzed with ¥* analysis, with P=0.029.
HCC, hepatocellular carcinoma.

was 37.044+21.977 months (Figure 4, left panel), and the
progression-free survival rate was 33.149+24.147 months
(Figure 4, right panel). In the ACTN4-negative group,
the 5-year overall survival rate was 50.775+15.272 months
(Figure 4, left panel), and the progression-free survival rate was
48.915+18.491 months (Figure 4, right panel). The Kaplan-
Meier survival curves revealed that both the 5-year overall
survival and progression-free survival rates of the patients with
ACTN4-positive HCCs were all significantly lower than those
of the ACTN4-negative patients (Manoval analysis performed
in Matlab: P<0.032 overall group, P<0.046 for progression-
free group), and the differences were statistically significant.

Discussion

ACTN#4 is a fiber-grafted actin cross-linked protein that
increases the motility of tumor cells, and it is closely
related to tumor metastasis and poor prognosis (20).
The underlying mechanism of these processes may be
that ACTN4 affects cell motility and tumor metastasis
by regulating cytoskeletal organization and adhesion by
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combining with Rho family molecules (15). In colon cancer,
colon cancer cells that overexpress ACTN4 stimulate the
activation of aggressive cellular processes and exhibit a more
aggressive malignant phenotype than control cells (14).
Additionally, the silencing of ACTN4 expression in
pancreatic and oral squamous cell carcinomas results in
decreased tumor cell invasiveness (21). In colorectal and
pancreatic cancers, overexpression of ACTN4 in tumor
cells results in lymph node metastases in the tumor area
(14,21). More importantly, one study found that the
enrichment of ACTN4 in lung cancer is closely related
to the poor prognoses of cancer patients (22). Therefore,
it is particularly important to study the relationships
between ACTN4 expression in HCC and the patients’
clinicopathological features and prognoses.

In this study, we measured the expression levels of ACTN4
by qRT-PCR and immunohistochemical staining in patients
with HCCs and examined the relatdonships between ACTN4
and the clinicopathological features and postoperative survival
of patients. The qRT-PCR results revealed that the expression
of ACTN4 in the HCCs was significantly higher than that in
the paracancerous tissues (P=0.029). Immunohistochemistry
indicated that the rate of ACTN4-positive cells in the
carcinomas was 54.02 (47/87). The positive rate in the
paracancerous tissues was 7.41 (6/81). The difference between
the two groups was statistically significant. The above results
suggest that ACTN4 may be involved in the development of
HCC. Reports in the literature state that ACTN4 is closely
related to pancreatic cancer (21), ovarian cancer (23,24), and
lung cancer (22) in terms of the occurrence, development
and prognoses of these cancers, which suggests that ACTN4
may be located in a common pathway of cancer cells through
involvement with the development of tumors.

To further study the relationship between ACNT4
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Figure 4 The association between ACTN4 expression and survival time after surgery among patients with hepatocellular carcinomas. *, the

difference between the two curves is statistically significant.

and the development of HCCs, our group analyzed the
relationships between the expression of ACTN4 and the
clinicopathological characteristics and survival times of
HCC patients using statistical methods. Our study found
that the positive expression of ACTN4 in HCC cells was
significantly correlated with lymph node metastasis, which
suggests that ACTN4 may participate in the process of
liver cell metastasis and promote tumor progression. More
importantly, further statistical analyses revealed that the
S-year overall survival and progression-free survival rates
were significantly lower in the ACTN4-positive expression
group than in the ACTN4-negative expression group,
which suggests that ACTN4 is closely related to HCC
recurrence and the long-term survival rate.

Although this study observed that the positive expression
of ACTN4 in HCC cells was significantly correlated with
lymph node metastasis, which suggests that ACTN4 may
participate in the process of liver cell metastasis and promote
tumor progression, other factors including microvascular
invasion (MVI) or tumor satellite micronodules may play
crucial roles for metastases of HCC (25). MVI is a crucial
histopathologic prognostic factor for HCC. Early tumor
recurrence is linked to increased mortality rate. It was
recently reported (26) that MVI is a more prominent tumor
recurrence predictor than the Milan criteria for HCC after
surgical resection. Imaging evidence suggested that MVI
are involved in the disruption of capsule, irregular tumor
margin, peritumoral enhancement, multifocal tumor,
increased tumor size, and increased glucose metabolism.
The correlation between MVI and segmental location of
HCC is still an open issue that require further investigation.

Conclusions

Our results suggest that ACTN4 may participate in
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the progression of HCC and affect the liver cells and
postoperative survival rates of cancer patients. This study
lays a foundation for the study of the molecular mechanism
through which ACTN#4 influences the process of HCC
metastasis and provides a new target for the prognosis of

and targeted therapy for HCC.
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