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Background: The ability to evaluate the prognosis of hepatocellular carcinoma (HCC)
following hepatectomy using biological markers is of great importance.

Materials and methods: In this study, we collected samples from 54 patients with HCC
after hepatectomy. Immunohistochemistry was used to detect the expression of Sema3C and
MFN2 in the HCC samples.

Results: Immunohistochemistry results showed that Sema3C and MFN2 co-expression was
significantly associated with tumor size. In addition, a significant association between high
Sema3C and low MFN2 levels and shorter overall survival was noted, when Sema3C and
MFN?2 co-expression was analyzed.

Conclusion: The results suggest that the correlative expression level of Sema3C and MFN2
has a strong value in the prognosis of patients with HCC following hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide. It is
currently the third leading cause of cancer mortality, contributing to half a million
deaths each year. Although there have been many advances in HCC therapeutic
strategies over the past few years, the overall prognosis has not improved for cases
that present with advanced or terminal stage disease at diagnosis. Therefore, besides
novel markers, new and useful prognostic methods, in particular those specific for liver
cancer, would clearly be of great benefit. Consequently, the identification of biological
markers that can contribute to the evaluative prognosis of HCC after hepatectomy
is necessary.

Class 3 secreted semaphorins (Sema3 proteins) are a group of seven widely
expressed chemotropic factors, from Sema3A to Sema3G, with repulsive and
attractive activities.! All Sema3 proteins analyzed to date (ie, Sema3A, Sema3B,
Sema3D, Sema3E, Sema3F, and Sema3G) inhibit cell migration and seem to have
antitumor properties.> For example, Sema3 A has been shown to inhibit the migration
of breast cancer cells® and to block tumor growth in vivo.* In contrast to other class 3
semaphorins, Sema3C has been poorly characterized. It has been shown to have high
level of expression in various types of tumor cells; a correlation between its expression
and tumor development and progression has been reported.>¢ It can promote tumor
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migration and is highly expressed in metastatic tumor cells,
such as prostate cancer cells.”® Concurrent Sema3C-positive
and Sema3A-, 3B-, and 3E-negative staining is associated
with adverse prognoses in low- and intermediate-risk patients
with prostate cancer after radical prostatectomy.’

Mitofusin-2 (MFN2), an integral outer mitochondrial
membrane protein consisting of 757 residues in humans,'
is associated with mitochondrial fusion processes. MFN2
plays an important role in the development of many tumor
types. It has been reported that MFN2 expression was sig-
nificantly higher in lung adenocarcinoma tissues than in
adjacent normal tissues.!' However, another report showed
that MFN2 immunostaining was very weak in HCC tissues,
and patients with HCC with lower MFN2 expression had
a poorer prognosis.'’> MFN2 has been shown to induce
apoptosis in HCC cells, but the exact molecular mechanism
remains unclear.

The exact roles of Sema3C and MFN2 in HCC remain
undetermined. In this study, we analyzed the expression of
Sema3C and MFN2 in 54 cases of HCC and evaluated the
prognoses of those patients.

Subjects and methods
Study subjects

HCC tissue microarrays were obtained from Shanghai
Outdo Biotech Co., Ltd. (Shanghai, People’s Republic of
China). Letters of consent were obtained from all patients,
and the experimental protocols were approved by the ethics
committee of Sir Run Run Shaw Hospital of Zhejiang
University. Irregular/segment/hemihepatectomy was per-
formed for patients by the size and location of the tumor, with
surgical margins above 1-2 cm. Patient charts were reviewed
to obtain relevant clinical data, including age, sex, tumor
size, alpha-fetoprotein, cirrhosis, hepatitis B virus surface
antigen (HBsAg), vascular invasion, TNM (tumor, nodes,
metastasis) stage (American Joint Committee on Cancer),
tumor differentiation, time of recurrence, and death or time
of last follow-up. Patient survival was calculated in months
from the day of surgery until death.

Immunohistochemistry
Immunohistochemistry (IHC) was performed as described
in the following section, using primary antibodies against
MEFN2 (1:200; Abcam, Cambridge, UK) and Sema3C (1:200;
Abcam). Nonimmune mouse immunoglobulin G was used
as the primary antibody negative control.

Tissue sections were cut at a thickness of 3 um and
mounted on slides, deparaffinized in xylene, and rehydrated

in a series of graded alcohol dilutions. Heat epitope retrieval
was performed for 20 minutes in target retrieval solution
at pH 7.5. Sections were incubated with the appropriate
primary antibody at 4°C overnight. Then, the sections were
washed and incubated with secondary antibodies. Follow-
ing another washing step, the slides were incubated with
horseradish peroxidase at room temperature for 30 minutes
and were visualized for 5-10 minutes using the chromogen
3,3’-diaminobenzidine substrate kit.

Sections were scored semiquantitatively as follows: 0%
immunoreactive cells, negative/0; <5% immunoreactive
cells, weakly positive/+; 5%—-50% immunoreactive cells,
intermediate positive/++; >50% immunoreactive cells,
highly positive/+++. For statistical purposes, negative and
weakly positive cases were considered to have low expression
and intermediate and highly positive cases were considered
to have high expression.

RNA extraction, reverse transcription,
and real-time quantitative polymerase

chain reaction
Total RNA from liver tissues of patients who underwent
surgery was extracted using an Ultrapure RNA Extract Kit
(Cwbiotech, Beijing, People’s Republic of China). Reverse
transcription was performed on 1 ug of total RNA using
iScript cDNA Kit (Bio-Rad Laboratories Inc., Hercules,
CA, USA) with random hexamers. Real-time quantita-
tive polymerase chain reaction (qQPCR) was achieved with
ABS-7500 real-time PCR system (Thermo Fisher Scientific,
Waltham, MA, USA) and SYBR EvaGreen mixed with low
ROX (Bio-Rad Laboratories Inc.) for product detection.
Complementary DNA was amplified with
AATCTGAGGCGACTGGTGA as forward primer and
CTCCTCCTGTTCGACAGTCA asreverse primer for MFN2
detection and TTTGCGTGTTGGTTGGAGTAT as forward
primer and TCCTGTAGTCTAAAGGATGGTGG as reverse
primer for Sema3C detection. To normalize gene expression,
[B-actin was used as a reference gene and was amplified with
CATGTACGTTGCTATCCAGGC as forward primer and
CTCCTTAATGTCACGCACGAT as reverse primer. The
cycling program was set up as follows: 5 minutes at 95°C and
40 cycles at 95°C for 15 seconds, 60°C for 30 seconds.

Western blot analysis

For detection of the target proteins in the sample cells, MFN2
(Abcam) and Sema3C (Abcam) antibodies were used to
determine the correlation expression of these two proteins
in HepG2 cells.

submit your manuscript

3214

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Evaluative value of Sema3C and MFN2 co-expression

HepG2 cells were grown in Dulbecco’s Modified
Eagle’s Medium (Thermo Fisher Scientific) supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific) at
37°C, 5% CO,.

In order to detect the relationship of these proteins, siRNA
was used for interference of the expression of MFN2 in
HepG2 cells. Furthermore, vector overexpression of Sema3C
was used to increase the level of Sema3C in HepG2 cells.

Western blot was performed as described in Esselens et al.’

Statistical analysis

The data were analyzed using SPSS Version 17.0. The
chi-square test or Fisher’s exact test and linear regression
analysis were used to evaluate any potential association
between Sema3C/MFN2 expression and the clinicopatho-
logic parameters. Overall survival rates were calculated
using the Kaplan—Meier method, and the statistical
difference between survival curves was determined
by the log-rank test. A P-value <0.05 was considered
statistically significant.

Results
Immunohistochemical analysis of Sema3

and MFN2 correlated with clinical data
Based on the IHC results, all the 54 patients with HCC
were divided into high-expression and low-expression
groups. As shown in Table 1 and Figure 1A, high expres-
sion of Sema3C was observed in carcinoma samples (n=34)
compared with adjacent nonneoplastic tissues (P=0.000).
Taking into account the clinicopathologic features of age,
sex, tumor size, alpha-fetoprotein, HBsAg, vascular inva-
sion, TNM stage (American Joint Committee on Cancer),
and tumor differentiation, high expression of Sema3C was
significantly correlated with tumor size (P=0.02) and portal
vein embolization and metastasis (P=0.014).

In contrast, as shown in Table 2 and Figure 1B, immu-
nostaining for MFN2 revealed low expression in carcinoma
samples (n=31) compared with adjacent nonneoplastic tissues
(P=0.016). Low MFN2 expression was also significantly
correlated with tumor size (P=0.012).

Expression of Sema3C and MFN2

correlated with prognosis
Following IHC analysis, we then carried out survival analysis.
In univariate analysis, Sema3C and MFN2 immunostaining
was strongly associated with survival.

Compared with patients with low expression, patients
with high Sema3C expression had worse overall survival

Table | Relationship between Sema3C expression and clini-
copathologic features

Variable Sema3C density P-value
Low Sema3C  High Sema3C

Tumor tissue 20 34 0

Sex
Male 18 29 0.481
Female 2 5

Age (years)
=50 4 8 0.522
>50 16 26

Tumor size (cm)
=5 8 4 0.02
>5 12 30

AFP (ng/mL)
=400 7 12 0.6l
>400 13 22

HBsAg
Positive 18 31 0.619
Negative 2

Liver cirrhosis
Yes 15 24 0.503
No 5 10

Portal vein embolization and metastasis
Yes 2 15 0.014
No 18 19

TNM stage (AJCC)
1=l 10 16 0.529
-1V 10 18

Tumor differentiation
-1l 9 15 0.586
-V 1l 19

Note: Statistically significant values are shown in bold (P<<0.05).
Abbreviations: AFP, alpha-fetoprotein; AJCC, American Joint Committee on
Cancer; HBsAg, hepatitis B virus surface antigen; TNM, tumor, nodes, metastasis.

(Table 3 and Figures 2 and 3A). There was no difference
in the 1-year overall survival rates between the two groups
(low and high Sema3C expression). However, the 3-year
and 5-year overall survival rates were much worse in
the Sema3C-high group than in the Sema3C-low group
(P=0.029).

The 1-year, 3-year, and 5-year overall survival rates
for patients with low and high expression of MFN2 were
64.5%,29.0%, 29.0% and 95.7%, 60.9%, 56.5%, respectively
(Table 3). Consistently, the 1-year, 3-year, and 5-year overall
survival rates were much worse for MFN2-low than MFN2-
high patients (P=0.007; Table 3 and Figure 3B).

Therefore, we conclude that high expression of Sema3C
and low expression of MFN2, as single biological markers,
can be used for the assessment of poor prognosis in HCC.
A Kaplan—Meier curve showing the association between
Sema3C and MFN2 staining and overall survival is shown
in Figures 3 and 4.
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Figure | The expression of Sema3C and MFN2 in HCC and peritumoral tissues.

Notes: Positive expression of Sema3C (A) and MFN2 (B) in HCC tissues. Negative expression of Sema3C (C) and MFN2 (D) in peritumoral tissues. Magnification: x40.

Abbreviation: HCC, hepatocellular carcinoma.

Combination analysis of Sema3C and
MFN2 levels has a better prognostic
value in HCC

Multivariate analysis of the 54 patients showed a strong anti-
correlation between Sema3C and MFN2 expression levels
(Figure 4A; r=—0.335, P=0.013). In most of the tumor tis-
sues, Sema3C expression showed an inverse correlation with
MFN2. Therefore, we divided the patients into four groups.
Group A: Sema3C+/MFN2- (n=11); group B: Sema3C—/
MEFN2- (n=9); group C: Sema3C+/MFN2+ (n=12); group D:
Sema3C—/MFN2+ (n=22).

The 1-year and 5-year overall survival rates in group A
(90.9% and 63.6%, respectively) were much better than those
in group D (59.1% and 18.2%, respectively). The combined

analysis of these two parameters increased the prognostic
value (P=0.002; Table 3 and Figure 4B), compared with that
of Sema3C or MFN2 alone.

Combination expression of Sema3C and

MFN2 levels in vitro/in vivo
In our experiment, we detected the correlated expression of
Sema3C and MFN2 mRNA in liver tissues by gPCR method,
we found that MFN2 expression was inhibited in HCC tissues
compared with normal liver tissues (P=0.027; Figure S1B)
and Sema3C showed a reverse result in HCC/normal liver
tissues (P=0.017; Figure S1C).

Furthermore, we analyzed the combination expression
of these proteins, and they showed an obvious reverse
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Table 2 Relationship between MFN2 expression and clini-
copathologic features

Variable MFN2 density P-value
Low MFN2 High MFN2

Tumor tissue 31 23 0.016

Sex
Male 28 19 0.332
Female 3 4

Age (years)
=50 6 6 0.395
>50 25 17

Tumor size (cm)
=5 3 9 0.012
>5 28 14

AFP (ng/mL)
=400 1 8 0.594
>400 20 15

HBsAg
Positive 29 20 0.358
Negative 2 3

Liver cirrhosis
Yes 23 16 0.565
No 8 7

Portal vein embolization and metastasis
Yes 1l 6 0.56
No 20 17

TNM stage (AJCC)
(S]] 14 12 0.407
-1V 17 Il

Tumor differentiation
1=l 14 10 0.562
-1V 17 13

Note: Statistically significant value is shown in bold (P<<0.05).
Abbreviations: AFP, alpha-fetoprotein; AJCC, American Joint Committee on
Cancer; HBsAg, hepatitis B virus surface antigen; TNM, tumor, nodes, metastasis.

relationship in mRNA level of liver tissues (P=0.012; Figure
S1D). Our experimental result proved the analyzed results
of The Cancer Genome Atlas (TCGA)/oncomine database
(P=0.09; Figure S1A).

In vitro, we cultured HepG2 cells and interfered the level
of MFN2 expression with siRNA. As shown in Western
blotting analysis, the interfered HepG2 cells showed a
decreased level of MFN2 expression but an increased level
of Sema3C level (Figure S1E). This proved that decreasing
the MFN2 expression can promote the Sema3C level.
Furthermore, we overexpressed Sema3C with vector and
found that the level of MFN2 was decreased as shown in
Western blotting analysis (Figure S1F). It showed the same
result as that of the interference experiment.

Discussion

HCC is one of the most common malignancies worldwide, '
and it is responsible for half a million deaths each year.
Although there have been many advances in the therapeutic
strategies for HCC over the past years, the overall prog-
nosis for patients with advanced or terminal stage disease
at diagnosis has not improved as expected. Therefore, the
identification of a series of biological markers that could
evaluate the prognosis of HCC would be extremely useful
when considering treatment and follow-up options after
hepatectomy. A single marker alone may also be useful,

but a set of differentially expressed markers would provide

Table 3 Relationship between Sema3C expression and survival rate; relationship between MFN2 expression and survival rate; and

relationship between Sema3C/MFN2 expression and survival rate

Survival measurement Sema3C density P-value
Low Sema3C High Sema3C
|-year overall survival (%) 85.0£8.0 73.5t7.6 0.029
3-year overall survival (%) 60.0+11.0 32.448.0
5-year overall survival (%) 60.0+11.0 29.4+7.8
MFN2 density
Low MFN2 High MFN2
|-year overall survival (%) 64.518.6 95.7+4.3 0.007
3-year overall survival (%) 29.018.2 60.9+10.2
5-year overall survival (%) 29.0+8.2 56.5£10.3
Sema3C/MFN2 density
Low Sema3C/high MFN2 High Sema3C/low MFN2
|-year overall survival (%) 90.9+8.7 59.1+10.5 0.002
3-year overall survival (%) 63.6.0£14.5 18.218.2
5-year overall survival (%) 63.6.0£14.5 18.218.2
Note: Data shown as mean * SD.
OncoTargets and Therapy 2016:9 submit your manuscript 3217

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Feng et al Dovepress

>
w

MFN2-
MFN2+

Sema3C+
Sema3C-

Figure 2 IHC showing the correlated expression levels of Sema3C and MFN2 in HCC and PT.
Notes: In HCC: (A) Sema3C+/MFN2— (n=24); (B) Sema3C—/MFN2+ (n=15). Magnification: x10.
Abbreviations: HCC, hepatocellular carcinoma; IHC, immunohistochemistry; PT, peritumoral tissues.
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Figure 3 Kaplan—Meier curves showing that the expression levels of Sema3C (A) and MFN2 (B) are correlated with prognosis.
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Figure 4 Correlation between Sema3C and MFN2 expression levels and survival analysis.
Notes: (A) Multivariate analysis of the 54 patients showing a strong anticorrelation between Sema3C and MFN2 expression levels. (B) Kaplan—Meier curves showing the

correlation of groups (A-D). Group A: Sema3C+/MFN2—; group B: Sema3C—/MFN2—; group C: Sema3C+/MFN2+; group D: Sema3C—/MFN2+.
Abbreviation: HCC, hepatocellular carcinoma.
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more information when making treatment and follow-up
decisions.

Sema3 proteins appeared to be endowed with antitumor
properties;® this has been reported in patients with breast
cancer,’ prostate cancer,”® lung adenocarcinoma, and ovar-
ian cancer.'

Early reports on Sema3C, an axonal guidance molecule,
demonstrated its association with multidrug resistance in
cancer cells; it was found to be readily induced by diverse
chemotherapeutic agents.'>'¢ In addition, its overexpres-
sion was linked to shorter patient survival. Similar to these
previous studies, our results showed that patients with
Sema3C-positive HCC have a poor prognosis. Concurrent
Sema3C-positive and Sema3A-, Sema3B-, or Sema3E-
negative staining is associated with an adverse prognosis in
patients with low- and intermediate-risk prostate cancer after
radical prostatectomy.’

Initial reports on MFN2 described its marked downregu-
lation in the vascular smooth muscle cells of spontaneously
hypertensive rats. In our study, MFN2 expression was low
in HCC liver tissues compared with nearby normal tissues,
which is consistent with these reports. MFN2 in HCC has been
well studied. Upregulation of MFN2 promotes apoptosis and
inhibits proliferation of HCC cells through the activation of the
mitochondrial apoptotic pathway. Moreover, in breast cancer
cells, low expression of MFN2 protein resulted in increased
cell spreading and lamellipodia formation, more mitochon-
drial distribution to lamellipodia regions, and enhancement of
the metastatic ability of the cells.!” The reported association
of low MFN2 expression and increased metastatic ability
indicates the poor prognosis of this tumor type. In our report,
we showed that low expression of MFN2 was linked to poor
prognosis, which is consistent with the previous studies.

Concurrent Sema3C-positive and MFN2-negative stain-
ing was associated with an adverse prognosis in HCC patients;
the disparity in the prognosis between Sema3C+/MFN2—and
Sema3C—/MFN2+ patients was much more apparent than the
disparity observed when evaluating Sema3C or MFN2 alone.
The combined analysis of Sema3C and MFN2 expression
has a great evaluative value for prognosis in patients with
HCC after hepatectomy.

Moreover, Sema3C is correlated with tumor size and por-
tal vein embolization and metastasis, and MFN2 is correlated
with tumor size. Further, microvascular invasion is a risk
factor for poor survival. Portal vein embolization metastasis
is a typical microvascular invasion. This may show that the
expression of these genes has a relationship with oncogenesis
and metastasis. The combination expression of Sema3C—/
MFN2+ patient is much more apparent than the disparity

observed when evaluating Sema3C or MFN2 alone. Based
on the evaluation of expression of Sema3C/MFN2 and its
relation with clinicopathologic features, we could make a
supposition about the function of Sema3C/MFN2 in HCC, but
this supposition must be confirmed by further experiments.

There is no report showing a direct/indirect relationship
of Sema3C and MFN2. Initially, we searched the correlated
expression of MFN2 and Sema3C in TCGA database, but
the analyzed results showed a weak correlation, with P-value
0.162. Then, we analyzed the mRNA level of HCC and peri-
tumoral tissues in 23 pairs of clinical samples, and our result
showed a strong correlation with P-value 0.012 (Figure S1).
In vitro, we detected the reversed expression of MFN2 and
Sema3C in HCC cells; the result showed that they have
revised combination expression in protein level.

It has been reported that semaphorin signaling can
regulate local mitochondrial function by positioning mito-
chondria in a particular axonal location.'® Since we found
that the expression of Sema3C is related to that of MFN2,
we hypothesize that Sema3C-regulated mitochondrial
distribution could be, directly or indirectly, related to the
low expression of MFN2. Future studies investigating the
effect of Sema3C on mitochondrial function will be required
to determine this.

Conclusion
Our study showed that the expression of Sema3C in HCC
is associated with prognosis. Moreover, we demonstrated
that the concurrent expression of Sema3C and MFN2 has
large evaluative value for prognosis in patients with HCC
after hepatectomy.
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Figure S| Expression and correlation of Sema3C and MFN2 in HCC.
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Notes: (A) mRNA co-expression of Sema3C and MFN2 in TCGA database. (B) mRNA expression level of MFN2 in 23 pairs of HCC and PT. (C) mRNA expression level
of Sema3C in 23 pairs of HCC and PT. (D) Linear regression analysis of the 23 patients showing a strong anticorrelation between Sema3C and MFN2 expression levels.
(E) Knockdown of MFN2 with siRNA; the related expression of Sema3C in HCC cells. (F) Overexpression of Sema3C with vector; the related expression of MFN2 in

HCC cells.

Abbreviations: Ctrl, control; HCC, hepatocellular carcinoma; PT, peritumoral tissues; TCGA, The Cancer Genome Atlas.
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