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3B(SEMA3B)

Jiangfeng Hu! | Bensong Duan® | Weiliang Jiang' | Sengwang Fu' | Hengjun Gao® |

Lungen Lu'

1 .

Department of Gastroenterology, Shanghai
P . 008 £ Abstract

General Hospital, Shanghai Jiaotong

University School of Medicine, Shanghai, Aim: Epidermal growth factor-containing fibulin-like extracellular matrix protein

China 1(EFEMP1) has been found to be involved in the occurrence and development of

2Endoscopy Center, Shanghai East

many cancers. The relationship between EFEMP1 and the development of hepatocel-
Hospital, Tongji University School of

Medicine, Shanghai, China lular carcinoma (HCC) and the molecular mechanism are not fully understood.
3Department of Gastroenterology, Tongji Methods: Real-time polymerase chain reaction (PCR) and tissue microarray were
Hospital, Tongji University School of used to detect the expression of EFEMP1 in HCC cell lines and tissue. Methylation-

Medicine, Shanghai, Chi . g 2
ecetne, Shanghan -uma specific PCR assay was used to measure the methylation level of EFEMP1 in HCC

Correspondence cell lines and tissue. To study the function of EFEMP1 on cell function, Huh7 and
Hengjun Gao, Department of HepG2 were infected with lentiviral particles expressing EFEMP1. MTT assay and
Gastroenterology, Tongji Hospital, Tongji . . ]
University School of Medicine, Shanghai, colony formation assay were used to examine the effect of EFEMP1 on cell prolifera-

China. tion. Annexin-VAPC/7-AAD double were used to detect the effect of EFEMP1 on
Email: hengjun_Gao @tongji.edu.cn cell apoptosis. To further detect the effect of EFEMP1 on the development of HCC

and
Lungen Lu, Department of in vivo, we performed the tumor formation experiment in nude mice. Gene chip was
Gastroenterology, Shanghai General used to detect the expression profile of Huh7 and HepG2 overexpressing EFEMP1.

Hospital, Shanghai Jiaotong University
School of Medicine, Shanghai, China
Email: lungenlu1965@163.com formed. To study the effects of SEMA3B, specific siRNA was used to inhibit the

To further screen out the differences, GO analysis and pathway analysis were per-

L . . expression of SEMA3B. Chi-squared test and rank sum test were used to analyze the
Funding information This work was

sponsored by Shanghai Sailing Program relationship between EFEMP1 expression and HCC clinical characteristic.
(Grant No: 19YF1439000, 19YF1444400);

National Natural Science Foundation of . . . i
China (Grant No: 81802318, 8160030032): in HCC cell lines and HCC tissues. The expression level of EFEMP1 was related to

Results: The study found that the expression of EFEMP1 was significantly decreased

Chinese Universities Scientific Fund (Grant the TNM (the extent of the tumor, the extent of spread to the lymph nodes, the pres-
No: 22120180594, 22120180616). ence of metastasis) stage and the prognosis of patients with HCC. The decrease of
protein expression suggested that the patient prognosis was worse, and the protein

level of EFEMP1 may be an independent factor in the prognosis of HCC patients.

Jiangfeng Hu, Bensong Duan, Weiliang Jiang and Sengwang Fu Contributed equally

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
work is properly cited.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

3152 wileyonlinelibrary.com/journal/cam4 Cancer Medicine. 2019;8:3152-3166.


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-5790-1307
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:hengjun_Gao@tongji.edu.cn
mailto:lungenlu1965@163.com

HU ET AL.
pathway.
by promoting SEMA3B.
KEYWORDS
carcinoma, proliferation
1 | INTRODUCTION

Primary liver cancer is one of the most common malignan-
cies in China. Early symptoms are occult, and many patients
have been found to have advanced stages of liver cancer. Its
morbidity, mortality, and death toll have long been among
the top three types of malignant tumors.' ™ Hepatocellular
carcinoma (HCC) accounts for about 85%-90% of primary
liver cancer. The etiology and pathogenesis of primary liver
cancer are still not fully understood, and most viewpoints are
considered to be multi-factor complex and multistep complex
diseases.’

Epidermal growth factor-containing fibulin-like extracel-
lular matrix protein 1 (EFEMP1), also known as Fibulin-3, is
a member of the Fibulin glycoprotein family. EFEMP1 was
first found in aged fibroblasts. The main role of EFEMP1 is
to maintain the stability of the basement membrane and the
integrity of the extracellular matrix. Existing studies have
shown that EFEMP1 plays an important role in the progres-
sion of multiple tumors.® In cervical cancer, high expres-
sion of EFEMP1 promoted the proliferation, invasion, and
adhesion of tumor cells.” In pancreatic cancer, EFEMP1
activated the mitogen-activated protein kinase (MAPK) and
protein Kinase B (PKB/AKT) pathways by binding to the
EGF receptor to promote tumor proliferation.8 However, in
some other tumors, EFEMP1 was considered to play a role
in tumor suppression. For example, in lung cancer, EFEMP1
inhibited tumor invasion by inhibiting MMP-7 expression.9
In nasopharyngeal carcinoma, EFEMP1 inhibited cell mi-
gration and invasion by affecting the activity of AKT."
In addition, EFEMP1 could be detected abnormally in the
serum of tumor patients,“’12 S0 it may serve as an import-
ant marker for clinical diagnosis of cancer. These stud-
ies suggested that EFEMPI may be a molecular detection
marker and an important drug target for early diagnosis of
tumors. However, whether it is related to the tumorigenesis
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Promoter methylation may be one of the reasons for EFEMP1 inhibition. EFEMP1
could inhibit the proliferation of HCC cells and promoted the apoptosis of HCC cells
to regulate the development of HCC. And EFEMP1 promoted the apoptosis of HCC
cells mainly through the mitochondrial apoptosis pathway. EFEMP1 may inhibit the
proliferation of HCC cells through the SEMA3B gene in the Axon guidance

Conclusion: In summary, our research revealed the regulation of EFEMP1 on cell
proliferation and apoptosis in HCC. EFEMP1 may suppress the growth of HCC cells

apoptosis, epidermal growth factor-containing fibulin-like extracellular matrix protein 1, Hepatocellular

or development of HCC and the molecular mechanism of
action is not completely clear. It has been reported that in
the process of HCC, methylation of the promoter region
causes a decrease in the expression of EFEMP1."® There
were several shortcomings in this study. Firstly, the sample
size was too small. It was unknown whether EFEMP1 was
really related to HCC. Secondly, the relationship between
expression quantity and clinical pathological characteristics
had not been directly studied. Thirdly, there was no relevant
research on cell function.

In this study, we examined the expression and signifi-
cance of EFEMP1 in tumor tissues of HCC patients, analyzed
the effects of EFEMP1 on the biological behavior of HCC
cells, and initially studied the mechanism of EFEMP1 on the
development of HCC. The initial search for the regulatory
mechanism of EFEMP1 on HCC provides a theoretical basis
for the possible future clinical applications.

2 | METHODS

2.1 | Cell culture and plasmid

Cell lines were acquired from Cell Bank at Shanghai Institutes
for Biological Sciences of Chinese Academy of Sciences.
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM, Thermo, Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS, Gibco, Grand Island, NY,
USA). Expression plasmid for EFEMP1 was kindly gifted

from Yuanjie Hu.'#16

2.2 | Tissue microarray

Tissue microarray was bought from the Biobank of National
Engineering Center for Biochip at Shanghai. To measure the
staining intensity of tissue, the semiquantitative method was
used. The staining intensity (I) was divided into four grades:
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0, none; 1, poor; 2, moderate, and 3 strong. The percent-
age of positive cells (P) was scored as: 0, 0%; 1, 1%-25%;
2, 26%-50%; 3, 50%-75%; and 4, > 75%. The total score
(I+P) <4 was defined as low expression, and score >4
was defined as high expression. This study was approved by
the Ethics Committees of National Engineering Center for
Biochip in Shanghai.

23 |

Total RNA was extracted from tissues and cells using
Trizol as described previously.”’Ig To detect the expres-
sion of mRNA, 500 ng of total RNA was used to synthe-
size ¢cDNA by reverse transcription using PrimeScript
RT Master Mix. Primer sequences were listed as follows:
GAPDH (forward: 5-AGAAGGCTGG GGCTCATTTG-3;
reverse: 5-AGGGGCCATCCACAGTCTTC-3); EFEMPI1
(forward: 5-GCAGGCTACGAGCAAAGTGAAC-3, re-
verse: 5-GCTTCTGATAT CCAGGAGGGCA-3); Ki-67
(forward:  5-CCTGCTCGACCCTACAGAGTG-3, re-
verse: 5-GTTGCTCCTTCACTGGGGTC-3); SEMA3B
(forward: 5-CTTCGGCT CTCCTTTCAAGA-3, reverse:
5-CAAGGCTTCATAACAGCAGGT-3)

RT-PCR for mRNA expression

24 | MTT assay

Cells were seeded in the 96-well plate at a density of 3000/
well. After 12, 24, 48, 72 hours, 100 pL MTT was added.
Then cells were incubated for 4 hours. Hundred microliters
of DMSO was added into each well. After placed on a shaker
at low speed for 15 minutes, the microplate reader was used
to detect the absorbance at 490 nm.

25 |

The method of colony formation experiment referred to the
previous research.'? Cells were seeded into a 3.5 cm dishes at
a density of 2000 per dish and cultured in an incubator. When
macroscopic clones appeared in the culture dish, culture dish
was removed and washed once with PBS. Methanol was
added for 30 minutes to fix cells. Crystal violet staining solu-
tion was added for 20 minutes, and then the staining solution
was slowly washed with running water and air-dried. The
number of cells was counted by the naked eye and divided by
the number of cells laid to obtain the colony fomration rate.

Colony formation assay

2.6 | Flow cytometry

Cells were collected into a 10 mL centrifuge tube at a density
of 1-5 x 10%mL for each group and washed twice with PBS.
Then cells were resuspended with labeling solution and incu-
bated in the dark for 10-15 minutes at room temperature. After

centrifuging, fluorescent dye was added for 20 minutes at 4°C.
Flow cytometric analysis was used to quantify cell apoptosis.

2.7 | Tunel staining

Cells were fixed in 4% paraformaldehyde overnight. To im-
prove cell permeability, 1% Triton-100 was added for 15 min-
utes at room temperature. After fixed with 3% H,0,-methanol
solution for 15 minutes, cells were incubated with TdT enzyme
reaction solution in the dark for 1 hour at 37°C. Streptavidin-
TRITC was added in the dark for 30 minutes at 37°C. Hoechst
33 258 was used to stain. The number of apoptotic cells in five
randomly chosen microscopic fields was counted.

2.8 | Western blotting

Cells were lysed in SDS sample buffer. Protein concentration
was determined using a bicinchoninic acid method. Proteins
were separated using SDS-PAGE, transferred to the pure
nitrocellulose blotting membranes, and detected with ap-
propriate antibodies as described below. Antibodies used in
the experiment were: anti-GAPDH (Sigma), anti-EFEMP1
(Abgent),anti-Bad (Biogot),anti-Bid (Biogot), anti-Bcl-2
(Biogot), anti-Caspase-3 (Biogot), anti-Caspase-8 (Biogot),
and anti-Caspase-9 (Biogot).

2.9 | Nude mouse tumor
formation experiment

Male nude mice of 4 weeks old were purchased from
Shanghai Slaccas. The cells were resuspended in a mixture of
1 x PBS and matrigel with a volume ratio of PBS to matrigel
of 9:1. The injection volume of each mouse was 0.2 mL per
needle, and each injection of 1 X 107 cells was subcutane-
ously injected into the neck. Nude mice injected with HepG2
cells were terminated at 4 weeks, while nude mice injected
with Huh7 cells were terminated at 5 weeks. The tumor mass
was taken out and weighed.

2.10 | p-galactosidase staining experiment

Cells were fixed with galactosidase staining fixative for 30 min-
utes at room temperature and stained with staining working
solution overnight at 37°C incubator. On the next day, the
number of cytoplasmic blue-stained cells was counted under
a light microscope, and four randomly fields were taken from
each group. The positive rate of cell staining was calculated.

2.11 | Statistical analysis

The experimental data were analyzed and plotted using SPSS
20.0 and GraphPad Prism 5.0 software. Data results were
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expressed as mean =+ standard deviation, using paired ¢ test,
unpaired 7 test, chi-squared test, Wilcoxon signed rank test,
and Pearson's correlation analysis, P < 0.05 was considered
statistically significant.

3 | RESULTS
3.1 | mRNA level of EFEMP1 in HCC
tissues and HCC cells

We used real-time polymerase chain reaction (RT-PCR) to
detect the mRNA level of EFEMPI in 30 pairs of human
liver cancer tissues and adjacent noncancerous tissues. The
results showed that there was lower mRNA level of EFEMP1
in 18(60%) of the cancer tissues compared with adjacent non-
cancerous tissues, and the difference was statistically signifi-
cant (Figure 1A). Subsequently, we detected the expression
of EFEMP1 in normal liver cell LO2 and liver cancer cell
lines HepG2 and Huh7. The results showed that the mRNA
level of EFEMPI in the two HCC cell lines was lower than
that in the normal liver cell LO2 (Figure 1B).

3.2 | Protein level of EFEMP1 in
HCC tissues

The results of the previous experiments suggested that
the mRNA level of EFEMP1 was significantly downregu-
lated during hepatocarcinogenesis. To further validate our
inference and study the relevance of EFEMP1 and clini-
cal pathology, the sample size was expanded. The HLiv-
HCC180Sur-02 chip contained 90 pairs of HCC tissues
(odd-numbered represented HCC tissues (eg,: Al, B1... J1,
A3...), and even-numbered (eg,: A2, B2...J2, A4...) rep-
resented the corresponding adjacent noncancerous tissues).
The results of the tissue microarray showed that the staining
intensity and positive rate of EFEMPI protein in HCC tis-
sues were significantly lower than those in adjacent noncan-
cerous tissues (Figure 1C,D).

3.3 | Correlation between the protein
expression level of EFEMP1 and clinical
features of HCC patients

Judging criteria for tissue chip staining results: comprehen-
sive judgment based on coloring intensity and number of
positive cells. Among the 90 cases of HCC, the expression of
EFEMP1 was low in 60 cases (67.8%), and high in 20 cases
(21.1%), six cases were detached, and clinical data were in-
complete in four cases. Chi-squared test and rank sum test
were used to analyze the correlation between EFEMP1 pro-
tein level and various clinicopathological parameters such
as age, sex, tumor size, and TNM stage of HCC patients.
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The results showed that the expression level of EFEMP1 in
HCC was significantly correlated with Ki-67 protein level
(P =0.02) and TNM stage (P = 0.028) (Figure 1E). Among
the 80 cases of HCC, the number of death was 52, account-
ing for 65%. The median overall survival of the patients was
29 months. The median survival of patients with low ex-
pression of EFEMP1 was 17 months, while the median sur-
vival of patients with high expression of EFEMP1 protein
was 48 months. Kaplan-Meier survival analysis suggested a
positive correlation between EFEMP1 expression and sur-
vival time in HCC patients (Figure 1F). Low expression of
EFEMPI1 suggested a worse prognosis in patients (Logrank
test, P < 0.05). Multivariate Cox regression model analysis
suggested that TNM stage, protein levels of Ki-67, AFP and
EFEMP1 may be independent prognostic factors for HCC
patients. The protein level of EFEMP1 was a protective fac-
tor for HCC (P = 0.002) (Figure 1G).

3.4 | Detection of DNA methylation in the
EFEMP1 promoter region in liver cancer
cells and tissues

The previous results suggested that the expression of
EFEMP1 was inhibited in liver cancer. In other tumors, it
has been reported that EFEMPI transcription is inhibited
due to DNA methylation. We hypothesized that the inhibi-
tion of EFEMP1 expression in HCC may also be associated
with DNA methylation. To further investigate the location
of DNA methylation, we first analyzed the EFEMP1 pro-
moter region by biological software and found that CpG
islands were enriched in the first exon region (Figure 2A).
The corresponding primers were designed in this region,
and the methylation of EFEMP1 in the promoter regions of
HepG2 and Huh7 cell lines was detected by MSP. The results
showed that in HepG2 cells, the EFEMP1 promoter region
showed mixed methylation status (M + U), and there was no
methylation status (U) in Huh7 cells (Figure 2B). The results
suggested that low expression of EFEMP1 in HCC may be
associated with DNA methylation. Further, we detect the
methylation status of EFEMP 1 promoter in HCC tissues. We
found that six cases of 10 tumor tissues showed methylation
status (Figure 2C).

3.5 | Protein level of EFEMP1 in liver tissue

The previous results suggested that the mRNA level and protein
level of EFEMP1 were significantly inhibited in HCC tissues. Then
we used tissue microarrays to detect protein level of EFEMPI in.
The tissue in the chip included two normal liver tissues, seven cir-
rhotic tissues, two liver hyperplasia tissues, 19 primary HCC tis-
sues, 19 corresponding adjacent noncancerous tissues, four liver
distal tissues, and seven metastatic liver cancer tissues. It could
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roughly reflect the expression changes of EFEMP1 protein dur-
ing the development of liver disease. The results showed that the
staining intensity and positive rate of EFEMP1 in 2 normal liver

tissues were the highest, indicating that the level of EFEMP1 pro-
tein in normal liver tissues was higher than that in the diseased
liver tissues. In addition, we could also see that as the degree of
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FIGURE 1

Open Access,

A, mRNA expression of EFEMP1 in liver cancer tissues and adjacent noncancerous tissues. B, mRNA expression of EFEMP1

in normal liver cell and liver cancer cell lines. C and D, HCC tissue chip, odd-numbered represented liver cancer tissues, and even-numbered

represented adjacent noncancerous tissues. EFEMP1 staining of tissue microarray, the results showed that the staining intensity and positive rate of

EFEMP1 protein in liver cancer tissues were significantly lower than those in adjacent noncancerous tissues. E, Relationship between the protein

expression level of EFEMPI and clinical pathology information. The results showed that EFEMP1 protein level was associated with Ki-67 and

TNM stage, regardless of age, gender, tumor size, grade, and AFP level. F, Kaplan-Meier survival analysis suggested a positive correlation between

EFEMP1 expression and survival time in HCC patients. Low expression of EFEMP1 suggested a worse prognosis in patients. G, Multivariate Cox

regression model analysis suggested that TNM stage, protein levels of Ki-67, AFP and EFEMP1 may be independent prognostic factors for HCC
patients. The protein level of EFEMP1 was a protective factor for HCC (P = 0.002). *P < 0.05, **P < 0.01, ***P < 0.001

liver lesions worsened, the staining intensity and positive rate of
EFEMP1 gradually decreased. In HCC tissues, the expression of
EFEMP1 protein was lowest and not even detected. In conclu-
sion, the chip results suggest that EFEMP1 was involved in the
process of liver disease, and its expression was significantly re-
duced during hepatocarcinogenesis (Figure 2D,E).

3.6 | Effect of EFEMP1 on
proliferation of HCC

The basic biological feature of malignant tumors is the
uncontrolled proliferation of tumor cells. There was no
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previous report on the relationship between EFEMP1
and cell proliferation, but our experimental results
showed that the expression of EFEMP1 in HCC tissues
was related to the expression of Ki-67. Ki-67 is a pro-
liferation-related gene, suggesting that EFEMP1 may be
involved in tumor cell proliferation.20 Therefore, cell
experiments were subsequently carried out to study the
effect of EFEMP1 on the proliferation function of HCC
cells. Cells (control group, overexpressing EFEMPI
group) were seeded into 96-well plates at a density of
3000 cells per well. After 12 h, 24 h, 48 h, and 72 h,
MTT reagents were added. Then plates were detected
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FIGURE 2 A, The biological software predicts that CpG islands were enriched in the first exon region of EFEMP1 promoter. B, Methylation
status of EFEMP1 promoter region in HepG2 and Huh7 cells. C, Methylation status of EFEMP1 promoter region in HCC tissue. D and E,
Immunohistochemistry result of EFEMP1 protein in liver tissue. (a) Normal liver tissue. (b) Cirrhotic tissue. (c) Liver hyperplasia tissue. (d) Liver

distal tissues. (e) Primary HCC tissues. (f) Metastatic HCC tissues
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by microplate reader. Based on the measured absorb-

ance, the number of cells was judged to reflect the abil-
ity of cell proliferation. The results showed that after

overexpressing EFEMP1 in HepG2 and Huh7 cells, the
proliferation rate of cells was slower than that of the
control cells (Figure 3A,B).
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FIGURE 3 A, MTT assay detected the effect of EFEMP1 on the proliferation of liver cancer cells. When EFEMP1 was overexpressed, the
proliferation of HepG2 and Huh7 cells was inhibited. B and C, MTT assay detected the effect of EFEMP1 on the proliferation of liver cancer cells.
When EFEMP1 was overexpressed, the proliferation of HepG2 and Huh7 cells was inhibited. D, The correlation analysis showed that the expression
of EFEMP1 was negatively correlated with the expression of Ki-67. E and L, Overexpression of EFEMP1 inhibited the expression of Ki-67 in liver
cancer cells. F-K, Annexin-VAPC/7-AAD double staining assay showed the change of apoptosis rate of liver cancer cells after overexpression of
EFEMP1. The results reflected that EFEMP1 could promote the apoptosis of liver cancer cells. *P < 0.05, **P < 0.01, ***P < 0.001
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After passage, not every cell could proliferate and form
clones. The cells forming clones must be adherent cells
with strong proliferative viability. Clonal formation exper-
iments could well reflect cell population dependence and
proliferation ability. Therefore, to further verify the ef-
fect of EFEMPI on the proliferation of liver cancer cells
as reflected in the MTT assay results, cell clonal forma-
tion experiment was performed. HCC cells were inocu-
lated into 3.5 cm cell culture dishes at a density of 1.0x10°
cells per dish and incubated in the incubator for 2 weeks.
The results showed that the cell clonal formation rate of
the EFEMP1 overexpression group was significantly lower
than that of the control group (Figure 3C,D). The regulation
of EFEMP1 on the proliferation function of HCC cells was
further explained.

Analysis of clinical data found that EFEMP1 was not
associated with tumor size, but was associated with Ki-67.
Ki-67 is an antigen associated with cell proliferation and
is closely related to mitosis of cells. It is often used as an
antigen for labeling cell proliferation. Ki-67 is expressed in
Gl, S, G2, and M of cell proliferation and not expressed
in GO phase. Previous tissue microarray results showed that
the protein expression level of EFEMP1 was significantly
correlated with Ki-67 protein level. The mRNA level of
Ki-67 in HCC tissues was detected by RT-PCR. The re-
sults reflected that the expressions of Ki-67 and EFEMP1
showed a linear trend, and there may be a linear relationship
(Figure 3E). Subsequently, we detected the expression of
Ki-67 in HCC cells and found that the expression of Ki-67
in EFEMP1 overexpressing HCC cells was lower than that in
the control group (Figure 3F).

3.7 | Overexpression of EFEMP1 induced
apoptosis of HCC cells

The flow cytometry and tunel assay were performed to
detect the effect of EFEMPI1 on the apoptosis of HCC
cells. Both flow cytometry and tunel assay suggested that
the overexpression of EFEMP1 promoted the apopto-
sis in HCC cells. The results of double staining showed
that the apoptosis rate of HepG2 cells and Huh7 cells in-
creased significantly after EFEMP1 overexpressed. The
apoptotic rate of HepG2 cell increased from about 0.7%
to about 9.5%. The apoptotic rate of Huh7 cell increased
from about 3.7% to about 16% (Figure 3G-L). The effect of
EFEMP1 on apoptosis of HCC cells was further examined
by Tunel method. Four fields of view for each group were
selected for statistical calculations, and the average was
obtained. The results showed that EFEMPI1 could signifi-
cantly promote the apoptosis of HCC cells (Figure 4A-F).
To preliminarily study the molecular mechanism by which
EFEMPI1 regulates apoptosis, we examined the expression
of Caspase family members that played an important role in
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apoptosis. The expression levels of Caspase-3, Caspase-8,
Caspase-9, and PARP in cancer cells overexpressing
EFEMP1 were detected by Western blotting. The results
showed that the increase in degradation products of PARP
after overexpression of EFEMP1 indicated the occurrence
of apoptosis in HCC cells. Caspase-3, Caspase-9 zymogens
content decreased, and activated Caspase-3 and Caspase-9
increased. The change in Caspase-8 was not obvious. The
role of EFEMP1 in inducing apoptosis of HCC cells was
related to the Caspase family and may induce apoptosis of
HCC cells through the mitochondrial apoptotic pathway
rather than the death receptor pathway (Figure 4G). When
cells were affected by internal apoptotic stimulators, such
as oncogene activation, DNA damage, etc., they may ac-
tivate the mitochondrial apoptotic pathway inside the cell
and induce apoptosis. In the mitochondrial apoptotic path-
way, the permeabilization of mitochondrial outer mem-
brane caused a release of cytochrome C to the cytoplasm,
which was mainly regulated by Bcl-2 family proteins. To
investigate whether EFEMP1 has an effect on Bcl-2 fam-
ily-related genes, the expression of Bad, Bid, Bax, Bcl-2,
and Bcl-xL in HCC cells were detected. The expressions of
the proapoptotic genes Bad, Bid, and Bax were increased,
while the expressions of the genes for inhibiting apoptosis,
Bcl-2 and Bcl-xL, were decreased (Figure 4H.).

3.8 | The effect of EFEMP1 on the growth of
HCC cells in vivo test

To further investigate the effect of EFEMP1 on the growth
of HCC cells in vivo, we injected the HCC cell lines over-
expressing EFEMP1 into the neck of nude mice. The re-
sults suggested that HCC cells overexpressing EFEMP1
grew slower than that of the control group, and the size of
the tumor was smaller. Nude mice injected with HepG2
cells were terminated at 4 weeks. Nude mice injected with
Huh7 cells were terminated at 5 weeks. After weighing the
tumor, it was observed that the tumor size overexpressing the
EFEMP1 group was smaller than that in the control group
and the tumor weight was also lighter (Figure SA-F).

3.9 | EFEMPI1 downstream-related
signaling pathways and genes

Through previous studies, we found that EFEMP1 was in-
volved in the regulation of many biological processes in car-
21-23 suggesting that EFEMP1 may play an important
role in the development of HCC. When the transcription of
EFEMP1 was inhibited, how did it cause phenotypic changes
in HCC cells, and by what kind of signaling pathway to af-
fect HCC? To solve this problem, we screened HepG2 cells
and Huh7 cells overexpressing EFEMP1 for gene expres-
sion profiling. Differential gene screening was performed

cinoma,
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according to fold change >2, P < 0.05, and heat maps were
drawn (Figure 6A), followed by GO analysis and pathway
analysis of the differential genes. From the heat map results,
when the expression of EFEMP1 changed, a lot of related
downstream genes also changed. Pathway analysis showed
that differential genes were enriched in neuroactive ligand
receptor interaction, Axon guidance, and other signaling
pathways (Figure 6B,C). The results suggested that these
signaling pathways may be involved in the process by which
EFEMP1 regulated the biological function of HCC cells.

Among the members of these signaling pathways, we noticed
the Semaphorin 3B (SEMA3B) gene, an important gene in-
volved in cell death and aging. SEMA3B is a member of
the Axon guidance pathway and the Neuroscience pathway.
Many reports have reported that SEMA3B gene is involved
in the regulation of cell senescence and apoptosis, and our
previous cell experiments found the effect of EFEMP1 on
the proliferation and apoptosis of HCC cells. We hypothe-
sized that the regulation of EFEMP1 on the growth of HCC
cells may require SEMA3B. SEMA3B inhibitory compound
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siRNA and control siRNA were transfected into EFEMP1
overexpressing cell lines, respectively. Subsequently, the
growth of HCC cells was observed, and it was found that
the growth rate of cells overexpressed EFEMP1 was slower,
but the cells growth rate was increased after co-transfected
SEMA3B siRNA. MTT assay was used to detect the prolif-
eration of HCC cells. The results showed that the inhibition
of EFEMP1 on the proliferation of HCC cells was attenu-
ated after inhibition of SEMA3B, suggesting that the inhi-
bition of EFEMP1 on HCC cells may require the presence
of SEMA3B (Figure 6D,E). Subsequently, the colony forma-
tion assay reflected that overexpression of EFEMP1 could
inhibit the colony formation of liver cancer cell. However,
inhibition of SEMA3B using siRNA could attenuate the ef-
fects of EFEMP1 (Figure 6F-H).

Semaphorin 3B is considered to be a tumor suppressor
gene that induces apoptosis in tumor cells. Our previous
results found that EFEMP1 could promote the apoptosis
of HCC cells, and EFEMP1 and SEMA3B synergistically
regulated the proliferation and senescence of HCC cells.
We hypothesized that EFEMP1 regulated apoptosis in HCC
cells via SEMA3B. SEMA3B inhibitory compound siRNA
and control siRNA were transfected into EFEMP1 overex-
pressing cell lines, respectively. The regulation of EFEMP1
on apoptosis of co-transfected HCC cells was observed
by Annexin-V APC/7-AAD double staining. The results
showed that when the expression of SEMA3B was inhib-
ited, the ability of EFEMP1 to induce apoptosis of HCC
cells was weakened. Correspondingly, SEMA3B was able
to counteract the effects of EFEMP1 overexpression on
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apoptosis-related proteins. For example, overexpression
of EFEMPI reduced the expression of apoptosis inhibi-
tory protein BCL-2, but when SEMA3B was simultane-
ously inhibited, the expression level of BCL-2 was restored
(Figure 6L,J).

3.10 | Inhibition of SEMA3B attenuated the
effect of EFEMP1

Semaphorin 3B is a gene associated with cell senescence.
B-galactosidase staining assay for cell senescence was per-
formed to detect the effects of EFEMP1 and SEMA3B
on HCC cells. When senescence appeared, cells would be
stained blue. The results showed that when EFEMP1 was
overexpressed, senescent cells were significantly increased.
However, in HCC cells transfected with sSiRNA-SEMA3B at
the same time, the inhibition of the SEMA3B gene partially
blocked the effect of EFEMP1 (Figure 7).

4 | DISCUSSION

Hepatocellular carcinoma is a disease caused by a variety of
causes, with complex pathogenesis, and there is currently no
effective biomarker for the diagnosis of HCC and evaluation
of HCC prognosis.

Epidermal growth factor-containing fibulin-like EFEMP1
has been found to be associated with a variety of tumors, and
the changes in expression levels in different tumors are not the
same. EFEMP1 is closely related to the clinicopathological
features of various tumors. The initial experimental results
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showed that the mRNA level of EFEMP1 was decreased in
HCC cells and primary HCC tissues. In our study, the sam-
ple size was expanded to carry out experiments, and it was
found that both the mRAN and the protein expression level of
EFEMPI1 were decreased in primary HCC tissues. Combined
with relevant clinical data, we found that the protein level of
EFEMPI1 may be related to TNM stage and Ki-67 expression
level in HCC patients. The expression of EFEMP1 was lower
in patients with high stage, suggesting that EFEMP1 may play
a protective role in the progression of HCC. Kaplan-Meier
survival analysis suggested that the protein level of EFEMP1
was positively correlated with the survival of HCC patients.
Further multivariate Cox regression model analysis showed
that EFEMP1 may be an independent prognostic factor for
the outcome of HCC patients. In addition, the protein level
of EFEMPI in liver tissue was detected by tissue microarray.
It was found that the staining intensity and positive rate of
EFEMP1 gradually decreased with the severity of liver dis-
ease. When the liver became cancerous, its expression was
significantly reduced. The results suggested that EFEMP1
may be involved in the process of liver disease. Therefore,
EFEMPI1 may become a potential predictor of prognosis, and
it is expected to be more widely used in combination with
clinically available predictors.

Abnormal methylation in the promoter region is an
important cause of inactivation of some tumor suppres-
sor genes. In 2010, it was reported in the literature that
EFEMP1 was inhibited in HCC and DNA methylation
may occur in the promoter region. Our experimental re-
sults showed that the EFEMP1 promoter region showed
different degrees of methylation in HCC cells and

Control EFEMP1+siRNA
s g $ ' 5 ‘w ko % T
Control EFEMP1-OE EFEMP1+siRNA

FIGURE 7 A, Cellular senescence p-galactosidase staining assay. Blue staining of senescent cells showed that senescent cells increased after

overexpression of EFEMP1, but senescent cells decreased after SEMA3B was inhibited (above row showed the results in HepG2, the below row

showed the results in Huh7)
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primary HCC tissues. It is suggested that the inhibition
of EFEMPI1 transcription may be related to DNA meth-
ylation. However, the degree of methylation of EFEMP1
was different in different cells. EFEMP1 was methylated
in HepG2, while DNA methylation was not observed in
the promoter region of EFEMP1 in Huh7. After treatment
of DNA methylation inhibitor, the expression of EFEMP1
in Huh7 cells was not restored. However, the expression
of EFEMPI in Huh7 was restored with the treatment of
histone deacetylation inhibitor (data not shown). It is sug-
gested that inhibition of EFEMP1 expression may be not
only related to DNA methylation, but also may be related
to histone deacetylation.24 Unlike gene mutations or dele-
tions, the methylation status of the gene promoter region
is reversible. Methyltransferase inhibitors not only restore
the expression of silent genes, but also improve the drug
resistance of some chemotherapeutic drugs. Therefore,
our research may provide new ideas for the clinical treat-
ment of malignant tumors.

Although the expression of EFEMP1 in HCC tissues was
not associated with tumor size in the previous experiments,
we found that the expression level of EFEMP1 was signifi-
cantly negatively correlated with Ki-67. Ki-67 is an important
marker of tumor cell proliferation. The effect of EFEMP1 on
the proliferation of HCC cells was studied through cell ex-
periments. The results showed that when the expression level
of EFEMP1 was elevated, the proliferation of HCC cells was
significantly inhibited. To further investigate the mechanism
by which EFEMPI1 regulates the proliferation of HCC cells,
we found that EFEMP1 could affect apoptosis. There are
usually two common pathways for apoptosis, one is the en-
dogenous apoptotic pathway and the other is the exogenous
apoptotic pathway.25 The classical exogenous pathway refers
to the initiation of a death receptor localized on the cell sur-
face after external stimulation of the cell. The death receptor
is a member of the tumor necrosis factor receptor gene family,
for example, Fas and TNFR1. In the death receptor-mediated
apoptotic pathway, Caspase-8 is the key to initiation. When
Caspase-8 is activated, it can cause a Caspase protease cas-
cade. The other is the mitochondrial apoptotic pathway. After
cytochrome release, it affects the mitochondrial respiratory
chain, reduces energy supply, and binds to apoptotic activating
factor to form an apoptotic body, which causes the activation
of Caspase-9 and Caspase-3. We found that overexpres-
sion of EFEMP1 increased the activation of Caspase-9 and
Caspase-3, but the change of Caspase-8 was not obvious, sug-
gesting that EFEMP1 may regulate apoptosis through mito-
chondrial apoptosis pathway. The Bcl-2 family members play
a very important role in the process of mitochondrial apopto-
sis in cells.?® The Bcl-2 family can be divided into two types,
one is an anti-apoptotic gene, such as Bcl-2, Bcl-xl, etc., and
the other is a gene that promotes apoptosis, such as Bax, Bad,
Bid, and the like. Our results showed that when the expression

level of EFEMP1 was elevated, the expression of Bad, Bid,
and Bax genes that promoted apoptosis was increased, while
the expression of Bcl-2 and Bcl-xL genes inhibiting apoptosis
was decreased. We found that the growth rate of HCC cells
overexpressing EFEMP1 was slowed down in the subcuta-
neous tumor formation experiment in nude mice, suggesting
that EFEMP1 may play a role in inhibiting cell proliferation in
vitro and in vivo.

To further explore the downstream mechanism of
EFEMP1 affecting the biological function of HCC cells,
we used gene chip to detect changes in the expression
profile of HCC cells after EFEMP1 overexpression. GO
analysis and pathway analysis were performed based on
differential genes. Some possible related signaling path-
ways have been discovered, such as Neuroactive ligand
receptor interaction, Axon guidance, Wnt signaling path-
way, and the like. Among the members of these signal-
ing pathways, we noticed the SEMA3B gene. First, the
microarray results suggested that SEMA3B was signifi-
cantly altered in the chip, and it is included in the Axon
guidance pathway and the Neuroscience pathway found
by pathway analysis.27 Moreover, the SEMA3B gene was
thought to play an important role in regulating cellular
senescence and apoptosis.28 The role was considered to
be a proapoptotic tumor suppressor gene. For example,
SEMA3B was elevated in methotrexate-induced cell se-
nescence models.” In lung cancer, wild-type SEMA3B
inhibited tumor growth by promoting apoptosis.30 The
researchers also found that SEMA3B promoted apopto-
sis in breast cancer cells.’! Therefore, we considered that
the regulation of EFEMP1 on HCC cells may be through
SEMAZ3B based on the previous experiments. By interfer-
ing with the SEMA3B gene and inhibiting its expression,
we found that SEMA3B could inhibit the inhibitory effect
of EFEMP1 on the proliferation of HCC cells. Next, our
results showed that the apoptosis of HCC cells induced
by EFEMP1 required the presence of SEMA3B. In addi-
tion, the senescent cells were significantly increased by
overexpression of EFEMPI, but inhibition of SEMA3B
gene could block the effect of EFEMPI in HCC cells.
These results suggested that EFEMP1 may affect the pro-
liferation and apoptosis of HCC cells through SEMA3B.
However, it was unclear how EFEMP1 and SEMA3B in-
teract with each other. Predictions by bioinformatics soft-
ware, there are many common proteins that are related to
EFEMP1 and SEMA3B (data not shown). We hypothe-
size that the regulation of EFEMP1 and SEMA3B may
require the presence of a third party. These are worthy of
our further research.

In conclusion, we found that the protein expression level
of EFEMP1 in HCC tissues may be positively correlated
with the survival of patients, and EFEMP1 may be an in-
dependent influencing factor for the prognosis of patients
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with primary HCC. EFEMP1 could inhibit the prolifera-
tion of HCC cells and promote the apoptosis of HCC cells.
EFEMP1 regulates the apoptosis of HCC cells via the mito-
chondrial apoptotic pathway may be mediated by SEMA3B.
Our study not only reveals the regulation of EFEMP1 on
cell proliferation and apoptosis in HCC, but also provides a
reliable theoretical basis for clinical diagnosis and targeted
therapy of HCC.
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