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Abstract

Backgrounds: Microfibril-associated protein 2 (MFAP2) is an extracellular matrix protein that regulates the function of micro-
fibrils by interacting with fibrillin. MFAP2 has been reported to play an important role in metabolic diseases and has been shown to be
significantly overexpressed in head and neck squamous cell carcinoma and Hepatocellular carcinoma (HCC). However, the
molecular function and prognostic value of MFAP2 have never been reported in HCC or other tumors. Methods: In the present
study, expression characteristics of MFAP2 in HCC, its influence on the development of HCC, as well as its function and potential
mechanism in HCC were verified by Quantitative reverse transcription-polymerase chain reaction, bioinformatics data mining and
in vitro cell experiments. Results: MFAP2 was prominently high-expressed in HCC and associated with cancer stages. HCC
patients with higher MFAP2 expression displayed lower overall survival (OS) and disease-specific survival(DSS), while there was
no significant difference in recurrence-free survival (RFS). In vitro experiments showed that downregulation of MFAP2 inhibited
proliferation, migration level of HCC cells. Transcription factors, DNA methyltransferases, immune factors may interact with
MFAP2 mRNA to promote tumor progression in HCC. Conclusion: These findings suggest that MFAP2 may play a key role in
the development of HCC. Therefore, MFAP2 may be a valuable prognostic marker and an effective anticancer target in HCC.
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Introduction

Hepatocellular carcinoma (HCC), one of the most common
malignancies in the world, has become the fifth most common
malignancy and the second leading cause of tumor-related
death.! Though the clinical treatment of HCC has been signif-
icantly improved in recent years thanks to advances in surgical
techniques, radiotherapy, interventional therapy and endocrine
therapy, the long-term survival rate of HCC patients remains
low.? Therefore, it is crucial to find reliable biomarkers and
therapeutic targets for curing HCC clinically.
Microfibrillar-associated protein 2 (MFAP2), also known as
microfibril-associated glycoprotein 1 (MAGP1), is a compo-
nent of extracellular elastic microfibrils, which interacts with
fibrillin to influence the function of microfibers.** MFAP2 is
the most widely distributed protein of MAGPs and a compo-
nent protein of microfibrils in most vertebrates. A prominent
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feature of this protein is its ability to interact with TGF-8
family growth factors, Notch and Notch ligands, and a variety
of elastic fibrin.” It has been confirmed that mutations in MFAP2
were linked to hemostasis and thrombosis, thoracic aneurysms,
metabolic disease, and osteopenia in humans.> Thus far, there
have been few studies on the role of MFAP2 in tumors. Recent
reports indicated that MFAP2 was highly expressed in human
HCC and head and neck squamous cell carcinoma tissues.®® As
far as we know, the role of MFAP2 in HCC has still not been
reported up to now. Therefore, we investigated the expression,
possible molecular mechanisms, and clinical significance of
MFAP2 in HCC in the present study.

Materials and Methods

Patients and Clinical Tissue Samples

A total of 47 HCC tissues and corresponding adjacent non-
tumorous tissue samples were collected from HCC patients
who adopting surgery treatment during January 2016 and
December 2018 in Nanjing First Hospital. All patients are car-
riers of the HBV virus. The patients received neither radio-
therapy nor chemotherapy before the operation. Written
informed consent was obtained from each patient before they
participated in this study. All experiments using animal and
human samples were reviewed and approved by the Ethics
Committee of Nanjing Medical University (No0.2019669).

Cell Culture and Transfection

HCC cells were cultured in RPMI-1640 medium (Gibco, USA)
supplemented with 10% fetal bovine serum (Gibco, USA) and
1% Penicillin-Streptomycin(Gibco, USA) at 37°C in a humi-
dified incubator containing 5% CO2. Non-targeting control
siRNA (si-NC) and small interfering RNA against MFAP2
(si-MFAP2) were synthesized by Hongxin Biotechnology
Company (Nanjing, China). Transfections were performed
with the solution produced by applied biological materials
company (Canada) and the Opti-MEM (Gibco, USA). Cells
were collected 48 h after transfection for further study. The
target sequence of si-MFAP2 was as follows: si-MFAP2-1:
5'-GCAGCAAGUCCAACAGGAATT-3'; si-MFAP2-2: 5'-
GUGUGUACGUCAUUAACAATT-3’; si-MFAP2-3: 5'-
CGGGACAAGUUCUCCAAAUTT-3'. si-MFAP2-2 was used
for further experiments.

RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)

Total RNA was extracted using Trizol solution (Thermo, USA)
according to the manufacturer’s instructions. QRT-PCR were
performed to detect the expressions of genes using the TaKaR-
a®gPCR SYBR Green Master Mix kit (DaLian, China). Gly-
ceraldehyde 3-phosphate dehydrogenase (GAPDH) was used
for internal control. The outcomes were evaluated via the 2-
AACt method. The primer pairs for MFAP2 were as follows:

5'-CGCCGTGTGTACGTCATTAAC-3' (Forward) and 5'-
CCATCACGCCACATTTGGA-3' (Reverse).

Cell Proliferation Experiments

Cell proliferation was measured by a Cell Counting kit-8
(CCK-8) assay. Firstly, YY-8103 and HuH-7 cells were trans-
fected with either si-MFAP2 or si-NC and incubated at 37°C.
Then the CCK-8 solution (Biosharp, China) was added into
each well and incubated for 2 h. The absorbance was measured
at 0, 24, 48 and 72 h time points at a wavelength of 450 nm. All
experiments were conducted in triplicate at least 3 times.

Transwell Assay

YY-8103 and HuH-7 cells were cultured overnight in serum-
free RPMI-1640 medium and then suspended in serum-free
RPMI-1640 medium. Cells (4 x 10*well) were seeded into
the upper chamber of transwell inserts (pore size, 8 pm; Costar;
Corning Incorporated, Corning, NY, USA) in 24-well plates.
The lower chambers were filled with 500 pL. RPMI-1640 sup-
plemented with 10% FBS as a chemoattractant. The cells were
then treated with or without si-MFAP2 (5 ng/mL) and incu-
bated for 24 h. After incubation for 24 h, the cells migrated into
the lower chambers were fixed with 4% paraformaldehyde for
30 min, and stained with 1% crystal violet (Biosharp, China)
for 10 min, and the remaining unmigrated cells were removed
from the top layer with cotton swabs. The cells migrated into
the bottom chamber were counted and photographed under the
inverted microscope. Five mid-power fields were randomly
selected to calculate the mean number of cells. All experiments
were carried out in triplicates.

MFAP2 Expression Level and Survival Analysis

To detect MFAP2 expression in different tumor tissues and
corresponding para-cancer tissues, we used the TCGA portal
(www.tcgaportal.org) and FIREBROWSE (http://firebrowse.
org/). The Human Protein Atlas (https://www.proteinatlas.
org/), which compiles many reports and forms of the tissues,
cells and pathology atlas, as well as gene information in tissues
and cells was utilized for obtaining MFAP2 mRNA expression
in human tissues and location in cells. UALCAN (http://ualcan.
path.uab.edu/) is a comprehensive and interactive web resource
for analyzing cancer OMICS data. In this study, it was used for
subgroup analysis of MFAP2 expression in HCC. TCGA portal
(www.tcgaportal.org) was also used to examine relationship
between MFAP2 expression and survival probability of HCC
patients. We then used Kaplan-Meier Plotter (http://kmplot.
com/analysis/index.php?p=background) to compare correla-
tions between MFAP2 expression and OS, DSS and RFS. The
Kaplan-Meier survival plot was used to compare the 2 groups
of patients, and hazard ratios with 95% confidence intervals
and log rank p-values were calculated.
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Gene Correlations Analysis

GEPIA2 (http://gepia2.pku.cn/#index) is an open-access data-
set that uses standard processing methods to analyze RNA
sequencing expression data of 9,736 tumors and 8,587 normal
samples from TCGA and GTEx projects. GEPIA2 provides
customizable features such as tumor/normal differential
expression, similar gene testing, patient survival curves, profil-
ing based on cancer types or pathological stages, analysis of
correlation and dimension reduction. It was utilized through the
whole study to assess the correlations between all significant
genes.

TFs Identification

The Cistrome Data Browser Toolkit (http://dbtoolkit.cistrome.
org) allows users to detect transcription factors (TFs) that may
regulate the genes of interest to determine binding factors,
histone modifications, and chromatin accessibility within the
maximum 2 Mb of the genome of interest. The samples with
the most similarity among chip-seq, dnpase-seq, and atac-seq
were determined based on the overlap of user-supplied sets of
genome spacers.’ In this study, we used the Cistrome DB
Toolkit to predict which TFs were most likely to regulate
MFAP2 expression in HCC.

DNA Methylation Modification Analysis

MEXPRESS (https://mexpress.be/) is a data visualization tool
for the visualization of TCGA expression, DNA methylation,
and clinical data, as well as their relationships.'® Here, we used
MEXPRESS to study the methylation status of MFAP2 gene
and the relationship between MFAP2 mRNA expression and
different clinical characteristics of HCC patients.

MFAP2 mRNA Mutation Analysis

The TCGA portal (www.tcgaportal.org) is an online portal that
allows multiple tumors to be aligned in parallel, as well as
detailed analysis of individual tumors, it was used for the anal-
ysis of MFAP2 mRNA mutations.

Protein-Protein Interaction and Functional Enrichment
Analysis

Metascape (http://metascape.org/) is a powerful annotation
analysis tool for gene function, which can help users do an
analysis of batch genes and proteins and realize the cognition
of gene or protein function.'' This web-based portal combines
functional enrichment, interactive group analysis, gene annota-
tion, and membership search by leveraging data from more
than 40 separate knowledge bases. Here, heatmap and network
of enrichment terms associated with MFAP2 were acquired
from Metascape. STRING (https://string-db.org/cgi/input.pl)
is a database of known and predicted protein-protein interac-
tions, including direct (physical) and indirect (functional) asso-
ciations; these interactions result from computational

predictions, knowledge transfer between organisms, and inter-
actions gathered from other (primary) databases.'”> We used
STRING to generate a network of interactions between MFAP2
and other key proteins.

Immune-Related Analysis

TISIDB (http://cis.hku.hk/TISIDB/index.php) is a central por-
tal for displaying the interactions between tumor and immune
system, which integrates a variety of heterogeneous data
types.'® Here, it was used to analyze the Spearman correlations
between the expression of MFAP2, immunoregulatory factors,
and tumor-infiltrating lymphocytes (TILs).

Statistical Analysis

Data are showed as mean + standard deviation (SD). All sta-
tistical analysis of cell line experiments were evaluated by
GraphPad Prism 8 with the Student’s t test or one-way analysis
of variance (ANOVA). The correlations of gene expressions
were evaluated using Spearman’s correlation. P-values <0.05
were considered as statistically significant. Corresponding sig-
nificance levels were presented in the figures.

Results

MFAP2 mRNA Is Over-Expressed in HCC Samples

Using qRT-PCR, the MFAP2 mRNA expression levels were
defined for 47 paired primary cancerous and adjacent noncan-
cerous tissues from HCC patients and the results showed the
expression of MFAP2 mRNA in HCC tissues were signifi-
cantly higher than that of adjacent noncancerous tissues
(Figure 1A). Furthermore, we used the ROC curve to investi-
gate the diagnostic value of MFAP2 mRNA in distinguishing
HCC tissues from adjacent nontumorous tissues. When the
expression level of MFAP2 mRNA was analyzed for this pur-
pose, the area under the ROC curve (AUC) was 0.7730
(Figure 1B). As shown in Table 1, MFAP2 mRNA level was
not associated with age, gender, differentiation in patients with
HCC. However, up-expression of MFAP2 mRNA level was
positively associated with TNM stage (P = 0.028) and tumor
size (P = 0.036).

The expression of MFAP2 mRNA in normal and tumor
tissues was firstly detected using TCGA portal and FIRE-
BROWSE. The results showed that the expression level of
MFAP2 in tumor tissues was much higher than that in the
corresponding normal tissues (Figure 1C). Then we compared
the expression of MFAP2 mRNA in HCC and normal tissues
purposely, and caught the fact that MFAP2 mRNA expression
in HCC tissues was significantly higher than that in normal
tissues (Figure 1D). Next, a more detailed and specific analysis
of MFAP2 mRNA expression in HCC was performed by using
UALCAN. The results of subgroup analysis based on nodal
metastasis status, individual cancer stages, and tumor grade
indicated that the levels of MFAP2 mRNA in HCC patients


http://gepia2.pku.cn/#index
http://dbtoolkit.cistrome.org
http://dbtoolkit.cistrome.org
https://mexpress.be/
http://metascape.org/
https://string-db.org/cgi/input.pl
http://cis.hku.hk/TISIDB/index.php

(100070 > 9 sesesese 10070 > d g5 1070 > d 45) 9peIS JOWN) pue ‘soFe)s 100UBD [ENPIAIPUI ‘SNe)S SISBISBIOW [epou uo Jurpuadop
uo1ssaIdxd YW Zd VAN Ul S9oudIdyi ‘D-4 ‘sejduwes [eunrou pue sojdwes HDOH ur uorssaidxd YW Zd VAN ‘d 'S120ued uewny ul uoissardxo YNJW ZdV AN D onjea snsougerp
renuajod 7dV AN 91BN[BA 0 Pasn Uddq SB[ 9AIND DOY YL ‘g "SONSsI) [BULIOU PUE SanssT) DDOH UT Uorssardxae YNJW ZdVAN V ‘sopdwres DOH Ul passaidxo-19A0 ST ZdVAN T 9131

safdrs yg0L sojdwes yao1
g o jetiongowny

sadwes vooL
A I
— ' l 0 -~ oo ' -0 s
: i i I m_ H LT & 0
i 4 L. & - ! e g i N L -
i F 8 H £ - [T 1 ' | =
I : _ RN I
i i Lol g i i i i H =
- Fo g : W i . o) M
§ Xx® xR g i
XIS | Lo : o
Iml Sz
-® (se|dwes |[BuLIOU PUE JOWN) YIM) SIS0UED YOI L SSOIDE Zdy4WN JO uoissaidxg
rrEx o FREE sabels
#peab J0UIN U0 PISEQ JHI Ul Z4YAN JO LoIsSUDA J30URD [ENPIAIPUY UO PRSEQ JHIT Ul Zdv4N JO volssudxg

9 4 0

s«vo& ,w@o(
Y%Anauroads - %001 N > .
soqdwes yao) 0oL 08 09 or 0z 0 "
=4 - L N N M N 0 . -3
o } -
: 52 10000> ange g roz- S
VLLE0 01 67290 | [ensoiul 92uapu0d 3456 oz » 2
L 900500 - e
_ Ho 06220 P
T — _ g 33
: 6 3 rov 3 z3
: | H 2 FoL- > 3
Fo & | : =2
3 i - < M 2,
H W : 0o & .. B3
Fee s | Lo, g
! S 8
re - Lo 8 roe T L PPPPPTT ')
i I Z6=IP LTS X
P - [ — . paper-omL £aNIEA ¢f PBIIEI-OM 10 -8UD
ey ~001 saA | 2500 > d) weseup AnueoyuBis
FHNN L1 FEXN §=w Aewwns HW”M
¢, 1000
smejs 1521 | panedun

SISEISEIAUU [BPOU UO P3SE] JHIT Ul ZdV4M JO UoIssaldxg 3 sadA) 31duwies uo paseq JHI Ut Zdv Jo uoissaidxy a q v




Zhu et al

Table 1. The Relationship Between MFAP2 Expression Levels in
HCC Tissues and Clinicopathological Factors of Patients.

Variable Case Low expression High expression P-value

Age (year) 0.252
> 60 32 5 27
<60 15 5 10

Gender 0.414
Female 12 1 11
Male 35 9 26

Diameter 0.036*
> 5 (cm) 24 2 22
<5 (cm) 23 8 15

Differentiation 0.377
Low 9 3
middle/ high 38 7 31

TNM Stage 0.028*
IA-1IB 21 8 13
MIA-IV 26 2 24

*P < 0.05.

were significantly higher than that in matched group
(Figure 1E-G).

MFAP2 Is Associated With a Poor Prognosis in HCC
Patients

In terms of the up-regulation of MFAP2 in 62 HCC patients,
Kaplan—Meier survival analysis was performed to further eval-
uate the correlation between MFAP2 expression and prognosis
of patients with HCC. The results revealed that patients with
higher levels of MFAP2 expression had significantly shorter
survival times than those with lower levels of MFAP2 expres-
sion (Figure 2A). As shown in Figure 2B-C, online prediction
revealed that patients with higher MFAP2 expression had
shorter Survival Probability, OS, and DSS than patients with
lower MFAP2 expression. While RFS was not associated with
the expression of MFAP2 in tumor patients (Figure 2D).The
relationship between HCC patients with positive and negative
HBYV infections and OS was further analyzed, and it was found
that HCC patients with positive HBV infections were associ-
ated with prognosis but the negatives HBV infection were not
statistically significant (Figure 2E-F).

MFAP2 Knockdown Suppresses Proliferation and
Migration of HCC Cells

As shown in our results, we confirmed that MFAP2 mRNA
expression was significantly increased in several HCC cell
lines compared to the normal HL-7702 cell lines (Figure 3A).
si-MFAP2-2 and si-NC were transfected into YY-8103 and
HuH-7 cells accordingly, and successful knockdown was con-
firmed by qRT-PCR, MFAP2 expression was significantly
reduced using the si-MFAP2-2 (Figure 3B-C). To investigate
the role of MFAP2 on tumor physiological characteristics,
CCK-8 assays were performed in YY-8103 and HuH-7 cell
lines. CCK-8 assays showed that MFAP2 gene knockdown

significantly inhibited the proliferation of both HCC cell lines
compared to control group (Figure 3D-E). It indicated the inhi-
biting role of MFAP2 knockdown on HCC cells aggression.
Moreover, the suppression of MFAP2 by si-MFAP2-2 exhib-
ited a lower relative migration rate compared with control ones
seen from transwell assay in the confluent monolayer of the
cultured HCC cell lines (Figure 3F-G). These findings demon-
strated that inhibition of MFAP2 can slow the progression of
hepatocellular carcinoma in vitro including proliferation and
migration.

The Expression of MFAP2 mRNA Is Obviously Related to
RAD21 and DNMTs

In order to probe which factors might regulate MFAP2 expres-
sion in a supposed molecular regulatory network, we identified
transcription factors (TFs) that might regulate transcription of
MFAP?2 using the Cistrome Data Browser Toolkit. The top 20
regulatory TFs in all tumors are showed in the acquired plot
(Figure 4A). Next, we focused on validating MFAP2 regulators
in HCC related cell lines such as hepatocellular carcinoma,
SMMC-7721, HuH-7, and HepG2. Finally, it is found that
RAD?21 had the greatest regulatory potential (RP) in those cells
(Figure 4B). The following analyses testified that the expres-
sion of RAD21 mRNA was obviously correlated with MFAP2
in the GEPIA?2 database (Figure 4C).

There is still no clear understanding of the potential role of
DNA methylation modifications as prognostic markers in
HCC, though more and more research indicated that aberrant
DNA methylation plays an important role in the development
of HCC." In addition, we know that abnormal methylation
modification (mainly selective hypermethylation) at the CpG
island prevents TFs from binding to DNA, thereby inhibiting
transcription.'*'® Therefore, we used the MEXPRESS to
detect DNA methylation modifications of the MFAP2 gene
in HCC (Figure 4D). Meanwhile, we also found that MFAP2
was positively correlated with the expression levels of DNA
methyltransferases (DNMTs) in HCC (Figure 4E). These find-
ings revealed that transcription factors and DNA methylation
modifications might participate in tumorigenesis of HCC by
regulating MFAP2 expression.

TP53 Mutation Interacts With MFAP2 to Involve
in Tumorigenesis of HCC

TP53, also known as BCC7, or P53, which encodes a tumor
suppressor protein that contains transcriptional activation,
DNA binding, and oligomerization domains. Mutations in this
gene have been linked to several types of human cancers,
including hepatocellular carcinoma.'” So we came up with the
result that there was a clear correlation between MFAP2 and
TP53, as the expression of MFAP2 decreased, the mutation
frequency of TP53 also decreased, when investigating the rela-
tionship between MFAP2 expression and frequencies of muta-
tions in the tumor-related genes in HCC (Figure 4F). Next, the
outcome of gene correlation analysis using GEPIA2 showed
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that TP53 expression was obviously correlated with expression
of MFAP2 (Figure 4G).

Protein Interactions and Enrichment Analysis of MFAP2

The STRING database currently was used to obtain the inter-
action network between MFAP2 and other important proteins,
and the results indicated that some proteins such as ELN,
EFEMP2, FBLNI1, and so on, which could bind directly to
MFAP2 (Figure 5A). Enrichment analysis of co-expression
genes conducted using Metascape displayed that MFAP2 is
mainly involved in the processes of ATP formation, T cell
activation, and hematopoietic cell lineage (Figure 5B-C). And
the results also clearly showed that it was associated with the
development of tumors of the digestive system (Figure 5D).

MFAP2 Expression Is Associated With Immune Factors

The interaction between tumor and immune system plays a
vital role in the occurrence, development and treatment of
tumor. Cytolytic immune cells (T/NK cells) are initially used
to recognize and kill cancer cells, while tumor tissues can shape
the surrounding microenvironment and promote immune
escape. Particularly, tumors can disrupt infiltration and func-
tion of T/NK cells, and antigen presentation by soluble and
cellular surface mediators (such as PD-L1) and immunosup-
pressive cells, such as regulatory T cells (Tregs) and marrow
derived suppressive cells (MDSCs). Hence, elucidating the
interaction between tumor and immune cells will help predict
the immunotherapy response and develop new immunotherapy
targets. We investigated the relationship between the expres-
sion of MFAP2 and immune factors in HCC and got the fact
that some immunostimulators, immunoinhibitors, and TILs for
which expression was significantly correlated with MFAP2
expression by filtering: p <0.05 and | +rho| > 0.1 were showed
in Figure 6A-C (p > 0.05 or | +rho| < 0.1 was marked as black).
Some Immunosuppressive membrane proteins whose expres-
sions, such as TIGIT, CTLA4, have significant correlation with
MFAP2 expression (Figure 6D-E). We also found a significant
and meaningful relationship between the expression of MFAP2
and Regulatory T cells (Tregs) (Figure 6F). In particular, there
was a significantly negative correlation between the expression
of immunostimulant IL6R and MFAP2 (Figure 6G).

Discussion

Many factors have been reported to be associated with the
development of HCC, including chronic hepatitis virus infec-
tion, genetic mutations, cell damage, alcoholic liver disease
and aflatoxin poisoning.'® Despite extensive experimental
studies, the molecular mechanisms of HCC have not been fully
understood to date. Most undetected early HCC patients are not
suitable for curative treatment, which may be one of the rea-
sons for poor prognosis.'? Therefore, potential highly effective
diagnostic and therapeutic markers are urgently needed.'®'”
Bioinformatics analysis plays a critical role in cancer research,

and it promotes the understanding of carcinogenesis by com-
bining genome-level data with systematic bioinformatics
approaches. In the present study, we investigated the expres-
sion of MFAP2 in hepatocellular carcinoma (HCC) and many
other human cancer types and found that MFAP2 was
up-regulated in a variety of tumors. We specially found that
MFAP2 was obviously over-expressed in HCC when compared
with normal tissues and was correlated with survival probabil-
ity, OS, and DSS. In addition, to evaluate whether MFAP2-
silencing contributes to inhibition of tumor cells, we conducted
in vitro studies which demonstrated that MFAP2 knockdown
inhibited the proliferation and migration of hepatocellular car-
cinoma cells in a time-dependent manner that may be a poten-
tial biomarker for HCC.

Multiple reports have shown similar skeletal phenotypes in
both fibrillin-1 mutant mice and MAGP-1 (MFAP2) deficient
mice. The overlapping functions of MFAP2 and fibrillin-1 reg-
ulate osteoclast number and bone resorption.?’ Researches sug-
gest that MFAP?2 is not necessary for elastic fiber assembly in
mice, but is important for other processes of tissue homeostasis
or differentiation.’> Therefore, it may be that these fibrillin
mutations alter the ability of fibrillin to bind to MFAP2, lead-
ing to the emergence and aggravation of the disease. Previous
studies have demonstrated that versican, a large extracellular
matrix proteoglycan, was found associated to the microfibrils
through its interaction with fibrillin-1, which played an impor-
tant role in tumor invasion and metastasis.”’ The results from
Segade et al. suggested that MFAP2 was involved in ECM
function and modulating the expression of genes that function
in cell adhesion, migration and control of ECM deposition in
human osteosarcoma.” Our present results indicate that inhibi-
tion of MFAP2 can delay the proliferation and migration of
HCC in vitro. Taken together, MFAP2 might promote the
development and progression of HCC through its interaction
with the mutant fibrillin-1. Future studies should investigate
whether MFAP?2 is associated with fibrillin-1 in HCC cells.

RAD21 (double-strand-break repair protein Rad21 homo-
log, also known as SCC1) is a component of the cohesive
proteins that are essential for chromosome separation and DNA
repair.”* Recently, RAD21 has been found to be associated
with the development and prognosis of malignant tumors. As
a target gene of multiple genes or a regulatory gene of other
genes, it is also widely involved in human physiological and
pathological processes.”>'” Ahn et al. found that RAD21 was
involved in transcriptional regulation of migration/invasion
related genes induced by mutant p53-r248 in human ovarian
cancer cells.”* In our present study, we found that the expres-
sion of RAD21 mRNA was obviously correlated with MFAP2
based on the GEPIA2 database and the mutation frequency of
P53 was significantly correlated with the expression of
MFAP2. The expression level of RAD21 in HCC tissues was
higher than that in adjacent non-tumor tissues, and its expres-
sion level was associated with OS in HCC patients. Previous
study identified RAD21 as a new binding partner of mutant P53
in ovarian cancer, the specific molecular mechanism by which
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MFAP?2 is mainly
involved in the
processes of ATP
formation, T cell
activation, and
hematopoietic cell
lineage

there was a
significantly negative

correlation between
the expression of
immunostimulant
IL6R and MFAP2

High
expressionof
MFAP2
in HCC
why?

TP53 mutation
interacts with MFAP2
to involve in
tumorigenesis of HCC

can slow the
progression of
hepatocellular
carcinoma in vitro
including proliferation
and migration.

transcription factors and
DNA methylation
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participate in
tumorigenesis of HCC by
regulating MFAP2
expression

Figure 7. A summary mechanism of MFAP2 in HCC. MFAP?2 is involved in tumor progression and prognosis. Transcription factors, DNA
methyltransferases, immune factors may interact with MFAP2 mRNA to promote tumor progression in HCC.

RAD?21 regulates the expression of MFAP2 and the relation-
ship to mutant p53 in HCC remains to be investigated.?**!7>
DNA methylation regulates cell differentiation and is
involved in tumorigenesis, and is mediated by a family of DNA
methyltransferase enzymes (DNMTs). Abnormal gene methy-
lation is considered to be one of the main mechanisms that
trigger HCC and may be a useful biomarker for predicting HCC
risk."*!> DNMTs are involved in epigenetic regulation of the
genome and are promising new targets for the treatment of
cancer and other diseases.'® Liu’s and Lai’s studies demon-
strated respectively that DNMT1 and DNMT3b were upregu-
lated in the sorafenib-resistant human hepatocellular carcinoma
cells.?2” So inhibition of DNMTs by their inhibitors such as
RNA interference or nanaomycin A (a selective DNMT3D inhi-
bitor) significantly increased the sensitivity of sorafenib in a
dose-dependent manner. The DNMT inhibitor acacytidine
down-regulates the activity of DNMT1 and DNMT3b, leading
to increased drug sensitivity in tumor cells in hormone refrac-
tory prostate cancers.”® Epigallocatechin gallate (EHCCG), the
most active compound in green tea, induces cell cycle arrest
and apoptosis of cancer cells by inhibiting class 1 HDACs and

DNMTs in colon cancer.”” Several methods for inhibiting
DNMT activity have been reported, including DNMTs deple-
tion mediated by small interfering RNAs or covalent enzyme
capture using suicide-nucleoside substrates such as azacytidine
and decitabine.*® In recent years, the rational development of
small molecule non-nucleoside inhibitors such as RG108 has
become a research hotspot. DNA methylation can lead to tran-
scriptional inactivation by directly inhibiting transcription fac-
tor binding, blocking the DNA sequence it recognizes, histone
deacetylases (HDACs), or recruiting methylated binding pro-
teins that interact with transcription factors directly.?' Signifi-
cant DNA methylation modification was found in the MFAP2
gene, and its expression was positively correlated with DNMTs
expression. Our results suggested that alterations in DNA
methylation modifications of MFAP2 gene were likely to be
involved in the occurrence and development of HCC. There-
fore, DNMTs inhibitors mentioned above, such as RG108 or
EHCCQG, combined with TF inhibitors may be an effective
treatment for HCC patients. In order to elucidate the molecular
mechanisms underlining their roles, further research is
necessary.
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The host immune response has been emphasized as a genetic
biomarker for the disease with the production of multiple
immune cells in HCC. Immune checkpoints involve membrane
expression of different molecules, fine-tuning the immune
responses.’> Tregs are prominent among the immunosuppres-
sive candidate cells in and around the tumor niche. Langhans
et al. confirmed that peripheral Tregs upregulate checkpoint
inhibitors and are involved in systemic immune dysfunction
and anti-tumor activity through several inhibitory pathways,
which may contribute to tumor development in HCC.*®> CTLA4
is a structural homologue of CD28 and expressed on activated
T cells. Recently, some studies have focused on the relation-
ship between CTLA4 SNPs and susceptibility to HCC, and
Wang’s research demonstrated that CTLA4 could affect sus-
ceptibility to HCC via changing the immune status of the indi-
viduals.>® TISIDB results indicated that MFAP2 expression is
closely related to Tregs and some immunological checkpoints
which have recently received more and more attention, such as
CTLAA4, TIGIT in HCC. Therefore, inhibitors that target these
immune checkpoints might be particularly effective in the
treatment of HCC patients, especially when used in combina-
tion with MFAP?2 inhibitors. Finally, IL6R was negatively cor-
related with MFAP2; if the expression of MFAP2 is an
effective indicator for judging the prognosis of HCC patients,
IL6R might also be used as a useful biomarker for immunother-
apy to reflect the immune microenvironment status of HCC
patients.

In summary, our data indicated that MFAP2 was signifi-
cantly upregulated in HCC and was associated with tumor
progression and prognosis, the higher MFAP2 expression, the
poorer prognosis and survival. MFAP2 might promote the pro-
liferation, migration and invasion in HCC cells. The study of
DNMTs and TF inhibitors that may down-regulate MFAP2 has
important clinical significance. MFAP2 might also be a pro-
mising prognostic biomarker and serve as a potential immu-
notherapy target in HCC patients (Figure 7).

Conclusion

MFAP2 may play a key role in the development of HCC.
Therefore, MFAP2 may be a valuable prognostic marker and
an effective anticancer target in HCC.

Authors’ Note

Xiang Zhu, Ye Cheng, and Fan Wu contributed equally. All experi-
ments using animal and human samples were reviewed and approved
by the Ethics Committee of Nanjing Medical University
(N0.2019669). Written informed consent for experimental use of the
specimens was acquired from each participant, and the research was
carried out according to the relevant guidelines and regulations. There
are 3 first authors in this manuscript and they have equally contributed
to this project. XZ was responsible for drafting the manuscript. YC
was responsible for designing and performing the experiments. FW
was responsible for the manuscript language editing and data analysis.
Furthermore, we have 2 corresponding authors in this manuscript. JFS
and HYS has contributed to data interpretation, editing and critical
revision of the manuscript. SJM and HYC have contributed to study

design and critical revision of the manuscript. All authors read and
approved the final manuscript. The medical ethics committee of Nanj-
ing Medical University approved the study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was funded by the Huai’an Natural Science Research Program
(HAB201929), National Natural Science Foundation of China
(81502623); the Natural Science Foundation of Jiangsu Province
(BK20150092); the key project Funded by the Medical Science and
technology development foundation of Nanjing department of health.

ORCID iD

Xiang Zhu © https://orcid.org/0000-0002-2773-0412

References

1. Huang W, Skanderup AJ, Lee CG. Advances in genomic
hepatocellular carcinoma research. GigaScience. 2018;7(11):
giy135.

2. Zhang C, Peng L, Zhang Y, et al. The identification of key genes
and pathways in hepatocellular carcinoma by bioinformatics anal-
ysis of high-throughput data. Med Oncol. 2017;34(6):101.

3. Mecham RP, Gibson MA. The microfibril-associated glycopro-
teins (MAGPs) and the microfibrillar niche. Matrix Biol. 2015;47:
13-33.

4. Craft CS, Broekelmann TJ, Mecham RP. Microfibril-associated
glycoproteins MAGP-1 and MAGP-2 in disease. Matrix Biol.
2018;71-72:100-111.

5. Segade F, Suganuma N, Mychaleckyj JC, Mecham RP. The intra-
cellular form of human MAGPI elicits a complex and specific
transcriptional response. Int J Biochem Cell Biol. 2007;39(12):
2303-2313.

6. Zaravinos A, Kanellou P, Lambrou GI, Spandidos DA. Gene set
enrichment analysis of the NF-xB/Snail/YY1/RKIP circuitry in
multiple myeloma. Tumour Biol. 2014;35(5):4987-5005.

7. Silveira NJ, Varuzza L, Machado-Lima A, et al. Searching for
molecular markers in head and neck squamous cell carcinomas
(HNSCC) by statistical and bioinformatic analysis of larynx-
derived SAGE libraries. BMC Med Genomics. 2008;1:56.

8. Wang JK, Wang WJ, Cai HY, et al. MFAP2 promotes epithelial-
mesenchymal transition in HCC cells by activating TGF-/SMAD2/
3 signaling pathway. Onco Targets Ther. 2018;11:4001-4017.

9. Zheng R, Wan C, Mei S, et al. Cistrome Data Browser: expanded
datasets and new tools for gene regulatory analysis. Nucleic Acids
Res. 2019;47(D1):D729-D735.

10. Koch A, De Meyer T, Jeschke J, Van Criekinge W. MEXPRESS:
visualizing expression, DNA methylation and clinical TCGA
data. BMC Genomics. 2015;16:636.

11. Zhou Y, Zhou B, Pache L, et al. Metascape provides a biologist-
oriented resource for the analysis of systems-level datasets. Nat
Commun. 2019;10(1):1523.


https://orcid.org/0000-0002-2773-0412
https://orcid.org/0000-0002-2773-0412
https://orcid.org/0000-0002-2773-0412

Technology in Cancer Research & Treatment

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wang Q, Zhu Y, Li Z, et al. Up-regulation of SPC25 promotes
breast cancer. Aging (Albany NY). 2019;11(15):5689-5704.

Ru B, Wong CN, Tong Y, et al. TISIDB: an integrated repository
portal for tumor-immune system interactions. Bioinformatics.
2019;35(20):4200-4202.

Villanueva A, Portela A, Sayols S, et al; HEPTROMIC Consor-
tium. DNA methylation-based prognosis and epidrivers in hepa-
tocellular carcinoma. Hepatology. 2015;61(6):1945-1956.
Prados J, Stenz L, Courtet P, et al. Borderline personality disorder
and childhood maltreatment: a genome-wide methylation analy-
sis. Genes Brain Behav. 2015;14(2):177-188.

Deaton AM, Bird A. CpG islands and the regulation of transcrip-
tion. Genes Dev. 2011;25(10):1010-1022.

Yamamoto G, Irie T, Aida T, Nagoshi Y, Tsuchiya R, Tachikawa
T. Correlation of invasion and metastasis of cancer cells, and
expression of the RAD21 gene in oral squamous cell carcinoma.
Virchows Arch. 2006;448(4):435-441.

Li L, Lei Q, Zhang S, Kong L, Qin B. Screening and identi-
fication of key biomarkers in hepatocellular carcinoma: evid-
ence from bioinformatic analysis. Oncol Rep. 2017;38(5):
2607-2618.

Cai J, Li B, Zhu Y, et al. Prognostic biomarker identification
through integrating the gene signatures of hepatocellular carci-
noma properties. EBioMedicine. 2017;19:18-30.

Clarke AW, Weiss AS. Microfibril-associated glycoprotein-1
binding to tropoelastin: multiple binding sites and the role of
divalent cations. Eur J Biochem. 2004;271(14):3085-3890.
Massam-Wu T, Chiu M, Choudhury R, et al. Assembly of fibrillin
microfibrils governs extracellular deposition of latent TGF beta.
J Cell Sci. 2010;123(Pt17):3006-3018.

Pore SK, Ganguly A, Sau S, et al. N-end rule pathway inhibitor
sensitizes cancer cells to antineoplastic agents by regulating XIAP
and RAD21 protein expression. J Cell Biochem. 2020;121(1):
804-815.

Hill VK, Kim JS, Waldman T. Cohesin mutations in human can-
cer. Biochim Biophys Acta. 2016;1866(1):1-11.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ahn JH, Kim TJ, Lee JH, Choi JH. Mutant p53 stimulates cell
invasion through an interaction with Rad21 in human ovarian
cancer cells. Sci Rep. 2017;7(1):9076.

Xia L, Wang M, Li H, Tang X, Chen F, Cui J. The effect of
aberrant expression and genetic polymorphisms of Rad21 on cer-
vical cancer biology. Cancer Med. 2018;7(7):3393-3405.

Lai SC, Su YT, Chi CC, et al. DNMT3b/OCT4 expression confers
sorafenib resistance and poor prognosis of hepatocellular carci-
noma through IL-6/STAT3 regulation. J Exp Clin Cancer Res.
2019;38(1):474.

Liu J, Chen S, Wang W, et al. Cancer-associated fibroblasts pro-
mote hepatocellular carcinoma metastasis through chemokine-
activated hedgehog and TGF-B pathways. Cancer Lett. 2016;
379(1):49-59.

Kuck D, Caulfield T, Lyko F, Medina-Franco JL. Nanaomycin A
selectively inhibits DNMT3B and reactivates silenced tumor sup-
pressor genes in human cancer cells. Mol Cancer Ther. 2010;
9(11):3015-3023.

Moseley VR, Morris J, Knackstedt RW, Wargovich MJ. Green tea
polyphenol epigallocatechin 3-gallate, contributes to the degrada-
tion of DNMT3A and HDAC3 in HCT 116 human colon cancer
cells. Anticancer Res. 2013;33(12):5325-5533.

Caulfield T, Medina-Franco JL. Molecular dynamics simulations
of human DNA methyltransferase 3B with selective inhibitor
nanaomycin A. J Struct Biol. 2011;176(2):185-191.

Zhang C, LiJ, Huang T, et al. Meta-analysis of DNA methylation
biomarkers in hepatocellular carcinoma. Oncotarget. 2016;7(49):
81255-81267.

Singh AK, Kumar R, Pandey AK. Hepatocellular carcinoma:
causes, mechanism of progression and biomarkers. Curr Chem
Genom Transl Med. 2018;12:9-26.

Langhans B, Nischalke HD, Krdmer B, et al. Role of regulatory
T cells and checkpoint inhibition in hepatocellular carcinoma.
Cancer Immunol Immunother. 2019;68(12):2055-2066.

Wang JJ, Wang ZB, Tan TC. Association of CTLA-4, TNF alpha
and IL 10 polymorphisms with susceptibility to hepatocellular
carcinoma. Scand J Immunol. 2019;90(6):e12819.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


