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Background: Microfibril-associated protein 2 (MFAP?) is a protein coding gene that exerts
important phenotypic effects on cell motility, and increasing research has indicated that
MFAP2 was correlated with many cancers. However, the functional and potential clinical
role of MFAP2 in papillary thyroid cancer (PTC) has not yet been verified.

Materials and Methods: We performed whole transcriptome sequencing on 78 paired PTC
tissues and corresponding adjacent normal tissues and found that MFAP2 was highly
expressed in PTC tissues. Then, we analyzed the expression of MFAP2 and its relation
with the clinicopathological features of PTC in The Cancer Genome Atlas (TCGA) PTC
genomic dataset. We detected MFAP2 expression in 40 paired PTC tissues and corresponding
adjacent normal tissues through RT-qPCR (real time-quantitative polymerase chain reaction)
to validate the sequencing data and TCGA cohort. Cell functional assays were performed to
elucidate the function of MFAP2 in PTC cells, Western blot assay was performed to explore
the correlation between MFAP2 and EMT (epithelial-mesenchymal transition)-related
proteins.

Results: Statistical analysis showed that MFAP2 was obviously upregulated in PTC tissues
compared to matched normal tissues, and the expression levels of MFAP2 in PTC tissues
were strongly related with lymph node metastasis (p=0.016). The results of RT-qPCR of our
own tissue specimens showed the same conclusions as that in TCGA dataset. The results of
functional assays in PTC cell lines showed that MFAP2 could promote proliferation, colony
formation, migration and invasion abilities and decrease the apoptotic rate in PTC cells.
Western Blot assay showed that MFAP2 could regulate the expression of EMT-related
proteins.

Conclusion: MFAP?2 increases the proliferation, motility and decreases the apoptosis of
PTC cells, and might be a potential therapeutic target for papillary thyroid cancer.
Keywords: biomarker, proliferation, migration, epithelial-mesenchymal transition, EMT,
apoptosis

Introduction

The prevalence of thyroid cancer (TC) has increased rapidly nowadays and TC has
become one of the most frequent endocrine malignancies in recent years.! Rahib
et al reported that the global TC cases increased by approximately 4% every year,
and predicted it will surpass colorectal cancer by 2030 and become the fourth most
commonly diagnosed cancer.” TC is now generally classified into papillary thyroid
carcinoma (PTC), follicular thyroid carcinoma (FTC), anaplastic thyroid carcinoma,
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medullary thyroid carcinoma, poorly differentiated thyroid
cancer (PDTC), and Hurtle cell cancer.’® Among these
types, PTC is the most frequent type and accounts for
80% to 85% of total TC cases.* Though most of PTC
patients have a relatively good prognosis and the 5-year
survival rate exceeds 97%,” ' a small group of PTC
patients still suffer poor prognosis due to lymph node
metastasis and distant metastasis.®° Therefore, identifying
new biomarkers and exploring the molecular mechanisms
that promote the progression of cancer are essential for
early diagnosis and better treatment for PTC.

Microfibrillar-associated proteins (MFAPs) are a group
of extracellular matrix glycoproteins including five sub-
family members (MFAPI~5), these proteins have been
reported to play a role in microfibril assembly and tissue
homeostasis.'®'? Among these five members, Microfibril-
associated protein 2 (MFAP2, also known as MAGP-1),
with its coding gene located at 1p36.13, was reported to be
associated with different kinds of malignant cancers in
recent years. Chen et al showed that MFAP2 was over-
expressed in melanoma and promoted invasion and
migration abilities of melanoma through regulating the
EMT-related proteins and Wat/beta-catenin pathway.'® Li
et al found that MFAP2 was up-regulated in gastric cancer
and promotes motility of cancer cells through MFAP2/
integrin alpha 5 beta 1/FAK/ERK pathway.'* Wang et al
also reported that MFAP2 could promote -epithelial-
mesenchymal transition process of gastric cancer by acti-
vating TGF-beta/SMAD2/3 pathway.'> However, whether
MFAP?2 has an essential role in promoting PTC progres-
sion has not been studied yet.

With the help of whole transcriptome sequencing, the
transcription level of 78 paired PTC tissues and corre-
sponding adjacent normal tissues was measured (the data
have not been published yet), we found that MFAP2 was
highly overexpressed in PTC tissues, indicating that
MFAP2 might play a role in PTC cells. The results of
our own sequencing were verified by analyzing the data
of TCGA cohort and measuring the expression of MFAP?2
in 40 paired PTC tissues and adjacent normal tissues
through qRT-PCR. The relation between MFAP2 expres-
sion level and clinicopathological features was analyzed.
Loss-of-function assays were performed on two PTC cell
lines (BCPAP and TPC-1) to explore the function of
MFAP2 in PTC cells. To best of our knowledge, MFAP?2
is an oncogene in PTC and might be a potential biomarker
and therapeutic target in PTC.

Materials and Methods

Patients and Thyroid Tissue Specimens
Paired PTC samples and adjacent non-cancerous tissues
were collected following curative surgical resection from
40 patients with PTC in the First Affiliated Hospital of
Wenzhou Medical University in 2018. The tissues were
frozen in liquid nitrogen at the time of resection and were
stored in the refrigerator at —80°C before RNA extraction.
None of the patients were treated with any preoperative
therapy, such as chemotherapy and radiotherapy. RNA
sequencing data of 78 paired PTC tissues and correspond-
ing adjacent normal tissues were derived from data of
another uncompleted study project, 78 paired samples
were handled as was mentioned before and were sent for
RNA sequencing. Ethical approvals of all studies men-
tioned were assessed by the Ethics Committee of The
First Affiliated Hospital of Wenzhou Medical University.
All patient-derived specimens and clinical information
were collected with written informed consent and research
protocols used in this research were approved by and
conducted in accordance with the ethical standards of the
Institutional Review Board of The First Affiliated Hospital
of Wenzhou Medical University.

The Cancer Genome Atlas Database

The RNA-seq data and corresponding clinical information
were downloaded from the TCGA database (https:/tcga
data.nci.nih.gov/tcga/). In total, information of 502 cases

of PTC patients and 58 normal persons with complete
clinicopathological features such as gender, age, lymph
node metastasis, tumor size, clinical stage (ACJJ7), and
histological type was collected.

Cell Culture

Two human PTC cell lines (TPC-1 and BCPAP) were
provided by Prof. Mingzhao Xing of Johns Hopkins
University School of Medicine (Baltimore, MD, USA).
Human normal thyroid cell line (HTORI3) was purchased
from the Cell Bank of the Shanghai Chinese Academy of
Sciences (Shanghai, China). All cell lines were cultured in
RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (Gibco, Invitrogen,
Carlsbad, CA, USA) and 1% penicillin/streptomycin
(Solarbio, Beijing, China). Cells were maintained in humi-
dified incubator (Thermo, Waltham, USA) with a 5% CO2
atmosphere at 37°C. The use of all cell lines in this study
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was approved by the Ethics Committee of The First
Affiliated Hospital of Wenzhou Medical University.

RNA Extraction and RT-gPCR

Total RNA of tissue specimens and PTC cell line samples
was extracted with TRIzol reagent (Thermo Fisher Scientific,
Waltham, MA, USA) following the manufacturer’s protocol.
The A260/A280 ratio and spectrophotometric value were
measured to assess the RNA quality and quantity respec-
tively. Then, 1 pug of RNA was reverse-transcribed with
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan). Real-
time PCR analysis was performed on Applied Biosystems
7500 Real-Time PCR (Thermo Fisher Scientific, Inc.) with
SYBR Premix Ex Taq II kit (RR820A, TaKaRa, Dalian,
China) following the manufacturer’s protocol. The relative
expression of mRNA to GAPDH was calculated using the
2744 method. The primers used were as follows: MFAP2,
forward 5'- TCCGCCGTGTGTACGTCATT-3', reverse 5'-
CTGGCCATCACGCCACATTT-3'; GAPDH, forward 5'-
GGTCGGAGTCAACGGATTTG-3"; reverse 5-ATGAG
CCCCAGCCTTCTCCAT-3" (Generay, Shanghai, China;

Sangon, Shanghai, China).

siRNA Transfection

Cells were cultured in six-well plates at a density of
7x10%cells/well and incubated for 24 h. Then cells were
transfected with small interfering RNA (siRNA, Gene
Pharma, Shanghai, China) by Lipofectamine RNA iMAX
transfection reagent (Invitrogen, Grand Island, NY, USA)
following the manufacturer’s protocol. 75 nM of MFAP2-
siRNA and NC-siRNA were used for the transfection of
two cell lines. After 48 h of transfection, the cells were
harvested for further usage. The sequences of siRNAs
used in this study were as follows: MFAP2-homo-221
(sense: 5'-CCCACUAUAGCGACCAGAUTT-3'; anti-
sense: 5'-AUCUGGUCGCUAUAGUGGGTT-3") MFAP2-
homo-440 (sense: 5'-CCAUACACAGGCCUUGCAATT
-3’; antisense: 5'-UUGCAAGGCCUGUGUAUGGTT-3').

Cell Proliferation Assays and Colony

Formation Assay

Cell proliferation and colony abilities were measured
using CCK-8 assay and colony formation assay respec-
tively. For CCK-8 assay, BCAPA and TPC-1 cells were
transfected with MFAP2-siRNA and NC-siRNA respec-
tively. After 48 hours of transfection, cells were harvested
and plated at 1500 cells per well onto the 96-well plates.

The cell-counting kit 8 (CCKS, Beyotime, Biotechnology,
Shanghai, China) was added at 10 puL/well and cells were
cultured in incubator for 3 hours. 450 nm absorbance was
measured using spectrophotometer (DS-11 FX; DeNovix,
Wilmington, USA), this step was repeated every 24 hfor4
times and the proliferation curve was drawn.

For colony formation assay, BCPAP and TPC-1 cells
(1500 cells/well) were planted in 6-well plates after 48 h of
transfection and were cultured continuously for 7 days.
When there were more than 50 cells in one colony and
total colonies were above 30, cells were fixed with 4%
paraformaldehyde for 15 minutes and stained with 0.1%
crystal violet solution for 30 minutes. Images were captured
by the Clsi camera (Nikon Instruments Inc., Melville, USA).

Migration and Invasion Assays
After 48 h of transfection, we planted about 3.6 x 10* cells/
0.3 mL of BCAPA and TPC-1 cells in the upper chamber of
the transwell chambers (#3422, Corning, NY, USA) for cell
migration assays. Besides, 0.6 mL of medium containing
20% FBS was added to the lower chamber. The cells were
cultured for 22 hours and were fixed with 4% paraformalde-
hyde for 15 minutes and stained with 0.1% crystal violet for
30 minutes. The image was captured by microscope (mag-
nification was 20x) for further analysis.

BioCoat Matrigel Invasion Chambers (#354480, Corning
Biocoat, USA) was used for invasion assay. The procedure
was similar to that descried in cell migration assay.

Cell Apoptosis Assay

BCPAP and TPC-1 cells were cultivated in 6-well plate and
transfected with MFAP2-siRNA or negative control siRNA
for 48 h, all the cells were harvested and double-stained with
FITC-Annexin V and PI with Annexin V-fluorescein isothio-
cyanate (FITC) apoptosis kit (#556547; Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) based on the
manufacturer’s manual. Flow cytometry (BD Biosciences
Accuri C6; Becton, Dickinson and Company) was used to
examine cell apoptosis and Flowjo software (Flowjo,
Ashland, OR, USA) was used to analyze the results.

Protein Extraction and Western Blot
Analysis

Total protein samples were cleaved in RIPA lysis buffer
(Beyotime, Shanghai, China), the protein concentration was
measured by using bicinchoninic acid assay (Thermo
Scientific, USA). Proteins were separated by 8%-10%
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Figure | MFAP2 was overexpressed in PTC and provided a great prognostic and diagnostic value in PTC. (A) MFAP2 expression levels were greater in PTC tissues than in
normal thyroid tissues in TCGA dataset. (B) The overexpression of MFAP2 in PTC was verified in our validated cohort by using qRT-PCR. (C) MFAP2 was upregulated in 78
PTC tissues compared with corresponding non-tumorous thyroid tissues from our RNA sequencing dataset. (D) Heatmap of the differentially expressed genes in TCGA
database, based on the adjusted p-value. (E) Volcano map of genes expressed in TPC. (F) Disease-free survival analysis of MFAP2 expression levels in TCGA database using
Kaplan-Meier analyses. (G) ROC curve analysis of MFAP2 expression levels in PTC patients. **p<0.001, **¥p<0.0001.
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sodium dodecyl sulfate polyacrylamide gel electrophoresis
(BioRad, Berkeley, CA, USA) and were transferred into
PVDF membranes (EMD Millipore, Billerica, MA, USA).
The PVDF membranes were blocked with 5% skim milk
(BD, Difco Skim Milk, 232100) for 2 hours at room tem-
perature. Then, the PVDF membranes were added to primary
antibody and incubated overnight at 4°C. After washing three
times with TBSB, the membranes were incubated with sec-
ondary antibody (Abcam, Cambridge, UK) at room tempera-
ture for 2 hours. Proteins were visualized with enhanced
chemiluminescence (Thermo Scientific) detection system.
The primary
N-cadherin, E-cadherin, p-catenin and B-actin. Goat anti-

antibodies used included vimentin,
mouse HRP-conjugated IgG (Abcam) was the secondary
antibody. All of the primary antibodies were purchased

from Abcam, S-actin served as internal control.

Statistical Analysis

All experiments were performed in triplicate and data were
shown as the mean + SD. All statistical analyses were
performed with SPSS 22.0 software (IBM SPSS Inc,
Chicago, IL, USA). Expression level of MFAP2 in PTC
samples was compared with adjacent normal tissues using

expression and clinicopathological features was evaluated
using the chi-squared test. The expression difference
between groups, the transfection efficiency, cell viability
assay, invasion assay, and apoptosis assay were analyzed
using independent samples #-test, the differences were
considered to be statistically significant at P<0.05.

Results
MFAP2 Was Significantly Upregulated in
PTC Tissues and Cell Lines

According to the sequencing results of our 78 paired PTC
tissues and adjacent normal tissues (data not published
yet), we found that MFAP2 was especially overexpressed
in PTC tissues compared to normal tissues (Figure 1C).
Then we downloaded the transcriptome sequencing data
from The Cancer Genome Atlas (TCGA) and analyzed the
expression level of MFAP2, the results also indicated that
MFAP2 was up-regulated specifically in PTC tissues
(Figure 1A, D and E). We detected the expression of
MFAP2 in 40 paired specimens by using RT-qPCR.
According to the analysis of the result, we observed
a significant up-regulation of MFAP2 in PTC tumor sam-
ples compared to adjacent normal tissues (Figure 1B).
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Figure 2 MFAP2 was upregulated in PTC cell lines and induced their proliferation abilities in vitro. (A) CCK-8 assays performed in two PTC cell lines. (B, D) Colony
formation assays in two PTC cell lines and corresponding number of colonies. (C) The relative expression of MFAP2 in PTC cell lines. MFAP2 was upregulated in two PTC
cell lines (BCPAP and TPC-1) compared to normal thyroid cell line HTORI-3. (E) MFAP2 expression levels were lower in Si-MFAP2 groups than in Si-NC group in the two

PTC cell lines. **p<0.01, *p<0.001, ***p<0.0001.
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cell lines (TCP-1 and BCPAP) and one normal thyroid cell
line (HTORI-3). The results showed the expression of
MFAP2 in PTC cell lines was also significantly higher
than that in normal thyroid cell line (Figure 2C).

MFAP2 Expression Was Correlated with
Clinicopathological Characteristics in
PTC

To investigate the correlation between MFAP2 expression
levels and clinicopathological features in PTC, we divided
the TCGA cohort into high expression group and low
expression group, based on the median expression level
of MFAP?2 in tumor tissues. As shown in Table 1, MFAP2
expression level was significantly associated with lymph
node metastasis (P=0.016), histological type (classical vs
other types, p=0.002), neoplasm focus type (unifocal vs
multifocal, p=0.01), but we could not find an association
of remaining factors such as gender (p=0.273), tumor size

(p=0.714), and age (p=0.273) with the expression of
MFAP2. In local cohort, the ratio of MFAP2 expression
in cancer tissues and corresponding normal tissues was
calculated, patients were also divided into high expression
group (n=20) and low expression group (n=20) based on
the median of ratio. In local cohort, we found the same
trend as shown in TCGA cohort (Table 2).

The Diagnostic and Prognostic Value of

MFAP2 in PTC Patients

To investigate the prognostic value of MFAP2 in PTC, we
performed disease-free survival analysis for TCGA data and
found that upregulation of MFAP2 in PTC was associated with
higher risk of relapse or death (Figure 1F, hazard ratio [HR] =
0.53, p=0.037), thus overexpression of MFAP2 might predict
a worse prognosis in PTC. We also analyzed the receiver
operating characteristic (ROC) curves for TCGA database
and our validated cohort to investigate the diagnostic value

Table | Correlation Between MFAP2 Expression and Clinicopathological Factors in TCGA Cohort

Clinicopathological Factors Patients High Expression Low Expression p-value

Gender
Female 363 187 176 0.273
Male 139 64 75

Age (years)
<60 386 200 186 0.138
260 16 51 65

Histological type
Classical 360 196 164 0.002%*
Other types 142 55 87

Neoplasm focus type
Unifocal 279 125 154 0.01*
Multifocal 214 121 93

T stage
I+l 306 5 155 0.714
ni+v 194 99 95

Lymph node metastasis
Yes 213 19 94 0.016*
No 236 105 131

Disease stage (AJCC7)
I+l 338 164 174 0.339
n+v 162 86 76

New event (tumor relapse)
Yes 48 20 28 0.225
No 454 231 223

Notes: *p-value< 0.05, *¥p-value<0.01.

Abbreviations: MFAP, microfibril-associated protein 2; AJCC7, American Joint Committee on Cancer 7th edition.
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Table 2 Correlation Between MFAP2 Expression and Clinicopathological Factors in Validated Cohort

Clinicopathological Factors Patients High Expression Low Expression p-value

Gender
Female 22 10 12 0.525
Male 18 10 8

Age (years)
=55 22 12 10 0.525
<55 18 8 10

Tumor size (mm)
=10 26 14 12 0.507
<10 14 6 8

Lymph node metastasis
Yes 20 15 5 0.002%*
No 20 5 15

Neoplasm focus type
Multifocal 7 3 4 0.677
Unifocal 33 17 16

Disease stage (AJCC7)
1+1V 12 9 3 0.038%*
1+l 28 I 17

Notes: *p-value< 0.05, **p-value<0.01.

Abbreviations: MFAP, microfibril-associated protein 2; AJCC7, American Joint Committee on Cancer 7th edition.

of MFAP?2 in PTC (Figure 1G), the result showed that MFAP?2
expression could distinguish between PTC tissues and normal
tissues properly (TCGA: AUC = 81.38%, p<0.0001; validated
cohort: AUC = 87.33%, p<0.0001).

Knockdown of MFAP2 Inhibited the
Proliferation of PTC Cells

To elucidate the correlation between MFAP2 and proliferation
ability of PTC cells, we downregulated the expression of
MFAP2 level in PTC cells by transfection with MFAP2-
siRNA, the expression of MFAP2 in si-MFAP2 groups was
downregulated by more than 50% compared to control
groups (Figure 2E). The results of Cell Counting Kit-8
assay showed that the down-regulation of MFAP2 suppressed
the proliferation of PTC cells (Figure 2A). Additionally,
colony formation assay demonstrated the number of colonies
were significantly decreased in MFAP2 knockdown group
compared to the control group (Figure 2B and D).

Down-Regulation of MFAP2 Suppressed
the Migration and Invasion Abilities of
PTC Cells

To investigate whether MFAP2 affects the migration and
invasion characteristics of PTC cells, we performed cell

migration and invasion assays. The result of cell migration
assay showed that the number of BCPAP and TPC-1 cells
that passed through the polycarbonate membrane of the
chamber were reduced significantly in MFAP2-siRNA
transfected group (Figure 3A and C). The same result
was seen in cell invasion assay (Figure 3B and D).
These findings showed that the
MFAP2 weakened the migration and invasion abilities of
PTC cells.

down-regulation of

Down-Regulation of MFAP2 Promoted
the Apoptotic Rate in PTC Cells

Low apoptosis level is an important feature of cancer
cells.'® To elucidate the connection between apoptosis
degree and expression level of MFAP2 in PTC cells, we
performed Annexin V/PI assay on MFAP2-siRNA trans-
fected PTC cells and corresponding nonsense-siRNA
transfected cells. According to the result of flow cytome-
try analysis, we found that knockdown of MFAP2 in
BCPAP and TPC-1 cells could induce cell apoptosis
(Figure 4A-D). The apoptotic rate in BCPAP and TCP-
1 cells which were transfected with MFAP2-siRNA was
higher compared with the control group.
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control group in two PTC cell lines. (B, D) The Matrigel assay in Si-MFAP2 groups and corresponding control group in two PTC cell lines. The quantitative results of the
migration assay were determined from five random fields. The data came from at least three independent experiments. *¥p<0.01, ***p<0.001, ****p<0.0001.

MFAP2 Promoted Tumorigenesis via
Modulating Epithelial-Mesenchymal
Transition in TPC-1 and BCAPA Cell

Lines

Epithelial-mesenchymal transition (EMT) is an indispen-
sable process during tumor progression and metastasis, so
we aimed to investigate the potential mechanism by which
MFAP2 contributed to the progression of PTC.!” Through
a series of Western blotting, we found the expression
levels of EMT-related protein, as shown in Figure 4E,
were correlated with the expression of MFAP2. We found
the expression of E-cadherin was increased but Vimentin,
N-cadherin, and pf-catenin expression levels were
decreased after knocking down MFAP2 in PTC cells

(Figure 4E). We considered that MFAP2 could promote
EMT process in PTC.

Discussion

Thyroid cancer is one of the most common endocrine
cancers in the world, among its four main subtypes, papil-
lary thyroid cancer is the most frequent type,* and
although it has a relatively better prognosis than other
subtypes, some patients can still suffer from lymph node
metastasis, capsular invasion, and distant metastasis due to
individual genetic background differences.

Tumorigenesis is a very complex process and is regu-
lated by polygene through multi-steps. It is necessary to
discover gene mutations that participate in tumorigenesis
at different levels and reveal roles they play to understand
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(E) Western blotting showed knockdown of MFAP2 upregulated E-cadherin and downregulated N-cadherin, Vimentin and f-catenin in protein levels. ¥p<0.05 and **¥p<0.001.

cancer properly and find better biomarkers to diagnose
cancer earlier and develop better treatment to cure cancer.

Through years of research, an increasing number of gene
mutations that correlate with PTC have been discovered by
different researchers. Among these genes, BRAF V60O0E is
the most famous gene mutation in thyroid cancer,'® which is
highly specific for PTC. Overexpression of BRAF' can accel-
erate tumorigenesis and progression through triggering the
mitogen-activated pathway kinase (MAPK). Thanks to the
discovery of the role BRAF played in PTC, the accuracy of
FNAC (Fine Needle Aspiration cytology) to diagnose PTC
increased rapidly when detection of BRAF mutation was
included as an index.'>*® However, several studies have
demonstrated that it is not enough to diagnose PTC only
with BRAF V600E alone.*"** So, there has been increasing
effort to search for other gene mutations that are highly
correlated with PTC and we have made great achievements.
Up to now, gene mutations such as R4S mutation,”> TERT
mutation, and PTEN mutation have been found to correlate
with the malignancy of PTC which makes them potential
biomarkers in predicting prognosis.**

To find the gene that correlates with PTC, we per-
formed whole-transcriptome sequencing on 78 paired
PTC tissues and corresponding adjacent normal tissues

and found that MFAP2 was highly expressed in PTC
cells. The results of TCGA sequencing data analysis and
RT-gPCR of 40 paired PTC tissues and adjacent normal
tissues validated the finding in sequencing. Through ana-
lyzing the TCGA clinical data, we found that MFAP2 was
correlated with lymph node metastasis (p=0.018).

Functional assays showed that down-regulation of
MFAP?2 significantly inhibited the proliferation, colony
formation, migration and invasion abilities and increased
the apoptotic rate of PTC cells. Through Western blot
assay, we found that the expression levels of EMT-
related proteins were changed in MFAP2 knockout cells:
N-cadherin, Vimentin, and p-catenin were down-regulated
when MFAP2 was knocked out in PTC cells, but the
expression of E-cadherin was up-regulated. The discov-
eries in our study indicated that MFAP2 was an oncogene
in PTC.

However, our study has some limitations. Firstly,
a larger number of samples was needed to confirm the
result of this study. Secondly, the clear mechanism through
which MFAP2 regulates the expression of EMT-related
proteins requires further investigation to provide insight
into PTC metastasis. Besides, additional animal model
assays are required to confirm MFAP2 function in vivo.
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Conclusion
In summary, our findings show that MFAP2 was over-

expressed in PTC, its up-regulation could induce prolifera-

tion, migration, invasion and suppress cell apoptosis. The

results of our study indicate that MFAP2 was a potential

biomarker and might be a treatment target in PTC.
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