Histol Histopathol (2023) 38: 787-796

H istology and
istopathology

From Cell Biology to Tissue Engineering

ORIGINAL ARTICLE Open Access

Hypomethylation-mediated

overexpression of ITGA2 stimulates cell
invasion and migration of thyroid carcinoma
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Summary. Objective. To study the molecular
mechanism of DNA methylation-mediated ITGA2
overexpression in thyroid carcinoma (TC).

Methods. First, 450K methylation data and mRNA
expression profiles in TCGA-THCA dataset were
downloaded from TCGA database. ITGA2 was
identified as a methylation-driven gene by using R
package “MethylMix”. Afterwards, qRT-PCR, western
blot and flow cytometry assay were performed to
measure ITGA2 expression in TC cells. Methylation-
specific PCR was utilized to measure promoter region
methylation of ITGA2 in TC cells. Transwell and wound
healing assays were carried out to assess cell invasive
and migratory properties.

Results. Compared with normal cells, TC cells
presented significantly increased ITGA2 expression. In
addition, ITGA2 expression was controlled by DNA
methylation. Hypomethylation of CpG island resulted in
an increased ITGA2 expression. Hence, methylation and
expression levels of ITGA2 were inversely associated.
Moreover, overexpression of ITGA2 and promoter
region hypomethylation facilitated cell invasive and
migratory abilities in TC.

Conclusion. These findings authenticated that
promoter region hypomethylation of ITGA2 fostered
ITGA2 expression as well as TC cell invasion and
migration.
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Introduction

Thyroid carcinoma (TC) is a prevalent endocrine
malignant tumor worldwide, occupying 90% of
endocrine tumors (Li et al., 2016). According to
differentiation levels, TC can be categorized into well-
differentiated follicular TC (FTC) and papillary TC
(PTC), as well as poorly differentiated TC (PDTC) and
anaplastic TC (ATC), which are most invasive and
difficult-to-diagnose (Ferrari et al., 2015). Currently,
morbidity of TC is still rising. According to the National
Cancer Institute of the United States, there were 56870
cases of newly diagnosed TC and deaths related to TC in
the United States in 2017 (Kazaure et al., 2012; Siegel et
al., 2016; Harlow et al., 2017). Several researchers
believed that TC may be associated with epigenetic
alteration (Nikiforova and Nikiforov, 2008, 2011;
Verdelli et al., 2015). Investigating the molecular
mechanism of TC pathogenesis is a continuing concern
within diagnosis and treatment of TC due to high
recurrence rate of TC among cancer patients,

Epigenetics refers to gene function alteration, which
involves alteration of the structure and organization of
chromatin instead of DNA sequences (Biswas and Rao,
2017). DNA methylation and histone acetylation are two
possible causes of epigenetic alteration, and DNA
methylation attracts more attention (Hotchkiss, 1948).
DNA methylation transfers a methyl group in 5’-CpG-3’
dinucleotide to the fifth carbon of cytosine to form 5-
MC (Holcakova, 2018; Morgan et al., 2018). Aberrant
methylation of CpG island may change levels of tumor
repressors and oncogenes, and thus cancer cells are
always accompanied with aberrant DNA methylation
(Ehrlich, 2009; Rao et al., 2013; Smith and Meissner,
2013). In transcriptionally active genes, the transcription
factors may bind to DNA when CpG islands in the
promoter region stay unmethylated (Mersakova et al.,
2016). In contrast, methylated CpG islands inhibit such
bindings and hence result in gene silencing (Pechalrieu
et al., 2017; Dugue et al., 2018). Characterized by
methylation of promoter CpG island in tumorigenesis-
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associated genes, alterations in DNA methylation affect
gene expression and relevant biological functions, which
promotes caner progression. For instance, Kim et al.
(2019) found that the hypermethylation of TESC leads to
the downregulation of TESC mRNA/protein expression.
Xia et al. (2019) found that Promoter DNA methylation-
silenced miR-204 can serve as a potential diagnostic
biomarker of PTC. Besides, miR-204 may be a crucial
player in the development of PTC for its involvement in
many tumor-related pathways. Promoter region
hypermethylation of key genes suppresses gene
expression and influences biological functions, thus
stimulating cancer progression. Wehbe et al. (2006)
revealed that the promoting role interleukin-6 played in
cholangiocarcinoma progression is associated with
aberrant promoter methylation and gene expression.
Another study conducted by Harkaway et al. (1992)
further confirmed that increasing DNA methylation in
the promoter region of HoxAS5 fosters tumor progression
via suppressing HoxAS gene expression. According to
the study conducted by Lal et al. (2006), RIZ1 gene
expression is epigenetically inactivated by promoter
hypermethylation, and RIZ1 is an underlying therapeutic
target. Therefore, aberrant promoter methylation may be
a therapeutic target for TC.

Recently, it is possible to analyze TC at molecular
level with deepening investigations on TC and rapid
development of molecular detecting techniques. Through
genome-wide microarray gene expression profile
analysis, numerous studies have probed the function and
mechanism of certain genes in varying cancers. For
example, Hou et al. (2011) revealed that BRAF
modulates promoter methylation and expression of
multiple key genes to stimulate epigenetic mechanism of
PTC canceration. Nikolova et al. (2008) identified the
essential role of RGS4 in TC pathogenesis and the
molecular therapeutic target for TC through genome-
wide gene expression profile. This study attempted to
investigate the promoter methylation level of ITGA2,
and its impact on TC progression. First, bioinformatics
analysis was conducted through R program to screen out
differentially expressed genes (DEGs) and related CpG
sites. Then, methylation-specific PCR (MSP) was
utilized to assess DNA methylation level in tumor tissue
and normal tissue. ITGA2 was found to be obviously
hypomethylated. qRT-PCR and western blot were
conducted to measure ITGA2 expression at molecular
level. Furthermore, DNMT inhibitor (DNMTI) 5-Aza-
Cytidine (5-AzadC) was used to probe its impact on

Table 1. MSP primer sequences.

ITGA2 promoter methylation level and cellular function
in TC. This research may generate new insights into
exploring pathogenesis and novel therapeutic targets of

Materials and methods
Cell resources and cell culture

PTC cell line TPC-1 (BNCC337912), FTC cell line
FTC-133 (BNCC337959) and normal thyroid follicular
epithelial cell line Nthy-Ori3-1 (BNCC340487) were
accessed from BeNa Culture Collection (BNCC, China).
Dulbecco’s Modified Eagle Medium (DMEM, Thermo
Fisher Scientific, USA) with 10% fetal bovine serum
(FBS) was recommended for TPC-1 cells culture. FTC-
133 and Nthy-Ori3-1 cells were prepared in Roswell
Park Memorial Institute-1640 (RPMI-1640) medium
(Thermo Fisher Scientific, USA) with 10% FBS. Cells
were cultured in an incubator at 37°C with 5% CO,.

5-AzadC treatment

First, 5-AzadC (Sigma, USA) was employed to treat
TC cell lines to demethylate ITGA2 gene. After 3 d of
cell culture in culture medium with 10 uM 5-AzadC,
TIANamp Genomic DNA kit (Tiangen, China) was
introduced to isolate DNA. Finally, DNA methylation of
ITGA2 was analyzed.

MSP

Genome DNA was isolated from TC cells (TPC-1,
FTC-133) and normal thyroid follicular epithelial cells
(Nthy-Ori3-1). Following the manufacturer’s protocol,
CpGenome DNA Modification Kit (Chemicon, USA)
was used to perform bisulfite treatment of DNA.
Unmethylated cytosine residues in DNA were converted
to uracil without alteration of methylated cytosine. MSP
was utilized to identify DNA methylation level of
ITGA2, with ddH,O as the negative control. The assay
was performed in triplicate. Primers are listed in Table 1.

Western blot
Total proteins were isolated from cells with cell lysis
buffer (C0481, Sigma, USA) at 4°C for 30 min, and

were then subjected to SDS-PAGE, followed by
transferring onto PVDF membrane (Millipore, USA).

Table 2. gRT-PCR primer sequences.

MSP primer Sequence (5™-3’) Target gene Primer (5™-3’)

ITGA2 (M) Sense GGAGGAATGAATTTTAGTTTACGT ITGA2 F:5-CTCACCAGGAACATGGGAAC-3’
Anti-sense CTAAAATACCCATTCTCTACTCGAA R:5-GTCAGAACACACACCCGTTG-3

ITGA2 (U) Sense TGGAGGAATGAATTTTAGTTTATGT B-actin F:5-GATGTACGTTGCTATCCAGGC-3’

Anti-sense CTAAAATACCCATTCTCTACTCAAA

R:5-CTCCTTAATGTCACGCACGAT-3’
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After blocking with 5% skim milk for 1h, the membrane
was incubated with primary antibodies anti-ITGA2
(Abcam, UK) and B-actin (Cell Signaling Technology,
USA) overnight at 4°C. Later, membrane was cultivated
with horseradish peroxidase-conjugated goat anti-rabbit
IgG H&L (HRP) (Cell Signaling Technology, USA) for
another 1 h at room temperature. Finally, protein blots
were visualized with ECL (Baomanbio, China) and
quantified using Image J software. Relative protein level
was standardized with endogenic control B-actin.

Real-time quantitative polymerase chain reaction (QRT-
PCR)

Trizol kit (Invitrogen Inc., USA) was recommended
for total RNA isolation. RNA quality and concentration
were evaluated via ultraviolet spectrophotometry (ND-
1000, NanoDrop Technologies, USA). Next, PrimeScript
RT kit (Takara, Japan) was employed for inverse
transcription of total RNA (400 ng). qPCR was carried
out on Thermal Cycler Dice real-time system amplifier
(TP800, Takara, Japan) by SYBR®Premix Ex Taq™II
(Tli RNaseH Plus) kit (Takara, Japan). Primers were
synthesized by Guangzhou RiboBio Co., Ltd. (China)

(Table 2). Relative gene expression was calculated by
2-MACt method and standardized with B-actin. The assay
was carried out 3 times.

Cell transfection

The sil-NC, sil-ITGA2, si2-NC and si2-ITGA2
were obtained from GenePharma (China). TPC-1 and
FTC-133 cells (1x10° cells/well) were plated to 6-well
plates, followed by cell culture in routine conditions
until 40-60% confluence. Lipofectamine 2000
(Invitrogen, USA) was implemented for cell transfection
per the manufacturer’s protocol. Culture medium was
replaced by complete medium 6h later.

Transwell invasion assay

Transwell chambers with polyethylene terephthalate
(PET) membrane (diameter 6.5 mm, pore size 8 pm)
were recommended for cell invasion assay. First, 5x10%
cells were suspended in 200 pL serum-free DMEM, and
then samples were added to the upper chamber pre-
coated with BD BioCoat Matrigel. Next, 10% FBS as
attractor was added into the lower chamber. After cells

Table 3. The genes whose methylation degrees were inversely correlated with their expression levels.

Gene Normal Mean Tumor Mean logFC pValue adjustP cor corPavlue
TNFRSF12A 0.188108864 0.077279624 -1.283407863 3.34E-30 1.27E-28 -0.414288498 1.43E-22
CLDNT1 0.448980554 0.341718101 -0.39384629 4.55E-28 1.73E-26 -0.634630212 7.72E-59
RAET1E 0.416981129 0.314307291 -0.407806352 6.17E-27 2.35E-25 -0.592939619 9.69E-50
RDH5 0.779144829 0.354048456 -1.137944697 7.31E-25 2.78E-23 -0.638238609 1.08E-59
AGR2 0.77295393 0.64683207 -0.256991219 5.49E-24 2.09E-22 -0.420835795 2.62E-23
ITGA2 0.519382625 0.416732287 -0.317676873 5.64E-24 2.14E-22 -0.427355333 4.66E-24
TNFRSF10B 0.867923393 0.756718923 -0.197810188 9.28E-23 3.562E-21 -0.487776236 7.68E-32
PGA5 0.585955738 0.727896499 0.312941634 1.46E-22 5.56E-21 -0.477975354 1.80E-30
PAX8-AS1 0.484336079 0.699483651 0.530281863 6.79E-22 2.58E-20 -0.376380746 1.31E-18
LGALS1 0.311716227 0.160535692 -0.957339169 8.54E-22 3.25E-20 -0.433974065 7.76E-25
NPC2 0.842681451 0.640674273 -0.39539631 1.16E-21 4.40E-20 -0.503495081 3.92E-34
CSF2 0.628995737 0.495300757 -0.344745413 2.61E-21 9.91E-20 -0.478903927 1.34E-30
DUSP5 0.300580046 0.20400315 -0.559157812 8.84E-21 3.36E-19 -0.561851363 8.99E-44
C150rf62 0.508245741 0.306973072 -0.727414113 1.86E-20 7.08E-19 -0.342151247 1.88E-15
DCSTAMP 0.77621254 0.652167593 -0.251208987 2.64E-20 1.01E-18 -0.733385472 3.44E-87
ODAM 0.522272792 0.635573713 0.283255908 4.08E-20 1.55E-18 -0.48404924 2.58E-31

MIR146B 0.526118443 0.309432914 -0.765760962 1.08E-19 4.12E-18 -0.405314423 1.38E-21

SLPI 0.452314383 0.329916149 -0.455226473 1.24E-18 4.71E-17 -0.320473288 1.21E-13
MYO1G 0.496446333 0.408671776 -0.280695155 2.15E-18 8.17E-17 -0.457596878 9.27E-28
CTXN1 0.614612908 0.492002281 -0.321013063 3.15E-18 1.20E-16 -0.563700421 4.13E-44
ABHD11-AS1 0.461618514 0.332681965 -0.472557428 2.61E-17 9.91E-16 -0.553427204 2.91E-42
CDSN 0.624979186 0.535010202 -0.224241741 3.28E-17 1.25E-15 -0.477326356 2.21E-30
PLAU 0.903226128 0.852501782 -0.08338437 1.67E-16 6.34E-15 -0.47387256 6.55E-30
S100A16 0.75827872 0.622288998 -0.285143497 2.17E-16 8.24E-15 -0.497305187 3.23E-33
RIN1 0.526584564 0.453166463 -0.216624133 7.25E-14 2.76E-12 -0.595563908 2.83E-50
AHR 0.878395959 0.815419538 -0.107328893 5.89E-12 2.24E-10 -0.443979842 4.78E-26
TMEM100 0.534770768 0.452928337 -0.239637804 1.48E-11 5.63E-10 -0.511049288 2.81E-35
SLC1A5 0.550400169 0.455869476 -0.271860102 1.70E-11 6.45E-10 -0.545525363 6.96E-41

B3GALT2 0.641684216 0.677087512 0.077478813 1.88E-08 7.15E-07 -0.637928141 1.28E-59
NFE2L3 0.396863478 0.348679304 -0.186742065 1.03E-06 3.93E-05 -0.698295853 8.73E-76
TACSTD2 0.321126554 0.247318279 -0.376773098 2.00E-06 7.61E-05 -0.719736574 1.51E-82
MIR31HG 0.296974851 0.249177609 -0.253166331 1.37E-05 0.000519828 -0.544066249 1.24E-40
PRR15 0.189365762 0.279475213 0.56154483 0.001059665 0.040267273 -0.447659293 1.68E-26
PHEX 0.641315883 0.587052572 -0.127545432 0.001107441 0.042082775 -0.554571588 1.83E-42
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were incubated at 37°C for 24h, a cotton swab was
applied to remove the non-invading cells from the upper
surface of the membrane, while cells in the bottom
chamber were fixed with paraformaldehyde and stained
with crystal violet. The stained cells in 5 randomly
selected fields were reckoned and quantitated under a

microscope (x100).

Wound healing assay

First, 5x10° cells were maintained in 6-well plates
overnight. The next day, a sterile pipette tip was applied
to scratch confluent cell monolayer. PBS was employed
to wash off detached cells. Serum-free medium was
supplemented for 24h of cell incubation. Afterwards,
photographs were taken for observation of the wound

healing status.

Flow cytometry assay

Cells were detached using 2 mM EDTA in PBS and
ITGA2 expression on cell surface was assessed
(Biolegend 359310, USA). Annexin V staining was
conducted using FITC Annexin V Apoptosis Detection
Kit (BD Biosciences 556547, USA). The experimental

method is the same as Adorno-Cruz et al. (2021).
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Statistical analysis

All data were analyzed on GraphPad Prism 6.0 (La
Jolla, USA). Every experiment was repeated in triplicate.
The Student’s t-test and the chi-square test were used for
difference comparison. p<0.05 confirmed statistical
significance.

Results
ITGAZ is hypomethylated and highly-expressed in TC

First, 450K methylation data (normal: 56, tumor:
515) of TCGA-THCA were downloaded from The
Cancer Genome Atlas (TCGA) database (https://portal.
gdc.cancer.gov/). Subsequently, genes with substantial
methylation differences in TC tissues compared with
normal tissues were screened. Finally, genes whose
methylation degrees were inversely correlated with gene
expressions were further screened, and the specific genes
are listed in Table 3. According to some reports, ITGA
plays an important role in the cell function of TC (Qin et
al., 2020; Gao et al., 2021), we, therefore, became
interested in ITGA2 and conducted research on ITGA2.
As shown in Fig. 1A, compared with normal tissue,
ITGA2 promoter was hypomethylated in tumor tissue.
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Fig. 1. Analysis of ITGA2 promoter methylation and gene expression in TC. A. Methylation mixture model of ITGA2. The distribution map represents
the DNA methylation status of ITGA2. The histogram shows the distribution of methylation in tumor samples (n=515), and the horizontal black bar
indicates the distribution of methylation in normal samples (n=56). B. Pearson correlation analysis of ITGA2 DNA methylation level and gene
expression level. C. Box plot of ITGA2 expression in the normal group (n=58, blue) and tumor group (n=510, yellow) in TCGA-THCA dataset. D. Box

plot of ITGA2 expression difference in various tumor stages.
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ITGA2 promoter methylation level was also inversely
correlated with ITGA2 expression (Fig. 1B). Besides, it
could be found from expression profiles of mRNA
(normal: 58, tumor: 510) in TCGA-THCA dataset that
ITGA2 was conspicuously up-regulated in tumor tissue
(Fig. 1C). The Kruskal.Test exhibited a growing trend of
ITGA2 expression with tumor progression (Fig. 1D).
Existing essays reported that overexpression of ITGA2
notably enhances tumor cells adhering to extracellular
matrix (ECM) (Yu, et al., 2019). Co-expression of UCAI
and ITGA2 fosters the malignant progression of
pancreatic cancer through the focal adhesion pathway
(Gong et al., 2019). Bioinformatics analysis results
displayed that ITGA2 was hypomethylated and
overexpressed in TC, and its methylation level was
inversely correlated with its expression. Moreover,
ITGA2 may modulate cancer progression via affecting
adhesion of cancer cells to the ECM.

Promoter hypomethylation of ITGA2 up-regulates ITGA2
expression in TC

Through bioinformatics analysis, the high
expression of ITGA2 in TC was found to be caused by
DNA promoter hypomethylation of ITGA2. A study
(Lian et al., 2018) certified that promoter methylation-
mediated ITGA2 overexpression leads to dismal

outcomes for acute myeloid leukemia patients.
Nevertheless, the impact of aberrant promoter
methylation of ITGA2 on TC progression was rarely
reported, and thus we further investigated the impact of
ITGA2 promoter methylation on its gene expression in
TC cells through in vitro experiments. First, qRT-PCR
and western blot were employed to detect ITGA2 level
in TC and normal thyroid follicular epithelial cells. As
illustrated in Fig. 2A.B, ITGA2 was lowly expressed in
normal cell line while it was up-regulated in TC cell
lines. CpG islands of ITGA2 were identified on
MethPrimer website (Fig. 2C). MSP was used for
evaluation of ITGA2 DNA methylation level in normal
and TC cell lines. The results in Fig. 2D present no
methylation in FTC-133 cells, partial methylation in
TPC-1 cells, and complete methylation in Nthy-Ori3-1
cells. These findings denoted that promoter hypo-
methylation of ITGA2 up-regulated ITGA2 expression
in TC.

Promoter hypomethylation of ITGAZ2 facilitates cell
invasion and migration in TC

To investigate the impact of promoter hypo-
methylation of ITGA2 on TC growth, si-NC and si-
ITGA2 were transfected into TPC-1 and FTC-133 cells,
respectively. Cells were treated with 10 uM DNMTI 5-
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Fig. 2. The methylation level and gene expression of ITGA2 in TC cells and

normal cells. A. Western blot and flow cytometry assays were used to

assess ITGA2 protein expressions in TC cell lines (TPC-1, FTC-133) and normal thyroid follicular epithelial cell line (Nthy-Ori3-1). B. gRT-PCR
measured ITGA2 mRNA expression in TC cell lines and normal thyroid follicular epithelial cell line. C. The CpG islands located in ITGA2 promoter
region predicted by MethPrimer website. D. The results of MSP of ITGA2 in TC cell lines and normal thyroid follicular epithelial cell line (U:

unmethylated alleles; M: methylated alleles); *p<0.05.
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AzadC. qRT-PCR was utilized to assess ITGA2 level in
TPC-1 and FTC-133 cells after treatment (Figs. 3A, 4A).
The result presented that ITGA2 expression decreased
with si-ITGA2, whereas its expression significantly
increased after adding DNMTI. In Transwell invasion
assay, compared with si-NC (si1-NC/si2-NC+-5-AzadC)
group, si-ITGA2 (sil-ITGA2/si2-ITGA2+-5-AzadC)
group appeared with significantly weak invasive ability
of TPC-1 and FTC-133 cells. Besides, the invasive
capability was restored in sil-ITGA2/si2-ITGA2+ +5-
AzadC group. (Figs. 3B, 4B). As such, wound healing
assay enunciated that the migratory property of these
two cell lines decreased with si-ITGA2, while it was
elevated with the addition of 5-AzadC (Figs. 3C, 4C).
Together these results demonstrated that hypomethylated
and highly-expressed ITGA2 fostered cell invasion and
migration in TC.

Discussion
Through bioinformatics analysis, molecular and

cellular experiments, this study investigated the
relationship between epigenetic regulation and

= si1-NC+ -5-AzadC

pathogenesis of TC. A vital role of ITGA2 DNA
methylation level and ITGA2 in TC progression was
demonstrated here for the first time, which provides a
deeper understanding of TC pathogenesis.

TCs are categorized into four presentative
histological types, namely PTC, FTC, medullary
carcinoma, and ATC (Okada et al., 2014). PTC is the
most prevalent one with the lowest malignant degree,
which takes up 85% of all TC cases. Okada et al. (2014)
disclosed that EpCAM expression in two ATC cell lines
is markedly higher than that in TPC-1 and FTC-133 cell
lines. D’Agostino et al. (2014) pointed out that the
transcriptional levels of TSHIR and NIS in FTC-133
cells are controlled by various forms of epigenetics.
Here, we focused on ITGA2 DNA methylation level and
its influence on the progression of different subtypes of
TC cells.

As an attractive diagnostic and therapeutic target,
DNA methylation as the main epigenetic regulatory
mechanism is attracting the interest of researchers due to
its appearance in precancerous (Moore et al., 2013).
Studies on DNA methylation in various cancers
manifested that the tumor cells feature global loss of
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Fig. 3. Hypomethylated and highly-expressed ITGA2 facilitates cell invasion and migration in TC. A. gRT-PCR and western blot assays were used to
measure ITGA2 mRNA and protein expression respectively among si1-NC+-5-AzadC, si1-ITGA2+-5-AzadC, and si1-ITGA2++5-AzadC groups.
B. Transwell assay assessed the invasive ability of TPC-1 and FTC-133 cells in different treatment groups. C. Wound healing assay detected the
migratory ability of TPC-1 and FTC-133 cells in different treatment groups. *p<0.05. B, x 100; C, x 40.
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DNA methylation (global DNA hypomethylation), while
the promoter region hypermethylation of the specific
gene can also be observed (Biswas and Rao, 2017; Bleys
et al., 2008). In 2005, Lee et al. determined the presence
of GPX3 methylation in esophageal carcinoma while the
CPX3 promoter region is unmethylated in normal tissue,
and hypermethylation of GPX3 is associated with down-
regulated GPX3 expression. Besides, gene methylation
level is correlated with the malignant progression of
cancer. For instance, Liu et al. (2015) uncovered that
GPX3 methylation is related to relatively advanced
tumor stages. Epigenetic modification alters gene
expression in cancers, thereby changing cancer
characteristics such as cell invasion, angiogenesis and
proliferation. Through bioinformatics analysis, we found
that 34 genes were differentially expressed in TC DNA
methylation, as listed in Table 3. We speculated that
these genes may affect TC through DNA methylation.
Chen et al. (2021) identified key DNA methylation
driver genes in PTC development through bioinformatics
analysis of TCGA database and this was validated
through GEO database to manifest critical roles

tumorigenesis. Through TC transcriptome analysis and
DNA methylation data from TCGA database, Lv et al.
(2020) displayed that RDHS5, TREM1, BIRC7, and
SLC26A7 are highly expressed when hypomethylated
and can be used as indicators for poor prognosis of TC
patients. Igbal et al. (2022) found that methylation levels
of CHST2, DPP4, DUSP6, ITGA2, SLC1AS, TIAMI,
TNIK, and ABTB2 are substantially reduced in TC
patients at the gene sequencing level, but no research
was done about ITGA2 and TC methylation at the
cellular level. Investigations on the effect of DNA
methylation on TC are also rare. Additionally, ITGA2
was selected as research object due to our personal
interests. However, other genes were not studied at the
cellular level, this being one of the shortcomings of this
study. Our results showed that Hypomethylation-
mediated overexpression of ITGA2 stimulates cell
invasion and migration of thyroid carcinoma and the
results are the same as other studies. For instance,
promoter DNA hypomethylated and highly-expressed
S100A15 is correlated with high-metastatic potential and
unfavorable prognosis of lung adenocarcinoma (Chen et

of TNFRSF1A, CLDNI1, and CASPI in PTC al., 2017). ITGA2 can be used as a diagnostic marker to
A = o samie Si2-NC + si2-ITGA? + Si2-ITGA2 + si2-NC + si2-ITGA2 + si2-ITGA2 +
3 S -5-AzadC -5-AzadC  +5-AzadC -5-AzadC -5-AzadC  +5-AzadC
-g . e ITGA2 - - - ITGA2 * v 70
b D o -
* TPC-1 FTC-133
TRe- FTC-133
B ; ; . = 5i2-NC+ -5-AzadC
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Fig. 4. Hypomethylated and highly-expressed ITGA2 facilitates cell invasion and migration in TC. A. qRT-PCR and western blot measured ITGA2
expression in si2-NC+-5-AzadC, si2-ITGA2+-5-AzadC, and si2-ITGA2++5-AzadC groups. B. Transwell assay assessed the invasive ability of TPC-1
and FTC-133 cells in different treatment groups. C. Wound healing assay detected the migratory ability of TPC-1 and FTC-133 cells in different

treatment groups. *p<0.05. B, x 100; C, x 40.
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explore the application value of methylation in the
clinical diagnosis of TC, and the relationship between
the promoter methylation pattern of TC and canceration.

Localized invasion and metastasis of host tissue are
markers of cancer progression (Hanahan and Weinberg,
2011). Invasion of tumor cells to host tissue is regulated
by the microenvironment of matrix, which is mediated by
integrin family members (Fedorov et al., 2001;
Desgrosellier and Cheresh, 2010). ITGA2 is aberrantly
expressed in cancer pathogenesis (Jost et al., 2014;
Adorno-Cruz and Liu, 2019). Regularly, integrins adhere
to the ECM to provide traction force for cancer cell
invasion. Besides, integrins stimulate tumor cell invasion
via modulating the location and activity of matrix
degradation proteases (Wu et al., 2008). ITGA2 loss in
cancer cells is proven to be associated with metastasis of
colon carcinoma and hepatocellular carcinoma (Yu et al.,
2019; Wang, et al., 2020; Ruan et al., 2021). Zhang et al.
(2008) and San Antonio et al. (2009) disclosed that
ITGA2 exerts an essential effect on cell invasion,
migration, angiogenesis, and survival. Alonso et al.
(2013) and Liu et al. (2016) also found that ITGA2 is an
activator of varying cancers in vivo and in vitro. Gong et
al. (2019) manifested that UCA1 and ITGA2 are
underlying prognostic factors of pancreatic carcinoma,
and they target miR-107 via focal adhesions to modulate
cell invasion and migration. To investigate whether
promoter hypomethylation of ITGA2 regulates ITGA2
expression and influences TC cell migration and
invasion, we conducted MSP and cellular functional
experiments with DNMTI. The results clarified that
silencing ITGA2 promoter methylation could promote
ITGA2 expression. Moreover, promoter hypomethylated
and highly-expressed ITGA2 fostered TC cell invasion
and migration. These findings further certified the
function of ITGA2 in TC and inverse correlation between
ITGA2 methylation level and its gene expression.
Furthermore, ITGA2 functioned as an oncogene in TC.

All in all, our empirical results denoted that ITGA2
modulated by DNA methylation was an oncogene in TC.
Promoter hypomethylation and high expression of
ITGAZ2 facilitated cell migration and invasion in TC. Our
findings deepen the understanding of the role of ITGA2
promoter methylation in TC and lay the foundation for
novel approaches to targeted therapy for TC.
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