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ARTICLE INFO ABSTRACT
Keywords: Integrin subunit a3 (ITGA3) is a member of the integrin family and interacts with extracellular
Papillary thyroid cancer matrix proteins. However, there have been few reports regarding the role of ITGA3 in papillary

Integrin subunit o3

thyroid cancer. The expression levels of ITGA3 were firstly analyzed by bioinformatics tools and
Recurrence-free survival

in vitro experiments, followed by evaluating its prognostic significance in papillary thyroid cancer
patients using Kaplan-Meier, receiver operating characteristic, and Cox regression analyses. Then,
cBioportal and GSCA databases were applied to evaluate genetic alterations of ITGA3. Functional
enrichment analysis was conducted and the upstream miRNAs of ITGA3 were determined. The
results showed that the ITGA3 mRNA and protein levels were higher in the papillary thyroid
cancer group than those in the normal group (all P < 0.05). Moreover, ITGA3 performed well in
distinguishing the recurrence-free survival (RFS) status and served as an independent prognostic
factor of papillary thyroid cancer patients (P < 0.01). Besides, significant relations between
ITGA3 and genetic alterations were observed (FDR <0.01). Functional enrichment analysis
indicated ECM-receptor interaction and cell adhesion molecules were the shared regulatory
pathways. Moreover, ITGA3 might be the target gene of hsa-miR-3129, hsa-miR-181d, hsa-miR-
181b, hsa-miR-199a, and hsa-miR-199b. Of note, the ITGA3 mRNA level was reduced after has-
miR-199b-3p/5p was overexpressed. In conclusion, ITGA3 could be a reliable biomarker and have
potential value in predicting the RFS status of papillary thyroid cancer patients.

Biomarker

1. Introduction

Thyroid cancer is the most common endocrine malignancy, which was secondary to cancers of breast, lung, rectal, and cervical
among female malignancies in 2017 [1,2]. In China, there were approximately 90,000 thyroid cancer cases in 2015 [3]. The number of
new thyroid cancer cases reached 12.9 per 100,000 populations annually in 2015 in the United States [4]. According to the statistics
published by the American Cancer Society, about 12,150 and 32,130 new thyroid cancer cases occurred in males and females,
respectively in 2021 [5]. It can be classified into papillary thyroid, follicular thyroid, medullary thyroid, and undifferentiated thyroid
cancer types. Among these, papillary thyroid cancer accounts for 85 % of all thyroid cancers [6]. The incidence of papillary thyroid
cancer has been increasing due to advancements in diagnostic techniques including fine-needle biopsy and ultrasound [7]. Despite the
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majority of papillary thyroid cancer patients having a good prognosis, recurrences are observed in nearly 30 % of the patients [8].
Therefore, it is urgent to develop novel biomarkers with good sensitivity and specificity to improve the diagnosis and prognosis of
papillary thyroid cancer patients.

Integrins are cell surface receptors for extracellular matrix (ECM) proteins, which are widely expressed in tissues and organs in the
human body [9]. Integrins are transmembrane heterodimers composed of two noncovalently associated glycoprotein o and f§ subunits
[10]. They represent a crucial role in the proliferation, migration, invasion, and metastasis of cancer cells [11,12]. As a member of the
integrin family, integrin subunit a3 (ITGA3) undergoes posttranslational cleavage in the extracellular domain to yield disulfide-linked
light and heavy chains to join with a f1 subunit, forming an intact integrin a3f1. As a main receptor linking epithelial cells to basement
membranes, integrin a3p1 interacts with ECM proteins, mediating cell-cell adhesion and cell-matrix adhesion, and connecting the
external and internal structures of cells [13]. ITGA3 is widely expressed in normal organisms, but under the effects of oncogene in-
duction, alterations in the chromatin structure, overexpression of growth factors and its receptor, and changes in the ECM cause an
aberrant expression that induces cancer [10]. Huang et al. showed that ITGA3 was highly expressed in intrahepatic chol-
angiocarcinoma, promoting cell proliferation and cell cycle progression [14]. The elevated levels of ITGA3 in head and neck cancer led
to an unfavorable prognosis for the patients [15]. In addition, ITGA3 was directly regulated by miR-223, and silencing of ITGA3
significantly inhibited prostate cancer cell migration and invasion [16]. However, there have been few reports regarding the role of
ITGA3 in thyroid cancer.

This study aimed to explore the relationship between ITGA3 expression and the prognosis of papillary thyroid cancer patients from
the following aspects: the expression levels of ITGA3 were first analyzed using efficient bioinformatics tools and in vitro experiments.
Then, the prognostic significance of ITGA3 mRNA expression was evaluated. Enrichment analyses were conducted, and the upstream
miRNAs of ITGA3 were identified to reveal the underlying molecular mechanisms of abnormal ITGA3 in papillary thyroid cancer.

2. Materials and methods
2.1. Expression analysis of ITGA3

We first explored the mRNA expression of ITGA3 in pan-cancers through Gene Set Cancer Analysis (GSCA) database (http://
bioinfo.life.hust.edu.cn/GSCA/#/). Next, RNA-seq-HTseq-FPKM data for papillary thyroid cancer samples based on GDC-TCGA
were collected from UCSC Xena (https://xenabrowser.net/datapages/) database. These data were used to assess the ITGA3 mRNA
expression in papillary thyroid cancer and normal thyroid tissues using unpaired and paired t-tests. Then, RNA-seq expression and
clinical information based on TCGA were downloaded from the cBioPortal database. We used the TCGA-THCA data composed mainly
of papillary thyroid cancer samples to determine the association of ITGA3 mRNA expression with clinical variables. Moreover, the
mRNA expression of ITGA3 as a continuous variable in papillary thyroid cancer based on clinical characteristics including age, gender,
cancer stage, and histological subtype was analyzed via the UALCAN database (http://ualcan.path.uab.edu/). UALCAN is a
comprehensive, user-friendly, and interactive web resource for analyzing cancer omics data.

2.2. Cell lines and cell culture

To verify the expression of ITGA3 in papillary thyroid cancer, normal cell line Nthy-ori 3-1 and papillary thyroid cancer cell line
MDA-T32 were obtained from ATCC. These cell lines were cultured in Dulbecco’s modified Eagle’s medium (Gibco, USA) with 10 %
fetal bovine serum (Gibco, USA) under the atmosphere at 37 °C with 5 % COx.

2.3. Quantitative real-time polymerase chain reaction (qQRT-PCR) analysis

Total RNA was isolated from cells using TRIzol reagent (Invitrogen, USA) following the manufacturer’s protocol. Takara Prime-
Script RT reagent kit (Takara, Japan) was used to synthesize the first-strand cDNA. Next, the SYBR Premix Ex Taq (Takara, Japan) was
used to perform the qRT-PCR assay according to the manufacturer’s instructions. The sequences of primers were used as ITGA3
Forward primer 5-TCAACCTGGATACCCGATTCC-3/, Reverse primer 5-GCTCTGTCTGCCGATGGAG-3'; GAPDH Forward primer 5-
GTCTCCTCTGACTTCAACAGCG-3/, Reverse primer 5-~ACCACCCTGTTGCTGTAGCCAA-3'. GAPDH was considered to be a control for
relative quantification. The comparative cycle threshold (2 ~24€T) method was used for the calculation of relative mRNA expression.

2.4. Western blot analysis

Total protein was extracted from the indicated cells with RIPA buffer containing protease inhibitors (Beyotime, China). The
Western blot analysis was performed as previously described [17]. The primary antibodies included in this study were anti-ITGA3
(1:1000, HA500111, HUABIO) and anti-GAPDH (1:2000, ab125247, abcam). An HRP- conjugated antibody was used as the sec-
ondary antibody. The bands were visualized by the enhanced chemiluminescence method. Image J software was used to quantify the
protein levels.

2.5. Survival analysis of ITGA3

Using the Kaplan-Meier plotter website (http://kmplot.com/), we examined the influence of ITGA3 on the overall survival (OS) and
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the recurrence-free survival (RFS) of papillary thyroid cancer patients by splitting patients with the best cutoff [18]. We used “survfit”
in the R package to analyze the association of ITGA3 expression with clinical outcomes according to age (<55/>55), gender (fema-
le/male), and stage (1 + 2/3 + 4). Maxstat statistics was adopted to determine the optimal cutoff for dividing high and low ITGA3
expression samples. Then, the value of ITGA3 in distinguishing the survival status of papillary thyroid cancer patients was analyzed by
calculating the area under the curve (AUC) of the ROC curves. Further, univariate and multivariate Cox regression analyses were
performed to predict the independent prognostic factors for RFS in papillary thyroid cancer patients. The female was set as a reference
level for gender, stage 1 + 2 for stage, and Asian for race.

2.6. Mutation, copy number variation (CNV), and methylation analysis of ITGA3

We next focused on the potential mechanism of dysregulated ITGA3 expression and investigated the ITGA3 mutations in papillary
thyroid cancer through cBioPortal for Cancer Genomics in the “Mutations” column with a total of 397 samples. In addition, the
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Fig. 1. The gene and protein expression of ITGA3. (A) ITGA3 mRNA expression in various cancers. The differential mRNA expression of ITGA3 in
papillary thyroid cancer and normal tissues using (B) unpaired and (C) paired t-tests. (D) qQRT-PCR analysis of relative ITGA3 mRNA expression in
normal Nthy-ori 3-1 cell line and papillary thyroid cancer cell line MDA-T32. (E) Western blot analysis of relative ITGA3 protein expression in the
two cell lines. *P < 0.05, **P < 0.01.
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association of ITGA3 mRNA expression with CNV, and DNA methylation were investigated, respectively through the GSCA database.
GSCA is an integrated database for genomic and immunogenomic gene set cancer analysis.

2.7. Enrichment analysis

The R software limma package was employed to identify the DEGs between the low and high ITGA3 expression groups (cutoff value
of 50 %) in gene expression profiles of papillary thyroid cancer. An absolute log2FC > 1 and P-value <0.05 were used as the filter
criterion for significant DEGs. The significantly enriched gene ontology (GO) terms and the kyoto encyclopedia of genes and genomes
(KEGG) pathways of these DEGs were investigated using the clusterProfiler in the R package. P-value <0.05 and false discovery rate
(FDR) < 0.25 were considered statistically significant.

Subsequently, GSEA was performed to elucidate the survival differences between the low and high ITGA3 expression groups. The
gene set was permutated 1000 times and the expression level of ITGA3 was used as a phenotypic label. A nominal p-value <0.05 and an
FDR g-value <0.25 were considered to be statistically significant.

2.8. Identification of upstream miRNAs

To further understand the underlying mechanism of papillary thyroid cancer, we predicted the target upstream miRNAs of ITGA3.
The targeted miRNAs of ITGA3 were explored by DINAN (http://diana.imis.athena-innovation.gr/DianaTools/index.php), miRDB
(http://www.mirdb.org/), miRWALK (http://mirwalk.umm.uni-heidelberg.de/), and Targetscan (http://www.targetscan.org/vert_
71/) databases. Then, the consistent miRNAs in four databases were screened by Venn analysis (http://bioinformatics.psb.ugent.
be/webtools/Venn/). The influence of the identified miRNAs on the prognosis of papillary thyroid cancer patients was evaluated
via the Kaplan-Meier plotter website.

2.9. Dual-luciferase reporter experiment

The sequence of ITGA3 and has-miR-199b-3p/miR-199b-5p was amplified using PCR. The amplification product was inserted into
the empty luciferase reporter vector (Promega, Madison, WI, USA) to establish ITGA3 3'UTR wild-type plasmids, and the binding
fragment was mutated using the gene mutation technique to construct ITGA3 3'UTR mutant plasmids. The recombinant plasmids were
co-transfected into 293 T cells with either mimic miRNAs or negative control, respectively. After 48h, the luciferase activity of the cells
was measured and normalized to the activity of Rluc.

2.10. Statistical analysis

All statistical analyses were performed by SPSS 23.0 (SPSS, Inc., Chicago, IL, USA) and R software. The association of ITGA3 levels
with clinicopathological factors was qualitatively analyzed using the chi-squared test. Kaplan-Meier plotter curves and the log-rank
test were performed to determine survival differences. The relationship between ITGA3 and CNV and DNA methylation was
analyzed by the Spearman correlation test in GSCA. The Pearson correlation test was utilized to evaluate the relationship between
ITGA3 expression and miRNAs in starBase. P < 0.05 was considered statistically significant.

Table 1

The relationship between ITGA3 mRNA expression and clinical variables in papillary thyroid cancer.
Characteristics Low ITGA3 expression (%) High ITGA3 expression (%) P-value
Age 0.695
<55 120 (70.2) 124 (72.1)
>55 51 (29.8) 48 (27.9)
Gender 0.926
Male 128 (74.9) 128 (74.4)
Female 43 (25.1) 44 (25.6)
Stage 0.018
1 105 (61.4) 100 (58.5)
2 23 (13.5) 12 (7.0)
3 33(19.3) 34 (19.9)
4 10 (5.8) 25 (14.6)
Histological subtype <0.001
PTC-classical 104 (60.8) 144 (83.7)
PTC-follicular 65 (38.0) 6 (3.5)
PTC-tall cell 1 (0.6) 20 (11.6)

Abbreviations: PTC, papillary thyroid cancer.
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3. Results
3.1. Expression analysis of ITGA3

To evaluate the expression of ITGA3 in papillary thyroid cancer, we first visualized the ITGA3 mRNA expression in various cancers
through the GSCA database. As shown in Fig. 1A, ITGA3 was highly expressed in 9 types of cancer including thyroid cancer (all P <
0.05). Quantitative analysis confirmed ITGA3 overexpression in papillary thyroid cancer compared with normal thyroid tissue (P <
0.05) (Fig. 1B-C). Next, we compared the relative mRNA and protein expression of ITGA3 in normal thyroid cell line Nthy-ori 3-1, and
papillary thyroid cancer cell line MDA-T32 using qRT-PCR and western blot, respectively. Both mRNA and protein levels of ITGA3
were higher in the MDA-T32 cell than those in Nthy-ori 3-1 cell (P < 0.05) (Fig. 1D-E).

Further, the relationship between ITGA3 mRNA expression and clinical variables was qualitatively analyzed. As shown in Table 1,
ITGA3 expression was significantly associated with stage and histological subtype (P < 0.05) but had no significant impact on age and
gender. The same results were observed in quantitative analysis (Fig. 2A-D). Notably, patients at stage 4 tended to have the highest
ITGA3 mRNA expression (Fig. 2C); and papillary thyroid cancer-tall cell had significantly higher ITGA3 expression than papillary
thyroid cancer-classical and papillary thyroid cancer-follicular (Fig. 2D).

3.2. Survival analysis of ITGA3

To investigate the effect of ITGA3 on OS and RFS in papillary thyroid cancer patients, the survival analysis was carried out using a
Kaplan-Meier plotter. As exhibited in Fig. 3A, ITGA3 had no significant impact on OS (P > 0.05). However, patients with higher ITGA3
mRNA expression had shorter RFS with a hazard ratio of 3.09 (P < 0.01) (Fig. 3B). Further stratified analysis showed that high ITGA3
expression correlated with poor RFS in all the subgroups (Table 2). The ROC curve result showed that the entire AUC was 0.754 (95 %
CI: 0.652-0.855) (Fig. 4A). After considering the time factor, we found that ITGAS3 still had satisfactory performance in predicting the
RFS status of papillaty thyroid cancer patients (the AUCs of 1-, 3-, and 5-year were 0.78, 0.77, and 0.72, respectively) (Fig. 4B). These
findings revealed the potential value of ITGA3 in predicting the survival status of papillary thyroid cancer patients.
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Fig. 2. The mRNA expression of ITGA3 in papillary thyroid cancer based on clinical characteristics. (A) Age. (B) Gender. (C) Cancer stage. (D)
Histological subtype. 1, papillary thyroid cancer-classical; 2, papillary thyroid cancer-tall cell; 3, papillary thyroid cancer-follicular. The ITGA3
mRNA expression in all tumor groups was significantly different from the normal group. **P < 0.01, ***P < 0.001.
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Fig. 3. The effect of ITGA3 on overall survival and recurrence-free survival in papillary thyroid cancer. (A) OS. (B) RFS. OS, overall survival; RFS,

recurrence-free survival; HR, hazard ratio.
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Table 2
The correlation between ITGA3 mRNA expression and recurrence-free survival in papillary thyroid cancer patients with restricted pathological
factors.
Clinicopathological parameters Number Hazard ratio (95 % CI) P-value
Age
<55 244 6.62 (2.33-18.79) 4.2e-5
>55 99 6.02 (1.65-21.94) 2.0e-3
Gender
Female 256 6.32 (2.14-18.69) 1.3e-4
Male 87 8.96 (1.81-44.44) 1.1e-3
Stage
Stage 1 + 2 240 6.05 (1.86-19.64) 6.4e-4
Stage 3 + 4 102 4.88 (1.84-12.95) 4.4e-4
Abbreviations: CI, confidence interval.
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Fig. 4. The value of ITGA3 in predicting recurrence-free survival status of papillary thyroid cancer patients. (A) The receive operating characteristic
(ROC) analysis in papillary thyroid cancer patients. (B) Time-dependent ROC analysis in papillary thyroid cancer patients. AUC, area under the
curve; 95 % CI, 95 % confidence interval.
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After that, univariate Cox regression analysis was used to evaluate the factors influencing RFS, showing that stage (3 + 4 vs. 1 + 2,
P < 0.001), and ITGA3 (P < 0.001) were predictive factors for poor RFS (Table 3). Nevertheless, other clinical factors including age,
gender, African-American, and Caucasian were not significantly related to patient prognosis. After integrating these factors into
multivariate Cox regression analysis, stage 3 + 4 (P = 0.027) and high expression of ITGA3 (P = 0.002) were still independent
prognostic factors for worse RFS (Table 3). Therefore, high expression of ITGA3 could independently predict worse RFS among
papillary thyroid cancer patients.

3.3. Mutation, CNV, and methylation analyses of ITGA3

Due to the independent prognostic value of ITGA3 for RFS in papillary thyroid cancer patients, we further investigated the potential
mechanism of dysregulated ITGA3. A mutation plot from the cBioportal for Cancer Genomics presented that the mutation sites of
ITGA3 were D790 N, and R874L with mutation frequency of 0.25 % each (Fig. 5A). Besides, the mRNA expression of ITGA3 showed a
significantly negative correlation with CNV (Cor. = -0.16, FDR = 3.1e-03) (Fig. 5B). Similarly, the mRNA expression was negatively
related to DNA methylation (Cor. = -0.42, FDR <0.001) (Fig. 5C). Therefore, the mutations, CNV, and DNA methylation might lead to
the aberrant upregulation of ITGA3 in papillary thyroid cancer.

3.4. Functional enrichment analysis

To elucidate the pathological role of ITGA3 in papillary thyroid cancer, the GO and KEGG analyses of the DEGs between the low and
high ITGA3 expression groups were performed using the clusterProfile package. A total of 596 DEGs were generated from gene
expression RNA-seq-HTseq-FPKM, including 198 upregulated and 398 downregulated DEGs as shown in the volcano plot (Fig. 6A) and
the heat map (Fig. 6B). Functional enrichment analysis results presented that the major GO terms were biological adhesion, cell
adhesion, extracellular region, vesicle, signal receptor binding, and MHC class II receptor activity (Fig. 6C). As for the KEGG pathway,
they were mainly enriched in PI3K-Akt, cell adhesion molecules, MAPK signaling pathway, and ECM-receptor interaction (Fig. 6D).

Then, GSEA was conducted to gain further insight into the biological pathways involved in papillary thyroid cancer. Among the top
5 pathways in high ITGA3 expression phenotype, ECM-receptor interaction, and cell adhesion molecules were the consistent pathways
with KEGG analysis (Fig. 7). Thus, high expression of ITGA3 contributed to the unfavorable clinical outcomes of papillary thyroid
cancer patients, which might be related to the activation of these pathways, especially ECM-receptor interaction, and cell adhesion
molecules.

3.5. Upstream miRNA identification of ITGA3

To further reveal the underlying mechanism of papillary thyroid cancer, we looked for the potential upstream regulators of ITGA3
from various databases. There were 97, 102, 31765, and 12 targeted miRNAs detected in DINAN, miRDB, miRWALK, and Targetscan
databases, respectively. Totally, 5 consistent miRNAs including hsa-miR-3129, hsa-miR-181d, hsa-miR-181b, hsa-miR-199a, and hsa-
miR-199b were obtained through Venn analysis (Fig. 8A). The Kaplan-Meier plotter analysis showed that high expression levels of hsa-
miR-181b, hsa-miR-181d, and hsa-miR-3129 led to a favorable prognosis (all P < 0.05) (Fig. 8B-D). Nevertheless, the patients with
high hsa-miR-199b and hsa-miR-199a had a shorter survival time (all P < 0.001) (Fig. 8E-F).

Next, we chose hsa-miR-199b of interest for validation (Fig. 9A). After the wide type and mutated type of luciferase reporters were
constructed, a dual-luciferase reporter gene experiment was performed. The results showed that hsa-miR-199b-3p and hsa-miR-199b-
5p significantly repressed the luciferase activity of the wild-type reporter, but not that of the mutated reporter (Fig. 9B). This indicated
the has-miR-199b combined with the ITGA3.

Following this, the hsa-miR-199b-3p mimics and hsa-miR-199b-5p mimics were transfected to the MDA-T32 cell line. The
expression levels of miR-199b-3p/5p were dramatically increased after transfection (P < 0.01) (Fig. 9C). Then, we analyzed the
relative ITGA3 mRNA expression level in the MDA-T32 cell after hsa-miR-199b-3p and hsa-miR-199b-5p were overexpressed. The
gRT-PCR results showed that the relative mRNA levels of ITGA3 were notably decreased in the hsa-miR-199b-3p/5p overexpressed
groups compared with the NC group (Fig. 9D). The western blot analysis exhibited that the protein levels of ITGA3 were notably
reduced in the MDA-T32 cell upon transfection of hsa-miR-199b-3p/5p mimics in contrast to the NC group (Fig. 9E). Subsequently, we

Table 3
Cox regression analysis of factors associated with recurrence-free survival in papillary thyroid cancer.

Characteristics Univariate analysis Multivariate analysis
HR (95 % CI) P-value HR (95 % CI) P-value

Age 1.016 (0.992-1.040) 0.197 0.991 (0.953-1.030) 0.646
Gender (Male vs. Female) 1.208 (0.537-2.720) 0.648 0.912 (0.347-2.395) 0.851
Stage (3 +4vs.1+2) 3.687 (1.790-7.597) <0.001 3.428 (1.154-10.182) 0.027
African-American 0.030 (0.000-15975.103) 0.602 0.000 (0.000-Inf) 0.982
Caucasian 1.625 (0.384-6.872) 0.509 1.541 (0.358-6.636) 0.562
ITGA3 1.011 (1.006-1.012) <0.001 1.002 (1.001-1.003) 0.002

Abbreviations: HR, hazard ratio; CI, confidence interval.



J.-j. Ma et al. Heliyon 10 (2024) e23163

>

5
v
c
2
=
]
=}
=
m
3 D790N R874L
t - -
0
VCBS Integrin_alpha2
0 200 400 600 800 1051aa
B c
2 *, Cor.=-0.16 0.8
. = -
06 | . , FDR = 3.1e 03. =
. . . = 0.7
. s
oY ol
5 034 k 3 . ¢ 5 06
z . =
(&) s
. S 2 05
0.0 - o -
L
n 04
=
031, 03 -
12 14 12 14
Expression log2 (RSEM) Expression log2 (RSEM)
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investigated the prognostic value of the combination of has-miR-199b with ITGA3. Although the overall survival difference was not
statistically significant (P > 0.05), patients in the high miR-199b + high ITGA3 group had significantly lower survival than those in the
high miR-199b + low ITGA3 group (P < 0.05). Besides, the high miR-199b + low ITGA3 group tended to present the longest survival,
followed by low miR-199b + low ITGA3 group, low miR-199b + high ITGA3 group, and high miR-199b + high ITGA3 group (Fig. S1).
These indicated that the effect of miR-199b inducing prognostic changes by regulating ITGA3 expression is greater than itself leading
to prognostic changes directly.

4. Discussion

In this study, ITGA3 was highly expressed at both gene and protein levels in papillary thyroid cancer. ITGA3 mRNA expression was
significantly related to the cancer stage and histological subtype. It’s worth noting that the high expression of ITGA3 had an intimate
relation with worse RFS. Of note, ITGA3 overexpression predicted poor clinical outcomes in all subgroups. Thus, ITGA3 might be a
novel and robust prognostic biomarker for papillary thyroid cancer.

Through Cox regression analysis, the upregulated expression of ITGA3 and stage served as independent prognostic factors for worse
RFS of papillary thyroid cancer patients. However, age and gender could not independently predict the RFS. Previous studies have
demonstrated that advanced stage, elder age, female gender, tall cell type, and residual tumor led to higher rates of all-cause mortality
and recurrence [19-21]. Age is related to variations in the expression of the sodium-iodine symporter, which represents a critical role
in radioiodine uptake [22]. Thus, the authors speculated that papillary thyroid cancer patients with elder age had higher recurrence
rates by affecting the response to therapy. Besides, patients with papillary thyroid cancer-tall cell exhibit more aggressive features such
as lymph node metastases, extrathyroidal extension, advanced tumor stage, recurrence, and unfavorable prognosis [23]. The differ-
ences between our study and previous studies might be due to analyses in the different cohorts. Further investigations are required in
our own cohorts in the future to verify relevant findings.

Tumor-initiating genetic events have become a primary focus in thyroid cancer initiation in the recent decade [24,25]. DNA
methylation occurs at CpG sites and CpG exists in two forms: one is dispersed in the DNA sequence; the other is found in a highly
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Fig. 6. Functional enrichment analysis of differentially expressed genes (DEGs). (A) The volcano plot and (B) the heat map of the DEGs. (C) Gene
ontology and (D) Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses of these DEGs. BP, biological process; CC; cellular
component; MF, molecular function.

aggregated state, known as a CpG island. DNA methylation-associated gene silencing underlies many metastasis-related gene
expression changes. Additionally, mutations of many genes such as BRCA1 and ERBB2 have been shown to be correlated with an
increased risk of metastasis [26]. By analyzing the TCGA data, we found that mutations, CNV, and methylation might result in the
aberrant elevation of ITGA3 expression in papillary thyroid cancer, which might be involved in papillary thyroid cancer metastasis. In
addition, GO and KEGG analysis of DEGs based on ITGA3 expression levels showed that ITGA3 regulated the development of thyroid
cancer by participating in multiple pathways including PI3K-Akt, cell adhesion molecules, MAPK signaling pathway, and
ECM-receptor interaction. This finding further indicated that genetic alterations activate intracellular signaling pathways such as
PI3K-Akt and MAPK pathways, which were implicated in thyroid cancer cell survival and proliferation [27,28]. To further reveal the
pathological function of ITGA3 in papillary thyroid cancer, we performed GSEA to analyze the genome dataset of thyroid cancer
samples with high and low expression groups of ITGA3. The results showed that ECM-receptor interaction and cell adhesion molecules
were consistent pathways with KEGG analysis. Integrins are involved in mediating multiple intracellular signals via interaction with
the ECM and participate in the attachment of cells to the ECM by the formation of cell adhesion complexes [29]. It has been reported
that integrins played a regulatory role in angiogenesis, tumor growth, and invasion through interaction with the ECM in glioblastomas
[30]. Accumulated evidence exhibited that integrins are expressed in stem cells and promote cell migration through ECM stimulation
[31,32]. The inhibition of ITGA3 led to a decrease in the expression of cancer stem cell markers, indicating that the knockdown of
ITGA3 impairs breast cancer cell stemness [33]. Similarly, thyroid cancer originates from stem cells [34], and hence it is reasonable to
infer that ITGA3 overexpression might upregulate the expression of papillary thyroid cancer stem cell markers, and promote cancer
progression via the ECM-receptor interaction pathway. Our study provided new insight into the development of papillary thyroid
cancer.

We next explored the potential miRNAs targeting ITGA3 mRNA expression by using bioinformatics databases. Through Venn



J.-j. Ma

Probability

et al

Ranked list metric

I

High-exp

L

- 0O 0O O = =
I

o wn o wnown
L

'
u

Low-exp

0 10,000 20,000 30,000 40,000 50,000

== Apoptosis (ES=0.5139, NP=0.0416)

Heliyon 10 (2024) e23163

“= DNA replication (ES=0.7186, NP=0.0124)

== ECM-receptor interactions (ES=0.5735, NP=0.0139)
== Cell adhesion molecules (ES=0.5735, NP=0.0139)

« Natural killer cell mediated cytotoxicity (ES=0.5393, NP=0.0298)

Fig. 7. Top 5 significant pathways enriched in high ITGA3 expression phenotypes. ES, enrichment score; NP, nominal P-value.

Y
3
1725 K4

hsa-mir-3129
1.0 | Ww—*&d...m.m_.
0.8 & M
0.6
0.4 1 HR=0.17 (0.05-0.59)
logrank P=0.0016

0.2

— Low
0.0 | High

0 50 100 150

Time (months)

Probability

o
N

e
=}

Probability

o
o

0.4 -

hsa-mir-181b

HR=0.3 (0.11-0.84)
logrank P=0.015

— Low
High

Bl e

0 50 100 150

Time (months)

hsa-mir-199b

W: -
LHL—H

HR=4.99 (1.84-13.49)
logrank P=0.00046

o
N
)

— Low
High

o
o
L

T

0 50 100
Time (months)

150

hsa-mir-181d
0.8 - +
>
£ 06 -
£
3
o 0.4 { HR=0.33 (0.12-0.91)
o,
logrank P=0.024
0.2 -
— Low
00 {  High
0 50 100 150
Time (months)
F
hsa-mir-199a
1.0 "l w__ oo -
“ﬁ
0.8 - ,
g 0.6 o
el
3
g 04 1 HR=4.98(1.84-13.48)
logrank P=0.00046
0.2
— Low
0.0 { — High
0 50 100 150

Time (months)

Fig. 8. Identification of upstream miRNAs of ITGA3. (A) The consistent miRNAs from 4 databases by Venn analysis. Prognostic value of (B) hsa-mir-
181b, (C) hsa-mir-181d, (D) hsa-mir-3129, (E) hsa-mir-199b, and (F) hsa-mir-199a in papillary thyroid cancer.

10



J.-j. Ma et al. Heliyon 10 (2024) e23163

A B NC mimic NC mimic
. Hsa-miR-199b-3p mimic Hsa-miR-199b-5p mimic
Hsa-miR-19%-3p 5 AUUGGUUACACGUCL‘J(‘B/TL‘J(‘BACA 2157 >157
s s
Position 445-452 of ITGA3 UTR WT 3' ACUUUGCUGUCAAAACUACUGA E )
Q
Position 445-452 of [TGA3 3UTR MUT 3 ACUUUGCACACAAAUGAUGACA 8 1.0 E """""""""" N B g 1.0
] E=
- o
Hsa-miR-199b-5p & CUUGUCUAUCAGAUUUGT(‘B?(‘)C‘C S5 0.5 f 054
PR 1 e > Y
Position 395-402 of ITGA3 3UTR WT 3' ACACCUCCCCCUUUCACACUGGA ’% & %
% o
[]
Position 395-402 of ITGA3 3'UTR MUT 3' ACACCUCCCCCUUUCUGUGACCA % 0.0 T T 0.0 T T
Wt Mut wt Mut
ITGA3 3°UTR ITGA3 3°UTR
C D -
® NC mimic NE mimic o ® NC mimic ® NC mimic
Hsa-miR-199b-3p mimic Hsa-miR-199b-5p mimic Hsa-miR-199b-3p mimic Hsa-miR-199b-5p mimic
300
o ,j',‘ 180 < °® < =
P — 200 e Z_ 20| Z .
oo > 120 z9 < 2 15
23 82 g Es L .
= 100 o Qe 15 <5 o
x O x.9 o .2
= £2 O -3 =@ 1.0
ER 2 ES 107 % 10 =4
2s teet Z& 28 28
B3 14 s% Eﬁos 59 05
2 = & g o
0 - 0 0.0 0.0
® NC mimic ® NC mimic
E Hsa-miR-199b-3p mimic Hsa-miR-199b-5p mimic
1.5 1.57
Hsa-miR-199b-3p c Hsa-miR-199b-5p € 5
NC mimic mimic . *k NC mimic mimic % = —
[ g = > ®
ITGA3 W w10 Sie |
- < S ITGA3 ?----- 25
- g * 22
P es e e 0 o ®
N — e — — -9
GAPDH 2805 GAPDH " —— 2 %0 5
= o e S0
& &
0.0 " 0.0 =

Fig. 9. The confirmation of hsa-miR-199b with ITGA3. (A) The binding site of has-miR-199b and ITGA3. (B) Dual-luciferase reporter assay was
adopted to validate the binding site between miR-199b-3p/5p and ITGA3. (C) qRT-PCR confirmed the upregulated expression of has-miR-199b-3p/
5p after transfection. (D) qRT-PCR exhibited the decreased expression of ITGA3 after miR-199b-3p/5p were overexpressed in the papillary thyroid
cancer cell line MDA-T32. (E) Western blot assay confirmed the downregulation of ITGA3 after the overexpression of miR-199b-3p and miR-199b-
5p. *P < 0.05, **P < 0.01.

analysis, hsa-mir-181b, hsa-mir-181d, hsa-mir-3129, hsa-mir-199b, and hsa-mir-199a were identified as consistent miRNAs from the
four databases. As short endogenous non-coding molecules, miRNAs played predominant roles in the occurrence of many tumors [8,
35]. miRNAs modulate the expression of protein-coding/noncoding RNA by repressing translation or cleaving RNA transcripts in a
sequence-dependent manner [36]. Gene expression regulated by miRNAs plays a significant role in many cellular processes such as cell
differentiation, proliferation, and apoptosis [37]. It has been demonstrated that miR-3666 was related to thyroid cancer cell prolif-
eration, and miR-146b-5p was involved in cell invasion and migration of different thyroid cancer cells [38,39]. This research revealed
that hsa-mir-181b, hsa-mir-181d, hsa-mir-3129, hsa-mir-199b, and hsa-mir-199a were all associated with the prognosis of papillary
thyroid cancer patients. Moreover, the correlation analysis exhibited that ITGA3 had a significant relationship with the consistent
miRNAs except for hsa-mir-3129. Dual-luciferase reporter experiment confirmed the combination of has-miR-199b-3p/miR-199b-5p
with ITGA3, and ITGA3 expression was reduced after has-miR-199b-3p/miR-199b-5p were overexpressed.

For strengths, we linked the expression of ITGA3 to the five consistent miRNAs, which provided a better understanding of the
underlying mechanisms by which ITGA3 might affect papillary thyroid cancer cell proliferation, apoptosis, invasion, and migration.
Besides, we combined the efficient bioinformatics approaches with experiments to assess the expression and prognosis of ITGA3 in
papillary thyroid cancer and explored its potential underlying mechanism. However, the prognostic role of ITGA3 in papillary thyroid
cancer should be verified in our own cohort if conditions were available in the future. Besides, the value of ITGA3 involved in papillary
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thyroid cancer cell proliferation, apoptosis, invasion, and migration should be validated by in vitro experiments in the future.

In conclusion, our study showed that ITGA3 is highly expressed in papillary thyroid cancer and high expression of ITGA3 leads to
worse RFS. In addition, ITGA3 had potential prognostic and predictive value for papillary thyroid cancer, which might be a robust
biomarker for improving the diagnosis and prognosis of papillary thyroid cancer patients.
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