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GRAPHICAL ABSTRACT

Up-regulation of ITGAV and the underlying mechanisms in Nasopharyngeal Carcinoma

ARTICLE INFO ABSTRACT

Article history: Background: Integrin subunit o -v (ITGAV) has been demonstrated to be dysregulated and involved in
Received 10 January 2022 cancer promotion processes in a variety of cancers, but studies on nasopharyngeal carcinoma (NPC) have
Accepted 6 September 2022 been limited. Our study aimed to comprehensively assess the expression level and potential mechanisms
Available online 13 September 2022 of ITGAV in NPC.

Results: A total of 13 mRNA expression datasets and internal tissue microarrays were included. ITGAV
Kkeywords: protein and mRNA were overexpressed in NPC. The pathways of upregulated genes positively related

gng:: cancer to ITGAV in NPC were analyzed, and the PI3K—Akt signaling pathway, cell cycle, and human papillo-
Cancer mavirus infections were most significantly enriched. The protein-protein interaction network was con-
Cell cycle structed for the genes enriched in these pathways, and the corresponding hub genes were obtained.

Gene chip Among them, breast cancer susceptibility gene 1 (BRCA1) was predicted to be a transcription factor of

Integrin

ITGAV

Nasopharyngeal carcinoma
immunohistochemistry

ITGAV via the Cistrome DB Toolkit, which was also confirmed by ChIP-seq information and correlation
calculations.

Conclusions: ITGAV is overexpressed in NPC and can regulate BRCA1 to participate in the cancer process.
ITGAV serves as a potential therapeutic target in NPC patients.

Abbreviations: AUC, Area under the curve; BRCA1, Breast cancer susceptibility gene 1; CI, Confidence interval; DEGs, Differentially expressed genes; ECM, Extracellular
matrix; GEO, Gene Expression Omnibus; GO, Gene Ontology; IHC, Inmunohistochemical; IRS, Immunoreactivity score; ITGAV, Integrin subunit o-V; I2, I-square; KEGG, Kyoto
Encyclopedia of Genes and Genomes; NPC, Nasopharyngeal carcinoma; NCBI, National Center for Biotechnology Information; PPI, Protein-protein interaction; ROC, Receiver
operating characteristic; SMD, Standard mean deviation; SROC, Summary receiver operating characteristic; TCGA, The Cancer Genome Atlas; TFs, Transcription factors.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a special malignant tumor
originating from the nasopharyngeal epithelial lining; it has a high
incidence in southern China, North Africa, and Southeast Asia.
Recently, the epidemiological trend of NPC has been studied, and
the results indicate that the incidence rate and death rate are grad-
ually decreasing. In addition, plasma Epstein-Barr virus DNA has
been used for population screening [1,2,3,4,5,6,7]. Although signif-
icant progress has been made in the screening and treatment of
NPC, the five-year survival rate of patients with advanced NPC
has not obviously improved [8,9,10,11]. Therefore, it is necessary
to probe the potential pathogenesis of NPC and find possible ther-
apeutic targets.

As the main cell adhesion receptor of the extracellular matrix
(ECM) component, integrin is a family of 24 transmembrane het-
erodimers produced by the combination of 18a integrin and 88
integrin subunits, and changes in this structure have often been
detected in cancer [12]. New blood vessels formed from the pre-
existing ones can enhance tumor growth, and these blood vessels
can act as channels of tumor cell metastasis. As a family of cell sur-
face ECM receptors, integrins can facilitate endothelial cell migra-
tion and survival [13]. o581, o5B3, and a5B5 integrins, which
regulate angiogenesis in different ways all contain the integrin
subunit a-V (ITGAV) [14]. ITGAV disorder is closely associated with
the occurrence and development of various cancers, including gas-
tric cancer, hepatocellular carcinoma, breast cancer, and osteosar-

coma [15,16,17,18]. However, only a few research studies have
focused on the relationship between ITGAV and NPC. Shi et al. col-
lected clinical samples and detected the expression of ITGAV in
NPC tissues using the real-time polymerase chain reaction method
and immunohistochemistry (IHC) staining method; the results
showed that ITGAV overexpression is closely related to the metas-
tasis and progression of NPC [19]. Ou et al. confirmed that ITGAV
induces multicellular radio-resistance in human NPC by activating
the SAPK/JNK pathway [20]. In addition, ITGAV has been found to
be involved in the epithelial-mesenchymal transition of NPC as a
target gene of mir-9-3p [21]. These independent studies have pro-
vided different valuable views on the role of ITGAV in NPC, but
because of the small number of studies, the ability to discover
the complex molecular mechanisms of NPC is still limited.

In this study, pathological samples diagnosed as NPC and nor-
mal nasopharyngeal tissues were collected at the First Affiliated
Hospital of Guangxi Medical University to further verify the
expression pattern of ITGAV on a protein level. Then, all available
datasets were gathered from Gene Expression Omnibus (GEO),
ArrayExpress, Oncomine, the Cancer Genome Atlas (TCGA) and
the literature, which were applied to analyze the expression pat-
tern and clinical pathology significance of ITGAV in NPC. Subse-
quently, we systematically integrated all the information of
ITGAV and predicted its upstream transcription factors (TFs) to
explore the potential mechanism of ITGAV and new biomarkers
in NPC. A flowchart of this research and the retrieval strategy are
shown in Fig. 1.
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Fig. 1. Flow chart of the study.
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2. Materials and Methods
2.1. Inhouse immunohistochemical staining and evaluation

In this study, 98 clinical specimens were subjected to immuno-
histochemical (IHC) staining to detect the protein expression level
of ITGAV. The 98 samples included 67 NPC cases and 31 control
nasopharyngeal cases. All participating patients signed informed
consent forms, and the study was approved by the ethics commit-
tee of the First Affiliated Hospital of Guangxi Medical University.
All THC processes were performed in accordance with the protocol
of the manufacturer. The regional differences in staining were
assessed by immunoreactivity score (IRS). Under an optical micro-
scope, 10 typical, high-power fields were randomly observed. The
final IRS consists of two parameters: the intensity of staining and
the percentage of stained cells in each sample. The staining inten-
sity values 0, 1, 2, and 3 represented the staining status of a sample
as unstained, weakly stained, moderately stained, and strongly
stained, respectively. Percentage of stained cells was also recorded.
If no cells were stained, the percentage of stained cells was
recorded as O; if <10% of cells were stained, the percentage of
stained cells was recorded as 1; if 11-50% of the cells were stained,
the percentage of stained cells was recorded as 2; if 51-80% of the
cells were stained, the percentage of stained cells was recorded as
3; if the percentage of stained cells exceeded 80%, the percentage
of stained cells was recorded as 4. The above two scores were mul-
tiplied to generate an IRS in the range of 0-12 [22,23,24]. The IRS of
each group was performed with independent sample t-test using
IBM SPSS Statistics 23.0 statistical software.
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2.2. Data search and screening

The search formula (nasopharyngeal OR nasopharynx) AND
(neoplasm OR cancer OR tumor OR carcinoma OR malignancy)
was used to search on GEO (https://www.ncbi.nlm.nih.gov/geo/)
so that the microarray or RNA-seq data set for the evaluation of
ITGAV expression patterns and related clinical information could
be found. The conditions for data selection were as follows: (i) The
data set must contain the expression profile data of ITGAV in NPC
that can be used for analysis; (ii) The data set must contain at least
three normal nasopharyngeal samples and three NPC samples; (iii)
Each sample must be an original sample obtained from an untreated
patient or cell line. The search method was also used on the TCGA
data portal (https://cancergenome.nih.gov/) and Oncomine
(https://www.oncomine.org/resource/main.html). To avoid miss-
ing additional related research, we examined Chinese and English
databases, such as PubMed, MEDLINE, Embase, Cochrane Library,
Web of Science, CNKI, and Wanfang. The retrieved characters were
as follows: (ITGAV OR Integrin alpha V OR CD51) AND (nasopharyn-
geal OR nasopharynx) AND (neoplasm OR cancer OR tumor OR car-
cinoma OR malignancy). The relevant research filtering strategies
are shown in Fig. 2. The last retrieval date was February 1, 2021.

2.3. Comprehensive analysis of the expression level of ITGAV mRNA in
NPC

After normalizing the collected data, we extracted the expres-
sion data of ITGAV from all processed datasets for subsequent anal-
ysis, and different datasets from the same sequencing platform
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Fig. 2. Retrieval strategy schematic.
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were integrated. The violin graph and receiver operating character-
istic (ROC) graph of each data set were drawn by GraphPad Prism
8.0 to visually display the expression pattern of ITGAV mRNA in
each data set. The standard mean deviation (SMD) and the 95%
confidence interval (CI) of the SMD were calculated by IBM SPSS
Statistics 23.0 and STATA 16.0 software. SMD>0 indicated that
the expression level of ITGAV in cancerous tissues was higher than
that in noncancerous tissues. If the 95% CI did not contain 0, it was
considered statistically significant. The I-square (I?) test was used
to analyze the heterogeneity of each study. 1*>50% or p value<0.05
demonstrated that the study was heterogeneous. A fixed-effects
model or a random effects model was chosen as decided by the
analysis of heterogeneity. To further determine the ability of ITGAV
to distinguish between NPC and noncancerous nasopharyngeal tis-
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sue, a summary receiver operating characteristic (SROC) curve was
generated based on sensitivity and specificity, and the area under
the curve (AUC) was obtained. A Fagan inspection was also per-
formed. To ensure the stability of the results, the Begg funnel chart
and Egger test were used to test publication bias. A p value of >0.05
was considered no significant publication bias [25,26,27].

2.4. Screening strategy of differential genes in NPC and ITGAV co-
expressed genes

The Bioconductor Limma software package was used in R 4.0.2
software, and the filter condition was set to (i) | log FoldChange
| > 1. The adjusted p value was <0.05. To obtain more accurate dif-
ferentially expressed genes (DEGs), we calculated the SMD of the

Fig. 3. ITGAV protein expression in nasopharyngeal carcinoma and normal tissues assessed by IHC. (A ~ D) A normal nasopharyngeal tissue shows low ITGAV expression.
(E ~ H) A nasopharyngeal carcinoma tissue shows high ITGAV expression. Magnification: x100 (A, C, E, G) and x 400 (B, D, F, H).
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Table 1
Characteristics of microarray datasets included in the study. Note: Mean1 + SD1: nasopharyngeal carcinoma tissues; Mean0 + SD0O: nontumor tissues. SD: standard deviation.
Study Country Cancer group Normal control Mean1 + SD1 Mean0 + SDO
GPL570(GSE64634, GSE34573, GSE12452) China, UK, USA 58 17 11.47 £ 0.79 9.96 + 1.34
GPL11154(GSE68799, GSE63381, GSE102349) China, Singapore, USA 159 4 4.56 + 0.76 230+0.33
GPL96 (GSE13597) UK 25 3 8.78 £ 0.73 6.84 + 1.06
GPL6244 (GSE39826) UK 3 3 8.89 + 0.02 10.37 £ 0.05
GPL8380(GSE40290) China 25 8 —0.03 £ 0.92 —1.60 = 0.56
GPL6480 (GSE53819) China 18 18 11.79 £ 0.72 10.48 + 0.44
GPL19061 (GSE61218) China 10 6 837 £0.80 6.88 £ 0.75
GPL20301 USA 7 4 8.20 £ 0.71 6.27 £ 047
(GSE118719)
GPL16956 China 3 3 7.54 £ 0.14 7.16 £ 0.08
(GSE126683)
In-house IHC China 67 31 9.29 +1.91 1.97 £ 1.45
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Fig. 4. (A)-(J) Different expression levels of ITGAV between nasopharyngeal carcinoma and normal nasopharynx tissues based on nine datasets and in-house IHC.
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Fig. 5. (A)-(I) ROC curves of ITGAV mRNA and protein. (J) Expression between nasopharynx cancer and nontumour tissues.
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above genes. These genes that 95% CI of SMD did not include 0
were further selected. The Pearson correlation algorithm was used
to screen the co-expressed genes of ITGAV, and the screening con-
ditions were as follows: (i) |correlation coefficient| > 0.3 and (ii)
adjusted p value <0.05. According to the positive and negative signs
of the r value, the co-expressed genes were divided into two
groups, which were positively correlated or negatively correlated
with ITGAV expression. The nine gene sets were screened sepa-
rately to obtain their respective upregulated differential genes,
downregulated differential genes, positively correlated co-
expressed genes, and negatively correlated co-expressed genes.
After aggregation, we obtained upregulated and downregulated
DEGs and positively correlated and negatively correlated genes
with repeat number >5 in 9 datasets. Gene intersection I was com-
posed of upregulated DEGs and positively related genes. The down-
regulated DEGs and the negatively related gene crossed to obtain
gene intersection IL.

2.5. Exploration of the potential molecular mechanism of ITGAV in NPC

The clusterProfiler software package was selected to be used in
R 4.0.2 software. Gene intersections I and II were functionally
annotated by Gene Ontology (GO). Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment was also carried out
in R 4.0.2. The enrichment results were presented with a visual
enrichment chart. STRING (https://string-db.org) was often used
to analyze the interaction between proteins. The genes enriched
in the first three KEGG pathways were used to construct the pro-
tein-protein interaction (PPI) network, and the corresponding
TSV file was obtained. The Cytoshubba module in the Cytoscape
3.8.1 software was used to analyze the two TSV files, and the 10
hub genes with stronger protein interactions were screened. The
hub genes were visualized using STRING [28,29,30].

2.6. The prediction of the upstream transcription factor of ITGAV

Cistrome DB Toolkit (http://dbtoolkit.cistrome.org/) was uti-
lized to obtain ITGAV TFs [31]. This tool could predict a series of
upstream TFs of the input gene. The regulatory potential score
reflects the possibility of TF regulating target genes, which is
derived from the BETA algorithm of Cistrome DB [32]. To more
intuitively evaluate the potential of ITGAV combined with TF, we
used the analyzed samples in the Cistrome Data Browser
(https://cistrome.org/db/#/); they were visualized using the Inte-
grative Genomics Viewer. In addition, we extracted breast cancer
susceptibility gene 1 (BRCA1) expression levels from nine expres-
sion matrices and calculated SMD and SROC curves to evaluate
the expression patterns. GraphPad Prism 8.0 was applied to calcu-
late the correlation coefficient r value between ITGAV and BRCA1.
Subsequently, we also obtained the base sequence near the ITGAV
transcription start site from the National Center for Biotechnology
Information (NCBI, https://www.ncbi.nlm.nih.gov/). Combined r
values were calculated to comprehensively assess the co-
expression extent of ITGAV and BRCA1. Standard error and r value
cannot be used directly to calculate SMD; hence, r value was con-
verted to Fisher’s Z. Standard error was then computed, and the
final result was converted back to r value.

3. Results

3.1. The verification of ITGAV expression in NPC based on independent
datasets from various sources

The protein expression of ITGAV in 98 clinical samples was
detected by IHC staining. According to the IRS, the protein expres-
sion of ITGAV in NPC samples (9.2836 + 1.9054) was significantly
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higher than that in the control groups (1.9677 + 1.4488,
p < 0.0001, Fig. 3). Several online databases were excavated to
search for an independent cohort containing the original sample
of NPC mRNA expression data. The sample information for the
TCGA Head and Neck squamous cell carcinoma project was
checked, and no tissue originating from the nasopharynx was
found, so TCGA data were not included in this study. Finally, 13
gene chips were obtained. Among them, GSE68799, GSE63381,
and GSE102349 were from the same sequencing platform,
GPL11154. GSE64634, GSE34573, and GSE12452 were from
GPL570 (Table 1). Based on each independent data set, the expres-

A
Study %
D SMD (95% Cl) Weight
ITGAV mRNA Expression I:
GPL570(GSE64634,GSE34573,GSE12452) rS 1.61(1.01,2.21) 14.01
GPL11154(GSE68799,GSE63381,GSE102349) - 3.02 (1.97, 4.06) 11.99
GPL96 (GSE13597) - 2.56 (1.18, 3.95) 10.32
GPL - -40.80 (-69.12, -12.48) 0.08
GPL8380(GSE40290) - 1.85(0.93, 2.77) 12.60
GPL6480 (GSE53819) . 2.21(1.37,3.04) 12.99
GPL19061 (GSE61218) rS 1.91(0.67, 3.14) 11.06
GPL20301 (GSE118719) Y 3.01(1.15, 4.87) 8.21
GPL16956 (GSE126683) - 3.26 (0.49, 6.03) 5.24
Subtotal (I-squared = 52.3%, p = 0.033) r 2.23 (1.64, 2.82) 86.49
ITGAV Protein Expression H
In-house IHC PS 4.12(3.40, 4.84) 13.51
Subtotal (I-squared = .%, p =) '] 4.12(3.40, 4.84) 13.51
Overall (I-squared = 78.3%, p = 0.000) A 2.53 (1.74, 3.31) 100.00
NOTE: Weights are from random effects analysis
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Fig. 6. The forest blot, sensitivity analysis, and Begg’s funnel plot of ITGAV mRNA
and protein expression. (A) Forest plot for detecting ITGAV mRNA and protein
expression between nasopharynx cancer and nontumour tissues. (B) Funnel plots
determine the existence of publication bias. (C) Sensitivity analysis of SMD (random
effects model).
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sion of ITGAV mRNA in NPC tissue and normal nasopharyngeal tis- 3.2. Multisample integrated analysis verifies the upregulation of ITGAV

sue were extracted; hence, the expression pattern of ITGAV in NPC in NPC

was studied. The results were visualized by violin charts (Fig. 4)
and ROC curves (Fig. 5) for each data set. It was found that the Because of the insufficient research scale of independent data-

ITGAV mRNA expression level in NPC was significantly upregulated sets, it was not possible to draw effective conclusions. All the data
(p < 0.05; except GSE126683, p = 0.0616, and GSE39826, were integrated to comprehensively analyze and verify the overex-
p = 0.0003). Among the nine gene matrices, the AUC of ROC curve pression of ITGAV in NPC cancer tissues. The total SMD of ITGAV
of eight except GPL570 was greater than 0.8 (p < 0.05). mRNA and protein levels were 2.53 (95% Cl:1.74-3.31; Fig. 6A).
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Fig. 7. Analysis of the value of ITGAV in the diagnosis of nasopharyngeal carcinoma. (A) SROC curve of the distinguishing capability of ITGAV for cancer from normal tissues;
(B) Diagnostic sensitivity and specificity analysis; (C) Fagan’s nomogram.
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The random effects model was adopted due to the obvious hetero-
geneity of the results. In subgroup analysis, the SMD of ITGAV
mRNA was 2.23 (95% Cl: 1.64-2.82, p < 0.001), suggesting that
ITGAV mRNA was significantly upregulated in NPC tissues. The
SMD of internal clinical samples was 4.12 (95% Cl: 3.40-4.84,
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p < 0.001), which also suggests that compared with normal
nasopharyngeal tissue, the expression of ITGAV protein in NPC tis-
sue was upregulated as well. Begg's funnel plot and Egger’s test
were also performed to visualize publication bias. No significant
publication bias was found in Begg’s regression chart (p ~ 1.000;

Positive Co-expression Genes Up-regulated Differential Genes Negatively Co-expression Genes Down-regulated Differential Genes

1431

A

1514

B

Fig. 8. Venn diagram of the intersection of ITGAV differential genes and co-expressed genes (A) Venn diagram of gene intersection I (B) Venn diagram of gene intersection IL
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Fig. 6B) and Egger’s test (p = 0.567). Sensitivity analysis showed
that the combined SMD was stable (Fig. 6C). To further verify that
ITGAV can distinguish NPC cancer tissues from normal nasopha-
ryngeal tissues, a SROC curve was drawn, and the AUC was calcu-
lated to be 1.00 (95% CI: 0.98-1.00; Fig. 7A). The combined
sensitivity and specificity were 0.98 (95% CI: 0.83-1.00) and 0.97
(95% CI: 0.75-1.00), respectively (Fig. 7B). The Fagan diagram also
confirmed the diagnostic accuracy of ITGAV for NPC (Fig. 7C).

3.3. Identification of the DEGs in NPC tissues and ITGAV co-expressed
genes

After screening and integrating 13 datasets, 3,559 DEGs were
collected, including 1,904 upregulated genes and 1,655 downregu-
lated genes in NPC tissue. In addition, the 13 datasets were
screened for co-expressed genes. Finally, 822 genes were co-
expressed with ITGAV in NPC tissues with five or more repetitions,
of which 650 were positively correlated with ITGAV expression and
172 were negatively correlated. Upregulated and positively related
genes were intersected to obtain gene intersection I, and downreg-
ulated and negatively related genes were intersected to obtain
gene intersection II (Fig. 8).
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3.4. GO and KEGG enrichment analyzes

To explore the potential mechanism of ITGAV in NPC, gene
intersections I and II containing ITGAV were analyzed for GO func-
tion enrichment. Figs. 9A and B exhibit the top ten functional items
in the three types of items: biological process, cell component, and
molecular function, respectively. In addition, KEGG enrichment
analysis of gene intersection I showed that the genes were related
to PI3K—Akt signaling pathway, cell cycle, and human papillo-
mavirus infection, and gene intersection II was mainly enriched
in B cell receptor signaling pathway, chemokine signaling pathway,
and proteoglycans in cancer (Figs. 9C and D).

3.5. Construction of PPI network and identification of pivot genes

To understand the correlation between genes enriched in the
first three pathways of KEGG, we used STRING to construct a PPI
network with these enriched genes (Figs. 10A and B). The restric-
tion conditions were set with an interaction score greater than
0.4 and a p value less than 0.05. The CytoHubba module in the
Cytoscape 3.8.1 software used an indexing algorithm to screen
the top hub genes in gene intersections I and II. For gene intersec-
tion I, the hub genes were EGFR, CCNB1, BRCA1, CDK1, CCND1,
CCNE2, CDK4, CDC25C, PCNA, and CHEK2 (scores: 27, 26, 26, 25,

Fig. 10. PPI network presentation. (A-B) PPI network based on the genes of the first three KEGG pathways of gene intersection I and gene intersection IL (C-D) PPI network

based on the hub genes of gene intersection I and gene intersection IL
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25,24, 24,22, 22, and 22). The top five hub genes in gene intersec-
tion II were PLCG2, CD22, VAV1, CD19, and CXCR5 (scores: 8, 7, 6,
6, and 5). Corresponding PPI networks were constructed for these
two hub gene groups (Figs. 10C and D).

3.6. Prediction of the upstream transcription factor of ITGAV

The Cistrome DB toolkit predicted 200 TFs, which is shown in
Fig. 11A. BRCA1 was not only included in these TFs but also as
the hub gene of upregulated DEGs in NPC, which aroused our inter-
est. To further confirm the regulatory effect of BRCA1 on ITGAV, we
searched the ChIP-seq data of BRCA1 in Cistrome DB, but there was
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no relevant sample of NPC tissue or cells. Considering that NPC is
an epithelial tumor, we selected epithelial samples for the study,
including samples from the cervix, liver, and breast. Near the
ITGAV transcription start site (Table 2), these samples all showed
specific high signals (Figs. 11B and C). We also obtained the motif
of BRCA1 (Figs. 11D and E), which reflected the combination mode
of BRCAL. In addition, SMD (95% CI: 0.88-2.59, p < 0.001, Fig. 12A)
and the AUC value of the SROC curve (95% CI: 0.83-0.89, Fig. 12B)
confirmed the high expression of BRCA1 in NPC. The linear correla-
tion analysis of ITGAV and BRCA1 indicated that, except for
GSE39826, the other expression matrices demonstrated that the
expressions of the two were positively correlated (Figs. 13A-I).
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Table 2
Base sequence information for the peak region of ITGAV in Figure 11C.
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TF Chromosomal region Peak sequence
BRCA1 chr2:186,589,776-186,590,396 CACGCCTCCTCAGGTGCTC AGCCTGAGGCCTTCGTCCAGGAGCGCTGCCGCTGACCCAGGCTCAGGAGCTGGGGGCCCCT
GCACAGACGCCCAGGTCTCGGGAC AGGCGGCGACTGCACTCACGGAAGTACGCTGAGCTCTCCCCTGTAGAAGGGCGCC
TCTCCTCCCCCACTT CCTCCTCCAGCTCCACAGCAGCCTCCCGGGCCGGCTCCTCCTCCTTCCAGGTCTCCTCCCAGTGCCGC
CGCGG CTCTCAGGCCTGAGGTGCGGCGCTCACCCCGGCAGTCCCCAGCCTCAGACGCTGCGTGGAGCGGCGGAGCCGGA
GGGAAGCAAAGGACCGTCTGCGCTGCTGTCCCCGCCCCGCGCGCTCTGCGCCCCTCGTCCCTGGCGGTCGCTCCGAAGCTC
AGCCCTCTTGCCTGCCCCGGAGCTGTCCCG GGCTAGCCGAGAAGAGAGCGGCCGGCAAGTTTGGGCGCGCGCAGGCGGC
GGGCCGCGGGCACTGGGCGCCTCGCTGGGGCGGGGGGAGGTGGCTACCGCTCCCGGCTTGGCGTCCCGCGCGCACTTCGG
CGATGGC CCGCCGCGGCGACGGCTGCGCCTCGGTCCCCGCGGCCTCCCGCTTCTTCT
A B
ib SROC with Prediction & Confidence Contours
Study % ’
D SMD (95% Cl)  Weight
GPL570(GSE64634,GSE34573,GSE12452) . 167 (1.07,2.27) 16.82
GPL11154(GSE68799,GSE63381,GSE102349) - -0.52 (-1.51, 0.48) 14.72
GPL96 (GSE13597) = 1.69 (0.41,2.97) 13.01
GPL6244 (GSE39826) | S 8.27 (2.32,14.22) 1.86 *E‘
GPL8380 (GSE40290) - 1.71(0.81,261) 1525 *2" 0.54
GPL6480 (GSE53819) . 1.16 (0.45, 1.87) 16.31 $
GPL19061 (GSE61218) - 257(1.18,3.96) 12.39
GPL20301 (GSE118719) i 3.39(1.40,5.37) 9.24 O ossenveaata
i Summary Operating Point
GPL16956 (GSE126683) | ———19.23 (581, 3265) 040 @ soe-nstore-om
Overall (I-squared = 76.8%, p = 0.000) 6 1.74 (0.88,2.59) 100.00 = ReS%RToss-00n
: = 95% Confidence Contour
NOTE: Weights are from random effects analysis E 111 95% Prediction Contour
T T T 00
326 0 326 10 075 OTO
Specificity

Fig. 12. Analysis of BRCA1 expression level in NPC based on nine datasets. (A) Forest plot for evaluating BRCA1 expression between NPC and control. (B) SROC curve of the

distinguishing ability of BRCA1 for NPC from noncancerous samples.

After the conversion calculation of r, the combined r value was 0.39
(95% CI: 0.12-0.61, Fig. 13]), indicating that the co-expression level
of ITGAV and BRCA1 was moderate.

4. Discussion

In this study, the results of IHC staining confirmed the overex-
pression of ITGAV protein in NPC tissues. In addition, the high-
throughput data of ITGAV was searched in detail in public gene
databases such as TCGA, Oncomine, and GEO. The 13 datasets were
analyzed, and it was found that the expression level of ITGAV
mRNA in NPC tissue was higher than in noncancerous nasopharyn-
geal tissue. The results are consistent with previous studies
[19,20,21]. However, previous research has been based on single
and small sample sizes. In this paper, we selected more samples
for IHC detection. The mRNA expression samples from multicenter
sources were acquired, and the comprehensive analysis verified
the upregulation of ITGAV in NPC.

Acting as a detector for changes in the environment and causing
the cell to respond to the external milieu, integrins are bridges that
connect the ECM with the cytoskeleton. Moreover, the affinity of
integrins to components of the ECM can be changed by intracellu-
lar signaling or changes in the cytoskeleton [33]. Regarding the
mechanism of ITGAV in NPC, previous research has reported that
miR-9-3p inhibits the proliferation, migration, and invasion of
NPC cells by downregulating FN1, ITGB1, and ITGAV, which inacti-
vates the EMT process [21]. Moreover, ITGAV was highly expressed

53

in NPC three dimensional spheres and cisplatin-resistant cell lines,
and it mediated the generation of drug resistance by inhibiting
phosphorylated ERK/caspase-3 [34]. For other cancers, Geertje
van der Horst et al. verified that cell migration, stemness, and
EMT can be reduced in prostate and bladder cancer by ITGAV
knockdown and ITGAV antagonist treatment [35]. Integrins partic-
ipate in the occurrence and development of cancer by affecting cell
proliferation, invasion, and survival in adjacent tissues, as demon-
strated by Zhang et al. They also found that integrins can regulate
cell survival and apoptosis, thereby promoting the growth and
metastasis of tumor tissues [36]. All the above researches con-
firmed that ITGAV played a role in promoting cancer in NPC and
other cancers, which was consistent with this study. In our
research, we screened the DEGs in NPC tissues and the co-
expressed genes of ITGAV in NPC for intersections, and gene inter-
section I was obtained, which was analyzed for the enrichment of
GO and KEGG pathways. The enrichment analysis of the KEGG
pathway based on gene A showed that ITGAV participates in the
occurrence and development of NPC mainly by the PI3K-Akt sig-
naling pathway, cell cycle, and human papillomavirus infections.
This result provides a new idea for the potential mechanism of
ITGAV in NPC.

We created a PPI network with ITGAV and the genes that were
positively related to its expression in NPC, and 10 hub genes were
screened. Epidermal growth factor receptor (EGFR) and Cyclin B1
(CCNB1) were the top two hub genes. EGFR, also known as HER1
or ErbB1, is a 170 kDa transmembrane receptor composed of three
important domains: the extracellular domain, the transmembrane
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Fig. 13. (A)-(I) The linear graphs of correlation between ITGAV and BRCAL1. (J) Forest plot for evaluation of ITGAV and BRCA1 co-expression level.
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domain, and the intracellular domain [37]. Receptor-specific
ligands can bind to extracellular domains to activate the phospho-
rylation of receptor tyrosine kinases in the cytoplasmic domain,
and then activate downstream pathways, including RAS/RAF/
MEK/ERK, JAK/STAT, and PI3K/Akt pathways [38]. Zheng et al.
found that SPINK6 enhances epithelial-mesenchymal transition
by activating EGFR and downstream AKT pathways, thereby pro-
moting the invasion of NPC [39]. For CCNBI1, the lack of expression
leads to the disruption of the G2/M cell cycle [40]. In pancreatic
cancer, CCNB1 silencing has been shown to inhibit tumor cell pro-
liferation and induce cell senescence and apoptosis through the
p53 pathway [41]. These studies inspire us that it can be specu-
lated ITGAV work with these two genes synergistically to promote
the canceration and development of NPC.

After predicting the TFs upstream of ITGAV, BRCA1 was selected
as one of the TFs for further study. The protein encoded by BRCA1
is involved in many important biological processes, such as DNA
damage repair, cell cycle checkpoints, transcription regulation,
and ubiquitination modification [42]. Its mutation allows homolo-
gous recombination to repair functional defects and leads to the
onset of ovarian cancer and breast cancer [43]. Previous studies
have reported that BRCA1 mRNA levels are higher in NPC tissues
than noncancerous tissues, which is consistent with our research.
Furthermore, the inhibition of BRCA1 could make NPC cells more
sensitive to chemotherapy [44]. Although research on the BRCA1-
targeted regulation of ITGAV is not conclusive, our correlation
analysis and publicly available ChIP-seq samples support the
potential for a regulatory relationship between the two; more
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interestingly, in the KEGG analysis, the two were both enriched
in the PI3K-Akt signaling pathway. PI3K-Akt signaling is an impor-
tant intracellular pathway that regulates cell cycle, quiescence, and
proliferation. It has been found to be abnormally active in a variety
of cancers; moreover, the abnormal activation may lead to the
upregulation of BRCA1 [45]. Based on this, we speculate that the
aberrant activation of the PI3K-Akt signaling pathway leads to
overexpressed BRCA1, which regulates the transcription of ITGAV;
this regulatory axis plays a role in promoting cancer in NPC. Based
on the above research, we made a hypothesis diagram and pre-
sented it in Fig. 14.

Though our research is based on gene expression profile data
and clinical samples as much as possible, there are still limitations.
The effect of ITGAV on the prognosis of NPC cannot be evaluated
due to the lack of data and detailed patient information. In recent
years, with the swift development of high-throughput techniques,
single-cell sequencing technology has also matured and can be
used to further confirm the results of this research. We hope to ver-
ify the conclusions of this study by in vitro and in vivo experiments
as well as single-cell sequencing technology.

5. Conclusions

We suggest that the upregulation of ITGAV may promote NPC
progression through regulation by the TF BRCA1 and interaction
with other key genes. ITGAV could be a promising target for NPC
therapy. Next, we will design relevant in vitro and in vivo experi-
ments to test our hypothesis.
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Fig. 14. Hypothesis figure based on the potential role of ITGAV in NPC.
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