European Review for Medical and Pharmacological Sciences 2024; 28: 4576-4590

Unveiling the interplay of YAP7-driven pathways
and miR-340-5P expression: insights into
nasopharyngeal cancer metastasis

L. RACHMADI', F. HASAN?, M. LINGGODIGDO', Y. DWINA',

R. CAHYANUR?, M. ADHAM?

'Department of Anatomical Pathology, Faculty of Medicine, Universitas Indonesia, Dr. Cipo
Mangunkusumo General Hospital, Jakarta, Indonesia

2Department of Anatomical Pathology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia
3Department of Internal Medicine, Universitas Indonesia, Dr. Clpto Mangunkusumo General

Hospital, Jakarta, Indonesia

*Department of Otorhinolaryngology, Faculty of Medicine, Universitas Indonesia, Head and Neck
Surgery, Dr. Cipto Mangunkusumo General Hospital, Jakarta, Indonesia

Abstract. - OBJECTIVE: Nasopharyngeal
carcinoma (NPC) is a prevalent malignancy in
Southeast Asia and Southern China, with a nota-
ble incidence in Indonesia. This study aimed to
characterize the expression and correlation of
Yes-associated protein (YAP7) and miR-340-5p in
NPC metastasis tissues.

MATERIALS AND METHODS: This study
utilized clinical samples from primary tumors
of NPC patients to investigate the expression
of YAP1 and miR-340-5p. The Cancer Genome
Atlas (TCGA) Head and Neck Cancer dataset
was analyzed to assess YAP71 and miR-340-5p
expression in broader head and neck cancer
samples. Protein-protein interaction (PPI) and
functional enrichment analyses were per-
formed to understand the putative regulatory
mechanisms of YAP71 and miR-340-5p head and
neck cancer. YAPT mRNA and miR-340-5p level
expression were measured by reverse tran-
scription-quantitative polymerase chain reac-
tion (RT-qPCR), and statistical analyses were
performed to compare the expression of these
markers in NPC samples.

RESULTS: Analysis of clinical samples re-
vealed lower expression levels of YAP1 and miR-
340-5p in metastasis NPC cases compared to
non-metastatic cases (p<0.0001). YAP7 and miR-
340-5p revealed a negative correlation in metas-
tasis and non-metastasis samples but were sta-
tistically insignificant. Additionally, both genes
showed significantly lower expression in stage
IVB compared to stage Il, lll, and IVA NPC tis-
sues (p<0.0001). The TCGA dataset showed con-
sistent decreases in YAP1 and miR-340-5p ex-
pression in head and neck cancer tumors as
opposed to normal tissues. Functional enrich-
ment and PPl analysis suggested the involve-
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ment of the Hippo signaling pathway and other
cancer-related pathways in NPC progression.

CONCLUSIONS: The study highlights the un-
der-expressed YAP1 and miR-340-5p in metasta-
sis tumor cases, suggesting their potential role
as a tumor suppressor in NPC.

Key Words:
YAPI, MiR-340-5p, Nasopharyngeal carcinoma, Me-
tastasis.

Introduction

Nasopharyngeal carcinoma (NPC) is an epithe-
lial tumor primarily in the lateral pharyngeal re-
cess. It has complex epidemiological characteris-
tics', and distinctive geographical distribution®.
Global cancer statistics from 2020 show that
Southern China and Southeast Asia account for
more than 75% of NPC cases?. In Indonesia, NPC
is one of the most frequent tumors, ranking fourth
behind cervical, breast, and skin cancers. It is also
considered the most prevalent malignancy in the
head and neck region*. The pathogenesis of NPC
is strongly associated with Epstein-Barr virus
(EBV) infection and other pathogenic infections,
such as Human Papilloma Virus (HPV) and bacte-
ria. In addition, poor lifestyle behaviors, such as
smoking and alcohol consumption, and environ-
mental factors, including carcinogen exposure,
contribute to the increased risk of NPC>7. Molec-
ularly targeted therapy, immunotherapy, and radi-
ation in conjunction with traditional chemothera-
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py are the current treatments for NPC. The overall
survival rates of NPC patients have increased as a
result of these therapy strategies™. However,
since NPC patients with recurrence or metastatic
carcinomas have poor prognoses, resulting in
shorter survival duration for NPC patients, ex-
ploring novel oncotargets and developing new
treatment strategies for NPC is crucial’.

Yes-associated protein (YAP!) serves as the ter-
minal mediator within the Hippo signaling path-
way and regulates organ size by governing cell pro-
liferation and apoptosis'®'!. As a potent
transcriptional co-activator, YAP! fulfills crucial
roles in cell development, stem cell maintenance,
normal tissue homeostasis, and regeneration. Aber-
rant and persistent Y4P! activation is involved in
various aspects of cancer progression and related to
resistance in cancer therapy. These roles are pre-
dominantly associated with a pro-proliferative and
pro-survival transcriptional program prompted by
interacting with transcriptional enhanced associate
domain (TEAD) transcription factors'?. The current
data associate elevated nuclear YAP! levels with
unfavorable prognosis in liver cancer and various
human cancer types, including non-small cell lung
cancer (NSCLC)B, gastric cancer'®, and colorectal
cancer (CRC)", indicating YAPI might have the
potential to be an oncoprotein. Accordingly, it has
been thought that lowering the YAP level and its
activity is a direct approach to inhibiting cancer
progression; nevertheless, recent research!¢ has
shown the complexity of this strategy considering
the intricate mechanism.

Earlier studies'” have reported that YAP inter-
acts with the homolog of p53, the p73 tumor sup-
pressor protein, within the nuclei. When DNA
damage occurs, this interaction enhances the ex-
pression of p53-regulated Apoptosis-Inducing
Protein 1 (p534IP1) and BCL2-associated X
(BAX) as pro-apoptotic genes to act as a re-
sponse!’. In breast cancer, the level of YAP was
likewise absent or reduced, resulting in the inhi-
bition of anoikis and, furthermore, increased cell
invasiveness and stimulated migration, although
whether these phenotypes were p73-dependent
was not investigated'®. YAP exhibits an addi-
tional tumor-suppressing activity by altering its
binding partner to RUNX family transcription
factor 3 (RUNX3) instead of TEAD". Moreover,
a recent study?’ reported that the absence of YAP
expression is associated with small cell lung can-
cer (SCLC) cells exhibiting rapid ameboid mi-
gration and a high metastatic potential. There-
fore, the expression of YAP/ remains a complex

issue and is context-dependent, relying on the
types of tumors. It is necessary to comprehend
YAP1I’s expression in a specific context to unrav-
el its role in tumor progression and metastasis,
particularly in NPC, where it has not been eluci-
dated.

With roughly 20-24 nucleotides, microRNAs
(miRs, miRNAs) are a class of small, non-cod-
ing RNAs with the ability to bind to mRNAs to
modify gene expressions at post-transcriptional
level and further engage in various cellular activ-
ities. MiRs can play a dual role, either as inhibi-
tors or promoters in cancer progression, depend-
ing on their different regulations. Several
studies?! suggest that when miRNA’s regulation
in targeting oncogenes or tumor Suppressor
genes is disrupted, it can induce the growth, in-
vasion, and spread of cancer cells. Previous re-
search? has demonstrated the significant role of
miR-340-5p in regulating the growth and spread
of laryngeal cancer. Moreover, our independent
analysis, which was conducted using Starbase
online tools, predicted that miR-340-5p pos-
sessed a binding site on Yes-Associated Protein
(YAPI), one of the genes involved in the Hippo
signaling pathway. Nevertheless, there is still a
lack of comprehensive understanding regarding
the molecular mechanisms through which miR-
340-5p controls tumor growth and its spread.
The investigation of miR-340-5p expression in
head and neck cancer, especially in NPC, and its
relevance to the clinicopathological profile and
metastasis status of the patients has not been
conducted before. Therefore, in this study, we
aim to unravel the expression of YAPI and miR-
340-5p in metastatic nasopharyngeal carcinoma
(NPC) cases, exploring a potential correlation in
expression between these two markers.

Materials and Methods

Data Collection and Processing

The present study employed the University of
California Santa Cruz (UCSC) Xena browser, an
internet-based tool for visualizing and analyzing
functional genomic data in clinical research®, to
construct a correlation heatmap of the Y4API and
miR-340-5p genes within a cohort of patients,
encompassing both normal and primary tumors
using The Cancer Global Atlas Head-Neck Squa-
mous Cell Carcinoma (TCGA HNSC) dataset.
The gene and miRNA correlation with the stage
of tumor and metastasis status were also investi-
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gated using the UCSC Xena browser. In addi-
tion, we used StarBase (http://starBase.sysu.edu.
cn/)**#, a database for decoding miRNA-ceR-
NA, miRNA-ncRNA and RNA-protein interac-
tion networks from CLIP-Seq data, to predict
potential binding mRNA YA4P1I and miR-340-5p.

Clinical Samples

The medical records and paraffin blocks of Na-
sopharyngeal Carcinoma (NPC) patients spanning
from January 2018 to December 2021 were ac-
quired from the archives of the Anatomical Pathol-
ogy Department at Cipto Mangunkusumo General
Hospital. This study involved 68 tissue specimens
from 48 males and 20 females, ranging in age from
19 to 74 years, all with confirmed positive histo-
pathological diagnoses of NPC. To ensure the ac-
curacy of the histopathological classification and
the presence of any lympho-vascular invasion, our
researchers conducted a thorough re-examination
of all collected samples. This study was approved
by the Health Research Ethics Committee of the
Faculty of Medicine Universitas Indonesia and Dr.
Cipto Mangunkusumo National Hospital (HREC
FMUICMH) (approval No. 23-05-0633).

Functional Enrichment Analysis

Through data mining in Head and Neck Squa-
mous Cell Carcinoma (TCGA, PanCancer Atlas)
using cBioPortal*¢?® for Cancer Genomics, we
identified the most co-upregulated genes with
YAPI (Spearman’s Correlation r>0.5). The genes
that showed concurrent upregulation with YAPI
subsequently were loaded into The Database for
Annotation Visualization and Integrated Discov-
ery (DAVID)® to differentiate the function of nu-
merous proteins, then to integrate the information
obtained to decipher the Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes
(KEGG), and REACTOME pathway of identified
YAPI-associated genes. Functional annotation
and enrichment pathways were visualized in the
“GOplot” package®.

Protein-Protein Interaction (PPl] Network
and Hub-Neighboured Gene
Establishment

Search Tool for the Retrieval of Interacting
Genes (STRING)’!' was used to construct pro-
tein-protein interaction of co-upregulated genes
with YAPI. The network was then sent to Cytos-
cape (San Diego, CA, USA; version 3.10.1)** soft-
ware for network visualizing and identifying one
hub neighbor of YAPI.
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Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)

The RNA isolation process involved homogeniz-
ing paraffin block sections, clarifying the supernatant,
and purifying RNA using the Filter Spin-Away™ sys-
tem (Irvine, CA, USA). Ethanol was added to the
pass-through, and RNA was eluted for storage. MiR-
NA extraction utilized RiboEx™ (Daejeon, South Ko-
rea), followed by centrifugation, ethanol addition, and
purification using mini spin columns. The eluted
miRNA was then stored.

For cDNA synthesis, 16 pl of RNA (equivalent
to 1 pg) was combined with 4 pl of iScript RT
supermix, totaling 20 pl for the reaction. The RT-
PCR protocol comprised initial priming lasting 5
minutes at 25°C, followed by reverse transcrip-
tion for 30 minutes at 42°C, and subsequent inac-
tivation of reverse transcription for 5 minutes at
85°C. The resulting cDNA was stored at -20°C or
subjected to quantitative real-time PCR (qPCR).

In the subsequent RT-qPCR, the amplification
of YAP1 and miR-340-5p utilized specific primers.
For YAPI: forward, 5’-ACTGCTTCGGCAG-
GAGTTAG-3’; reverse, 5’-GGTTCGAGGGA-
CACTGTAGC-3’. For miR-340-5p: forward,
5’-GCGGTTATAAAGCAATGAGA-3’; reverse,
5’-GTGCGTGTCGTGGAGTCG-3’. U6 served as
a control with the following primers: forward,
5’>-GCTTCGGCAGCACATATACTAAAAT-3’; re-
verse, 5’-CGCTTCACGAATTTGCGTGTCAT-3".

The expression levels of YAP! and miR-340-5p
were denoted as cycle threshold (Ct), representing the
total fractional cycle when the fluorescence intensity
passes a predetermined threshold. Simultaneously,
the gene U6 small nuclear RNA (snRNA) served as
an internal control to normalize the relative expres-
sion of YAPI and miR-340-5p. The normalization
process was expressed as delta Ct (ACt), calculated as
the disparity between the Ct values of miR-340-5p
and U6 snRNA utilized as the control reference.

Statistical Analysis

The clinicopathological data was presented in
the table, and the Chi-square test was used to
compare the differences in the clinicopathologi-
cal profile with the metastasis status. The data
expression of mRNA and miRNA were present-
ed in bar charts and analyzed by GraphPad Prism
(version 9.5.1 Boston, MA, USA) and SPSS ver-
sion 29.0.1.0 (IBM Corp., Armonk, NY, USA)
software using an independent ¢-test. p-value
<0.05 was considered to indicate a statistically
significant difference. Correlation analysis be-
tween YAPI and miR-340-5p expression was
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Table I. Clinicopathological profile of NPC samples.

Patients Metastasis
Characteristics N (%) Yes (n=32) No (n=36) p-value
Sex
Male 48 (70.6) 24 (50) 24 (50)
Female 20 (29.4) 8(52.9) 12 (47.1) 0.627
Age
<50 years 46 (67.6) 25 (54.3) 21(45.7)
>50 years 22 (32.4) 7 (31.8) 15 (68.2) 0.138
Smoking history
Yes 29 (42.6) 13 (44.8) 16 (55.2)
No 29 (42.6) 16 (55.2) 13 (44.8) 0.369
No data available 10 (14.7) 3 (30) 7 (70)
Sign and symptoms
Neck lump
Yes 56 (82.4) 31(55.4) 25 (44.6) 0.013
No 11 (16.2) 1(9.1) 10 (90.9)
Not available 1(1.5) 0 1 (100)
Visual impairment
Yes 23 (33.8) 10 (43.5) 13 (58.5) 0.565
No 44 (64.7) 22 (50) 22 (50)
Not available 1(1.5) 0 1 (100)
Hearing impairment
Yes 50 (73.5) 22 (44) 28 (56) 0.369
No 17 (25) 10 (58.8) 7 (41.2)
Not available 1(1.5) 0 1 (100)
Olfactory impairment
Yes 25 (36.8) 13 (52) 12 (48) 0.599
No 40 (58.8) 17 (42.5) 23 (57.5)
Not available 3(4.4) 2 (66.7) 1(33.3)
Nerve damage
Yes 28 (41.2) 15 (53.6) 13 (46.4) 0.465
No 39 (57.4) 17 (43.6) 22 (56.4)
Not available 1(1.5) 0 1 (100)
Pain
Yes 48 (70.6) 24 (50) 24 (50) 0.542
No 19 (27.9) 8(42.1) 11 (57.9)
No data available 1(1.5) 0 1 (100)
Bone and joint pain
Yes 11 (16.2) 9 (81.8) 2 (18.2) 0.009
No 50 (73.5) 18 (36) 32 (64)
No data available 7 (10.3) 5(71.4) 2 (28.6)
T stage
Tl 2(2.9) 0 2 (100)
T2 21(30.9) 9 (42.9) 12 (57.1) 0.328
T3 11 (16.2) 4(36.4) 7 (63.6)
T4 34 (50) 19 (55.9) 15 (44.1)
N stage
NO 5(7.4) 0 5(100) 0.045
N1 10 (14.7) 3(30) 7 (70)
N2 22 (32.4) 10 (45.5) 12 (54.5)
N3 31 (45.6) 19 (61.3) 12 (38.7)

Table continued
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Table | (Continued). Clinicopathological profile of NPC samples.

Patients Metastasis
Characteristics N (%) Yes (n=32) No (n=36) p-value
Metastasis target organ
Bone
Yes 28 (41.2) <0.001
No 40 (58.8)
Liver
Yes 5(7.4) 0.026
No 62 (91.2)
Not available 1(1.5)
Lung
Yes 7 (10.3) 0.007
No 60 (88.2)
Not available 1(1.5)
Brain
Yes 344 0.081
No 61 (89.7)
Not available 4(5.9)
Histopathological classification
Keratinizing squamous cell carcinoma 2(2.9) 2 (100) 0
Non-keratinizing squamous cell carcinoma 66 (97.1) 30 (45.5) 36 (54.5) 0.131
Lympho-vascular invasion
Yes 1(1.5) 1 (100) 0 0.406
No 66 (97.1) 32 (48.5) 34 (51.5)
Not available 1(1.5) 0 1 (100)

performed using Pearson’s correlation analysis
in NPC metastasis and non-metastasis cases
samples.

Results

Clinicopathological Profile of
NPC Samples

We first evaluated the clinicopathological fea-
tures of our samples and their correlation with
metastasis status (Table I). The table shows a
higher occurrence of NPC in males (70.6%)
compared to females (29.4%), but there is no
significant difference in metastasis status be-
tween males and females (p=0.672). NPC was
more prevalent among the study participants in
individuals aged 50 years or younger (67.6%).
A smoking history was reported in 58 patients
(85.2%). The predominant symptoms observed
in patients were neck lumps (82.4%), which were
higher in metastasis cases (p=0.013), followed by
hearing impairment (73.5%) and pain (70.6%). In
particular, bone and joint pains (16.2%) are more
common in metastasis cases (p=0.009). What

is striking from the table is that NPC patients
are most likely to get diagnosed at the T4 stage
(50%) and N3 stage (45.6%). Bone metastasis was
the most common target organ (41.2%, p<0.001),
followed by lung (10.3%, p=0.007), liver (7.4%,
p=0.026), and brain (4.4%, 0.081). Non-kera-
tinizing squamous cell carcinoma remains the
most frequent subtype of NPC patients (97.1%).
Lympho-vascular invasion was found only in
one patient (1.5%).

The Expression Level of YAP1 and
miR-340-5p in Head and Neck Cancer
TCGA Database

According to a recent study', YAPI has a dual
role in cancer depending on the cellular environ-
ment, it can act as either an oncoprotein or a tumor
suppressor. In this study, we first try to investigate
the expression of Y4P/ in a broader sample of head
and neck cancer; to verify this, we used data from a
TCGA Head and Neck Cancer database, which
were analyzed using the UCSC Xena browser
(http://xena.ucsc.edu/). An overview comparison is
presented in Figure 1A. The data showed that YAP!
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Figure 1. YAPI and miR-340-5p expression profile in Head and Neck Cancer TCGA database. A, Heatmap of mRNA expression of Y4P/ and miR-340-5p in different sample types and clinical M status. B-C, YAPI expres-
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was significantly downregulated in tumors com-
pared to normal tissues (Figure 1B), although there
was no significant difference between the expres-
sion of these markers in clinical metastasis status
(Figure 1C).

Some studies®® have revealed that miRNAs
have been implicated in critical NPC processes
such as epithelial-to-mesenchymal transition
(EMT) and metastasis while further promoting
chemoresistance and radioresistance. A prior
study® in laryngeal carcinoma has shown that the
expression levels of miR-340-5p were down-reg-
ulated, and its overexpression might hamper in
vitro laryngeal squamous cell carcinoma (LSCC)
proliferation and migration. Using the TCGA
Head and Neck Cancer database, we discovered a
consistent decrease in miR-340-5p expression in
head and neck cancer compared to the normal
group (Figure 1D), but not significant in metasta-
sis status (Figure 1E). The expression patterns of
YAPI and miR-340-5p in the head and neck can-
cer TCGA database were compared, and a clear
inverse pattern was identified. In particular, the
expression levels of miR-340-5p were notably de-
creased compared to YAP! in both normal and tu-
mor samples (Figure 1F-G). In this study, we also
used miRNA target prediction software (Starbase
v3.0) to search for the target genes of miR-340-
5p. We found that YAPI negatively correlates
with miR-340-5p (Figure 1H), and there is a pre-
dictive structure complementation between YAP1
as a target of miR-340-5p (Figure 11).

Functional Enrichment and PPl Analysis
of YAP1 and miR-340-5p Associated
Genes

Further analysis was undertaken to elucidate a
potential regulatory mechanism by which YAPI
and miR-340-5p may exert regulatory control in
head and neck cancer progression within the broad-
er context. Through data mining in the Head and
Neck Cancer cohort in TCGA using cBioPortal for
Cancer Genomics, we identified the most co-up-
regulated genes with YAP1 (r>0.5) (Supplementa-
ry Table I), and subsequently, we constructed PPI
network analysis involving YAPI (Figure 2A).
Within this network, genes directly interacting with
YAPI were identified as first hub neighbors using
Cytoscape. A total of six genes were then analyzed
using the DAVID database to perform GO and sig-
naling pathway enrichment (Figure 2B-C).

Terms of the hippo signaling pathway were en-
riched in the GO biological process. Regarding the
GO cellular component, these six genes were main-

ly enriched in bi-cellular tight junction and mem-
brane raft. Turning to the GO molecular function,
this gene is mainly enriched in transcription co-ac-
tivator activity and macromolecular complex bind-
ing. Furthermore, the hippo signaling pathway and
the RUNX3 regulates YAPI-mediated transcription
were both enriched by KEGG and REACTOME
pathway analyses, respectively.

In addition, we also presented an analysis of the
functional enrichment pathway from the signifi-
cant target genes of miR-340-5p using miRNA
Pathway Dictionary Database (miRPathDB) 2.0
(Figure 2D-E). The top KEGG pathways of miR-
340-5p gene targets were enriched in pathways in
cancer, the phosphatidylinositol 3’ -kinase-Akt
(PI3K-Akt) signaling pathway, proteoglycans in
cancer, Rapl signaling pathway, focal adhesion,
endocytosis, MicroRNAs in cancer, and Hippo
signaling pathway. The top biological processes
associated with miR-340-5p gene targets were
transcription by RNA polymerase 11, cell cycle,
and negative regulation of gene expression. In
terms of cellular components, the genes associat-
ed with miR-340-5p as a target were enriched in
chromosomes. Moreover, looking at molecular
functions attributed to these genes, DNA-binding
transcription factor activity and RNA polymerase
II-specific were the top significant molecular
functions.

YAPI mRNA and miR-340-5p Expression
in Nasopharyngeal Carcinoma Tissue
Turning now to the experimental validation
using a metastasis sample of NPC, the qRT-PCR
revealed a notable decrease of Y4PI mRNA and
miR-340-5p expression levels in metastatic sam-
ples compared to the non-metastasis group (Fig-
ure 3A-B). Having done that, further analysis
was performed to dissect the expression patterns
of these markers in relation to the pathological
staging of the disease. Remarkably, both YAPI
and miR-340-5p exhibited a significant reduc-
tion in expression in stage IVB compared to
stage 11, 111, and IVA groups (Figure 3C-D). No-
tably, in the metastatic group, miR-340-5p ex-
hibited a slightly higher expression than YAPI,
albeit not reaching statistical significance (Fig-
ure 3E). Conversely, a comparative analysis of
YAPI and miR-340-5p expressions between the
two sample groups demonstrated a statistically
significant elevation in YAP1I expression relative
to miR-340-5p in the non-metastatic group (Fig-
ure 3F). Despite the negative correlation between
the expression levels of YAPI and miR-340-5p
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Figure 3. YAPI and miR-340-5p are under-expressed in the advanced stage of NPC tissues with metastasis. A-B, YAP] mRNA
and miR-340-5p expression were measured in NPC metastasis and non-metastasis tissues by qRT-PCR. C-D, YAPI mRNA and
miR-340-5p expression were measured in different stages of NPC tissues by qRT-PCR. E-F, Comparison of YAP! and miR-
340-5p expression in metastasis and non-metastasis group, respectively. G-H, Pearson's correlation of Y4P/ and miR-340-5pin

metastasis and non-metastasis group, respectively.

validated by Pearson’s analysis, the statistical
significance of this correlation was not achieved
(Figure 3G-H).

Discussion

In this study, we analyzed the expression of
YAPI mRNA and miR-340-5p in NPC samples
with and without metastasis to understand their
roles in NPC metastasis.

No difference was found in the distribution of
metastasis status between males and females.
Our study found that most NPC patients were di-
agnosed at a loco-regionally late stage, particu-
larly T4 (50%), likely due to the nasopharynx’s
hidden location and nonspecific early symptoms
mimicking common upper airway infections*-°.
Cervical lymph node enlargement occurred in
82.4% of patients. Apart from cervical lymph
node enlargement, there were no significant dif-

ferences in signs and symptoms based on metas-
tasis status. Xu et al’’ found that the risk of me-
tastasis increases with higher levels and numbers
of involved lymph nodes. Although no signifi-
cant differences in metastasis status were ob-
served across T and N stages, this study identi-
fied that metastasis predominantly occurs in T4
and N3 tumors, aligning with previous research
findings***°. Furthermore, consistent with prior
studies’>*!, bone metastasis was the most fre-
quent distant metastasis in this study, affecting
41.2% of patients. Previous research* has re-
vealed that the complex interactions between
NPC cells and the bone microenvironment, nota-
bly through the insulin-like growth factor 1 re-
ceptor (IGF-1R), promote tumor proliferation
and osteoclast activity, leading to bone metasta-
sis. The study has shown that elevated IGF-1R
expression is associated with a higher incidence
of bone metastasis, pointing to potential thera-
peutic targets for intervention.
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The study analyzed data from the TCGA Head
and Neck Cancer dataset via the UCSC Xena
browser, revealing a consistent decrease in YAPI
and miR-340-5p expression levels in tumor tis-
sues compared to normal tissues. Previous study*
on HNSC showed that increased cytoplasmic
YAP expression correlates with elevated AKT
and YAP phosphorylation, while decreased nu-
clear YAP expression inversely correlates with
these markers. Silencing Y4PI altered gene ex-
pression associated with head and neck squamous
cell carcinoma (HNSCC) malignancy, reducing
pro-apoptotic genes and increasing survival and
angiogenesis-promoting genes*“6. Overexpres-
sion of YAPI can promote apoptosis, particularly
when localized in the nucleus*’. YAPI’s interac-
tion with p73 in response to DNA damage has
been reported to enhance p73-mediated transacti-
vation of apoptotic genes. These cumulative find-
ings underscore the potential tumor-suppressive
functions of YAP 7484

Our PPI analysis of YAP! and its co-upregulat-
ed genes identified several key genes connected to
YAPI, including angiomotin-like 1 (AMOTLI),
TEADI, protein phosphatase 2 scaffold subunit
Abeta (PPP2RIB), and baculoviral IAP repeat
containing 2 (BIRC2). These genes play varied
roles in tumorigenesis, with most promoting tu-
mor development®**. Notably, PPP2RIB also
functions as a tumor suppressor**. Functional en-
richment analysis of these genes highlighted the
Hippo signaling pathway as the most enriched
KEGG pathway and biological process. Initially
discovered in Drosophila melanogaster for regu-
lating organ size and cell differentiation, the Hip-
po pathway is now recognized as crucial in inhib-
iting tumor growth®. Dysregulation of this
pathway contributes to tumor invasion, migration,
progression, and resistance to cancer therapies,
including those for virus-related cancers®**. Ad-
ditionally, recent research®¢' has identified
Yes-associated protein (YAP) and transcriptional
coactivator with PDZ-binding motif (TAZ),
downstream effectors of Hippo signaling, as tu-
mor suppressors. Furthermore, this study revealed
that “RUNX3 regulates YA P[-mediated transcrip-
tion” as an enriched pathway via REACTOME
pathway enrichment analysis. Prior studies" sug-
gest that YAP1 can act as a tumor suppressor by
switching its binding partner to RUNX3 instead
of TEAD, demonstrated by reduced tumorigenic-
ity in gastric cancer cells with ectopic RUNX3
expression, dependent on the YAP-RUNX3 inter-
action.

Our enrichment analysis of miR-340-5p target
genes revealed their involvement in several onco-
genic pathways, notably the Hippo pathway. Pre-
vious studies® have demonstrated that miR-340-
Sp suppresses cancer progression by regulating
long non-coding RNA nuclear paraspeckle as-
sembly transcript 1 (VEAT!) and reducing matrix
metallopeptidase 11 (MMPI11) transcription in
laryngeal cancer. Lower levels of miR-340-5p are
associated with increased tumor size and recur-
rence in glioblastoma multiforme (GBM)%. In
esophageal squamous cell carcinoma (OSCC),
hypoxic exosomes transfer miR-340-5p to nor-
moxic cells, promoting radio-resistance and a
poorer prognosis®.

We validated the expression levels of YAPI
and miR-340-5p in nasopharyngeal carcinoma
(NPC) metastasis tissue samples, finding signifi-
cantly reduced levels in metastasis tissues com-
pared to primary tumors. Previous studies® have
indicated that inhibiting Hippo signaling or acti-
vating YAPI can markedly reduce the growth of
estrogen receptor-positive (ER+) breast cancer
cells. At the protein level, YAP expression is sig-
nificantly lower in breast tumor tissues than in
normal tissues, correlating with increased cellular
migration when YAP is inhibited'®. Additionally,
several explanations also support possible mecha-
nisms suggesting YAPI implication as a tumor
suppressor gene!”19:48:6465,

Nevertheless, conflicting data exist. For in-
stance, Huang et al® reported elevated YAPI ex-
pression in NPC tissues with hepatitis B virus
(HBV) infection linked to poor prognosis and
EMT pathway regulation. Other studies®” have in-
dicated that depleting YAPI has been shown to
attenuate transforming growth factor beta 1 (TGF-
B1)-induced EMT and concurrently suppress pro-
liferation, migration, and invasion in non-small
cell lung cancer (NSCLC). These findings under-
score the multifaceted roles of Y4PI and miR-
340-5p in oncogenesis and highlight the need for
further research.

It is well-known that microRNAs regulate gene
expression by targeting specific sites on tran-
scribed mRNA®, Using StarBase?*?*, we identi-
fied potential complementary sequences of miR-
340-5p and YAPI and predicted their target sites.
Previous studies® have reported that miR-340-5p
targets YAP1I with decreased expression in LSCC,
which reduces cell viability and increases apopto-
sis. This study found significantly lower miR-
340-5p expression in metastasis tissue samples,
consistent with TCGA Head and Neck Cancer da-
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tabase predictions showing lower levels in tumor
tissues compared to normal tissues. In this study,
miR-340-5p levels correlated with the tumor stage
in NPC samples.

Consistent with our findings, several studies?>%
have shown decreased miR-340-5p expression in
laryngeal cancer tissues and cells, with increased
expression reducing growth and cancer spread. Ou
et al” reported that miR-340-5p regulates the endo-
plasmic reticulum stress response in OSCC by tar-
geting protein kinase R (PKR)-like endoplasmic
reticulum kinase (PERK) and activating transcrip-
tion factor 6 (ATF6), thereby affecting cell prolifer-
ation and invasion. Another mechanism by which
miR-340-5p suppresses colon cancer migration
and invasion is by inhibiting Ras homolog family
member A (RhoA) activity, a molecular switch for
transmitting signals to the cytoskeleton during cell
migration. These findings suggest that miR-340-5p
might function as a tumor suppressor’!-’2,

Regarding other clinicopathological parame-
ters, our findings revealed that advanced-stage tu-
mors (stage 4B) showed significant decreases in
YAP1 and miR-340-5p expression compared to
early-stage tumors. Tumor staging is closely cor-
related with distant metastasis, and larger tumor
size is a determinant in SCLC for metastasis oc-
currence”™™. In colorectal cancer and HNSCC,
advanced T stage, histological grade, and positive
lymph nodes are linked to higher metastasis like-
lihood™7¢. Our findings align with these correla-
tions, showing the downregulation of YAP/ and
miR-340-5p in advanced NPC stages.

However, this contradicts prior research indi-
cating higher YAP! expression in advanced papil-
lary thyroid carcinoma stages’”. Some studies®*’*”°
have revealed that lower miR-340-5p levels cor-
relate with advanced tumor stages in various can-
cers, which is consistent with our results.

Our study characterized Y4API and miR-340-5p
expression in NPC metastasis tissues, but further
research is needed to clarify their mechanistic roles
in NPC metastasis. Additional studies with larger
samples are needed to understand the diverse func-
tions of YAPI and miR-340-5p in cancer growth
and metastasis. Our results also provide encourag-
ing directions for future research in this area.

Conclusions
The study set out to characterize the expression

of YAPI as a downstream of the hippo pathway and
miRNA-340-5p in NPC metastasis status. In con-

clusion, our findings shed light on the downregula-
tion of YAPI and miR-340-5p using head and neck
cancer TCGA database and our NPC metastasis
samples, suggesting their potential roles as tumor
suppressors. While consistent with previous find-
ings, conflicting reports about the role of YAP1
and miR-340-5p in tumor progression and metasta-
sis highlight the need for further research.
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