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Abstract

Background: Myosins, a superfamily of actin-dependent molecular motors, have
emerged as crucial players in tumorigenesis. This study investigates the role of Myosin
XVI(MYO16), an unconventional myosin, in head and neck squamous cell carcinoma
(HNSCC).

Method: In this case-control study, we employed multiple databases to investigate
the expression of MYO16 in samples from the cancer genome atlas (TCGA), focusing
on HNSCC along with associated clinicopathological features. Since HNSCC primarily
includes oral squamous cell carcinoma (OSCC), we additionally validated the mRNA
level of MYO16 in OSCC samples using the real-time quantitative polymerase chain
reaction (RT-qPCR) method. Moreover, we used various online databases to uncover
the relationship between MYO16 and tumor infiltration. Statistical analysis was
performed using GraphPad Prism, and the significance was determined with student's
t-test.

Results: Comprehensive analyses across diverse databases consistently reveal a
significant upregulation of MYO16 expression in HNSCC. RT-qPCR analysis revealed
that MYO16 is significantly upregulated in OSCC tumor tissue samples. Correlation
with clinicopathological features and survival analysis underscores its potential
prognostic value. Furthermore, MYOI6 interactions with immune cells within the
tumor microenvironment are negatively associated with immune genes.

Conclusion: This study identifies MYO16 as a potential biomarker associated
with HNSCC development, and emphasizes its significance as a potential therapeutic
target, aligning with its diverse roles across cellular processes. Further experimental
studies are necessary to elucidate MY O16 functional implications and clinical relevance
in HNSCC.

Copyright: “Middle East Journal of Cancer. This is an open-access article distributed under the terms of the
Creative Commons Attribution-No Derivatives 4.0 International License. This license allows reusers to copy and
distribute the material in any medium or format in unadapted form only, and only so long as attribution is given
to the creator. The license allows for commercial use.



Keywords: Squamous cell carcinoma of head and
neck, Health, Genetics, Cancer

Introduction

Head and neck squamous cell carcinoma
(HNSCC) constitutes a prevalent malignancy
originating from the mucosal surfaces of various
head and neck regions. It ranks as the sixth most
common malignant tumor, globally. HNSCC
majorly consists of oral squamous cell carcinoma
(OSCC) which is very common in India.!
Etiological factors include alcohol, tobacco, human
papillomavirus, and Epstein-Barr virus infections,
resulting in phenotypic, etiological, biological, and
clinical diversity within HNSCC.?*# Current
treatment methods, encompassing surgery,
radiation, and chemotherapy, often lead to
cosmetic deformities and functional impairments,
while the survival rate remains around 50%.
Lymph node metastasis greatly impacts prognosis,
highlighting the necessity of understanding the
mechanisms behind HNSCC metastasis.” Cell
migration, facilitated by protrusive structures like
filopodia and lamellipodia, is a pivotal aspect of
cancer invasion and metastasis; yet, the
mechanisms underlying this in HNSCC remain
unclear. Genetic factors also contribute to HNSCC
development, with p53 mutations and
chromosomal instability being common. The

MYO16 expression in HNSCC

emergence of human papillomavirus-related
malignancies, distinct in pathogenesis and
prognosis, adds complexity. Multidisciplinary
approaches are essential due to the diverse
anatomical sites and critical nearby structures
involved in HNSCC. Advances in genetic
understanding, from microarrays to next-
generation sequencing, have contributed to
identifying mutated tumour suppressor genes and
oncogenes, aiding the development of novel
therapeutic strategies for HNSCC.!.6.7

The process of tumorigenesis involves various
factors, including the emerging recognition of
the significant roles of myosins. Myosins, actin-
dependent molecular motors, convert adenosine
triphosphate (ATP) hydrolysis energy into
mechanical stress by interacting with
microfilaments.® They are classified into 18
distinct classes with nearly 40 genes in the human
genome. Myosins have three subdomains: the
motor domain for actin binding and ATP
hydrolysis, the neck domain with isoleucine (I)
and glutamine (Q) (IQ) motifs for binding, and
the tail domain for cargo transport along
microfilaments.3-? Myosins have been suggested
to play a role in reproductive system diseases ,
exhibit multifunctional roles in tumorigenesis,
and are considered potential therapeutic targets.
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Figure 1. MYO16 mRNA expression in HNSCC and OSCC. (A) UALCAN database showed that MYO16 mRNA expression in HNSCC
primary tumor and normal tissues (TCGA-dataset). (B) MYOI16 mRNA level analysed between matched OSCC tissues and adjacent

non-tumor tissue from the same OSCC patient (Source: UALCAN (A), RT-qPCR (B)).
"*Denotes significant difference P < 0.001; MYOI16: Myosin XVI ; HNSCC: Head and neck squamous cell carcinoma; OSCC: Oral squamous cell carcinoma; mRNA:
messenger ribonucleic acid; TCGA: The cancer genome atlas; UALCAN: The University of Alabama at Birmingham; RT-qPCR: Real time- quantitative polymerase chain

reaction
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Overexpression of specific myosins, such as
myosin IE, I, Va, VI, VII, IX, and X, plays pivotal
roles in various cancers, influencing processes
like invadosome assembly, cell motility, DNA
damage repair, and cell adhesion.!%14 Further
exploration of the involvement of myosins in
cancer cell formation holds promise for future
oncotherapy approaches.

The myosin superfamily encompasses actin-
based mechanochemical machines converting
ATP hydrolysis to mechanical work. Among these,
Mpyosin XVI (MYO16), a neuronally expressed
unconventional myosin, is associated with actin
cytoskeleton regulation and neuronal functions.
In Rat2 cells, MYO16 mRNA and protein peak
during late G1 through the S-phase and decrease
entering the M-phase. MYO16 depletion alters
cell cycle distribution and triggers cell death. In
DNA replication stress, MYO16 protein loss is
evident, followed by recovery upon replication
stress attenuation.!> These findings collectively
suggest a potential regulatory role for MYO16 in
cell cycle progression, warranting further
exploration of its significance in cellular dynamics
and its potential implications in disease contexts
like HNSCC. In this study, we investigated the
MYOI6 expression in OSCC patient sample tissue
and HNSCC samples in the cancer genome atlas
dataset.
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Materials and Methods
Gene expression analysis using UALCAN
database

To explore the expression pattern of MYOI16
in HNSCC, we first used publicly available
transcriptomic data from The Cancer Genome
Atlas (TCGA). The TCGA-HNSCC dataset
containing HNSCC samples (n=520) and normal
tissues (n = 44) was used. The UALCAN database
(http://ualcan.path.uab.edu)!® was employed for
this analysis. We also examined the correlation
of MYO16 expression with various clinicopatho-
logical features, such as tumour stage, grade,
nodal metastasis, and patient survival, to assess
its potential prognostic significance.
Patient recruitment and sample collection

In this case-control study, a total of 40 OSCC
patients were enrolled between March 2023 to
November 2023 at Department of Oral and
Maxillofacial, Saveetha Dental College and
Hospitals, Chennai, to acquire primary OSCC
tumor (n = 24) and adjacent non-tumor
(surrounding tissues) (n= 24) tissue samples.
Patients with no history of other systemic diseases
or genetic diseases or recurrence were included.
G power statistical software (version 3.1.9.6) was
used to calculate the sample size for the present
study, with the effect size, a error probability,
and power. Samples were collected during surgery,
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Figure 2. MYO16 mRNA expression and HNSCC prognosis. (A) MYO16 expression classified into low and high expression and analysed
for OS up to 60 months. (B) MYO16 expression classified into low and high expression and analysed for RFS up to 60 months (Source:

Kaplan-Meier plotter).

HNSCC: Head and neck squamous cell carcinoma; OS: Overall survival; RFS: Relapse-free survival; HR: Hazard ratio; mRNA: messenger ribonucleic acid; MYO16: Myosin

XV
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Table 1. Clinical features of patients with oral squamous cell carcinoma

Variable Category Number of patients (%)
Gender Male 32 (80)
Female 8 (20)
Age <50 years 17 (42.5)
> 51 years 23 (57.5)
Grade Well-differentiated 23 (57.5)
Moderately-differentiated 15 (37.5)
Poorly-differentiated 2(5)
Site Buccal 12 (30)
Tongue 9 (22.5)
Other (RMT, GBS, Maxilla, Mandible) 19 (47.5)
Stage I 5(12.5)
II 8 (20)
111 8 (20)
v 19 (47.5)
Laterality Left 15 (37.5)
Right 25 (62.5)
Lymph node metastasis Yes 15 (37.5)
No 25 (62.5)

RMT: Retromolar trigone; GBS: Gingivobuccal sulcus

histopathologically confirmed as tumor and non-
tumor tissues, and promptly stored at -80 °C until
further processing. Corresponding clinicopatho-
logical data were recorded (Table 1). The
Institutional Ethical Committee approved the
study, adhering to the principles of the Helsinki
Declaration, and informed consent was obtained
from each patient.

RNA extraction and real-time quantitative
polymerase chain reaction (RT-qPCR) analysis
Total RNA was extracted from the tumor and
adjacent non-tumor tissues using TRIzol reagent
(Thermo Fisher Scientific, Waltham, MA, USA).
RNA quality was assessed using Nanodrop One
(Thermo Scientific, USA), followed by cDNA
synthesis with Takara 1st strand cDNA synthesis
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Figure 3. MYO16 mRNA expression and DNA methylation in HNSCC. MYO16 mRNA expression levels are significantly correlated
with the clinicopathological features of HNSCC such as tumour stage (A), tumour grade (B), and nodal metastasis (C). The promotor
methylation level of MYO16 is also significantly decreased in HNSCC (D) and correlated with the clinicopathological features such as
such as tumour stage (E), tumour grade (F), and nodal metastasis (G) (Source: UALCAN).

P <0.001, ™ P <001, " P<0.05 HNSCC: Head and neck squamous cell carcinoma; MYOI6: Myosin XVI; mRNA: Messenger ribonucleic acid; UALCAN: The
University of Alabama at Birmingham.
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Table 2. Primer sequence for gPCR

Gene Forward primer Reverse primer
MYOI6 5'- TGCTGAAAGCCGAAATTGCC-3' 5'- GTAACACCAGGGGACTGAGC-3'
GAPDH 5-TCCAAAATCAAGTGGGGCGA-3' 5'-TGATGACCCTTTTGGCTCCC-3'

MYOI6: Myosin XVI; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

kit (Takara, Tokyo, Japan) according to
manufacturer’s instructions.!” RT-qPCR analysis
using specific primers for MYOI6 and
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was performed to quantify gene
expression. The primers used in this study are
listed in table 2. The Bio-Rad CFX Opus 96
system (Bio-Rad, Hercules, CA, USA) was used,
with GAPDH as the reference gene, previous
study protocol was used to analysis.!®
Survival analysis with Kaplan-Meier plotter
Using the Kaplan-Meier plot (https://kmplot.
com/),'? survival analysis was conducted on
HNSCC patient data from TCGA based on
MYOI16 mRNA expression levels. The MYOI6
expression value classified low and high based
on the cut-off value. The overall survival and
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relapse-free survival free survival rate were
analyzed in this study.
Tumor immune regulator analysis

Using the vast dataset of TISIDB
(http://cis.hku.hk/TISIDB/),?? a premier resource
for cancer-immune system investigations, our
study employed a data-driven approach to
investigate the potential association between
MYOI6 expression and various elements
implicated in the immune response, including
distinct lymphocyte populations, diverse immune
modulators, and chemokine signaling genes,
within the context of HNSCC patients.
Ethical approval

The Institutional Ethical Committee of the
Saveetha Dental College and Hospital approved
this study (IHEC/SDC/FACULTY/20/PERIO/01).
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Figure 4. MYO16 mRNA expression and Immune regulatory genes in HNSCC. (A) The MYO16 mRNA expression and immunostimulator
genes were analysed and top 3 negative correlated genes were plotted (TNFSF18, TNFSF13, and HHLA?2). (B) The MYO16 mRNA
expression and MHCs genes were analysed and top 3 negative correlated genes were plotted (HLA-DMA, HLA-DPA1, and HLA-DOA)

(Source: TISIDB database).

MYO16: Myosin XVI ; ; HNSCC: Head and neck squamous cell carcinoma; MHC: Major histocompatibility complex; TNFSF18: Tumor necrosis factor (ligand) superfamily,
member 18; TNFSF13: Tumor necrosis factor (ligand) superfamily, member 13; HHLA2: Human endogenous retrovirus-H long terminal repeat-associating 2; HLA-DMA:
Major Histocompatibility Complex, Class II, DM Alpha; HLA-DPA1: Major histocompatibility complex, class II, DP alpha 1; HLA-DOA: HLA class II histocompatibility
antigen, DO alpha chain; TISIDB: An integrated repository portal for tumor-immune system interactions
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All participants signed an informed consent form.
Statistical analysis

SPSS software version 25 (IBM, Armonk, NY,
USA) and GraphPad Prism version 9.4.0 were
used for statistical analysis, applying student’s t-
test or one-way ANOVA. Statistical significance
was defined as *P < 0.05, **P < 0.01, ***P <
0.001.

Results
Upregulation of MYO16 in HNSCC and OSCC
tumors

A comprehensive analysis across various
databases revealed consistent upregulation of
MYO16 mRNA in HNSCC tumors compared with
normal tissue (Figure 1A, P < 0.001). Our RT-
gPCR analysis mirrored these findings, confirming
significantly higher MYO16 expression in OSCC
tumor tissue than in adjacent non-tumor tissue
(paired samples) (Figure 1B, P <0.001).
High level of MYO16 predicts unfavorable
prognosis in HNSCC and OSCC

Survival analysis using Kaplan-Meier plots
underscored the adverse impact of high MYO16
expression on the survival of HNSCC patients
(Figure 2A, B). MYO16 expression was classified
as low or high based on the cut-off value for
overall and relapse-free survival, respectively.
The high expression of MYO16 was negatively
associated with overall survival, suggesting a
poor prognosis (Figure 2A, P = 0.023), and a
similar trend was observed for relapse-free
survival (Figure 2B, P =0.04).
Linking MYO16 with HNSCC clinicopathological
features

Expanding our investigation through the
UALCAN database, we explored the correlation
between MYO16 expression and various clinico-
pathological features in HNSCC. Notably, elevated
MYOI16 mRNA expression was significantly
linked to advanced tumor stage, higher grade,
and nodal metastasis (Figure 3A-C, P < 0.05).
Correspondingly, heightened MYO16 DNA
promotor methylation was decreased in HNSCC
tumors and linked with tumor stage, grade, and
metastasis (Figure 3D-G, P < 0.05).

MYO16 expression in HNSCC

MYO16 and immune regulators in HNSCC

Using the TISIDB database, we delved into
the complex relationships between MYO16
expression and immune regulatory genes. Our
analysis focused on Immunomodulators
(encompassing both immunostimulants and MHC
molecule genes). The analysis of pan cancer
samples revealed and identified the top three
genes with significant negative correlations to
MYOI6. In the category of immunostimulators,
TNFSF18, TNFSF13, and HHLA?2 exhibited
negative correlations (Figure 4A, P < 0.05).
Similarly, for MHCs, HLA-DMA, HLA-DPAI,
and HLA-DOA displayed negative correlations
with MYO16 (Figure 4B, P < 0.05). Notably, all
analyzed immune-regulating genes showed
negative correlations with high MYO16 expression
in HNSCC patients.

Discussion

Our study unveils MYO16 as a potential
contributor to HNSCC and OSCC progression.
We observed MYO16 mRNA upregulation across
databases and validated it through RT-qPCR,
suggesting its involvement in HNSCC
tumorigenesis. The association of high MYOI16
expression with poor prognosis and advanced
clinicopathological features underscores its
potential role in promoting aggressive disease.
Interestingly, the observed decrease in MYOI16
promoter methylation hints at non-canonical
regulatory mechanisms. Finally, the negative
correlations between MYOI6 and immune
regulators suggest its potential to suppress anti-
tumor immunity. These findings position MYO16
as a promising target for HNSCC and OSCC
diagnosis, prognosis, and potentially,
immunotherapy. However, further research is
warranted to elucidate the precise mechanisms
underlying MYO16 function and solidify its
clinical implications.

The myosin superfamily consists of actin-
based molecular motors that play essential roles
in cell motility, intracellular transport, and
cytoskeletal organization.?! While MYO16 is a
less-studied member, previous research has
implicated other myosins in tumorigenesis and
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cancer progression, making MYO16 an intriguing
candidate for investigation in HNSCC.

The myosin family of genes holds a pivotal
role in various tumours, both regulated by and
regulating cadherin genes and oncogenes.
Interestingly high expression of MYO1B promotes
cell migration and lymph node metastasis in
HNSCC.22 Within this family, MYO II has been
linked to tumour progression and invasion in
melanoma, pancreatic and breast cancer.>3-> MYO
V' is associated with gastric cancer through the
control of apical and basolateral protein trafficking,
vital for regulating epithelial cell polarity.
Myosin Va is tied to colorectal cancer, impacting
the migration of metastatic cancer cells and the
organization of the cytoskeleton.?’” Myosin VI
contributes to DNA damage repair and tumour
suppression, disseminating cancer cells, facilitating
prostate cancer cell migration, and maintaining
the Golgi structure and function.?8-30 Myosin IX
down-regulates Rho activity and actin bundle
assembly, influencing the collective migration of
human epithelial cells.3! Myosin X role involves
responding to impaired p53, inhibiting cell
adhesion, promoting protrusion formation, and
contributing to tumor progression in breast
cancer.!3 Moreover, it fosters filopodia formation
and drives metastasis development in primary
glioblastoma and acute lymphoblastic
leukaemia.??33 A growing body of research
suggests that myosin family genes contribute to
tumorigenesis.

Our evidence suggests MYO16 overexpression
could be a prognostic marker for HNSCC, but
further research is necessary before definitive
conclusions can be drawn. Our study limitations
included a small sample size, focus on mRNA
levels, and reliance on in silico analysis. Moreover,
we used only OSCC samples for validation, and
more reliable results require other HNSCC
subgroup samples. Large-scale studies incorporating
clinicopathological analysis, protein expression,
and functional assays are crucial for understanding
how MYO16 drives HNSCC progression at the
molecular level. Only through additional research
can we solidify MYO16 clinical utility as a
biomarker or potential therapeutic target.

Conclusion

Our study revealed the potential significance
of MYO16 in HNSCC and OSCC. Its upregulation,
associated with poor prognosis, and potential role
in immune evasion highlights its relevance as a
diagnostic, prognostic, and therapeutic target.
Further research is warranted to delve deeper into
the precise mechanisms underlying MYOI16
functions and its potential as a biomarker or
therapeutic target for aggressive cancers.

Acknowledgments

All authors would like to thank the Centre for
Cellular and Molecular Research, Saveetha Dental
College and Hospitals, Chennai for providing a
platform to express our knowledge.

Funding

The authors report no involvement in the
research by the sponsor that could have influenced
the outcome of this work.

Authors’ Contribution

Keerti Pranith Suryadevara: Validation, formal
analysis, investigation, data curation, writing
original draft, review. Balachander Kannan: Data
curation, formal analysis, investigation, writing
original draft, and review. Chandra Pandi:
Methodology, formal analysis, and review. Anitha
Pandi: Data curation and methodology-review.
Abilasha Ramasubramanian: Statistics, formal
analysis and writing-review. Vijayashree
Priyadharsini Jayaseelan: Methodology, formal
analysis, writing-review. Paramasivam
Arumugam: Conceptualization, methodology,
formal analysis, writing, reviewing, and editing.

All authors have read and approved the final
manuscript and agreed to be accountable for all
aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of
the work are appropriately investigated and
resolved.

Conflict of Interest
None declared.

124

Middle East J Cancer 2025; 16(2): 118-126



References

1.

10.

11.

12.

13.

Alsahafi E, Begg K, Amelio I, Raulf N, Lucarelli P,
Sauter T, et al. Clinical update on head and neck
cancer: molecular biology and ongoing challenges.
Cell Death Dis. 2019;10(8):540. doi: 10.1038/s41419-
019-1769-9.

Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez
BY, Xiao W, Kim E, et al. Human papillomavirus and
rising oropharyngeal cancer incidence in the United
States. J Clin Oncol. 2011;29(32):4294-301. doi:
10.1200/JC0O.2011.36.4596. Corrected and republished
in: J Clin Oncol. 2023;41(17):3081-8.

Young LS, Dawson CW. Epstein-Barr virus and
nasopharyngeal carcinoma. Chin J Cancer. 2014;
33(12):581-90. doi: 10.5732/cjc.014.10197.
Chauhan R, Trivedi V, Rani R, Singh U. A study of
head and neck cancer patients with reference to tobacco
use, gender, and subsite distribution. South Asian J
Cancer. 2022;11(1):46-51. doi: 10.1055/s-0041-
1740601.

Johnson DE, Burtness B, Leemans CR, Lui VWY,
Bauman JE, Grandis JR. Head and neck squamous
cell carcinoma. Nat Rev Dis Primers. 2020;6(1):92.
doi: 10.1038/541572-020-00224-3. Erratum in: Nat
Rev Dis Primers. 2023;9(1):4.

Balachander K, Paramasivam A. Anti-PD-1 agent: A
promising immunotherapy drug for oral cancer? Oral
Oncol. 2022;132:105997. doi: 10.1016/j.oraloncology.
2022.105997.

Balachander K, Vijayashree Priyadharsini J,
Paramasivam A. Advances in oral cancer early
diagnosis and treatment strategies with liquid biopsy-
based approaches. Oral Oncol. 2022;134:106108. doi:
10.1016/j.oraloncology.2022.106108.

Li YR, Yang WX. Myosins as fundamental components
during tumorigenesis: diverse and indispensable.
Oncotarget. 2016;7(29):46785-812. doi: 10.18632/
oncotarget.8800.

Li YR, Yang WX. Myosin superfamily: The multi-
functional and irreplaceable factors in spermatogenesis
and testicular tumors. Gene. 2016;576(1 Pt 2):195-
207. doi: 10.1016/j.gene.2015.10.022.

Murphy DA, Courtneidge SA. The 'ins' and 'outs' of
podosomes and invadopodia: characteristics, formation
and function. Nat Rev Mol Cell Biol. 2011;12(7):413-
26. doi: 10.1038/nrm3141.

Yilmaz M, Christofori G. Mechanisms of motility in
metastasizing cells. Mol Cancer Res. 2010;8(5):629-
42. doi: 10.1158/1541-7786.MCR-10-0139.
Mangold S, Norwood SJ, Yap AS, Collins BM. The
juxtamembrane domain of the E-cadherin cytoplasmic
tail contributes to its interaction with Myosin VI.
Bioarchitecture. 2012;2(5):185-8. doi: 10.4161/bioa.
22082.

Arjonen A, Kaukonen R, Mattila E, Rouhi P, Hognis
G, Sihto H, et al. Mutant p53-associated myosin-X

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

MYO16 expression in HNSCC

upregulation promotes breast cancer invasion and
metastasis. J Clin Invest. 2014;124(3):1069-82. doi:
10.1172/JC167280.

Naydenov NG, Lechuga S, Huang EH, Ivanov AL
Myosin motors: Novel regulators and therapeutic
targets in colorectal cancer. Cancers (Basel).
2021;13(4):741. doi: 10.3390/cancers13040741.
Cameron RS, Liu C, Pihkala JP. Myosin 16 levels
fluctuate during the cell cycle and are downregulated
in response to DNA replication stress. Cytoskeleton
(Hoboken). 2013;70(6):328-48. doi: 10.1002/cm.21109.
Chandrashekar DS, Karthikeyan SK, Korla PK, Patel
H, Shovon AR, Athar M, et al. UALCAN: An update
to the integrated cancer data analysis platform.
Neoplasia. 2022;25:18-27. doi: 10.1016/j.ne0.2022.
01.001.

Kannan B, Pandi C, Pandi A, Jayaseelan VP,
Arumugam P. Triggering receptor expressed in myeloid
cells 1 (TREM1) as a potential prognostic biomarker
and association with immune infiltration in oral
squamous cell carcinoma. Arch Oral Biol.
2024;161:105926. doi: 10.1016/j.archoralbio.
2024.105926.

Avs KR, Pandi C, Kannan B, Pandi A, Jayaseelan VP,
Arumugam P. RFC3 serves as a novel prognostic
biomarker and target for head and neck squamous cell
carcinoma. Clin Oral Investig. 2023;27(11):6961-9.
doi: 10.1007/s00784-023-05316-4.

Nagy A, Munkéacsy G, Gyorffy B. Pancancer survival
analysis of cancer hallmark genes. Sci Rep. 2021;11(1):
6047. doi: 10.1038/s41598-021-84787-5.

Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu
WC, et al. TISIDB: an integrated repository portal
for tumor-immune system interactions. Bioinformatics.
2019;35(20):4200-2. doi: 10.1093/bioinformatics/
btz210.

Telek E, Kengyel A, Bugyi B. Myosin XV7 in the
nervous system. Cells. 2020;9(8):1903. doi: 10.3390/
cells9081903.

Ohmura G, Tsujikawa T, Yaguchi T, Kawamura N,
Mikami S, Sugiyama J, et al. Aberrant Myosin 1b
expression promotes cell migration and lymph node
metastasis of HNSCC. Mol Cancer Res. 2015;13(4):
721-31. doi: 10.1158/1541-7786.MCR-14-0410.
Kaneko K, Satoh K, Masamune A, Satoh A,
Shimosegawa T. Myosin light chain kinase inhibitors
can block invasion and adhesion of human pancreatic
cancer cell lines. Pancreas. 2002;24(1):34-41. doi:
10.1097/00006676-200201000-00005.

Cui WJ, Liu Y, Zhou XL, Wang FZ, Zhang XD, Ye
LH. Myosin light chain kinase is responsible for high
proliferative ability of breast cancer cells via anti-
apoptosis involving p38 pathway. Acta Pharmacol
Sin. 2010;31(6):725-32. doi: 10.1038/aps.2010.56.
Jacobs K, Van Gele M, Forsyth R, Brochez L,
Vanhoecke B, De Wever O, et al. P-cadherin

Middle East J Cancer 2025; 16(2): 118-126

125



Keerti Pranith Suryadevara et al.

26.

27.

28.

29.

30.

31.

32.

33.

126

counteracts myosin II-B function: implications in
melanoma progression. Mol Cancer. 2010;9:255. doi:
10.1186/1476-4598-9-255.

Dong W, Chen X, Chen P, Yue D, Zhu L, Fan Q.
Inactivation of MY O5B promotes invasion and motility
in gastric cancer cells. Dig Dis Sci. 2012;57(5):1247-
52. doi: 10.1007/s10620-011-1989-z.

Lan L, Han H, Zuo H, Chen Z, Du Y, Zhao W, et al.
Upregulation of myosin Va by Snail is involved in
cancer cell migration and metastasis. Int J Cancer.
2010;126(1):53-64. doi: 10.1002/ijc.24641.

Jung EJ, Liu G, Zhou W, Chen X. Myosin VI is a
mediator of the p53-dependent cell survival pathway.
Mol Cell Biol. 2006;26(6):2175-86. doi: 10.1128/MCB.
26.6.2175-2186.2006.

Dunn TA, Chen S, Faith DA, Hicks JL, Platz EA,
Chen Y, et al. A novel role of myosin VI in human
prostate cancer. Am J Pathol. 2006;169(5):1843-54.
doi: 10.2353/ajpath.2006.060316.

Wei S, Dunn TA, Isaacs WB, De Marzo AM, Luo J.
GOLPH2 and MYOG6: putative prostate cancer markers
localized to the Golgi apparatus. Prostate.
2008;68(13):1387-95. doi: 10.1002/pros.20806.
Omelchenko T, Hall A. Myosin-IXA regulates
collective epithelial cell migration by targeting
RhoGAP activity to cell-cell junctions. Curr Biol.
2012;22(4):278-88. doi: 10.1016/j.cub.2012.01.014.
Mischel PS, Shai R, Shi T, Horvath S, Lu KV, Choe
G, et al. Identification of molecular subtypes of
glioblastoma by gene expression profiling. Oncogene.
2003;22(15):2361-73. doi: 10.1038/sj.onc.1206344.
Ross ME, Zhou X, Song G, Shurtleff SA, Girtman K,
Williams WK, et al. Classification of pediatric acute
lymphoblastic leukemia by gene expression profiling.
Blood. 2003;102(8):2951-9. doi: 10.1182/blood-2003-

01-0338.

Middle East J Cancer 2025; 16(2): 118-126



