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ABSTRACT

Aggressive head and neck squamous cell carcinoma is characterized by a high metastatic
potential, with the epithelial-mesenchymal transition acting as a central driving process. The
epithelial-mesenchymal transition during metastasis is driven by the remodeling of the cyto-
skeleton, primarily through the action of actin-binding proteins. There are no available meth-
ods for assessing the risk of head and neck squamous cell carcinoma metastasis; therefore, the
study of the molecular characteristics of head and neck squamous cell carcinoma metastasis
remains extremely relevant. The purpose of the study was to examine the relationship between
the mRNA expressions of vimentin and actin-binding proteins (cofilin-1, profilin-1, adenylate
cyclase-associated protein 1, fascin-1 and ezrin) in tumor tissue of head and neck squamous
cell carcinoma patients with lymph node metastases.

Material and Methods: The analysis was carried out using RT-PCR in paired samples
from The analysis was performed using reverse transcriptase PCR in paired samples from 44
patients with head and neck squamous cell carcinoma: Thirty seven patients with laryngeal
squamous cell carcinoma and seven patients with oropharyngeal squamous cell carcinoma.
All patients were divided into subgroups with and without lymph node metastases.

Results: Profilin-1 mRNA levels were found to be seven times higher in patients with lymph
node metastases than in patients without metastases. Ezrin mRNA levels were not correlated
with lymph node metastasis, but correlated with tumor stage. Vimentin mRNA levels were in-
dependent of disease stage and the presence of lymph node metastasis. High vimentin mRNA
levels correlated with elevated expression of fascin-1 and adenylyl cyclase-associated protein
1 and contributed to a stronger association between cofilin-1 and profilin-1.

Conclusion: Thus, the relationship between vimentin and actin-binding protein gene ex-
pression indicates active cytoskeletal reorganization during head and neck squamous cell car-
cinoma metastasis.

Keyworps: epithelial-mesenchymal transition, actin-binding proteins, head and neck squamous cell
carcinoma, vimentin, intermediate filament proteins, metastasis
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INTRODUCTION

Head and neck squamous cell carcinoma (SCC)
is the 6-th most common cancer worldwide. Head
and neck SCC cases are anticipated to increase by
30% by 2030, reaching over 1 million new cases
annually. Currently, there is no specific screening
for diagnosis and prognosis of this disease, and a
thorough physical examination remains the main
diagnostic approach. Head and neck SCC repre-
sents over 90% of all head and neck cancers, aris-
ing from the mucosal epithelium of the larynx, oral
cavity, and oropharynx. The head and neck SCC
mortality remains high due to local recurrence,
distant metastasis, and significant resistance to
standard chemoradiotherapy [Romanenko I.G. et
al, 2021; Coca-Pelaz A. et al, 2026]; therefore, the
identification of new prognostic factors with the
analysis of biological characteristics of this tumor
is crucial for improving survival rates.

Head and neck squamous cell carcinoma is
characterized by its high aggressiveness, which is
largely driven by its ability to metastasize, a pro-
cess closely linked to the epithelial-mesenchymal
transition (EMT). Initiation of the EMT during
metastasis leads to changes in the expression of
various genes, including those associated with cy-
toskeleton reorganization. It is known that for tu-
mor cells of epithelial origin, activation of molecu-
lar biological processes associated with the EMT
most specifically reflects malignant transformation
[Kalluri R et al., 2009; Gaponova A et al, 2020].
The epithelial-mesenchymal transition process is
accompanied by a cascade of various changes in
molecular genetic events, in particular, the activa-
tion of transcription factors (Snail-1, Twist, Zeb-1/
Zeb-2 etc.), increased production of tissue metallo-
proteinases, loss of intercellular contacts, changes
in the content of actin-binding proteins and other
intracellular events [Chikina A et al., 2018; Morris
H et al., 2015; Kakurina G et al, 2018; Suzuki T et
al., 2023; Yang J et al., 2020]. All these processes
ultimately lead to the reorganization of the actin
cytoskeleton, which is the final step before the on-
set of tumor cell invasion [Datta A et al., 2020].

Vimentin, an intermediate filament protein, is
believed to be primarily expressed in fibroblasts,
endothelial cells, and lymphocytes [Sharma P et al,
2019; Pimm ML, et al, 2020]. There is evidence that
vimentin is involved not only in regulating the EMT

during tumor growth but also in regulating the Wnt/
B-catenin and glycogen synthase kinase-3 (GSK-3)/
Snail signaling pathways. It is believed that vimen-
tin is mainly expressed in fibroblasts, endothelial
cells and lymphocytes. Cytoskeleton remodeling is
known to be mediated by multiple actin-associated
proteins (AAPs) [Peltanova B et al., 2019; Chiki-
na A et al, 2018; Mokin Y et al, 2024], including
cofilin, fascin, profilin, ezrin, adenylyl-associated
protein-1 (CAP1), which have different functional
roles in the cell [Kakurina G et al, 2016; Kakurina
G et al, 2018; Mokin Yl et al, 2024]. In particular,
cofilin-1 (CFL1) and CAP1 are functionally related
and have the ability to cut actin filaments [Kakurina
G etal, 2016; Kakurina G et al 2018; Kolegova E et
al, 2020]. Profilin -1 (PFN1) is a protein that binds
actin monomers and enhances the growth of actin
microfilaments [Coumans J et al, 2018]. Fascin
(FSCNI1) is an actin binding protein that is involved
in the formation of fibrillar actin bundles [Kolegova
E et al, 2020; Zhang Y et al, 2018]. Ezrin (EZR),
a protein of the ezrin-radixin-moesin (ERM) fam-
ily, acts as a linker between the plasma membrane
and the actin cytoskeleton [Michie K et al, 2018;
Hinojosa L et al, 2017; Brambilla D et al, 2009].
In response to extracellular and intracellular sig-
nals, actin-binding proteins and vimentin regulate
cytoskeleton reorganization, thereby participating
in cancer cell invasion and metastasis [Sharma P
et al., 2019]. There is virtually no data on the com-
bined effect of vimentin and the cytoskeleton pro-
teins on head and neck SCC metastasis. In addition,
given that laboratory-specific methods for predict-
ing Laryngeal SCC metastasis have not yet been in-
troduced into practice, this area of research remains
relevant.

The assessment of the relationship between the
expression of genes encoding vimentin and the ex-
pression activity of genes encoding cytoskeleton
proteins in the head and neck SCC tissue, as well as
the evaluation of their relationship with lymph node
metastasis will be useful as new approaches in diag-
nostics or search for new therapeutic targets. There-
fore, the aim of the study was to assess the relation-
ship between the levels of vimentin and cytoskeleton
proteins: cofilin-1 (CFL1), rofiling-1 (PFN1), ezrin
(EZR), fascin-1 (FSCNI1) and adenylyl-associated
protein-1 (CAP1) in head and neck SCC tissue, as
well as the association of the expression of these
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genes with head and neck SCC metastasis.

MATERIAL AND METHODS

The study included 37 patients with laryngeal
squamous cell carcinoma and 7 patients with oro-
pharyngeal squamous cell carcinoma, who were
treated at the Cancer Research Institute of Tomsk
National Research Medical Center from 2017 to
2021. The median age of the patients was 54.7
(41:67) years. The proportion of men in the study
group was 89%. Tumor samples (stage T1-4NO-
1MO0) and normal tissue samples obtained during
videolaryngoscopy were the study material. All pa-
tients with histologically verified SCC were divided
into the group with regional metastases (n=25) and
the group without metastases (n=19). The study was
conducted in accordance with the Helsinki Decla-
ration of the World Medical Association “Ethical
Principles for Medical Research Involving Human
Subjects” with the amendments of 2000 and the
“Rules of Clinical Practice in the Russian Federa-
tion” approved by Order of the Ministry of Health
of the Russian Federation No. 266 (06/19/2003).
Informed consent was obtained from each patient
and permission from the Ethics Committee of the
Oncology Research Institute of the TNRMC (ex-
tract from protocol No. 7 dated 06/24/2019). The
obtained tissue samples were placed and stored in
RNAIlater solution (Ambion, USA).

Extraction of mRNA and preparation of cDNA:

The CCR-50 kit (Biosilica, Novosibirsk) was used
to extract the total mMRNA pool from paired tissue
samples according to the manufacturer’s instruc-
tions. The concentration and purity of mMRNA were
assessed using a NanoDrop-2000 spectrophotometer
(Thermo Scientific, USA). cDNA synthesis on the
RNA matrix was performed using the OT-1 reverse
transcription reagent kit (Synthol, Moscow) accord-
ing to the manufacturer’s instructions, and the result-
ing mixture was then used to perform quantitative
real-time polymerase chain reaction (RT-PCR).

Real-time PCR: The level of gene mRNA ex-
pression was assessed by RT-PCR using Sybr
Green technology on an iCycler amplifier (Bio-
Rad, USA). Primers (Table 1) were selected using
the Vector NTI Advance 11.5 program (Thermo
Fisher Scientific, USA) and the NCBI database
(http://www.ncbi.nlm.nih.gov/nuccore). Melting
curve analysis (Melt) was used to assess the final
PCR product for the presence of primer-dimers or
non-specific products.

The housekeeping gene of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) enzyme
was used as a reference gene to normalize the
expression of the studied genes. mMRNA (cDNA)
isolated from morphologically altered laryngeal
epithelium was used as a calibrator. Expression
analysis was performed using the 2-AACT method
[Livak K, 2001].

Statistical analysis of the results was performed

Primer sequences for the studied genes

using the Statistica 6.0 and

TABLE 1| \B\M spss statistics 22.0 soft-

ware packages. Differences

were considered statistically
significant at p<0.05. The re-

NM_001111077  2/3PN.

Genes Amplicon Seguences
Vimentin (VIM) 176 p.n S 5'- CAGATGCGTGAAATGGAAGA-3
NM_003380 " AY5-CTGTAGGTGGCAATCTCAATGT-3'
Ezrin (EZR) S 5’- CTTGATGTGATGTGGCAGGA-3'

A 5'- GGAATGAGTGGGCGGAA-3'

sults are presented as Me (Q1;
Q3), where Me is the median

Profilin-1(PFN1)

S 5-TGGAGCAAACCCTACCCTT-3

and Q1; Q3 is the interquartile

NM_005022 134p.n. A A5 AGCCCAGACACCGAACTTT -3'
Cofilin-1(CFLI)  ,,, S5~ CTGCCGCTATGCCCTCTA-3'
NM_005507 PN A5 TTCTTCTTGATGGCGTCCTT-3'

range (25% and 75% quar-
tiles), and Mean+SD, where

Adenylyl-associated
protein-1 (CAP1) 278 p.n..
NM_001105530

S 5'- CCAAACGAGCCACAAAGAA-3

A 5- ACCCATTACCTGAACTTTGACAT-3’

Mean is the average value and
SD is the standard deviation.
The number of patients in the

Fascin-1(FSCN1)

NM_003088.4 L LD

S 5- TCAGAGCTCTTCCTCATGAAGCT
R 5'- GTCCAGTATTTGCCTGTGGAGTC

group is n. P (U-test) is the

NM 0012567992 138p-n

GAPDH S 5'- GGAAGTCAGGTGGAGCGA-3'
A 5'-GCAACAATATCCACTTTACCAGA-3'

nonparametric Mann-Whitney
U-test. Spearman correlation

- pairs of nucleotides

Note: NM — RNA sequence number in NCBI Nucleotide Database (http://
www.nchi.nlm.nih.gov/nuccore); S — forward primer; A — reverse primer; p.n.

analysis was used to analyze
the relationships.
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RESULTS

No significant differences in the studied pa-
rameters between patients with laryngeal SCC
and Oropharyngeal SCC were found. (Table 2)

The groups were combined and further ana-
lyzed in the overall sample of head and neck
SCC patients. A 7-fold increase in the level of
profilin-1 mRNA was observed in tumor tissue
of head and neck SCC patients with lymph node
metastases compared to those without metasta-
ses. The level of cofilin-1 mRNA in tumor tis-
sue of head and neck SCC patients tended to
increase in comparison with that observed in pa-
tients without metastases (Table 3). No signifi-
cant differences in the level of vimentin mRNA

TABLE 2.
The mRNA levels of actin-binding proteins and
vimentin in tumor tissue of patients with laryngeal
squamous cell carcinoma (LSCC) and oropharyngeal
squamous cell carcinoma (OSCC)

LSCC, n= 37 OSCC , n=7 P
mMRNA Me QI Q3 Me Q1 Q3 (U-est)
Vimentin  0.89 0.04 21.93 0.90 0.04 12.81000 0.23
Fascin-1 0.19 0.03 8.60 0.68 0.04 7.02000 0.21
Ezrin 2.46 0.06 17.99 1.69 0.05 17.01000 0.51
Profilin-1 1.48 0.01 14.69 2.51 0.12 18.82000 0.51
Cofilin-1 2.38 0.04 17.75 1.16 0.12 25.59000 0.36
CAP1 3.69 0.12 27.33 2.65 0.09 28.64701 0.68

Note: a p-value is a significance level of differences
(Mann-Whitney U test), CAP1 - adenylyl cyclase-
associated protein 1

between patients with lymph node metastases
and patients without metastases were found.

The correlation analysis revealed that metas-
tasis affected the strength and number of correla-
tions between expressed genes encoding cytoskel-
etal proteins. Thus, in head and neck SCC patients
with lymph node metastasis, a strong positive cor-
relation between the mRNA level of profilin 1 and
cofilin 1 was found r=0.9; p<0.04) (Fig. 1).

In head and neck SCC patients with lymph node
metastases, positive correlations were found be-

tween the expression levels of almost all the genes
studied (r=0.4-0.7; p<0.05). The VIM mRNA
expression positively correlated with the expres-
sion of the FSCN1, EZR, PFN1 and CAP1 genes
(r=0.7; p<0.04). A positive relationship was estab-
lished in the group of functionally related ABPs
encoding PFN1, CAP1 and CFLI1. The extent of
tumor involvement correlated with ezrin mRNA
expression, which was almost 16.8 times lower
in patients with stage T3-4N0-2MO compared to

Lymphogenous metastasis

Not detected

CFLI

r=0.9; p=0.03 P>0.5
P>0.5

PFN P>05
P>0.5

- ]

P>0.5 { vim 3

= -
/ ety Xm.s
FSCN 1 P>0.5 EZR

CAP1

Are detected

CFL1

CAP1

-~

r=0.7,p=003 | { VIM Y

!
o~ e = =2 1=0.8; p=0.04
40.7; pZO.ON
EZR

FSCN 1

Fircure 1. Expression of genes encoding cytoskeleton proteins in tumor tissue of patients with head and neck SCC:
Spearman correlation coefficients. Note: ( )Positive correlation; r — The Spearman’s rank correlation coefficient;

p — level of statistical significance.
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The relative mRNA levels of actin-binding proteins and vi-
mentin in tumor tissue of head and neck SCC patients
with and without lymph node metastasis.

Without metastases, Metastases,
mMRNA T1-4NOMO T1-4N1-2MO P (U-test)
Me(Q1; Q3) Me(Q1; Q3)
Vimentin 0.39(0.01; 40.93) 1.44(0.22; 18.00) 0.08

Fascin-1 0.32(0.04; 6.60)
Ezrin 3.47(0.06; 20.99)
Profilin-1 ~ 0.40(0.01; 4.69)
Cofilin-1 0.39(0.04; 7.75) 3.12(0.19; 27.10) 0.06

CAP1 3.51(0.22; 29.33)  4.51(1.07; 28.61) 0.39
Norte: a p-value is a significance level of differences (Mann-
Whitney U test); CAP1 - adenylyl cyclase-associated protein 1

1.73(0.21; 14.40)  0.11
153(0.07;8.17) 051
2.50(0.76; 25.99)  0.01

TABLE 3.

The expression levels of actin-binding proteins in head
and neck SCC tissue depending on the extent
of the tumor involvement.

T1-2N0-1MO T3-4N0-2MO
RNA
m Me(Q; Q3) Me(Q; Q3)  p (U-test)
Vimentin ~ 0.31 (0.01; 41.93) 1.27(0.22; 7.31) 0.58
Fascin-1 1.31(0.03; 7.15) 0.90(0.12; 8.00) 0.70

Ezrin 12.53(0.57; 34.34)
Profilin-1 1.19(0.01; 7.67)
Cofilin-1 1.57(0.08; 13.77) 1.16(0.19; 7.60) 0.74
CAP1 5.41(1.07; 27.93) 3.33(0.10; 29.15) 0.67
NoTtkE: a p-value is a significance level of differences (Mann—
Whitney U test), CAP1 - adenylyl cyclase-associated protein 1

0.75(0.04; 467)  0.03
2.09(0.18;18.82)  0.22

TABLE 4.

Expression of the gene encoding vimentin in tumor tissue of
head and neck SCC patients
Groups of patients Level of VIM mRNA Total number

TABLE 5.

<063U >063U of patients
Lymph node metastasis
no 12 13 25
yes 9 10 19
Total number of patients 21 22 44
TABLE 6.

The expression levels of actin-binding protein genes in
tumor tissue of patients with laryngeal cancer depending
on the different expression activity of the gene encoding

vimentin

mRNA below 0.63 U above 0.63 U P

Me QI Q3 Me QI Q3 (U-test)
Fascin-1 012 003 026 173 0.68 7.02 0.02
Ezrin 052 0.02 348 405 0.09 17.03 0.07
Profilin-1  0.75 0.02 18.82 2.80 0.40 1491 0.21
Cofilin-1 116 0.14 26.29 1.89 0.08 554 0.18

CAP1 0.14 0.02 10.10 534 1.61 26.93 0.01
Note: a p-value is a significance level of differences (Mann—

Whitney U test), CAP1 - adenylyl cyclase-associated protein 1

those with stage T1-2N0-1MO0 (Table 4).
No significant changes in the gene ex-
pression levels depending on the tumor
grade and size were found.

Head and neck SCC patients were
divided into the groups with low VIM
mMRNA expression (below 0.63 U) and
high VIM expression in tumor tissue
(above 0.63 U) (Table 5).

High VIM mRNA levels were ob-
served in 10 head and neck SCC patients
with lymph node metastasis (N1-2) and
in 13 patients without metastasis. A simi-
lar distribution was observed in patients
with low VIM mRNA levels (Table 5).
Although VIM mRNA levels did not cor-
relate with the presence of lymph node
metastasis, their increase was associated
with a significant increase in CAP1 and
FSCN-1 expression. (Table 6).

It was found that at low VIM mRNA
levels (below 0.63 U), there was one
weak positive correlation between PFN1
and CFL1 mRNAs (r=0.4; p=0.04) (Fig.
2). While high VIM gene expression was
associated with an increase in the num-
ber and strength of correlations between
CFL1, PFNI1, FSCNI, and EZR mRNA
levels, the strength of correlations be-
tween the functional partners of CFLI
and PFNI1 increased almost twofold
(r=0.9; p=0.03).

The study showed that lymph node
metastasis in head and neck SCC did not
correlate directly with the expression of
the gene encoding vimentin. However an
increase in Vimentin mRNA was associ-
ated with a significant increase in PFN1
MRNA (Table 3). The correlation analy-
sis revealed that high vimentin mRNA
levels enhanced the positive relation-
ships between the mRNA levels of CFL1
and PFNI and contributed to a stronger
positive association between mRNA ex-
pressions of PEN1-FSCN1 — EZR. The
observation of multiple positive relation-
ships between vimentin and other protein
MRNA expression levels during cancer
metastasis supports the understanding that
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Vimentin mRNA level

7 %

Less than 0.63U

-=0.4; p=0.04
PFN1 [—2P7 " CFL1 PFN1

r=0.5;

ép> 0.05 e

FSCN1 ——@—— EZR
p> 0.05

Figure 2. Effect of vimentin mRNA level on co-expression of genes encoding

cytoskeletal proteins in head and neck SCC tissue.

Note: (—) Positive correlation; r — The Spearman’s rank correlation coef-

ficient; p — level of statistical significance.

vimentin acts as a key coordinator or “master regula-
tor” of an entire metastatic program, often through
indirect mechanisms.

DiscussioNn

Cytoskeletal proteins are known to not only
regulate cell motility but also participate in tran-
scription. There is evidence that proteins involved
in actin polymerization can migrate across the nu-
clear membrane. The cell nucleus contains mono-
meric actin, the amount of which depends on key
actin-binding proteins - profilin and cofilin. Nuclear
actin, regulated by actin-associated proteins, is in-
volved in transcription, RNA processing, apoptosis,
chromatin organization, nuclear membrane assem-
bly, and other nuclear effects on external signals.
[Kristo | et al, 2016; Mokin Y et al, 2024].

Our study demonstrated that high vimentin
mRNA levels correlated with elevated expression
of FSCN1 and CAP1 and contributed to a stron-
ger association between PFN1 u CFL1. Moreover,
a positive correlation was found between FSCN1
and EZR and PFNI1. Our results are consistent
with other recent studies, highlighting the co-ex-
pression and role of CAP1, PFNI1, and CFL1 in the
metastatic cascade [Coumans J et al, 2018; Joshi P
et al, 2018; Kolegova E et al, 2020].

We found a 16.8-fold decrease in ezrin mMRNA
expression between stages from T1-2N0-1MO0 and
T3-4N0-2MO, despite the low statistical signifi-
cance (p=0.5). Ezrin, a protein which links the cell
cytoskeleton, membrane, and extracellular ma-

Less than 0.63U

r=0.9; p=0.03

FSCN1 | —=pgz—=pp7 EZR

trix, is involved not only in cell
locomotion, but also in processes
such as adhesion, differentiation,
proliferation, signaling, blebbing,
and entosis [Buenaventura R et al,
2023; Li J et al, 2015; Hinojosa L
et al, 2017]. There is a significant
CFL1 amount of data indicating a link
between high ezrin levels and tu-
mor progression, including metas-
tasis [Buenaventura R et al, 2023;
Zhu Y et al, 2024]. Our results
obtained contradict the literature
data. To analyze the relationship
between EZR and tumor progres-
sion, it is likely necessary to take
into account the presence of mu-
tations in its gene, as well as the expression ac-
tivity of genes of the ERM (ezrin-radixin-moesin)
family [Michie K et al, 2019]. In addition, the de-
crease in ezrin expression may be associated with
a disruption of the adhesive properties of tumor
cells, which is important for invasion and metasta-
sis [Shevlyuk N et al, 2020]. The role of ezrin in the
processes of invasion, metastasis, progression and
drug resistance of tumors is still being studied both
in vivo and in vitro [Buenaventura R et al, 2023;
Zhu Y et al, 2024]

CONCLUSION

Our study has extended the knowledge of mo-
lecular genetic mechanisms of head and neck SCC
metastasis. Specific patterns in the correlations be-
tween the expression activity of genes encoding vi-
mentin and ABPs have been identified. The results
obtained indicate the activation of cytoskeletal re-
organization during head and neck SCC metastasis.
Cytoskeletal reorganization during any type of cel-
lular locomotor activity is known to be controlled
by various signaling systems. Therefore, further in
vitro studies are needed to more fully analyze pos-
sible mechanisms and confirm the obtained results.
These studies will expand our understanding of the
role of actin-binding proteins in head and neck SCC
progression. Nevertheless, the discovered relation-
ships may contribute to our general understanding
of cancer development and progression, which will
be useful in the development of new diagnostic
methods or therapeutic targets.

116



A

THE NEW ARMENIAN MEDICAL JOURNAL, Vol. 20 (2026), Is.1, p. 111-118

KAKURINA G.V. et al

REFERENCES

1.

Buenaventura RGM, Merlino G, Yu Y. (2023).
Ez-Metastasizing The Crucial Roles of Ez-
rin in Metastasis. Cells. 2023; 12(12):1620.
https://doi.org/10.3390/cells12121620

Chikina AS, Alexandrova AY. (2018). An In
Vitro System to Study the Mesenchymal-to-
Amoeboid Transition. Methods in molecular
biology (Clifton, N.J.). 2018; 1749: 21-27
https://doi.org/10.1007/978-1-4939-7701-7_3,

Coumans JVF, Davey RJ, and Moens PDJ.
(2018). Cofilin and profilin: partners in can-
cer aggressiveness. Biophys Rev. 2018; 10(5):
1323-1335. https://doi.org/10.1007/s12551-
018-0445-0

Coca-Pelaz, A., Hanna, E. Y., Guntinas-
Lichius, O., Kowalski, L. P., Rodrigo, J. P,,
Takes, R. P., Hamoir, M., de Bree, R., Civan-
tos, F. J., Robbins, K. T., Suarez, C., Sreeram,
M. P., Rao, K., & Ferlito, A. (2026). Lymph
Node Metastasis in Head and Neck Squamous
Cell Carcinoma: Evolving Prognostic Mark-
ers, Molecular Insights, and Implications for
Precision Staging. Diagnostics, 16(6), 855.
https://doi.org/10.3390/diagnostics16060855

Datta A, Deng S, Gopal V, Yap KC, Halim CE,
Lye ML, etal., (2021). Cytoskeletal Dynamics
in Epithelial-Mesenchymal Transition: Insights
into Therapeutic Targets for Cancer Metasta-
sis. Cancers (Basel). 2021 Apr 14;13(8):1882.
doi: 10.3390/cancers13081882.

Gaponova AV, Rodin S, Mazina AA, Volchkov
PV. (2020). Epithelial-mesenchymal transi-
tion: role in cancer progression and the per-
spectives of antitumor treatment. Acta Natu-
rae. 2020; 12(3): 4-23.

Hinojosa LS, Holst M, Baarlink C, Grosse
R. (2017). MRTF transcription and Ezrin-
dependent plasma membrane blebbing are re-
quired for entotic invasion. J Cell Biol. 2017;
216(10):3087-3095. https://doi.org/10.1083/
jcb.201702010

Joshi P, Riley DRJ, Khalil JS, Xiong H,
Ji W& Rivero F. (2018). The membrane-asso-
ciated fraction of cyclase associate protein 1
translocates to the cytosol upon platelet stimu-
lation. Sci Rep. 2018; 8: 10804, DOI:10.1038/
$41598-018-29151-w

9.

10.

11.

12.

13.

14.

15.

16.

Kakurina, G.V., Kondakova, l.V., Spirina,
L.V. Kolegova ES, Shashova EE, Cheremisina
OV et al. Expression of Genes Encoding Cell
Motility Proteins during Progression of Head
and Neck Squamous Cell Carcinoma. Bull Exp
Biol Med 166, 250-252 (2018). https://doi.
0rg/10.1007/s10517-018-4325-1

Kakurina GV, Kondakova 1V, Choinzonov EL.
(2016). Adenylyl Cyclase-Associated Pro-
tein 1 in the Development of Head and Neck
Squamous Cell Carcinomas. Bulletin of Ex-
perimental Diology and Medicine. 2016; 160:
695-697, https://doi.org/10.1007/s10517-016-
3252-2

Kalluri R, Weinberg RA. (2009). The basics
of epithelial-mesenchymal transition. J Clin
Invest. 2009; 119(6): 1420-1428. https://doi.
0rg/10.1172/JC139104.

Kolegova ES, Kakurina GV, Kostromitskiy
DN, Dobrodeev AY, Kondakova IV. (2020).
[Increases in mRNA and Protein Levels of the
Genes for the Actin-Binding Proteins Profilin,
Fascin, and Ezrin Promote Metastasis in Non-
Small Cell Lung Cancer]. Mol Biol (Mosk).
2020;54(2):285-292. Russian. doi: 10.31857/
50026898420020068.

Kristo I, Bajusz I, Bajusz C, Borkuti P, Vilmos
P. Actin, actin-binding proteins, and actin-re-
lated proteins in the nucleus. Histochem Cell
Biol. 2016 Apr;145(4):373-388. doi: 10.1007/
s00418-015-1400-9.

Li J, Wei K, Yu H, Jin D, Wang G, Yu B. (2015).
Prognostic Value of Ezrin in Various Cancers:
A Systematic Review and Updated Meta-anal-
ysis. Sci Rep. 2015; 5:17903. doi: 10.1038/
srepl17903.

Livak KJ, Schmittgen TD. (2001). Analysis of
relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T))
Method. Methods. 2001; 25(4): 402-408.
https://doi.org/10.1006/meth.2001.1262

Michie KA, Bermeister A, Robertson NO,
Goodchild SC, Curmi PMG. (2019). Two
Sides of the Coin: Ezrin/Radixin/Moesin and
Merlin Control Membrane Structure and Con-
tact Inhibition. Int J Mol Sci. 2019;20(8):1996.
https://doi.org/10.3390/ijms20081996

117



1 A

KAKURINA G.V. et al

THE NEW ARMENIAN MEDICAL JOURNAL, Vol.20 (2026), Is.1, p.111-118

17.

18.

19.

20.

21.

22.

23.

Mokin, Y.l., Povarova, O.l., Antifeeva, I.A. et
al. Bioinformatics Analysis of Actin Interac-
tome: Characterization of the Nuclear and
Cytoplasmic Actin-Binding Proteins. Protein J
43, 675-682 (2024). https://doi.org/10.1007/
$10930-024-10207-y

Morris HT & Machesky LM. (2015). Ac-
tin cytoskeletal control during epithelial to
mesenchymal transition: focus on the pan-
creas and intestinal tract. British Journal
of Cancer. 2015; 112: 613-620 https://doi.
0rg/10.1038/bjc.2014.658

Peltanova B, Raudenska M, and Masarik M.
(2019). Effect of tumor microenvironment on
pathogenesis of the head and neck squamous
cell carcinoma: a systematic review. Mol Can-
cer. 2019; 18: 63. https://doi.org/10.1186/
$12943-019-0983-5

Pimm ML, Hotaling J, Henty-Ridilla JL.
(2020). Profilin choreographs actin and mi-
crotubules in cells and cancer. Int Rev Cell
Mol Biol. 2020; 355:155-204. https://doi.
0rg/10.1016/bs.ircmb.2020.05.005

Romanenko 1G, Golubinskaya EP, Zyablitska-
ya EYu, Arakelyan K.A., Makalish T.P. (2021).
Mucous membrane of the oral mucosa on the
model of complications of high-dose radiation
and cytostatic cancer therapy of the oropha-
ryngeal region. The New Armenian Medical
Journal. 2021; | (15): 19-26

Santamaria PG, Moreno-Bueno G, Portillo F,
and Cano A. (2017). EMT: Present and future
in clinical oncology. Mol Oncol. 2017; 11(7):
718-738. doi:10.1002/1878-0261.12091

Sharma P, Alsharif S, Fallatah A, Chung BM.
(2019). Intermediate Filaments as Effec-

24,

25.

27.

28.

tors of Cancer Development and Metastasis:
A Focus on Keratins, Vimentin, and Nestin.
Cells. 2019; 8(5):497. https://doi.org/10.3390/
cells8050497

Shevlyuk NN, Khalikova LV, Khalikov AA, Ba-
keev MR, Lipatov DO, Mustafin RN (2020).
Participation of adhesion molecules in chang-
ing cell interactions during metastasis devel-
opment. Genes & Cells. 2020;15(4): 27-32.
DOI: 10.23868/202012004

Suzuki T, Conant A, Curow C, Alexander A,
loffe Y, Unternaehrer JJ. (2023). Role of ep-
ithelial-mesenchymal transition factor SNAI1
and its targets in ovarian cancer aggressive-
ness. J Cancer Metastasis Treat. 2023;9:25.
doi: 10.20517/2394-4722.2023.34.

. Yang J, Antin P, Berx G, BlanpainC, Brabletz

T, Bronner M et al. (2020). Guidelines and
definitions for research on epithelial-mes-
enchymal transition. Nat Rev Mol Cell Biol.
2020; 21: 341-352 https://doi.org/10.1038/
s41580-020-0237-9

Zhu Y, Zhang X, Chen Y, Liu Q, Yang J, Fan
X, Song H, Cheng Z, Liu S. (2024). Ezrin’s
role in gastric cancer progression: Implica-
tions for immune microenvironment modula-
tion and therapeutic potential. Heliyon. 2024
10(5):e27155. doi: 10.1016/j.heliyon.2024.
e27155.

Zhang Y, Liang B, Dong H. (2018). Expres-
sion of fascin-1 protein in cancer tissues of
patients with nonsmall cell lung cancer and
its relevance to patients’ clinicopathologic
features and prognosis. J Cancer Res Ther.
2018; 14(4):856-859. DOI: 10.4103/jcrt.
JCRT_732_17

118



1 A

THE NEW ARMENIAN MEDICAL JOURNAL =

Volume20 (2026). Issue 1 e

@

CONTENTS

4. ZILFYAN A.V., AVAGYAN S.A., MURADYAN A.A.
HOW EFFECTIVE IS OUR “UNIVERSAL” RECEPTOR SYSTEM?

20. BARKHUDARYAN A. L., CHILINGARYAN A. L., Tunyan L. G.

THE CURRENT STATE OF KNOWLEDGE ON THE MANAGEMENT OF ISCHEMIC

HEART DISEASE IN PATIENTS WITH CANCER

34. HARUTYUNYAN A. A., CHOPIKYAN A. S., GYULAZYAN N. M., MKHITARIAN M. H., SARGSYAN L. G.,

TADEVOSYAN A. E.

FUNCTIONING OF MEDICAL INSTITUTIONS IN YEREVAN AND THE REGIONS OF

ARMENIA DURING THE COVID-19 PANDEMIC

41. TADEVOSYAN A. E., GYULAZYAN N. M., GHAZARYAN A.G., HOVHANNISYAN A.H., KARAPETYAN A.G,

CHOPIKYAN A.S., HARUTYUNYAN A.A., MANUKYAN R.G., SARGSYAN L.G., MURADYAN A.A.

SIGNIFICANCE OF SARS-COV-2 PCR POSITIVE AND NEGATIVE RESULTS IN THE

CLINICAL COURSE AND LABORATORY PARAMETERS OF COVID-19
50. AMrR M.A.M., EL-SAYED MOHAMMAD H., ZAKI N.F., SOLIMAN A.A.A., AROCKIASAMY A.P.R.

COGNITIVE PROFILES OF CHILDREN WITH ENCOPRESIS: INSIGHTS FROM THE

STANFORD-BINET TEST
59. AJpARI A., GHAEMI M.R., HOOSHMAND H., RADVAR M.

EPIDEMIOLOGICAL CHARACTERISTICS AND COMORBIDITIES IN CHILDREN

WITH ASTHMA

67. ALam A.R., MUSTARI M.N., LATIEF J., RASJAD C., BAUSAT A., ZAINUDDIN A.A., PRIHANTONO P.,

FArRuk M.

RELATIONSHIP BETWEEN SERUM TESTOSTERONE AND OSTEOPOROSIS IN

OLDER MEN: A CROSS-SECTIONAL STUDY

74. HOVHANNISYAN A.H., MANUKYAN S.G., MKHITARYAN S.L., KHACHATRYAN S.H., GYuLAZYAN N.M.,

Asoyan V. A.

MULTIFOCAL OSTEOARTICULAR BRUCELLOSIS: A RARE CASE OF SPONDYLO-

DISCITIS, VERTEBRAL ABSCESS, AND KNEE ARTHRITIS
81. KREICBERGA 1., REZEBERGA D., MiIskova A., VARDANYAN R., ARBUzOVS G., TERvVIDS T.

COMPARISON OF RADIANT HEAT FLUX FROM A LARGE-SURFACE AND CON-
VENTIONAL NEONATAL WARMER USING STANDARDIZED BLACK BODY

PLACEMENT
90. KREIcBERGA I., REZEBERGA D., Miskova A., VARDANYAN R., ARBuzoVS G., TERvIDS T.

COMPARISON OF THERMAL CONDITIONS UNDER A COMMERCIAL NEONATAL
RADIANT WARMER AND A NEWLY DEVELOPED LARGE-SURFACE RADIANT

WARMER
102. TANASHYAN M.M., RASKURAZHEV A.A., KUZNETSOVA P.I., SHABALINA A.A., PIRADOV M. A.

ASPIRIN RESISTANCE IN PATIENTS WITH CEREBRAL ATHEROSCLEROSIS: POS-

SIBLE ROLE OF MICRORNAS

111. KAKURINA G.V., SEREDA E.E., CHEREMISINA O.V., SIDENKO E.A., YUNUsSOva N.V., KORSHUNOV

D.A., Konpakova LV., CHOyNzoNoOV E.L.

THE RELATIONSHIP BETWEEN THE EXPRESSION ACTIVITY OF GENES ENCODING
VIMENTIN AND ACTIN-BINDING PROTEINS IN PATIENTS WITH SQUAMOUS CELL

CARCINOMA OF THE HEAD AND NECK WITH LYMPHOGENOUS METASTASIS.
119. ALUBAIDI G.T. (LETTER TO THE EDITOR)

NIPAH VIRUS PROPOSED VACCINES: ARE WE PREPARED FOR THE EXPECTED

PANDEMIC?



MINVERSIT?

EDICA

5 -

AT

T =N )

W

AT

PLUEBEI

FIL

THE NEW ARMENIAN MEDICAL JOURNAL
Volume 20 (2026) Issue 1

The Journal is founded by
Yerevan State Medical
University after M. Heratsi.

. Rector of YSMU

Armen A. MURADYAN

Address for correspondence:

Yerevan State Medical University
2 Koryun Street, Yerevan 0025,
Republic of Armenia

Phones:

(+37410) 582532 YSMU

(+37493) 588697 Editor-in-Chief

Fax: (+37410) 582532
E-mail:namj.ysmu@gmail.com, ysmiu@mail.ru
URL:http//mwww.ysmu.am

Our journal is registered in the databases of Scopus, EBSCO
and Thomson Reuters (in the registration process)

EBSCO

Scorus EBSCO THE GUFO

Print in "Monoprint" LLC
Director: Armen Armenakyan
Andraniks St., 96/8 Bulding
Yerevan, 0064, Armenia
Phone: (+37491) 40 25 86
E-mail: monoprintl@mail.ru

TheGufo is an online database platform designed to help researchers
publish and share their scientific work on a global scale. Our company was
founded to address the need for anaffordable and user-friendly platform that
removes many of the barriers traditionally imposed bythe publishing industry.

All scientific work published through TheGufo complies with Creative
Commons 4.0 and other recognized standards to ensure authenticity, proper
referencing, and academic integrity. Each submission undergoes a detailed
peer-review process prior to publication.

Our mission is to provide researchers worldwide with a professional,
accessible, and cost-effective platform to share both new and existing work
with their peers. To further encourage participation, we also offer special
promotional programs for academic institutions.

Dear reader, to access our website, please follow the link below

https://thegufo.com/ https:/

Editor-in-Chief
Arto V. ZiLryan (Yerevan, Armenia)
Deputy Editors

Hovhannes M. ManvELYAN (Yerevan, Armenia)
Hamayak S. Sisakyan (Yerevan, Armenia)
Executive Secretary
Stepan A. Avacran (Yerevan, Armenia)
Editorial Board
Armen A. Murapyan (Yerevan, Armenia)
Drastamat N. KHuDpAvERDYAN (Yerevan, Armenia)
Suren A. STEPANYAN (Yerevan, Armenia)
Foregin Members of the Editorial Board
Waleed GHaNima (Oslo, Norwey)
Carsten N. Gutt (Memmingen, GERMAY)
Ming-Hua Zuene (Wenzhou, China)
Coordinating Editor (for this number)
Farzad Karimpour (Yasuj, IR Iran)
Editorial Advisory Council
Vahe Yu. Azaryan (Yerevan, Armenia)
Ara S. BaBLoyan (Yerevan, Armenia)
Ines Bansarr (Osijek, Croatia)
Azat A. ENGiBARYAN (Yerevan, Armenia)
Mahdi EsmateiLzaper (Mashhad, IR Iran)
Ruben V. FanarJvan (Yerevan, Armenia)
Gabriele FrRaGgasso (Milano, Italy)
Samvel G. GaLsTyan (Yerevan, Armenia)
Armen Dz. HamBarpzUMYAN (Yerevan, Armenia)
Airazat M. Kazaryan (Oslo, Norwey)
Seyran P. KocHaRryan (Yerevan, Armenia)
Levon M. MkrrcHYaN (Yerevan, Armenia)
Ashot M. MkrTumyaN (MoscowRussia)
Mariam R Movsisyan (Gumri, Armenia)
Mikhail Z. Narimanyan (Yerevan, Armenia)
Sevak SHaAHBAZYAN (Yerevan, Armenia)
Arthur K. SHUukURYAN (Yerevan, Armenia)
Gevorg N. Tamamyan (Yerevan, Armenia)
Marine M. TanasHyan (Moscow, Russia)
Hakob V. TopcHyan (Yerevan, Armenia)
Alexander Woobpman (London, England)
Konstantin B. YENkoyan (Yerevan, Armenia)
Yumei Nrv (Harbin, China)
Peijun Wane (Harbin, Chine)





