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Abstract: Relevance. Head and neck squamous cell cancer (HNSCC) accounts for about 890,000 new cases of malignant
neoplasms (approximately 4.5% of all diagnosed cancer cases worldwide) and 450,000 deaths per year. Even with radical antitumor
treatment, more than 40-50% of patients develop relapse, 20-30% of them develop distant metastases, and the five-year survival
rate in advanced cases is 25%. Patients with recurrent HNSCC have an unfavorable clinical prognosis with a median overall
survival of about 12 months. A high recurrence rate indicates the possible existence of a “source” of tumor cells, which may
be located near the primary tumor, namely in the peritumoral tissue, which necessitates its study. The aim of the study was to
compare the structure and expression of genes in the tumor and peritumoral tissues of HNSCC. Materials and methods. Biopsy
material of tumor and peritumoral (located at a distance of 2 cm from the tumor border) tissues was obtained from 35 patients
with HNSCC. Biopsies were examined by histological method, then the levels of mRNA expression of EGFR, PIK3CA, PTEN,
YAP, SLC26A6, ARIH2, UBE2Z, PITX1 genes were determined by real-time polymerase chain reaction in samples of tumor tissue
and peritumoral region. The RNA Solo kit was used for RNA isolation, and the MMLV RT Kit (Evrogen, Russia) was used for
reverse transcription. The amplification reaction with real-time detection was performed on a Real-Time DTprime amplifier (DNA
Technology, Russia). Results and discussion. All tumor samples, regardless of anatomical localization, exhibited characteristic
morphological features of squamous cell carcinoma. The peritumoral specimens represented visually unchanged tissue with
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preserved epithelial architecture. The expression of EGFR and PIK3CA genes was higher in tumor tissue samples, while PITX1
expression was higher in peritumoral tissue samples. Conclusion. Increased expression of EGFR and PIK3CA genes in tumor
tissue confirms the activation of signaling pathways associated with tumor cell proliferation, survival, and disease progression.
In contrast, the higher expression of the putative tumor suppressor gene PITX1 in peritumoral tissue suggests the preservation
of regulatory mechanisms limiting malignant transformation outside the tumor focus.
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Funding. This work was supported by the tripartite agreement of the Russian Science Foundation Ne 24-24-00296 dated 29.12.2023
on the project “The effect of proton therapy on the molecular portrait of the microenvironment of head and neck tumors” of
the competition 2023 “Conducting basic scientific research and search scientific research by small individual scientific groups”
between RSCF, Lokhonina A.V. and RUDN.

Author contributions. Jumaniyazova E.D. — the concept and design of the study, analysis of the data obtained, writing
the text; Arutyunyan I.V. — the concept and design of the study, processing of the material and conducting the experiment;
Soboleva A.G. — processing of the material and conducting the experiment, analysis of the data obtained; Gulieva M.A. — writing
the text; Vishnyakova P.A. — text editing, analysis of the data obtained; Lokhonina A.V. —responsible for document management;
Makarov A.V. — text editing; Gordon K.B. — collection of clinical material. All authors made a substantial contribution to the
study and writing the manuscript, read and approved the final version before publication.

Conflicts of interest statement. The authors declare that there are no obvious or potential conflicts of interest related to the
publication of this article.

Ethics approval. The study was approved by the Independent Ethics Committee (Protocol No. 634 dated 11/17/2021, Protocol
No. 684 dated 03/02/2022).

Acknowledgements — not applicable.
Consent for publication. All patients signed an informed consent to participate in the study.

Received 10.06.2025. Accepted 01.07.2025.

For citation: Jumaniyazova ED, Arutyunyan IV, Soboleva AG, Gulieva MA, Vishnyakova PA, Lokhonina AV, Makarov AV,
Gordon KB. Comparative characteristics of the molecular biological portrait of the head and neck squamous cell carcinoma
tumor and peritumoral tissue. RUDN Journal of Medicine. 2026;30(3):314-327. doi: 10.22363/2313-0245-2026-30-3-314-327
EDN: KBUNAB

Introduction

The most common morphological form of tumors
of the head and neck is squamous cell carcinoma.
According to data published by GLOBOCAN (2020),
head and neck squamous cell carcinoma (HNSCC)
ranks sixth in prevalence among other types of
malignant neoplasms in the world. According to current
data, HNSCC accounts for an estimated 890 000
incident cases of malignant neoplasms per annum,
corresponding to approximately 4.5% of the global
incidence of diagnosed cancers, and approximately
450000 cancer-related deaths annually [1]. This type of

CELL BIOLOGY

cancer is more common in adults over 50 years of age,
with a male-dominated gender ratio (the ratio of men to
women is approximately 2:1) [2]. To date, the increase
in the incidence of acute respiratory viral infections
among young able-bodied people has become
socially significant. The main generally recognized
etiological factors are tobacco smoking, alcohol
consumption, infection with human papillomavirus
(HPV) or Epstein-Barr virus (EBV), as well as betel
chewing, common among the peoples of Southeast
Asia. Clinically, HNSCC is characterized by late
diagnosis, aggressive course, locally widespread
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growth pattern, and frequent relapses [3]. The lack of
screening leads to late diagnosis, complex anatomical
localization complicates the radical surgical stage
of treatment, and the proximity of critical structures
leads to complications during RT. In the early stages
of HNSCC (stages I and II), surgical treatment and RT
are highly effective, with one- and two-year survival
rates of 88.7 and 79.8%, respectively [4]. However,
more than half of the patients (approximately 2/3 of
the patients) already have a locally advanced form of
the disease (stages III and I'V) at the time of diagnosis,
which is a prognostically unfavorable factor. Even
with radical antitumor treatment, more than 40-50%
of patients develop relapse, 20-30% of them develop
distant metastases [5, 6], and the overall five-year
survival rate is 25%. Patients with recurrent HNSCC
have an unfavorable clinical prognosis with a median
overall survival of about 12 months [7]. It was shown
that in the most unfavorable cohort of patients (with
a low—grade tumor negative for HPV type 16), the
recurrence rate in the first six months after treatment
is 50.6%, within 1 year — 72.5%, within 2 years —
88.6%. Such statistical data indicate the possible
existence of a source of preserved or, conversely,
induced by the therapeutic effect of tumor cells,
which may be located near the localization of the
primary tumor, namely, in the peritumoral tissue,
which necessitates its study.

The aim of our study was to compare the structure
and expression of genes in the tumor and peritumoral
tissues of squamous cell carcinoma of the head and neck.

Based on a literature review, genes were selected
that play a key role in tumor progression, including
long-known regulators of tumor progression, as well as
genes whose role in tumor growth has become known
relatively recently.

Materials and methods

Characteristics of the biomaterial

The biopsy material of the tumor and peritumoral
tissue (located at a distance of 2 cm from the tumor
border) of the patients was obtained from the A. Tsyb
Medical Radiological Research Center (MRSC). During
the study, biomaterials from 35 patients obtained
during the surgical stage of treatment were analyzed,
information about patients is presented in the Table 1.

Biomaterial was obtained from patients meeting
the following criteria:

1. Men and women over the age of 18.

2. Morphologically or radiologically verified
diagnosis of squamous cell carcinoma in the head and
neck (C00-C14, C30-C33).

3. General condition on the Karnovsky scale of at
least 70 points.

4. Informed consent to participate in the study.

Table 1
General characteristics of patients

Parameters Patients n, %

Total quantity 35(100%)
Gender
Men 22 (62.8%)
Women 13 (37.1%)
Age (years)
Median 57.3
Range 19-83
Grade of malignancy

G1 25 (71.4.4%)
G2 8(22.8.8%)
G3 2(5.7.7%)
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Ending tabl. 1

Parameters Patients n, %
Keratinization

Keratinizing 17 (48.57%)

Non-keratinizing 18 (51.4%)
T stage

1 3 (8.57%)

2 15 (42.8%)

3 10 (28.5%)

4 7 (20%)
N stage

0 9 (25.7%)

1 18 (51.4%)

2 8 (22.8%)
M stage

0 22 (62.8%)

1 13 (37.2%)

Localization

Oral cavity 15 (42.8%)

Tongue 8 (22.8%)

Larynx 10 (28.5%)

Maxillary sinus 2 (5.7%)

Primary processing of the received material

The material was thoroughly washed from
possible contaminating agents in a phosphate-salt
buffer containing 0.02% EDTA (Versin solution), then
in a phosphate-salt buffer containing 1x antibiotic-
antimycotic, then in a phosphate-salt buffer or Hanks
solution without additives. In each solution, the tissue
was washed 3 times. Then the material was divided
into 2 unequal parts: the fragment was preserved in
RNAlater solution for subsequent PCR-RT and stored
at—80°C until the study, the rest of the tissue was used
for morphological examination.

Morphological examination

To verify the diagnosis of squamous cell carcinoma,
a histological examination of the obtained tissue samples
(tumor and peritumoral) was performed. Unfixed
tissue samples were transferred to a foil mold filled
with Tissue-Tek O.C.T. Compound (Sakura Finetek),
frozen at—80 °C until the mounting medium completely
solidified, then stored at —20 °C until use. Cryosections

CELL BIOLOGY

with a thickness of 5 microns were made using a Leica
CM1200 cryotome using Super Frost Gold (Menzel)
glasses and dried at room temperature for 1 hour. For
routine histological examination, cryosections were
stained with hematoxylin and eosin, dehydrated in
standard wiring, and enclosed in a mounting medium
(Biovitrum). The survey was carried out using a Leica
DM 4000 B direct microscope.

PCR-RT

The levels of mRNA expression of EGFR, PIK3CA,
PTEN, YAP, SLC26A6, ARIH2, UBE2Z, and PITX1
genes were determined using real-time polymerase chain
reaction in samples of tumor tissue and the peritumoral
region (Table 2). The RNA Solo kit was used for RNA
isolation, and the MMLV RT Kit (Evrogen, Russia)
was used for reverse transcription. The amplification
reaction with real-time detection was performed on
a Real-Time DTprime amplifier (DNA Technology,
Russia). The relative mRNA concentration of these
genes was calculated by direct data comparison using
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the formula: [A]0/[B]O = E DC(T), where [A]O is the
initial concentration of the gene's mRNA in the PCR
mixture, [B]0 is the initial concentration of GAPDH

mRNA in the PCR mixture, E is the reaction efficiency
(assumed to be 1.98), DC(T) is the difference between
the threshold cycles of GAPDH and the desired gene.

Table 2
Sequences of used primers
Gene Sequence

Forward GCACCGTCAAGGCTGAGAAC
GAPDH

Reverse TGGTGAAGACGCCAGTGGA

Forward CCCCCTGACTCCGTCCAGTA
EGFR

Reverse CCCAACTGCGTGAGCTTGTT

Forward TTCCGGGGGATTGTAGGCTC
PIK3CA

Reverse TTCCGGGGGATTGTAGGCTC

Forward CAGCAACTCCAACCAGCAGC
YAP

Reverse CAGCAACTCCAACCAGCAGC

Forward AGACAGCCAGAGATGCTGCC
SLC26A6

Reverse GTAGGTGACCACGAAGCCGA

Forward CGGCACGAGACCATCAGAGT
UBE2Z

Reverse TGGTAGTCAAAGTGGCCCCG

Forward CCCAGTCAGAGGCGCTATGT
PTEN

Reverse CCCAGTCAGAGGCGCTATGT

Forward CCTTCCAGGTGTTTCCCTGTT
TIMP1

Reverse CCTTCCAGGTGTTTCCCTGTT

Forward GACCCACAAGGAGATTGGGG
TIMP2

Reverse GACCCACAAGGAGATTGGGG

Forward AACCGCTACCCCGACATGAG
PITX1

Reverse CTGCACTAGGCCGCTGAACT

Statistical methods
The statistical analysis of the obtained data was
carried out in the Statistica 8.0 program, using the Shapiro
— Wilk test to assess the normality of the distribution,
the Mann — Whitney criteria and the t-test for pairwise
comparison. The differences were considered statistically
significant at a significance level of p<0.05.

Results and discussion

In all the presented samples of tumor tissue,
extensive invasion of tumor cells into their own
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plate of the mucous membrane was noted, and the
integrity of the basement membrane was disrupted
(Figure 1, 2). Histological preparations stained
with hematoxylin and eosin revealed a pattern
characteristic of squamous cell carcinoma: abundant
invasive growth of tumor cells into the underlying
tissues in the form of rounded clusters, strands
or individual cells. Normal architectonics were
preserved in the peritumoral tissue samples: the
multilayer epithelium is separated from its own plate
of the mucous membrane by a preserved basement
membrane (Figure 1, 2).
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Figure 1. Squamous cell carcinoma of the larynx: tumor (a) and peritumoral (b) tissues. Hematoxylin and eosin staining.
Light-field microscopy. The length of the scale segment is 100 microns and 50 microns
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Figure 2. Squamous cell carcinoma of the tongue: tumor (a) and peritumoral (b) tissues. Hematoxylin and eosin staining.

Light-field microscopy. The length of the scale segment is 100 microns and 50 microns
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The levels of mRNA expression of the PTEN,
TIMP1, TIMP2, YAP, PIK3CA, EGFR, ARIH2,
SLC26A6, UBE2Z, and PITX1 genes were evaluated
using real-time polymerase chain reaction in tumor
tissue and peritumoral tissue samples.

PTEN is a tumor suppressor gene that regulates
the cell cycle and apoptosis by modulating the PI3K-
PKB/Akt signaling pathway. Approximately 30% of
cases of HNSCC have decreased PTEN expression.

PTEN
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Moreover, the lack of PTEN expression often leads
to the development of aggressive tumors and is
associated with low disease-free and overall survival
of patients [8, 9].

YAP is a transcriptional coactivator of genes
involved in growth and tumor formation. Increased
YAP expression is associated with an unfavorable
prognosis of HNSCC and resistance to chemo and
radiotherapy [10] (Figure 3).

YAP
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Figure 3. The level of relative expression of the PTEN, YAP genes in tumor and peritumoral tissues

Tissue metalloproteinase inhibitors (TIMPs) block the activity of

matrix metalloproteinases, which leads to suppression of tumor

progression [11], but their role in HNSCC is controversial. There was no significant difference in the expression of these genes

in the samples of tumor and peritum
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Figure 4. The level of relative expression of the TIMP

oral tissues studied by us (Figure 4).
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1 and TIMP2 genes in tumor and peritumoral tissues

PIK3CA is one of the most frequently mutating oncogenes in PRGS: mutations were detected in 13.7% of cases (TCGA,
Firehose Legacy). PIK3CA encodes p110a, a Class TA PI3K catalytic subunit. With abnormal activation, PI3K stimulates several

downstream signaling cascades, which leads to uncontroll

CELL BIOLOGY

ed proliferation, survival, and migration of tumor cells [12].
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We found that the expression level of the epidermal
growth factor receptor (EGFR) is significantly higher
in tumor tissue than in peritumoral tissue (Figure 5).
EGFR is overexpressed in more than 90% of cases of
HNSCQC, and its increased expression correlates with
an unfavorable outcome in patients [13]. Binding of
ligands to EGFR leads to a conformational change in

PIK3CA
0.06

*

0.04+

0.02+

Relzative expression

T T
peritumor tumor

Relative expression

the receptor, followed by autoactivation of tyrosine
kinase from the intracellular domain of the receptor.
This process activates the intracellular signaling
pathway, which leads to inhibition of apoptosis,
activation of cell proliferation and angiogenesis, as
well as to an increase in the potential for metastatic
spread [14].

0.04+
0.03-
0.02

0.01+

0.00

-0.01 T T
peritumor tumor

Figure 5. The level of relative expression of PIK3CA and EGFR genes in tumor and peritumoral tissues

Note: *—p < 0.05

The ARIH2 gene is expressed everywhere,
demonstrating the highest levels of expression in
granulocytes [15]. Ubiquitin-protein ligase E3, encoded
by the ARIH2 gene, catalyzes the ubiquitination of
target proteins and plays a key role in posttranslational
modifications in various cellular processes. ARIH?2 is
involved in DNA repair under genotoxic stress [16].

The family of solute carrier proteins 26 (SLC26)
includes multifunctional transporters of substrates,
including oxalate, sulfate, and chloride, and plays an
important role in the physiology and pathophysiology
of the kidneys [17]. One of the members of this family,
SLC26AS6, is of particular interest because it has some
non-canonical properties. For example, it has recently
been demonstrated that SLC26A6 acts as an oncogene
in hepatocellular carcinoma [18] and lung cancer [19].
In the studied samples, the expression levels of the
ARIH?2 and SLC26A6 genes were approximately the
same in the tumor and peritumoral tissues (Figure 6).

Ubiquitination is one of the types of protein
modification that modulates many cellular signaling
processes, including DNA repair, transcription, cell
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membrane receptor recycling, intracellular transport,
endocytosis, angiogenesis, and inflammatory
signaling [20]. Ubiquitination occurs as a result of
the joint work of three types of enzymes: ubiquitin-
activating enzymes (E1), ubiquitin-conjugating
enzymes (E2) and ubiquitin ligases (E3), respectively
(Upregulation of ubiquitin-conjugating enzyme E2Z
is associated with human hepatocellular carcinoma).
More and more studies show that most of the enzymes
involved in ubiquitination play a significant role in the
development of tumors [21]. Paired homeodomain
transcription factor 1 (PITX1), also known as pituitary
homeobox 1 (Ptx1), refers to highly conserved
homeobox genes that encode sequence-specific
transcription factors (SSTFS) that are involved in
osteogenesis [22]. It is assumed that PITX1 can act as
a tumor suppressor gene and a potential biomarker for
predicting the chemoresistance of tumor stem cells of
HNSCC [23]. In our study, a decrease in the expression
of this gene was noted in the samples of the tumor
tissue of the HNSCC, compared with the tissue of the
peritumoral region (Figure 7).
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Figure 6. The level of relative expression of the ARIH2, SLC26A6 genes in tumor and peritumoral tissues
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Figure 7. The level of relative expression of the UBE2Z and PITX1 genes in tumor and peritumoral tissues

Note: *—p < 0.05

Conclusion

Increased expression of EGFR and PIK3CA genes
in tumor tissue confirms the activation of signaling
pathways associated with tumor cell proliferation,
survival, and progression. In contrast, the higher
expression of the putative tumor suppressor gene
PITX1 in peritumoral tissue suggests the preservation
of regulatory mechanisms limiting malignant
transformation outside the tumor focus.

CELL BIOLOGY

The obtained results emphasize the importance
of studying not only the tumor itself but also its
surrounding peritumoral microenvironment, which
may contribute to disease progression and recurrence.
The identified molecular markers can be considered
promising candidates for further studies aimed at
improving prognostic assessment, identifying patients
at high risk of relapse, and developing personalized
therapeutic strategies for HNSCC.

323



Jumaniyazova E.D. et al.

Bectnuk PYJH. Cepusa: Mengnumna. 2026. T. 30. Ne 3

Reference/Cnucok nutepartypbl

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
Bray F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for
clinicians. 2021;71(3):209-249. doi: 10.3322/caac.21660

2. Barsouk A, AluruJ S, Rawla P, Saginala K, Barsouk A. Epidemiology,
risk factors, and prevention of head and neck squamous cell carcinoma. Medical
Sciences. 2023;11(2):42. doi: 10.3390/medsci11020042

3. Jumaniyazova ED, Sentyabreva AV, Kosyreva AM, Lokhonina AV.
Molecular genetic signatures of head and neck squamous cell carcinoma and
their changes induced by proton irradiation. RUDN Journal of Medicine.
2024;28(4):413-426. doi: 10.22363/2313-0245-2024-28-4-413-426

4. Eden D, Ghose A, Moschetta M, Perez-Fidalgo J A, Rassy E,
Boussios S. Immunotherapy combined with standard therapies in head
and neck squamous cell carcinoma—a meta-analysis. Anticancer Research.
2024;44(3):861-878. doi: 10.21873/anticanres.16880

5. Machiels J P, Leemans C R, Golusinski W, Grau C, Licitra L,
Gregoire V. Squamous cell carcinoma of the oral cavity, larynx, oropharynx
and hypopharynx: EHNS-ESMO-ESTRO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Annals of Oncology. 2020;31(11):1462-1475.
doi: 10.1016/j.annonc.2020.07.011

6. Ionna F, Bossi P, Guida A, Alberti A, Muto P, Salzano G,
Perri F. Recurrent/metastatic squamous cell carcinoma of the head and neck:
a big and intriguing challenge which may be resolved by integrated treatments
combining locoregional and systemic therapies. Cancers. 2021;13(10):2371.
doi: 10.3390/cancers13102371

7. Samra B, Tam E, Baseri B, Shapira I. Checkpoint inhibitors in head
and neck cancer: current knowledge and perspectives. Journal of Investigative
Medicine. 2018;66(7):1023-1030. doi: 10.1136/jim-2018-000743

8. Squarize CH, Castilho RM, Abrahao A C, Molinolo A, Lingen MW,
Gutkind JSL. PTEN deficiency contributes to the development and progression of
head and neck cancer. Neoplasia. 2013;15(5):461-471. doi: 10.1593/ne0.121024

9. Vidotto T, Melo CM, Castelli E, Koti M, Dos Reis RB, Squire JA.
Emerging role of PTEN loss in evasion of the immune response to tumours.
British journal of cancer. 2020;122(12):1732-1743. doi: 10.1038/s41416—
020-0834-6

10. Segrelles C, Paramio JM, Lorz C. The transcriptional co-activator
YAP: A new player in head and neck cancer. Oral Oncology. 2018;86:25-32.
doi: 10.1016/j.oraloncology.2018.08.020

11. Abdel-Hamid N M, Abass S A. Matrix metalloproteinase contribution
in management of cancer proliferation, metastasis and drug targeting. Molecular
biology reports. 2021;48(9):6525-6538. doi: 10.1007/s11033-021-06635-z

324

12. Vanhaesebroeck B, Stephens L, Hawkins P. PI3K signalling: the
path to discovery and understanding. Nature reviews Molecular cell biology.
2012;13(3):195-203. doi: 10.1038/nrm3290

13. Rothenberg SM, Ellisen LW. The molecular pathogenesis of head
and neck squamous cell carcinoma. The Journal of clinical investigation.
2012;122(6):1951-1957. doi: 10.1172/JCI59889

14. Hong Y, He J, Deng D, Liu Q, Zu X, ShenY. Targeting kinases
that regulate programmed cell death: a new therapeutic strategy for breast
cancer. Journal of Translational Medicine. 2025;23(1):439. doi: 10.1186/
$12967-025-06367-9.

15. Vinci M, Treccarichi S, Galati Rando R, Musumeci A, Todaro V,
Federico CaliF. A de novo ARIH2 gene mutation was detected in a patient
with autism spectrum disorders and intellectual disability. Scientific Reports.
2024;14(1):15848. doi: 10.1038/s41598-024—66475-2

16. Von Stechow L, Typas D, Carreras Puigvert J, Oort L, Siddappa R,
Pines A Danen EH. The E3 ubiquitin ligase ARIH1 protects against genotoxic
stress by initiating a 4EHP-mediated mRNA translation arrest. Molecular and
cellular biology. 2015; 35(7): 1254-1268. doi: 10.1128/mcb.01152-14

17. LiJ, Huang S, Liu S, Liao X, Yan S, Liu Q. SLC26 family: a new
insight for kidney stone disease. Frontiers in Physiology. 2023;14:1118342.
doi: 10.3389/fphys.2023.1118342

18. Cao J, Wang P, Chen J, He X. Systemic characterization of the SLC
family genes reveals SLC26A6 as a novel oncogene in hepatocellular carcinoma.
Translational Cancer Research. 2021;10(6):2882. doi: 10.21037/tcr-20-1751

19. Lee D, Lee P C, Hong JH, Shin DM. Estrogen treatment reduced
oxalate transporting activity and enhanced migration through the involvement
of SLC26A6 in lung cancer cells. Toxicology in Vitro. 2023;82:105373. doi:
10.1016/j.tiv.2022.105373

20. Bui QT, Hong JH, Kwak M, Lee JY, Lee PCW. Ubiquitin-conjugating
enzymes in cancer. Cells. 2021;10(6): 1383. doi: 10.3390/cells10061383.

21. Shi X, Wang B, Chen X, Zheng Y, Ding Y, Wang C. Upregulation of
ubiquitin-conjugating enzyme E2Z is associated with human hepatocellular
carcinoma. Biochemical and Biophysical Research Communications.
2020;523(1):25-32. doi: 10.1016/j.bbrc.2019.11.170

22. Kioussi C, Shih H P, Loflin J, Gross MK. Prediction of active nodes
in the transcriptional network of neural tube patterning. Proceedings of the
National Academy of Sciences. 2006;103(49):18621-18626. doi: 10.1073/
pnas.0609055103

23. Takenobu M, Osaki M, Fujiwara K, Fukuhara T, Kitano H, Kugoh H,
Okada F. PITX1 is a novel predictor of the response to chemotherapy in
head and neck squamous cell carcinoma. Molecular and Clinical Oncology.
2016;5(1):89-94. doi: 10.3892/mc0.2016.880

KJTETOYHAA BOJ10T A



Jumaniyazova ED et al. RUDN Journal of Medicine. 2026;30(3)

CpaBHUTeNIbHasA XapaKTepUCTUKa MOJIEKYISIPHO-6U010rMYecKoro
nopTpeTa onyxosnieBon U NepuTyMopasibHON TKaHeH
NJIOCKOKJIETOYHOr0o paka rosioBbl 1 LLeun

9./. )xymanus3zoBa' ™ n.B. ApyTtionsan®? =, A.I. Codonea’? ', IL.A. BumnsakoBa3
M.A.T'yimeBa' =, Jloxonnna A.B.! ', A.B. Makapos"* ', K.b.Topaon">

! Poccuiickuii yHUBepcuTeT ApyKObl HapozoB, 2. Mockea, Poccutickas @edepayus
2 HayuHo-HcCce/j0BaTe/IbCKUM MHCTUTYT MOp(dosioruu uesioBeka UMeHH akagemuka A.I1. AsipiHa @TBHY «Poccuiickuit
Hay4HbIH LJeHTp XUPypruy UMeHu akaziemuka b.B. TlerpoBckoro», 2. Mockea, Poccutickas ©edepayus
*HarjoHanbHbIA MeAULIMHCKUM MCC/Ie[0BaTeIbCKUN LIEHTP aKkylllepcTBa, TMHEKOIOTUH U [TePUHATO/IOTY UMeHH aKkafleMUKa
B.U. Kynakoga, 2. Mockea, Poccutickasi @edepayus
“PoccuiicKril HaLIOHANMBHBINA MCC/Ie[joBaTeNbCKUNA MeJULIMHCKUN yHBepcuTeT uMeHH H.. ITuporosa, 2. Mockea,

Pocculickas ®edepayus

*MeaULIMHCKUN paJjo/IorMYeCKrii HayuHbIi LieHTp uM. A. LIp16a — duman HaloHasHOro MeAMLIMHCKOTO UCC/Iei0BATETbCKOTO

LeHTpa paauosnoruu 2. ObHUHCK, Poccutickasi @edepayus

< enar2017@yandex.ru

AnHoTanus: AkmyaabHocms. Ha 107110 T/I0CKOK/IeTOUHOTO paka rosiosl v er (ITPT'II) npuxozaurcst okosno 890 000 HOBBIX
C/TyuaeB 3/I0KaueCTBEHHBIX HOBOOOpa3oBaHuU (IpUMepHO 4,5 % BceX AMarHOCTUPOBAaHHBIX cTydaeB B Mupe) u 450 000 cmepreit
B rofi. JJaske Ipy NMpoBeJieHUM paZrKajibHOTO IPOTUBOOITYX0JIEBOTO jleueHus y 6osee uem 40-50 % maljiieHTOB pa3BUBaeTCst
pertmauB, y 20-30 % 13 HUX MOSIB/SIOTCS OT/ja/IeHHbIe MeTacTasbl, a 001as MSTU/IeTHsIS BbDKUBA@MOCTh COCTaB/IsIeT TIPUMEPHO
25%. MMauuenTs ¢ peupauBamu [TPTI uMeroT He6/1aronpUsITHBIN KITUHAUECKUH MPOrHO3 C MeIUAHOM 0011iel BBDKUBAEMOCTH
0K0J10 12 MecsLeB. BeicoKass yacToTa MeCTHBIX PeLiu[JMBOB CBUJTe/bCTBYeT O BO3MOKHOM CyIL[eCTBOBaHUU «MUCTOUHUKA»
OITyXOJIeBBIX KJIETOK, KOTOPBIN MOXKeT ObITh JIOKAaM30BaH HeJja/ieko OT MepBIYHOMN OIyXO/H, a IMEHHO — B ITePUTYMOPAaJIbHON
TKaHH, 4TO 00yC/IaB/IMBaeT akTyaJbHOCTD ee u3yueHusl. []eab ucciedosaHuss — cpaBHUTEIbHAS OLleHKA CTPOEHHST U SKCIIPeCCHU
TeHOB B OIyX0JIeBOM U neputyMopanbHoi TKaHsx [TPTI. Mamepuanbt u Memoosbl. Buorcuiinelil MaTepya OIyXoseBoi
Y TIePUTYMOpaJIbHOM (Pacrioyio’KeHHON Ha PaCcCTOSHUM 2 CM OT I'PaHMIIbI OITyX0/IM) TKaHel nosyyeH ot 35 naueHTos ¢ [TPI'II.
O6pas3Lipl OBMONTaTOB TOC/Ie/I0BaTebHO UCC/IeJOBA/IN: Ha TIEPBOM 3Tarie — FMCTO/IONMYeCKUM MEeTOZIOM, Ha BTOPOM — MeTOZI0M
TI0/IMMepasHoH LeNHOM peakLuy; B 00pasrjax oIyxo/ieBoi TKaHH U TIePUTYMOpPaIbHON 00/1aCTH OTIpe/iesisiiid YPOBHU SKCIIpeCCHH
MPHK renoB EGFR, PIK3CA, PTEN, YAP, SLC26A6, ARIH2, UBE2Z, PITX1. [1ns Beigenenus PHK ucnosnb3oBaau Habop RNA
Solo, a gyt o6paTHOM TpaHcKpuniuyd — MMLV RT Kit (Bce — «EBporen», Poccust). Peakiuio aMriindUKaIyuu C JeTEKTUPO-
BaHHEM B peXXHMe peasibHOr0 BpeMeHH NpoBoAuiu Ha Real-Time ammudukarope DTprime («IHK-TexHomorusi», Poccus).
Pesynbmambl u 06cyscoeHue. Bce 06pasiibl OmyXo/u, BHe 3aBUCUMOCTH OT dHATOMHUECKOH JIOKa/IH3alii, UMeJT XapaKTepHYH0
JUTs TTIOCKOKJIETOYHOTO paka KapTuHy. O0pasiibl IepuTyMOpPaIbHOM 30HBI MTPeZCTaBIsIi CO00M BU3ya/llbHO HEM3MEeHeHHYIO
TKaHb C COXPaHHOW apXUTEKTOHUKOM sruTenusi. Dkcrpeccust reHoB EGFR, PIK3CA 6binia Bhillie B 00pa3ijax OMmyXo/ieBoi TKaHH,
B TO BpeMsI Kak 3Kcrpeccusi PITX1 Gbia Billie B 06pasiiax nepuTyMopaibHOM TKaH!. BbigoObl. [ToBbIIIeHHast SKCIPeCCHsi TeHOB
EGFR u PIK3CA B or1yx0/1€BOii TKaHH YKa3bIBaeT Ha aKTUBALMIO CUTHA/BHBIX TTyTel, CBSI3aHHBIX C Mpo/vQepariyeli, BDKUBAaHHEM
KJIETOK M OITyX0JeBoii rporpeccueii. HarpoTus, Gomee BbICOKast SKCIIPeCCHsl TIpeJIio/iaraeMoro reHa-CyIpeccopa omnyxosei
PITX1 B nepuTyMopanbHOM TKaH! yKa3bIBaeT Ha COXpaHeHWe PeTy/sTOPHbIX MeXaHW3MOB, OIPaHMUMBAOIINX 3/10KaueCTBeHHYTO
TpaHchopMaLHIo 3a NpejiesiaMy OIyX0JIeBOT0 ouara.

KnroueBble c/10Ba: M/I0CKOK/I€TOYHBIN pak roJIoBbI U 111eH, epUTyMOpasibHast TKaHb, OIyX0JieBasi TKaHb, SKCIIPeCCHsi TeHOB.
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MNudopmanus o punaHcupoBanuu. PaboTa BbITIO/THEHA TIPY TI0//1ep>KKe TPEXCTOPOHHEro CorvialiieHust POCCHIICKOT0 HayuHOTO
tonzma Ne 24-24-00296 ot 29.12.2023 110 TIpoeKTy «BiusiHYe MPOTOHHOM Teparuy Ha MOJIEKY/ISIPHBIN MOPTPeT MUKPOOKDPYKeHuUst
OITyX0Jield TO/IOBBI M 1Ien» KOHKypca 2023 ropa «IIpoBesienne hyHgaMeHTanbHbIX HayUHbIX UCC/IE0BaHNH 1 MTOMCKOBBIX HAYYHBIX
WCCeJOBaHUM MaTbIMUA UHAUBUAYaTbHBIMU HAyUHBIMU KOJIIeKTUBaMU» Mexxay PH®, JloxonrHoii A.B. u PY/TH.

Bkiag aBTopoB. [>kymanusizoBa O./]. — KOHIIEILIYS U AW3aiiH UCCIe[OBaHus, aHAT|3 TTOTyYeHHBIX JaHHBIX, HalMCaHHe
TekcTa; ApyTioHsiH U.B. — KoHLIeNLus U [u3aliH ucciefoBaHusi, 06paboTka MaTepuasa U npoBeeHue skcnepumenTa; Cobo-
neBa A.I. — obpaboTka Marepuasa v NpoBe/ieHre 3KCIIepUMeHTa, aHa/Iu3 TI0/TyYeHHbIX JaHHbIX; ['yreBa M.A. — HamcaHue
TekcTa; BumHsakosa I1.A. — pelakTHpOBaHUe TEKCTa, aHA/IU3 MO/y4YeHHbIX JaHHbIX; JIoxoHnHa A.B. — oTBeTCTBeHHas
3a IOKyMeHT0000poT; MakapoB A.B. — peaktupoBaHue TeKcTa; ['opzoH K.B. — c60p KIMHUUeCKOro Marepuaa. Bce aBTopbI
BHECJTU CYIIleCTBEHHBIN BKJIa/l B TPOBE/IEHHE UCC/IeIOBAHMS U MOJITOTOBKY PYKOTIMCH, TIPOUUTAIN U 0I00pH/IN OKOHYATe TbHYI0
BEepCHIO Tiepe] mybmiKaLuen.

Hudopmanys o KoHGIMKTe HHTEPECoB. ABTOPHI JIEK/IAPUPYIOT OTCYTCTBUE SIBHBIX Y TIOTEHI[MATbHBIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C MyO/MKalell JaHHOW CTaThu.

JTHYecKoe yTBepxk/eHue. VccienoBaHre of00peHo He3aBUCUMbBIM KOMUTETOM 110 3THKe (rpotokos Ne 634 ot 17.11.2021,
nipotokon Ne 684 ot 02.03.2022).

Bnaronapuoc*m — HeIpuMeHHNMO.

I/IHd)OpMI/IPOBaHHOE corjiacue Ha nyﬁﬂm(aumo. Bce TalfMeHThI IToAINrCalIn I/IHl'l)OpMI/IPOBaHHOE Coryiacyve Ha y4dacTtue
B UCC/IeJOBaHUN.
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OmeemcmaeHHblli 3a nepenucky: J)kxymaHusi3oBa JHap [eHHMCOBHAa — aCCUCTEHT KadeApbl TUCTONOT U, [TUTO/IOTHUH
U 3MOpHOI0ru MeUIIMHCKOTO MHCTUTYTA, HAYUHBIM COTPY/AHUK J1abopaTopru MOJIEKY/ISIPHOU MaTo(U3n0NI0ruu KJIeTKU
HayuHo-unccie10BaTe/IbCKOro MHCTUTYTa MOJIEKY/IIPHOM M K/IETOUHON MeANIMHBI POCCHIICKOTO YHUBEPCUTETA [PY>KObI HAPOZIOB,
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