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ABSTRACT

BACKGROUND: There are currently no published studies on the role of mast cells in the pathogenesis of sporadic medullary
thyroid carcinoma. However, their involvement in the progression of a variety of epithelial malignant neoplasms has been
demonstrated. Furthermore, mast cell count may be an independent predictor of long-term progression-free survival in
patients with pancreatic neuroendocrine tumors.

AIM: The work aimed to evaluate the potential of immunohistochemical detection of mast cells in the tumor microenvironment
in sporadic medullary thyroid carcinoma.

METHODS: Histological specimens of sporadic medullary thyroid carcinoma were assessed using immunchistochemical
detection of tryptase in mast cells. A convolutional neural network (CNN) model was then trained to segment positively stained
cells, followed by quantitative analysis of the results.

RESULTS: Several potentially clinically significant parameters were identified, including correlations between mast cell count
in the thyroid stroma and age; correlations between intratumoral mast cell count and T stage according to the TNM (8th edition)
classification; and patterns of mast cell colocalization with other cells of the tumor microenvironment.

CONCLUSION: The study confirmed the presence of mast cells in the stroma of medullary thyroid carcinoma and revealed
quantitative differences depending on tumor size. The observed active interactions of mast cells with atypical cells of sporadic
medullary thyroid carcinoma and other components of the tumor microenvironment are a significant criterion for interpreting
the biological effects of mast cells in this tumor type. These findings warrant further analysis to develop diagnostic algorithms
and improve prognostic accuracy.
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Bo3MOXXHOCTb BbiIBIGHUA TPUNTa3a-NO3UTUBHBIX
TYYHbIX KJIeTOK, aCCOLLMMPOBAHHBIX C ONYXO0Jbl0
npyu cnopagnyeckoM MeaAyNNApPHOU KapuuHoMe
LLMTOBUAHOMU XKene3bl

E.B. BonaapeHko', M.B. Banscun?, A.A. Koctun?, A. Les3', A.B. AnexHosuy?,
®.M. Abaynxabuposa', [1.A. ATAKLINH?

HaumoHanbHbIN MeAVLIMHCKII MCCe0BaTENbCKUA LIEHTP 3HAOKPUHOMOrMN UMeHn akaf. MW, [lenosa, Mocksa, Poccus;
ZPoccuicKuin yHuBepeuTeT ApyMObl Hapoaos uMm. [1. Jlymymbel, Mocksa, Poccus

AHHOTALMA

O6ocHoBaHMe. Ha cerofHsALIHWA LeHb B IMTEpPATYpe He OMUCaHbl UCCe0BaHUSA, HaNpPaBeHHbE Ha M3Y4YEHUE 3HAYEHUS
TY4YHbIX KNETOK B Pa3BUTUM CMOPaLMYECKON MeAyNiApHOM KapLMHOMBI LUMTOBUAHOM Kenesbl. B To e BpeMs [oKa3aHo
WX yyacTue B MpOrpeccMpOBaHWM 3NUTENMaNbHbIX 3M10KaYecTBEHHbIX HOBOOOpa3oBaHWiA pasnuyHbIX Jokanusaumin. Kpome
TOrO, YCTAHOBJIEHO, YTO KOJIMYECTBO TY4HBIX KIIETOK MOXET CITYXWUTb HE3aBUCUMBIM MPEAUKTOPOM AJIUTENbHOMO BbIKMBAHUS
be3 nporpeccupoBaHUA Y NALMEHTOB C HEMPOIHAOKPUHHBIMA ONYXONAMU NOLLKENYA04HON Kene3bl.

Lienb — ouLeHNUTb BO3MOXKHOCT MMMYHOTUCTOXUMUYECKOW JETEKLMW TYYHBIX KIIETOK B OMYX0/IEBOM MUKPOOKPYXEHUM CrO-
PafMyeCKON MeayNNAPHON KapLUMHOMBI LUMTOBUAHON JKenesbl.

MeTogpl. MccnenoBaHne npoBeAeHO Ha MMCTONOMMYECKUX cpe3ax 0bpas3LioB Cropagnyeckon MeaynnspHOi KapLMHOMbI Liu-
TOBMAHOW }enesbl C NPUMEHEHNEM UMMYHOMMCTOXMMMYECKON JeTeKUMU TPUNTasbl B Ty4HbIX KneTKax. [lanee nposeaeHo 06-
yyeHue Moaenu ceéptouHoii HeipoHHon cetut (CNN, convolutional neural network) ans cerMeHTauum nonoKMTENLHO OKpa-
LUEHHbIX KNETOK C NOC/eAYHLMM PacyeToM pe3ynbTaTos.

Pe3ynbTathl. BbisBNEH psj NOTEHUMANbHO KIIMHUYECKM 3HAYMMBIX MOKA3aTesiel, TakuX KaK: B3aUMOCBSA3b KOJIMYECTBA Tyu-
HbIX KNETOK B CTPOME LLUMTOBUAHOM ene3bl C BO3PaCcTOM MaLMEHTOB; KOPPENALMA KOIMYECTBA TYYHbIX KIETOK B ONYX0/M €O
cTagmeii T cornacHo knaccudmkaumm TNM (8-e usnaHue); 0coDEHHOCTU CONOKANM3aLMM TyYHBIX KIETOK C MHBIMM KETKaMu
OMyX0/1eBOT0 MUKPOOKPYKEHMSI.

3akuiouenue. [poBefEHHOE McCneloBaHWe MOATBEPAMNO HanWuMe TYUHbIX KIIETOK B CTPOME MefyNSpHOA KapLMHOMbI
LUMTOBUIHOM 3KeNe3bl U BbIABUIIO UX KOJMYECTBEHHbIE Pa3nuymMs B 3aBUCMMOCTM OT pa3Mepa y3na. ObHapyeHHoe aKTuB-
HOe BO3ZENCTBME TYUHbIX KIMETOK Ha aTUMUYHbIE KIETKM CMOPAAUYECKON MeAyNNAPHO/A KapUMHOMBI LUMTOBUAHON Jenesbl
W Opyrue KOMMOHEHTBI OMyX0eBOr0 MUKPOOKPYXKEHUA SBNAETCA BAaXHbIMU KpUTEPUEM NS MHTEpnpeTaumun 6uonornyeckux
30 (}EKTOB TYUHbIX KIIETOK B OTHOLLEHUM JAHHOMO TMNA OMYXOSIW M 3aCNyKMBAeT LOMOTHUTENBHOIO aHanu3a ¢ Lefbio paspa-
BOTKM AMArHOCTUYECKWX anirOpUTMOB U MOBLILIEHNS 0BG BEKTUBHOCTM MPOTHO3a.

KnioueBble cnosa: MenynnapHaa KapuuMHOMa; Ty4Hble KNEeTKW; WUMMYHHOE OKpYyXeHue; UMMYHOrMcToXmMmyecKas
heTeKumsa.
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BACKGROUND

Medullary thyroid carcinoma (MTC) is a malignant tumor
arising from calcitonin-producing parafollicular C cells of
the thyroid gland [1]. MTC accounts for approximately 2% of
all thyroid malignant neoplasms and is hereditary in about
25% of cases, resulting from autosomal dominant germline
gain-of-function mutations in the RET proto-oncogene,
indicating multiple endocrine neoplasia type 2A or 2B
(MEN2A or MEN2B). The etiology of sporadic forms of MTC
remains unknown [2].

The clinical course of MTC is currently unpredictable,
with phenotypes ranging from indolent to fulminant.
The development of an MTC classification incorporating
molecular characteristics and progression risk
stratification is of critical importance for optimizing
treatment algorithms in patients with this carcinoma.
According to most international clinical guidelines,
surgery is the primary treatment modality, involving total
thyroidectomy with central lymph node dissection, which
is associated with a relatively high risk of complications
[3-8]. Risk stratification of MTC would enable identification
of patient groups requiring more aggressive therapy as
well as those with more slowly progressing disease who
may require only active monitoring. The implementation
of molecular stratification would improve prediction of
treatment response, minimize treatment-related adverse
effects, and enhance overall survival outcomes. Moreover,
such a classification would provide a foundation for the
development of new targeted therapies directed at specific
molecular targets, thereby increasing therapeutic efficacy
and improving patient’s quality of life. At present, risk
stratification is based solely on the proliferative activity
index and the presence of tumor necrosis; however, the
search for additional biomarkers and disease predictors
is ongoing [9].

The role of mast cells (MCs) in thyroid condition has
been insufficiently investigated. It is well established that
MCs are innate immune cells, and their involvement in the
pathogenesis of allergic diseases has been extensively
studied [10]. Despite the limited number of investigations,
MCs have also been shown to play a remarkable role in
thyroid pathological processes. In the study by Zdor et al.
[11], a relationship between MC density and various non-
neoplastic thyroid lesions was demonstrated. Excessive
thyroid hormone exposure induces inflammatory responses
within the thyroid gland. Thyroid MCs overexpress the
costimulatory molecule CD86, which confirms their
involvement in autoantigen presentation [11]. MCs also
participate in the regulation of microcirculation and
angiogenesis, thereby influencing thyrocyte functional
activity. Data reported by several authors indicate that
in subacute thyroiditis, MCs expressing growth factors
contribute to thyroid tissue repair through modulation of
folliculogenesis and angiogenesis [12].
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MCs have been shown to participate in tumor progression
across multiple anatomical sites. Among the cellular
populations infiltrating the tumor stroma, MCs can influence
several aspects of tumor biology, including tumor development
and progression, angiogenesis, lymphangiogenesis, and
tissue remodeling [12-16]. During tumor growth, targeted
MC degranulation occurs, accompanied by the release of
factors that stimulate angiogenesis and metastasis [17, 18]. In
malignant neoplasms of the thyroid gland (papillary, follicular,
highly aggressive differentiated, and poorly differentiated
carcinomas), enhanced MC infiltration is observed compared
with normal thyroid tissue, and increased MC density
correlates with an unfavorable prognosis [19].

The histogenesis of MTC warrants special consideration.
The etiology of this carcinoma differs fundamentally from
that of other thyroid neoplasms. MTC is traditionally
regarded as a neuroendocrine tumor [20]. According to
studies by Mo et al. and Meng et al., a high MC density is
an independent predictor of prolonged progression-free
survival in pancreatic neuroendocrine tumors of varying
malignancy grades (grades 1, 2, and 3) [21, 22].

To date, no studies have specifically addressed the role of
MCs in the course of sporadic medullary thyroid carcinoma,
making this issue particularly relevant considering the
divergent concepts proposed by different investigators.

This study aimed to demonstrate the feasibility of
immunohistochemical detection of mast cells in the tumor
microenvironment of sporadic medullary thyroid carcinoma.

METHODS
Study Design

This was a cross-sectional multicenter study of paraffin-
embedded histological sections of specimens from sporadic
medullary thyroid carcinoma.

Study Setting

The study was conducted at the National Medical
Research Center of Endocrinology named after Academician
l.Il. Dedov and at Patrice Lumumba Peoples’ Friendship
University of Russia.

The study was conducted in the period: April 2024 -
February 2025.

Eligibility Criteria

A total of 43 patients participated in the study: 12 men and
31 women aged 40-65 years. At the preoperative stage, all
patients underwent molecular genetic analysis of peripheral
blood using next-generation sequencing (NGS). No germline
pathogenic or likely pathogenic single nucleotide variants
(SNVs) in the RET gene were detected.

Intervention

All patients underwent surgical treatment consisting of
total thyroidectomy (76.5% of patients) and hemithyroidectomy
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(23.5%). Each thyroid tissue specimen was assigned an
individual identification number, which allowed anonymization
of the material for subsequent analysis.

Study Outcome

Main Study Outcome

Quantitative assessment of tryptase-positive mast
cells in the tumor microenvironment of sporadic medullary
thyroid carcinoma.

Outcomes Registration

Immunohistochemical Analysis

For immunohistochemical analysis, tissue sections (3 pum)
were deparaffinized. Antigen retrieval was then performed
by heating the sections in R-UNIVERSAL epitope retrieval
buffer (Aptum Biologics Ltd., United Kingdom) using a steam
generator at 95 °C for 30 minutes. The step of blocking
endogenous Fc receptors before incubation with primary
antibodies was omitted in accordance with published guidelines
[23]. After antigen retrieval and neutralization of endogenous
peroxidase activity, the sections were immunostained
using primary antibodies against tryptase (dilution 1:2000,
mouse monoclonal antibodies, Cat. No. ab2378; Abcam,
United Kingdom). Antigen visualization was performed
using secondary antibodies (dilution 1:2000, goat polyclonal
antibodies, Cat. No. ab6789; Abcam, United Kingdom) and the
chromogen DAB (3,3'-diaminobenzidine).

U-Net Segmentation of Tryptase-Positive Cells

To train the convolutional neural network (CNN) designed
for segmentation of tryptase-positive cells, a dataset of
67 whole slide images (WSls) of immunohistochemical
specimens was generated. Subsequently, 694 regions of
interest containing positively stained cells and regions
without positive staining were identified. Each image
(region of interest) had a size of 512 x 512 pixels at a
resolution of 0.5029 um/pixel and x20 magnification. Expert
annotation of the regions of interest was performed using
QuPath software (version 0.5.1) [24]. The images were
then binarized by assigning a value of 1 to immunopositive
regions and 0 to immunonegative regions. The final dataset
included 694 binary masks and the corresponding original
immunohistochemical images. The total dataset was
stratified into three subsets: 541 images for the training set
(78.0%), 73 for the test set (10.5%), and 80 for the validation
set (11.5%). Model training was performed using DeepMIB
software (version 2.91 beta20; University of Helsinki,
Finland) [25]. Segmentation was carried out using a U-Net
convolutional neural network architecture with three depth
levels and 32 filters. No downsampling was applied to
preserve the original image resolution. After initial training,
a human-in-the-loop approach was applied, consisting of
verification of the results by a qualified pathologist, which
expanded the annotated dataset to 808 images (655 images
in the training set). The pathologist made corrections in
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114 images in which segmentation was insufficient and/or
erroneous. Subsequently, the model was retrained for 500
epochs with data augmentation applied during training.

Subgroup Analysis

The distribution of patients according to the TNM
classification (Tumor—Node—Metastasis, 8th edition) is
presented in Table 1. The imbalance of the sample is
attributable to the specific clinical focus of the National
Medical Research Center of Endocrinology, which places
particular emphasis on the early diagnosis, detection, and
treatment of medullary carcinoma.

Statistical Analysis

Model performance was evaluated using the following
metrics: Intersection over Union (loU), Boundary F1 Score
(BF), and Accuracy (ACC). The trained model was applied to
the test dataset using FastPathology software (version 1.1.3;
Norwegian University of Science and Technology, Norway).
The model was further verified on a dataset comprising
all whole-slide images. The resulting segmentation of
immunopositive cells was quantitatively analyzed using
QuPath software.

Statistical analysis was performed in the R environment
(version 4.4.0; R Foundation, Austria) using standard data
processing methods. To assess model agreement, a correlation
analysis was conducted using the Spearman rank correlation
coefficient, comparing the density of tryptase-positive cells in
tumor and non-tumor regions with the qualitative assessment
provided by the pathologist. Quantitative data are presented
as mean and standard deviation, median and first and third
quartiles (25th, 75th percentiles), and minimum and maximum
values. The loU, F1 score, and ACC metrics were calculated for
each image in the test dataset. Differences were considered
statistically significant at p = 0.05.

Table 1. Distribution of patients according to the TNM classification
(8th edition)

Number of cases

TNM classification (proportion in the sample, %)

T (Tumor)
Tla 8(18.6)
Tib 23 (53.9)
T2 8(18.6)
T3a 4(93)
N (Nodes)
NO 24 (55.8)
Nla 5(11.6)
N1b 9(20.9)
Nx 5(11.6)
M (Metastasis)
Mx 43 (100)

58


https://doi.org/10.17816/morph.679924

ORIGINAL STUDY ARTICLES

Table 2. Confusion matrix and model accuracy by class
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Predicted class

Reference labeling Class 1
Class 0 -
(tryptase-positive cells)
Class 0 99.96% 0.04%
Class 1 25.08% 74.92%
RESULTS (ACC), 0.75; Intersection over Union (loU), 0.57; and mean

Sample Characteristics

A total of 43 patients were included in the study.
Their characteristics according to the TNM classification
(8th edition) are presented in Table 1. Most patients were
classified as T1b (53.5%), and 55.8% had no regional lymph
node metastases (NO). The presence of distant metastases
was not assessed at the time of the study (Mx, 100%).

Primary Results

The trained model demonstrated the following performance
metrics for class 1 (immunopositive tumor regions): accuracy

T YR R
, 3’_"'«{“' :

Boundary F1 Score (BF), 0.85 (Table 2). Despite the overall
satisfactory model performance, a high proportion of false-
negative segmentations indicates the need for expanding the
training dataset. Spearman correlation coefficients for the
quantification of tryptase-positive cells in WSI regions showed
values of 0.70 for tumor regions and 0.42 for non-tumor
regions, indicating a strong and moderate positive correlation,
respectively, between the model output and expert assessment
by a pathologist.

The study identified several potentially clinically relevant
correlations. A relationship was observed between the
number of mast cells per mm? in the thyroid stroma and
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Fig. 1. Data annotation and CNN model output: a, original image; b, binarized mask of annotated regions; ¢, d, example of segmentation results

produced by the CNN model.
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patient age (Spearman coefficient r = 0.34, p = 0.0310),
whereas no such association was found in the tumor region
(Spearman coefficient r = 0.10, p = 0.5029). This discrepancy
may be explained by multiple factors. It is well known that
mast cell density varies in allergic reactions and autoimmune
processes. Given that this parameter does not correlate with
TNM classification and the sample size is limited, its clinical
relevance in oncogenesis cannot be considered definitive.
Nevertheless, these findings highlight the need for broader
patient evaluation to identify additional factors associated
with increased mast cell density.

A notable correlation was identified between the
number of MCs in the tumor and T stage according to
the TNM classification (Spearman coefficient r = 0.55,
p = 0.0002; Table 3). When mean values were considered,
a higher T stage was associated with a higher mast cell
count. However, this parameter is influenced by tumor
size and changes when normalized per unit area (Table 4).
When mast cell density per mm? was analyzed, differences
between T1b and T2 stages were minimal, which may
reflect a transitional biological state of the tumor. This
emphasizes the need to better understand the role of MCs
in the pathogenesis of MTC and how it evolves with tumor
progression.

When the percentage ratio of MCs to tumor cells was
calculated, there was a further change in the data (Table 5):
the mean value of this parameter was higher in patients with
T1b tumors than in those with T2 tumors. These findings
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underscore a possible role of MCs in either the progression
or regression of medullary carcinoma.

Beyond quantitative differences, distinct features
of co-localization of MCs with other cells in the tumor
microenvironment, as well as with atypical tumor cells,
were observed. Even with monoplex tryptase staining,
close spatial proximity between MCs and one or more
immunocompetent cells was evident within the tumor
stroma. Further phenotypic characterization is likely to
reveal critical details of immunogenesis within the local
tissue microenvironment. Moreover, in each examined
patient, the interaction between MCs and atypical tumor
cells exhibited individual-specific patterns, both in terms of
co-localization frequency and contact surface area. Tryptase
is secreted from a specific pole of the MCs in a polarized
manner, followed by targeted accumulation within the
extracellular matrix in the microenvironment of atypical
cells. Some extracellular secretory granules showed a loss
of tryptase immunopositivity, which may be attributed to
the active transport of this specific protease toward its
biological targets.

DISCUSSION

Summary of Primary Results

The conducted study is the first to demonstrate the
feasibility of immunohistochemical detection of tryptase-
positive mast cells in the tumor microenvironment of sporadic

Table 3. Number of detected mast cells in tumors according to the T stage by TNM classification

Intratumoral mast cell count, n

Descriptive statistics

Tla Tib T2 T3a
Mean + standard deviation £41.5£56.9 215+208 765918 13701510
Median [Q1; Q3] 22.51[7.0; 37.3] 162 [86; 214] 380 [97; 1100] 937 [531; 1770]
Min—-max range 6174 1-681 29-2540 65-3530

Table 4. Number of mast cells per unit tumor area according to the T stage by TNM classification

Intratumoral mast cell density, cells/mm?

Descriptive statistics . - - T2
Mean + standard deviation 1.96+2.02 3.57+3.75 3.74+3.88 5.87£3.50
Median [Q1; Q3] 1.46 [0.84; 2.04] 21411.15; 4.23] 2.35[1.01; 5.28] 5.60 [3.80; 7.68]
Min—max range 0.27-6.65 0.088-13.100 0.34-10.90 2.05-10.20

Table 5. Percentage ratio of mast cells to tumor cells according to the T stage by TNM classification

Proportion of mast cells relative to tumor cells, %

Descriptive statistics
Tla Tib T2 T3a
Mean + standard deviation 0.07£0.07 0.12+0.10 0.10+0.10 0.16+0.10
Median [Q1; Q3] 0.04[0.03; 0.11] 0.08 [0.03; 0.19] 0.07 [0.04; 0.15] 0.14 [0.10; 0.19]
Min—max range 0.01-0.20 0.00-0.34 0.00-0.24 0.05-0.29
DOl https://doiorg/10.17816/morph 679924
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MTC using a CNN-based model. Quantitative differences in
mast cell count were identified across different disease
stages according to the TNM classification (8th edition). The
observed features indicate the need for further study of the
histotopographic and cytological characteristics of tryptase-
positive MCs, as well as the application of additional markers
for more detailed immunophenotyping of surrounding cells
and matrix structures.
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Interpretation

The obtained results are consistent with the findings of
Mo et al. [21] and Meng et al. [22], who demonstrated that
a high mast cell density is an independent predictor of long-
term progression-free survival in patients with pancreatic
neuroendocrine tumors. Given that MTC is a neuroendocrine
tumor, the correlations we observed between MC count and
disease stage may carry prognostic value.
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Fig. 2. Histotopographic and cytological features of tryptase-positive tumor-associated mast cells in sporadic medullary thyroid carcinoma: T1b,
T2, T3a, tumor stages according to the TNM classification (8th edition); a, colocalization of a mast cell with a plasma cell (arrow) in the tumor
microenvironment; b, adjacency of a mast cell to an atypical cell showing signs of secretory activity (arrow); c, targeted secretion of autonomous
tryptase-positive granules by a mast cell toward a tumor cell (arrow); d, colocalization of a mast cell with multiple atypical cells (arrow); e, mature
secretory granules in a mast cell adjacent to a tumor cell (arrow); f, adjacency of a tryptase-positive mast cell to an atypical cell (arrow); g—j, various
patterns of tryptase-mediated juxtacrine interaction between mast cells and tumor cells, accompanied by tryptase transport into cytoplasmic
compartments (arrow); k, elongated mast cell with a large cytoplasmic process (arrow), filled with tryptase-positive secretory granules showing
peripheral intragranular localization of the protease; [, round mast cell filled with mature secretory granules, exhibiting whole-granule secretion
directed toward targets in the tumor microenvironment (arrow); m, mast cell with predominant peripheral localization of secretory granules (arrow);
n, interaction between two mast cells. Scale bar, 5 pm.
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Of particular interest are the detected patterns of co-
localization of mast cells with other components of the
tumor microenvironment and the observed features of their
secretory activity, which collectively suggest an active role
of MCs in tumor biology.

Study Limitations

This study has several limitations, including a relatively
small sample size (43 patients) and uneven distribution
across TNM stages. In addition, the retrospective design
and participation of a limited number of sites may restrict
the generalizability of the results.

CONCLUSION

Our study demonstrated the presence of mast cells in
the stroma of medullary thyroid carcinoma and revealed
quantitative differences associated with tumor node size.
The obtained results indicate the need for expanding the
study cohort and improving its uniformity. Nevertheless,
the data suggest a relationship between TNM stage
and the number of tryptase-positive MCs in the tumor
stroma. Recalculating the data as percentages, taking into
account staging characteristics, suggests the existence
of transitional forms of sporadic MTC, in which the tumor
may alter its malignant potential under the influence of the
immune microenvironment.

This work may serve as a starting point for in-depth
investigation of the role of MCs in the development of
sporadic MTC, the understanding of which may contribute
to the identification of new therapeutic targets. In addition,
the active interaction of MCs with atypical sporadic MTC
cells and other components of the tumor microenvironment,
as identified in this study, may be considered a potential
criterion for interpreting the biological effects of MCs on the
tumor and warrants further analysis for the development
of diagnostic algorithms and improvement of prognostic
objectivity.
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WUcTounnkn ¢uHaHcmpoBanua. HayyHoe wccrnefoBaHve npoBefeHo
npu noagepxke [ocynapcTBeHHOro 3afaHus « opMoHabHo-MeTabom-
YecKMe 1 MONEKYNAPHO-KNETOYHbIE XapaKTEPUCTUKM 3ab0NeBaHWiA LLUUTO-
BM[HOM Xenesbl, KaKk 0CHOBa AA pa3paboTKM MHHOBALMOHHLIX METOL0B
[MarHoCTUKW, NieveHmns v npodunaxTnkuy Per. N® HAOKTP 123021300097-0
OrBY «HMUL| sHaokpuHonorum M. akanemmnka WM. lenoa» Munaapasa
Poccum.

PackpbiTe uHTepecoB. ABTOpbI 3asIBNSIOT 06 OTCYTCTBUM OTHOLLIEHUI, fie-
ATENbHOCTW W MHTEPECOB 3a MOCNeHWe TPU FOfa, CBA3aHHbBIX C TPETbYMM
JMLAMM (KOMMEPYECKUMM 1 HEKOMMEPYECKMMI OPraHM3aLmaMm), MHTepe-
Cbl KOTOPbIX MOTYT BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.
OpuruHanbHocTb. HacTosias pabota sIBNSETCA OPUTUHANBHBEIM WC-
cnepoBaHueM. Bce aaHHble, NpeacTaBneHHble B PYKOMWUCK, NONyYeHb
BrepBble B X0 NPOBefeHNs AaHHOro uccnefoBaHus. PaHee onybnu-
KOBaHHble MW MONYYeHHble B APYrUX UCCNeLoBaHUAX AaHHble He uc-
MoJb30BaMCh.

foctyn K pAaHHbIM. ABTOpLI MPefOCTaBASIOT OrpaHUYEHHbIR [OCTyn
K [AaHHbIM Mo 0boCHOBaHHOMY 3anpocy. OrpaHuyeHve obycnoBneHo
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