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Intratumoral molecular genetic heterogeneity of glioblastomas

PV. Nikitin, M.V. Ryzhova, A.A. Potapov, S.A. Galstyan, D.S. Kim,
T.N. Panina, S.V. Shugai, D.V. Starovoitov, E.A. Khokhlova, L.V. Zubova

N.N. Burdenko National Medical Research Center of Neurosurgery of the Ministry of Health of Russia, Moscow, Russia

Intratumoral molecular genetic heterogeneity is not a less significant challenge in modern oncology than the
intertumoral. The presence of cell populations within the same tumor, differing in their molecular properties,
translated into phenotypic features of the cells, is one of the reasons for the inefficiency of many develop-
ments in the field of tumor therapy and the basis for the progression of malignant neoplasms. The issue
under consideration is very relevant for glioblastoma (GBM) — being one of the deadliest human tumors;
it practically does not lend itself to even promising experimental treatment methods. Therefore, this paper
reviews intratumoral heterogeneity. The review in this aspect examines new experimental data, including
those obtained using single-cell technologies, in particular, the key cell populations that make up the pool
of tumor cells in glioblastoma, and their molecular metamodules, the presumptive role of some cell popu-
lations and their subpopulations in providing tumor malignancy properties. A promising groundwork for
fundamentally new approaches to creating personalized diagnostic and therapeutic methods is indicated.
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BayTpuomnyxoneBas MOIeKyIsIpHO-TeHeTUYeCKas reTepOreHHOCTb ITN06/IacToM
II.B. Hukumun, M.B. Povwicosa, A.A. Ilomanos, C.A. I'arcmasan, /[.C. Kum,
T.H. Ilanuna, C.B. lllyzaii, /I.B. Cmapoeoiimos, E.A. Xoxnoea, H.B. 3y6osa

OI'AY HanuoHnanpHblil MEIUIIMHCKUM Uccae0BaTeNnbCKuil eHTp Hellpoxupypruu umenu akagemuka H.H. Byprenko
Munsapasa Poccun, Mocksa, Poccust

BayTpuomyxoneBas MOJIEKyJIIpHO-TeHETHYECKasl TeTePOreHHOCTh — HE MEHee BaXKHBIHM BBI3OB IS COBpe-
MEHHOU OHKOJIOTMH, YeM MEKoMyxoJjeBasd. Hamnuue kieTouyHbIX NOMyasuuid BHYTPY OJTHOM OITyXOJIH, pa3-
JIMYAIOIIUXCS 110 CBOMM MOJIEKYJISIPHBIM CBOWCTBaM, TPAHCIUPYEMBIM B (PEHOTUIIMYECKHE 0COOCHHOCTH
KIICTOK, SIBJISICTCS OJHOM M3 NpUYKH HEI(PD(HEKTUBHOCTH MHOTHX pa3pabOTOK B 00JIACTH TEPANUHU OMYXOJICH
1 OCHOBO¥ JUIsl IPOTPECCHPOBAHUSI 3JI0Ka4€CTBEHHBIX HOBOOOpa3zoBaHuii. PaccmarprBaeMblil Bopoc BecbMa
aktyaseH aus rmoonactoMsl (I'B), Tak kak, Oymayuu OfHOW U3 CaMbIX CMEPTENILHBIX OIyXOJIeH YelloBeKa,
OHa IPaKTUYECKH HE NIOJIAETCs Aa)kKe MHOTOO0CHIAOIINM SKCIIEPUMEHTaIbHBIM METO/IaM JiedeHus. B cBs3u
C 9THM HaCTOSIIINI 0030p MOCBSIILEH BHYTPHOITYX0JIEBOH Ir'eTeporeHHOCTH. B 0030pe B yka3aHHOM acrekTe
paccMaTpUBAIOTCS HOBBIC DKCIIEPUMEHTANILHBIC TaHHBIC, B TOM YHCJIC OIyYEeHHBIC ¢ TOMOIIIbI0 single-cell
TEXHOJIOTHH, B YACTHOCTH KJIIOUEBHIC KJIETOYHbIC MOMYJSAILMHU, COCTABIAIONINE Ty OMYyXOJEBBIX KJIETOK
B INIMO0OJACTOME, U UX MOJIEKYJISIPHbIE METAaMOIYNH, MPEATIOIOKUTENbHAS POJIb HEKOTOPBIX KIETOYHBIX
MOMYJISIIMA U UX CyOIonmyssiuuid B 00ecriedeHuH CBOMCTB 3JI0KaueCTBEHHOCTH ommyxoiu. O0o3HadaeTcs
MIEePCIIEKTUBHBIN 3ajiel Ul NPUHLIUIHAIBHO HOBBIX MOAXOM0B B CO3AHUHU MEPCOHATN3UPOBAHHBIX JHAar-
HOCTHYECKHX U JIeYeOHBIX METO/IOB.

KiroueBsle ci1oBa: riinobiacToMa, BHyTPHOITYX0JI€Basi TE€TEPOreHHOCTh, TeHETHKA MTHO0IacToM, single-cell
CEKBEHUPOBAHUE
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Introduction

Intratumoral molecular genetic heterogeneity issues are
extremely important for a modern comprehensive under-
standing of the carcinogenesis processes. The variability
of genetic, proteomic, and epigenetic parameters not only
within the same histological variant of the tumor but with-
in the same tumor with heterogeneous cell populations is
attracting more and more attention of researchers [1, 2].
Different cell populations with heterogeneous molecular
properties can also have a variable malignant potential,
which is essential from a prognostic point of view. Pre-
cise assessment of the most active tumor cell population’s
molecular properties will significantly increase patients’
prognosis determination accuracy. In addition, intratumoral
heterogeneity can be one of the key reasons for both drug
and radiation treatment ineffectiveness [3]. Thus, the de-
termination of the molecular properties of different cell
populations within one tumor can allow more efficiently
solving clinical and therapeutic problems at once, includ-
ing the formation of new, genuinely innovative diagnostic,
prognostic and therapeutic concepts within the paradigm
of personalized medicine.

This approach is also one of the pressing issues for
glioblastoma (GBM) research. GBM occupies a leading
position among primary malignant tumors of the central
nervous system (CNS): it accounts for 15.1% of all primary
brain tumors and 46.1% of primary malignant brain tumors
[4]. The five-year survival rate for this disease amounts to
5.1% [4]. The high mortality and low efficiency of modern
therapeutic approaches, both conventional and experimen-
tal, depend largely on the variability and heterogeneity of
GBM. We have earlier reviewed the variability and diver-
sity of the GBM molecular profile in the intertumoral aspect
[5]. In this paper, we will delve into GBM intratumoral
heterogeneity issues due to their importance for the modern
understanding of gliomagenesis mechanisms.

Most GBMs demonstrate a significant degree of het-
erogeneity already at the light-optical level: cells and
groups of cells are detected in the tumor, which differ
significantly from each other in their morphological prop-
erties. Two main types of intratumoral heterogeneity of
GBM can be distinguished — histological and molecular
heterogeneity.
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Histological intratumoral heterogeneity

Histological heterogeneity of GBM is characterized,
first of all, by the presence of many different morphological
types of cells. Some of them can even simulate or imitate
other tumors, which often explains their naming. Other
GBM type names are determined by the tumor cells’ key
histogenetic and morphological characteristics [6].

Thus, in some cases, we diagnose a small-cell variant,
consisting of small monomorphic cells with rounded or
slightly elongated hyperchromic nuclei with a minimum
amount of cytoplasm, a small nuclear atypia, and high
mitotic activity. Simultaneously, this tumor subtype dem-
onstrates a relatively high frequency of EGFR mutations
and amplifications, reaching 70%, and a relatively low
TP53 gene alteration frequency [7]. In addition, there is
the so-called primitive neuronal cytological variant. With
this variant, an increased density of the cell layer and a
high nuclear-cytoplasmic ratio are observed. Also, posi-
tive neuronal marker expression is often revealed. Besides,
this subtype is defined by a high frequency (30-40%) of
tumor dissemination through the cerebrospinal fluid and a
high frequency (~ 40%) of MYCN or MYC amplification,
which brings this variant closer to embryonic tumors [8, 9].
The oligodendroglial component is represented by medi-
um-sized cells with a centrally located rounded nucleus
surrounded by an optically empty cytoplasm in the form
of a light rim. Such tumors may have a better prognosis
than GBM with conventional histopathology [9]. In some
GBMs, hemistocytic, multinucleated giant cell, granular,
lipid-reach, and metaplastic components and cytological
variants are also found [6, 10, 11]. At the same time, in-
dividual cellular components are found in many GBMs,
mainly as a minor component.

Molecular intratumoral heterogeneity

The next step in the GBM molecular characterization
was a differentiated assessment of various cell groups’
molecular properties within a single tumor. One of the
first works on this topic, pronounced heterogeneity was
found within one tumor at the transcriptional level [1].
According to A. P. Patel et al. [1], the mosaic nature of the
amplification processes of tyrosine kinase receptors (TKR)
and excessive activation of signaling pathways contribute
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to GBM target therapy resistance. Mosaic expression of
EGFR, PDGFRA, PDGFA, fibroblast growth factor recep-
tor type 1 (FGFRI), fibroblast growth factor type 1 (FGF1),
notch receptor type 2 (NOTCH?2), JAG1 protein, and other
receptors and ligands of signaling pathways involved in the
GBM development was found. These data suggest that het-
erogeneous expression and mutational status of TKR and
other signaling molecules in individual GBM tumor cells
may interfere with therapy targeting receptors of signaling
proliferative cascades or signaling through tyrosine kinase
receptors [1].

A population of GBM cells with stem properties, the
so-called glioma stem cells (GSCs), was identified in the
spirit of the principles of GBM intratumoral functional
heterogeneity development [12]. GSCs are similar to neu-
ronal stem cells in their genetic, epigenetic, and proteomic
features [13]. Many authors believe that GSCs are the main
culprits in tumor insensitivity to chemotherapy and radia-
tion and serve as one of the main reasons for malignant
glioma recurrence after surgical treatment [14, 15].

Two different subtypes of GSCs have been identified by
whole-genome profiling (ss proneural and mesenchymal)
[16]. Mesenchymal GSCs, apparently, mainly arise in pri-
mary GBM, which are formed de novo, while proneural-
GSCs can be found in some WHO Grade III gliomas and
GBM, although in this case pronounced phenotypic shifts
between different subtypes of GSCs during the GBM pro-
gression are possible [16—18]. Proneural GSCs can acquire
therapeutic resistance and more aggressive characteristics
by shifting their molecular and phenotypic subtypes to-
wards mesenchymal GSCs [17]. Mesenchymal GSCs are
markedly more resistant to radiation therapy than their
proneural counterparts, and the effect of radiation on pro-
neural GSCs activates the expression of molecular markers
associated with mesenchymal differentiation [16, 17, 19].
Accordingly, markers associated with the mesenchymal
phenotype (e.g., YKL40, CD109, and CD44) correlate
with increased radioresistance and lower overall patient
survival [20].

A. Sottoriva et al. [20] developed a unique scheme for
neurosurgical sampling of GBM tissue from different spa-
tially separated points in the same tumor in 11 patients.
Each tumor sample underwent a comprehensive genomic
analysis. The authors identified many cytogenetic rear-
rangements typical for GBM, particularly EGFR ampli-
fication and addition, and MET, CDK6, MDM4, AKT3,
PDGFRA amplification. At the same time, it was shown
that some of these driver chromosomal aberrations differed
by pronounced heterogeneity within the same tumor, in-
cluding an increase in the number of copies/amplification
of the PDGFRA, MDM4, and AKT3 genes in some cells,
as well as the heterogeneous distribution of deletion of
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the genomic locus containing the PTEN anti-oncogene in
cells. Moreover, heterogeneity was not limited to genome
regions containing genes previously associated with the
GBM development. Fragments of tumor tissue from the
same patient had a common genomic profile, indicating a
clonal origin, but they demonstrated a remarkable variety of
cytogenetic rearrangements present in different fragments
of the same tumor. For a more detailed study of the tumor’s
evolution in each patient, the phylogenetic series of tumor
cells were reconstructed based on the chromosomal aber-
ration number. It was found that during the first appearance
of a malignant clone, the CDKN2A/B gene is deleted, and
the EGFR, CDK6, and MET genes are amplified. Later
molecular events in GBM cells most often occur in ge-
nomic regions containing the PDGFRA, PTEN, and TP53
genes. Subsequently, the original tumor clone can divide
into several subclones. In particular, the division of one of
the GBMs into a subclone with PDGFRA amplification and
another subclone with PTEN and RB1 deletions was shown.
The latter formed three more subclones, one of which dem-
onstrated AKT3 and MDM4 gene amplification [20].

In another work, M. Aubry et al. [21] studied changes
in the copy number of chromosome fragments in differ-
ent tumor zones to determine the temporal spectrum of
intratumoralclonal evolution. The authors confirmed that
changes in the copy number of 7 and 10 chromosomes
and, namely, CDKN2A/B deletion and EGFR amplification
are among the earliest events in the GBM development.
Other changes, such as PDGFRA, MDM2, and MDM4 am-
plification, have also been identified as important events
occurring at different tumor growth stages, depending on
the case. The authors found a significant difference in gene
expression level between the brain’s area infiltrated by the
tumor and the macroscopically normal brain. The most
significant differences were observed in the VEGF, CD44,
GFAP, EZH2, CHI3L1, NES, and IGFBP2 expression [21].

Later, K.Abou-El-Ardat et al. conducted a comprehen-
sive research of 12 growth foci of multifocal GBM from
six patients. The authors showed that multifocal GBM ge-
netically resemble primary GBM. Comparison of tumor
growth foci of different localization in the same patient
confirmed their monoclonal origin. The researchers found
that EGFR and CDKN2A/B gene aberrations occurred in
all patients. This unexpectedly high incidence reflects the
clear genetic signature of multifocal GBM and may ex-
plain their high grade and invasive growth. Surprisingly, the
types of mutations in different genes differed in different
tumor focus locations in a particular patient. For example,
different PTEN, TP53, EGFR, and CDKN2A/B mutations
and aberrations were found in different tumor nodes, which,
therefore, must have occurred independently in the late
period of carcinogenesis. Also, chromothripsis (massive
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simultaneous multiple rearrangements of cell chromo-
somes) was identified as a late molecular event in tumor
progression in multifocal GBM. In some cases, the TP53
mutation was an early event. Only the loss of one copy of
PTEN and point mutations of the TERT gene promoter were
early molecular events in all patients [22].

Clustering GBM cells using
single-cell technologies

The most important work in understanding intratumoral
heterogeneity and assessing the clonal evolution of differ-
ent populations of tumor cells in GBM was the work of
C. Neftel et al. The authors performed single-cell RNA
sequencing using biopsy samples of tumors from 28 pa-
tients, including both adult and pediatric populations, in
a comprehensive study of both intertumoral and intratu-
moral heterogeneity in GBM, IDH-wild type. A total of
7930 GBM cells were submitted for the analysis [23].

C. Neftel et al. identified expression programs that
differ between cells in each tumor and then searched for
recurrent programs (“metamodules”) that were detected
in different tumors to comprehensively characterize the
intratumoral heterogeneity of malignant cells [23]. In this
study, a hierarchical clustering of cells was carried out
separately for each tumor based on the expression levels
of all cellular genes. 44% of transcriptome signatures
were associated almost exclusively with genes of the cell
cycle. All remaining expression profiles were subjected
to further analysis in order to clarify their biological sig-
nificance. Expression signatures were significantly simi-
lar between different tumors, indicating that, despite the
global differences between tumors, these intratumoral
heterogeneity models reflect the fundamental processes
common to most GBMs. Further clustering of expres-
sion profiles made it possible to distinguish four main
groups of cells in GBM, two of which were addition-
ally subdivided into two subgroups. Thus, six so-called
metamodules of tumor cells were found, each consisting
0f 39-50 genes, and each metamodule was obtained from
at least six tumors. In particular, two metamodules with
high expression of mesenchymal differentiation genes (for
example, vimentin) have been identified. One of these
metamodules is closely related to hypoxia genes, stress
response, and glycolytic metabolism genes (for example,
ENO2 and LDHA). The authors defined them as mesen-
chymal-like (MES) metamodules: hypoxia-independent
(MEST1) and -dependent (MES2) signatures.

The other four metamodules have been associated with
genes of neuronal development and neurogenesis charac-
teristic for neuronal/glial lineages or progenitor cells. They
included astrocytic markers in one of the metamodules
(S100B, GFAP, SLC1A43, GLAST, and MLC1), oligoden-
droglial line markers in another metamodule (OLIGI,
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OMG, PLPI1, PLLP, TNR, and ALCAM), signatures of stem
cells and neuronal progenitors in two other metamodules,
including markers of neuronal progenitor cells (SOXY,
SOX11, and DCX). It was found by consistently comparing
the obtained metamodules with the signatures of neuronal
cells from the fetal and adult brain tissue and astrocytic, as
well as oligodendroglial tumors, Grade II, that metamod-
ules mimic different types of cellular developmental pro-
grams but with significant distortions compared to normal
variants. These modules are called astrocyte-like (AC-like),
oligodendrocyte-progenitor-like (OPC-like), and neural
progenitor-like (NPC-like). NPC-like were further subdi-
vided into two subtypes (NPC1 and NPC2), which differed
in the inclusion of OPC-like-related genes in NPC1 (for
example, OLIGI and TNR) compared to NPC2, where neu-
ronal lineage genes exclusively prevailed in transcriptional
profiles (for example, STMNI). In general, the picture of
intratumoral heterogeneity of GBM is primarily described
by four cellular conditions and transcriptome signatures,
including NPC-like, OPC-like, AC-like, and MES. These
conditions were found in most tumors in both adults and
children [23].

The authors also classified all tumors’ cells by the ex-
pression level of metamodules and cell cycle programs.
Between 3% and 51% of cells in each tumor were identi-
fied as expressing cell cycle genes and entering mitosis.
Proliferating cells were especially abundant in OPC-like
and NPC-like modules, and they were most actively ex-
pressed in tumors in children. These observations are con-
sistent with previous studies of IDH mutant diffuse glio-
mas, whose cellular drivers are proliferating NPC-like and
OPC-like [23]. However, in GBM, unlike other classes
of gliomas, other types of cells with different expression
modules — AC-like and MES cells —also contain significant
subsets of proliferating cells, which may reflect their very
aggressive nature in GBM.

Interestingly, although the majority of GBM cells corre-
sponded mainly to one of four states, 15% of cells strongly
expressed two different metamodules and, therefore, were
defined as “hybrid” states. Some combinations of metamod-
ules were rare, while others (AC-like/MES modules, NPC-
like/OPC-like modules, and AC-like/OPC-like modules)
were relatively common. Thus, GBM cells are most often
in one of four basic cellular states or an intermediate hybrid
cellular state, each of which has a proliferative potential
but with a higher proliferative activity for NPC-like and
OPC-like states [24].

Each of the tumors contained cells in at least two of the
four cellular states, with most tumors containing cells in
all four states, but the frequencies of cellular states varied
between tumors and even to some extent between different
regions of the same tumor. Most of the tumors consisted
mainly of NPC-like and OPC-like cells, or AC-like and
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MES cells. It is noteworthy that a similar picture was ob-
served in adults and children.

The authors also showed that most of the obtained mod-
ules and cell types differ in certain driver events, typical for
each specific module. For example, CDK4 amplification
and overexpression of this gene’s product are most common
in NPC-like. In OPC-like, the most important driver event
is the PDGFRA amplification with its significant expres-
sion increase. The EGFR gene undergoes amplification
and overexpression in AC-like, playing a major driver role.
In MES, in contrast to the previous subtypes, the primary
importance is not an increase in protooncogenes’ activ-
ity but the deactivation of the NF'/ anti-oncogene due to
its mutation followed by a decrease in the neurofibromin
expression activity [24].

Conclusion

Within the framework of this and previous reviews, we
analyzed the array of modern molecular biological data
on GBM and demonstrated that the variety of molecular
properties of this type of tumor has two main dimensions:
intertumoral and intratumoral. Methodological peculiarities
and progressive development of genomic and post-genomic
technologies determined the sequence of data accumula-
tion in each of these directions. Numerous failures in the
GBM effective target therapies’ development based only on
intertumoral heterogeneity assessment indicate the critical
importance of developing precisely intratumoral heteroge-
neity issues. Despite the high level of methodological com-
plexity, this problem is being actively studied. Nowadays
the promising results have already been obtained: key cell
populations that make up the pool of tumor cells in GBM
have been identified, and their molecular metamodules
have been characterized, and also the presumptive role of
some cell populations and their subpopulations in ensur-
ing the properties of tumor malignancy has been shown.
Further research in this area opens up new, interesting per-
spectives for creating effective personalized diagnostic and
treatment concepts.

CoxkpaueHns
GBM - glioblastoma
GSCs — glioma stem cells
TKR — tyrosine kinase receptors
CNS — central nervous system
AC — astrocyte-like metamodule
AKT3 — RAC-gamma serine/threonine-protein kinase
CDKG6 — cyclin-dependent kinase 6
CDKN2A/B — cyclin-dependent kinase inhibitor 2A/B
EGFR — epidermal growth factor receptor
FGF1 — fibroblast growth factor type 1
FGFR1 - fibroblast growth factor receptor type 1
MES — mesenchymal-like metamodules
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MES1 — mesenchymal-like metamodule subtype 1 (hy-
poxia-independent)

MES2 — mesenchymal-like metamodule subtype 1 (hy-
poxia-dependent)

NOTCH2 — notch receptor type 2

NPC — neural progenitor-like metamodule

NPC1 — neural progenitor-like metamodule subtype 1

NPC2 — neural progenitor-like metamodule subtype 2

OPC - oligodendrocyte-progenitor-like metamodule

PDGFA - platelet-derived growth factor subunit A

PDGFRA — platelet-derived growth factor receptor A

PTEN — phosphatase and tensin homolog

RB1 - retinoblastoma protein type 1

TERT — telomerase reverse transcriptase
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Beedenue. Ilatorene3 HoBo# kopoHaBupycHOH nHpekmmn COVID-19 maxoguTcs B cTaguu aKTHBHOTO
nsydeHus. TeM He MEHee CBEACHUS 00 M3MEHEHHSIX TUMGONTHON TKAHM BO BTOPUYHBIX OpPTaHaxX UM-
MYHHOW CHCTEMBI, COTIPOBOXKAAIONINX TSDKEJIOE TeUeHNE 3a00I€BaHus, IIOKa OCTAIOTCS KpaiHe OTpaHu-
4yeHHBIMH. Llenp nccinenoBanus — n3ydeHne 3aKOHOMEPHOCTEH I'MCTOMOTHIECKIX U HIMMYHOMOP(OI0-
TUYEeCKAX M3MEHEHUH TuMpaTHIecKuX y310B ymMepmux nanuentoB ¢ COVID-19 Tspkenoro u kpaifae
TSKEJIOTO TEUCHHUS.

Mamepuanvt u memoosi. C TOMOIIBIO THCTOIOTUIECKOTO 1 UMMYHOTHCTOXUMHYECKOTO (C UCTIOIb30BAHUEM
antuten k CD4, CD8, CD20, CD30, CD123, CD138, PD-1) meTonoB nuccienoBana TKaHb TUM(paTHIECKUX y3-
JI0B (ayTOTICHIHEIN Matepurai) 17 6ompHBIX, yMepmux oT COVID-19 Tspkenoro u kpaifHe TSHKEIOTo TeISHHUS.
Pesynomamepi. O6IIMH 0COOCHHOCTAMHU T'MCTOAPXUTEKTOHUKN HCCIICAOBAHHBIX TUM(ATHIECKUX y3JI0B
SBISUTHCH PeNyKIUsS TUMGOUAHBIX (OIIUKYIOB U PACIIMPEHNUE MAPAKOPTUKAIBEHON 30HBI C PEAKTHBHBIM
IUIa3MOLIUTO30M, SKCTpadoITHKyIIpHas B-ki1eTounas akTHBaIHs, CHHYCHBIA THCTHOIIMTO3, IPU3HAKH FEMO-
(haronnTo3a, MOIHOKPOBHE COCYAOB, B YACTH COCYIOB TNM(ATHIECKUX Y3710B — (POPMUPOBAHNE THATHHOBBIX
TpOMOOB, B CTPOME HAOIIOAAINCH ANAINEIE3HBIE, a B OTJEIBHBIX y3JIaX MacCHBHbIE KpoBom3nusHuA. [1pu
MMMYHOTHCTOXMMHYECKOM HCCIICIOBAaHNH BBISBIICHBI IIpeo0iialaHne B MapaKOpTUKAIBHON 30HE T-Xemnmepos
CD4*, nenmmeruist IuToTOKCHYecKux nuMdonnToB CD8, yBennyueHne KorudecTBa Kak JINM(pOINUTOB, IKC-
MIPECCUPYIONINX CynpeccopHbI Oenok PD-1, Tak 1 aKTHBHPOBAHHBIX JTUMQOIUTOB, SKCIIPECCHPYIOITIX
akTuBanrOHHEIH anTUreH CD30. B 3HaUNTETFHOM KOJTMYECTBE B TIPOCBETE CHHYCOB M B TAPAKOPTHKAIBHOM
30He 00HapyxeHbl CD123-1103uTHBHBIE ITa3MOIIUTOUTHBIC ICHIPUTHBIE KIIETKH, CEKPETUPYIOIINE HHTEP-
¢epoH 1-ro THma.

3axnouenue. B mumparndeckux y3nax manueHToB ¢ COVID-19 Tskenoro u KpaifHe TSDKEIOTO TCUCHHS
BBIABJIIOTCS pelyKuus B-3aBHCHMOI! 30HBI 1 JETUTEIUS TUTOTOKCHYECKUX T-TMM(OINTOB C MOBBIIICHHEM
skcrpeccun PD-1, 9To ToBOpUT 00 MCTOIIEHNH HMMYHHOTO OTBETa. B TO e BpeMs B MapaKOpPTHKAIBHOM
30HE HAOIOIaeTCs 3HAYNTETBHBIA PEaKTHBHBIN TUIA3MOIMTO3 ¢ HAIMYNEM MHOTOYHCIIEHHBIX T-XenmepoB —
MOpPQOIOrHYECKH CyOCTpaT TyMOPaIbHOTO 3B€Ha MIMMYHHUTETA, YTO MOXKET CBUAETEILCTBOBATH O HEI(-
(eKTHBHOCTH TyMOpaibHOTro oTBeTa y marueHToB ¢ COVID-19 Tspkenoro TedeHus nMpu OOHOBPEMEHHON
HECOCTOSTENFHOCTH T-KI€TOYHOTO MMMYHHUTETA.

KuroueBrbie ciioBa: HoBas kopoHaBupycHas undekims, SARS-CoV-2, COVID-19, B- u T-uMMyHHBIH OT-
BET, TUM(ATHICCKUE Y3IIbI
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BBenenue
B nexadpe 2019 rona B kuTalCKOM NPOBUHIIUK YXaHb  AUTEIIO TSHKENOTO pecnuparopHoro cuaapoma (SARS),

Introduction. The pathogenesis of the novel coronavirus infection COVID-19 is being actively studied.
Nevertheless, our up-to-date knowledge of lymphoid tissue response in the secondary immune organs dur-
ing severe COVID-19 remains extremely limited. The aim of the study was to evaluate patterns of immu-
nomorphological alterations in lymph nodes in patients with severe COVID-19 and to assess lymphocytes
functional activity in them.

Materials and methods. Lymph node tissue (autopsy material) from 17 deceased patients with severe
COVID-19 was examined by histological and immunohistochemical methods using antibodies to CD4,
CD8, CD20, CD30, CD123, CD138, PD-1.

Results. Examined lymph nodes demonstrated lymphoid follicles reduction and paracortex expansion with
reactive plasmacytosis and extrafollicular B-cell activation as well as sinus histiocytosis, variable hemophago-
cytic cells, and blood vessel congestion. Red thrombi were observed in some lymph nodes. Hemorrhages in
the stroma were frequent, and massive hemorrhages were found in individual nodes. Immunohistochemical
study revealed CD4" T-helpers predominance in the paracortex andcytotoxic CD8* lymphocytes depletion
together with an increase in the expression of both the PD-1 suppressor protein and the CD30 activation anti-
gen on the lymphocyte surface. CD123-positive plasmacytoid dendritic cells resided in sinuses in abundance.
Conclusion. Demonstrated B-associated zone reduction and cytotoxic T-lymphocytes depletion with an up-
regulation of PD-1 expression in the lymph nodes in patients with severe COVID-19 indicate immune response
exhaustion. At the same time, observed significant reactive plasmacytosis with the presence of numerous T-helper
cells constitutes a morphological substrate of the humoral immunity. These findings might indicate the ineffec-
tiveness of the humoral response at late stages of COVID-19 infection in context of cytotoxic immunity failure.
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Corresponding author: Alla M. Kovrigina. E-mail: kovrigina.alla@gmail.com

For citation: Kovrigina A.M., Shalamova E.A., Berezovskiy Yu.S., Kalinin D.V., Gretsov E.M., Bagda-
saryan T.R., Semenova L.A., Chebotarev D.I., Samsonova M.V., Chernyaev A.L., Mikhaleva L.M.,
Mishnev O.D., Kurilina E.V., Zayratyants O.V. Pathomorphological and immunohistochemical features of
lymph nodes in COVID-19 patients (autopsy study). Clin. exp. morphology. 2020;9(4):12-23 (In Russ.).
DOI:10.31088/CEM2020.9.4.12-23

Funding. The study was carried out within the framework of state budget funding.
Conflict of interest. The authors declare no conflict of interest.
Received 31.08.2020. Received in revised form 29.09.2020. Accepted 26.10.2020.

TU(PHUIUPOBAH KaK KOPOHABHPYC, POACTBEHHBINA BO30Y-

Obla 3auKCHpOBaHA BCIBIIIKA PaHee HEM3BECTHOM U BIOCIEACTBUU Ha3BaH kKopoHaBupycoM SARS-CoV-2
UH(EKInOHHOH Oone3Hu. B sHBape Bo30yautens unen- [1-3]. bone3ns monyuria Ha3BaHUE «HOBasi KOPOHABH-
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pycHas undexuus (COVID-19)», u yxe 11 mapra 2020
rozna BcemupHas opranuzanus 31paBooXpaHeHus OObsSBU-
ia sauaemuro COVID-19 nangeMuei.

ITo cocrosiauio Ha 10 aBrycra 2020 roma Bo BceM
mupe Obu1o BhisABIEHO Oojee 20 000 000 unduuupoBan-
HbIX U 6osee 700 000 ymepunx oT 1aHHOTO 3a00J1€BaHuUs;
B Poccuu — 6onee 800 000 cinywaes COVID-19 u 6onee
14 000 neranbHbIX UCX010B. HecMoTps Ha HENpeKkpaiaro-
LIMKACSA TIOUCK TAKTUKH Tepanuu, 3PPeKTUBHOCT PUMe-
HSIEMBIX B HACTOSAIIIEE BPEMs CXEM JICUEHHUS OCTAETCA CIIOP-
Holi [4—7]. Ha 5ToM poHE aKTHBHO U3y4alOTCsI MEXaHU3MBI
(hopMupOBaHUs 1 CTAOMITEHOCTH HIMMYHHUTETA, BO MHOTUX
CTpaHax MHpa BeneTcs pa3paborka BakiuH [§—10], B Ha-
cTosLIee BpeMs IepBasi B Mupe BakUuHA «CIyTHUK- V) c03-
JlaHa 1 3apeructpuposaHna B Poccuiickoit @enepanyu. B To
K€ BpeMsl Hallli 3HaHUsI O B3auMoieiictein Bupyca SARS-
CoV-2 c kieTkaMid IMMYHHOTO OTBETA U €0 BIMSHUE Ha
TUM(pOUTHYIO TKaHb JIO0 CHX IO BECbMa OrpaHi4eHsl. Tak,
Ha MPOTSDKEHUHU MECALEB UCCIeJOBAaHUNA OCHOBHOE BHH-
MaHue npu uzydeHuu narorenesa COVID-19 ynensnock
MeXaHU3MaM IIPOHUKHOBEHHS BUpYyca B KJIETKU-MULICHU
(Hecyt Ha MmemOpane peuentop — AIID2), untonaruyue-
CKOMY JIEHCTBHIO BUpYyca Ha KJIETKU-MULIEHH U MECTHOU
UMMYHHOU AUC(HYHKIMH, &8 UMEHHO Pa3BUTHIO CHHIPOMA
AKTHBAIIMU MaKpO(aroB U HEPETyAUPYEMOTo BEIOpOCa ITH-
TOKWHOB U XEMOKHHOB («LIUTOKHMHOBBIH IITOPM») B Op-
raHax-MHLICHSX, B MIEpBYyI0 oyepenb Jierkux [11-16]. Ha
CEroJHSIIHUHI IeHb JOKa3aHa Ba)kKHas POJIb B MaTOreHese
Tsokenoro teyeHuss COVID-19 runepkoaryasiiioHHOTO
u IBC-cunapomos [17-19].

HccnenoBanus ummyHHoro orsera npu COVID-19
HaIpaBJIeHbl Ha MOJyyeHHe UH(OpMAaLUY, IOJAE3HON IS
pa3paboTKu 3PPEKTUBHBIX CXEM JICUCHUS U BAKIUH, a
TaK)Ke Ha MOUCK MPOTHOCTHYECKUX (PAKTOPOB TAKEIOTO
U KpallHe TSKEJIOro TeYEHUs U BBICOKOH BEPOSTHOCTHU
JeTanpHOro ucxoaa. B psne ucciaenoBanuii ObU10 pose-
MOHCTPHPOBAHO, 4TO IpH TskenoM teuennn COVID-19
pe3Koe yXy/IIeHHe COCTOSHHS MallUeHTOB pa3BUBAETCS Ha
(oHEe HapylICHHS HIMMYHHOTO OTBETA, YTO IPOSBIISIETCS
a0COJIOTHOW WIJIM OTHOCHUTEIBHOM TMM(OIEHHEN yxKe Ha
HAYaIIBHBIX dTarnax 3a0oieBaHus THOO0 BBISIBISCTCS HpU
ero nporpeccupoBannu [20-23]. B. Diao et al. moka3zanu,
YTO MPOUCXOIUT HE TOJBKO ACTUICLHS UUPKYIUPYIOLIUX
T-K1eToK, HO ¥ UX (PYHKIMOHAIEHOE UCTOLLEHHE, YTO MOA-
TBEPIKAaeTCsl IOBBILLIEHHOM SKCIIpeccuel Ha uX MeMOpaHe
PD-1 [24]. Kpome Toro, moiy4eHsl JaHHbIE O TUHAMHKE
TUM(pOUTHON HHOUITBTPAIIMY B JITOYHOW TKAHH HA Pa3HBIX
JTanax pa3BuTHs nopaxxenus jgerkux [11, 12, 20]. Bmecre ¢
TEM JIETANTBHBIN aHAIN3 MOP(OIOTUIECKOro cyocTpara us-
MEHEHUI IMMYHHOTO CTaTyca, B TOM YUClie 0COOEHHOCTEH
TuMGOUIHOM TKAaHU B TUM(PATHIESCKUX Y3JIaX, MPaKTHUe-
CKHU HE MPOBOJIUIICS.

Lenbro HACTOSILLETO UCCIIEIOBAHUS SBIISETCS U3yUEeHHE
3aKOHOMEPHOCTEH TMCTOIOIMYECKUX U HMMYHOMOP(OIIO0-
THYECKUX U3MEHEHUH B TUM(paTHYECKUX y3/1ax y MalreH-
TOB, yMepiux oT COVID-19 Tspxenoro u kpaiiHe TsSKeIoro
TEUEHUs], Ha ayTOIICUHHOM Marepuase.
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Marepuanbl 1 METOABI

B uccienoBanue 0BT BKIOYEH ayTOINCHIHBIA Ma-
Tepuas BHYTPUTPYIHBIX (IaparpaxealbHbBIX, OUyp-
KallMOHHBIX) TUM(PATHUSCKUX Y3JIOB OT 17 MalHMeHTOB
(12 My>X4YUH U OATh KEHILIWH), YMEPIIUX B BO3pacTe OT
58 1o 93 nert, NPOXOMMBIINX JICUCHUE B MHPEKIIMOHHBIX
cranuoHapax Mocksel o ooy COVID-19 Tsxenoro
U KpaiiHe TsDKEJIOro TE€UEHHUS B MEePHUO] C amnpes Mo Mal
2020 roxa. [TaronoroanaroMu4eckre BCKPBITUS C COOITIO-
JIeHHEeM HOpM OnoOe3omnacHocTH mpoBoawiuck B [ITHUN
TyOepkyneza Munsnpasa Poccuu. ['uctonoruueckoe 1 um-
MYHOTHCTOXMMHUYECKOE HCCIIeI0BAaHHE BHIIOJIHEHO B Ma-
TosioroaHaromudyeckoM otaeneHnn HMUII remaronorun
Munsnpasa Poccun.

XapaKTepuCTHKa yMEPIIUX OT HOBOM KOPOHABUPYCHOI
MH(}EKIUH, BOUIeIUX B JaHHOE MCCIIe0BaHUE, MIPe/-
craBieHa B Tabnuue 1. Jluarao3 HoOBOH KOpPOHABUPYCHOU
MH(EKLINHU Y TaLUEHTOB C MO3UTUBHBIM PE3yJIbTaTOM KaK
MPWKU3HEHHOT0, TaK U MOBTOPHOro nocmeptHoro I[P
uccaenoanust Ha PHK SARS-CoV-2 Gbu1 ycraHoBieH
Ha OCHOBAaHUM KJIMHUKO-3IIHIEMHOJIOTMUECKHUX U NaTOJIO0-
roaHaroMuueckux kpurepues [25]. CteneHb nopaxxeHus
JIETOYHOW MapeHXUMBbl OL[€eHUBaJIaCh MOP(OJIOTHUYECKH
Ha BCKpbITHH U ITpH nomo1ny KT opranos rpynHo# KieT-
KM COIMIACHO peKoMeHaauusiM HayuyHo-IpakTH4yecKoro
KJIIMHUYECKOTO LIEHTpa JUArHOCTUKU U TeJeMeIULIUH-
CKHX TexHojoruil JlenapraMmeHnTa 31paBOOXpaHEHuUs ro-
pona Mockssl (Mapt 2020 rona), pexkomenaanusm BO3
u Munszapasa Poccuu [25, 26]. Y Bcex ymepuiux Ha
BCKPBITHM JIMAarHOCTUPOBaHbI xapakrepHoe s COV-
ID-19 muddy3noe anpBeonsipHOE TOBPEKICHUE M OCTPBIH
pecnupaTopHbIl JUCTPECC-CUHAPOM (KIMHUYECKH).
Hapymenus remocrtaza (CUHAPOM THIEPKOATYISLIHUN)
JUArHOCTUPOBAJIM MPH KU3HHU MO CIEAYIOLIUM Mapame-
TpaM C HUCIOJIb30BaHUEM peepeHCHbIX 3HAUEHUH COOT-
BETCTBYIOILMX JJaOOpaTOpuil: aKTHUBUPOBAHHOE YaCTHYHOE
TpoMboractunoBoe Bpems [ AUTB] (yBenuuenue), npo-
TpomOuHOBO€e Bpems [I1B] (yBenuuenue), GpudbpruHOTreH
(moBbIIEHUE KOHLIEHTpauuu), D-gumep (MOBbILIEHUE
KOHIICHTPAIIHNH).

Tucmonocuueckoe uccaedosanue. ccienoBaubl r'i-
CTOJIOTHYECKUE MPENapaThl TKAHU JTAM(PATUIECKUX Y3IOB
17 manueHTOB, OKpalleHHbIE T€MAaTOKCUIMHOM U 303H-
HOM, C OIICHKOH CIenyomux Mop(odyHKIIMOHATBEHBIX
30H U CTpyKTyp: 1) B-3aBucumas 30Ha (JiumMpougHbIC
¢domnukynen); 2) T-3aBucuMas 30Ha (TapaKOPTHKAIBHAS
30HA); 3) CUHYCHI (PACIIUPEHBI, OOIUTEPUPOBAHBI, KIIE-
TOYHBIN COCTAB, BKIIOUEHHS B LIUTOILIa3Me MakpoQaros);
4) KpOBEHOCHBIE COCY/bI (MEIKHE KPOBEHOCHBIE COCYIBI,
BEHYJIbI); 5) cTpoMa (Hanuyue KpOBOU3NUSAHUM, IBICHUN
¢$hubpo3za).

Hmmynozucmoxumuueckoe (MI'X) uccnedosanue 06110
BBIITOJTHEHO Ha MMapa)MHOBBIX CPe3ax IMM(PAaTHISCKHX Y3-
JIOB C MCIIOJIb30BAHUEM IaHENIW aHTUTENT Ha UMMYHOTH-
crocreiinepe Leica BOND-MAX (I'epmanus) (Tabm. 2).
Ouenky MI'X npenaparoB NpoBOAMIN NOTYKOIHMYECTBEH-
HbIM MeToztoM B 10 mosisax 3penus (%200).
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Tabnuya 1 | Table 1

XapaKTepHCTHKA NALMEHTOB, BOLIEJLINX B HCC/IEI0OBAaHUE |
Clinical and epidemiological characteristics of patients in this study

IMapametp | Parameter
Myskckoit o | Male
Kenckuii non | Female
Menunana (quana3oH) Bo3pacta, jet | Median (range) age, years

Menuana (1uamna3oH) JNIMTEIFHOCTH CTAIHOHAPHOTO dTama 3a00eBanys, THEH |
Median (range) disease duration, days

PHK SARS-CoV-2, TILIP nonoxutensHbli | RNA SARS-CoV-2, PCR positive

Menuana 1 Auana3oH JOTOCIATAIBHOTO dTara 3a00IeBaHus, JTHEH |
Median and range of the disease prehospital phase, days

Koundexnus 6akrepuanbhas (Staphylococcus aureus, Pseudomonas aeruginosa,
Acinetobacter baumannii) | Co-infection (Staphylococcus aureus, Pseudomonas
aeruginosa, Acinetobacter baumannii)

BuyTpurpynuas mumbanenonarus | Intrathoracic lymphadenopathy

CHHIPOM THITEPKOATYISIIUH (IO TaHHBIM KOAryJIoTpaMMBl) |
Hypercoagulopathy (based on coagulation panel)

A6comotHast (< 1,0 TeIc/MKIT) mim oTHOCHTENbHAs (<19%) mumdonenns
Absolute (<1.0 x 10°/L) or relative (<19%) lymphocytopenia

— TIpH OCTYIUICHUH B CTallMOHAp | at presentation

— MIpU MPOTPECCUPOBAHMH | at progression

CreneHs MOpaKeH!s! JIETOYHON ITAPEHXHUMBI |

CT grading of COVID-19 severity (extent of lung involvement)
KT1-KT2 (<50%) | CT1-CT2 (<50%)

KT3-KT4 (50% u 6omee) | CT3—CT4 (50% or more)
Komop6Onansie 3a6oneBanns | Comorbidities

— OKHpEHHeE | obesity
— caxapHblil quadet 2-ro Tuna | type 2 diabetes mellitus

— cepaeuHo-cocynucthie 3adoneBanus (MBC, LIBB) | cardiovascular disease (IHD,

cerebro-vascular diseases)
— TUIIepTOHMYECcKas 0ome3Hb | hypertension disease
— XOBJI/amtpuzema serkux | COPD/lung emphysema

— 3JI0Ka9eCTBEHHOE HOBOOOpa30BaHKE JIF000H JTokamm3anuy | malignant neoplasms

IMony4anu npoTuBoBHpYCHYIO Tepanuto | Received anti-viral agents

Yucao nanmentos | Number of patients
12 (70,6%)
5(29,4%)
78 (58-93)
19 (8-42)

17 (100%)
12-16

6 (35%)

10 (58,8%)
12 (70,6%)

11 (64,7%)
17 (100%)

3 (17,7%)
14 (82,3%)

6 (35,3%)
4(23,5%)
5 (29,4%)
6 (35,3%)
2 (11,8%)
2 (11,8%)

8 (47,1%)

Tabnuya 2 | Table 2

Xapakrepucruka antute 1 UI'X-uccnenosanus | Characteristics of antibodies used in the study

AHTHTEJIO | Kion, npoussoauTeis | Pazpenenue |
Antibody Clone, manufacturer Dilution
CD20 MI1, Leica RTU B-kietku
CD4 4B12, Leica RTU
CDS8 4B11, Leica RTU
CD30 JCM182, Leica 1:50
CD123 BR4MS, Leica 1:20
CD138 EP201, Epitomics 1:100
CD279 (PD1) NAT105, Cell Marque 1:50

DYyHKIHOHAILHAS XaPAKTEPHCTHKA |
Functional activity

T-knerkn xemmeps! (Thl, Th2) | T-helpers (Thl, Th2)
Iutotokcnueckue T-kietku | Cytotoxic T-cells

AKTHBaLIMOHHBIIN aHTHTEH | Activation antigen

ITasmonmTonmHbIe NeHapUTHEIE KiieTkH | Plasmacytoid dendritic cells
IIna3marnueckue kietku | Plasma cells

PD1-kopenentopHbIii HHTHOUTOP, COTIPOBOKIAFOIIIUI TAITBI AKTHBAIINN

CD4', CD8" T-kieTok, Mapkep T-KJI€TOYHOTO HCTOMICHUS |
PD1-coreceptor inhibitor accompanying the stages of CD4",
CDS8'* T-cell activation, marker of T-cell depletion

RTU — roroBsle K NPUMEHEHUIO
RTU - ready-to-use

KIMHWYECKAS V1 OKCITEPUMEHTAIBHAS MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 9 Ne4 2020 15



OPUTMHAIBHBIE MICCITEJOBAHNMA

PesynbraThl

Tucmonozuueckoe uccneooganue. B mumbparndeckux
y3Jax BBISBICH Pl 0COOCHHOCTEH THCTOAPXUTCKTOHH-
ku (puc. 1 A—H): 1) penykuust muMpOUTHBIX (OTITUKY-
70B (n=12), 2) pacuupeHue napakopTUKaIbHON 30HBI

C PEaKTHUBHEBIM ILIa3MonuTo30M (n=14), sxctpadommm-
KyJsIpHOW B-K1eTO4YHO! akTHUBalMel B BHUJIE pacCcesiH-
HBIX NapadOoUIHKYISIPHO U B MapaKOPTUKAIBLHOHN 30HE
KPYIHBIX JTUM(POUIHBIX KIETOK ¢ MOP(OJIOTHEH LEH-
TpoOIacTOB M UMMYyHOONIAcTOB (n=15); 3) pacmmupeHue
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Puc. 1. Mopdonormaeckre 0coGE6HHOCTH HHTpaTOpaKaIbHBIX TuMpaTudeckux y310B npu COVID-19 Tspkenoro u KpaitHe TSHKEIOro TEUeHHSI.
A — penykuust tumdonaHbx Goutukyaos, X200, B — pacuupenue napakopTukanbHoii 30661, X200, C — miacTsl mia3MaTuIecKux
KJIETOK B APAKOPTHKAIBHOH 30He (peakTHBHBIH ru1a3mMonunTo3), X400, D — akTHBHpOBaHHbBIC KPYITHbIE JIUM(OUIHBIC KICTKH
B [1apaKOPTUKAIBHOMU 30He, X400, E — pacuiMpeHHble CHHYCBI, B UX NPOCBETE — TUCTHOLUTSI C IPU3HAKAMU reMo(arouTosa,
a3MaTHIeckue KIeTky, Tumpounanbie kiuetkr, X400, F — heromeH cnamka spuTpoLuToB U (OpMUPOBAHKE KPACHBIX TPOMOOB
B IIpocBeTe cocynoB, X200, G — AunaTipoBaHHbIE MOJHOKPOBHBIE CHHYCHI, X200, H — MacCHBHOE KPOBOU3IIHSHUE C HAPYIICHUEM
THCTOapXUTEKTOHUKH, X200. OKpacka reMaTOKCHINHOM H 303HHOM

Fig. 1. Morphological features of intrathoracic lymph nodes from patients with severe COVID-19.
A — lymphoid follicle reduction, x200, B — paracortex expansion, X200, C — plasma cell sheets in paracortex (reactive
plasmacytosis), x400, D — activated large lymphoid cells in paracortex, x400, E — expanded sinuses with histiocytes,
hemophagocytic cells, plasma cells, lymphocytes, X400, F — erythrocyte aggregation and red thrombi, x200, G — dilated
congested sinuses, x200; H — lymph node architecture erased by massive hemorrhage, X200. H&E stain
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CHUHYCOB, B HX IIPOCBETE — THCTUOLUTHI (n=17), MEKHEe  THUYECKHX y3JIOB — HAJIMYUE TPOMOOB (OPTaHU3YFOIIUXCS,
nuMmdounanbie Kietku (n=17), miasmMoruTel (n=14), uM-  PUOPUHOBBIX, OPraHU30BAHHBIX) B MEIIKUX KPOBEHOCHBIX
MyHOOMacThl (n=12), IIa3MOLUTOUAHBIC ICHIPUTHBIE  cocylax (n=3); B CTpoMe — Auarnee3Hblie win quddy3Hbie
kietku (n=13), sputpouutsl (n=7), OTIOKEHUSI GUOPHHA  KPOBOM3IUAHUS (n=9), peixe — MACCHBHBIC KPOBOU3IIH-
(n=1); 4) momHOKpOBHE cocynoB (n=15), B yactu numda-  saus (n=3). B GonpmmHCcTBe HabmIOneHw (n=12) ObUTH

Puc. 2.

Fig. 2.
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Oco06eHHOCTH IMMYHOTHCTOapXHTEKTOHNKH HHTpaTOpakaabHbIX uMparnaeckux y3moB npu COVID-19 Tspkenoro

U KpaifHe TSHKEIOro TeUCHHS.

A, B — penyxuust umbounausix ommmkynos, CD20, x25 u x200, C — npeobnaganue B napakopTUKanbHO# 30He CD4*
mumponnubix T-kinerok, X200, D — nemuorouuncnenusie CD8* nmumbonnsie T-kinetku, X200; E — CD138" MHOTOUKCIICHHBIE 3penble
IJ1a3MaTHUECKHUE KIETKH PACIOJIOKEHbI B [IPOCBETE CUHYCOB, B MapakopTUkainbHoi 30He, X200, F — CD123* ma3monuroniHbie
JICHAPUTHIECKHUE KIIETKU B MPOCBeTe CHHYCOB, X200, G — sKcnpeccust akTHBarimoHHOro antireHa CD30 muMQonIHbIME KIIETKAMHU,
%200, H — sxcripeccust PD-1 Ha moBepXHOCTH TUMGOUIHBIX KITeTOK, X200. IMMYyHOTHCTOXHMITIECKHIT aHaIn3
Immunohistochemical characteristics of intrathoracic lymph nodes in severe COVID-19.

A, B — CD20 immunostaining highlights follicle reduction, 25 and x200, C — paracortex is rich with CD4* T-lymphocytes, x200,

D — CD8" T-lymphocytes are sparse X200, E — CD138" immunostaining highlights plasma cells distribution in sinuses and paracortical
zone, X200, F — CD123* immunostaining highlights increased number of plasmacytoid dendritic cells in sinuses, x200, G — expression of
activation antigen CD30 in lymphocytes, x200, H — up-regulated expression of PD-1 in lymphocytes x200. Immunohistochemical assay
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00OHapy>KEeHBI MPU3HAKY TeMO(arouTo3a pasHoi CTENeHN
BBIPAKEHHOCTH.

IIpu UI' X-uccnedosanuu BoisBiena nerierus CD20*
nuMpouaHEIX B-KiIeTok, mMpeuMyLIeCTBEHHO Pacloio-
JKCHHBIX B KOPTHKAJIBHOU 30HE (B Ipeaenax TUMQpOUTHBIX
(OJITMKYIIOB IPU WX HAJHYUH), IPU3HAKU Je30praHmu3a-
K (QOJUTUKYIIOB HE OOHAPYKEHBL. B mapakopTHKaIbHON
30HE cpeu TUM(OUIHBIX 3JIeMEeHTOB npeobnanam CD4*
T-knetku, B To BpeMms kak CD8" T-kiieTku ObLIM HEMHO-
rourciaeHHbl. OTMeYanoch yBelIUuYeHHe KOJMUeCcTBa Kak
TUM(OUIHBIX KIETOK, SKCIPECCUPYIONINX HA CBOEH ITO-
BepxHocTU PD-1 — paznenbHO, Tak M aKTUBUPOBAHHBIX
TuM(OUIHBIX KJIETOK Pa3HOTo pa3Mepa, dKCIPecCHpy-
foux akTuBalMoHHbIA antured CD30. IIpu peakuuu ¢
anTuTenamu k CD123 B mpocBeTe KpaeBOro U MpoMexKy-
TOYHOTO CUHYCOB BU3yaJIM3UPOBAINCH MHOTOYHCIICHHbIE
TUIa3MOLIMTOU/IHBIE IEHAPUTHBIE KIIETKHU, PACIIOIIOKEHHBIE
Pa3po3HEHHO U B BUIE Hebonpmux rpymm. [pu peakiun
¢ antutenamu k CD138 orMeuanocs yBenTuueHHOE KOJIH-
YECTBO 3peJIbIX MJIa3MaTHYECKUX KIIETOK, PACTIONOKEHHBIX
Kak B [IapaKOPTUKAIbHOM 30HE, TaK U B IPOCBETE CUHYCOB
(puc. 2 A-H).

O6c¢cyxneHne

IIpu rUCTONOrMYECKOM UCCIIeI0BaHUH B MapaKOpTH-
KaJbHOU 30HE PErMOHAPHBIX TUM(ATHUECKUX Y3II0B OIpe-
JIEJIAIICS BBIpXKEHHBIN PEaKTUBHBIH IJ1a3MOIIMTO3 B COYe-
TaHUM C TeHACHLMEHN K peaykuun B-3aBucuMOi 30HbI, 4TO
CBUJICTEIBCTBYET 00 aKTUBAIIMU T'yMOPAIBFHOTO HMMYHH-
teta npu COVID-19.

B cunycax Hamu 0OHapy>K€HO yBEIMYEHHOE KOJIH-
YECTBO MUPKYIHPYIOMIUX CEKPETUPYIOUINX HHTEPPEPOH
Tuna | nmIa3sMOUUTONIHBIX AEHIPUTHBIX KJIETOK, y4aCTBY-
IOLIMX B IPOTUBOBUPYCHOM HMMYHHOM 3aluTe.

Pacmupenue napakopTukanbHOW 30HBI IPOUCXOAUT
3a CYET 3peJIbIX IIa3MaTUYeCKUX KJIeTOK U T-xenmnepos
(CD4"), nauboinee BepositHo T-xenmepoB Tuma 2 (Th2-
TUMGOLHUTHI), CTUMYIHPYIOIINX TEPMUHAIBHYIO AU de-
PEHLMPOBKY B-KjeTok B mia3maruueckue kietku. Ilpo-
rpeccus 3a00J71€BaHUS | JICTAJIbHBIA UCXOM, HECMOTPSI Ha
HaJM4ue BBIPAXKEHHOTO MJIa3MOKJIETOYHOro cybcTpara
TYMOPaJIbHOTO UMMYHHTETA, MIO3BOJIIOT MPEINOIOKHUTh,
YTO HECOCTOATENIBHOCTh MMMYHHOT'O OTBETA CBA3aHa C Ha-
pylueHueM (QPyHKLIHOHAIHLHOTO B3aUMOACHCTBHUS MEXIY
AHTHTCHIIPE3CHTUPYIOIIMMU KiieTKaMu Th2-mimMpormramMu
U B-muMponunTamu, muddepeHnupyommumMics B mia3ma-
TUYECKHe KJIEeTKU. JJaHHOe MpeanonaokeHue B HEKOTOPOit
Mepe MOATBEPKIAETCS Pe3ylbTaTaMu HCCIeI0BaHUH,
MOCBSLIEHHBIX aHaJIu3y CyOomomyiasiuuil TuMQoIUTOB
B niepudepuueckoit kpopu. Tak, C. Qin et al. mokaszanu,
4YTO y MAaUEeHTOB ¢ TspKenbiM TeuenrneM COVID-19 no
CpPaBHEHUIO ¢ UMEIOLIMMHU JIETKyIo ¢opMy 3a0o0sieBaHUs
HaOJroaeTCsl HapylIeHUE COOTHOIIeHUsI HauBHBIX CD4*
T-knerok u CD4* T-kneTok mamsTH CO 3HAYUTEIBHOU
Jgerenuen nocineaHux [27]. JlaHHble pe3yiabTaTrsl Mo-
ryT OOBSICHUTH (PYHKLIHMOHAIBHYIO HECOCTOATENBHOCTD
BBISIBIICHHBIX HaMH B JOCTATOYHOM KojnuectBe CD4*
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T-xenmepoB B TUMpATHUECKHUX y3JIaX H HEAOCTATOYHYIO
CEKPETOPHYIO aKTUBHOCTb 3PEJIbIX MIa3MaTHUYEeCKUX KJile-
Tok. [Ipu cpaBHEHNH aOCOMIOTHOIO KOJIUYECTBa CyOIo-
NYSIIUNA TUPKYIUPYIOMUX TUM(OIUTOB Yy MAUEHTOB C
TsokenbiM COVID-19 u marnueHToB, O0IBHBIX TPUIITIOM
A(HINT) 2009, E.T. Giamarellos-Bourboulis et al. BbI-
ABUJIM CHUXeHHOe konudecTBo CD3*CD4'CD45" num-
(¢houuToB M MoBbIIeHHOE KonuuecTBO CD19°CD45*
mumpormror mpu COVID-19. TIpu 3TOM KOHLIEHTpAIHS
UMMYHOTIIOOYIHHOB OCHOBHEIX KitaccoB (IgM, IgG, IgA)
B IazMme kpoBu nanueHtoB ¢ COVID-19 coxpansnack
Hu3Ko# [28]. Takum 0Opa3oM, BBIABIIEMBIN B TuMbaTH-
YEeCKHX y3J1aX MOP(]OIoruiecKuii cyocTpar ryMopaisHOTO
3BeHa uMMyHHTeTa Ipu COVID-19 Tspkenoro TeueHus He
TpaHcaupyeTcs B 3(P(HEKTUBHBIA T'yMOPATBHBIA IMMYH-
HBIN OTBET € BBIPAOOTKON HEeHTpaIu3youmx anTu-SARS-
CoV-2 antuten. CnenyeT nog4epKHyTh, UTO B CPEAHEM K
14-M cyTkaM mocie MHQHUIHPOBAHUS YPOBEHb aHTHTEI
IgG nomxken nocTUraTh MaKCUMaJIbHBIX 3HAYEHUH, OTHAKO
BUpyccnenuduunsle anrurena Tunos IgGl, 1gG2, 1gG3
MOTYT aKTUBUPOBaTh Oenok C4 cHCTEeMBI KOMILUIEMEHTA,
CHUHTE3UPYEMblii Makpoaramu JIETKUX, U CIOCOOCTBOBATh
MOBPEXKACHUIO TKAHU JIETKHX, aCCOLIMUPOBAHHOMY C IO-
BPEXKJIEHUEM COCYAUCTBIX CTEHOK.

BrlsBrieHHAas Ieruielys MUTOTOKCHUeCKuX T-nmumdo-
utoB (CD8") mpencrapnser coboit Mopdonoruyeckui
cyOcTpar UCTOLIEHUS KIETOYHOTO MMMYHHOT'O OTBETa
y MalUEeHTOB C TAXKENIbIM U KpaiHe TSKENIbIM TeUeHHEM
COVID-19. lannble u3MeHeHHs B TMM(}aTHUECKUX y3aax
COOTHOCSTCS ¢ BeIiBIsieMoit CD8* nmuM¢ornenueii B kpo-
Bu y namueHToB ¢ COVID-19 Tspxenoro TedyeHus, 4To
npensaraeTcsl UCMoib30BaTh B KaYeCTBE HE3aBHCHUMOTO
MPOTHOCTUYECKOTO (hakTopa U Mapkepa d3PPEeKTUBHOCTH
tepanuu [29, 30]. DTH naHHBIE YKa3BIBAIOT HA (OPMH-
poBaHMEe UMMYHOAE(DUIIUTA Y MALUEHTOB C TAKEIBIM
u kpaiine TspkenasiM TedenrneM COVID-19, uto cnenyer
YUYUTHIBATh KaK (PaKTOp pHCKa BOSHUKHOBEHHS WIIN 000CT-
peHust 0aKTepHATbHBIX WH(QEKIIMOHHBIX 3a00JIeBaHHI,
MMEIOIINX BBICOKYIO TEHASHIIMIO K XPOHHU3ALMH, TP BO3-
MOYXHOM M3MEHEHUH SMUAEMUOIOTHYeCKON 00CTaHOBKU
1o psaay O6axkrepuanbHbIX nHpekuui. Ilonydennble HaMu
JaHHBIE COOTHOCATCA ¢ onucanHbIMU D.1". 3a060311aeBbIM
C coaBTOpaMu JTUM(OUTHBIMU HHQUIBTPATAMA MEKab-
BEOJISIPHBIX MEPETOPOIOK, a TaKKe MEPUBACKYISAPHOTO
MHTEPCTULMS B Pa3HbIE CPOKH MOBPEKACHUS JIETKUX IPU
COVID-19 u cBUIETENbCTBYIOT B MOJIb3Y OBICTPOTO HC-
ToleHus1 T-KJIETOYHOTO HUTOTOKCHYECKOT0 MMMYHHOTO
orBeTa. [IpeacTaBnsOT HHTEPEC AaHHBIE 3TON TPYIIIBI
uccnegoBaTeseil o ciaboil BEIPaXEHHOCTH T'yMOpalib-
Horo oTBeTa npu (yrnpmuHaHTHOM TedeHHH COVID-19,
UHTepCTULMAabHOI nHeBMoHuH (10 10 cyTok) Hapsay
¢ pe3kuM cHiwkeHueM CD20" B-kieTok u 0TCyTCTBHEM
IUTa3MaTHYECKUX KJIETOK B MEPCUCTHPYIOMIYIO a3y mo-
BpexkaeHus erkux (11-20-e cyTku), 4To KOHTPaCTUPYET €
MOpP(OJIOrHYECKON KAPTUHON BBIPaKEHHOTO PEaKTHBHOTO
IUIa3MOLIMTO3a B PETHOHAPHBIX BHY TPUTPYIHBIX TUM(ATH-
YECKUX y3JaX, KOTOPYIO MBI HAOIIONAN B HAILIICH TPYIIIe
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nanuentoB ¢ COVID-19 ¢ meauanoit ymnTeapHOCTH 3200-
neBanus 19 queil. B cB3M ¢ M3710KEHHBIM BbIILIE CIIEAYET
OTMETHTB, YTO BBIPAKEHHBIA MOP(OIOrUIecKHii cyOcTpar
ryMOpajbHOTO UMMYHHUTETA B TUM(pATHUECKUX Yy3JIaX He
obecrneunBaeT 3((HEKTUBHBIN I'yMOPaJIbHBI CHCTEMHBIH
(mupkynupytoniie anturena kinaccoB M u G) U MECTHBIN
OoTBeT (aHTHUTENa Kjlacca A U UX KIETKU-TIPOAYLEHTHI
B Jerkux) [12, 28].

O6mas nertenus TUM(OIUTOB B KPOBH (JIUMorie-
HU$), BBISIBJICHHAS y BCEX MALMEHTOB B MCCIIEIOBAaHHOM
HaMHU BBIOOPKE MPU MTPOTrPECCUPOBAHUHU 3a00I€BaHNUS, OITH-
CBhIBaeTCs PsIOM aBTOPOB y 3HAYUTENbHOM YacTH Malu-
enToB ¢ COVID-19 tsxenoro teuenus [20-23]. [Tomumo
3TOTO CYLIECTBYIOT OITYOJIMKOBAHHBIE JAHHBIE O BBIPAYKEH-
HOW JeTuIenuy JTUM(OIIMTOB BO BTOPUIHBIX HMMYHHBIX
opraHax (JIuMQpaTHIeCKUe y3IIbl, CEIEe3EHKa), OMHAKO OHU
BecbMa OorpaHuueHbl. Tak, MacCUBHbIE HEKPO3BI U I10JIA
aIoNTOTUYECKU H3MEHEHHBIX JIMM(OIIUTOB C HAPYIICHUEM
nmuddepentmanyy TMMGOUIHBIX (HOILTHKYIOB U TTAPaKOp-
TUKaJBHOW 30HBI TUM(pATHYECCKHX Y3II0B orrcanbl Y. Chen
et al. Ha BEIOOpKe W3 mecTH nanuentos [30]. B namem
HCCIIEZIOBAaHUM B OTHOM HAOJIIO€HUH BBISBIIEH KPYITHOO-
YaroBBIH HEKPO3 JIUM(POUTHON TKAHU, CKOPEE BCICICTBHE
TpOoMOUPOBaHUS COCYIOB pa3Horo kanuodpa. Hecmotps Ha
obenHenune B-3aBUCUMOI 30HBI C TEHACHIUEH K BBIPayKEH-
HOH penyKuun TMMGOUTHBIX (POJUTUKYIOB, THCTOAPXUTEK-
TOHMKA JIMM(}ATUUECKUX y3JI0B Oblila B 1IEJIOM COXpaHHA
B OOJIBLLIMHCTBE CIIy4aeB, 3a UCKIIIOUEHHEM TpeX JTUMQaTH-
YECKHX y3JI0B C MACCUBHBIMU KPOBOHM3IIUSIHUAMU B CTPOME
1 npocBeTax TMM(OUIHBIX cCMHYcoB. Ha cBeToOnTHUECKOM
YPOBHE HU B OJHOM M3 HAaOMIONEHUI HAMU HE BBISBICHBI
BBIpaXKEHHbIE MPU3HAKHU aronTto3a. [Ipu ucnoiab3oBaHUH
METOZa TPAHCMUCCUOHHOM 3NIEKTPOHHOM MUKPOCKOIIHH,
no nanHeiM H.Y. Zheng et al. [31], B kieTkax mumparmnde-
CKHUX Y3JIOB U CENIE3¢HKH MOXXHO OOHAPYKHUTh BUPYCHBIC
YaCTHUIBL.

[Ipennonaraercs BaxxHast poJib KIMHUYECKH 3HAYUMOM
nuM(pOTICHUH B matoreHese Tspkenoro teueHns COVID-19,
OJIHAKO MEXaHMU3MBI €€ Pa3BUTHA A0 CHX IOP OCTAITCA
HESICHBIMH. PS710M aBTOPOB BBIIBUHYTHI TUIIOTE3BI O Pa3-
JUYHBIX (aKTopax, NPUBOISAIINX K CHIYKEHHIO KOJTMYECT-
Ba muMonuToB. PaccMaTpuBaloTCs Takue MEXaHH3MBI
kak SARS-CoV-2-unayuupoBaHHusiii anonto3 u IL-13-
WHIYUHMPOBAHHBIA MUPOITO3 B paMKax «IIUTOKUHOBOTO
IITOPMay» ¥ CHHAPOMA aKTHUBAIMU MakpoQaroB (BTOpU4-
HOro remModaromurapHoro sumdorucruonunTosa) [16, 20,
32-34]. IToka3aHo, YTO HUTOKUHOBEIH MPOMUITH MAIIUESHTOB
¢ COVID-19 1spxenoro TeueHus: COOTBETCTBYET HaOIO1ae-
MOMY P CHHIPOME aKTUBauu Makpodaros [28, 32], uto
COOTHOCHUTCSI C TAKOBBIM IIPH TyOEepKyJIe3HON MH(EKIIUH.
Heo6xonumMo OTMETUTH, YTO B HallleM HCCIEAOBAaHUU
B OONIBIIMHCTBE CIy4YacB OBUIM BBISBICHBI MOpdororu-
YeCcKue MPU3HAKH TeMo(arouuTo3a pa3Hoi CTEeNeHH Bbl-
PaXEHHOCTH (B CUHYyCax JIMM(paTHUECKUX Y3JI0B), KOTOPbIE
MOTYT HaONIOAaThCs MPHU CENTUUYECKOM IIOKE BUPYCHOM,
OaxTepualibHON 3THOJIOTHH, TeMOoTpaHc(y3usiX, HeorIac-
TUYECKOM CHHJpPOME, a Takke HanboJsiee 3aMETHBI IIPH
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cuHIpoMe akTuBanuu Makpodaros [33, 34]. [TomoOHbIe
M3MEHEeHHs ObUTH ONUCAHbI OT€YeCTBEHHBIMU aBTOPAMHU Yy
nanuentos ¢ COVID-19 [34].

Jenneuus TumMQOIUTOB HE €AMHCTBEHHBIH BO3MOYKHBIH
MEXaHH3M Hed(p(PEKTHBHOTO HIMMYHHOTO OTBETA ITPU BHE-
pennu SARS-CoV-2 B opranusm uenoBeka. Tak, HapsLy co
CHIDKCHHEM KOJITYECTBA JIUM(OLIUTOB MOXKET HAOMIONaThCsI
UX (PYHKIIMOHAIBHOE UCTOILCHUE. SHAYUTEIBHOE (PyHKIIHO-
HanpHOe ucronienne CD4" u CD8" T-mumdonuTos ¢ BbI-
COKHMM YPOBHEM DKCIIPECCUU aHTUTEHOB-CYIIPECCOPOB YKe
ONMMCaHO NpU UH(DEKUHUAX, BEI3SBAHHBIX BUPYCaMU renaTH-
ta B u C, BUY, anenoBupycamu [35]. IlosBnstorcs faHHbIE
0 HAJIMYHMU TAHHOTO (haKTOpa B MMAaTOreHE3e HAPYIICHUS
ummyHHoro otseta u ipu COVID-19 [36, 37]. CornacHo
pesynsraram uccienosanus B. Diao et al., mpu COVID-19
TSDKEJIOTO TeYeHUs HaOI0NAaeTCs MOBBIIIEHHAS IKCIIPECCHS
MmapkepoB ucromenus (PD-1 u ap.) T-mumdonmramu Kak
B KPOBH, TaK U B TKaHU Jerkux [24]. B pamkax cBoero
UCCJIeI0BaHUsl Mbl IPOBEIH OLEHKY (PyHKLIHOHAIBHOTO
UCTOIICHHS JIUM(OLUTOB B TKAHU TIUM(DATUUECKHX Y3IIOB C
ucnonb3oBaHueM anTuten K PD-1 1 BBISBIIN NOBBIILIEHHE
€ro SKCIPECCHU B YaCTU TUM(GOUIHBIX KIETOK, IPEUMY-
LIECTBEHHO B MapaKOpPTHKaJIbHOH 30He. HTEepecHO, uTo
KOJMYECTBO JIUM(POUIHBIX KIETOK ¢ dKcnpeccueit CD30
(Mapkep akTUBALUU JTAMQPOIUTOB) OBLIO COMOCTABUMO C
KOJIMYE€CTBOM JIMM(DOUIHBIX KIETOK, IKCIPECCUPYIOLIUX
PD-1. Takasa kapTuHa MOXeT OBITh CBsI3aHA C IEPBUYHON
W30BITOYHOM akTUBANUEH TMM(OUIHBIX KIETOK, KOTOpas
OBICTPO NPUBOAUT K MX UCTOLIEHHIO, YTO BHIPAXKAETCS B O1I-
HOMOMEHTHOM MPUCYTCTBHH YBEJIMYEHHOTO KOJIMYECTBa
TUMGOUTHBIX KIIETOK C IKCIIPECCHEH B TKaHU JUMQaru-
YEeCKOTr0 y3j1a 3TUX (PyHKIIMOHAIHHO MPOTHUBOIOIONKHBIX
MapKepoB.

OOHapy)XeHHble HAMU U3MEHEHHUs] B KPOBEHOCHBIX
cocynax (IOJTHOKPOBUE, (PEHOMEH CIIaIKa SPUTPOIIUTOB,
(dhopmupoBanre TpoMOOB, HAOyXaHNUE CTEHOK) U CTPOME
(nuamnene3Hble U MacCUBHbIE KPOBOU3IHUSAHUA) TUMba-
THUYECKHUX Y3JI0B CXOIHBI C SBJICHUSMH, OMMCAHHBIMU
OTEUECTBEHHBIMH M 3apyOeKHBIMU aBTOPaMU B TKaHU
JIETKUX, a TAKXKE B cene3eHke u muMdoysnax [11-13, 34],
U WUIIOCTPUPYIOT SHIOTENNAIbHbIE HAPYIICHUS U U3-
MEHEHHUS CUCTEMBbl CBEPTHIBAEMOCTH KPOBH, KOTOpbIE
ompenensrorcs tadboparopro. Yacrto Habmomaemoe pas-
BUTHE THIIEPKOATYIALMOHHOTO CUHAPOMA Y MallMeHTOB
¢ COVID-19 HenocpencTBEHHO CBA3aHO C MAaTOT€HE30M
3a00eBaHMs: OJHUM U3 OCHOBHBIX MPEATNOJIaraeMbIX Me-
XaHU3MOB CUMTAETCS CBA3BIBAHME BUPYCOM pELENTOpa
AIID2 (monexynapHas muiienb anst SARS-CoV-2) npu
€ro NPOHUKHOBEHUH B 3HOTEIMOLMTHI U, KaK CIEICTBHE,
HapylieHue MeTabonu3ma anruorensuna I, npuBoasiiee
K aKTHBallUK SHAOTEINNS, BEIOPOCY MPOBOCHAINUTENbHBIX
LUUTOKMHOB, HAPYIICHUIO IPOHUI[AEMOCTH CTEHKH CO-
CY/IOB Pa3HOTO KamuOpa W MX LEeJIOCTHOCTH, POPMHUPO-
BaHUIO PHJOTEIUUTa U TpoMOoBackynuToB [18, 19, 34].
B Hamem uccienoBaHUM Ha CBETOONTHYECKOM YPOBHE
HaOyXaHUe YHIOTENUs BeHYN (KOCBEHHBIH IMPU3HAK aK-
THUBALlMU U MOBPEXKICHUS SHAOTENNs) ObLIO HEPE3KO BhI-
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PaXXEHHBIM. BCpOﬂTHCC BCETO, OTO MOXKET OBITH CBS3aHO
C TEM, 4YTO ObL1a IMPOBE€ACHA OLICHKA TKaHH .]'II/IM(baTI/I'-Ie-
CKHUX y3JI0B Ha NO3JHUX ITallaX pa3sBUTUA 3360J’IeBaHI/I$[,
B TO BPEMs KakK MpcamnojiaracémMas aKThuBallusd SHOOTC-
JIuA IpOUCXOAUT Ha paHHeﬁ CTaauu BHCAPCHUSA BHUpYyCa
B KJIICTKH-MHUIICHU.

3akmoueHnne

Mopdonoruueckast kapruna u pesyiasrarel UI'X mc-
CIICIOBaHMS B TKAHH JTUM(PATUIESCKUX Y3JIOB MAlUCHTOB
¢ COVID-19 Tsxenoro u KpallHe TSHKEIOTO TEUSHUS Je-
MOHCTPHUPYIOT MOP(POMMMYHOTUCTOXUMUYECKUH cyOcTpar
UCTOILIEHUS] UMMYHHOTO OTBETa, YTO XapaKTepU3yeTCs
Kak nerienuerd B-kimerok u CD8* T-numdonuTtos, Tak
Y 3HAYUTEIHHBIM PEAKTHUBHBIM I1J1a3MOLIUTO30M, BO3MOXK-
HO, aCCOI[MMPOBAHHBIM C HEAPPEKTHBHON MPOAYKIHCH
aHTuTen. Jpyrum oObsICHEHMEM MOXKET CIYXKUTh OTCYT-
CTBHE 3HAYUMOH POJIM TYMOPajJbHOr0O UMMYHHUTETA MPU
Tsxkenbix popmax COVID-19, npu KOTOPBIX aKTHBaLHS
T-KJIETOYHOTO 3B€HA UMMYHUTETa MMeEET pellarouiee
3HaueHue. COOTHOLIEHHE HKCIPECCUU aKTUBALIMOHHOTO
anturena CD30 u cynpeccopHoro 6enka PD-1 cBunerens-
CTBYeT 00 M30BITOYHOI aKTHUBALUU JTUMQPOLHUTOB C TO-
CIIEAYIOMINM OBICTPHIM (PYHKIIHOHATHHBIM HCTOIICHUCM.
Taxum o6pa3om, HaOMIOAAIOTCS MPU3HAKH HECOCTOATENb-
HOCTH T-KJIETOYHOTO HIMMYHHTETA Y MallMEHTOB, CTpaja-
toux COVID-19 Tspxenoro v kpaifHe TAXKeNoro TeUeHHS,
YTO CONMPOBOXKAAETCA HEIPPEKTUBHOCTHIO TYMOPAIbHOTO
oTBeTa. B COBOKYNHOCTH ONMCaHHbIE SBIECHUS MO3BOJISIOT
BBICKA3aTh MPEINOJIOKEHHE 0 (POPMHUPOBAHUN UMMYHO-
JIepUInTa y MAUSHTOB CO CPEIHETIKESIBIM U TSDKEITBIM
teueHueM COVID-19, yto 00yciioBiIrMBaeT BO3MOKHOCTb
MPUCOEANHEHUS INO0 PeaKTHBAIIMH WH(PEKINH BUPYCHON
Wi 6aKTepuaIbHON 3THOIOTUH, UMEIOIIUX TeHIEHLUIO
K XpOHHU3aLUH.
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Morphological features and the functional state
of connective tissue of the uterine rudiments in reproductive age
patients with Mayer-Rokitansky-Kiister-Hauser syndrome
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Introduction. Female patients with Mayer—Rokitansky—Kiister—-Hauser syndrome (MRKH) have high
stigma scores; the condition severely affects the reproductive system. The study aimed at specification
of morphological features and assessment of the maturity of connective tissues of the uterine rudiments
in MRKH.

Patients and methods. The study included 42 patients with vaginal and uterine aplasia having functioning
uterine rudiments and 47 patients of the control group without genital malformations. Age of the patients was
20-24 years in 67.2% of the cases, and 31.2% of the patients were aged < 19, inclusive. Immunohistochemi-
cal assay was applied to determine expression levels of collagen I, collagen I1I, MMP2, MMP9, TIMP1,
fibronectin and laminin proteins within the functioning uterine rudiments in comparison with levels of the
same proteins in normally developed uterine tissues.

Results. Decreased expression of collagen type I and elevated levels of MMP2 and MMP9 proteins in uterine
tissues were observed for the group of patients with MRKH.

Conclusions. 1) Uterine rudiments in patients with MRKH show variable degree of morphological similarity
with the normally developed uterus; 2) The functioning uterine rudiments are subject to the same pathological
processes as the normally developed uterus (myoma, endometriosis). 3) The functioning uterine rudiments
in patients with MRKH show altered patterns of connective tissue remodeling, with decreased expression
of collagen type I and increased expression of matrix metalloproteinases MMP2 and MMP9.
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Mopddonornyeckne 0cO6eHHOCTH M COCTOSTHNE COEIVHUTETBHOM TKaHN
MAaTOYHBIX PYAUMEHTOB NAIMEHTOK PEeNPOAYKTMBHOIO BO3PacTa C CHHAPOMOM
Meiiepa-Poxuranckoro-Krocrepa-Xaysepa

A.B. Acamypoea, HM. ®@aiizynnuna, M.B. booxosa, A.C. Apaxensan,

A.B. Tpezybosa, T.FO. Cmonvnosa, JI.B. Adoaman

®I'bY HaunoHanpHblil MEIUIMHCKUI UCCIIEN0BATENBCKUMN LIEHTP aKyIIEpPCTBA, THHEKOJIOIMH U IEPUHATOIOT MU
umenu akagemuka B.W. Kynakoa Munzapasa Poccun, Mocksa, Poccus

24

Beeoenue. IlatmmenTiku ¢ cuaapomoM Meitepa—Poxuranckoro—Krocrepa—Xaysepa (MPKX) mmerot Bbico-
KW TTIOPOT CTUTMATH3AINY U HAXOMSTCSA B 30HE PHCKA Pa3BUTHA 3a00JI€BaHUH KEHCKOH PErpOXyKTHBHOM

KIMHNYECKAS M 9KCITEPYIMEHTAJIBHASI MOP®OJIOT VS / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 9 Ne 4 2020



OPUTMHAJIDHBIE UICCITEJOBAHNMA

cucremsl. Llenpb uccienoBanus — BISBUTh MOP(HOJIOrnyeckue 0COOEHHOCTH U OLIEHUTh 3PEII0CTh COSTUHN-
TEJIBHOTKAHHBIX CTPYKTYP MaTOYHBIX PYAUMEHTOB Ipu cunapome MPKX.

Mamepuanvt u memoowvt. O6cnenoBanpl 42 MaMEHTKU OCHOBHOMN TPYIIIHI C alTa3ueil BIaraavina i MaTKu
¢ QYHKIMOHUPYIOLMMH PyIUMEHTaMU U 47 TalMEeHTOK IPYIIIbI KOHTPOJISt 0€3 TOPOKOB Pa3BUTHSI ITOJIOBBIX
OpraHoB, CPEeIHUN BO3PACT KOTOPBIX B 67,2% cinydaeB MpUXOAMIICSA Ha BO3pacTHyto rpymmy 20-24 rona,
B 31,2% cnyuaeB — Ha rpymity A0 19 ner BrmounTtensHo. IIpoBeieHbl IMMYHOTHCTOXUMHYECKUE HCCIIEHO0-
BaHMsl QDYHKIIMOHUPYIOIIMX PYIUMEHTOB MAaTKH JUIs BBISBICHUS YPOBHS KCIIpecCcHH OEIKOB KoJulareHa I,
kosutarexa I1I, MMP2, MMP9, TIMP-1, ¢pubpoHekTrHa, TaMUHUHA.

Pezynomamer. BeIIBIEHO CHIXEHHE YPOBHSI 3KCIIPECCUU KoJulareHa | U MOBBIIIEHHE YPOBHS SKCIPECCUH
MMP2 u MMP9 B 0cHOBHO# rpyrire NaiyueHToK ¢ pyHKIMOHUPYIOIIUM MaTO4YHBIM PYJUMEHTOM.
3axnoyenue. 1) CTpoeHne MaTOYHBIX PYAMMEHTOB Y MalMEeHTOK ¢ cuHapoMoM MPKX MoxeT ObITh Tpu-
OJIMKEHO K CTPOSHHMIO TeJla MaTKH ¢ (QYHKIIMOHUPYIOIMM SHIOMETPHEM, @ MOXKET CYIIECTBEHHO OTIHYATh-
cd. 2) OyHKIMOHUPYIOUINE PYAUMEHTH MaTKH MOTYT ITIOIBEPraThCsl TEM e MaTOJIOTHYECKUM TIpolieccam,
YTO M HOpMaJbHas MaTka (MHOMa, SHIOMETpH03). 3) B QyHKIMOHUPYIOIINX MAaTOYHBIX PYIUMEHTaX NpU
cuaapome MPKX 1o cpaBHEHUIO ¢ TpyTIONH KOHTPOIIS BBISBICHBI IPU3HAKHU 3aMEIJICHUS ITPOIIECCOB PEMO-
JeTUPOBAHUS COCIUHUTEIBHON TKaHN: CHI)KEHHE YPOBHS 3pEJIOro KOJUIareHa | v MOBBIICHHBIH YPOBEHb
SKCIIPECCUH MaTPUKCHBIX MeTajuionpoTennas MMP2 u MMP9.

KoaroueBble ciioBa: ariasus Biarajmila 1 Markd, MaTOYHbIE PYJHMMEHTHI, METaUIONPOTEHHA3BI, PeMoyie-
nupoBanue, MMP2, MMP9

s koppecnonaeHuun: Anekcanapa BsuecinaBosaa Acaryposa. E-mail: a.asaturova@gmail.com
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Introduction

Congenital aplasia of the uterus is pathognomonic for
the Mayer-Rokitansky-Kiister-Hauser syndrome (MRKH,
a.k.a. Miiller’s aplasia) and testicular feminization syn-
drome (a.k.a. androgen insensitivity syndrome) [1-3]. Such
defects can also be observed in combined malformations
of the urinary system and gastrointestinal tract (cloacal
malformations and anorectal anomalies) [4] and some other
syndromic malformations, e.g. oculo-auriculo-vertebral
syndrome, Al-Awadi/Raas-Rothschild syndrome, Klippel-
Feil anomalies, etc. [5, 6].

Patients with MRKH have normal female karyotypes
and normally functioning ovaries, which ensure proper
development of gender-specific traits. Still, the patients
either lack the uterus and upper portion of the vagina,
or have uterine rudiments. The syndrome occurs with a
frequency of 1 in 5000 newborn girls. The etiology of
MRKH development is still unknown and is considered
by most authors within the framework of embryonic
disorders [7-9].

MRKH typically presents with either complete aplasia
of the uterus (64%) or the presence of functioning uterine
rudiments (24%) and developmental abnormalities of the
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fallopian tubes and ovaries in combination with multiple
malformations of other organs and systems [10, 11].

Despite the obvious genetic causation associated with
increased stigmatization in the patients with genital defects,
morphological and molecular mechanisms of MRKH onset
remain unclear. Immunohistochemical (IHC) profiles of
connective tissues in the uterine rudiments (content of dif-
ferent types of collagen, metalloproteinases (MMPs) and
their inhibitors (TIMPs), fibronectin and laminin) require
further investigation [12].

The aim of this study was to identify morphological
features and assess the maturity of connective tissue of
the functioning uterine rudiments in patients with MRKH.

Patients and methods

The study included 42 patients with karyotype 46XX,
having vaginal and uterine aplasia with a functioning uter-
ine rudiment, admitted to the Department of Operative Gy-
necology of the V.I. Kulakov National Medical Research
Center for Obstetrics, Gynecology, and Perinatology for
surgical correction of genital malformations during the
period 1995-2016. These patients constituted the MRKH
group. The control group consisted of 47 patients without
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genital malformations admitted for surgical treatment of
gynecological conditions during the same period. Age of
the patients constituted 20-24 years in 67.2% of the cases,
and 31.2% of the patients were aged < 19, inclusive. All
patients of the MRKH group complained about the ab-
sence of menstruation and the inability to have sex due to
vaginal dysplasia. In 23 cases (54.8%), the patients with
MRKH complained about cyclical pains in the lower ab-
domen. Nine patients (21.4%) of the MRKH group had
natural colpopoiesis as a result of regular attempts at sexual
activity.

The methods included anamnestic, physical, genetic
(karyotyping) and ultrasound examination of the pelvic
cavity and kidneys, complemented with MRI in certain
cases to exclude other complex/syndromic malformations
and/or excretory urography to assess functional state of the
urinary system and the kidneys. Most of the patients were
admitted to the V.I. Kulakov National Medical Research
Center for Obstetrics, Gynecology, and Perinatology with
indications for surgical correction (colpopoiesis).

Surgical specimens were collected from all patients for
routine histological examination and immunohistochemical
assessment of connective tissue markers.

For immunohistochemistry, 4 um paraffin sections
were slide-mounted and dried at +37 °C for 18 hours.
Deparaffinized sections were rehydrated in ethanol series
(95°, 80° and 70°, for 2 minutes each). The epitope re-
trieval was carried out in a PT Link station (Dako, USA)
using 10 mM citrate buffer, pH 6.0, at 97 °C for 20 min-
utes. The cooled slides were placed in humid chambers
(to prevent drying) and incubated for 15 minutes in a 3%
hydrogen peroxide solution to block the endogenous per-
oxidase activity. The reaction with primary antibodies was
carried out for 30 minutes at room temperature. The list of
primary antibodies used in the study included monoclonal
mouse antibodies to MMP2 (clone 6E3F8, 1:200, Abcam,
UK) and monoclonal rabbit antibodies to MMP9 (clone
EP1254, 1:200, Abcam, UK), as well as polyclonal rabbit
antibodies to TIMP1 (1:50, NeoMarkers, USA), Fibronec-
tin (1:50, Dako, Denmark), Laminin alpha-1 (1:50, Santa
Cruz Biotechnology, USA), Collagen I alpha-1 (1:500,
GeneTex, USA), and Collagen III alpha-1 (1:1000, Ge-
neTex, USA).

Vizualization of the signals was accomplished with the
use of Dako REAL EnVision Detection System (Peroxi-
dase/DAB+, Rabbit/Mouse; Dako, Denmark) as second-
ary antibodies. The oxidation of the 3,3-diaminobenzidine
(DAB) substrate by horseradish peroxidase in the presence
of hydrogen peroxide yielded the water-insoluble brown
final product. For correct interpretation of the IHC data,
appropriate controls were included in each series, with
negative controls set without the addition of primary an-
tibodies and positive controls for each antibody selected
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according to the manufacturer’s specifications. Follow-
ing the IHC reactions, the sections were counterstained
with Mayer’s hematoxylin and embedded in Shandon™
synthetic mountant (Thermo Fisher Scientific, USA).
Connective tissue structures were characterized based on
the appearance of extracellular matrix and cellular ele-
ments. The maturity of connective tissue was assessed by
expression levels of collagens, fibronectin and laminin,
MMP2, MMP9 and TIMP1. The images were charac-
terized by conventional semi-quantitative scoring, with
grade 0 for the lack of positive signal, grade 1 for <20%,
grade 2 for 20-40%, and grade 3 for > 40% of reactive
cells [13].

Results

The predominant type of surgical treatment was pelvic
peritoneal colpopoiesis (71.4% of the cases, n = 30). Con-
comitant intraoperative findings included hypoplasia or
aplasia of fallopian tubes, congenital unilateral absence of
a fallopian tube and ovary (n = 2) and an elongated ovary
with suspected ovotestis (n = 3).

Morphological examination of the rudimentary uter-
ine bodies revealed functionally active focal endometrium
in 17 (40.5%) of the cases, with 12 of them comprising
proliferative phase and 5 specimens comprising secretory
phase. Focal endometrium without signs of functional ac-
tivity was observed in 9 cases (21.4%). In the rest 16 cases
(38.1%), no endometrium was identified. Morphological
examination of the rudimentary uterine horns revealed
endometrium with the signs of functional activity (most
often corresponding to proliferative phase) in 30 cases
(71.4%, Fig. 1 B).

In addition, the examination revealed internal endo-
metriosis in seven patients (16.7% of the cases) and thin
endometrium with inflammatory changes in five patients
(11.9% of the cases).

Control images represent myometrium and endome-
trium of the normally developed uterus (Fig. 1A); the ma-
terial was obtained during laparoscopic management of
common uterine pathologies, mostly fibroids. Figure 1B
shows muscle tissue of a functioning rudimentary horn; the
insert represents an area with lining endometrium.

IHC study of the resected material revealed expression
of collagen type I within endometrial stroma in 37 patients
of the MRKH group (88.1% of the cases) and 47 patients
of the control group (100% of the cases). Ubiquitous ex-
pression of collagen type I in myometrium was observed
in both groups (Fig. 1 C, D).

Ubiquitously high expression of collagen type III within
endometrial stroma and myometrium was observed in both
groups. By contrast, no expression of collagen type III in
endometrial glands was detected in any of the specimens
examined.
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Fig. 1.

Puc. 1.

Morphology and immunophenotype of myometrium in women without uterine malformations and patients

with Mayer—Rokitansky—Kiister—Hauser syndrome.

A — normal myometrium, B — myometrium of the functioning remnant horn (in the box: endometrium present),

C — collagen I expression in normal myometrium, D — collagen I expression in myometrium of the functioning remnant
hornmuscle tissue, E — MMP9 expression in normal myometrium, F — MMP9 expression in myometrium of the functioning
remnant hornmuscle tissue. A, B — H&E stain, scale bar 200 pm, C—F — immunohistochemical assay, scale bar 300 um
Mopdomnorus u UMMYHO(DEHOTHIT HEU3MEHEHHOTO MUOMETPHS KEHIIUH 63 HOPOKOB Pa3BUTHUS MAaTKH U NALMCHTOK C CHHIPOMOM
Meitepa—Pokuranckoro—Krocrepa—Xaysepa.

A — HeU3MEeHEeHHbIH MHOMETpPHH, B — MbllleyHast TkaHb (QYHKIHOHUPYIOIIETO PYIMMEHTapPHOIO pora

(BO Bpe3Ke — C HAJIMYUEM BBICTHIIAIOLIEro 3H10MeTpust), C — sKcnpeccust KojuiareHa | Thma B MUOMETPHUH XKEHIIUH KOHTPOJIbHOH
rpymnibl, D — skcnpeccus kojutareHa [ THIa B MBIIIEYHOM TKaHH PYIMMEHTapHOTO pora,

E — sxcnpeccust MMPY B MuoMeTpHH KeHIUMH KOHTPOJIBHOM Tpynmsl, F — skcripeccnst MMPY B MblmedHoi TKaHN
PYAMMEHTapHOTO pora. A, B — okpacka reMaTOKCHIMHOM M 303MHOM, MacIITaOHBIH oTpe3ok 200 MM,

C—F — IMMyHOTHCTOXHMHYECKOE OKpaIllBaHKe, MacIITaOHbIH oTpe3ok 300 MKkM
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IHC staining for MMP2 (a.k.a. gelatinase A) revealed
positive signals in the cytoplasm of endometrial gland cells
in all patients of both groups. In the MRKH group, the
MMP2 staining intensity was higher than in the control
group. Within endometrial stroma, the MMP2 signal was
observed in one patient of the MRKH group and none of
the patients of the control group. Within myometrium, the
MMP2 signal was observed in two patients of the MRKH
group and one patient of the control group. The data indi-
cate that (1) expression of MMP2 in the uterus is typically
confined to endometrial glands and (2) MMP2 is stronger
expressed in uterine rudiments than in normally developed
uteruses.

IHC staining for MMP9 (a.k.a. gelatinase B) revealed
its expression in endometrial glands in 16 patients of the
MRKH group (38.1% of the cases). In endometrial stroma,
the corresponding signal was observed in 32 patients of
the MRKH group (76.2% of the cases), and its level was
increased significantly compared with the control group
(Fig. 1 E, F). In myometrium, the distinct MMP9 signal
was observed for 26 patients of the MRKH group (61.9%
of the cases) and none (0%) of the control group patients.

Thus, expression levels of MMP2 and MMP9 in uterine
tissues were higher in the MRKH group compared with
the control group. Expression levels of TIMP1, adhesive
glycoprotein laminin and fibronectin were detectable in
none (0%) of the tissue samples examined.

Discussion

Histological analysis of the uterine rudiments with
confirmed functional activity revealed predominance of
proliferative phase (observed in 71.4% of the cases), with
secretory phase being less common. This observation is
consistent with published evidence indicating that en-
dometrium of the uterine rudiments consists mainly of
the basal layer [14]. Certain studies suggest the possibil-
ity of proper endometrial differentiation in the uterine
rudiments, while also noting that the differentiation is
less pronounced in patients with concomitant malforma-
tions of other organs and systems [15]. The violation of
decidualization processes in the endometrium of uterine
rudiments compared with the endometrium of normally
developed uteruses has been also confirmed histologically
[16]. However, the reported findings on the endometrial
cycle in MRKH are incidental, and no systemic efforts can
be undertaken as yet due to the lack of uniform criteria
for the morphological assessment.

The IHC data obtained by us in this study indicate de-
creased expression of collagen type I in the myometrium
of functioning uterine rudiments compared with the myo-
metrium of normally developed uteruses. A decrease in the
levels of mature collagen may indicate decreased rates of
connective tissue remodeling associated with abnormal
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synthesis/assembly of collagen, as well as its excessive
degradation, impaired cross-linking, autoimmune reactiv-
ity, etc. As is known, collagen diseases not necessarily rep-
resent a consequence of mutations in the collagen-encoding
genes per se, but may also result from defects in collagen
biosynthesis, post-translational modification, secretion,
remodeling and self-assembly; all these stages are served
and orchestrated by a plethora of genes [17].

The results obtained in this study indicate increased ex-
pression of matrix metalloproteinases MMP2 and MMP9 in
the functioning uterine rudiments of patients with MRKH.
Metalloproteinases are involved in tissue remodeling, an-
giogenesis, cell growth, cell migration and differentiation,
apoptosis, extracellular matrix turnover, etc. The increased
MMP levels observed within the uterine rudiments may
reflect the functional failure. It should be noted that, re-
portedly, these levels may vary, with MMP2 expression
in certain cases hardly exceeding the lower detection
limit [15].

The obtained results still prevent clear conclusions
about the existence of characteristic patterns of distribution,
expression and accumulation of metalloproteinases within
the uterine rudiments. Further studies in this direction are
needed to support and expand these primary IHC profiles
of connective tissue structures of the uterine rudiments in
MRKH.

Conclusions

Uterine rudiments in patients with MRKH show vary-
ing degree of morphological similarity with the normally
developed uterus. The degree of alterations in functional
morphology of the uterus (myometrial hypotrophy, endo-
metrial insufficiency) correlates with concomitant malfor-
mations of other organs in these patients.

The functioning uterine rudiments in MRKH are subject
to the same pathological processes as the normally devel-
oped uterus (fibroids, endometriosis).

Decreased rates of connective tissue remodeling were
revealed in the group of patients with functioning uterine
rudiments compared with the control group, including a de-
crease in the levels of mature collagen type I and increased
expression levels of matrix metalloproteinases MMP2 and
MMP9.
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KoMmmiekcHOe IUTOIOIrM4ecKoe

VI MMMYHOIIUTOXVMIYECKOe VicClIefOBaHNe NTNKBOopa
B IMATHOCTMKE MHTPaKpPaHUATbHbBIX METACTAa30B
paKa MO/IOYHOM >Kele3bl
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Beeoenue. Pak MOIOUHOM jKeJIe35I SBIACTCS BTOPBIM IT0 YaCTOTE METACTA3HMPOBAHUS ITOCIIE paKa JIETKOTO Y
MYKYUH — OT 5 10 48%, B 3aBUCHMOCTH OT OMOIIOTHYECKOTO ITOTHITA OIyX0JH. LluTonormaeckoe uccieno-
BaHUCE JTUKBOpPA OTHOCUTCS K OJHUM U3 30JIOTHIX CTAaHIAPTOB TUATHOCTUKH METACTATHICCKUX MOPAKCHHHA
TOJIOBHOTO MO3Ta U HapsITy C APYTHMH COBPEMEHHBIMI METOJJAMH TTI03BOJISIET OBBICHTE WX BBISBISICMOCTb.
OO0HapyXeHHE KICTOK METacTa3a paka MOJOYHOH JKeJIe3bl B INKBOPE SBISACTCS HEOMArOMPHUSATHBIM IIPOT-
HOCTHYCCKUM TPU3HAKOM. J[JI TaKWX MAIMEHTOK IUTOJIOTUICCKOE UCCIICIOBAHNE UMEET IPEAUKTUBHYIO
3HAYAMOCTbh: OTCYTCTBHUE KJICTOK OITYXOJH B LIEPeOPOCITMHAIBFHON KUAKOCTH MOXKHO PacCMaTPHUBATh Kak
MIpU3HAK YPPEKTUBHOCTH HHTPATEKATBHOH Tepanuu. TOYHOCTH IIUTOIOTHYECKOTO 3aKIIFOUCHUS HATIPSIMYTO
3aBHCHUT OT MOAPOOHOTO cOOpa aHaAMHE3a, TeM 00JIee YTO TUCTONIOTHICCKH MOATBEPAUTH JUAarHO3 yIaeT-
cs He Bceraa. [IpuMeHeHne HMMYHOIIUTOXHMHYECKOTO MCCICAOBAHUS YBEIHINBACT YYBCTBHTECIHLHOCTD
IUTOJIOTHICCKONW TUArHOCTUKH. L{erms paboThl — OIEHUTHh BOBMOXKHOCTH KOMILIEKCHOTO ITUTOJIOTHYECKOTO
1 UMMYHOITUTOXUMHYECKOTO UCCIICIOBAHHS JTUKBOPA B IMATHOCTHKE BTOPHYHBIX IIepeOPaTbHBIX TOPAKESHUH
TIPH paKe MOJOYHOU JKEJIE3HI.

Mamepuanst u memoosi. [TpoBeneHo 169 MATONOTHIESCKUX UCCIEIOBAHUHN 55 MAMEHTOK C PaKOM MOJIOY-
HOW JKeJle3bl C MeTacTa3aMH B TOJIOBHOM Mo3re. Marepual s UCCIeOBaHUS OBLI IMOMTyYeH C TIOMOIIIBIO
TMOMOANBHBIX MYHKIUH. C IeNbI0 YTOYHEHUS IIUTOJOTHYSCKOTO JUarno3a 36 marnueHTKaM IIPOBEICHEI
44 YMMYHOLUUTOXUMHUYECKUX UCCIENOBaHUA U 117 UMMYHOIUTOXUMHUYECKHUX PEAKIIHM.

Pezynomamul. [lnarHocTudeckasi 4yBCTBUTENBHOCTh LIMTOJIOTMYECKOrO MeTosia coctaBmiia 69,8%. [Ipume-
HEHHE HMMYHOIIUTOXHMHIYIECKOTO HCCIICIOBAHISI IIOBBICHIIO YYBCTBUTEIBHOCTD IIUTOJIOTHYESCKOM JHATHOC-
KA 110 72,3%. YV 29 manueHToK ¢ MOMOIIBI0 MMMYHOITUTOXUMIYECKOTO UCCIICNOBAHUS OBLT ONpeesicH
THCTOTCHE3 OIYXOITH.

3aknwoyenue. 1IuTONOrNYECKOE UCCIEIOBAHUE JIMKBOPA 3a4acCTyIO SIBISETCS €AMHCTBEHHBIM METOIOM
MIEPBUYHON MOP(OIOTHICCKON AUATHOCTUKY METACTa30B paka MOJIOYHOM jKeJIe3bl B IICHTPAILHOW HEPB-
HOM cucteMe. [IpruMeHeHNEe UMMYHOIIUTOXUMHYCCKIX PEaKIUil 3HAYUTEIBHO PACIIUPIET BOSMOKHOCTH
IUTOIIOTHYCCKON TUATHOCTUKH, TO3BOIISAS OOHAPYKUTh CAUHUYHBIC OMyXOJEBEIC KICTKH B MaTepHale
1 B OOJBIIMHCTBE CITy9aeB ONMPEACIUTh TUCTOICHE3 METACTATHICCKOTO HOBOOOPa30BaHUs, YTO IMOBBIIIACT
YyBCTBUTEIIEHOCTh METOAA.

KaudeBble cjioBa: pak MOJIOYHOU KeJIe3bl, IIUTOJIOTHYECKOE B MMMYHOIIUTOXUMHUYECKOE HUCCIICIOBAHUE
JIUKBOPA
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BsH H.B. KOMHHCKCHoe IUATOJIOT'MYECKOEC U UMMYHOIIUTOXUMHNYCCKOC NCCIICIOBAHUEC JIMKBOPA B TUATHOCTUKE
MHTPaKpaHUAJILHBIX METACTa30B paka MOJOYHOH kene3nl. KiuH. sken. mopdonorus. 2020;9(4):31-38.
DOI:10.31088/CEM2020.9.4.31-38.
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Complex cytological and immunocytochemical study of cerebrospinal fluid in the intracranial
breast carcinoma metastases diagnosis
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BBenenue

Introduction. Metastases of breast cancer are detected in 5 to 48% cases, depending on the biological tumor
subtype, which is the second most common after lung cancer in men. Cytological liquor analysis is one of
the “gold standards” for the metastatic brain lesion identification, and, among other modern approaches, it
can increase the CNS metastasis detection. Breast cancer cell identification in cerebrospinal fluid is a poor
prognostic factor. A cytological examination has a predictive significance for these patients: the absence of
tumor cells in the cerebrospinal fluid can be considered the sign of the intrathecal therapy effectiveness. The
accuracy of the cytological diagnosis directly depends on the detailed patient’s history. Immunocytochemical
assays increase the sensitivity of the cytological diagnostics. The aim of the study was to evaluate the ca-
pabilities of comprehensive cytological and immunocytochemical studies in the secondary cerebral lesions
diagnosis in breast cancer patients.

Materials and methods. We conducted 169 cytological studies in 55 breast cancer patients with brain metas-
tases. Liquor samples were obtained using lumbar punctures. 36 patients underwent 44 immunocytochemical
studies and 117 immunocytochemical reactions to clarify the cytological diagnosis.

Results. The sensitivity of the cytological method was 69.8%. Immunocytochemistry increased the sensitiv-
ity to 72.3%. In 29 patients, the tumor histogenesis was determined using an immunocytochemical assay.
Conclusion. The liquor cytological analysis is frequently the only primary morphologic diagnostic method to
detect breast cancer metastasis within the central nervous system. Immunocytochemical assay significantly
expands the possibilities of cytological study, allowing health care specialists to detect single tumor cells in
samples and determine the metastatic neoplasm histogenesis in most cases, which also increases sensitivity.
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THUIICPOKCIIPECCUPYIOIUM U TpOI\/'IHI)IM HCraTUBHBIM 11O/~

MetacTaThuueckue NOpPaXKeHUs TOJIOBHOTO MO3Ta
B CcpelHeM BcTpedarorcs y 3—8,5% nauueHToB ¢ OHKO-
noruueckumu 3adoneBanusamu [1-3]. Pak MonouHoii xe-
ne3bl (PMX) sBnsieTcs BTOpBIM 1O YacTOTE MeTacTa3u-
POBaHUS MOCIE pakKa JIErKOro y My»X4lH — OT 5 10 48%,
B 3aBCUMOCTH OT OMOJIOIMYECKOT0 MOATHIIA Oy X0JH [4].
ExerogHoe yBenuueHue uncna nanueHtok ¢ PMXK c me-
TacTa3aMH B TOJIOBHOM MO3T'€ OOBSCHSAETCS HECKOIbKUMHU
NPUYMHAMH — COBEPILIEHCTBOBAHUEM METOIOB JUATHOCTH-
KU U Oonee 3(pPEKTUBHON CUCTEMHOH Teparmueii IKeTpa-
KpaHHaJIbHOTO nopakeHus. [Ipu yclnoBUM COBPEMEHHOTO
1 CBOEBPEMEHHOT0 ccTeMHoro JedeHnss PMOK nanueHTkn
CTaJI J0’KUBATh JI0 METACTa30B B rOJIOBHOM Mo3re [5].

Puck passutus PMOK yBennumBaeTcs ¢ BO3pacTOM:
B 0,8% cnyuas 3a0oneBanne ManudecTupyeT B BO3pacTe
1o 30 nert, B 6,5% — B 30—40 net, u 6onee 90% ciyqyaes
BO3HHKaeT nocie 40 jer.

MertacTaTuueckoe Mopa)x€HHe TOJOBHOTO MO3Ta
B 20—48% ciyuaeB peructpupyior y nauuenrok ¢ HER2-
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tunamu [6—8]. K ¢akropam, OBBIIIAIOIIMM PUCK PA3BUTHSA
METAcTa30B B TOJIOBHOM Mo3re y narueHTok ¢ PMXK ¢ tpoii-
HBIM HETaTUBHBIM MOJTUIIOM, OTHOCST TUIIEPIKCIIPECCUIO
EGFR, murokeparuHos 5/6 [9] 1 myTanmio BRCA1/2[10, 11].
Pak mMosouHoi1 sxene3sl B 80-85% ciny4yaeB meracrasu-
pyerT B OoJblIKeE NOMyIIapys roJIOBHOTo Mo3ra, B 10—15% —
B MO3XK€EUOK, B 3—5% — B CTBOJI MO3ra ¥ MeHee 4eM B 1% —
B CIIMHHOM MO3T. MeTacTa3bl B TOJIOBHOM MO3Te€ B OCHOBHOM
MMEIOT FeMaTOreHHbIM XapakTep v MPOLyLUPYIOT OoJiee BbI-
COKHe ypoBHH (pakropa pocra sugotenus cocynos (VEGF)
I10 CPAaBHEHUIO ¢ EpBUYHOM onyxoinbeto PMXX u skerpakpa-
HHUAJbHBIMU MeTacTazamMu. OTMeUeHa B3aUMOCBSI3b MEXIY
runepakcnpeccueit VEGR u HER2, anruoreHesom u mera-
crazupoBanueM HER2-nozutrBHOro PMX B rosioBHOM MO3-
re [12]. B 5-20% city4yaeB oTMeuaeTcst mopakeHue 000I04eK
Mo3ra U B 1% nomMuMo nopaxxeHus roJI0BHOIO MO3ra MeTa-
CTa3bl BBISIBJISIIOTCS B 000JI0UKAaX CIIMHHOTO Mo3ra [13—-16].
BbpKHBaeMOCTh HALIMEHTOK C JISMTOMEHUHT€AIbHBIMU Me-
tactazamu PMIXK cocrasmnsier B cpennem 4 mecsima [17].
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Manudectupyrot uepedpansaeie MeTactaszsl PMK 3a-
YacTyI0 B BUJIE KUCTO3HBIX 00pa30BaHUH.

K coBpeMeHHBIM MeTOAaM AMarHOCTHUKU METacTaTH-
YEeCKUX MOPaKEHUH FOJIOBHOTO MO3ra HapaBHE ¢ MarHuT-
HO-pe3oHaHCHOU Tomorpadueit (MPT), peHTreHOBCKOM
koMmnbroTepHoit tomorpadueii (KT), mozutponHo-amuccu-
onHo#i Tomorpadueii ([19T), pagrHon30TOMHEIM CKAHUPO-
BaHHEM 000JIOYEK FOJIOBHOTO MO3Ta M CTEPEOTAKCUUECKOM
Ouoricuell OTHOCUTCS LUTOJIOTUYECKOE M1 UMMYHOLIUTO-
XUMHYECKOE HCCIIeI0OBaHHE CITMHHOMO3TOBOM KHIKOCTH
(CMIK), nonyyeHHOH PpU TOHKOUTOJIBHON acIUpalluOH-
HOU OMOTICHH, a TAKXKE COAEP>KUMOT0 KUCTO3HBIX MOJIOCTEH
U 00BEMHBIX 00pa30BaHUI TOJIOBHOIO MO3Ta.

MeracraTnueckoe nopakeHHe TOJIOBHOT'O MO3ra y mna-
nueHTok ¢ PMOK — camblil 9acThIil M3 TUarHo30B, yCTaHaB-
JUBaeMbIX LIUTOJIOTH4ecKH 1o Matepuairy CMXK.

Marepuan CM2K 00bI4HO MOTy4aroT HOCPEICTBOM JIIOM-
0anbHOI, CyOOKIMIHUTANBHON WIIH BEHTPUKYIIIPHOM ITyHK-
UM, U3 MECT MOJKOKHOTO CKOIUIEHHS JIMKBOPA B 001acTH
MOCTIeONePaLMOHHBIX PYOLIOB WIIH BO BPEMSI OIIEPATUBHOTO
BMeIaTeNbCTBA U3 OOKOBBIX KETyI0UKOB MO3ra. Takke is
JIMarHOCTUKY METACTaTUYECKUX TOPAKEHUI MaTepHra MOx-
HO HOJTYYUTb C IIOMOLIBIO ITYHKLIMH O0bEMHBIX 00pa30BaHHUM
TOJIOBHOTO MO3ra, U3 pe3epByapa OMMaiis U OTIIEYaTKOB C
OuoncuitHOro MaTepuana Win yIaJleHHOM OITyXOJH.

TOYHOCTH LIUTOJIOIMYECKOTO 3aKIIIOUEHHUS HAMIPSIMYIO
3aBHCHUT OT NoApoOHOro cOopa aHaMHe3a, TeM 0oJiee uTo
THCTOJIOTMYECKU OATBEPANUTD AUATHO3 YIAETCs HE BCEra.

Knunuuucty B HampaBieHUH Ha LIUTOJIOIMYECKOE UC-
CJIeJOBaHUE JTUKBOPA HEOOXOIMMO YKa3aTh Clieaylolee:

* MECTO/CIIOCO0 B3SATHSI MaTepuaa;

* BO3pacT MalUEHTKH, KIMHUYECKUI AMarHo3, CUMII-
TOMBI;

* pesynbTarsl Apyrux uccnenosanuit (I19T, KT, MPT,
MaMMorpadus, yIbTPa3ByKOBOE HCCIIEIOBAHHE, TIPE-
JbIIyLIee UTOJIOTMYECKOe U UMMYHOIUTOXUMHUYE-
CKOE€ HMCCIIEIOBAaHUE U T.11.);

* [peALIECTBYIOIEE JIeYeHHUEe U XUPYPTUYeCKUe Ma-
HUMYJALNY.

CpenHsisi 4yBCTBUTEIILHOCTD IUTOIOTHUECKOTO METOa

B BbIsiBieHuH omyxousiei LIHC HeBbIcOKa M, O JaHHBIM
Pa3HBIX HCTOYHHUKOB JINTEPATyphbl, cocTasisieT oT 41,3 1o
60% [18, 19]. Ilpu nenToMEeHUHIeaNbHOM pacIpoCcTpa-
HEHHH OIYXOJH 3JI0KaueCTBEHHBIH MPOIIECC MOXKET OBITh
nuarnoctuposad B 70-90% cnyuaes [19]. UyBcTBUTENB-
HOCTb MOP(OJIOTMYECKOM TNarHOCTUKY TAKXKe BO3pacTaeT
pu noBTopHO#M MyHKUKH [20]. OTHOCUTEIBHO HEBBICOKAs
YyBCTBUTEIBHOCTb METO/Ia OOBSACHSIETCS CIESAYIOLIUM:

* Malbie 00BEM U KIICTOYHOCTb JTHKBOPA;

* JereHepanys KJIETOK B KHUJIKOCTH;

* yIaJeHHOCTh METAacTaTH4YeCKOTro oyara OT MecTa
MTyHKIHIH;

* 3aBHCUMOCTD OT CTETIEHH PaclpOCTPaHEHUs Oy XOJIH
10 MO3TOBBIM 000JI0YKAM.

Joiist 10)KHOHETaTUBHBIX LUTOJOTHYECKHUX 3aKJIO-

yeHuil MoxkeT nocturarb 75% [21], T0)KHOMO3UTHBHBIE
pe3ynbrarhl KpaiiHe penku. I1o naHHBIM COOCTBEHHBIX
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ucclleloBaHUN, TUAarHOCTUYECKasi YyBCTBUTEIbHOCTD
LIUTOJIOTHYECKOTO METO/Ia B BBISIBJIEHUH METAcTa30B B I'0-
JIOBHOM MO3r cocTaBisgeT 74,6%. CI0KHOCTH B OIICHKE
[UTOINPENAPaTOB IUKTYIOT HEOOXOOUMOCTh MPUMEHEHHUS
JIOTIOJIHUTENIbHBIX METOZOB, TAKMX KaK OMOXHMUYECKU,
uMmyHonutoxumudeckud (MLX), nporounas uurome-
TpHs, OAHAKO B COBPEMEHHOM JTUTEpaType AaHHBIC 00 UX
WCIIOJIb30BaHUM MaJIOYHUCIICHHBI [22—24].

NILIX uccrnenoBanue —3T0 METOI MOJIEKYJIIPHON HMMY-
HOJIOTMYECKOW AMAarHOCTUKHU, MPUMEHSIEMBbIN 1 OLIEHKH
HaJIN4KA crieun(pUuecKuX aHTUTeHOB (OeJIKOB) B KJIETKaX C
UCIIONIb30BAaHHEM CIIEIH(PUICCKAX AHTHTEI, KOTOPHIE CBSI-
3bIBAIOTCS C AaHTUTE€HAMM, MTO3BOJISISI BU3YaIU3UPOBATh UX
Y aHAIU3UPOBaTh oA MUKpockonoM. ITpumenenne MIIX
METO/Ia 3HAYUTENBHO PACIIUPAET BO3MOXHOCTH LINTOJIOTH-
YECKOT'0 UCCIIEA0BAHUs, TO3BOJISIS ONPEAETUTH HE TOJIBKO
€MHUYHbIE KJIETKU OMYXOJIM B MaTepualie, HO U THCTOTe-
HE3 U OPraHONPHHAUIEKHOCTh OMYXOJIH.

[To mammM nanHbEIM, puMeHeHne UIX yBennunsa-
€T 4yBCTBUTEIBHOCTb [IUTOJIOTUUECKONW TUArHOCTHKH 10
81,5%. Coueranue MOp(OIOrHIEecKOro UCCIEIOBAHUS C
coBpeMeHHbIMH MeTofamu Bu3yanuzauuu (KT, MPT, MP-
aHTuorpadus u T.71.) Tak)Ke MOBBIIIAET BBIABISIEMOCTh Me-
TaCTaTUYECKUX MOPaXKEHUH TOJIOBHOTO MO3I'a y IalUEHTOK
€ KapLUMHOMaMH MOJIOYHOH sxene3sl [20].

Ha MOMEHT UTOIOrn4ecKoro UCCie10BaHus JUarHo3
«pakK MOJIOYHOH XkeJe3bl», Kak MPaBuilo, ObIBaeT yCTaHOB-
JieH: y OOJIBIIMHCTBA MAIUeHTOK JUCCEMUHAIIHS OITyXOJIH
MPOSIBIISICTCS HEBPOIOTUYECKOH cuMnToMaTHkoi. O0Ha-
pyxenue kinetok meractaza PMX B CMXK sBnsercs He-
OnaronpusTHBIM IPOTHOCTHYECKUM Ipu3HakoM. Hapsny ¢
3TUM JUI TaKUX MAMEHTOK LIUTOJIOTMYECKOe UCCIIeI0Ba-
HUE UMEET MPEIUKTUBHYIO 3HAYMMOCTh: OTCYTCTBHE KJle-
ToK oryxonu B CM2K MOXXHO paccMaTpuBaTh Kak MPU3HAK
3 PEKTUBHOCTH UHTPATEKAIBHOM Tepamuu [5].

@DaxTOphI, BIUAIOLINE HA YyBCTBUTEIBHOCTH LUTOJIO-
THYECKOro MeToja B uccienoBannu CMXK:

* JIOKaJM3alus OMyXO0Ju (CTereHb BOBIEUEHHS MO3IO-
BBIX 000JI0YEK);

MIPUPO/IA OITYXOJIH (3JI0Ka4eCTBEHHAS IEPBUYHAS HITH
MeTacTaTu4ecKas);

* MECTO B3STHA MaTrepHana;

* 00beM Marepuana (MUHUMYM 3 Mi1);

* croco0 U CKOPOCTh MPUTOTOBICHHS MaTepHaa;

* YHCIIO UCCIICAOBAHUM y OTHOW MAIlMeHTKH.

Lenb paboOTHI — OLIEHUTH BO3MOKHOCTH KOMILJIEKCHOTO
LUTOJIOTUYECKOTO U UMMYHOLIUTOXUMHUYECKOTO HCCIIENI0-
BaHUsI JIMKBOPA B AUATrHOCTHKE BTOPUYHBIX LIepeOpabHbIX
MOpaKEHU MPH paKe MOJIOYHOH JKeNe3bl.

Marepuanbl 1 METONBI

[Tpoeneno 169 nuTonornieckux uccienoBaHui 55 na-
nuenTkaMm ¢ PMK ¢ MmeTacTrazamu B ToJIOBHOM Mo3re. Bos-
pacT ux BapbupoBai ot 29 g0 67 ner (cpenHuil Bo3pact
coctaBui 48 jer). Marepuan Juisl UCClIeA0BaHUs ObLI I10-
JYYeH C MOMOIIBIO JTFOMOANBHBIX MyHKIUH. OObeM moITy-
YEHHOT0 JIMKBOPA COCTABIISLI OT 3 10 9 ML
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Becb 00beM noiTy4eHHOTr0 MaTepHasa UCIIOIb30BaH IS
MIPUTOTOBJIEHUS CEPUU TOHKOCTIOMHBIX PENapaToB C IIOMO-
ko nuronormdeckor neHrpudyru Cytospin-3 (Thermo
Scientific, CILIA). s MOp¢OIOruIecKoil OLICHKH IBa
nuronpenapara okpamusanu no Jleimmany. s MIX
UCCIICIOBAHMS MPenapaThl GPUKCHPOBAIU B paCTBOPE arle-
TOHA, MApPKUPOBAJIM U IIOMELIAIM B UIMMYHOTUCTOCTEHHED
BenchMark Ultra (Ventana Medical Systems, CILIA) mis
NIX okpamBanus. C 1enbl0 yTOYHEHUS LIUTOIOTHUECKO-
ro auarHo3a 36 manueHtkam ObuTu npoBeaeHs! 44 NITX
uccleoBaHus (HEKOTOPbIM HeonHokpaTHo) u 117 MIX
peakuuii. B ucciaenoBaHny UCTIONB30BANINCH CIIEAYIOLINE
KPOJINYBU U MBIIINHBIE MOHOKJIOHANBHEIE anTHTena: CK7
(Cell Marque, CIIIA, OV-TL 12/30, pa3senenue 1:100—
1:500), CD45 (Cell Marque, CILIA, 2B11-PD726, pa3se-
nenue 1:100—-1:500), Estrogen receptor (ER) (Cell Marque,
CHIA, SP1, pa3senenue 1:100-1:500), Progesterone re-
ceptor (PR) (Dako, CIIA, PgR636, pa3sseaenue 1:50),
Ki67 (Spring, CLLIA, SP6, pa3senenue 1:200), S100 (Cell
Marque, CIIIA, 4C4.9, pa3senenue 1:50-1:200), Ber-EP4
(Dako, CIIA, BerEp4, passenenue 1:200-1:400), Her2/
neu (Cell Marque, CILIA, C3-11, pa3Beagenue 1:100),
Mammaglobin (Cell Marque, CIIIA, 31 AS, pa3seneHue
1:100-1:500), GATA3 (Cell Marque, CLLIA, L50-823, pa3-
Bezaenue 1:100-1:500), GCDFP — 15 (Cell Marque, CILA,
23A3, pa3senenue 1:100-1:500).

Mop}oITorHIecKyIo OIEHKY [IUTOIPENapaToB 1 OLICHKY
NLX peaknwuii npoBoamin Ha Mukpockorne Nikon Eclipse
Ci-S (Nikon Corporation, Inonwus).

PesynbraThl

IIpu TMTOIOrMUECKOM UCCIIEI0OBAaHUU JIMKBOPA KIETKH
OITyXOJIM YBEPEHHO AMarHOCTUPOBaHbI B 47,9% Habnroze-
Huil (81 u3 169), uTo TPaKTOBANIOCH KaK KaT€ropus NCTHH-
HO TOJIOXKUTENBHBIX 3aKIIOUEHHA, KOTOPBIE OBLTH TaKXKe
MOATBEPXKJIEHBl METOAAMH BU3yanu3aluuu. B kareropun
COMHHUTEIBHBIX IIUTOJOrHYeCKHuX 3akaouenuii B 10,1%
cirydaeB (n=17) TpeboBanock nposeaeHue auddeperim-
aJbHOM TMarHOCTUKU M@Ky KIETKaMH OIYXOJIU U APYTH-
MU KJIETKaMU JIMKBOpa, U1 yero npumensiu ULX uccie-
JoBaHue. B kateropun 10)KHOOTPULATENBHBIX 3aKITFOUEHHHA
B 20,7% nabmtoneHuit (n=35) KJIETKU OMYXOJIU BBIIBUTH
HE y/aJIoCh, XOTS HAJTMYUE METACTaTUYECKOTO MOPAKEHHS
ObUTO Bepu(HUIMPOBAHO METOAAMHU BH3yanu3anuu. Eme
23 uccnenoBanus (13,6% ciyuaeB) cOCTaBUIU TPYIILY UC-
THUHHO OTPHULIATENBHBIX 3aKJIIOUEHUH (MTALMEHTKH C pacipo-
CTPAaHEHHBIM OITyXOJIEBBIM IIPOIIECCOM B aHAMHE3E JINOO
HaJIMYMeM HEBPOJIOTMUYECKOW CUMITOMATUKHU, Y KOTOPBIX
METacTaTHYeCKOe MOPaXKeHNE HUKAKUMHU METOIaMH IO~
TBEpKAeHO He Ob110). B otnenbubix 7,7% ciaydae (n=13)
KJIETOYHBIX 3JIEMEHTOB OBbLIIO HEZOCTATOYHO JUIsI IPOBEIE-
Hust X peaknuii — Takoil MaTeprall paclieHEH KaKk MaJlo-
nH(pOpMaTUBHBIN. B KaTeropuio J10KHOMOIOKUTENbHBIX
3aKJIIOYEHUI HU OJJUH CITy4aii He Bolen. Jluarnoctuueckas
YYBCTBUTEJIBHOCTh IUTOJIOTHYECKOTO METO/Ia COCTaBUIIA
69,8%. Bce kareropuu HIUTOIOTMYECKHUX 3aKIFOUeHUH Ipa-
(udecku mpeacTaBieHbl Ha pUCYHKE 1.
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IIpumenenue UIIX ucciaegoBanus mO3BOJIUIIO MEPE-
BECTH IIATh COMHHUTENbHBIX 3aKIFOYEHUH U YEThIPE JIOKHO-
OTPHLIATENIBHBIX B KATETOPUIO YTBEPAUTEIBHBIX (HICTUHHO
MOJIOKUTENBHBIX), YTO MOBBICUIIO YYBCTBUTEIHHOCTD 1IH-
TOJIOTHYCCKOHN THarHoCTHKU 10 72,3%.

ITo pesynsratram MIIX uccnenosanuii (puc. 2) B 29 Ha-
omronenusix u3 36 (80,6%) yaanaocs HOATBEPAUTH OIyXOJie-
BYIO IIPUPOAY KJIETOK B JJUKBOPE: LIUTOIOIMYECKU KIETKU
onyxonu ObuTH BBIsIBIIEHBI B 27 u3 29 ciyqaes (93,1%),
B OCTaJIbHBIX 3aKJIIOUEHUE JaHO B MPEANONIOKUTEILHON
¢dopme B nBYyX U3 29 ciayuaes (6,9%). B Tpex Habmrone-
Husix (8,3%) ouennuts UI[X peakiuu He MpencTaBIsioch
BO3MOKHBIM BBUY MAJIOT0 KOJIMYECTBA KIETOK B MaTepH-
aze. B ocranbHbIx yeTsipex caydasx (11,1%) npu MIX
UCCIIEIOBAaHUU KJIETKH OITYXOJIH BBISIBICHBI HE OBLIH, IPU
aToM B 75% cnydaeB (n=3) LHUTONOTMYECKH BBICKa3aHO
MPEATONOKEHHE O AUCCEMUHALIMN OITyXOJIEBOTO MPOLIEeC-
ca, B oJHOM Habmronenuu (25%) knetku meracraza PMOK
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Puc. 1. Kateropuu DUTONOTHYECKHIX 3aKIIIOUCHUN JTUKBOPA
Y TALUEHTOK ¢ IOPaKEHUEM LIEHTPaIbHON HEPBHOU
CHCTEMBI MeTacTa3aMH paka MOJIOYHOM kene3bl (n=169)
Fig. 1. Categories of cytological diagnosis made by liquor analysis
in patients true with central nervous system metastases
of breast cancer (n=169): 81 — truly positive,
17 — doubtful, 36 — false negative, 23 — truly negative,
13 — the material was not informative, 0 — false positive

& Hanwiue knetox
PMX

B DrecyTcTRve
ONyXonedLIx KNaTor

W ManowHdopMaTHBHEIR
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Puc. 2. Pe3ynprarsl IMMYHOLIUTOXUMUYECKUX UCCIIEIOBAHUN
JIMKBOpA y TIAIEHTOK C OpayKeHUEM IIEHTPAIBHOI HEpBHOM
CHCTEMBI METAaCTa3aMH paKa MOJIOYHOI skerie3sl (n=36)

Fig. 2. Results of liquor immunocytochemical assay in patients
with central nervous system metastases of breast cancer
(n=36): 81% — breast cancer cells detected; 11 — no tumor
cells identified; 8% — the material was not informative
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Puc. 4. MHOXXeCTBEHHbIE METACTa3bl paka MOJIOUHON
*kKene3bl B ciiHHOM Mo3re. Ha MPT-n300paskeHusIx
C KOHTPACTHEIM YCHJICHHEM BU3YaJIH3UPyeTCsl KapTHHA
KaHI[EpOMaTo3a BEeLeCTBa U 000J0YEK CIMHHOTO MO3ra
Fig. 4. Multiple metastases of breast cancer in the spinal cord.
MRI images with contrast enhancement show the
carcinomatosis of the spinal cord and its membranes

MOPQONIOTUYECKH He ObUIH BBISBICHBL. Y 29 manueHToK
(80,6%) ¢ momomipro MIX Takxke ObLT OMpeIeNIeH THCTO-
TeHe3 OMyXOJIH.

Knunuueckuii npumep. Iaunentka M., 58 net. Kinunu-
YECKHI IMarHO3: PakK JIEBOM MOJIOUHOM xene3bl TXNXMI,
MeTacTa3 B TOJJOBHOM Mo3re. HocuTenbHUIla MyTaluu
BRCA1. CocrosgHue OCae KOMIUIEKCHOTO JIEUEHHS. Ya-
JISHWE MeTacTa3a roJIOBHOTO MO3Ta, Kypc JTy4eBOW Teparuu
Ha Becb 00beM rojIoBHOTr0 Mo3ra. IIporpeccupoBanue ye-
pe3 8 MecsI1eB — MHOXKECTBEHHBIE METACTa3bl B TOJIOBHOM
MO3Te, KaHI[epOMaTo3 000JI0YeK IIEeHTPATbHON HEPBHOM
CHCTEMbI, METACTAa3bl B JIETKUX, TUM(Oy3Iax, Tele MaTKH.
ITo manHbIM MPT ¢ KOHTpacTHBIM YCHIIEHHEM TOJIOBHO-
o U COUHHOTO Mo3ra omnpejensiercs MP kapruHa MHO-
JKECTBEHHOT'O METAaCTaTHYECKOTO MOPaXEHUs BEIIECTBA
1 000JI04EK TOJIOBHOTO (pHC. 3) M CIIMHHOTO Mo3ra (puc. 4).

l'ucronornyeckoe 3akIIOYCHHE 110 OMOMTATY Y3I1a Jie-
BOM BHCOYHOU JI0JTH, TIOJYYEHHOTO B PE3YJIBTaTe CTEPeo-
TaKCUYECKOM MyHKIHH: TTOJTUMOP(GHO-3MUTETNON THOKIIC-
TOYHAsI OTTYXOJIb.

3akioueHe UMMYHOTHCTOXUMHYECKOTO HCCIIeIOBa-
HUs1: HBa3WBHEIN pak NST MomouHOH *xene3bl (Meracras).

3aKJIFOYeHUE IUTOJIOTHYECKOTO MCCIIEIOBAHUS JTUK-
BOpa: B MIOJYYEHHOM MaTepualie HaiJICHHbIE U3MECHECHHSI
COOTBETCTBYIOT METAcTa3y aJicHOT€HHOTO paka. J{ist yrou-
HEHMs TUCTOTUNA omyxonu pekomenayercs UIX wuccre-
JoBaHue (puc. 5).
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Puc. 3. MHOXXeCTBEHHbIE METACTa3bl paka MOJIOYHOMN JKeJIe3bl
B TOJIOBHOM MO3Te.
A, B — Ha MPT-n300pakeHUSIX ¢ KOHTPACTHBIM
YCHIICHHEM BH3YyaIM3UpyeTCs KapTHHA KaHI[epoMaTo3a
BELIeCTBa U 000J04YEK rOJIOBHOTO MO3Ia

Fig. 3. Multiple metastases of breast cancer in the brain.
A, B — MRI images with contrast enhancement
demonstrating carcinomatosis of the brain and its
membranes

Puc. 5. Kietku meracrasa paka MOJIOYHOM KeJe3bl B JINKBOPE.
Huronornueckue npenapatsl. Lluronornueckas
KapTHHA NPEACTaBICHa MHOKECTBOM KIIETOK
C BBIP@XKEHHBIM MOJIUMOP(HU3MOM, BBICOKUM SIICPHO-
[UTOIUIA3MAaTHYECKUM COOTHOILIEHUEM, C TPU3HAKAMH
kerne3ncTot muddepenmpoBkr. OTMEUarOTCSI MHTO3HI.
Okxkpacka 1o Jlefimmany. A — X400, B — x1000

Fig. 5. Metastastic breast cancer cells in the cerebrospinal
fluid. Multiple cells with a pronounced polymorphism,

a high nuclear-cytoplasmic ratio, with signs of glandular
differentiation and prominent mitoses. Cytological slides.
Leishman stain. A — x400, B — x1000
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Puc. 6. Knetkn MeTacTasa paka MOJOYHOM jkelie3bl B IUKBOpe. LluTonornyeckue npemnapars.
MMmmyHOLMTOXMMUYECKoe oKkpamuBanue, X400.
A — BelpaxxeHHas dkcrpeccnst CK7 Bo Beex OImyXoJeBHIX KJIeTKax, B — monoxunTensHas sxcnpeccus Mammaglobin B 6onbIreit
YaCTH KJIETOK omyxoiu, C — MoJoxkuTeNnbHast 3kcnpeccus Estrogen receptor B 4acTH KJIETOK OMyX0JiH. D — BeIpaykeHHast
skcnpeccuss HER2/neu 6onee uem B 10% kieTok omyxonu, 3+
Fig. 6. Metastatic breast cancer cells in the cerebrospinal fluid. ICH stain, x400.
A — prominent CK7 reaction in all tumor cells, B — positive Mammaglobin expression in most of the tumor cells,
C — positive Estrogen receptor expression in some of the tumor cells, D — pronounced HER2/neu expression
in more than 10% of tumor cells, 3+
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3akmouenne WX uccnemoBaHust TMKBOpA: SKCIpeC-
cust CK7 — BeIpakeHHas BO BCEX OIMYXOJEBBIX KIETKAX;
skcnpeccuss Mammaglobin — monoxurensHas B GonbIiei
YacTu KJIETOK OIyXoJH; 3Kkcnpeccus Estrogen receptor —
MOJIOKUTENIbHASA B YaCTH KJIETOK OIYXOJIH; SKCIPECCUs
HER2/neu — BeipaxkenHas 6oiee ueM B 10% KieTok omy-
xony, 3+. B morydeHHOM MaTepuaie UTOMOP(OIOTHs
U UMMYHO(EHOTHII KJIETOK OIyXOJIH COOTBETCTBYIOT Me-
TacTasy paka MOJIOYHOH jkeme3bl (puc. 6).

3akmoueHnne

[utonoruyeckoe ucciieIoBaHue JTUKBOPA 3a4aCTYIO SB-
JSIETCSl €ANHCTBEHHBIM METOIOM MIEPBUYHON MOP(OIIOTH-
YECKOM IMarHOCTUKH METACcTa30B paKa MOJIOYHOH KeJe3bl
B LIEHTPAJILHON HEPBHOW CUCTEME.

B Hamem uccnenoBaHuu TUarHOCTHYECKast 4yBCTBU-
TEJIBHOCTh LIUTOJIOTMYECKOTO UCCIIEN0BAaHUs COCTaBUIIA
69,8%, a npuMeHeHne UMMYHOLIMTOXUMUYECKOTO UCCIIe-
JIOBaHUs MOBEICHIIO ee 710 72,3%.

B03MOXXHOCTH LIUTOJIOTHYECKOTO METOJa BO MHOTOM
OTIPEAeIIAI0TCS JOKaIN3alue MeTacTaTuYeCKOro oyara
B FOJIOBHOM MO3T€ U CTEIIEHBIO €T0 JISITOMEHUHT €aIbHOTO
pacnpocTpaHeHusl.

CobimrofieHne npaBuIl IPeaHaTUTUKU 00s13aTeNbHO, TaK
KaK HEKOPPEKTHOE B35THE MaTepualla WIh HECBOEBPEMEH-
HOE €ro MOCTYIICHUE B JIAOOPATOPHIO IPHBOKT K IIOTEPE
KJIETOK B JINKBOPE U UX J€TeHepaltu.

YBenuyeHue yuciia MyHKIUH 1 o0beMa Moay4yaeMoro
Marepuana, a Takke o0padoTka 00pa3LoB B KpaTHaniime
CPOKH MO3BOJISIIOT MAKCUMAJIbHO TOYHO MOCTABUTh IIUTO-
JIOTUYECKUNA IUAarHO3 U JOMIOJHUTEIHHO MPOBECTH UMMY-
HOLIUTOXMMUYECKOE HCCIIeJOBaHUE.

[TpumeHeHre UMMYHOLIUTOXUMHYECKOTO OKPAIIUBaHHS
3HAUUTENBHO PACUIMPSET BOZMOXKHOCTH LIUTOIOTMYECKOTO
UCCIIEJIOBAaHUS, MT03BOJIAA OOHAPYKUTh EAUHUYHBIE OIY-
XOJIEBbIE KJIETKH B MaTepuaie U B OOJIBIIMHCTBE CIIy4aeB
OINpENEeNUTh TUCTOTEeHE3 U OPraHONPUHAIEKHOCTh METa-
CTaTU4eCKOro HOBOOOPa30BaHMsl, YTO MOBBIIIAET YYBCTBH-
TEJIbHOCTh METOZA.
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OnbIT CO3TaHNS CIENAIN3NPOBAHHOTO OMO0aHKa ITNOM
TrOJIOBHOI'O MO3ra 4e/I0BeKa

. A. T'onvoun', AJI. Kopoukuna', C.B. Illyzaii', T.B. I[ykanosa’, M.A. IlTugppun’, A.B. Pesuwun?,
A.B. Kocvipvrosa', I' B. /lanunoé’, E.FO. Puioankuna’, I B. Ilasénoea’’, I'JI. Kooakoe', A.A. [Tomanoe’

! ®T'AY HaruoHanbHbIH MEAUIMHCKUI UCCIIeI0OBaTebCKU ICHTP Helpoxupypruu umeHn akagemuka H.H. Bypaenko
Mumnzapasa Poccun, Mocksa, Poccus
2 ®I'BYH UncrutyT 6nonorun rena Poccuiickoii akagemuu Hayk, Mocksa, Poccust
3 ®I'BY HannoHanbHbIH MEAUIIMHCKHUI HCCIIEI0BATebCKHI IEHTp oHKoornu uMenu H.H. broxuna Munsapasa Poccun,
Mocksa, Poccus

Beeoenue. B HacTosiniee BpeMsi BO BCEM MHPE OTMEUYAETCsI POCT YaCTOTHI OITYXOJIEH TOJIOBHOTO MO3Ta,
Y TIIHOMA HE SBIIICTCS UCKIIoucHreM. HecMoTpst Ha O0JbIIIOe KOJTHMYECTBO UCCICIOBAHUI B 00JIaCTH Tepa-
MUY TAHHOTO 3a00JIEBAaHUSI, OIYXOJH TIIHAIBHOTO PsIia TO-IPEKHEMY OCTAIOTCSI OTHUMH W3 CAMBIX 4acTo
JIMarHOCTUPYEMBIX TIEPBUYHBIX HOBOOOPA30BaHUI ICHTPATBHON HEPBHOM CHCTEMBI, U PE3YIbTaT JICUCHHUS
He Bcerna ycremieH. Jiist penreHust JaHHOH npo0sieMbl HEOOXOIUMO CO3/1aTh €AMHOE KPUOXPAHHIIHIIE C
CHUCTEMAaTU3UPOBAHHON 0a30i JaHHBIX, KOTOPHIC MTO3BOJAT YIITyOUTHCS B M3YYCHUE BOIPOCA MATOTCHE3a
Y MHBa3uu rroM. B HacTtosmiee Bpems B Poccnn pyHkmonupyet okoimo 20 XpaHUITUI OHOMaTepUAIIOB, HO,
K COXKaJICHHIO, OTCYTCTBYIOT PETIO3UTOPHH OITyXoJIeil mmansHoro psiaa. Llens ncenenoBanms — paspadorka
O0M00aHKa MTHANLHBIX OIYXOJICH C HAIMYMEM CIMHOM AIICKTPOHHON CHUCTEMBI ISl XPaHCHHS aCCOIMHPO-
BaHHOU KIIMHUYECKOW MH(POPMAITIH, KOTOpasi B TaJbHEHIIEM Oy/IET HCIOIb30BaThCS JJIs HCCIICIOBAHUIA.
Mamepuanvt u memoosi. B Xone oniepaTiBHOTO BMEIIATENBCTBA Y ALMEHTOB € MPe/IIoiaraeéMbIM JIHarH030M
«3JI0Ka4EeCTBEHHAs TIINOMA TOJIOBHOTO MO3Ta» IPOBOAMIN 3a00p HEOOX0ANMOro 00beMa OHOIOTHIECKOTO
Marepuarna, IocJIe Yero OCYIIECTBISUIN ero 00paboTKy, KPHOKOHCEPBALINIO M ITACIOPTH3ALUIO.
Pezynemamui. B nepuon ¢ 1 aBrycra 2018 roga no 30 anpens 2020 roga HakorieHo 1452 aquKBOTHI OT
358 nccnenyempix. KaskmoMmy o0pasily U3 OImyXomnu B KpHOXPaHWIIUILE COOTBETCTBYET MapaMHOBKIH OJIOK,
a TAKKe KOMILIEKC IEMOTpahUueCKUX, KITHHHYCCKUX, TUCTOIOTHYCCKUX M KATAMHECTUICCKUX JaHHBIX. Best
uHpopManus 00 00pasiax CHCTEMATU3UPOBAHA U XPAHUTCS B AIICKTPOHHON WH(GOPMAIIMOHHON CHCTEME.
B xoze pabots! 6611 chopMynHpoBaH GopMmar rmacropTa IIMOMBI.
3axnrouenue. CozpaHue COOTBETCTBYIOLIEH OpraHU3alMOHHON CTPYKTYPBI MOXKET OBITh HCIIONB30BAHO JUIS
MOBBITIICHUSI 3 (HEKTUBHOCTH B XO/I€ AILHEHIITIX IKCIIEPUMEHTAIBHBIX pabOT C BO3MOXKHOU MEPCIICKTHBOM
MIPUMCHCHHS U BHEJIPCHUS ICPCOHATM3UPOBAHHBIX METOJIOB JICUCHHS B OYIYIIIEM ITOCIIC MPOBEICHHUS TTIOTHOTO
LMKJIa KIMHUYECKUX UCCIIEOBaHUM.
KoaioueBble ciioBa: HEHPOOHKOJIOTHs, IIMOMA, TIIMO0IacTOMa, OMO0AHK, KPHOXPAHMIIHIIIE
s xoppecnonaenuuu: Jleauc Anexcanaposnd [ons0unH. E-mail: denis.golbin@gmail.com
[t uuTupoBanms: [ons6un JI.A., Kopoukuna A.J1., Illyraii C.B., llykanosa T.B., lllndpun M.A., Pesu-
uwH A.B., KocsipekoBa A.B., [larunos I'.B., Peibankuna E.1O., [TaBmosa I'.B., Koosxos I'JI., [Toranos A.A.
OMmBIT cO3MaHUs CICIHATH3UPOBAHHOTO OMO0aHKAa TIIMOM TOJIOBHOTO MO3Tra yenoBeka. KimH. sken. Mmopdo-
morust. 2020;9(4):39-49. DOI:10.31088/CEM2020.9.4.39-49.
dunaHcupoBaHue. VccnenoBanue BhIMOIHEHO npu GHUHAHCOBO# moaaepkke rpanta PODU Ne 18-29-01064 mx «Co3zna-
Hue 6ro0aHKa NIMOM MO3ra 4elioBeka ¢ (popMUpOBaHUEM LIM(POBOro apXuBa HHTEIPUPOBAHHBIX KIIMHUYECKUX, THCTOJIOTH-
YECKUX U MOJICKYIIAPHO-TCHETHUCCKUX JaHHBIX)).
KonduukT HHTepecoB. ABTOpBI 3asBIISIOT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

Crarbs nocrynuia 29.06.2020. [Toxy4yena nocjie penensuposanus 26.08.2020. IIpunsita B neyats 26.10.2020.

Specialized biorepository for human brain glioma: project development

and operational experience

D.A. Golbin', A.L. Korochkina', S.V. Shugay', T.V. Tsukanova', M.A. Shifrin', A.V. Revishchin’,

A.V. Kosyrkova!, G.V. Danilov', E.Y. Rybalkina’, G.V. Pavlova'?, G.L. Kobiakov', A.A. Potapov'

' N.N. Burdenko National Medical Research Center of Neurosurgery of the Ministry of Health of Russia, Moscow, Russia

2 Institute of Gene Biology Russian Academy of Sciences, Moscow, Russia
3 N.N. Blokhin National Medical Research Center of Oncology of the Ministry of Health of Russia, Moscow, Russia

Introduction. Today we observe an increase in brain tumor incidence around the world, and glioma is no
exception. Gliomas are still among the most frequently diagnosed primary central nervous system tumors
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despite a large number of glioma management studies. Their control still remains a challenge. It is necessary
to create specialized cryogenic storage with a systematized databank that could provide a basis for more
profound studies of their pathogenesis and invasion patterns. There are about 20 biorepository facilities in
Russia; however, they do not focus on a particular tumor type. The aim of the study was to develop the spe-
cific biobank of glial tumors integrated with a dedicated electronic system containing all associated clinical
data necessary for the research purposes.

Materials and methods. The required amount of material sampling was carried out during the surgical resec-
tion in patients with a preliminary diagnosis of “malignant glioma”, followed by processing, cryopreserva-
tion, and passportization.

Results. Between August 1, 2018, and April 30, 2020, a total of 1,452 aliquots from 358 subjects were ac-
cumulated in the biobank. Each frozen sample corresponded to a paraffin block and provided with the whole
set of associated demographic, clinical, histological, and follow-up data. All these records were stored in the
electronic information system. During this study, the design of the glioma passport was developed.
Conclusion. The development of an appropriate facility is necessary for efficient further experimental re-
search. It offers an opportunity for future implementation of personalized treatment methods after a full
clinical trial cycle.

Keywords: neurooncology, glioma, glioblastoma, biobank, biorepository
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BBenenue

HuTepec k co3nanuio OM0OaHKOB, KOTOpPBIE 3aHHMA-
I0TCSI COOPOM TEX WJIM MHBIX TKaHEH 4eJI0BeKa, BO3POC 32
nocneauue aecaruierus [1]. buodbankupoBanue Tkanen
JKUBOTHBIX CYIIECTBYET yxe Ooiee momyseka. B CIIIA
nepBblid OaHK YelI0BEUECKUX 00pa3LoB AJisl TPaHCIUIaH-
tanuu ObuT co3fan eme B 1949 roay [2]. Ciaenyromum
11aroM B Pa3BUTHH OMOOAHKOB cTaja cOOp Marepuaia He
JUIS TPAHCIUIAHTALlKK, a JUI U3Y4YeHUs pa3lnu4HbIX 3a00-
JIEBaHUI.

Pa3BuTHe cOBpeMEHHBIX TEXHOJIOTUH, MOJIEKYSPHO-
OHMOJIOTHYECKUX METOJIOB, CEKBEHUPOBAHUSA IOTPeOOBaJIO
KOHIIEHTPALlMU TKAaHEBOTO MarepHuana s JOCTHKEHUs
JIOCTaTOYHBIX BBIOOPOK, KOTOpPbIE MO3BOJIMIN OBl A€NaTh
Oonee nocTroBepHbIE BBIBOABL. TakuMm oOpa3zom, Hadyaau
MOSABIIATHCS CHELMATN3UPOBaHHbIE OMO0aHKH, B KOTOPBIX
AKKyMYJIUpOBajcsa OMOJIOTMYECKUN MaTepual, B3AThIA OT
MAIKEeHTOB C OINpeeIeHHBIMU 3a00JeBaHUsAMU. B pamkax
CO3IaHus TOMOOHBIX OHOOAHKOB 0CO00E MECTO 3aHUMAIOT
0100aHKH OHKOJIOTHYECKHUX 3a00JIeBaHUM.

Henp nogo6HBIX OMOOAHKOB — CIENaTh OMMYyXOJIECBYIO
TKaHb U JIpyrue OMOJOTHUYECKHE MaTepuallbl YeJoBeKa
JOCTYIHBIMH 7151 OONBLIOrO YHCia UCCIEIOBAaHUN OHKO-
rere3a [3]. CeroaHs NosBiIeHUE NEPCOHATUIUPOBAHHOM
MEAULUHBI U pa3paboTKa WHAUBHUYAJIbHBIX IPOTOKOIOB
JIeYeHHsI TPEBPATUIIM 3HAHUS 00 OTJENIbHBIX MEXaHU3MaX
(hopMHPOBaHHS M POCTa OIYXOJIH B BAKHEHIIYIO 3aady
MoUCKa cTpareruil Jedenus. VicxoqHo uccrnenpoBanue 00-
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JIe3HeH yenoBeKa B 3HAUUTEJIbHOM CTENEeHH OCYILEeCTB-
JISJIOCH Ha KMBOTHBIX, TaK KaK CUUTAIOCh, YTO 0Opa3Lbl
TKaHel )KUBOTHBIX Oosiee JOCTyHBL. OHAKO B JabHEH-
11eM ObUIO MOKa3aHo, YTO PE3yNbTaThl UCCIIEIOBaHHUM, IPO-
BE/ICHHBIX Ha )KUBOTHBIX, HE AAal0T BO3MOKHOCTH B TIOJIHOM
Mepe MpOoenupoBarb UX Ha 0oje3Hu denoseka [4]. B mo-
cleqHee BpeMs aKLEHT JesiaeTcsl Ha cOope UMEHHO MaTe-
pHasia TKaHell YeoBeKa B KauecTBE HCTOYHHKA HH(opMa-
WU JJI UCCIIEOBaHUI HKCIIPECCUH T€HOB, IPOTEOMUKH
Y U3YYEHHUS CUTHAJIBHBIX IyTel. [Ipu 3ToM coBpeMeHHbIe
TEXHOJIOTHH TPEOYIOT OOJBIIOTO KOJIMYEeCTBa 00pa3IoB,
Yero MOKHO JOCTHYb TOJIBKO IPH pa3BUTUU OMOOAHKOB [5].

3a nocneanue 20 et NOTpeOHOCTH B UCTIONB30BAHUH
0100aHKOB BBIPOCTIA B HECKOJIBKO pa3 M, KaK OKHUJAeTcH,
B JajbHeimeM OyneT npogospkaTrs pactu [6]. [Ipu sTom
npobiema ¢ cozanueM 6M0OaHKOB CYLIECTBYET HE TOJIBKO
B Poccun, HO 1 Bo BceM mupe. CiieqyeT OTMETUTh, YTO
BO MHOTHX CIy4asx cOop 00pa3IoB M UX IOJHOIICHHAS
MACIOPTU3AIM A0 CHX IOP HOCAT (PparMeHTapHbIH Xa-
pakKTep, 4acTo HET CBS3U JaHHBIX 00 aHAMHE3€ W Mpo-
BOJMMOM JICYEHUU M KaTAMHECTHYECKOro HaOIII0JeHUs
NalyeHTa Jaxe B mpenenax ogHoro yupexiaeHus. Ot-
CYTCTBHE CTaHJapTU3aluu cOopa 00pa3LoB NPUBOIUT K
BapuabeIbHOCTH COOpAHHOTO MaTepuaja, YTO CHHXKAeT
€ro LEeHHOCTb U BO3MO)KHOCTb J1€JIaTh 3HAYUMbIE BHIBOJIBI.
Taxum 00pa3zoM, B TpeOOBaHUIX K OMOOaHKaM YKOPCHSIOT-
sl KaKk MOXKHO OoJiee TOYHas XapakTepUCTHKa MaTepuana,
OIMCaHue ero 00pabOTKH U XpaHEHUs, YTO, HECOMHEHHO,
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BIIMSIET HA KAYECTBO M HA/IC)KHOCTB JIFOOBIX HCCIIEIOBAHUI
C HCIONB30BAaHUEM TaKuX 00pasioB [7]. MoxHO cka3aTb,
9T0 OMOOAHK IIIHOM TOJIOBHOTO MO3ra 4eJOBEKa pemaet
npoOJIeMbl, HAMPaBJICHHBIE HA 00ECIICUCHUE aIeKBATHOTO
MPEI0CTABICHUSI HCCIICIOBATEISIM BRICOKOKAYE€CTBCHHOTO
TKaHEBOTO MaTepHaja DINABHBIX OmyXouei. B mocnennue
TOJIBI CTAJIO OHITHO, YTO BCEM 3THM TPEOOBAHUSIM MOXKET
VIOBIIETBOPATH TOJIBKO OMOOAHK, CO3JAHHBIN MPH KITHHU-
Kax, OOJBHUIAX U IPYTUX MEIUIMHCKUX YUPEIKICHUAK,
SIBJISTFOLIIMXCSL TPOQIIIBHBIMU 10 HEHPOXUPYPTHH, IPEXKIC
BCEro 1o HeipooHkosoruu. Ilpu 3tom HE0O6x0a1MMO 06ec-
MEYUTh CTAHIAPTH30BAHHOCTH IPOLIECCOB, CBSI3aHHBIX C
0100aHKHPOBAHNEM TKaHEH.

Marepuanbl 1 METONBI

Ombop nayuenmos
u obecneuerue KOHOUOECHYUATLHOCMU OAHHBIX

[Ipouenypsl cOOpa TUYHBIX JAHHBIX, OHOIOTUYECKOTO
MaTepualla, a TaKXkKe UX XpaHEHUs MPOBOAATCS B COOT-
BETCTBMH C 3aKOHOJATeNbcTBOM Poccuiickoit deneparnun
Y TIPOUCXOJIAT MOCIIE MOMCAHNUS TAlUSHTAaMU HH(OPMH-
POBaHHOTO JOOPOBOJILHOTO coracus. Kaxaplil mauueHt,
KOTOPBII MOAXOAUT AJISl UCCIE0BAHUS 110 OIPEIETIEHHOMY
MIEPEUHIO KPUTEPHEB, 1a€T MUCbMEHHOE COIVIacHe Ha Ipe-
JIOCTaBJICHHUE JJIs aHAJIN3a yAaJIeHHO OITyX0JIeBOM TKaHH,
00pa31oB KPOBH, NaHHBIX KIMHUYECKUX U TUArHOCTHYE-
CKHUX HccienoBaHui. Best cooTBeTcTBYOMIas HH(popManus
0 Ka)K/IOM MallMeHTe XPaHUTCSA B €IMHOM 2IeKTpOHHOU 0a3e
JIAHHBIX, KOTOpas TOCTYIHA UCKIIOYUTEIHLHO COTPYIHU-
KaM, Y4acTBYIOIIMM B HcclieoBaHuH. i1 coOXpaHeHus
KOH(QHICHIIHATEHOCTH U aHOHUMH3AIMH JaHHBIX KKI0TO
KIIMHUYECKOTO ClTy4asi eMy IPUCBAauBaeTCA MHIUBHyallb-
HBII TOPSAKOBBIA ueHTUuKarop (Hanpumep, BU20S),
KOTOPBIN OTIMYAETCS OT HOMEpa, UCIIOJIb3YEeMOI0 B MEIH-
LMHCKOH KapTe Je4eOHOro YUpexAeHusl.

Hamu pa3paboTtaHnbl cieayromme KpuTepruy BKIIIOUESHHS
MAIIEHTOB B UCCIIEIOBaHUE.

1. Bozpact nauuenTa He MmeHee 16 sert.

2. Hanuume MarHUTHO-PE30HAHCHBIX H300paXKCHUIA
TOJIOBHOTO MO3ra B CTaHJApTHBIX UMITYJIbCHBIX MOCIIEN0-
BaTEJLHOCTAX JI0 U MOCJIe KOHTPACTHOTO YCUJICHUSI.

3. [Ipeanonaraemplii 10OMIEPALIMOHHBINA TUATHO3 «3J10-
KaueCTBEHHas [JIMOMa rOJ0BHOTO MO3Ta» Ha OCHOBAHUU
KIIMHUYECKNX, aHAMHECTUUECKUX U HEeHpOBHU3yaIH3allH-
OHHBIX JaHHBIX.

4. Jlokanu3anus OMyXoJid BHE KPUTHYECKHX 00pazo-
BaHHU TOJIOBHOTO MO3ra (CTBOJ, AMAHIE(DATEHBIE CTPYK-
TYpBI).

5. OTcyTCcTBHE TeMOTPAaHCMUCCUBHBIX MH(EKIUH (CH-
¢umuc, BUY-undexnus, BupycHsie renarutel B u C) o
JTAHHBIM PYTUHHOTO NMPEIONePaliMOHHOTO CKPUHHUHTA.

6. IlnanupyemMoe Xupypruueckoe ynajaeHue OmyXoH.

7. O6beM OmyX0Ju, TOCTAaTOUYHBIH I MOTyYEHHS CO-
JUIHOM OMyXO0JIeBOi TKaHU B 00beMe, HeOOXOIMMOM Kak
JUTSL IOCTAHOBKH TMCTOJIOTHYECKOrO JUarHo3a, Tak U Jyis
KOHCepBanuu 00pa3ioB B OMoOaHKe.
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Opeanu3ayuorHas cCmpykmypa

B xozne obcyxaeHuss METOIOB peaiu3aluu IPOeKTa
ObL10 perieHo co3naTh B pamkax HMULI Helipoxupypruu
um. H.H. Bypaenxo Munzapasa Poccun (HMULIH) na6o-
paTopuio HeUPOXUPYPruYeCKO aHATOMUHU U KOHCEPBALIH
OuosIoruuecKkrux MaTepuanoB. s JNTUTEHLHOTO XpaHEHHS
HCIIONIB3YIOTCA cocybl Jproapa ¢ xxuakum azotom. [oimy-
YeHHBIE 00pa3Ibl MO KIMHHISCKUM CITy4asiM HeOOXOIUMO
MOJTOTOBUTS JUISI UCCIIEIOBAaHUN U 3aMOpaKuBaHuA. [lan-
HBIC MaHUITYISIMY BBIOIHSIOT Ba KBaTH(UIIMPOBAHHBIX
nabopaHTa-ucclenoBaress. B xomne kpHOKOHCEepBaIHH IPOo-
UCXOAUT JBOMHAs perucTpanusi MEIULUHCKON JOKYMEH-
Taluy — B TUCbMEHHOM BHJIE B XKypHaJI€ U B SJIEKTPOHHOM
0a3e gaHHbIX. 111 CBOEBPEMEHHOTO OMIOBEIIECHHUS O MOSB-
JIEHUM TOAXOAALINX KIMHUYECKUX CIy4yaeB, U3BJICUCHUS
00pas31oB U MonoHeH!s! 0a3bl JaHHBIX U300paKeHUH 10
nalueHTaM B lTare Ono0aHKa YUCIATCA YeThIpe HEHPOXH-
pypra. B uuciio yyacTHUKOB HCCI€JOBaHUS TAKXKe BXOIUT
Bpay-1aToJIOr0aHaTOM.

Konnexyus 06pasyos u 6anx 0annwix

buobank sBisiercs oOmmpHO 0a30i, KoTopas conep-
JKUT B ceOe He TOJIbKO MaTepHall, OJIy4YeHHbIH B X0/Ie oIle-
PaTHBHOIO BMEIIATENILCTBA U YAAJIEHUS IOPaKeHHOH 00-
JIACTH MO3Ta, HO M KOMIUIEKC JAaHHBIX, TO3BOJISIOIIUX OoJiee
OOIIMPHO MOJONTH K BOIPOCY UCCIIEJOBaHUS 3a00/IeBaHUsL.
DopMUPOBaHHE KOJUIEKLIMU 00Pa310B OIyXOJIEeBOM TKaHH,
MOJTYYEHHBIX OT MalMEHTOB C INIMOMaMHU T'OJIOBHOTO MO3-
ra, CBSI3aHO C MCIIOJIb30BAHKEM JIBYX BHJIOB KOHCEPBAIH
OMONIOrHYEeCKOro Marepuasa — ObICTPOro 3aMOPAKUBAHUSA
B JKUIKOM a30T€ ¥ U3TOTOBICHUS Mapa(UHOBBIX OJIOKOB

JlaHHBIE 0 KIIMHUYECKHX CITy4yasx coJepIKaTcs B CUCTe-
MaTU3UPOBAHHOM BHJIE B AIEKTPOHHOU HH(POPMAIIHOHHO-
aHAJIMTHYECKOH crcTeMe, CO3/1aHHOM Ha 6a3e pa3paboTaH-
Hoit B HMUIIH mnardopmer e-Med. MHauBHAYansHbIH
BHyTpeHHUH uaentudukarop BUXXX no3ponser noimy-
YHUTH BCIO HEOOXOAUMYIO HH)OPMAITHIO.

[Tocne cormacoBaHusi BO3MOXXHOCTH 3a00pa mMarepua-
J1a ¢ ONEPUPYIOLIUM HEHPOXUPYProM B Hauajle onepanuu
MIPOBOAUTCS 3a00p KPOBH, KOTOpas 3aTe€M IMO/ABEpraercs
AJTMKBOTHPOBAHHIO M IEHTPUPYrupoBaHUio. LlenpHyIo
KPOBb KOHCEPBUPYIOT B KpHOIPOOHPKaX B 00beMe 2 X 4 Mt
B XOJIOAWIbHUKE NpH Temmeparype —80°C, a Takxke LeH-
TpUQYTUPYIOT IPU KOMHATHOM Temneparype npu 1500 g
B TeueHue 10 MUHYT A CO3MaHUS TPEX WM YeThIpex
aJMKBOT Iu1a3Mbl 00bemMoM 1 M1 u ipu 1200 g B TeueHue
10 MUHYT JU1s1 CO3JJaHUS YEThIPEX aTUKBOT CBIBOPOTKH 00b-
eMOM | MJI, KOTOpble KOHCEPBUPYIOT B KPUOMIPOOUPKAX
B XoJoauWIbHUKe npu Temneparype —80°C. OmyxomneByto
TKaHb TPAHCIIOPTUPYIOT U3 ONIEPALIIOHHOM B JIAOOpaTOpHIO
B npobupke co cpenoit DMEM ¢ nobaBnenueM crpento-
MULHWHA, TeHULIWJUIMHA U TeHTaMHUIMHa, a 3aTeM B CTe-
PWIBHBIX YCJIOBHUSAX OYHMILAIOT OT MPUMECed U pa3iessioT
Ha TPH aJUKBOTHI (WK OOJIbLIE, €CIH MO3BOISIET 00bEM
Marepuana), KakIyto U3 KOTOPBIX JeNAT Ha [1Ba (hparmeH-
Ta — 2/3 [isl KpUOKOHCEpBaMK U 1/3 I H3TOTOBICHHS
napaduHoBoro 6jo0ka (puc. 1). ToT mpouecc 3aHUMAET
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Puc. 1. Cxema myTH 00pasia OImyXoiu
Fig. 1. Solid tissue specimen procurement scheme

He Oonee 20 MuHyT. TakuMm 00pa3oM, OIyXOJIeBEIH 00pa-
3ell] KaX/I0i aJMKBOTHl aHAJU3UPYETCS] TUCTOJIOTMYECKH
Y UMMYHOTHCTOXMUMHUYECKHU B OTIEIIEHUH ITaTOJIOTH4ECKON
AQHATOMUU ISl MOATBEPIKICHUS TUarHo3a v OLEHKHU Kade-
cTBa TKaHU. OOpa3Lbl OMyXOJU MOMELIAIOT B MPeIBapH-
TEJIbHO MPOMapKUPOBAHHBIE KPUOTEHHBIE MPOOUPKH U KOH-
CEepPBUPYIOT B XKHUJIKOM a30Te npu Temnepatype —196°C.
Nudopmanuio 06 oOpa3nax perucTpupyroT B KypHae
U 2JIEKTPOHHO 0a3e naHHbIX. PparMeHThI OMyX0oJaeH 1Jis
M3roTOBJIEeHUs MapaduHOBBIX O110KOB moMeratot B 10% 3a-
Oydepennbiii (hopManuH U 0 UCTEUSHUS 6 4acOB TpPaHC-
MOPTUPYIOT B OTIEJIEHUE MAaTOIOIMYECKON aHaTOMUH, TIe
MIPOBOASATCS U3TOTOBJIEHHUE Mapa(HOBBIX OJIOKOB IO CTaH-
JAPTHON TEXHOJIOTUM U UMMYHOTMCTOXMMHYECKOE OKpa-
LIMBaHKE CPE30B IS UCCIIEI0BaHHS MAPKEPHBIX (DaKTOPOB.
Bpau-natonoroanaTtom oLieHMBAET Ka4e€CTBO OITyXOJIEBOTO
Marepuasa, BHOCUT TMCTOJIOTHYECKOE 3aKIIIOUEHUE U pe-
3yJBTaThl OLEHKU B AJIEKTPOHHYIO 06a3y JaHHBIX U COIO-
CTaBILICT MOP(OJIOTUUECKYTO KAPTUHY KOHCEPBUPOBAHHOTO
OITyXOJIEBOTO MaTepuaya ¢ TUCTOJIOIMYECKUMU Ipenapa-
TaMHu, IOJIy4€HHBIMHU U3 TUarHOCTUYECKOr0 OUOIICUITHOTO
Marepuala KOHKPETHOTO MalueHTa.

PesynbraThl

Konnexyus 0bpasyos u ouacnocmuueckux OaHHbIX

Ceifuac B KpHOXpaHUIIMILE HACUUTHIBaeTCs 728 ciy-
gaeB U 2736 anukBoT (Tabxa. 1). BeuT BRITOMHEH THCTO-
JIOTUYECKUNA KOHTPOJIb 110 681 00pasiyy, B X0/1e KOTOPOTO
MOJIHOE COOTBETCTBHUE KPUTEPHUAM KauecTBa BBISBICHO
B 418 oOpa3zuax (61,38%), a wactuunoe B 66 (9,70%).
197 npoananu3zupoBaHHbIX 00pa3LoB (28,92%) He cooT-
BETCTBYIOT KPUTEPUAM IOJIOKUTEIHLHON OLIEHKH KauecTBa
OITyXOJIEBOTO MaTepHaja B CBA3H C BEICOKHM COJEP)KaHHEM
HEKPOTUYECKOTO KOMIIOHEHTA WJIM MaJIbIM KOJIMYECTBOM
OITyXOJIEBBIX KJIETOYHBIX 3JIEMEHTOB (MaTrepHuai u3 Mepu-
TYMOPO3HOU 30HBI).

Moodepnuzayus cucmemvi Xpanenust OAHHbIX

B pamkax paspaborannoit 8 HMUIIH texnonoruu
e-Med Obuia co3naHa KOMIIOHEHTa JJIs yIIpaBieHHus Ono-
OankoM (biobank-nsi), ”HTErpUPOBaHHAS C AINEKTPOHHON
MeIUIUHCKOM KapToil. Takas MHTErparys o3BoJIseT Ipo-

42 KIMHNYECKAS 1 SKCITEPMMEHTAJIBHASI MOP®OJIOTMS / CLINICAL AND EXPERIMENTAL MORPHOLOGY

BOJHMTH COBMECTHBIN aHAIN3 MOP(OIOTHYECKUX U MOJIe-
KYJSIPHO-TEHETUYECKUX JTaHHBIX B CBSA3H C KIMHUUYECKON
KapTUHOH 3a00JeBaHMs U pe3ylbTaTaMu HEMpOBHU3YyaH-
3allMOHHBIX UccienoBaHuil. Kpome Toro, mHTerpanus c
3NEKTPOHHOM MEAMLIMHCKON KapTOW JaeT BO3MOXHOCTb
HCCIIeI0BaTh CBOiicTBa 6M000PA310B B AMHAMUKE U I10-
BTOPHBIX MOCTYIUICHUX MAIlMeHTa B KIMHUKY, © UMEHHO
3Ta 0COOCHHOCTD SIBIISICTCSI OCHOBHOM MPUYHUHON Pa3BH-
THsI COOCTBEHHOH pa3pabOTKH CUCTEMBI HH(POPMATUOHHON
NOAJEP>KKHM OM0OaHKa M 0TKa3a OT IPUOOPETEHUS CHCTEMBI
CTOPOHHEr0 MPOU3BOIUTEIIS.

B Ouobanke Obula BBeeHa MEXAyHapoJgHasi CUCTe-
Ma MIpeaHaJuTHYECKOTro KOAUPOBaHUA OM000pa3IoB
SPREC 2.0 [8]. Ota cucrema mo3BoiseT 3aUKCUPOBATH
BaKHEUIIMEe 0COOEHHOCTH MaTepHala, crocoda ero KoH-
cepBauuu u xpanenus. Konuposanue no cucreme SPREC
HEOOXOIUMO JJIsl CONOCTaBUMOCTH PE3YNIBTaTOB UCCIIENO-
BaHMH, MPOBEJICHHBIX B pa3HbIX LIeHTpaX. CucremMa Koaupo-
BaHUsI Pa3BUBACTCS U MOJAEPIKUBAETCA MexXIyHapOIHBIM
00I1IECTBOM OMOIIOTHYECKUX U SKOJIOTMUYECKHUX PETIO3UTOPH-
e (International Society for biological and Environmental
Repositories, ISBER, http://www.isber.org).

Kon SPREC 2 ceMHUIO3UIIMOHHBIM U OMHMCHIBAET THII
oOpasia TKaHH, BpeMsI TEIION U XOJIOAHOM UILIEMHUH U OC-
HOBHBIE CBE/ICHUS O CII0CO0ax ero Moixy4eHus, KOHCepBa-
LIUH U TOJITOCPOYHOI0 XpaHeHUs. AHaJoruuHas crieuugu-
Kalus A7 )KUAKUX 00pas31oB COAEPKUT TAKKE CBEIACHHUS
0 UEHTPHU(YTHUPOBAHHY.

B 2019 rony cucrema SPREC 2.0 MmonepHu3upoBaHa J10
SPREC 3.0, kotopas 6:1arogapsi oCIeTHAM TEXHIIECKAM
pa3paboTKaM U MOTyYEHHBIM 3HAaHUAM O KPUTUUECKUX JHa-
Ma3oHax J0aHaJUTHYECKOTO BPEMEHH BKIIIOYAeT B ceds
paclIupeHHOE KOJIMYECTBO BAPUAHTOB BPEMEHH HILEMHUH
TKaHew [9].

Tucmonoeuueckoe uccnedoganue mamepuand
‘YcTaHOBIIEHNE THCTOJIOTHYECKOIO THAarHo3a Oy XOJIH
MPOBOIMTCS B COOTBETCTBHH C KiIacCH(pUKanuen omyxosei
LIEHTPAJIbHOM HEPBHOM cUCTeMbI BceMHpHOI OpraHu3aiu
3npaBooxpanenus 2016 roga (cBeroontTuyeckass MUKpO-
CKOIHSI MapaMHOBBIX CPE30B, OKPAIICHHBIX TeMATOKCHITH-
HOM 1 303UHOM, IMMYHOTHCTOXUMHUYECKOE HCCIIEOBAHUE,
omnpezenenue craryca renoB IDH-1 u IDH-2 metogoMm npsi-
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Tabnuya 1 | Table 1

CoOpaHHbIe 3aMOpOKeHHbIE 00pa31bl 32 BeCh CPOK CylecTBOBaHHs dnodanka (¢ maprta 2016 roga)
4 32 MepUoJ BbINOJHEHHsI padoT mo rpaHTy (c 1 aBrycra 2018 roga) na 30 anpens 2020 roaa |
Collection of tumor tissue specimens during the complete lifetime of the biobank (since March, 2016)
and during the research grant period (since August 1, 2018) by April 30, 2020

Ha3zBanue onyxomau (B an¢paBUTHOM NOpsiAKe) |

3a Bech cpok | Total  3a mepuoa rpanra | During the grant

Tumor type N cy4yaeB N ATHKBOT N CJIyuaes | N AJIMKBOT |
| cases | aliquots cases aliquots

AHaractigeckas actporuromMa | Anaplastic astrocytoma 82 325 46 216
AHaruiacTHYecKasi OJMIOAEHIPOIINOMA | 62 215 32 126
Anaplastic oligodendroglioma
Amnarutactuyeckas oauroactporuToma | Anaplastic oligoastrocytoma 1 3 - -
AHariactTiaeckast IuieoMopQHas KCaHTOaCTPOIITOMA | 7 29 4 20
Anaplastic pleomorphic xanthoastrocytoma
Amnarutactideckas srneHauMoma | Anaplastic ependymoma 2 8 - =
Actpobnactoma | Astroblastoma 1 3 1 3
Tanrmrormmoma | Ganglioglioma 2 5 1 3
I'emucTonmnTapHas acrpouutoma | Hemistocytic astrocytoma 2 12 2 12
T'mnobnacroma | Glioblastoma 465 1784 216 851
I'mnocapkoma | Gliosarcoma 4 21 5 12
Huddysnas acrpormroma | Diffuse astrocytoma 61 203 31 151
Omuroactporutoma | Oligoastrocytoma 1 3 - =
Omuronenapormuoma | Oligodendroglioma 27 95 13 40
ITunonnnHas actporuroma | Pilocytic astrocytoma 13 5 12
[MunoungHas acCTPOIMTOMA CO 3I0KauYeCTBEHHO TpaHchopManuei | 5 - —
Pilocytic astrocytoma with malignant transformation
IIneomopdHas kcanrtoacTpouuroma | Pleomorphic xanthoastrocytoma 2 3 - -
Cy6anennumoma | Subependymoma 6 - -
OnurennongHas nmobnaactoma | Epithelioid glioblastoma 1 6 1 6
Bcero 728 2739 357 1452

MOT0 cekBeHHpoBaHUs 110 CaHTepy, onpeieNieHue cTaTryca
METHJIMPOBaHMs MPOMOTOPHOM obnactu rena MGMT me-
togoM Metuicneunpuueckoit [ILP B pexxume peanbHOTo
BpeMeHH, onpeneneHue konenenuu 1p/19q meronom FISH
(pnyopecuentHas rubpunuzauusd in situ)). Kputepusamu
MOJIOKUTEIBHOM OLIEHKH KauyeCTBa OMYXOJIEBOTO MaTepH-
aja SBJIAIOTCA COBOKYIIHBINM MPOLIEHT OIMYXOJIEBOM TKaHU
B 00pasiie >50, MpoIeHT OMmyXOoJIEBHIX sep B 00pasiie >50,
MPOLIEHT HeKpo3a B 0bpa3ue <50, oTcyTCTBUE apTUDULIM-
aJbHBIX U3MEHEHHH.

Cos0anue nacnopma 2nuomol

C y4eToM UMEIOIUXCS TUarHOCTUYECKUX METOI0B BO3-
MOJKHAa MacnopTu3auus o0pa3loB, BKIIOYAIOIIAs KOMII-
JIEKC CBEJIeHUH: JieMorpaduyeckue faHHble (1101, BO3PAcT,
PETHOH), XapaKTepuCTHKa 3a00neBaHus (IepBUYHOE UIIH
MOBTOPHOE XUPYPrHYECKOE BMELIATENILCTBO, JIOKATU3ALH
OITYXOJIM — PUCYHOK 2, 1aTa XUPYPTrU4eCKOro BMEIaTelb-
ctBa, kox SPREC 3.0), mopdonornueckue nanusie (Tu-
CTOJIOTHYECKHUM AMarHo3 mo Kjaccu(UKaluK OIMyXoyei
MHC BO3 2016 rona — pucyHok 3, 10J1s1 OITyXO0JIeBOM TKaHH
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B THCTOJIOTMYECKOM cpese (B MPOLEHTAaXx), A0S OIyXoJe-
BBIX KJIETOK (B MPOLEHTAX ), 10JIs1 HEKpo3a (B MPOLEHTAX),
IDH-1/2-npouns, MGMT-npoduns, BRAF-myTanuu,
Hanu4aue Koaenerun 1p/19q A onuroneHIporTHaiIbHbIX
OITyXOJIeH), MOJIEKY/ISIPHO-T€HETUYECKHE XapaKTePUCTUKU
(mapkepsl ctBonoBoctu: NESTIN, OCT4, CD133; oHko-
Mapkepsl: EGFR, PDGFR; Mapkepbl HelipanbHOU nudg-
¢bepenuupoBku: GFAP — pucyHok 4), KaTaMHECTHYECKUE
JaHHbIe (POBEIEeHHOE aIbIOBAaHTHOE JedeHue, (pakT pe-
LU/IMBA, CBA3b MaTepHalia c 00pa3LoM OT JaHHOTO JOHOPA,
paHee 3aperucTpPUPOBaHHBIM B OMOOaHKe NPU MpeAbIaY-
LIeM XUPYPTUYEeCKOM BMEIIATEeNbCTRE).

B pesynbrare BBINOJIHEHHBIX pabOT MO OpraHU3aluu
MpOLIECCUHTa OMoMaTepuasoB U cOOpa acCOLMUPOBAH-

HBIX JAHHBIX HaMH OBUT CHOPMYIHPOBAI HACHOPT TITHOMBI
(tabmn. 2).

Ananusz buomapxepos

Ananu3 6MOMapKepoOB TJIMANbHBIX OMYyXOJeH BHI-
MOJIHSIETCS METOJOM IOJHUMEPa3HON LENHONW peakUuuu
¢ obparnoil Tpanckpunuueii (RT-PCR) Ha sxcnpeccuto
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Puc. 2. loonepanuonnas MPT. BeisiBisieTcst omyxoiib 3aJJHUX OT/IEJI0B IPaBOil BUCOUHON JI0JIM ¢ HHTEHCUBHBIM
HAKOIUICHHEM KOHTPACTHOTO BEIIECTBA, THIIOMHTCHCUBHBIM HEKPOTUIECKUM LIEHTPOM U TIEPUTYMOPO3HBIM OTEKOM

(rmuobmactoma)

Fig. 2. Preoperative MR image of a patient demonstrating an intracerebral tumor (glioblastoma) of the right posterior temporal lobe with
prominent contrast enhancement, hyperintensive necrotic center, and peritumoral edema
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Puc. 3. Tucronoruueckuii cpe3 TKaHH YAaJCHHOH TIIHOOIACTOMBL.
OG6paniaroT BHUIMaHHE BBIPAKCHHBII KIICTOUHBIN

U siICPHBIN MOMTMMOPGH3M, IIIOTHOE PACTIONOXKECHIE
KJICTOYHBIX 37IeMeHTOB. OKpacka reMaTOKCHIIHHOM

u 503uHOM, X200

Histological section of resected glioblastoma. Prominent
cellular and nuclear polymorphism is present, cells are
arranged densely and compactly. H&E stain, x200

Tabnuya 2 | Table 2

Fig. 3

IIpumep nacnopra riuoMsl |

Example of glioma passport

BuyTtpennuii upentuduxarop | Internal identification number
ITon | Gender
Bospacr | Age
Peruon | Region
XapakTep Xupypruueckoro Bmemarenscrsa | Type of surgery
Jloxamu3anus omyxomnu | Localization of the tumor
Hara xupyprudeckoro BMemarenabcTsa | Date of surgery
Kox SPREC 3.0 | SPREC 3.0 code
T'ucronornveckuii auaruo3 | Histological diagnosis
% omyxoneBoi TKaHH! B cpese | % of tumor tissue in the section
% ormyxoneBbIX KiIeTok | % of tumor cells
% Hekpo3a | % of necrosis
IDH-1 npoduns | IDH-1 profile
MGMT npoduns | MGMT profile
BRAF npoduns | BRAF profile
Mapxkepst | Markers

BUS62
My»xckoit | Male
62 roma | 62 years
Topon Mocksa | Moscow city
IepBuunoe | Primary
IpaBas Bucounas momns | Right temporal lobe
26.02.2019 | 02/26/2019
TIS-SCM-X-C-SNP-A-X
I'muo6nacroma IGH-myrtantHas | Glioblastoma IGH-mutant
60
80
0
TlonoxwurensHslii | Positive
Otpuuarenbusbii | Negative
OrpunarensHbrii | Negative

BAX, CD133, MELK, TP53, VASH2*

* BAX — nanykrop anonto3a, CD133 — oukomapkep, MELK — Mapkep cTBosioBocTd, TP53 — cympeccop omyXxoneBoi Tpanchopmaium,

VASH?2 — yuHrnbuTop aHrHoreHesa.

* BAX — apoptosis inductor, CD133 — oncomarker, MELK — marker of stem cells, 7P53 — supressor of tumor tranformation,

VASH?2 — inhibitor of angiogenesis.
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Puc. 4. Ilpumepbl UMMYHOTHCTOXUMHYIECKUX MCCIEIOBAHIN MapKEPOB B TKAHSIX INTHOOIACTOMBI Pa3HBIX MALHEHTOB C MOMOIIBIO

(ITyOpEeCIIeHTHBIX METOK.

A — GFAP — xpacHas ¢uyopecueHuus, S/00 — 3eneHas, 6ucoeH3MMH — oOKpacka siep (roiaydas duyopecueHuus),
B — Sox2 — 3enenas ¢umyopecuennus, Nestin — KpacHasi, OMCOSH3UMU — OKpacka siziep (romybast piayopecieHIus),
C, D — Nestin — xpacHas ¢iyopecueHnus, OucOeH3uMuI — okpacka siaep (rory6ast iryopeciieHITHs)

Fig. 4. Glioblastoma immunohistochemical assays of the tissue specimens obtained from different

patients. Fluorescent labels were used.

A — GFAP — red fluorescence, S100 — green, bisbenzimide — nuclear staining (blue fluorescence), B— Sox2 — green
fluorescence, Nestin — red, bisbenzimide — nuclear staining (blue fluorescence); C, D — Nestin — red fluorescence, bisbenzimide —

nuclear staining (blue fluorescence)

onkomapkepoB (CDK4, CDK6, FGFR), mapkepoB
CcTBONOBBIX KIeTok (NANOG, OCT4, SOX2, MELK,
CD133, NESTIN, NOTCH?2), mapkepoB HelpalbHOI
mubdepentuposku (GDNF, Olig2, GFAP, MAP2, p-111-
TUBULIN). 1on0NHUTENBHO MPEAToaraeTcs oleHKa po-
nudepaTuBHON aKTUBHOCTH OIYXOJIEBBIX KIETOK MyTEeM
omnpeneneHus nHaekca MmedeHns Ki67, a Taxoke dKCrpeccuu
P53 METOIOM UMMYHOTUCTOXUMUH. Pe3ynbTarsl rucToNo-
TUYECKOr0, UMMYHOTHUCTOJIOTMYECKOTO U MOJIEKYIIAPHO-
TCHETHYECKOTO HCCIEAOBAaHUS OITyXOJEBBIX 00pa3oB
bukcupyroTcs B HHGOPMALIMOHHON cucTeMe OnobaHKa.
[Tanens TeHOB IS HCClEAOBaHUS KJIETOK INHOOIaCcTO-
MBI TaK)Ke BKJIIOYaeT cienyrouue reusl: BAX, BCL2, C3,
CD133, CXICRI, EGFR, GNDF, GFAP, HIFIA, MDM?2,
MELK, MKI67, Olig2, PCNA, PDGFRa, Sox2, TEK, TIE],
TNKRSFIA, TP53, VASH2, VEFGR-2, WNT54 [10]. Ha
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PHUCYHKE 5 POIEMOHCTPUPOBAH MPUMEP PE3YIHTATOB UC-
CJIeJ0BaHuUs 00pa3LOB KyJIbTYpPbl ITIMOOIACTOMBI.

O6c¢cyxaenne

Buonornyeckuii 0aHK SIBISETCS HEOTHEMIIEMOM YaCThIO
HCCIIEIOBAHUS OMyXOJIe MHUabHOIO Psifa, TaK KaK MpHU
o0ecreyeHnH J0CTAaTOYHOTO YKCIia 00pa3IOB MOSABISETCS
BO3MOXKHOCTh 00Jiee TTOAPOOHOTO U3YUYCHHS paclpocTpa-
HEHHOCTH, pacOpe/IeTICHU, a TAKXKE CTPYKTYpbl JaHHOTO
3a0osieBanus. TeM He MEHEE B HACTOSIIIEE BPEMS €CTh Psif
TPYAHOCTEN, KOTOPBIE MPEMSATCTBYIOT YCOBEPIICHCTBOBA-
HUIO MTOAX0J]a K UCCIEA0BaHUI0. Bo-niepBhIX, MHOTHE JTaH-
HBIE O KOJUIEKIUSAX OIYXO0JIEH MO3Ta SIBISIFOTCS 3aKPBITHIMU
Y He OnmyOJIMKOBaHBI B HAYYHBIX M3TAHUSIX, YTO MEIIACT
B MOJHON MEpe 03HAKOMUTHCS C MOIYUYCHHBIMU PE3YIib-
TaTamMu JPYTrUX MEOUUUHCKUX YUpexKIeHUN. Bo-BTOPHIX,
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Puc. 5. Tlpumep OLEHKH KCIIPECCUH Psiia TeHOB BEIOPAHHOH MaHEeH, XapaKTePHOM AJIS1 OIyXOJIEBBIX MPOLECCOB U B 0COOEHHOCTH
Juid omyxonei mosra. Onpenensercs yBeluueHue kcnpeccuu reHoB BAX, CD133, MELK, TP53, VASH?2

Fig. 5. Example of RT-PCR study of different genes' expression from the selected panel, typical for neoplasms, especially, for brain
tumors. Upregulation of genes BAX, CD133, MELK, TP53, VASH? is demonstrated

OOJIBIIIMHCTBO HEHPOOHKOIOTHYECKHX OHMOOAHKOB OIHO-
1eHTpoBble. COOTBETCTBEHHO, pe3y/IbTaThl UCCIEAOBaHMUA,
OCHOBAHHBIE Ha BBIOOPKAX, MPEJOCTaBIEHHBIX OJJHUM H30-
JUPOBAHHBIM OMOOAHKOM, OYIyT UCKaXKEHBI KPUTEPUSIMHU
0TOOpA MAIUECHTOB B KAXKIOM YUPSIKICHUH.
IIpeumymectBa 6uobanka, cozganaoro B HMUIIH, —
IpoLeaAypa NeJICHHs KaKI0H allKBOTHI Ha IBa (pparMeH-
Ta (17151 MTHOBEHHOTO 3aMOPaXHUBAHUS B )KHJIKOM a30Te
U JUI U3TOTOBJIEHU napaduHoBoro 610Ka), MpoBeAeHHUE
MaKCHMAaJIbHO TOYHOTO TUCTOJIOTHYECKOT0 KOHTPOJIS Kaye-
CTBa XpaHUMOTO OIYXOJIEBOTO MaTepHaJa U napasuiesibHoe
co3/aHue KoJeKUuu napaduHoBbX 6710k0B. OCHOBHBIM
HCTOYHUKOM OHOMATepuraia sBISIETCS JIedeOHOe yUpeKe-
HHUE, C KOTOPBIM OBLIO COIIACOBAHO COTPYAHUYECTBO IS
PETYISIPHOrO MpenocTaBiIeHusl 00pa3LoB, 4TO odjeryaer
nporecc coopa dK3eMIUIIPOB U KOHTPOJIS UX KauecTBa.
OcHOBHas LieNb IPOBECHUS TUCTOIOTHYECKHUX UCCIIe-
JIOBaHMH B paMKax OM0OaHKa — yCTaHOBJIEHHE B3aUMOCBSI3H
TEeHOMHBIX U3MEHEHH 1 NaToreHe3a Oy Xojiel HalbHOTo
psia mpy MOMOILM CTaTUCTUYECKUX JAHHBIX IJIs1 KOHEYHO-
ro MporHo3a TeueHus 3adoneBanus. Hanpumep, Hanuume
MyTauuu reHa /[DHI cBUETENbCTBYET O HEOIHO3HAYHBIX
UCXOJaxX AJIS MalMeHTa, TaK KaK KJIETOYHbIE CTPYKTYPBI
B TAKOM CIly4yae BECbMa YyBCTBUTEIbHBI K TeHETHUECKUM
npeoOpa3oBaHUsIM, HO TAKXKE JAIOT OOJBIIMN OTBET Ha
npoTHBOOIyX0eByto Tepanuto [11]. Kogenerms 1p/19q
HepeaKo HabIrogaeTcsa COBMECTHO ¢ MyTauuei IDH 1, ona
MO3BOJISIET JUArHOCTHUPOBATh OJMIOAEHIAPOIIHMOMY, YTO
CUTHAIU3UPYET O OJarONPUSITHOM MPOTHO3E 3a00ICBAaHUS
u neuenus. l'en MGMT sBnsieTcst CBOETO pojia WHWKA-
TopoM (epmenTa O6-METHIITyaHUH-METHATPAHC(Pepa3bl
B OITYXOJIM, KOTOPBIH OTBEYAEeT 3a BOCCTAHOBJIEHUE IIO-
Bpexxaenuid JIHK [12]. Ilpu nojaoxurenbHOM pe3ynbTare
METHJIMPOBaHMA JaHHOTO I'eHa MOBBILIAETCS BEPOATHOCTD
OJaronpUsTHOTO HCXOAA JICYUCOHBIX MEPOTIPHSTHIA.
Texnonorus cOopa OIMyXOJIEBBIX TKAHEBBIX 00Pa3OB
MOCTPOEHA TaKUM 00pa3oM, YTO MO3BOJSET PACIIUPATH
CIIEKTP COBPEMEHHBIX MOJXOI0B K aHAIU3Y UX 0COOEHHOC-
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Teil. B wacTHOCTH, pa3pabaTbIBaeTCs TEXHOIOTHS OTyYe-
HUS IEPBUYHBIX U MIEPEBUBAEMBIX KIETOYHBIX KYJIBTYp U3
OITyXOJIEBBIX TKaHEU, KOTOpasi MO3BOJIAT UHIAUBHULYyaJIbHO
MOJXOAUTH K TEpalK Yy KOHKPETHOrO naiuenTa. [erepo-
TeHHOCTb OIyX0JIel TpeOyeT epCOHaIM3UPOBAHHOIO aHa-
JM3a Kax 101 u3 HUX. MccrenoBaHue pa3HbIX CXeM Tepariu
HAa KJICTOYHBIX KYJIBTypax JAaCT BO3MOXKHOCTB OOJIee TOUHO
noAo0paTh JUId NAlMEeHTa CXeMY JICUeHHUsI.

Hcnonb3oBaHue HAKOIJIEHHBIX ()parMeHTOB TKaHEH
[JIMOM CITIOCOOHO TaKke 00ecrnednTs HeOOXOAUMOE YUCIIO
UCCIIEZIOBAaHUH I YCOBEPLICHCTBOBaHMS AUarHOCTHYE-
CKUX TeXHOJOrui. OMyXoNy MHAIBHOTO pSAAa SBISIOTCS
Ha JJAHHBI MOMEHT OJIHUMH U3 CaMbIX YacTO BCTPEUar0-
LIMXCS B IPAKTUKE HEHPOXUPYProB, HO UX TePAIHs HE BCET-
na ycrenida. B konne 1980-x rofoB ObuTH pa3paboTaHbl
TEXHOJIOTUH, KOTOPbIE ITO3BOJIMIIN YBETUYUTh IPOITYCKHYIO
criocobHoCTh cexkBenupoBanust JJHK u rubpuamsanyu Hy-
KJIEMHOBBIX KUCIOT. OHM MOJIOKUIM Ha4yajlo HOBOM 3pe
B 00I1acTH OMOJOTUYECKUX HCCIIENOBAHMIA, KOTOPBIE CEii-
yac UMEHYIOT omics-TexHonorusami [13]. Januelii MeTon
MO3BOJISIET MPOBOIUTH OLIEHKY OOJIBLIOr0 00beMa JaHHbBIX
00 DKCIIPECCHH TEHOB, META00INTaX OMOJIOTHYECKOTO 00b-
eKTa 1 0elKkax CpeJCTBAMH MHOTOMEPHOH CTAaTHCTUKH,
JUCIIEPCHBIM PErpPeCCHOHHBIM aHAJIU30M, a TaKKe Mpo-
rpamMMaMHu pacro3HaBaHus 00pasuoB. CienoBarenbHO, TPy
MCIOJIb30BAaHUM OMICS-TEXHOJIOTUH B paMKax mpodeccu-
OHAJILHOTO CTaHAAapPTU3UPOBAHHOrO O0aHKa 0MO0Opa3LoB
U KIIMHUYECKOW 0a3bl JaHHBIX MOSABISETCA BO3MOXKHOCTh
NPUONKEHHA K IEPCOHATTU3MPOBAHHBIM METOAM JICUEHHUS
MAIMEHTOB U UX JalbHeIIel paspadorke [14-16].

IIponomxutenbHOCTh OONBIIMHCTBA UCCIIEI0BAHUM
BeChbMa BellUKa, HO Oiaromaps OnobaHkaM OHoMaTepuan
MOXET XPaHUThCS ATUTETHLHOE BPEMS.

B 2011 romy ananutnuaeckas kommnanus BCCResearch
(CIIA) ony6nauKoBaia OTYET O COBPEMEHHOM COCTOSIHHU
Y Pa3BUTHHU MHIYCTpHUU OMOOaHKOB B Mupe [17], uHTepec
K KOTOpbIM Bo3poc B Hauajie 2000-x BciieACTBUE Cyllie-
CTBEHHOTO ITporpecca B paciIu(poBKe TCHOMA YEIOBEKa.
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B nacrosiiee Bpems Oonblie Bcero 6no0aHKOB HaXOIUT-
csa B CeBepHoit AMepuke U EBporne, 4YTO COOTBETCTBYET
PACIIOJIOKEHHUIO KIIIOUEBbIX (papMalneBTUYECKUX U Ono-
TEXHOJIOTHYECKUX KOMITaHUH, UCHOJIb3YIOMINX YCIyTH
U pecypchl 6M06aHKoB. [10 HEKOTOPBIM OLIEHKaM, OKOJIO
15% Bcex neicTBYOMMUX OMOOAHKOB CIICIHAIN3UPYETCS
UCKJIFOYUTENFHO HAa OHKOJIOTHHM, a 3HAUYUTENbHas UX JA0JIA
MMeEeT CMELLIaHHbIA XapaKTep U BeAeT padoTy, B TOM YHCIIe,
B 3TOM cnenuansHocTd. B 2007 rogy 6bu10 omy0iauKoBa-
HO omucaHue (ppaHIry3cKoro 0aHKa JaHHBIX 00 OMyXOJSIX
Mo3ra [18]. B komiekunu 3aMopoKeHHBIX OITyXO0Jiei conep-
JKanuch o0pasubl oT 2261 nmanuenTta ¢ NepBUYHBIMHU OITY-
XOJISIMU LIEHTPaJIbHON HEPBHOM CUCTEMBI, CPEAH KOTOPBIX
IIIMOMBI COCTABISIM OKOMIO 50%. DTO nepBblii crienuanin3u-
POBaHHBII €BPOIEHCKUI HEHPOOHKOIOTHIEeCKUIT OMOOAHK.
B xnunuke Xyamans (Kutait) B anpesne 2010 rona cozgan
CHEINATM3UPOBAHHBIA OMOOAHK ITTHANBHBIX OMYXOJEH.
K cents0pro 2013 roga xosuiekuus BKJIOUajga Marepual
ot 1326 nauneHToB, U3 KOTOpBIX Y 73% ObLTH acTpoLUTap-
HBIE OMyXo0iH, Y 17% — onurogenaporiuanbhele, y 4% —
sneHauMapHsbie U y 4% — apyrue omyxoju LeHTPaIbHON
HEpBHOH cucremsl, y 2% — onuroactpouutapusie [19].
Buonornyeckuii MaTepua, NOIy4YeHHbIH OT MAlLlUEHTOB,
XpaHWICS B 3aMOPOXKEHHOM BHJIe. Ha aHHBIIl MOMEHT cy-
LIECTBYET ONpeNeIeHHas KaTeropyus UCCIeJ0BaHU, KOTO-
Ppble IPOBOAATCS UCKIIIOUUTENBHO € TOMOIIBI0 OMOOAHKOB.
* «['opMOHaNIbHBIE U PETIPOLYKTHBHBIE (DaKTOPBI U PUCK
Pa3BUTHSA paKa BEpXHEH YaCTH JKeyI0YHO-KUIIEYHO-
IO TPaKTa y MYX4YUH» — NPOCIEKTUBHOE KOTOPTHOE
uccnenosanue B BenukoOputanuu. B uccnenoBanue
ObuTH BKITIOUEHBI 219 425 yenoBek, 3aperucTpupoBaH-
HBIX B Bprranckom 6nodanke B 20062010 romax [20].
«BnusHue mocMepTHOro MHTEpPBaja M JIET B XpaHe-
HuM Ha kadecTBo PHK TkaHu B penosutopun NIH
NeuroBioBank». Mo3rosyto Tkanb ot 1068 1oHOpOB
aHanu3upoBanu Ha kauectBo PHK kak ¢ynkuuro no-
cmeptHoro untepsaia (PMI) u net xpanenus [21].
* «COop U HccaenoBaHUEe OMYXOJel TOJIOBHOTO MO3-
ra B COTPyIHHYECTBE C YHHBEepcHTETOM Matamu /
CunbBectp Teticoimu-bank Core Facility (UM-
TBCF) nns obecneyeHuss JOCTYMHOCTH BBICOKO-
Ka4eCTBEHHBIX 00pa3loB OMYyXOJE€BOM TKaHU LIEHT-
panbHOI HEPBHOI CUCTEMBI, a TAKXKE ONpPEIeIICHUS
HauboJIee YacTbIX UX BUIOBY» [22].
«Co3nanue 1 nopaepx aHue CTaHIapTU3UPOBAHHO-
ro 0aHka TKaHed IIHOMBI: ONbIT XyamaHby. OgHOMI
W3 OCHOBHBIX LIeJIeH SIBIISIETCS M3yUYEHHUE MaToreHe-
32 ¥ MHBA3UU IJIMOMBI Ha Pa3HBIX YPOBHIX -OMHKH
(TakMx Kak mMpOTEOMHKA MM T€HOMHUKA) U BIUSHUA
OHOMapKEPHOTO MPOQUIII HA AUATHOCTUKY, POTHO-
3UPOBAHUE U JICYCHNE NAIUEHTOB ¢ Tromoii [19].
Ha teppuropun Poccuiickoit ®denepanuu 6nodanku-
pOBaHUE TKaHEH YeoBeKa TONbKO HAYMHAET Pa3BUBATHCS.
Ceronns B Poccuu pabotaet okoso 20 OM0OaHKOB, a TaK-
ke HacuuThiBaeTcs 6onee 200 KOMIEKIHIA OMOIOTHIeCKUX
MaTepuasioB (NEPBbIE OTIMYAIOTCS OT BTOPBIX CTETEHBIO
cucteMaruzupoBaHHocTH). K Hanbosee KpymHbIM OTHO-
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carcsa ouodbank HMUIL um. B.A. Anmazosa MuHn3apasa
Poccuun, Hanmonansueiii buoCepsuc, Llentp buobank
CIIoI'Y, npoext MI'Y «HoeB koBuery.

3akmouenne

Buobank onyxojel MIHalbHOTO Psiia, OCHOBaHHBIN
B 2016 rony Ha 6a3ze marepuano HMULIH, sensercs nep-
BBIM CIELIMAIU3UPOBAHHBIM HEUPOOHKOIOTHYECKHM OHO-
OanxoM Ha Tepputopun Poccuiickoit @enepaunu. Takum
o0pazom, co3iaHue 3TOI OpraHU3alluOHHON CTPYKTYPHI
MOXET OBbITh UCIOJNB30BAHO AJISl MOBBIIEHUS dPPEKTHB-
HOCTH B XOJI€ JaNbHEHIIINX 3KCIIEPUMEHTAIIBHBIX paboT ¢
BO3MOXHOM NIEPCIEKTUBOM IPUMEHEHNS U BHEAPEHUS TIEp-
COHAJIM3UPOBAHHBIX METOJIOB JICUEHUS B OydyIlIeM, OCie
IIPOBEACHHUS MMOJIHOTO [IUKJIA KITIMHUYECKUX NCCIIE0BaHUM.
Kpome Toro, cucrema OnoGaHKMpOBaHUs TKaHEH OCTpoe-
Ha TaKUM 00pa3oM, 4TO MO3BOJISIET BHEAPSATH HOBBIE MO -
XOJIbl AJIs1 UCCTIEIOBAaHUM MOJIEKYISPHBIX 0COOEHHOCTEMH
OnyXoJiel MIHAJBHOTO psja. B yacTHOCTH, pa3BUBaeTCs
HaIpaBJICHUE 10 TOJYYEHHUIO U3 OITyXOJIEBOM TKaHU Iep-
BUYHBIX U IEPEBUBAEMBIX KIIETOUHBIX KYJBTYP, IPUTOTHBIX
JUTSL MHAMBUYaJbHOTO MOAX0/a K TepaIuu.
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MNudopmanus o6 aBTopax

Jennc AnexcanapoBud [o1b0MH — KaHAWAAT MEIMLIIMHCKUX HAYK, 3aBeAyIOIINi 1abopaTopuell HelipoXupypriuyeckoil aHaTOMUH U KOHCEpBALMU
6uonornyeckux marepuanos HMMUIL neitpoxupyprun umenu akagemuka H.H. Bypaenko.

AmntonnHa JleonunoBHa KopouknHa — nabopaHT-KcClie[oBaTelNb JJAD0paTopuu HEHPOXUPYPTrUUECKOi aHATOMUH U KOHCEPBAIIUU OHOJIOTHYECKUX
marepuanos HMUII nelipoxupypruu nmenn akagemuka H.H. bypnenko.

Csemnana Buktoposna lllyraii — Bpau-narojaoroanatom oTeneHus nmatonorndeckoit anaromun HMULL melipoxupypriuu
nmenu akagemuka H.H. Bypnenko.

Tarpsina BacunbeBHa llykanoBa — Bemymuii HEHXeHep 1a00paTopuu OMOMETUIIMHCKOW HH()OPMATHKH U HCKYCCTBEHHOTO MHTEIIICKTA
HMML] uelipoxupypruu umenu akagemuka H.H. Bypnenxo.

Muxaun Abpamosud Lluppun — kaHmuaar GU3HKO-MaTeMaTHIECKUX HAayK, CTapIINi HayYHbIH COTPYIHUK Ja00paTopru OHOMETHIIHCKON
uH(popMaTHKK 1 UcKyccTBeHHOro nHTewiekra HMUL nefipoxupypruu nmenn akagemrka H.H. Bypnenko.

Anexcanap Bragumuposud PeBumunH — kanauaar 6MOI0rHYeCKUX HayK, CTApPLIMI HAYUHBIH COTPYIHHK JJaOOpaTOpUH HEHPOreHETHKU
Y TeHeTHKU pa3BUTUA MHCTHTyTa OHOIOTHY TeHa.

Anexcannpa Bauecnasosna KocsippkoBa — nabopaHT-HccIe0BaTeNb Jab0paTOpUK HEHPOXUPYPrUYeCKOi aHATOMUM U KOHCEPBaLUU
6uonornuecknx marepuaaoB HMUL weiipoxupyprun nmenn akagemuka H.H. Bypnenko.

I'ne6 BanepreBuu JlaHMII0B — KaHAUAAT MEJUILIMHCKHUX HayK, 3aBeyIOIINi Jlaboparopuel 6MOMeJUIIMHCKON HHYOPMATHKU U UCKYCCTBEHHOTO
MHTENJIEKTa, y4eHbli cekpetaps HMULL nelipoxupyprun nmenn akagemuka H.H. bypnenko.

Exarepuna FOpbeBna Pribankuna — kaHIumar OMOIOTHYECKUX HAyK, CTApIINi HAyYHBIH COTPYAHHUK JIADOPATOPUU FEHETUKHU OIyXOJIEBBIX KIETOK
HMMUII onxonorun umenu H.H. bioxuna.
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I'anuna BanepuesHa [1aBnoBa — 1OKTOp OHONOTHYECKHX HAYK, 3aBeAyroIlas J1abopaTopueil Hel{pOreHeTUKY U TEHETUKH Pa3BUTHA
HHcTuTyTa GUONIOTHHU I'eHa, CTapLIUA Hay4HbIH COTPYIHUK OTAENCHHS PEHTTCHOBCKUX M PaJMON30TONHBIX METOIOB JUATHOCTUKU
HMML] weiipoxupyprun umenu akagemuka H.H. Bypnenko.

I'puropuii JIbBoBry KoOSIKOB — JOKTOp MEAMIIMHCKHX HAyK, PyKOBOIHUTEINb Tpymiibsl xumuotepanuu omyxoneit [IHC HMULL veiipoxupypriu
nmenn akagemuka H.H. Bypnenko.

Anexcannp Anexcanaposuy [1oTanos — 10KTOp MEITUIMHCKHUX HAyK, podeccop, akagemuk PAH,
Hay4HbIi pykoBoautens HMULL weitpoxupypruu nmenu akanemuka H.H. Bypaenko.
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MopdodyHKnmoHarbHble UISMEHEHU 000TOIHON KUIIKY
¥ MMMYHHBI€ peaKIUU IPY XOIOTOBOM CTpecce
y caMI OB 1 caMOK mbiniert C57BL/6

H.A. 3onomoea’, H.C. Ileemxoé’, /I.H. Xouanckuit’, /I.LLL /Tncanunoea’,
A.M. Kocwvipesa', A.JI. Muxaiinosda’, JI.I1. Muxaiinosa’, O.B. Maxaposa'?

! ®I'BHY Hay4Ho-HcClen0BaTenbCKiii HHCTUTYT MOP(OJIOruy yenoBeka, Mocksa, Poccust
2 ®I'bOY BO MockoBckuii TocyaapcTBeHHbli yHuBepeutet nmend M.B. Jlomonocosa, Mocksa, Poccust

Bseoenue. Ctpecc siBisieTcst onHUM 13 (PaKTOPOB, CIIOCOOCTBYIOLIMX Pa3BUTHIO M YCYT'YOISIONINX TEUCHHE
3a00JIeBaHUI JKeNyIOYHO-KUIIIeyHOTo TpakTa. Hanbonee pacnpocTpaneHHsblii crpeccopHsiii paktop B Poc-
CUH — XOJIOI, T03TOMY B pabore OblIa MOCTaBJIEHA 1IEJb OXapaKTepH30BaTh UMMYHHBIE pEaKkIMd U MOp-
(bodyHKIIMOHANBHBIE U3MEHEHUST 000I0YHOM KHIIKH TPH XOJIOZOBOM CTPECCE Y CaMIIOB M CAMOK MBbIIIEH
C57BL/6.

Mamepuanvl u memoowl. ViccnenoBaiy U3MEHEHHS! CYOIOMYISIIHOHHOTO COCTaBa JIMM(OIMTOB nepudepu-
4EeCKO# KpoBH U MOP(HO(YHKITMOHAIEHBIC H3MEHEHHS TUMYCA, CEIC3CHKH U 000I0YHOM KHIIIKK B OTBET Ha
KypCOBOE HHTEPBAJIFHOE XOJIOZ0BOE BO3AECHCTBHE B pexXHUMe 35-MUHYTHBIX CEaHCOB B TeueHHE 14 THel npu
Temmeparype —20° y moj0BO3pENbIX CaMIIOB M caMok Mbriieit C57BL/6.

Pe3ynomamoi. [Ipn X0m0710BOM cTpecce y 5KMBOTHBIX 000€TO IM0J1a CHIKAIUCh 00beMHast 107151 [TAJIM-30Hb1
CEJIe3CHKH U COZICP)KaHUE PHIOKPUHHBIX KJICTOK B MUTEIHATBHON BRICTHIIKE 000I0YHOM KUMIKH. Y CaMOK
B nepuQepryecKkoil KPOBU YBEINYNBAIOCH YHCIO TPOMOOLIMTOB | JISHKOLIUTOB, CHIDKAAaCh IIMPHHA Cy0-
KaIICyJIsipHOM 30HBI TUMYCa M BO3pacTaa 00beMHast I0JIsl KpaCHOI IyJIbIIbI CeJIe3eHKU. Y caMIoB B neprde-
pHYECKOl KPOBH YMEHBIIAIOCH a0CONMIOTHOE M OTHOCUTENBHOE CofiepkaHue T-peryasTopHbIX JTUMQOIUTOB
Y BO3pacTallo OTHOCUTENBFHOE COiepKaHUEe aKTHBUPOBAaHHBIX T-XemrepoBs, B Cene3eHKe CHIKaIach 00beMHast
JTOJISI CBETJIBIX IICHTPOB JTMM(OUIHBIX y3CIIKOB, B 000I0YHOI KHIIIKEe BO3pacTalia [UIMHA KpUNT. Takke ObLT
BBISIBJICH DS/ PA3JIMYMI MEXK/Ty CaMIlaMH M CAMKaMH KOHTPOJIBHBIX TPYIII: B IepUeprIeckoil KPOBH y CaM-
1IOB OBIJIO OOJIBIIIE KOJIMYECTBO TPOMOOIIUTOB M a0COIIOTHOE YMCIO T-perynsITopHbIX TMMQOIMTOB U MEHBIIIE
coziepkanue nUToTokcuueckux T-mumdormToB. B 060104HOMN KHUIIIKE Y CaMIIOB OBLIO BBIIIE COICPIKAHUE
npouepUPYIOIIUX STUTEIHATBHBIX KJICTOK M HIDKE 00hEMHAS TNIOTHOCTh OOKATOBUIHBIX KJICTOK.
3axmouenue. [Tpn ncnonp3yeMoM HAMH PEXUME XOJIOZOBOTO BO3/ICHCTBHS y JXMBOTHBIX pa3BUBAETCs (PU3MO-
norudeckuii crpecc. IMMmyHHbIe peakiuy 1 MOppo(dyHKIIMOHAIbHBIE H3MEHEHHsI 000I0YHOM KHIIKH PU
XOJIOZIOBOM CTPECCE CaMI[OB U CaMOK Pa3INYaroTCs.

KoaioueBble ciioBa: X0II0J0BOH CTpecC, MONOBBIE PA3IMUKs, 000/104Has KUIIIKa, UMMYHHAs! CHCTEMa
Jost koppecnongenuun: Haranbs Anekcannposna 3onorosa. E-mail: natashazltv@gmail.com

Jns uutupoBanusi: 3omotoBa H.A., I[BetkoB U.C., Xowganckuit [I.H., Jxxanmunosa J.111., Koceipea A.M.,
Muxatinosa A.JI., Muxaitnosa JI.I1., Makaposa O.B. MopdodyHKIHOHATEHEIE H3MEHEHHS 000I0YHON
KHIIKA ¥ IMMYHHBIE PEaKIUH IIPU XOJIOIOBOM CTpPECce y caMIioB U caMok Mermeit C57BL/6. Kiun. ske.
mopdomnorus. 2020;9(4):50-64. DOI:10.31088/CEM2020.9.4.50-64.

dunaHcupoBaHue. Vccienopanue BBIIOIHEHO B paMKax roCylapcTBEHHOro 3a1anus HayuHo-uccienoBareabckoro HHCTU-
TyTa Mopdosnorun yenoseka (Ne AAAA-A19-119021490067-4).

KondukTt nHTepecoB. ABTOPBI 3asBIISAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Crarbs nocrynuia 24.07.2020. [Toxy4yena nocjie penensuposanus 22.09.2020. IIpunsita B neyars 26.10.2020.

Morphofunctional changes in the colon and immune responses during cold stress in male
and female C57BL/6 mice

N.A. Zolotova', LS. Tsvetkov', D.N. Khochanskiy', D.Sh. Dzhalilova’,

A.M. Kosyreva', A.L. Mikhailova?, L.P. Mikhailova', O.V. Makarova'*

! Research Institute of Human Morphology, Moscow, Russia
2 Lomonosov Moscow State University, Moscow, Russia
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Introduction. Stress is one of the factors contributing to the gastrointestinal tract diseases development and
exacerbating the course of diseases of the gastrointestinal tract. The cold factor is the most common stress
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factor in Russia. Therefore, the aim of our work was to characterize the immune responses and colon mor-
phological and functional changes during cold stress in male and female C57BL/6 mice.

Materials and methods. We studied alterations in the subpopulation composition of peripheral blood
lymphocytes and morphofunctional changes in the thymus, spleen, and colon in response to a course
intermittent cold exposure during 35-minute sessions for 14 days at —20° in adult male and female
C57BL/6 mice.

Results. The volume fraction of the PALS zone of the spleen and the content of endocrine cells in the colon
decreased in animals of both sexes in the cold stress conditions. In females, the number of platelets and
leukocytes in the peripheral blood increased, the width of the subcapsular zone of the thymus decreased,
and the volume fraction of the red spleen pulp increased. In males, in the peripheral blood, the absolute
and relative content of T-regulatory lymphocytes decreased, and the relative content of activated T-helpers
increased, the volume fraction of the light centers of lymphoid nodules in the spleen decreased, the length
of the crypts increased in the colon. A number of differences between males and females of control groups
were also revealed: in the peripheral blood, males had more platelets and the absolute content of T-regulatory
lymphocytes and less absolute content of T-cytotoxic. In the colon of males, the content of proliferating
epithelial cells in the colon was higher than the one in females, and the bulk density of goblet cells was
lower in males.

Conclusion. Under the cold stress factor exposure in animals, physiological stress develops. Immune reac-
tions and colon morphofunctional changes in the colon during cold stress differ between males and females.

Keywords: cold stress, sex differences, colon, immune system
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BBenenue

Toscrast KMIIKa — BayKHBIM OTZEN MHAIIEBAPUTENBHON
CUCTEMBI: B HEll TPOUCXOIAT hepMeHTallHsI HellepeBapeH-
HBIX ()ParMEHTOB MHUIIH KOMMEHCAIEHBIMU OaKTePHUSIMU
¢ obpa3oBaHuEM HEOOXOAMMBIX YEJIIOBEKY BUTAMUHOB,
KOPOTKOLIENIOYEYHBIX JKUPHBIX KUCIOT U JPYTUX COEIH-
HEHUIA, BCAaChIBAaHHE BOJIbl, HOHOB, IUTATEJIbHBIX BELIECTB,
(hopMupoBanue kanoBbix Mace [1]. 3aboneBaHus TOJICTON
KHIIKY [IUPOKO pacIpOCTpaHEeHbl CpeIn HaceNeHHs, pa3-
HOOOpa3HbI [0 3TUOJIOTHH U MAaTOTeHe3y, a JeUeHue UX
HepocTatodHo 3¢ ¢ektuBHO [2]. OnauM U3 HakTopos,
CIIOCOOCTBYIOIIMX Pa3BUTHIO U 0oJiee TSHKEIOMY Tede-
HUIO LIENIOTO pAna 3a00neBaHUN KUILIEYHHKA, SIBISETCA
crpecc. Tak, CTpecc CUMTAeTCd OCHOBHOW MPUYUHOHU
pa3BUTHS CUHApPOMA pasapakeHHoM kuuku [3]. Ctpecc
CIOCOOCTBYET BOBHUKHOBEHHIO U 00OCTPEHHUIO TEUEHUS
BOCHAJIUTENIbHBIX 3a00JI€BAaHUN KUILIEUHUKA — SI3BEHHOTO
konuTa U 6one3nn Kpona. Ilpeanonaraercs, 4ro ctpecc
BO MHOI'OM ONpeZeNseT Pa3BUTHE U TSKECTb TEUSHUS UH-
(EeKUMOHHBIX, BOCHAIIUTENBHBIX, OMYyXOJIEBBIX 3a00eBa-
Hull kumeunuka [4—6]. IlokazaHo, 4yTo cTpecc BIUsET Ha
MOTOPHKY KUIIEYHHKA, Ka4eCTBEHHBIH 1 KOJIMUECTBEHHBIH
COCTaB MUKPOQIOPHI U MPOHULAEMOCTD ITUTEIHATBHOTO
Oapbepa TonCcToN KULIKH [5, 7].

BrigBieHbl MONOBBIE pa3iMuUs peakUUid Ha cTpec-
copHble BozaeiicTBusa. CTpecc-accolMUPOBaHHbIE TICUXH-
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YeCKHEe PaccTpOiCTBa, TaKHe KaK MOCTTPaBMaTHUECKOe
CTPECCOBOE PACCTPOMCTBO U JIeNpeccHs, Yalle BCTpeda-
IOTCS Y KEHIHH, 4eM y My>K4uH [8]. MyxuuHsl B 45 pa3
yalle, 4eM >KeHILUWHbBI, COBEepLIAtOT cyruu [9]. JKeHmHbl
CTPaAaoT OT COLUAIBLHOTO CTpecca OOoJblIe, YeEM MYXK-
YUHBI, U UX CTUJIb BBDKHMBaHUA 00jiee OPUEHTUPOBAH Ha
smonuH [ 10]. Takxke U3BECTHO, UTO CYIIECTBYIOT pa3inius
MEX]ly My>KYMHaMU U KEHIIMHAMU B pacpOCTPaHEHHOC-
TH, TIPOSBJICHUAX U UCXOAAX MH(PEKLINOHHBIX, ay TOUMMYH-
HBIX, OITyXOJIEBBIX, BOCTIAJIUTEIbHBIX 3200JI€BaHUi1, B TOM
yucine 3aboneBanuii Toncroi kuwku [11]. Tem He MeHee
MOJIOBBIE PA3IMYUS U3MEHEHHH 00010YHON KUIIKH NpHU
cTpecce He U3yYeHBI.

IIpu ctpecce y mdroaeil OMUCHIBAIOT MCUXOIMOIMO-
HaJbHblE PEaKIMU U U3MEHEHHS KJIETOYHOro U OMOXH-
MHUYECKOTO COCTaBa mepuepuaeckoil KPOBH, B TO BpeMs
KaK HCCIIeIoBaHne MOP(PODYHKIIMOHATBHBIX H3MEHEHUH
BHYTPEHHUX OPraHOB Ha YEJIOBEYECKOM MaTepHale 3a-
TpynHeHo. CienoBaresibHO, HEOOXOAMMO UCIONIb30BaHUE
SKCIIEPUMEHTANIBHBIX MOJIeNel Ha )KUBOTHBIX. B Poccun
HanboJIee PacpOCTPaHCHHBIM (PU3UIECKIM CTPECCOPHBIM
(akTOpOM SIBIISETCS XOIOLI.

B cBs13u ¢ U3M0KEHHBIM LIeNIbI0 Halle paboThl ObLIO
OXapaKTepu30BaTh UMMYHHbIE PeaKUU U MOPHOPYHKIH-
OHAJIbHBIE U3MEHEHHUS 000J0YHOM KUIIKH IIPU XOJI0A0BOM
cTpecce y caMIoB U caMok Mbimei C57BL/6.
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Marepuanbl 1 METOABI

HccnenoBanue BINOIHEHO HA 16 MOIOBO3pENBIX CaM-
Kax u 14 camiax mpimeit muaun C57BL/6, monmydeHHbIX 13
¢unmuana «Crondosas» HLIBMT ®MBA Poccuu. Meiieit
cofepxanu npu temneparype +18-25°C, ecrecTBeHHOM
OCBEIIEHNUH, CBOOOIHOM JIOCTYIIE K BOJE U KOMOUKOPMY
MK-120-1 (OO0 «Jlaboparopcuaby, cepTu(HKAT COOT-
BercTBusi Noe POCCRU.nO81.B00113, TOCT P50258-92).
IIpu pabote ¢ FKCIEpUMEHTATIBLHBIMHU KUBOTHBIMH PYKO-
BOJICTBOBAJIMCH EBpoOIElickoil KOHBEHLIMEN O 3aIllUTE I0-
3BOHOYHBIX )XKMBOTHBIX (CTpacOypr, 18 mapra 1986 rona).

CamioB (n=7) u caMok (n=8) KOHTPOJIbHBIX TPYIIII
MOCTOSIHHO COZAEP>Kajil B YCIOBUSX BUBApHs IPU TEMIIe-
parype +18-25°C. CamuoB (n=7) u caMoK (n=8) OmbIT-
HBIX TpyII B TeueHue 14 nHeil exxeTHeBHO MOMEIIaIN Ha
35 MUHYT B MOPO3UJIbHYIO Kamepy ¢ Temneparypoit —20°C
B MHAMBUYaJIbHBIX IJIACTUKOBBIX KOHTEHHEPaX pa3MepoM
12x7x5 cM ¢ BEHTHJISIUUOHHBIMU OTBEPCTUAMHU B KPBILII-
kax. JKUBOTHBIX BBIBOAWIM M3 dKCIIEpUMEHTa Ha 15-i
JCHb MyTEM LEPBUKAIBHONW AUCIOKAIIUH MO d(PUPHBIM
HapKO30M.

Tpem camuiam U TpeM camkam 3a 6 JHEeH 10 Hayaia Mo-
JETUPOBaHMS XOJIOA0BOTO CTpecca B OPIOIIHYIO OIOCTh
UMILTAaHTUPOBaJIM TemneparypHble garuuku JTHU3-28
OMBU PECEPY ( Poccusi), peructpupyromue Temiie-
patypy OAMH pa3 B MUHYTY. B mepBblii 1eHb X0JI00BOTO
BO3/ICHUCTBUS OJMH U3 CAaMIIOB C UMIUIAHTUPOBAHHBIM J1aT-
YUKOM I0THUO.

Ilepen HauaIoM MOZAEIMPOBAHUS XOJIOIOBOIO CTpecca
U MIepe]] BBIBEIGHUEM U3 IKCIIEPUMEHTA KHUBOTHBIX BCEX
rpynn B3BewmuBaiu. [Ipu BeIBeAeHUH U3 DKCIIEPUMEHTa
y ’KHBOTHBIX 3a0Upai KPOBb U3 IICHHBIX BEH, HCIOIb-
30BaJIM IPOOUPKU JJIs1 TeMaTOIOTMUECKUX UCCIIEI0BaHUM
¢ OATA (Greiner Bio-One, Asctpus). [IpoBoaunu ompe-
JeNICHHEe Yiciia TPOMOOIUTOB, JICHKOIIMTOB M JIUM(OITH-
TOB C IMOMOIIBIO aBTOMATUYECKOTO reMaTOJI0rH4eCKOro
aHasnmzaropa Mindray BC-2800Vet (Kuraii). Cy6normysms-
[UOHHBIA COCTaB JIUM(OLUTOB ONpPECIIsUIN Ha pudope
Cytomics FC 500 (Beckman Coulter, CIIIA). [/{ns BbI-
senenns B-mumdonuror (CD19*CD3Y), T-mumdpounTtos
(CD3*CD197), nurorokcudeckux T-TuMPOUTOB
(CD3*CD8") u T-xennepoB (CD3*CD4") ucnonb3oBaiu
anturena CD19-PE, CD3e-FITC, CD8a-PE-Cy7, CD4-
PE-CyS5 (eBioscience, CILIA). DpuTpOLMTEI TU3UPOBAIIH C
nomoisio pactBopa OptiLyse C Lysis Solution (Beckman
Coulter, CILIA). BeisiBnenue cyonomyisiuy peryasTOpHbIX
T-mumdountos (CD4*CD25'Foxp3*) U akTHBUPOBaHHbIX
T-xennepos (CD4"CD25Foxp3~) mpoBOAKIN € TOMOILBIO
Habopa Mouse Regulatory T Cell Staining Kit#3 (eBiosci-
ence, CIIIA) comacHO MHCTPYKLUMH MPOU3BOAUTEIIS.

IIpoBoawiu 3a00p AUCTAIBHOTO OTAENA 000IOYHON
KUIIKH, BCKPBIBAIIH €T0 IO OpPBDKEIKe U IMPOMBIBAIH (OC-
¢datHOo-coneBrM Oydepom pH 7,4, 0.01M («buonoT»,
Poccust), pactipaBisiiiv Ha MUJUTHIIOPOBOM (puiisTpe, QPUk-
cuposanu B 10% 3abydepenHom dopmanuHe B TEUEHHE
24 gacoB. Tumyc, cene3eHky, OpphKeeuHble TUMpaTude-
CKHe Y3116l (PUKCUPOBAIU B KUIKOCTH bysHa B TeueHue
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24 gacoB. Bce opransl mocine huKcanuu 3aKIr09aii B TH-
CTOMUKC, U3TOTABJIMBAIIN CPEe3bl TOIIIMHON 5—8 MKM, OKpa-
[IMBAJIM UX T€MAaTOKCUIIMHOM U 03UHOM.

l'uctonornyeckue cpe3bl 000AOYHON KHUIIKU Tak-
K€ OKpalluBaiu anbuuaHoBeiM cuHuM pH 1,0 mo Moy-
pu (rucronaitn, OO0 «3nement», Poccus), npooaunu
HIMK-peaxkimto («buoBurpym», Poccust) u mmmyHoiTyo-
PECLIEHTHOE OKpAalIMBaHKE C AaHTUTENaMU K XpPOMOTpaHu-
Hy A (Rabbit polyclonal anti-ChromograninA antibody,
ab15160, Abcam Inc, Bemuko6puranust) u k Ki67 (Rabbit-
anti-mouse polyclonal anti-Ki67 antibody, ab 264429,
Abcam Inc, BenukoOpuranus), UCIONB30BaIl BTOPHIE
aHTHTeNa ¢ QuryopecueHTHON MeTkol Goat Anti-Rabbit
IgG H&L (Alexa Fluor® 488; ab150077, Abcam Inc, Be-
JUKOOPUTAHUS).

Ha oxpaieHHbIX reMaTOKCHIIMHOM U 303MHOM THCTO-
JIOTUYECKUX cpe3ax OLEHUBAJIU 0OBEMHYIO MIOTHOCTD
CTPYKTYPHO-(YHKIIMOHAJIBHBIX 30H TUMYCa, CEeJIe3eHKU
U OpBDKEEUHBIX THM(ATHICCKUX y3JIOB METOIOM TOYEY-
HOTO cyYeTa oA CBETOBBIM MHUKpockoroM Leica DM2000
(I'epmanus) npu x100. B TuMyce moacYUTHIBaIN COOT-
HOLlEeHHe 00bEMHOM 101 KOPKOBOTO U MO3TOBOTO Belle-
cTBa. B cerne3eHke oleHnBaIN OOBEMHYIO JIOJI0 KPacHON
nynbIibl, [TAJIM-30Hb1, TUM(QOUIHBIX Y3€JIKOB U CBETIIBIX
LEHTPOB B HUX. B rucToioruueckux cpezax TuMmyca Ha
mukpockorne LeicaDM2500 (Leica Microsystems, ['epma-
Hus) npu *400 ¢ TOMOLIBIO MPOTrPaMMHOTO O00eCTIeYeHHUs
Leica Application Suite u3MepsIIH TONIUHY CYOKaIcy-
JsipHOM 30HBI TUMYca (15-20 u3mMepeHuit I Kaxka0ro
’KUBOTHOTO).

i uccnenoBaHus CTEHKU JUCTaJIbHOTO OTAeNa 000-
JOYHOM KHUIIKU BBIOMPAJIM YYaCTKH C IPOIOJIBHO OpHEH-
TUPOBaHHBIMU Kpuntamu. B mporpamme PhotoM 1.21
(A. Yepnurosckuii, 2000-2001) moacunThIBaIu YUCIO
KJIETOYHBIX 3JIEMEHTOB Ha €AMHHUILY IUIOLIAJN COCIMHH-
TEeJbHOI TKaHU COOCTBEHHOH MJIACTUHKU CIU3UCTON 000-
nouku (CIICO) Ha enuHULy ee miomanu Ha ¢pororpadusix
Cpe30B 000I0YHOM KUIIKH, OKPAILIEHHBIX T€éMaTOKCHIIMHOM
u s03uHOM, ipu x400. [Tpenapatsl, OKpalleHHbIE aJIbIH-
aHOBBIM CHHUM 1 peaktuBoM llludda, mocne o6padboTku
HomHoM KucIoTo# (otorpadupoBanu npu x320 B onuHa-
KOBBIX YCIIOBHAX OcBeleHnsa. Ha OMHapu30BaHHBIX CHUM-
kax npenaparos ¢ LIHINK-peakuuneit onieHMBaIN 00bEMHYIO
J010 OOKaJOBUIIHBIX KJIETOK, HA CHUMKAax Mpenaparos,
OKpalleHHBIX aJbIIMAHOBBIM CUHUM, ONPEAEIISIIN YUCIIO
OOKaJIOBUIHBIX KJIETOK Ha KpunTy. Ha cHuMKax mpemna-
partoB ¢ HIMK-peaknueil 1 OKpalIEHHBIX alblHaHOBBIM
CUHUM B niporpamme ImageJ nuamepssu cpeHior sipKocTh
TOYeK OOKaJTOBUIHBIX KJIETOK M TOYEK (pOHA, paCCUUTHI-
BaJIM ONTHYECKYIO MJIOTHOCTh OOKAJIOBUAHBIX KJIETOK KaK
CpeIHUI NECATUYIHBIN TOTapu(pM OTHOLICHHS CPEeIHEH
SIPKOCTH TOYEK (POHA K CpemHEH IPKOCTH TOUEK OOBEKTA.

dororpadupoBanu npenapatsl ¢ UMMYHOQIIyOpec-
LEHTHBIM OKpaIlIMBaHUEM Ha XpoMorpaHuH A u 6enok Ki67
npu %100 u X200, coorBeTcTBeHHO. IloACUNTHIBANIN YHCIIO
OKpAIICHHBIX KJIETOK Ha | MKM? IIOIIAI CIU3UCTON 000-
JIOUKH.
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CraTuCTHYeCKYI0 00pabOoTKy MONYYCHHBIX JaHHBIX
npoBoauiy B mporpamme STATISTICA 6.0 (StatSoft, Inc.,
CIIIA). BeiOopKu ONUCHIBAIM Yepe3 MEAUAHy U MEKKBap-
TUJIbHBIE pa3Maxu. s cpaBHEHUS TPYII UCTIOIb30BAIH
U-kputepuit MaHHa—YUTHH, pa3Iu4Msl CYUTATIU CTATUCTH-
Yyecku 3Ha4uMbIMH 1ipH p<0,05.

Pe3ynbrarbl 1 00cyKaeHue

B neprozpl BHE X0J10J0BOTO BO3AEHCTBUS TEMIIepaTypa
TEIUIOBOTO Apa MbIILIEH 3HaUNTENIbHO KoJiehanach B Teue-
Hue cyToK — ot 34,5°C 1o 39,7°C u B cpeiHeM cocTaBiisiia
36,9°C (puc. 1). Ilo naHHbIM TUTEpaTyphl, IPU KOMHATHON
TeMIepaType TeMIlepaTypa Tejla MbIIeil B TeYeHHEe CYyTOK
konebnercs B quanasone ot 34°C mo 39°C [12, 13]. Tlo
mHenuto C.J. Gordon [13], METKHX MJIEKOITUTAIONINX, Ta-
KHX KaK MBILIH U KPBICHI, CIIEAYET CYUTATh YCPEIHEHHBIMU
TOMOMOTEpPMHBIMH, TaK KaK TeMIleparypa UX TeIJIOBOrO
sJIpa MOXKET 3HAYUTENBHO U OBICTPO KOJIeOaThCs U ABIS-
eTcs CTabMIIbHOM TOJBKO MPH yCPEAHEHHUH 3a OObIINe
MIPOMEKYTKH BPEMEHHU.

[Ipu momeIeHny >KUBOTHBIX B MOPO3HIIBHYIO Kame-
py (—20°C) 3a 35 MuUHYT Temmeparypa Teja MbIIeH CHU-
kanack 1o 24,2 (20,6; 27,9) °C, uto 6onee yem Ha 10°C
HUXEe MUHUMYyMa B YCJIOBHUSX BuBapus. [Ipu atom npu-
3HaKH aJalTaluy He HAOIIONAINCh: TeMIeparypa Tena,
JocTuraemas K 35-i1 MUHyTe X0JI0OIOBOTO BO3ACHCTBHS,
B nepBble 3 nHs 3kcnepumenta (25,8 (20,5; 27,2) °C)
u nocnennue 3 nus (24,1 (21,8; 26,5) °C) craructude-
CKH{ 3HaYMMO He pa3nuyaniack. TemnepaTypa Tena Mbliei
omnycKajlachb HUKe MUHUMYMa HopMHl (34,5°C) 3a 7-15
MHUHYT C MOMEHTA IOMELIEHUS )KUBOTHOTO B MOPO3UIIbHYIO
kamepy. [locne u3BieyeHus U3 Hee TemIeparypa HopMa-
JU30BbIBaiach uepes 25—35 munyT (puc. 1). 1151 uenoseka
CHIDKEHHE TeMIlepaTypbl Tesa Huxe 28°C aBiseTcs TaKe-

OPUTMHAJIDHBIE UICCITEJOBAHNMA

HUIO C MY>KYMHAMH Ha OJTHY U TY 7K€ BHELLTHIOIO XOJIOJJOBYIO
Harpy3Ky pearupyrot 0ojee 3HaUUTEeNbHBIM CHUKEHUEM
TeMnepaTypbl Koxu [16].

Jo Hauana MoaeIMpPOBaHUSA XOJOJOBOTO CTpecca
U B KOHLIE SKCIIEPUMEHTA )KUBOTHBIX BCEX I'PYIII B3BELIH-
BaJM. MI3MeHEeHUs] Macchl Tella HU y CaMOK, HU y CaMIIOB
HE BBIABJICHBI, HO Macca Tejla y caMIOB Obljia BBIIIE, YEM
y CaMOK, Kak B HauaJje 3KkcrepuMenTa (camku 20 (20; 20);
camipl 23 (21; 23) 1), Tak u B koH1e (camku 19 (18;20) r;
camipbl 22 (22; 22) r). Kak npaBuiio, CUIbHBIN cTpecc npu-
BOJUT K CHHXKEHHUIO Macchl Tena. Tak, y MbllIei, moiBep-
TaBIINXCS XPOHHIECKOMY HIMMOOIITH3AIIHOHHOMY CTPECCY,
Macca Teja Obljia 3HAYUTEJIbHO HIDKE, YeM Y KUBOTHBIX
KOHTpOJIBbHBIX Tpynn [17]. Tem He meHee Bo3aelcTBHE
X0J10/1a, HAIPOTUB, MPUBOAMT K YBETMUEHUIO MAaCCHI TEJla
y MBILIEH, 4TO, BEPOATHO, SABJSETCS NPOSIBICHUEM MeXa-
HU3Ma aJianTally, HalpaBIeHHOTO Ha CHU)KEHUE TIOTEPh
teruia [18].

KaxxnoMy >KMBOTHOMY ObLIT MPOBEAECH KIMHUYECKHMA
aHalu3 KpoBU. B KOHTPONBHBIX I'pyINax coaepixaHue
TPOMOOIIMTOB y CaMOK OBLITO HUXKE, YEM Y CaMIIOB, & YHCIIO
JNEHKOUTOB U TUM(OLUTOB CTATUCTUUECKH 3HAYUMO HE
paznuuanocsk (tadm. 1). [To nannaem T.I. Reste et al. [19],
B niepuepuveckoil KpOBU Y CaMIIOB MBIIIEH COACpIKaHKE
HEUTPOQPHIOB, TUM(OLUTOB, MOHOLIUTOB BHIIIIE, YEM Y Ca-
MOK. OfHaKo o011ee Y1Co JEHKOLMTOB CTaTUCTUYECKU
3HAYMMO HE Pa3IMYaeTcsl, COAEPHKaHNE SPUTPOLIUTOB BHIIIIE
y CaMOK, YeM y CaMIIOB, a MOJIOBbIE Pa3INYHsl KOMUYECTBA
TpoMOormTOB He BhisiBIeHB. Q. He et al. [20] oOHapy»xumm
B nepudepurueckoit KpoBH y caMiioB kpbic Cripeiir—/{oymnu
OosplIee KOJIMYECTBO APUTPOLIUTOB, JIEHKOLIUTOB, HEUTPO-
¢buoB, TUMQOIMTOB, MOHOIIUTOB, & Y CAMOK — TPOMOO-
IUTOB ¥ 303MHO(HIOB. [[pOTHBOPEUNBOCTE JAHHBIX, OUE-
BUJIHO, CBsI3aHA C Pa3HBIMU (Da3aMu 3CTPaIbHOIO HUKIA Y

JIOW TUIIOTEPMHUEH, B 3TOM COCTOSIHUU APOXKb
OTCYTCTBYET, KOXKa XOJIOAHAs U OT€4Has, Ha-
OnromaroTCs rajuIIOLMHALNY, apediaeKcus,
onurypus, GUKCHPOBAaHHBIC PACIIUPEHHEIC
3pauku, OpaguKapAusi, THIIOTOHUS H OTEK
nerkux. [Ipy cCHUKEHHU TeMITepaTyphl Teaa
110 23°C mpOHMCXOIUT OCTAHOBKA JIbIXaHUS
[14]. Onnako y mbieii uepe3 30 MUHYT
MOCJIe MPeKpalleHus: X0JI0JOBOTO BO3/EH-
CTBHS TeMIIepaTypa Teja HOPMaTH30BBI-
BaJjlaCh, 1 OHHM BHEILHE HE OTIUYAJINUCH OT
JKUBOTHBIX KOHTPOIILHOM TPYIIITBL, YTO YKa-
3BIBACT Ha OOJBIIYIO YCTOWYUBOCTH MBI-
1Ieii K X0JI0/1y 10 CPABHEHHUIO C YETTOBEKOM.
ITo nanusim H.K. Apokunoii [15], y kpsic
Bucrap ocTaHOBKA JBIXaHHS MPOUCXOIHUT
MIPYU CHUKCHUHU PEKTAIBHON TeMIIepaTyphl
1o 15,1+0,5°C u Temneparypbl FOJIOBHOTO
mo3sra g0 19+0,6°C.

[To cpaBHEHUIO ¢ caMLIaMH CHIKEHHE
TEMITEpaTyphl Tea y caMOK ObLTO OoJiee BBI-
pa’keHo, 4TO, BEPOSTHO, CBA3aHO C MEHbBLIEH
Maccoil Tesa caMok. JKeHIIUHBI 110 cpaBHe-

Tesimeparypa e | Bady temperaiure 'C
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Havuano
Aoageone
BOYAEACTEMA
| Oneset of
oold exposure

Honey,
ROADAOBOD
moageRcTann |
The end of cold
exposure

0

= Camua 1 | Female 1

— Camua 2 | Female 2
Camia 3 | Female 3
Camewy 1 | Male 1
Camew 2 | Male 2

My rad ¢ maetan vocngonors soekicicrnmm | Yinmtes fram e start of cold exposure

Puc. 1. [luHaMyKa TeMIIepaTypbl Tejla XKUBOTHBIX HA MPOTSHKEHUH 35-MHHYTHOTO
XO0JIOZIOBOI'O BO3JEMCTBUSA. JlaHHbIE YCPEIHEHBI 10 BCEM JIHSAM, JUISl KAXKA0H
TOYKY BPEMEHH MPUBEJCHBI MEIMaHa U ME)KKBAPTUIILHBIE pa3MaxH.
Kpacnas npsimast JIMHUSI — MaKCHMaJIbHAs, 3€JICHasi — CPeHss, royoast —
MHUHHMMaJIbHas TEMIIEpaTypa Telia MBILICH B YCIOBHAX BUBAPUSL

Fig. 1. Body temperature dynamics over a 35-minute cold exposure. The data are
averaged over all days; for each time point, the median and interquartile ranges
are given. The red straight line is the maximum body temperature of mice in
a vivarium, the green is the middle, the blue is the minimum body temperature.
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Tabnuya 1 | Table 1

AGC0/II0THOE KOJIMYECTBO JIEHKOUMTOB, TUM(OLUTOB M TPOMOOLUTOB B NepHpepryecKkoil KPOBH y M0JI0BO3PEJIbIX CAMOK

U camioB MbIeii C57Bl/6 B HopMe u ipu xo1010B0M cTpecce, Me (0,25; 0,75) |
The absolute number of leukocytes, lymphocytes and platelets in the peripheral blood of mature female and male CS7Bl/6
mice in normal condition and after cold stress, Me (0.25; 0.75)

ADOCOJIIOTHOE KOJTHYECTBO,
10¢/mu |

Absolute amount, 104/mL LD T |

control group

Jlevikorutel | Leukocytes 7,0
(6,5-8,1)

JImmdonnTsr | Lymphocytes 5,8
(5,4-6,8)

Tpom6GonmTs! | Platelets 436,5%
(433-593)

Camku | Female

X0J10/10BOii cTpecc |
cold stress

Camupl | Male

KOHTPOJIb |
control group

X0J10/10BOji cTpecc |
cold stress

11,5% 8,7 10,7
(8,5-12,4) (7,8-9,4) (10,1-11,9)
9,0 6,9 8,6
(7,0-10,2) (6,3-7,9) (8,3-9.4)
914* 1241% 782,5
(694-1115) (1200-1384) (573-1343)

* — CTAaTUCTMYECKU 3HAYUMBIE PA3JIMYMA MEXK/Y ONBITHOH M COOTBETCTBYIOILEH KOHTPOIBLHOM IpynnaMu
#— CTAaTHCTHYECKHU 3HAYUMBIC Pa3THUMsI MEXIY CAMLIAMH M CAMKaMHU KOHTPOJIBHBIX IPYIN, KpuTepuit Manna—Yutau, p<0,05

* — statistically significant differences between the experimental and the corresponding control group
# — statistically significant differences between males and females of control groups, Mann—Whitney U-test, p <0.05

caMoK. B HarieM uccnenoBaHUM IPU XOJIOZOBOM CTpecce
BO3pacTajo KOJIMYECTBO TPOMOOLUUTOB U JIEHKOILIUTOB Y
CaMOK, a YHCII0 TUM(OIMTOB He U3MEHSUIOCKH. [1o cpaBHe-
HUIO C XKUBOTHBIMU KOHTPOJIBHOW TPYIIBI y CAMLIOB IIPU
XOJIOIOBOM CTpECCE MOKa3aTeNy KIMHUYECKOTO aHalln3a
KpoBU He paznuuanuck (tabu. 1). H.A. JIprueBa u U.N.
[MaxmaroB [21] Taxke 0TMEYaJIH MOBBIILIEHUE COACPIKAHUS
TPOMOOLIUTOB B KPOBU Y KPBIC NP TUIIOTEPMUU. Y caM-
LIOB yBEJIMYEHHE YKCIIa TPOMOOIIUTOB HE HaOII0aanoch,
BEPOSITHO, IOTOMY, YTO COAEp)KaHUE UX B HOpME ObLIO
3HAYUTENBHO BBIIIE, YEM Y CaMOK.

MeTomoM MPOTOYHOHN IUTOPIYOPUMETPHH OIIPEACIISITN
CyOnonyasMOHHBIN cocTaB TUM(POLUTOB Nepudepude-
CKOH KpOBH. B KOHTPOJBHBIX IpyNIax y camOK IO CpaB-
HEHHIO C caMmliaMu ObUIO BhIIIE a0COIIOTHOE KOJIMYECTBO
T-IUTOTOKCHYECKUX U HIDKE T-peryinsaTopHbIX TMM(OLIMTOB
(Tabn. 2). Ceenenust 0 cojepkaHuu T-IIUTOTOKCHYECKUX
TUM(OLUTOB COTNIACYIOTCS C JTAHHBIMU JUTEPATypHI [22].
J.II. Txanunosa u coastT. [23] u G. Afshan et al. [24]
BBISIBWIM O0Jiee BBICOKOE cofiepxaHue T-perynsaTopHbIX
JTUM(OLMTOB Y CaMIIOB KPBIC Uy MY>K4HH IO CPAaBHEHHIO C
CaMKaMH U C )KEHIIMHAaMH, COOTBETCTBEHHO, YTO COIIACY-
eTcs ¢ Mody4eHHbIMU Hamu pe3ynsraramu. Onnako 0. ['ao
u coaBr. [22] u M. Walecki et al. [25] moka3amnmu, 4to comep-
JKaHUE PeryIaTOpHBIX T-muM(OIHTOB B epudeprdecroi
KPOBH BBILIE Y CAMOK MBILIEH U y KEHIIMH PENpOILyKTHB-
HOTO BO3PacTa I10 CPaBHEHMIO C CaMIIaMH U C MY>KYHHAMH,
COOTBETCTBEHHO. BeposATHO, NPOTUBOPEUUBOCTD JAHHBIX O
cozepxaHuu T-perynaTopHbIX KJIETOK 00yCI0BIIEHa UCCIe-
JIOBaHUSAMH B pa3Hble (ha3bl AICTPANBHOIO LHKIA y CaMOK
TPBI3YHOB M MEHCTPYaJIbHOIO IMKIIA y sKeHIuH. [1o nan-
HBIM JIUTEPATyphbl, KOJIeOaHUs YPOBHS ICTPaAHOIIa B TeUe-
HUE MEHCTPYaJIbHOTO LIMKJIA BIHUAIOT Ha KOJIMYECTBO U CY-
MPECCOPHYIO aKTUBHOCTh PETYAATOPHBIX T-KieTok [26].
VY KEHIUH B CEKPETOPHYIO (pa3y 3CTPalbHOTO IHKIA C
BBICOKHUM COJEPKAHUEM 3CTPOT€HOB B CHIBOPOTKE KPOBU
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MPOLICHTHOE COACPIKaHHUEe PEryasaTopHbIX T-muMbonnToB
B nepu)epuvIecKkoil KPOBH BEIIIIE, Y€M B MPONUEPATHB-
Hyto (azy [27]. B HameM nccnenoBaHUM TPU X0JIOI0BOM
CTpecce y CaMOK HU OJJHA U3 CyOnonmy siui TuM(OLUTOB
HE U3MEHSIach, a Y CaMII0B CHU)KAJIOCh a0COMIOTHOE H OT-
HOCHUTEJbHOE coaepxkanue T-perynsaTopHbIX TUM(OIUTOB
Y BO3pAacTajo OTHOCUTEIbHOE COJepKAHUE aKTUBUPOBAH-
HbIX T-xennepoB (Tadun. 2). CHIKEHNE CoAepIKaHus pery-
ATOpHBIX T-KJIETOK Y caMIIOB KOCBEHHO YyKa3bIBaeT Ha
aKTUBALMI0 UIMMYHHBIX peakuuid. XpOHUUYECKUN cTpecc
BBI3bIBAET IMMYHOCYTIPECCHUIO, TUM(OLUTONEHUIO, yMEHb-
menue B kpoBu uucina CD4" T-xennepos [28]. E. Frei-
er et al. [29] BBIABWIIM CHM)KEHHUE UYHCIA PETYISATOPHBIX
T-numdpounToB B nepudepuueckoi KpOBH y MOJOIBIX
MY>KYUH IIPU OCTPOM IICUXOJIOTHUECKOM CTpecce.

TuMyc y )KHBOTHBIX BCEX IPYII UMEJ HOpMajlbHOE
ctpoeHue. COOTHOILIEHHE KOPKOBOI'O U MO3TOBOTO Belle-
CTBa U TOJIIIMHA CYOKAINCYyIApHON 30HbI MEXYy KOHTPOJIb-
HBIMH TpynnaMu He paziudainuch (puc. 2). [lo naHHBIM
E.}O. Cumonosoii [30], B TUMyce caM1i0B Kpbic Buctap
B HOpME OTHOLIeHHE 00BEMHOM J0IH KOPKOBOTO Bellle-
CTBa K MO3TOBOMY BBIIIIE, Y€M Y CaMOK B (paze mpo3cTpy-
ca, 4YTO, OYEBHUJIHO, CBSI3aHO C YCUJIEHHOW MHrpanuei
T-muMQOUUTOB U3 TUMYCA Y CAMOK IO BIUSAHUEM 3CTPO-
reHoB. CyOKaricynsipHasi 30Ha THMyca y CaMOK IIHpe, YeM Y
CaMIIOB, YTO 00YCJIOBJIEHO, BEPOSTHO, TOBBIIIEHHBIM YPOB-
HEM IpOrecTepoHa, KOTOPBIH OAABISIET allONTOTUYECKYIO
rubesib TUMOUUTOB. IIpu X0J070BOM cTpecce y caMOK
HaMHU OTMEYaJIOCh CHUKECHHE IUPHHBI CyOKarncCyIsapHOM
30HBI (puc. 2). B cyOkancynspHoOi 30He TUMYyca IPOUCXO-
JIUT aKkTUBHas posindepalns He3penbiX TAMOLIUTOB; IIPH
MAaTOJIOTMYECKOM CTpecce HE3aBUCHUMO OT €ro MPUPOIbI
pa3BUBaeTCs ocTpas aTpodus TUMYCa, XapaKTepU3yoa-
ACs yMEHbILIEHHEM MaCChl OpraHa 1 OIyCTOLIEHHEM KOPKO-
Boro BeecTna [31]. XpoHuyeckuii UIMMOOHITM3aIMOHHBIN
CTpecc y MbIIIeH BbI3bIBAET B TAMYCE YBEJIHMUEHHUE aror-
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Tabnuya 2 | Table 2

OtHocuTe/IbHOE U a0COII0THOE KOJUYECTBO OCHOBHBIX cyOnonyasuuii 1umM@pouuTos B nepudepudeckoil Kposu

y NMOJIOBO3PeIbIX caMOK H caMuoB Mbiiieii C5S7Bl/6 B Hopme u nmpu xoJ1010B0M cTpecce, Me (0,25; 0,75) |

The relative and absolute number of the main subpopulations of lymphocytes in the peripheral blood
in mature female and male C57Bl/6 mice in normal condition and after cold stress, Me (0.25; 0.75)

Camkn | Female

Cyononmyasinuy JJUM(QOUHTOB |

Lymphocyte subpopulations KOHTPOIE |
control group
44,1
B-nmumbornurs! | R (33,9-47,0)
B lymphocytes
(CD19°CD3") A 34
(2,8-3.,8)
24,8
T-mavounTs: | 1 (23,0-31,4)
T lymphocytes
(CD3*CD19) A 20
(1,6-2,4)
13,0
T-I.II/ITOT.OKCI/IFICCKI/IG | R (10,9-13,6)
Cytotoxic T cells .,
(CD3*CDS§") A 1.0
(0,7-1,1)
13,8
T-xesmepsi | 1t (10,9-17,9)
T helper cells
(CD3*CD4%) A L1
(0,9-1,2)
3,5
AKTUBHpOBaHHbIE T-Xenmeps! | R (1,6-4,0)
Activated T-helpers T
(CD4°CD25'Foxp3) A 25,6
(17,6-32,0)
2,6
T-perynstopHsie TMMGOLUTH! | R (2,3-4.,9)
T- regulatory #
(CD4*CD25'Foxp3™) A L3
(12,7-25,2)

Camupl | Male

X0JI00BO}i cTpecc | KOHTPOJIb | X0JI010BOji cTpecc |
cold stress control group cold stress
31,4 21,4 17,4
(18,6-46,5) (9,7-26,0) (10,3-29,2)
3,1 1,8 1.8
(1 96_550) (059_233) (1’ 1_337)
14,9 9,2 8,4
(9,2-28,4) (3,4-14,1) (4,4-12,6)
1,7 0,8 0,9
(1,0-2,4) (0,3-1,1) (0,5-1,6)
6,0 4,5 2,9
(4,2-12,2) (1,3-5,5) (1,4-5,3)
0,7 0,3* 0,3
(054_151) (051_034) (0’2_0:7)
8,9 6,1 5,6
(5,3-15,5) (2,5-8,4) (3,1-8.3)
1,0 0,5 0,6
(0,6-1,4) (0,2-0,7) (0,3-1,0)
3,5 1,4 2,3*
(2,9-4.1) (1,0-1,4) (1,5-3,2)
43,3 13,2 26,6
(30,4-54,7) (11,5-13,2) (12,8-40,1)
1,4 8,8 3,2%
(1,2-1,7) (8,0-9,0) (2,6-5,6)
17,3 83,7% 43,2%
(16,8-20,5) (83,1-85,7) (25,3-47,8)

R — otHOCHTeNnBHOE conepkanue (%), A — abCcomoTHOE conepKaHue (MITH/MIT)
* — CTaTUCTHYECKU 3HAUMMBIC PA3TIMUMS MEKTY OIBITHOH M COOTBETCTBYIOLIEH KOHTPOJILHON TPpyNaMu
#— cTaTHCTHYECKH 3HAYMMBbIE Pa3Inyis MEKILy caMllaMH H CAMKaM{ KOHTPOJIBHBIX TPy, Kputepuii Manna—YurtHu, p<0,05

R — relative content (%), A — absolute content (10%/ml)

* — statistically significant differences between the experimental and the corresponding control group
# — statistically significant differences between males and females of control groups, Mann—Whitney U-test, p <0.05

TO3a, YMEHbILIEHHE OOLIETO KOJIMYECTBa TUMOLIMTOB, JIOJIH
He3penbix TAMouuToB [32]. B uccnenosanuu /1.K. 'apma-
€BOi1 1 coaBT. [33] mocie HECKONBKUX CEaHCOB XOJI0A0BO-
r'0 BO3JEMCTBUSA B TE€UCHHUE 2 HEleNb U 0oJiee 0TMEYaIoch
COKpaIlleHHE COZIepP)KaHUsI KIIETOK B CyOKarcCyJIapHOi 30He
TUMYcCa, a I0Ka3aTelu IJI0IIaAeii KOPKOBOTO K MO3TOBOTO
BEIIECTBa, KOPKOBO-MO3TOBOM MHJIEKC HE OTIMYAIUCH OT
nokasaresiel y MHTaKTHOTO KOHTPOJIS, YTO COOTBETCTBYET
MOJTyYEHHBIM HaMU pe3yJbTaTaM.

Cene3eHka )KHBOTHBIX BCEX IPYII UMeIa HOPMaIbHOE
cTpoenue. Paznuuns o0beMHON 107U (DyHKIIMOHATBHBIX
30H CeJIe3eHKU MEXIY caMllaMd U CaMKaMH B HOpME He
BbisiBiIeHB! (puc. 3). ITo ganueiM E.}O. Cumonosoii [30],
B celie3eHKe 00beMHast 701 OeNoi MyJIbIIbl Y CAMOK KpbIC
Bucrap BbliIe, 4eM y caMIIOB, YTO MOXKET OBITh 00YCIIOB-

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

JICHO UMMYHOCTHMYIHPYIOUIIM 3P (HEeKTOM 3CTpOreHoB,
UHIYLHUPYIOUIHUX Mpoauepanuo TMM(POIUTOB CETIC3CHKH.
PacxoxaeHne HallMX pe3ynbTaToB U JaHHBIX JINTEpaTyphl
MOXeET OBITh CBA3aHO KaK C MEXBUIOBBIMU Pa3IHUUSIMHU,
TaK | ¢ azoit acTpanpHOro mukia. [Ipu xonomoBoM crpecce
y CaMOK B ceJIe3eHKe Bo3pacTana 00beMHast 107151 KpacHOM
MyJbIbl, Y CAMIOB CHHXKaJIach 0ObEeMHas! OISl CBETJIBIX
LEHTPOB JTUM(OUIHBIX Y3EJIKOB U Y >KUBOTHBIX 000€r0 Mosna
yMeHbl1anack oobemuas gois [IAJIM-30nsI (puc. 3). Yae-
nueHre 00bEMHOMN JI0IM KPACHOM MyJbIIbl K YMEHBIICHUE
o6bemHoi nonu [TAJIM-30HBI KOCBEHHO YKa3bIBaIOT Ha
MUTpaLUI0 TUMQPOLUTOB U3 cene3eHku. CHIKeHHEe 00b-
€MHOH JIOJIM CBETJIBIX LIEHTPOB JTUM(OUIHBIX Y3EJIKOB
MOXeT OBbITh 00YCJIOBJIEHO MOJAaBIEHUEM NpOoIrQepauu
B-numdountoB. XpoHuueckuid UMMOOUIN3A[UOHHBIH
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A — xopkoBoe (cortex) u mo3roBoe (medulla) BerecTBo B THMyCe HHTAaKTHOTO caMIia MBIIIH, B — cyOKarncynspHas 30Ha TuMyca,
OKpacKa reMaTOKCHIIMHOM 1 303UHOM. C — COOTHOLIEHHE 00BEMHOIT 1011 KOPKOBOTO ¥ MO3TOBOTO BEILIECTBA TUMYCA y CaMLIOB
M CaMOK MBIIICH B HOPME U IIPH XOJIOJ0BOM cTpecce, D — mmprHa CyOKarcyIsIpHOM 30HBI TUMYCa Y CaMIIOB H CaAMOK MbILIEH

B HOpMe | IIpH XononoBoM crpecce. FK — camxu xonTpons, FS — camxu crpecc, MK — camirst korTpons, MS — camIsl cTpecc;
YepHO#i JINHKEH COCANHEHBI TPYIIIIBI, MEXy KOTOPBIMHU BBISBJICHBI CTATHCTUYCCKU 3HAYUMBIC PA3ITHUUS

Fig. 2. Changes in the thymus after cold stress.

A — the thymic cortex and medulla of an intact male mouse, B — the subcapsular thymic zone, H&E stain. C — the ratio

of the volume fraction of the thymic cortex and medulla in male and female mice in normal condition and after cold stress.

D — the width of the thymic subcapsular zone in male and female mice in normal condition and after cold stress. FK — females
control, FS — females stress, MK — males control, MS — males stress; the black line connects the groups between which

statistically significant differences are revealed

CTpecC Y MbILIEH BbI3bIBAET CHKEHUE KIIETOUHOCTH U YBe-
JIMYEHUE OTHOCHUTENBHOM onu T-KiteTok B cene3eHke [32].

IIpu MopdoaornyecKkoM UCCIeT0BaHUH 0000YHOM
KHLIKH pa3iuvus MEXIy UCCIEIyeMbIMU IPYIITIaMHU HE BbI-
SIBJICHBI, KUIITKA UMeJia HopMasibHOe cTpoerue. CTatucTu-
YECKHU 3HAUMMBbIE PA3ITUYUS PA3MEPOB KPUTIT U COZIEPIKAHHS
KJIETOYHBIX 3JIEMEHTOB B coenuuuTenbHor Tkanu CITICO
MEXITYy KOHTPOJbHBIMH TPYIIIaMU TaKXE€ HE OTMEUYEHBI
(puc. 4). ITo nanuemv 1O. 'ao u M.T. [1o6psiauHO#M [34],
B JIUCTAIBEHOM OTIENIe 000I0YHON KHUIIKH Y MBI 00b-
eMHas JI0JIsA MPOCBETA KPHUIIT, 00beMHAs 0JIs COCAMHH-
TenbHOH TkaHu 1 cocynoB B CIICO BeilIe y caMoK, a 1o-
Kazarellb 00beMHOM JTOJIH KIeTOYHBIX eMeHTOB B CIICO
BEIIIIE Y caMIIOB. HecooTBeTCTBHE TaHHBIX, BEPOITHO, 00-

56 KIIMHWYECKAS VI 9KCITEPYIMEHTAJIBHASI MOP®OJIOT Vs / CLINICAL AND EXPERIMENTAL MORPHOLOGY

YCIIOBJIEHO Pa3HbIMU METOIMKAMHU OLIEHKH HCCIIEAyEeMbIX
napameTpoB. [Ipu X0mog0BoOM cTpecce Hamu OBLIO BBISIBIIC-
HO YBEJIMYEHHE JUIMHBI KPUIIT Y CAMIIOB, UUCIIO KIIETOYHBIX
anemeHToB B CIICO He m3mensutock (puc. 4). C.0. AGmyna-
eBa [35, 36] He BbIsIBMIIA AJIBTEPATUBHBIE U BOCIIATUTENb-
HbIC N3MEHEHHUS 000IOYHON KUIIIKH, a TAK)KE YUCIIO JIUM-
¢douutoB B ee CIICO y camMIIOB MBIIIEH ITPH €IKESTHEBHOM
XOJIOAOBOM BO3JIEMCTBUU B TeueHue 9 nueit u 21 qHs, 4TO
COIIacyeTcs ¢ MOJly4YeHHBIMU HAMU IaHHBIMU. YBEIUYEHHE
JUTMHBI KPUNT TOJICTOM KUILIKK HAOMI0OaI0Ch P MHULIEBOM
cTpecce Y MbILIEH U KpbIC, KOTOPBIX COAEPIKaIH Ha MOJTy-
CHUHTETUYECKON TUETE C MOBBILICHHBIM COJEPKAHUEM HKH-
poB U PochHaToB U MOHWKEHHBIM COACPIKAHUEM KaJbIIHS
u Butamuna D [37].
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Puc. 3. O6bemHbIe 1011 MOPGOPYHKIHOHAIBHBIX 30H CEJIE3EHKH Y CaMIIOB M CAMOK MBIIIIEi B HOPME M IIPU XOJIOZ0BOM CTpecce.
A — kpacuas nynbna, B — ITAJIM-30na, C — numdounznsie y3enku, D — cBebie neHTpbl tumdonansix y3enkon. FK — camku
KOHTpOJIb, FS — camku cTpece, MK — camiibl KOHTpOJIb, MS — camiIlbl cTpecc; YepHOM JIMHUEH COeIMHEHbI TPYIIIIbI, MEXKIY
KOTOPBIMHU BBISIBIIEHBI CTATUCTUUECKH 3HaUMMBbIe pa3nnyus. E — cene3enka nHTakTHOTrO camua mbliu, PALZ — [TAJIM-30Ha,
Red pulp — kpacnas mymsma, LN — mumdonnusii yzenok, LC — cBemsiit nenTp. OKkpacka reMaTOKCHIMHOM M 503UHOM
Fig. 3. Volume fractions of morphofunctional zones of the spleen in male and female mice in normal condition and after cold stress.

A —red pulp, B—PALZ, C — lymphoid nodules, D — light centers of lymphoid nodules. FK — females control, FS — females
stress, MK — males control, MS — males stress; the black line connects the groups between which statistically significant
differences are revealed. E — spleen of an intact male mouse, LN — lymphoid nodule, LC — light centers. H&E stain

Jns ouenkn nponudepaTuBHON aKTUBHOCTH IPO-
BEACHO UMMYHO(]IYOPECIICHTHOE OKpaIlUBaHHE CPE30B
o0omouHOM kKU ¢ antutenamu kK Ki67. B koHTpob-
HBIX rpymnmnax 9ucio Ki67-monokuTenbHbIX KIETOK B CIIH-
3UCTON 000JOYKE OBLIO BBINIE Y CAMIIOB, Y€M Y CAMOK
(puc. 5). 1o nanaeiM W. Zhou et al. [38], mponmudepanns
SMUTENNATIBHBIX KJIETOK TOHKOHN KUIIKY 71 Vitro y MBIIIEH
BBIIIIE€ B KPUIITaX, BBIZICIEHHBIX OT CAMOK, TI0 CPAaBHEHUIO
C KpHIITaMH, BBIIEIIEHHBIMU OT caMioB. Ha mponudepa-
TUBHYIO aKTUBHOCTb KHIIEYHOTO SMUTEIHS 3HAYUTEb-
HOE BIIMSHHE OKa3bIBAIOT ITIIOKOKOpTUKOUABI [39]. s
YEIIOBEKA U )KUBOTHBIX YCTAHOBIICH 4-CyTOUHBIN HH(Dpa-
MUAJTHBIN OMOPUTM KOHLEHTPAIMH TIIIOKOKOPTHKOUIOB
B nepudepudeckoii kposu [40], ogHAKO ATOT OHOPUTM
B UCCIEAOBAHUAX, KaK IPABUIIO, HE YUUTHIBAETCS, YTO
MOXXET IPUBOJIUTH K PACXOKIEHUSAM HKCIIEPUMEHTAIIb-
HBIX JaHHBIX. B HaleM McciieJ0BaHUU MPU XOJIO0JOBOM
CTpecce HH y CaMOK, HH y caMIoB conepkanue Ki67-

KIIMHWYECKAS M SKCITEPYIMEHTAJIBHASI MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

MOJIOKUTENbHBIX KJIIETOK HE U3MEHAIOCh (puc. 5). Y cam-
LIOB KPBIC IIPU TPEXHEAEIbHOM XPOHUYECKOM XOJI0I0BOM
cTpecce MOKa3aHO CHUKEHUE aKTMBHOCTH TUMUJIUHKH-
Ha3bl B SMUTENHUAIBHBIX KJIETKaX TOHKOM Kumku [41].
Crpecc, HHAYUHPOBAHHBIH OTpaHUYEHUEM JIBUKEHUS
U MOTPYKEHHEM B BOAY Ha 2 yaca B JIeHb B TEUEHUE
5 mHeH, He BBI3BIBAI Y KPBIC U3MEHEHUH MPOIrQepaTuB-
HOM aKTUBHOCTH SMUTENNS KUIIEUHHKA [42].
DHJIOKPUHHBIE KJIETKH MbI BBISIBJISUIN C TOMOIIBIO aH-
TUTEJN K XpOMOTpaHUHY A. B KOHTPONBHBIX IpyIIax yuc-
JIO XpOMOTPaHHUH A-IIOJIOKUTENBHBIX KJIETOK B CIIM3UCTOM
000JI0YKe HE Pa3IHydaioch MEXIy CaMKaMH M CaMIIaMU
(puc. 6). /laHHbBIE O OJOBBIX PA3IUYUAX COACPHKAHUS IH-
JIOKPUHHBIX KJIETOK B KHILEYHHKE B JIUTEPAType OTCYT-
cTBYIOT. [Ipu X0II010BOM CTpecce Mbl HAONIOIAIN CHU-
JKEHHE YUCIIa XPOMOTPaHUH A-TIOJIOKUTENIBHBIX KIETOK Y
JKUBOTHBIX 000ero nona (puc. 6). C.O. Adaynaesa [35, 36]
TaK>Ke BbISIBIJIA TOBBIIIEHUE YHCIIA SHAOKPUHHBIX KIIETOK
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Puc. 4. Cnusucrast o6os0uka 06010uHO# Kumiku camok (A, B) n camuos (C, D) mbiteii B Hopme (A, C) 1 IpH X0JI0Z0BOM
crpecce (B, D). Okpacka reMaTOKCHIMHOM 1 303UHOM. Bricora kpunt (E) u uncio kinerousix snementoB (F) Ha 1 Mxm?
COCJIMHUTENBHON TKaHH COOCTBEHHOI IITACTUHKH CIIM3UCTOMH 0OOIOYKH y CaMIIOB M CAMOK MBIIICH B HOPME U [IPH XOJIOJOBOM
ctpecce. FK — camku koHTpois, FS — camku ctpece, MK — camubr koHTpoib, MS — caMIts cTpecc;
YEepPHOU JIHHUEW COCAMHEHBI TPYIIIbI, MEXIY KOTOPHIMH BBISIBICHBI CTATUCTHYICCKH 3HAYMMBIC PA3IAIHUs

Fig. 4. The mucous membrane of the colon in female (A, B) and male (C, D) mice in normal condition (A, C)
and after cold stress (B, D). H&E stain. The height of the crypts (E) and the number of cellular elements (F) per 1 pm?
of the lamina propria connective tissue in male and female mice in normal condition and after cold stress.
FK — females control, FS — females stress, MK — males control, MS — males stress; the black line connects the groups between
which statistically significant differences are revealed
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Puc. 5. Ilpomudepupyromye Ki67-nonoxnTensHble KISTKH B CIU3UCTOIH 000J109Ke 00010YHON KHUIIKH HHTAKTHOTO CaMIla MBI,
uMMyHoyopecteHTHOoe okpatrBanue (A). Yucio Ki67-1oa0KuTenbHbIX KIETOK Ha 1 MM? CITM3UCTOH 0DO0JIOUKH Y CaMIIOB
Y CaMOK MBIIIeH B HOpMe U mpu XononoBoM crpecce (B). FK — camxu konTpois, FS — camku crpecc,
MK — camibl KOHTPOJIb, MS — camIbl cTpecc; YepHOH JTMHUEH COeANHEHBI IPYIIIBI, MEKAY KOTOPBIMH BBISBICHBI CTATUCTHYECKH
3HAYHUMBbIE PA3INYHUS

Fig. 5. Proliferating Ki67-positive cells in the colon of an intact male mouse, immunofluorescence staining (A). The number of Ki67-
positive cells per | mm? of the mucous membrane in male and female mice in normal condition and after cold stress (B).
FK — females control, FS — females stress, MK — males control, MS — males stress; the black line connects the groups between
which statistically significant differences are revealed
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Puc. 6. DHIOKPUHHBIE XPOMOTPAHUH A-TIOJIOKHUTEIBHbIE KJIETKH B SITUTEINH 000T0YHOH KHIIKH HHTAKTHOTO CaMIla MBILIH,
umMmMmyHoIyopecieHTHoe okpainiBanue (A). Hiciao XpoMOrpaHUH A-MONOKUATEIbHBIX KIETOK Ha 1 MM? CIIM3UCTON 000IOYKH
Yy CaMIIOB M CaMOK MBIIIIeli B HopMe u Ipu xononoBoM crpecce (B). FK — camku xontpons, FS — camxu ctpecc,
MK — cam1ibl KOHTPOIIb, MS — caMIibl CTpecC; YePHOH JTMHUEH COeINHEHB] TPYIIIbL, MEKAY KOTOPBHIMU BBISBIEHB! CTATUCTHYECKH
3HAYHMMBIE PA3INIUL

Fig. 6. Endocrine chromogranin A-positive cells in the colon epithelium of an intact male mouse, immunofluorescence staining (A).
The number of chromogranins of A-positive cells per 1 mm? of the mucous membrane in male and female mice in normal
condition and after cold stress (B). FK — females control, FS — females stress, MK — males control, MS — males stress; the black
line connects the groups between which statistically significant differences are revealed

KIMHWYECKAS V1 OKCITEPUMEHTAIBHAS MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 9 Ne4 2020 59



OPUTMHAIBHBIE MICCITEJOBAHNMA

B 000104HOM KHUIIIKe y camiioB Mbliiei C57BL/6 Ha 21-¢
CYTKH €KEITHEBHOTO XOJIOOBOTO BO3JCHCTBUS, OMHAKO Y
camIioB MbInieit Balb/c mpu TakoM ke BO3ICHCTBHH HX
KOJIMYECTBO CHUKATIOCh. YMEHBIICHHE YHCIIa XPOMOTpa-
HUH A-TIOJOXHUTEIbHBIX YHAOKPUHHBIX KJIETOK MOXKET
OBITH 00yCIOBIICHO MO0 U3MEHEHUIMH TyTel nudde-
PEHIIMPOBKH DIIUTEIUAIBHBIX KIETOK U YMEHBIICHHEM
00pa3oBaHUs YPHIOKPUHHBIX KJIETOK, THOO MOBBIIICHHEM
CEKPELUH, IPUBOASIIINM K OIYCTOIIECHHIO CEKPETOPHBIX
TpaHyll ¥ MOTepe KICTKAMU HMMYHOPCAKTHBHOCTH.

BricokocynbhaTipoBaHHbIE MYIIHHBI B OOKATOBHIHBIX
KJIETKaX BBISBIISLIH C TIOMOIIBIO OKPACKH JTBIIUAHOBBIM CH-
HuM, pH 1,0, Helrpanbabie — ¢ nomotbto [IINK-peakiuu.
B HOpMe 00BbeMHas 101 OOKATOBUIHBIX KJIETOK Y CAMOK
ObL1a BBIIIE, YEM Y CaMI[OB, @ YUCJIO KJIIETOK Ha KPUNITY HE
Pa3IU4aNIOCh MEXAY IMOJIAMHU, YTO YKa3bIBaeT Ha OOJIbIITNE
pasMepsl KIeTok y camok. Cozepikanue B O0OKaTOBUIHBIX
KJIETKaX HEUTPaNbHBIX U BBICOKOCYJIb()ATHPOBAHHBIX MY-
[IMHOB MEXTy TPpyTIIaMHy He pa3nndanock (puc. 7). [1o nan-
HbIM 0. 'ao u M.T. [lo6pbiauHO# [34], oObeMHast a0
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Puc. 7. BoxanoBuIHbIE KIETKH B SIIUTEINU 000I0YHOM KUIIKU MBIIICH, OKpacka aapluaHoBeiM cHUM (A) u IIUK-peaxuus (D).
OnTruyeckas MIOTHOCTh OOKAIOBUIHBIX KJIETOK Ha Cpe3aX, OKpalleHHbIX anbinanoBbiM ciHUM (B), u ¢ HIUK-peakueii (C),
obbeMHas 10711 6okanoBuAHBIX KieTok (E) n uncno 6okxanoBuaHbIX Ki1eTok Ha kpunty (F) y camIioB u caMok Mblmiel B Hopme
u ipu xonoxoBoM crpecce. FK — camku konTpoins, FS — camku ctpece, MK — camisl KOHTpoib, MS — caMIisl cTpecc; 4epHoit
JMHUEH COEANHEHBI TPYIIIbI, MEK/Ty KOTOPBIMH BBISBICHBI CTATUCTUYECKH 3HAYUMBIE Pa3THUHsI

Fig. 7. Goblet cells in the colon epithelium of mice, Alcian blue stain (A) and PAS-reaction (D). The optical density of goblet cells on
sections stained with Alcian blue (B) and with a PAS-reaction (C), the volume fraction of goblet cells (E) and the number of
goblet cells per crypt (F) in male and female mice in normal condition and after cold stress. FK — females control, FS — females
stress, MK — males control, MS — males stress; the black line connects the groups between which statistically significant

differences
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Puc. 8. smenenust B iepudepuyecKoil KpoBH, TUMGPOUIHBIX OpraHax ¥ 000T0YHOM KHIIIKE Y TOJOBO3PEIIbIX CAMIIOB M CAMOK MBIIICH
C57BL/6 npu X0JI00BOM CTpecce, BEI3BaHHOM MHTEPBAILHBIM XOJIOOBEIM BO3IEHCTBUEM B PEXKUME 35-MUHYTHBIX CEaHCOB

B TeyeHue 14 nueit npu —20°

Fig. 8. Changes in peripheral blood, lymphoid organs, and colon in mature male and female C57BL/6 mice after cold stress caused by
intermittent cold exposure for 35-minute sessions for 14 days at —20°

OOKaJIOBUIHBIX KJIETOK BBIIIE Y CAMI[OB MBIIIEH, 4eM Y
camok. [Ipu xo010BOM cTpecce uccienyeMble mapaMeTpsl
0OOKaJIOBUAHBIX KJIETOK HE U3MEHSUTUCH (puc. 7). Y MbllIei
MIPU XPOHUYECKOM UMMOOUIIM3ALIOHHOM CTPECCE BBISAB-
JIEHO CHUKEHHUE TOJIIIMHBI BHYTPEHHETO CJI0S CIIU3H, SKC-
npeccur MPHK myraa Muc?2 u yncina IIIUK-no3uTuBHBIX
OOKaJIOBUIHBIX KJIETOK B 00omouHoU kumike [43]. Tlo
nanueiM C.O. AOaynaeBoi [35, 36], urcio 6oKaloBU/I-
HBIX KJIETOK Ha KPUNTY U UX 00beMHas a0y B 000104-
HOU KuIKe y caMioB Melmeit C57BL/6 npu exxeqHeBHOM
XO0JIOZIOBOM BO3€HCTBHU B TeueHue 9 nuei u 21 gus He
M3MEHAETCS, a y caMIloB MbIieit Balb/c o0bemHas mons
BO3pacTaeT Ha 9-e CyTKH, U YUCII0 OOKAIOBUIHBIX KIETOK
Ha KPUIITY CHIKaeTcs Ha 21-e CyTKH.

BrIsiBICHHBIC UMMYHHBIE pEaKIy 1 MOPPODYHKITHO-
HaJIbHbIe U3MEHEHUS! 000JOYHOMN KUIIKH MPU XOJIOA0BOM
cTpecce y caMmuoB M camok Meimeir C57BL/6 cymmupo-
BaHbI HA PUCYHKE 8.

3aknroueHne

B nutepatype cBeCHHH O MOJOBBIX Pa3IHUUAK JIUM-
(OMIHBIX OPTaHOB ¥ TOJICTOM KHIIKH Y YeIOBeKa U J1abo-
paToOpHBIX IPHI3YHOB Majio0. JlaHHbIE TPOTHBOPEUHBBI, UTO,
BEPOSATHO, OOYCIIOBJICHO BIUSHHUEM IOJOBBIX TOPMOHOB,
YPOBEHb KOTOPBIX 3HAUUTEIIBHO U3MEHSETCSl B TEUCHUE
MEHCTPYaJIbHOTO IUKJIA Y KSHIUH U 3CTPALHOTO IMKJIA
Y CaMOK JKHBOTHBIX. Takxe pacXoKJIeHHE TaHHBIX MOYKET
OBITH CBS3aHO C MEKBHUAOBBIMHU, MEKINHEHHBIMH, BO3-
PaCTHBIMH pa3INYUsIMH, HHOPaTHaHHBIMH U CE30HHBIMH
OuopuTmMamu.

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

HecmoTpst Ha BecbMa 3HAUUTENBHOE CHHXKEHUE TEM-
nepaTyphl Tejla PU XOJIOAOBOM BO3JIEHCTBUHU, MBI Ha-
Oroany y caMOK M CaMIIOB MbIIIEH YMEPEHHbIE THCTO-
¢dusnonornyeckue u3MeHeHus: TUMGOUIHBIX OPraHOB
U KIIETOYHOTO COCTaBa Mepu(pepuvecKoil KpoBU. ITU
JNaHHBIE YKA3BIBAIOT HA Pa3BHTHE (PU3HOIOTHYECKOTO
cTpecca y MbIIIEH U UX BBICOKYIO YCTOMYHMBOCTH K HC-
MOJIb30BAHHOMY HaMH PEXHUMY XOJIOJJOBOTO BO3JIEHCTBHSL.
ITo maHHBIM JIUTEPATYPBI, CTPECCOPHBIE BO3IEHCTBHUSI MO-
TyT IPUBOAUTD K YIUIMHEHUIO KPHIT, OAABJICHUIO MPO-
nudepanny SUTETNs], U3MEHEHHUIO YUCIIa YHTOKPUHHBIX
KJIETOK, CHIDKEHUIO Ynciia O0KaJOBHIHBIX KIETOK U MPO-
IyKUWW MYLHUHOB B 0000YHON KHUIIIKE, OMHAKO MBI Ha-
OJr01aIM TOJIBKO CHHMKEHUE COMEPIKaHUs SHJOKPUHHBIX
KJIETOK y MbIlIei 000€ero moja U yBeJlIUUYECHHE AJTHHBI
KPHUIT Y CaMLIOB.
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Haranbs AnekcanapoBHa 30/10TOBa — KaHIUJAT OMOIOIMYECKHX HAYK, CTApIINK HayYHbIH COTPYIHUK JJAOOpaTOpUH UMMYHOMOP(OIOr UM
Bocnanenus HUU mopdonorun genoseka.

Hpan Cepreesud 1BeTkoB — KaHAMIAT OMONTOrHYECKUX HAyK, CTapIIHil HayuHBIH COTPYIHHK JJab0PaTOpUK HMMYyHOMOP(OIOruy BocHaneHus
HIMMU mopdonoruu yenopexa.

Jmutpuit HukonaeBnu Xo4yaHCKui — KAHAUAAT OMOIOTMYECKUX HAYK, HAYYHBIH COTPYAHHUK J1a00OPaTOPUH HMMYHOMOP(OIOTHH BOCHAICHHUS
HIMU mopdonoruu yenopexa.

Joxynus [laBkaroBHa [I>kanmnioBa — KAHAXAAT OMOIOTMIECKUX HAYK, CTAPIINI HAyYHBIH COTPYIHHK 1ab0paTopruu KMMyHOMOpPdoaorun
Bocnanenus HUW mopdonorun uenoseka.

Anna MuxaiinoBHa KocbipeBa — 1OKTOp OHMONIOTHYECKHX HayK, 3aBeyoias gadoparopueii Heiipomopdonorun HUM mopdonorun uenoseka.

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

Tom 9 Ne4 2020 63



OPUTMHAIBHBIE MICCITEJOBAHNMA

Anexcanpa JIaoBHa MuxaiinoBa — cTyneHTka 4-ro Kypca ouonorudeckoro dakymsrera MI'Y um. M.B. JlomoHocoBa.

JInnust IerpoBHa MuxaityioBa — IOKTOp MEIMIIMHCKHUX HAyK, BEIyLUH HAYy4IHBII COTPYAHHK JIAOOPaTOPUH UMMYHOMOP()OIOriy BOCTIaIeH s
HUH mopdornorun yenoseka.

Onbra BacunseBna MakapoBa — JOKTOp MEMIIMHCKHX HAyK, 3aBelyIomias gabopaTopueit ”MMyHOMOP()OJIOTUH BOCIAIEHHS
HIU mopdonoruu yenoseka; npodeccop 6uonoruueckoro dakymsrera MI'Y um. M.B. JlomoHocoBa.

Author information

Natalya A. Zolotova — Cand. Sci. (Biol.), Senior Researcher, Laboratory of Inmunomorphology of Inflammation, Research Institute
of Human Morphology.
https://orcid.org/0000-0002-0119-9889

Ivan S. Tsvetkov — Cand. Sci. (Biol.), Senior Researcher, Laboratory of Immunomorphology of Inflammation, Research Institute
of Human Morphology.
https://orcid.org/0000-0003-0946-1105

Dmitry N. Khochanskiy — Cand. Sci. (Biol.), Researcher, Laboratory of Immunomorphology of Inflammation, Research Institute
of Human Morphology.
https://orcid.org/0000-0002-7153-6828

Dzhuliia Sh. Dzhalilova — Cand. Sci. (Biol.), Senior Researcher, Laboratory of Immunomorphology of Inflammation,
Research Institute of Human Morphology.
https://orcid.org/0000-0002-1337-7160

Anna M. Kosyreva — Dr. Sci. (Biol), Head of the Laboratory of Neuromorphology, Research Institute of Human Morphology.
https://orcid.org/0000-0002-6182-1799

Alexandra L. Mikhailova — 4% year Student, Biology Faculty, Lomonosov Moscow State University.
https://orcid.org/0000-0003-4022-6058

Lilia P. Mikhailova — Dr. Sci. (Med.), Leading Researcher, Laboratory of Immunomorphology of Inflammation, Research Institute
of Human Morphology.
https://orcid.org/0000-0002-0479-8684

Olga V. Makarova — Dr. Sci. (Med.), Head of the Laboratory of Immunomorphology of Inflammation, Research Institute
of Human Morphology; Professor of the Biology Faculty, Lomonosov Moscow State University.
https://orcid.org/0000-0001-8581-107X

64 KIMHNYECKAS M 9KCITEPYIMEHTAJIBHASI MOP®OJIOT VS / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 9 Ne 4 2020



KIMHUYECKUE HABJIOAEHUSA

© KosiekTus aBropos, 2020

DOI: 10.31088/CEM2020.9.4.65-70 YK 616.007.17

Ha6mrogenue Tap TUHT-9HTEPONATUN:
Te4YeHMe, CIOKHOCTI MOP(OIOrNIeCKOI AMArHOCTUKN
T.A. I'apkywa'’, C.B. I'annoes"?, B.A. Xopycescxuit'?, JI.I. Jleexosuy’

! KI'BY3 KpacHosipckoe kpaeBoe maronoroanaromuueckoe 6ropo, KpacHosipck, Poccust
2 ®I'bBOY BO KpacHosipckuii rocynapcTBeHHbIH MEAUIMHCKHUI YHUBEPCUTET uMeHH podeccopa B.d. Boitno-Scenenkoro
Mumnzapasa Poccun, KpacHosipck, Poccus

Ta¢runr-sarepomnarus (TD) — peaxoe ayTocoMHO-periecCHBHOE 3a00I€BaHNE, B KITMHUKE MPOSIBIISIONICECS
Jrapeeii, HadrHArOIIeicsl B HeOHAaTAIFHOM Tieprosie. Briepsrie Ooses3ns omcana B 1994 rony P.M. Patidperom
C COaBTOpaMH. DTHOJIOTHEH TaHHOTO 3a00JIEBaHMS SBIISIOTCS MyTAI[MX B TEHE MOJICKYJIBI KIIETOYHON a/ir €31
EpCAM. Mopodonormueckn npu TD BBISBISTIOT H3MEHEHUS SITUTEIHS KUIICYHIKA, TAC B IEPBYIO OUepeb
MTOPaXKalOTCs MOBEPXHOCTHBIE SHTEPOIMTHI, (POPMUPYIOIINE «ITydKH». Ha ynbpTpacTpyKTypHOM ypOBHE
Ta) THHT-9HTEPOIATHS XapaKTEePU3yeTcsl YBEIMIEHHEM UTHHBI M Ynciia ecMocoM. B pabore mpuBeneHo
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COTIOCTABIICHNH C MPUMEHEHHNEM DIIECKTPOHHOW MUKPOCKONHH. J{napeHbIil CHHAPOM pa3BUIICS y TAIlMEHTa
CO BTOPBIX CYTOK JKH3HH M COXPAHSUICS HE3aBUCHMO OT SHTEPAIBHOTO MUTAHUS C HAPACTAHUEM SKCHKO3a.
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Case report of tufting-enteropathy: course of the disease, complexity of morphological diagnosis
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Tufting enteropathy (TE) is a rare autosomal recessive disease characterized by diarrhea starting in the neo-
natal period. This disease was first described in 1994 by Reifen R.M. et al. The disease is caused by muta-
tions in the cell adhesion molecule EpCAM. TE is characterized by alterations in the intestinal epithelium:
surface enterocytes are primarily affected, and they form tufts. At the ultrastructural level, this disease is
characterized by an increase in the length and number of desmosomes.

This paper presents a clinical case of TE in a 3-month-old boy who was diagnosed based on clinical and
morphological, electron microscopy findings. Diarrheal syndrome developed in the patient from the second
day of life and persisted regardless of enteral nutrition and led to severe exsicosis.
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Tadrunr-sureponarus (T3) — penkoe ayTocoMHO-pe-  OoseBaeMOCTb B cTpaHax 3amagHoil EBponbl, o pacuer-
LIECCUBHOE 3a00JIeBaHUE, XapaKTepu3ylolleecs Auapeei, HbIM JaHHBIM, cocTaBiseT okoio 1:50 000—100 000 >xuBo-
HaYMHAIOIeHCs B HeoHaTanbHOM nepuoze [1-3]. Buepeeie  poxxaeHHsix [1, 3, 5-7]. Dtuonorudeckum (axTopom
ommcanu 6one3nb R.M. Reifen et al. B 1994 rony [4]. 3a-  3a0o0ieBaHUSI CUMTAIOTCS Pa3IMYHBIC MYTallMH B TCHE
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MoJIeKyIbl kietouHoi aare3un EpCAM [1-3, 58], 60:1b-
IIMHCTBO U3 KOTOPBIX CTAHOBUTCS IIPUYUHOM OTCYTCTBHUSA
TpancMeMOpanHoro nomena EpCAM u Bener k Hapye-
HUIO MEXKIIETOUHOTO B3auMoieicTBUS. OCHOBHBIMH KJIH-
HUYECKUMHU NPOsABIEHUSAMU TD SABISAIOTCA CEKpeTopHas
Juapesi, Ha4MHaoLasCs B IEPBbIe THU U HEJIeNN KU3HHU,
HapyleHue BcachiBaroliel (yHkuuu kumeunuka [1, 3, 57.
[uapes BeeT K SKCUKO3Y U HAPYLIEHUIO BOIHO-3IEKTPO-
JUTHOTO OajnaHca, YTO MOXKET CIIYKUTh IPUYHHON CMepTH
HOBOPOXKIEHHBIX, cTpaaatommx TI [1, 5, 8].

[Tpu rucTonoruyeckom ucciepoBanuu TO nposBiseT-
Csl UBMEHEHUEM DIIUTENNS TOHKOW U TOJCTOM KHILKH, T
B IIEPBYIO OUEPEIb MOPAXKAIOTCS OBEPXHOCTHBIE SHTEPO-
LUTHI ¢ MaplUaJbHONW UM TOTANbHOM arpodueld MUKpO-
BOpcuHOK [1-3, 6, 7]. Jle30opraHn30BaHHbIE YIHTEPOLIUTHI
(hopMUPYIOT «IYUKH», IPEACTaBIEHHbIE MPUIICKAILIUMHU
JIpYT K APYTY KJIETKaMU ¢ OKPYIJION anuKajJbHON MOBEpX-
HOCTBIO, YTO MpHUAaeT UM BUJ Karu [1-3, 6, 7]. B yactu
cly4yaeB MMEIOT MECTO aHOMaJuHu 0a3ajabHOIl MeMOpa-
HBI [3, 5], runepruiazus u BeTBieHue kpunt [1, 5, 8]. He-
KOTOpBIE aBTOPBI OTMEYAIOT HAIUYKE KJIETOK BOCIAICHUs
B COOCTBEHHOI MBIILIEYHON IJIACTUHKE CIU3UCTON 000-
JIOYKH 0e3 pacnpocTpaHeHHs Ha snuTenui 2, 5, 8].

[Tpu TD oOHapyKUBAIOTCS CTPYKTYPHBIE U KOJIHYECT-
BEHHbIE U3MEHEHUS IECMOCOM JYHTEPOLIUTOB. XapakTep-
HBIM J17151 3a00JIeBaHUS SIBIIETCS YBEJIIMUCHUE JTUHBI JeC-
MocoM 110 0,7 MKM B cpaBHeHUH ¢ HOpMoi (0,2—0,3 MkMm).
Yucno AecMOCOM B allMKaJIbHOM 4acTH COCEIHUX dHTe-
POLIMTOB YBEJINYEHO 10 4—8 B CpaBHEHHUHU C 0Opa3uamu
HOopMaJbHOM kuwku (1-2 gecmocomsl) [3, 5]. Onpene-
JIsieMble TIPU TUCTOJIOTHYECKOM UCCIIEIOBAHUM «ITYUKH

SHTEPOLUTOB YJABTPACTPYKTYPHO MpPEICTaBIEHbI COEIH-
HEHHBIMU KJIETKaMH C aTUITUYHBIMU OKPYTJIBIMH KOHTY-
paMu KJIETOYHOH MeMOpaHbl, Ha KOTOPOH OMpeAesstoTCs
pelKkre MUKPOBOPCUHKH. IMEIOTCS M MEHee XapaKTepHbIe
YepThl, TAKUE KaK YMEHBIIEHNE BHICOTHl MUKPOBOPCHUHOK,
MOSIBJICHUE B LUTOIIA3ME YHTEPOIIMTOB MUKPOBHJLIE3HBIX
BKJIIOUeHUi [8].

Huarnoctuka TO TpebyeT UCKIIOUEHHU LIEJIOro psaaa
0oJe3Heil KUIIeYHHUKa, B TOM YKcie 3a001eBaHnil HH(peK-
IIMOHHOTO XapaKTepa, BPOXKICHHBIX (hepMEHTOIATHI, ayTO-
UMMYHHOI 3HTeponaTiu (AD) 1 60JIe3HH MUKPOBUILIE3-
HbIX BKItoueHud (BMB) (Tabm. 1).

Bonbuiue ci10xHOCTH BbI3bIBaeT audepeHnuanbHas
nuarnoctuka Mexay T, BMB u AD, mocKoIIbKY TaHHbBIE
3a00JIeBaHUA MOTYT UMETh CXOJIHbIE MOP(HOIIOTUYECKHE
MPOSBIIEHUS U YaCTO TPEOYIOT MEKTPOHHON MUKPOCKOITHH.
IIpn ee npoBenennun BMB xapakrepusyercs HaIM4IneM
B DHTEPOLUTAX CIeUU(PUIECKUX BKIIOYEHUN, UMEIOLIUX
OKpyDIyio opMmy, ¢ OONBIIUM KOJIUYECTBOM MPSIMBIX
MUKPOBOPCHHOK. [Ipy 3TOM 4MCIIO U JJIMHA 1€CMOCOM
COOTBETCTBYIOT HOpPME.

IIpuBoaum HabIrOAeHKE NAleHTa ¢ T3, AMarHoCTHKa
KOTOpOH MoTpedoBaja KOMIUIEKCHOTO MOIX0Ja C MpUMe-
HEHHEM DJIEKTPOHHON MUKPOCKOIHUH.

[Tanment A., Bo3pact — 3 Mecsua, poAUIICs TOHOILEH-
HbIM, Macca 3410 rpamMoB. Co BTOPBIX CYTOK JKU3HH Y
peOeHka nosiBUIach BhIpakeHHas 1uapes ¢ IoTepeii B Bece
K yeTBepThIM cyTkaMm 400 rpammoB. C TpeTbUX CYTOK OT-
Mevalcs MeTaboIMuecKuit arua03. JnapeiHslii CHHAPOM
COXpaHsJICS HE3aBUCUMO OT SHTepasibHOro nuTanus. [loc-
Jie Ka)KJOM MOMBITKY BBEACHUS JeueOHON SHTepaIbHOM

Tabauya 1 | Table 1

JuddepennnaibHas JMATHOCTHKA YHTEPONATHII HOBOPOKAEHHBIX M0 MOP(OIOrHYeCKUM KPUTEPHUSIM |
Differential diagnosis of neonatal enteropathy according to morphological criteria

3a6oeBaHue | CBeToBasi MHKPOCKONHS |
Disease Light microscopy

TadTunr- «ITy4Km» TOBEPXHOCTHBIX SHTEPOLIUTOB |

SHTEpOmarHs | Tufts of surface enterocytes

Tufting enteropathy ~ KamieBuanas ¢popma SHTEPOIUTOB |
Teardrop-shaped enterocytes
AM | VA
Paciuupenne 1 aHOMaJIbHOE BETBICHUE KPUIIT |
Expansion and anomalous branching of crypts
VYTonmenue 06a3anbHON MEMOpaHHI |
Thickening of the basement membrane
OBUHCTICO | NIILPM
OBOJI | NIEL

Bonesns AM | VA

MHKPOBHUJLIE3HBIX Tunepruiasys WM TUIIOIUIA3KS KPHUIIT |

BKJIFOYCHHH | Crypt hyperplasia or hypoplasia

Microvillus Inclusion Bakyonu B anmuKaabHON YaCTH KIICTKH |

Disease Vacuoles in the apical part of the cell

PAS-1103uTHBHEIC BKIIIOUCHHS B allMKAIbHOM

yacTH KIeTok | PAS-positive inclusions
in the apical part of cells

OBUCIICO | NIILPM

OBDJI | NIEL

66 KIIMHNYECKAA 1 9KCITEPMMEHTAJIbHAS MOP®OJIOIMA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

JlonoIHNTEeIbHbIE METO/IBI HCCIe10BAHUS |
Additional methods

AHOMaNpHOE OCaXCHNE JIAMUHHHA U TeapuHCybdara |
Abnormal precipitation of laminin and heparin sulfate
VBennuenne necmontenHa | Increased of desmoglein
AHOMaNBHOE paclpeneIeHre naTerpuna a2bl |
Anomalous a2bl integrin distribution

Camxenue sxcnpeccnu EpCAM |

Reduced EpCAM expression

YBennyeHue AJIUHBI U YHUCia JECMOCOM |

The increase in the length and number of desmosomes
MoryT GbITE 0GHAPYKEHBI MEKPOBHILIC3HBIC
Bkirouenus | Microvillus inclusions may be detected

CD10-103uTHBHEIE BKIIOUCHHUS B alTHKAJIBHOM YacTH
xietok | CD10-positive inclusions in the apical part

of cells

MukpoBHILIE3HbIE BKIIOUEHHS B alTUKAIbHON YacTH
KJIETKH, BHICTJIAHHBIC HOPMaIbHBIMA MUKPOBOPCHHKAMH |
Microvillus inclusions in the apical part of the cell lined
with normal microvilli
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Tabauya 1. Oxonuanue | End of Table 1

Jlono/IHNTEeIbHbIE METOAbI HCCIIEI0BAHNS |
Additional methods

OTCYTCTBYIOT SHTEPOIH/IOKPHHHEIE KIIETKH,
skcnpeccupyromre Chromogranin A |

No enteroendocrine cells expressing Chromogranin A
Hopwmanbasie MukpoBopcuHKkr | Normal microvilli

ITo3UTHBHBIN TECT HAa IUPKYIUPYIOLINE aHTHTENA

K sHTeponuTaM | Positive test for circulating antibodies
to enterocytes

IMo3uTHBHAS peaKkuus HIMMYHO(ITyOPECIEeHIIMN

C aHTHTEIaMHU K SHTEPOLUTAM |

Positive immunofluorescence reaction with anti-
enterocyte antibodies

CHMXEHHUE CBIBOPOTOYHOTO IgA nmpH HOpMaIbHOM HIIN
MOBBILICHHOM YPOBHE HMMYHOIIOOYIMHOB CBIBOPOTKA

| Decreased serum IgA with normal or elevated serum
immunoglobulins

B cim3ucToii 000109Ke OTCYTCTBYIOT IIa3MaTHYECKIE
kJeTkH, cekperupyroume IgA | There are no IgA secreting
plasma cells in the mucosa

Hammane mytamuu B renax DKCI, ACD, CTC1, NHP2,

NOPI0, PARN, RTELI, TERC, TERT, TINF2, WRAPS53 |
Mutations in DKC1, ACD, CTCI, NHP2, NOP10, PARN,

3a6oJeBanue | CBeTOBast MUKpOCKOMHA |
Disease Light microscopy
OHTeposHIoKpuHHAs HopMmaibHas ci3ucTast 000I04Ka |
arasus | Normal mucosa
Enteroendocrine cell AM | VA
dysgenesis (Enteric ~ OBUCIICO | NIILPM
anendocrinosis) OBOJI | NIEL
AyTOouMMYyHHAas AM |[VA
SHTEpPONATH | I'mmeprnasus xpunt | Crypt hyperplasia
Autoimmune BUCIICO | IILPM
enteropathy BocnanurensHoe pa3pylieHHe SMUTEN s KPUIT
KUIICYHUKA C HATMYHEM (QUTYp armonTo30B |
Inflammatory destruction of the intestinal crypt
epithelium with apoptotic figures
BOJI | IEL
MoryT nIpucyTCTBOBATh MPU3HAKH ay TOUMMYHHOTO
racTpuTa M KouTa | Autoimmune gastritis
and colitis features may be present
IMoTepst BHTEPOIHAOKPUHHBIX KIETOK
n knerok ITanera | Loss of enteroendocrine cells
and Paneth cells
CeneKTUBHBIN AM | VA
nedummr IgA | Tunepmnasus kpunt | Crypt hyperplasia
Selective BUCIICO | ILPM
immunoglobulin A BOJI | IEL
deficiency
BpoxIeHHBIiT OuaroBo KpPHIITHI OTCYTCTBYIOT |
JIUCKAPHO3 | Focal crypts are absent
Dyskariosis VYBenuueHune arnonTos3a B KJIETKaX SMHTEIH |
congenital Increased apoptosis in the epithelial cells

OTCyTCTBHE ITa3MaTHYECKHX KIIETOK |
No plasma cells

AM | VA

BOJI | IEL

Atpodus xene3 | Gland atrophy

RTELI, TERC, TERT, TINF2, WRAPS53 genes

AM — arpodust muxpoBopcraok, OBHCIICO — orcyTcTByeT BocnanuTeIbHas HHGMIBTpaIus COOCTBEHHOH IUIACTUHKU CIIM3UCTOM
o6omouxn, OBOJI — orcyTcTBYIOT BHyTpHanuTenuanbabie muMdonntsl, BUCIICO — BocnanuTensHast HHOMIBTPAIKS COOCTBEHHOM
TUTAaCTHHKHU CIM3HCTON 000mouku, BOJI — BHyTpHAnHTEIHATBHBIE THM(OIUTHI

VA — Villous atrophy, NIILPM — no inflammatory infiltration of the lamina propria of the mucosa, NIEL — no intraepithelial lymphocytes,
IILPM - inflammatory infiltration of the lamina propria of the mucosa, IEL — intraepithelial lymphocytes

CMECH COCTOsIHUE peOCeHKa yXYIIIaJIOCh: MOSBIISIACH TUa-
pes (B cpeHeM BOCEMb pa3 B CYTKH, CTYJ NEPUOJUUECKU
CoZIeprKall MHOTO BOJIbI), HApacTaj 3KCHUKO3, MOSBIISIICS Me-
TabOIMYECKUH U103, 3a0CTPSUTUCH YepThl Juua. Jlrobas
MOTIBITKA SHTEPAJIbHON peruaparaliy NpuBOAUIA K yCH-
nenuto auaper. OTCYTCTBUE TePaneBTHIECKOro Y deKra
OT MPOBOAKUMOTO JIEUeHUs ajl0 OCHOBaHHE 3a003PUTh
B KJIMHUKE HACJeICTBEHHBIN (hakTop 3aboneBanus. s
YTOYHEHHUSI MOP(POIOrHUECKUX U3MEHEHUH ObLI BBIIOIHEH
3a00p (hparmMeHTa TOHKOM KHUIIKH HE TOJIBKO 111 PyTUHHOTO
THCTOJIOTMUECKOTO UCCIIEAOBAHMS, HO U JUIs SIEKTPOHHOM
MUKPOCKOIIUU KaK METO/a OLIEHKH BO3MOXKHBIX YJIBTpPa-
CTPYKTYPHBIX MOBPEXIEHH, KOTOPbIE MOTYT HE OIpee-
JUTbCA NIPU APYTUX METONAX.

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

B nmpenaparax TOHKON KHUIIIKH, OKpPAIIEHHBIX FeMaro-
KCHJIMHOM M 303WHOM, UMEIOTCS XapaKTEepHBIEC «ITYUKN»,
MIPECTaBJICHHBIE TPYNIION MOBEPXHOCTHBIX SHTEPOLIH-
TOB C OKPYIJIOM anMKaJbHOHN 4acThbio KJIeTKH (puc. 1 A
u 1 B), napuuansHas arpodus MUKpOBOpPCHHOK. bazaib-
Hasg MeMOpaHa MOBEPXHOCTHOTO 3MUTENHs YTONIIEHA,
IIpU TPUXPOMHON OKpacke 1o MaccoHy yToiiieHHas Oa-
3anpHas MeMOpaHa OKpalleHa TOMOI'€HHO B royry0oii 1iBeT
(puc. 1 C).

[Ipu npoBeneHN NPOCBEYNBAOLIEN JIIEKTPOHHON MUK-
POCKOIMH YHCIIO MEKKJIETOUHBIX IECMOCOM COCTaBIISIET
OT Tpex [0 IIECTH B alMKaIbHON YaCTH COCEIHUX KIle-
TOK, IMEIOTCS aHOMAJIMH IECMOCOM B BHJI€ MHBAarMHATOB
B CTOPOHY LMTOIJIa3MbI OTHOM U3 KJIETOK. [[nrHa necMo-
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Puc. 1. Mopdonorunyeckrne 0COOEHHOCTH SMHUTEIHS TOHKOH KUK npu TD.
A — «IyYKn» TIOBEPXHOCTHBIX SHTEPOIMTOB, Oa3anbHas MeMOpaHa IIOBEPXHOCTHBIX SHTEPOIUTOB YTONIIEeHa, B — «1y4ox»
TMOBEPXHOCTHBIX SHTEPOLIUTOB, Oa3aibHass MEMOpaHa TIOBEPXHOCTHBIX YHTEPOIUTOB yTouieHa, C — 6a3aibpHas MeMOpaHa
MMOBEPXHOCTHBIX SHTEPOLUTOB YTOJIIEHA, PABHOMEPHO IOly0OTo [BETA, ITYYKI» IOBEPXHOCTHBIX SHTEPOILIUTOB.
A — oKpacka reMaTOKCHIIMHOM U 303MHOM, X630, B — moryToHKHE cpe3bl, OKpacKka TOMYHIHHOBBIM CHHEM, X630,

C — TpuxpoMHas okpacka mo Maccony, X630

Fig. 1. Morphological features of the small intestine epithelium in TE.

A — tufts of surface enterocytes, the basement membrane of the surface enterocytes is thickened, B — tuft of surface enterocytes,
the basement membrane is thickened, C — the basement membrane of the surface enterocytes is thickened, uniformly blue
in color, the tufts of surface enterocytes. A — H&E stain, X630, B — semifine sections, toluidine blue stain, x630,

C — trichrome Masson stain, X630

coM BapbupyeT B nuanazone ot 0,029 mxm 10 0,702 MM
(puc. 2 A). Ha anukanbHOM NOBEPXHOCTH LIUTOJIEMMBI 1O-
BEPXHOCTHBIX JHTEPOLUTOB OOHAPYKHBAIOTCS KOPOTKHE
nedopMupoBaHHBIE MEKPOBOPCHHKH (puc. 2 B). Habmrona-

€TCst 0OJIBIIIOE KOJTMYECTBO MOBEPXHOCTHBIX SHTEPOIIMTOB,
JIUIIEHHBIX MUKPOBOPCHHOK; €MHUYHBIC KJICTKH UMEIOT
OKpyDIIyI0 hopMy. B yacTH KIIETOK ONpenessiFoTest MUKPO-
BuIIIe3HbIe BKIoueHus (puc. 2 C).
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Puc. 2. YnprpacTpyKTypHBbIE OCOOCHHOCTH DITUTEIIUS TOHKOM KUIIKH rpu TD.
A — 4HCIIO ¥ JUTHHA IECMOCOM YBEJIMYCHBI, HIMEETCSl aHOMaJIbHAs IeCMOCOMa, aTpod st MUKPOBOPCHHOK,
B — MHKPOBOPCHHKH SHTEPOLIMTOB KOPOTKHUE U 1e)OPMHUPOBaHHbIE, B IUTOIIa3Me ONMpPEIEIeTCs OONBIIOe KOIHIECTBO
Bakyoseii, C — B IUTOIIA3Me SHTEPOLUTOB ONPENEIAIOTCS MUKPOBHILIC3HBIE BKIIFOYCHHUSI, MHOTO BaKyOJICH.
DIIeKPOHHOMHKPOCKOIIMYECKUE CHUMKH; KOHTPACTUPOBAHKUE YPAHMII AlleTaTOM U LIUTPATOM CBHHIIA;
Zeiss, Libra 120. A — x8000, B — x1985, C — x6300
Fig. 2. Ultrastructural features of the small intestine epithelium in TE.
A — increased number and length of desmosomes, there is an abnormal desmosome present, atrophy of microvilli,
B — enterocyte microvilli are short and deformed; large number of vacuoles in the cytoplasm,
C — microvillous inclusions, large number of vacuoles in the enterocyte cytoplasm.
Electron microscopic images; contrast: uranyl acetate and plumbum citrate; Zeiss, Libra 120.
A —x8000, B—x1985, C —x6300
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3akmroueHne

TapTUHT-3HTEpOMaTHs MPEACTABISACT COO0U peaKoe
ayTOCOMHO-PEIIECCHBHOE 3a00JIeBaHUE, XapaKTePU3YIO-
nieecs quapeeit, MaHu(eCTUPYIOIee B HEOHATATBLHOM TIe-
puozne. [Ipu ycTaHOBIEHUH AMArHO3a HEOOXOAUMO MPOBO-
JUTh MU GEPEHITUATBHYIO TUATHOCTHKY C ISJIBIM PSIIOM
OoJe3Heid.

IIpu THCTONIOTHYECKOM UCCIIEA0BAaHUH B TIPE/ICTABIICH-
HOM cliyyae OOHApyKHBAIHCh «IYYKH» MOBEPXHOCTHBIX
SHTEPOIUTOB, AITUKAJIbHAS TOBEPXHOCTD KJICTOK ITyUKOBY
HuMena OKpyriyto Gopmy. DIEKTPOHHOMHUKPOCKOITHYECKOE
HCCIICIOBAHKE BBIABUJIO YBEIMUCHUE YHCIIA U ITTHHBI JeC-
MOCOM, a TaK)Ke X aHOMAaJIbHbIC BapHaHTHI. JlaHHbIC W3-
MEHEHHS SIBJIIOTCS XapaKTEPHBIMHU JUIsl TATHHI-3HTEPO-
MaTUH.

OnucaHHbIN Ciydyall JTEMOHCTPUPYET BO3ZMOKHOCTH
3JIEKTPOHHON MHUKPOCKONMHH TpH Au(phepeHIHaTbHO’
JIMArHOCTHUKH PEIKUX (HOpM 3HTEpOnaTuii y aereil.
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KIMHWYECKME HABTIOOJEHA
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KapJII/IOHYIIbMOHa}IbeIﬁ TpaHCTI/IpeTI/IHOBbIﬂ aAMHNJIIOUI03
3.B. T'uoesa, A.A. Enxuee

OI'BOY BO Cesepo-OceTnHcKast TocynapcTBeHHAs MEAUIIMHCKas akaaemust Munznpasa Poccun, Bnagnkaskas, Pocenst

OCHOBHBIM OpPraHOM-MUIIEHBIO IPY TPAHCTHPETUHOBOM ammiionsioze aukoro tuna (ATTRwt) sBnsercs
cepaue. B nmocnennue ronpl, coriaacHo pesysibTaTaM ayTONCHITHBIX MCCIIEIOBAHUM, BOBICUEHHUE JETKUX
B MATOJIOTUYECKUH MPOIECC MPOUCXOAUT HAMHOTO Yalle, YeM TUarHOCTUPYEeTCs MpKU3HEHHO. BBuay
OTCYTCTBUS CIENU(PUICSCKUX KIMHUYCCKUX MPU3HAKOB M HATHYHS Y TOXKMIBIX MAIIMEHTOB MHOXECTBA CO-
MyTCTBYIOIIMX AaTOJOTUH B OOJIBIIIMHCTBE CIyYaeB JUArHO3 YCTAHABIMBACTCS HA TO3HUX CTAIHSIX 3a00-
JIeBaHUsl UM Tponyckaetcst BoBce. B pesynsrare AT TRwt-aMuion03 CTaHOBUTCSI HEIOOLIEHEHHOM NpH-
YHHOM 3a00JICBAEMOCTH ¥ CMEPTHOCTH Y MAI[EHTOB CTapIIeii BO3PACTHOM IPYIIIBL. B cTaThe mpecTaBieHo
KIMHHYECKOE HAONIOICHUE TTAIMEHTKH 88 JIET ¢ reHepaln30BaHHBIM TPAHCTHPETHHOBBIM aMHUIIOHIO30M C
MIPEUMYLIECTBEHHBIM [TOPAXKEHUEM cepAlia 1 JIeTKuX. OTpa)KeHbl CII0KHOCTH MPKU3HEHHON AUarHOCTUKHI
JTAHHOTO THITa aMHJIOW103a, 00YCIOBICHHBIC OTCYTCTBHEM aMHJIOUIHBIX OTJIOKEHUH B OHMoNTaTax MpsMoi
KHIIKH | TTOJIKOXKHOH )KUPOBOH KiteTdaTk. OCOOCHHOCTHIO HAOMIOICHUS CTAJI0 PACXOKICHUE KIIMHIYECKOTO

U IIaTOJIOr0aHaTOMUYCCKOI'0 JUAarHO30B.
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Cardiopylmonary transthyretin amyloidosis
Z.V. Gioeva, A.A. Ephiev
North Ossetian State Medical Academy of the Ministry of Health of Russia, Vladikavkaz, Russia

Wild type transthyretin amyloidosis (ATTRwt) affects a number of target organs, most commonly the heart.
Over the last years, autopsy findings revealed that the lungs are involved in the pathological process more

frequently than diagnosed in premortem cases.

Due to the nonspecific nature of ATTRwt clinical manifestations and the presence of multiple concomi-
tant conditions in elderly people, the majority of patients are diagnosed at a late stage or the disease is

overlooked.

As aresult, ATTRwt has emerged as a previously underestimated cause of morbidity and mortality in the
older age group. This article presents a clinical case report describing an 88-year-old female patient with
generalized transthyretin amyloidosis characterized by predominant cardiac and pulmonary involvement.
The paper elucidates the difficulties associated with premortem diagnosis of this type of amyloidosis which

include the absence of amyloid deposits in biopsy specimens from the rectum and subcutaneous fat. The

specific information in this case report is focused on the discrepancy between clinical and autopsy diagnosis.

Keywords: wild type transthyretin amyloidosis, cardiac amyloidosis, pulmonary amyloidosis, senile amy-

loidosis, chronic heart failure
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KIMHWYECKME HABTIOJEHA

B npaktuueckoii MeguLMHe MPUKU3HEHHAs! TUarHOCTH-
Ka KapAUOMyJIbMOHAJIBHOTO aMHJION 1032 BBI3BIBAET OIIpe-
JEJICHHBIC CIIOKHOCTH BBHIY OOMIMPHOW KIMHHYECKOU
cumnromatuku. [lopaxeHue cepiia MOXKET MPOSBIATHCS
B IIIMPOKOM JIMANia30He: OT 04aroBbIX u3MeHeHui Ha DK
y MalKUeHTOB, HE UMEIOIINX CUMIITOMOB, 10 MPHU3HAKOB
3aCTOMHOMN CepJeuHO HEeAO0CTaTOYHOCTH, APUTMHUI WIIH
bubpumsimy sxemynodkoB. Takoe pasHOOOpasme mom4ac
MPUBOIUT K OIIMOOYHOM JUArHOCTUKE ULIIEMUYECKOH 00-
JIC3HH Cep/Ia, KAPJHOMHUOTIATHH, HHOUIBTPATUBHBIX WIH
BOCHAJIUTENbHBIX 32001€BaHNI MUOKap/a. 3a4acTyro Ipu
KapAHONyJIbMOHAJIHHOM aMUJIOU103€ BeTpedaeTcs audg-
(y3HO-HHTEpCTHIHATBHAS (PopMa MOPAKEHHUS JIETKUX, YTO
TaKKe 3aTPyIHAET AUarHOCTHKY U3-3a TOTO, YTO KIMHUKO-
PEHTTeHOJIOTnYecKast KapTUHA BRIVISLAUT KaK IPOSBICHUS
XPOHHUYECKON CepACYHON HEJOCTaTOUHOCTH.

OnHOBpeMeHHOE MOpakeHHe cepaua U Jerkux Hau-
Oosee xapakTepHO U1 cucTeMHoro AL-amuinono3a, npu-
yeM AL-nam0na amunouna oOHapyKuBaeTcs yaile, 4eMm
AL-kanmna. Tem He MeHee B MOCJEIHNUE TOJbI BO BpeMs
ayTOIICUH Y JIFOZIel CTapuUECKOTo BO3pacTa U JOITOKUTEeH
BCE Yallle BCTPEYaloTCs Cily4an OOHapyKeHHsI TPaHCTHUPE-
TUHOBOTO aMHUJIOM/1a B CEP/LIE C BOBJIEUEHUEM JIETKUX B I1a-
TOJIOTUYECKUH npouecc. TpaHCTUPETUHOBBINA aMUIIOU103 Y
MOKUJIBIX MAIIMEHTOB C IPEUMYILECTBEHHBIM IIOPaKEHUEM
cep/la paHbllie Ha3bIBAJIU CEHUIBHBIM CUCTEMHBIM aMH-
JIOUI030M, HO B COOTBETCTBHU C KJIACCU(PHUKAIIUCH, TTPe-
TOKEeHHOH MeKAyHApOIHBIM OOIIECTBOM IO U3YUICHUIO
amuiionzo3a B 2016 romy, ero cienyeT KiacCUpHUIIMPOBaTh
KaK TPaHCTHUPETHUHOBBIA aMUJIOUA03 C OTJIOKEHHEM OeJika
nukoro tuna — ATTRwt [1]. 3aGoneBanue pa3BuBaercs
B pe3yJbTare CTPYKTYPHOU HECTAOMILHOCTH TPAHCTUPETH-
Ha, MPUBOJALLEH K 00pa30BaHHIO HENPABMIILHO CBEPHYTHIX
MPOMEXKYTOYHBIX ero opM. B nanpHeWIeM mpoucxoasT
uX arrperanus U GOpMUPOBAHUE aMIIOUIHBIX OTIOXKE-
Huil. Cepale sBISIETCS OCHOBHBIM OPraHOM-MUIIEHBIO
npu ATTRwt, mo3ToMy y GONBIIMHCTBA TALUEHTOB Pa3-
BHBAETCs MENIJICHHO IPOTPeCCUpYIOLLas cepaeyHas HeJlo-
CTaTOYHOCTh C COXpaHEHHOH (pakiuel BEIOpoca JIEeBOro
Kenmynouka. JpyruMu KITMHUYECKUMHU POSIBIICHUSAMH JaH-
HOTO TUIIAa aMUJIOWI03a MOTYT OBITh pa3BUTHE CUHIPOMA
KaprajbHOI0 KaHajla, CTeHO3 MOSICHUYHOTO OT/IeNa O3B0~
HOYHOT'O KaHaja, KOTopble nosBisAtoTcs 3a 10-15 et 1o
Pa3BUTHs CHMIITOMOB MOpaXkeHUs cepaua [2].

B coBpemMeHHO# MeAMLIMHE U1 AUATHOCTUKHU pa3iny-
HBIX TUIIOB aMUJION 032 UCIIONB3YETCsl MHOTO Pa3HBIX Ja-
00paTOPHO-MHCTPYMEHTAIBHBIX UCCIEAOBAHUN, HO CAMBIM
JIOCTOBEPHBIM SIBIISICTCS] OMOTICHS MOPAKEHHOTO OpTaHa.
OpHako B ciyyae OpaXeHHsI CepAlLla WM JIETKUX JaH-
Hasi MAaHUITYIIIHST HeOe30ImacHa sl MalueHTa U TpedyeT
HAJIHYUS B JICYCOHOM YYPEKIECHUU COOTBETCTBYIOLIMX
TEXHOJIOTUH, a Takxke crenuanucToB. [lpu nogo3peHun
Ha CUCTEMHBII aMUIION103 YaCTO MPOBOAAT acUPALOH-
HYI0 OHOTICHIO MTOAKOKHO-XKHPOBOH KJIETUATKH, HO TAHHBIN
MeTOo HH()OPMATHBEH B OCHOBHOM JIJIsl KapAUOIIaTHYe-
ckoro AL amunounno3a, a npu ATTRwt o noctoBepen
muib B 15% ciyuaes [3]. [Ipu oGHapy»eHUn aMuiIonaa
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B OMonTaTax, OKpameHHbIX KOHTO KPaCHBIM, HEOOXOIUMO
€ro JanpHeiliee THIMPOBAHKE T TOA0Opa MPaBUILHON
TaKTHKH JIEUCHUs. B mocnennue rofsl st TUUPOBAHHUS
aMUJION]103a B CIICIUATM3UPOBAHHBIX JTA00OPATOPUSIX UC-
MOJIB3YIOT MAacCC-CHEKTPOMETPHI0, UMMYHO3JIEKTPOHHYIO
MHKPOCKOIHIO, HO B PyTHHHOW JHArHOCTHKE OoJiee pac-
MPOCTPAHEHHBIM METOJIOM SIBISICTCSI UMMYHOTHUCTOXH-
MUYECKOE TUITUPOBAHUE C UCIIOJIb30BAHUEM MOHO- U T10-
JIUKJIOHAJIBHBIX aHTUTEI K OeJIkaM — Mpe/IeCTBEHHHKaM
ammionna [4].

IIpencraBieHHOEC HAMU KIMHUYECKOE HAONIOACHUE
MOJITBEPIK/IAET CIOKHOCTH MPHKU3HEHHOW TUAarHOCTUKH
ATTRwt.

ITanuenTtka B., 88 ner, Obuta rocnuTanu3upoBaHa
28 okTs0ps 2019 roga B KapAMOIOTHYECKOE OTACICHHE
PecnyOnukaHckol KIMHUYECKOW OONBHUIIBI C KIIMHUKOHN
JIEKOMIIEHCUPOBAHHOM CEpJIEYHON HETOCTATOUYHOCTH.
B anamnese aprepuaiibHasi TUIIEPTSH3US B TEUCHUE 35 JIET,
XpPOHHYECKass 00CTPYKTHBHAsI OOJIE3Hb JIETKUX C Pa3BU-
tem Cor pulmonale, cHukeHne Macchl Tena Ha 10 Kr 3a
MOCJIeTHUE JIBa To/1a. B TeueHue mpenecTBYIINUX CEMH
JIeT TIAIlUEHTKAa HEOJHOKPATHO T'OCIHUTAIN3UPOBAIACh
B KapAMOJIOTHYECKOE OT/ICIICHHE C TPU3HAKAMHU MIPOTPEC-
cupytolei cepaeunoil Hepoctatounoctu. lllects mecs-
1IEB Ha3a/1, BO BPEMs ITOCIIETHETO NMPEObIBAHUS B KIIMHUKE,
BBUJIY OTCYTCTBHSI JOHKHOTO 3 dekTa oT mpoBOAMMON
Teparyy XpOHUUECKOHU CepICYHON HETOCTATOYHOCTH U Ha-
JIUYYSI XapaKTePHBIX JUIsl aMIJION103a Cep/Ilia MPU3HAKOB
Ha OxoKI (yBenmuueHue npencep/uii, yriioTHEHHE CTBOPOK
MUTPAITHLHOTO U TPUKYCIHIAIHHOTO KJIAllaHOB, YTONIIEHIE
CTEHOK JICBOTO JKEITY/I0YKa, TEPUKAPIUATBHBIN BBITIOT, Jie-
TOYHAs TUTIEPTEH3US) Y MAIUEHTKH B3sJTH OMOTICHIO TIPSi-
MO KHMIIKU U MOJKOXKHOM KUPOBOM KJIeT4aTKU. TeM He
MeHee aMUJIOMTHBIE OTIIOKEHHUS HU B OTHOM M3 OMOMTATOB
He ObLTH 00Hapy>xeHbI. OT OMOTICHH Cep/ilia BBUIY BO3pac-
Ta MAIMEHTKU U OMACHOCTH OCJIIOKHEHHI POJICTBEHHUKH
OTKa3aJI¥Ch.

Hacrosiimas rocniutanu3anust Obuta 00ycIoBieHa JITH-
TEILHBIM MPUCTYIIOM CTEHOKApJIUU, HE KYMUPYIOIIHMCS
rocJie puemMa HuTpormiepuHa. Hecmorps Ha mpoBou-
MYO UHTEHCUBHYIO TE€PaInio, COCTOSTHUE MAIIMEHTKHU yXY/I-
1aJI0Ch, HApacTajia OMBEHTPUKYIIIPHAsI HEJOCTATOYHOCTb,
Pa3BUICS OTEK FOJIOBHOTO MO3Ta, YTO M CTAJIO MPUYUHOMN
CMepTH. 3aKIIIOYUTENbHbBIN KIIMHUYECKUN TuarHo3: «Jlsa
OCHOBHBIX 3a0oseBaHus. 1) [nnepronnyeckas 601e3Hb
IIT cranuu; nmemuyeckas O0IE3Hb Cep/Ia; aTepPOCKIIe-
POTHUYECKUI KapAHOCKIIEPO3; OCTPhIA HHPAPKT MUOKAp/IA.
2) XpoHuueckast 00CTPYKTUBHAs OOJIe3Hb JIETKUX B CTaTUH
oboctpenns. OcaoKHEHHs 3a00IeBaHHUNA: OMBEHTPUKYIISP-
Hasl XpOHWYECKas cepiedHast HepocrarouHocts 11 cramum,
XPOHHUYECKOE JIETOYHOE CEPALIE B CTAJAUU JCKOMIIEHCALINH,
aHacapka, OTEK TOJIOBHOTO MO3Tay.

Ha maronoroanaToMu4eckoM BCKPBITHUU: TPYT KEH-
IIUHBI ACTEHUYECKOTO TEIOCIOKEHUS C BHIPAKCHHBIMH
OTEeKaMH BEPXHUX U HIDKHUX KOHEUHOCTE|. B ieBoi ieB-
panbHOK monoctu okoso 400 M MPO3pavHOH >KENTOBA-
TOM KHUIKOCTH, B MpaBoit — okono 300 mi. B OpromHoi
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MOJOCTH TaKOIo K€ BUJA KHUJIKOE COAEPKHUMOE — OKOJIO
1100 ma. CepredHo-cOCYAUCTast CUCTEMA: B OKOJIOCEP-
neyHoi cymke 130 M mpo3payHoil &KenTol KUIKOCTH,
cepaue Maccoii 460 T, TONIMHA CTEHKU JIEBOT'O JKEIY104Ka
1,8 cm, mpaBoro — 0,7 cM. XKenynoukosbiit unnexc (OKI)
0,7 cm. [TonocTb 1EBOTO XKeNTyA0uKa YBEIUYeHa. DHI0Kap.

KIMHWYECKME HABTIOOJEHA

OnenHbI, MMaaKui. MHOKap ] TEMHO-KPACHOTO IBETA C
MHOXECTBCHHBIMH 0€JI€COBATBIMU PyOUUKAMU JHAMET-
pom 10 0,3 cM. B uHTMMe KOpOHApHBIX apTepuil oyaru
JIMIIOCKJIEPO3a, aTEPOKAIBIINHO3a. B NHTUME a0pTHI Takke
JIUTIOCKIIEPO3, aTEPOKATIBIIMHO3 U O4ard U3bs3BICHUM. [IbI-
XaTeJbHAs CHCTEMA: CTEHKA OPOHXOB YTOJILEHA, HMEIOTCS

Ll
i -4 g e

‘_.' L3 .‘; ‘1 '.‘: v '_ k :
;:_*:‘.11.1‘:.‘.;-} NS '1 % (L )
ANLIA A WS LTSGR B 7 .

APV TN R M | I S T :

Puc. 1. BackynsipHble 1 HHTEPCTHIHAIBHBIC aMHIOUIHBIE OTIIOXKEHHUS B CEPIIIE.
A — OKpaIIMBaHNE TEMATOKCHIMHOM U 503MHOM BBISBIIIO BACKYISIPHBIE M HHTEPCTULIHATBHbIE OTIIOKEHHS TOMOTEHHBIX
303MHO(UIBHBIX CTPYKTYP aMHIION]A. B — pu nonspu3aloHHOH MUKPOCKOIIMY TIPENapaToB, OKPAILIEHHBIX KOHIO KPaCHBIM,
00Hapy>KEeHO XapaKTepHoe I aMiyionza cBeueHne. C — HMMYHOTHCTOXMMHUYECKOE OKPAIIMBAHKE MTOKA3aJI0 HEraTHBHYIO PEaKIHIO
¢ anrurenamu K AL-A u AL-k (D) nerkum nersiv ammnonzia. E — BelpaskeHHast IMMYHOIIO3UTHBHAS PEAKLUSI IIPH OKPAIINBAaHUN
C aHTHUTEJIOM K TPAHCTHPETHHOBOMY aMIIION Y. F — IMMyHOHeraTiBHasi peakius ¢ aHTuTesnoM k A A-amuonmy. X100

Fig. 1. Vascular and interstitial amyloid deposits in the heart.

A —haemotoxylin and eosin (H&E) stain identified vascular and interstitial deposits of homogenous eosinophilic amyloid.
B — polarized light microscopy of Congo red-stained specimens detected characteristic birefringence of the amyloid.

C — immunohistochemical stain showed negative reaction with antibodies against AL-A and AL-« (D) amyloid light chains.
E — significant immunopositive reaction with anti-transthyretin amyloid antibody. F — immunonegative reaction

with anti-AA-amyloid antibody. X100
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KIMHWYECKME HABTIOJEHA

€IMHUYHBIC TUIOTHBIC CEPOBATHIC OYard B BUJAC ONSLICK
pasmepamu ot 0,2 10 0,6 cm. Jlerkue cepo-Oyporo 1BeTa,
TECTOBATON KOHCHCTCHIINH, C TIOBEPXHOCTH pa3pesa CTe-
KaeT MEeHUCTasl PO30Bas KUAKOCTh. [Ipn uccnenoBanuu
TOJIOBHOTO MO3Ta BBISIBIICHBI OTEK U OJHOKPOBUE MITKUX
MO3TOBBIX 000JIOUEK U BelecTBa. JKeTyq0uHO-KUIIeTHbIH
TPAKT: CIIU3UCTAsE 000JIO0YKa KETyKa, TOHKOH U TOJICTOM
KHIIOK PO30Basi, CKi1aauaras. [ledeHs I1oTHas, He YBEIH-
4yeHa. Mo4emnonoBas cucTeMa: IIOYKH MaKPOCKOITMIECKH He
WM3MEHEHBI, IUIOTHOBATONH KOHCHCTEHIIMHU, Ha pa3pese ce-
PO-KpacHOTO IBETa C YMEPSHHO YETKOM TPaHUIICH MEXKITY
KOPKOBBIM M MO3TOBBIM BeriecTBOM. Cru3ucTas 000I049Ka
MTOYCYHBIX JIOXaHOK U MOYEBOTO IY3BIPs CEPO-pO30Basi,
0e3 ocobeHHOCTEeW. MaTka 1 MPUAATKH B COCTOSTHHU BO3-
pacTHOIN MHBOIIOLIUH.

[Ipu MUKpOCKOTMYECKOM UCCIIECIOBAaHHU MPEIapaToB,

OKpallI€HHBbIX '€MAaTOKCUJIMHOM U 503MHOM, B MHOKapAc
IpaBbIX U JIEBBIX OTACIJIOB CEpalla 06]J.II/IpHBIe yY4aCTKHU

TOMOT€HHBIX 303UHOMUIBHBIX CYOCTAHIINA, KOTOPbIE ITPH
OKpalllMBaHUK KOHTO KPACHBIM W MCCIICAOBAHUH B TTOJISI-
PU30BAaHHOM CBETE JaBajM sS0JOYHO-3€JIEHOE CBEUCHHE,
xapakrepHoe st amuionia. OTMeuaroTcss UHTEHCHBHBIE
BaCKYJISIPHBIE M HTHTEPCTUIMATIHLHBIE OTIIOKEHUS aMHIION/Ia,
BBIpaKeHHAas aTpo(us U CKIIEPO3 KapIHOMHUOIIUTOB, THa-
JIMHO3 KPOBEHOCHBIX COCY/IOB C BBIPQYKEHHBIM CYXCHHEM
ux npocBera. CTEHKH KPOBEHOCHBIX COCYIOB JIEBBIX OT-
JISJIOB CEp/illa C MACCUBHBIMH o4araMu amuiouaa (puc. 1).
B cTBOpKax KiIamaHoOB cep/illa B pe3yabTaTe CKOTLICHUS
AMUJIOUIHBIX CyOCTaHIIMH HApYIIEH X0/ KOJIAareHOBBIX
BOJIOKOH. AMUJIOU]] BBISIBIICH B CTEHKaX KPOBEHOCHBIX
COCY/IOB JIETKUX, B MEXaJIbBEOJSIPHBIX MEPETOPOIKAX
(puc. 2). basmkoBUHBIC YTOJIICHHS B CTEHKE OPOHXOB,
00OHapy»XEeHHbIE TIPH MAKPOCKOIHH, TAK)KE OKa3aIMCh aMH-
JIOMTHBIMU CYOCTaHIMSIMU. ETUHUYHBIE 04aru aMUIONI-
HBIX OTJIOKEHUH OTpeieNIeHbl B BEHAX MOPTATbHBIX TOJEH
MEYCHH, aPTEPUIX IMOUYEK U CEIIC3CHKH.

Puc. 2. AMunongHble OTIOXKEHHS B CTEHKE KPOBEHOCHOTO COCY/Ia JIETKOTO.
A — OKpaIIMBaHHe TeMaTOKCHINHOM M 903HHOM. B — okpamBanne KOHro kpacHbM. C — O3UTHBHOE HMMYHOTHCTOXUMHYECKOE
OKpalIMBaHUE C aHTUTENIOM K P-kommoHeHTy amuonaa. HerarnBHas HMMYHOTHCTOXMMHUYECKAs PEAKIMs C aHTHTEIaMHU
K AL-x amunounny (D), AL-A amunonny (E), AA amunouny (F) u Apo Al amunouny (I). BeipaxkeHHass *UMMYHOIIO3UTUBHAS
peaKIys C aHTUTENIOM K TpaHCTUpeTHHOBoMY ammionay (G, H). x200

Fig. 2. Amyloid deposits in the pulmonary vessel wall.

A — haemotoxylin and eosin (H&E). B — congo red. C — positive immunohistochemical stain with amyloid P-component
antibody. Negative immunohistochemical reaction with antibodies against AL-k amyloid (D), AL- A amyloid (E),
AA amyloid (F), and Apo Al amyloid (I). Significant immunopositive reaction with anti-transthyretin amyloid

antibody (G, H). x200
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NMMyHOTHCTOXUMHUYECKOE TUITUPOBAHUE aMHUIIOUAA
MIPOBOJMIIOCH C HCTIOIb30BAHUEM MTaHENH NEeNTUIHBIX aH-
THUTEJN K ero HauboJiee pacnpocTpaHeHHbIM TuliaM. Kcnosns-
30BajJIICh MOHOKJIOHAJIbHbIE aHTUTENa K AA-aMUJIOULY,
MOJIMKJIOHANbHBIE aHTUTeNa K P-KOMIIOHEHTY amMuiionza,
tpanctupetuny (ATTR), anturena k AL-A u AL-x amu-
nouny (Dako, CIITA). AMunouHble OTIOKEHUS UMETH
MO3UTHUBHYIO PEAKIMIO NPH OKPAILIMBAHUH C aHTUTEIaMU
K P-xomnoHeHTy amuiionia 1 TpancTupeTuHy. OT™Medanach
MMMYHOHETaTUBHAs peakLus C aHTUTenamMu K AA-, AL-A
n AL-x amumony.

Ha ocHoBaHMK MaKkpo- ¥ MUKPOCKOITMYECKOTO UCCIE0-
BaHUs1 ObUI MOCTABJIEH ATOJIOr0aHATOMUYECKUN TMarHO3.

OcHoBHoe 3a00seBanue. [ eHepaIn30BaHHbIN aMUIOU-
J103 C IPEUMYLIECTBEHHBIM MOPAKEHHEM CEPALIA U JIETKHX.

OcnoxxHeHus 3a001eBaHus. XPOHUIECKOE JIETOTHOE
cepaue (KU 0,7). dunaranus nonoctedt cepamna. Oreku
HW)KHUX U BEPXHUX KOHEUHOCTeH. [IByCTOPOHHMIA THAPO-
Topakc. ['maponepuxapa. Acuut. XpoHHYECKOE BEHO3HOE
MOJTHOKPOBHE BHYTPEHHUX opraHoB. Ortek yierkux. OTek
TOJIOBHOTO MO3Ta.

ConytcTBytouiue 3aboneBanus. ['unepronnueckas
6omne3nb (Macca cepaua 460,0 1, TONIIMHA CTEHKH JIEBOTO
kenynouka 1,8 cM). ATepockiiepo3 aopThl M KOPOHAPHBIX
aprepuid. ATEpOCKIEPOTHUECKUN KapJUOCKIEPO3.

B nanHoMm HabroneHUH ObLT AMarHOCTUPOBAH reHepa-
JIM30BaHHbII TPAHCTUPETUHOBBINA aMUJIONU 03 JTUKOTO THUIIA
C MPEUMYIIECTBEHHBIM MOPAXKEHUEM CEePALA U JIETKUX.
Oco0eHHOCThIO MPEACTABIEHHOTO KINHUYECKOrO CIy-
Yasi SBUJIOCh MAaCCUBHOE OTJIIOKEHHE aMHJIOMIHBIX Macc
B CTEHKaX apTepui JIEBBIX OTAENIOB Cep/ALa, YTO MPUBEIIO
K UX CY>KEHHUIO M, BOBMOXXHO, KIMHUYECKH MPOSBHIIOCH
B BHJIC IIPU3HAKOB UIIEMUYECKON OOJIe3HU cepaia ¢ Gpop-
mupoBanueMm Ha DK mceBnonH(apKTHEIX 04aroB, YTO
OBLIO pacLEHEHO KapIHuOoJIoraMu Kak OCTPBIA UH(papKT
MHOKapAa, KOTOPBI He MOATBEPAMJICS Ha ayTOICHH.
[To maHHBIM JHUTEPATypPHI, OCTPHIA HH(PAPKT MUOKApIa
oOHapyxuBaercs y 10% manueHToB ¢ aMUIONI030M CEpA-
ua [5]. Auddy3Hble OTIIOKEHNS aMIIONIA B CTCHKAX ap-
Tepuii 1 BeH Haubosee XxapakTepHsl 1151 AL-amunono3sa,
i1 ATTRwt Gojiee CBOMCTBEHHO O4aroBO€ OTIO0KEHHE
B MHTEPCTHULIMH BOKPYT KJIETOK 0€3 MOpa)XeHHsI CTEHOK
KPOBEHOCHBIX cocynoB [6]. Tem He MeHee B HACTOSIIEM
HaOIONeHNH 0OHAPYKEHBI BBIP)KEHHBIC HHTEPCTHIHAIb-
HBIE U BacKyJIIpHbIE aMUIOUAHbBIE Aeno3uThl. HecMoTps
Ha OOUIMPHBIE YYACTKU MOPAXKEHUs] MHOKap/ia, COKpaTH-
TeJIbHAs (YHKIIHS JIEBOTO XKEIMyI0uKa COXpaHsIIach J10-
BOJIBHO JJIUTENBHOE BPEMS, UTO XapaKTepHO IS 3TOTO
THIIA aMUJIOM103a.

O6c¢cyxaenne

B nocnennue rofpl B HAy4HOM JIMTEPAType BCe OONbIIE
naHHbBIX 0 ToM, YTo ATTRwWt siBIIsieTcs HeqOOIeHEHHOM
MIPUYHHON 3200JIEBAEMOCTH M CMEPTHOCTH Y TAI[UEHTOB
crapuieil Bo3pacTHOU rpymnmbl. O4eHb 4acTO JAMArHoO3
YCTaHABIMBACTCA Ha MO3HUX CTAIUsAX 3a00JCBaHUS UITH
MPOIYCKAETCsl BOBCE BBUIY OTCYTCTBUS CHEIU(DUISCKUX
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knuHu4Yeckux npusHakoB. CornnacHo T. Lane et al., B 42%
cinyuaeB ATTRwt ¢ MOMEHTa MOABJIECHHS TEPBBIX CUMIITO-
MOB JI0 YCTaHOBJIEHUS IMAarHO3a MPOXOJUT 0oJIee YeThIpex
net [7]. [Anarnos 3aTpyHseTcs B CBA3H C TE€M, UTO y TOXKH-
JIBIX AIIMEHTOB MHOXKECTBO COITY TCTBYIOLIUX [1aTOJIOTUH,
aMUJIONI03 MOXET MPOTEKaTh M0J MacKOi OAHOM U3 HUX
U yCTaHaBJIMBAETCA TOJIKO Ha ayTorcuu. Tak, B padote
A.A. TlonsakoBo# U COaBT., IO pe3yJibTaTaM ayTOICHIi-
HBIX uccnenoBanuil, ATTRwt Ob11 00HapyX)eH y Kax10ro
IIATOTO NalMeHTa C XPOHUYECKOU ceplieuHON He10CTaTod-
HOCTBIO U rUneprpodueii iesoro xemynodka. [Ipu atom
HHU y OJHOTO U3 3THX MalUEHTOB aMUJIOMI03 MIPH JKU3HU
He auarHoctupoBal. B 97% cinyyaeB y HUX BBISIBIIEH XPO-
HUYeCKHi OpoHXUT [5].

AHanu3 ayTONCUHHBIX JaHHBIX B KIMHUKe Maiio mo-
kazai, uto ATTRwt coctaBnsier 55% cpenu Bcex cirydaeB
cucteMHoro ammionnosa [6]. Ilo nanHbIM uccnenoBare-
JIeid pa3HbIX CTPaH, TPAHCTUPETUHOBBIA aMHIIOU103 IUKOTO
TUMA B cepAle y nanueHTo crapuie 80 JeT BBIABIAIOT Ha
ayTtorncuu B 25% ciryuaes [8].

[NopasxeHue Jerkux npu TPaHCTPUPETUHOBOM aMHJIOU-
J103€ B OCHOBHOM OOHapy>KHUBAETCsI TOJIBKO 110 pe3yybTaTam
ayTorncuitHoro uccnenosanus. Tak, B padore K. Ussavar-
ungsi et al. oTMEUEHO, YTO PH )KU3HU BOBJICUEHHUE JIETKUX
B IIATOJIOTMYECKUI MPOIECC YAaI0Ch TUATHOCTUPOBATD
¢dakTruecku Bo Becex cirydasx ¢ AL-amunonnozom (93%)
U nuiib B 23% cinydaeB ¢ TPAaHCTUPETUHOBBIM aMHJIOH-
no3oM [9].

CornacHo P. Govender et al., anarno3 TpaHCTUPETHHO-
BOTO aMMJIOW03a JIETKMX KIMHUYECKH YCTaHaBIUBAETCA
MeHee yeM B 1% cityuaeB, a 1o JaHHBIM ay TOTICUH, abBEO-
JISIPHO-CETITalIbHbIE aMUJIOUIHBIE OTIIOKEHUS BCTPEUAIOTCS
y 58—100% nainueHToB ¢ TPaHCTUPETUHOBBIM aMUJIOU0-
3oMm [10].

OnHOBpEMEHHOE OTJIOKEHHE aMUJIOuJa B Ceplle
U JIETKUX B OCHOBHOM XapakTtepHo ansi ATTRwt, a npu
HACJICZICTBEHHOM THII€ TPAHCTUPETHUHOBOTO aMUJIOUA032
(ATTRm) 3T0 coueranue BcTpeyaeTcst BecbMma penko [9].
[opaxkeHue cepaiia ABIAETCS OCHOBHOM NPUYMHON cMEpTH
naneHToB ¢ ATTRwt.

Pesztomupyst U310KEHHOE BBILLIE, CIIEAYET OTMETUTD, YTO
nmpobiema nprku3HeHHoM auarHocTuku AT TRwt BecbMa
akTyanpHa. KimmHUIMcTaM HeoO0XoauMo OoJiee TIATeIEHO
MPOBOIUTH TU(PdEpeHINATBHYIO THATHOCTHKY PE3UCTECHT-
HOM K JICYEHUIO XPOHUYIECKOH CepeYHON HEJOCTAaTOUHOCTH
(ocobeHHO MpH coXpaHeHHOH (pakiuK BEIOpOCa JEBOro
JKeJTyJI0uKa) C TPAHCTUPETUHOBBIM aMUII0M1030M. CeroHs
CaMbIM JIYYIIUM HEWHBA3UBHBIM METOJOM THArHOCTUKU
ATTRwt siBnsieTcsl MpOBeIeHNE CIIMHTUTPA(QUY C paano-
¢bapmnpenaparom texuerpeM (*Tc), KOTOpbIi 06IagaeT
BBICOKOH YYBCTBUTENBHOCTBIO K 3TOM naronoruu. OmgHako
TPaHCTUPETUHOBBIHM amMniton103 B 20% ciryuyaeB MOXET CO-
MIPOBOX/AATHCSI MOHOKJIOHAJIbHOW raMMonaTrei, KoTopas
B OCHOBHOM BcTpeuaercs npu AL-amunonnose. B Takux
cirydasx HeoOxonuma muddepeHianbHas TMarHoCTHKA C
AL-amMunoni030M, KOTOpasi BO3MOXKHA JIMIIb [IPH B3STHU
Ouoncuu cepaua U THIMMPOBaHUM amuiouaa [2, 8].
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3akmoueHnne

IIpencraBineHHbIH KIMHUYECKUN CITydaidl IEMOHCTPH-
PYET CIOXKHOCTH KIMHUKO-MOP(HOIOrH4ecKoil TuarHo-
CTHUKHU TPAaHCTUPETHHOBOTO aMIJION03a JUKOTO THIA y
MOXWIBIX MAaueHToB. ONHOM U3 NPUYHH HE JUArHOCTH-
POBaHHOTO IIPH KU3HHU aMUJIONU]103a SIBUIIOCH OTCYTCTBUE
aMuJIou/1a B OMomNTaTax NpsAMOM KUIIKHU U TOIKOAKHO-KH-
poBoii knetuarku. [IpoBoauTh Gosnee MHBa3UBHBIE AHa-
THOCTHUYECKHE BMEIIATEIECTBA B BUIE OUOIICUH CepAla
WJIM JIETKUX POJHBIE MAIMEHTKU OTKA3aJUCh U3-3a PHUCKA
BO3MOXXHBIX OCJIOXHEHUH. OCOOEHHOCTh JaHHOTO CIy-
yasl — pacXoKJeHNE KIMHUYECKOTO U MaToJIOr0aHaTOMU-
YECKOIo JUarHo3oB. Bo BpeMst maToinoroaHaTOMH4€CKOTo
ucclieI0BaHUs HHPAPKT MUOKap/a He ObLI TOATBEPKACH,
ancepnoundapkrusie oyaru Ha DKI' okazanuce 00ycioB-
JICHBI OTJIOKEHUEM aMWJIONJA B CTEHKaX KOPOHAPHOM ap-
TEPUU U MACCUBHBIMU aMHUJIOUAHBIMU OTIIOKEHUSIMHU B MU-
OKapJe, KOTOpbIe IIPUBEITH K aTpOPHH KapAHOMUOLIUTOB
U Pa3BUTHUIO XPOHUYECKON CEPCYHON HETOCTATOYHOCTH.
Cronb BbIpa)K€HHbIE MHTEPCTULIMAIBHBIE U BACKYJISAPHBIE
OTJIOKEHUSI aMUJIOUIHBIX CyOCTAaHIMI HE TUIIMYHBI AJIs
TPaHCTUPETUHOBOTO aMWJIOWI03a U Yallle BCTPEYAIOTCS
npu AL-amuiionnose.
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XPOHUKA

Bcepoccuiickast HaydHast KOH(PepeHI s

C MEXKXAYHAPOAHBIM YIACTIEM

«AKTya/bHbIe BOIIPOCHI MOp¢oreHesa B HOpMe M NAaTOTOTUN»

12—-13 Hos6ps 2020 roga B Mockse Ha 6aze HUU
Mop(hosioruu YenoBeka B peKuMe OHJIalH mporuuia Bee-
poccuiickas Hay4Hasi KOH(PEPEHIHs ¢ MEXKTyHAPOTHBIM
y4acTueM «AKTyalbHBIE BOIIPOCH MOp(doreHes3a B HOpMe
Y TIaTOJIOTUI». DTO MEPBbII OMBIT HHCTUTYTA B MPOBEIE-
HUM KOH(pepeHInn B monoOHOM (opmare, 1 HaI0 OTMe-
TUTh, YTO OH OKa3aJcs yAauHbIM. BrieuatnseTr oOmupHas
MPEICTABUTEILHOCTh YYACTHUKOB KOH(EPEHIINH C BEChMa
MIUPOKO# reorpadueid. B menom B pabote koHbepeHIHN
Ha BCEX 3aCEIaHMAX Ha MPOTSKEHUH IByX JHEHN MPUHSAIN
yuactue 760 uenoBek u3 23 ropoaos Poccun u U3 pa3HbIx
ctpas. [Tomumo Poccuiickoii denepanun ObUH TpencTa-
Butenu u3 benopyccuu, Kazaxcrana, Uranuu, U3paunms,
CIIIA. MakcuMaabHOE YHCIIO YYaCTHUKOB 3apeTrUCTpH-
POBaHO Ha EPBOM IJIEHAPHOM 3aceJaHuu — 458 4enoBeK.
Y4acTHUKOB KOH(EPEHLUU NMPU OTKPHITHH IPUBETCTBO-
Banu aupekrop HUU mopdonorun uenoseka mpodeccop
JI.M. MuxaneBa, IIaBHbINM MatonoroaHatoM MuH3apaBa
Poccun akanemuk PAH I'A. @paHk, raBHBIN TaTOJIOTO-
aHatoM JlermapTaMeHTa 3paBOOXpaHeHus ropora MoCKBbI
npodeccop O.B. 3alipaTesHl, HAYYHBIH PYKOBOJUTEIH
HUWU mopdonorun genoBeka, npe3uaeHt Poccuiickoro
oOuiecTBa NaTojJoroaHaTOMOB 4JieH-KoppecnonaeHT PAH
JI.B. Kaktypckwuil.

Ha xondepenum 6bu1 3aciymiad 71 yCTHBIA JOKIA,
cpeau Hux 20 TO0K/IaJ0B Y4aCTHUKOB KOHKYpPCa MOJIOABIX
yueHsIX. [IpencraBiensl U 006CyxaeHbl 26 MOCTEPHBIX
JIOKJ1a/10B, KOTOPBIE 3apaHee SKCIIOHUPOBAIUCH HA caiiTe
Hucruryta Mmopdonorun yenoBeka. JlecsaTb MOJIOIBIX CIie-
LMAJUCTOB OTMEYEHBI TOYETHBIMHA I'PAMOTaMHU: YETBEPO —
3a JIOKJIJIbI TI0 KJIETOYHON OMONIOTUH, TPOE — 32 JOKJIa bl
I10 TaTOJIOTHYECKON aHATOMHH, TPOE — 3a MOCTEPHBIE CO-
o6menus. Bee mokiaauky MM BO3MOKHOCTD OOIICHUS
CO CJIYIIATENIIMU B PEKUME OHJIAIH, OTBEYasl Ha 3a/1aHHbIC
BOIPOCHL. MojiepatopaMu KOH(GEPEHIIH CTAIU BeIYIIHNE
Mopdooru crpanbl. KordepeHnius Oblia akkpeAUuTOBaHA
B CHCTEM€ HEeNpPEepbIBHOTO MEAMLIMHCKOT0 00pa3oBaHUs,
U BCEM YYaCTHHKaM MPHCBOCHBI 00pa30BaTeIbHbBIC Kpe-
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AKTYANBHLIE BONPOCH
MOPDOrEHEIA
B HOPME WM NATONOMMA
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JIUThI (0auibl) ¢ y4eTOM aBTOMaTHU3UPOBAHHBIX JAaHHBIX
KOHTPOJISI IPUCYTCTBUS.

K coxxanenuro, HeT BO3SMOXKHOCTH JI0CTAaTOYHO TIOJIHO
OCBETHUTb HACBIILIEHHYIO COIEP)KATEIbHYIO YacTh KOH]e-
peHnuu. B noxianax ObUIM IpeCTaBlIeHbl Pa3HbIE BETBU
MOP(OJIOTHYECKHUX AUCIUILUIAH — MATOJIOTUIECKOH aHa-
TOMMH, TUCTOJIOTUH, LIUTOJIOTUH, KIIETOYHOU OMOIOTHH,
smbpuonoruu. Hapsny ¢ pyHmameHTanpHbIMU pa3padoT-
KaMU U3JI0KEHBI PE3yJbTaThl IPUKJIaIHBIX HCCIIEOBAHUIA,
BOCTpPeOOBaHHBIX KITMHUYECKOU MPaKTUKOM. KoHeuHO xe,
00JBIIOE BHUMAHUE PUBIICKIH MaTSPUAIBI TPYIIIIBI OTE-
YECTBEHHBIX M1aTOJIOr0aHATOMOB IO MaTaHATOMHUU HOBOM
kopoHaBupycHor uHbeknun (COVID-19), o6o0menHbe
B IpOrpaMMHOM J0Kkjajie npodeccopa O.B. 3aiiparesania.
3HaYUTEITBHOE MECTO B IPOTpaMMe OBLIO YAEIEHO BOIIPO-
caM OHKOMOp(doJIoTuu Kak Hambolee BOCTPeOOBAHHOTO
paszzeina nmarojoruyeckoil anaromuu. B pycne 3toro Ha-
TIPABIICHIS YITIOMSHEM JOKJIA/IbI, TOCBSIICHHBIE (haKTopaM
pHCKa MalurHu3anuu numesona bapperra (mpodeccop
JL.M. MuxaneBa), IpOrHOCTUYECKUM KPUTEPHUSIM PAHHETO
paka xenynka (A.E. buprokoB), npodnemam kiaccudpuka-
1y paka xenyaka (K.}O. Muaubep), MoieKynspHO-reHe-
TUYECKAM OCOOCHHOCTSIM 3y04aThbiX HOBOOOpPa30BaHHI
kumeynuka (P.A. Bangsiiesa), teueOHOMyY maroMopho3y
paka auyHukoB (mpodeccop E.M. Henomusamas), npus-
LUIaM TUarHOCTUKHU OIyXOJel KoCTeH (JIOKTOp MEAULIUH-
ckux Hayk J[.B. Poroxun).
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OtnenbHasi ceKIus ObUTa MOCBSIIEHa OONE3HIM JIeT-
KHX U CepJeYHO-COCYIUCTON cucTeMbl. Psaa nokianos
0XapaKTepu30BaJjl MaTOJIOTHIO JIETKUX MPHU THIEPCEHCH-
TUBHOM ITHeBMOHHTE (Tipodeccop A.JI. UepHsieB), nano-
MaTUYCCKOM JIETOUHOM (prOpo3e (ZOKTOP MEAUITUHCKIX
Hayk M.B. CamcoHnoBa), TyOepKyie3e (JOKTOp OnoIorH-
yeckux Hayk M.B. EpoxuHa, kKaHAWAAT MEAULMHCKUX HAYK
T.A. HoButkas). Cpenu BOIpOCOB CEpAEIHO-COCYIUCTOM
NaToJIOTUU PACCMOTPEHBI CTPYKTYpHBIE 0COOEHHOCTH Kap-
JIMOMHOIIMTOB IIPH MOPOKAX cepAna (KaHIUAaT OHOIOTrude-
ckux Hayk T.B. Cyxauesa, E.B. IlensieBa), paauaiiuoHHbIe
nopaxeHnus cepaua (A.E. XKapukoa), Mopdonoruueckue
nposiieHus runeprpoduu muokapaa (E.A. [Tomas3anosa).

Cpenu Ipyrux BOIIPOCOB MAaTOJIOT0aHATOMUYECKOTO
OpOQIIL OTMETHM JOKIAJbI, TOCBIIICHHBIE Op(haHHBIM
6onesnsm (mpodeccop E.JI. Tymanoa), KITMHHKO-IKCIIEPT-
HOM paboTe marosoroanatoMa (KaHIUAAT MEIUIIMHCKUX
Hayk A.A. KarnOomorkuit), COBpeMEeHHBIM BO3MOKHOCTSIM
UMMYHOTHCTOXMMHUYECKON AMarHoCTUKU 3a0oneBaHui
(kangumar menunmHackux Hayk HO.1O. Bsnbiiera).

B nporpamMMe KoH(pepeHLUHH MUPOKO MPEACTaBIECHbI
pe3yibTaThl UCCIeIOBaHUNA B 001acTH 3KCIIEPUMEHTANb-
HOM MOpP(]OJIOruH, MOCBALIEHHbIE, B YaCTHOCTH, JKCIIE-
PUMEHTAJIbHBIM MOJIENSIM A3BEHHOTO KoJHUTa (podeccop
0.B. MakapoBa), aJKOT0JIbHON KapInOMHUOTNIAaTHH (KaHIH-
Jat MequuuHckux Hayk M.A.UepHOB), MenaHOMBI (JTOK-
Top O6uonornueckux Hayk A.M. KoceipeBa), runepiiia-
3HU TPENCTATeNBHOM xKee3bl (KaHAuIaT OUOIOTHIECKUX
Hayk W.C. LIBeTKOB), paAMalluOHHOTO MOPAXKEHUS JIETKUX
(E.M. Mansiuesa, C.E. Tumodee).

Psa coobuiennii OblT MOCBSILEH CTPYKTYPHBIM OCHO-
BaM TOHKHX MEXaHH3MOB OOIIEMATOIOTHIECKUX MPOIIeC-
COB, KacalolMxcs BOIPOCOB pereHepalnnn, IMMyHOIIaTo-
JIOTUH, KJIIETOYHOU naronoruu. JKuBoi HHTEpEC BhI3BAI
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JOKJIaJl 3aBEyIOIIETro J1abopaTopreli MaToIOTUU KISTKH
HWU mopdonorun uenopeka, npe3naeHTa MexryHapo-
HOTO Hay4YHO-HCCJIEI0BaTENbCKOI0 HHCTUTYTA «[ ammm»
(Can-Anronmo, Texac, CIIIA) kannunara MEAUIIMHCKUAX
Hayk I. AnueBa, NOCBSILEHHBIN YABTPACTPYKTYPHOU Ma-
TOJIOTMM MUTOXOHJPUN NIPU SKCIIEPUMEHTAIBHON XPOHU-
YECKOM aJIKOTOJIbHON MHTOKCHUKALUH U MOJIOKUTEILHOMY
3¢ eKTy MpH STHX MPOIEccax aHTHOKCHIAHTOB. JloKaa
ObUI MPOYUTAH HA AHIJIMICKOM SI3BIKE, YTO CIIEYET IIPUBET-
CTBOBaTbh, TAK KaK 3TO pacIIUpAeT BO3ZMOXHOCTH OOMeHa
uH(popManuei ¢ 3apyOeKHON ayTUTOPUCH U CTUMYJITHPYET
Hay4YHYIO MOJIOJIEKb K COBEPIICHCTBOBAHUIO MEXKIyHa-
poaHoro oduieHus. B pycie Ha3BaHHOW TEMaTHKHU HYKHO
OTMETUTH JOKJIa]Ibl, TOCBAIIEHHbBIE BOIPOCAM MOJIEKYIISAP-
HBIX MEXaHU3MOB MPOJIM(epaly TenaToUTOB B YCIOBUAX
CIUIEHAKTOMHHM (JOKTOp MeAMLUMHCKUX Hayk A.B. Enpya-
HHIHOB), MOP(OJIOTHH paHEBOTO Tporecca (KaHauaaT Ono-
noruueckux Hayk H.b. TuxoHoBa), cTpyKTypHO-(OYHKIHO-
HaJIbHBIM 0COOEHHOCTSM ME3EHXUMAJIbHBIX CTPOMAaJIbHBIX
KJIEeTOK (IokTOp Ononormdeckux Hayk E.P. Aunpeesa, kan-
nunat ouonornueckux Hayk A.H. [opHocTaesa, kanaunar
ouonornueckux Hayk A.}O. Parymnslit), sHAOTEHAIb-
HOW AUC(YHKIUHU B YCIOBUSIX OKCHIATHBHOTO CTpECCa
(E.M. MausreBa). B pamkax mpoGiieM 3MOpHOIOTHN
Y OHTOT'€HE3a 3aCITyIlaHbl JOKJIa bl 10 Au(depeHIIMpPOBKe
KJIETOK MOJPKETY04HOM jKee3bl (JIOKTOp OMOIOrHYECKUX
Hayk A.E. [Ipomuna), popMupoBaHHIO KAPOTHIHOTO KITY-
6ouka yenoseka (JI.A. Omieira). B psiae coobuienunii oc-
BELIEHBI COBPEMEHHBIE TEXHOJIOTMUYE€CKUE BO3MOKHOCTH
MOp(hOJIOrMUECKOro aHaju3a, Kacaroluecs, B YaCTHOCTH,
3D pexoHCTPYKIMHU TKaHEH (IOKTOp GMONIOTHYEeCKUX HayK
I"'A. CaBOCTBSIHOB), PEHTI€HOBCKOW MHKPOTOMOTpaduu
(xapmuaar Ouonmornueckux Hayk B.U. ['ynmumosa), pac-
HIMpeHHs 00IaCTH MPUMEHEHHs PACTPOBOIl AIIEKTPOHHON
mukpockonuu (npodeccop T.B. [1aBnona).

B uenom, xoHdepeHLHs SBUIACh BaXKHBIM 3TallOM
B IEMOHCTpAILlMi COBPEMEHHBIX TOCTHXKEHUH Mop(oo-
THYECKHUX TUCLMIUIMH. JJUCTaHIIMOHHBIN XapakTep ooue-
HUS MPEIOCTaBUII HOBbIE BO3MOXHOCTHU CYILIECTBEHHOTO
pacuIMpeHns YUCICHHOCTH YYaCTHHKOB U UX reorpadu-
YECKOTO MPEJCTABUTENILCTBA. DTOT MOJIOKUTENbHBIHN OIBIT
HECOMHEHHO OyleT NPOAOJKEH U MCIOIb30BaH B Jallb-
He#miei padore.

JI.B. Kakmypckuii,

Hayuuslil pykogooumenv HUU mopgonozuu uenosexa,
ynen-koppecnondenm PAH
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KoncTranTunH Apkanbesun4 Poros
(1952-2020)

22 Hos16pst 2020 rozma yuien u3 )KH3HHA TOKTOpP MEIU-
[HCKHX HayK, Ipodeccop, Bpad-MaToioroaHaToM BBICIIEH
KBATU(HUKAIIMOHHOH KaTeropuu, pyKoBoautens LleHTpans-
HOH martoyioroanaroMuueckoi naboparopun HUU mopdo-
noruu yenoseka Koncrantun ApkaaseBud Poros.

[Tocne oxonyanus 1-ro MOCKOBCKOTO METULIMHCKOTO
nactutyta uM. U.M. CeuenoBa B 1976 roxy on oOyuan-
cs B KIIMHUYECKON OpJUHAType, a 3aTeM B aclUpaHType
Bcecoio3Horo HayyHOro LEHTpa XUPYPruu, IIe 3aTeM
paboTai B JOIDKHOCTH MJIAALIET0 HAy4YHOTO COTPYIAHHMKA
B OTIENE€HHNH narojorudeckor anaromun. C 1987 roma
OBLT cTAapImIuM, a 3aTeM BEIYLIMM HAYYHBIM COTPYIHH-
KOM Kadeaphl marosoruieckoil anatomuu 1-ro MMU
uM. .M. Ceuenona. C 1992 o 2016 rox Bo3II1aBIisiI naTo-
noroanaromuueckoe otnenenue ['Kb Ne 4 ropona Mocksbl.
B 1982 ropy 3amuTii KaHAUIATCKYIO AUCCEPTAIUIO, a
B 2004-M, Oyay4d MaToI0roaHaTOMOM-TIPAKTUKOM, — TOK-
TOPCKYIO JUCCEPTALHIO.

Koncrantun ApkaaseBuy Poros sBisieTcsi aBTOpOM
6oxee 150 HayuynbIx padot. B Teuenue 36 jer oH ocy-
LIECTBIISA NeAaroruueckyro AesTelbHOCTh B KaueCTBe
MperogaBares NaToJ0rHIecKol aHaTOMHUU Ha Kadenpe
KJIeTOuHOI Onosnoruu u ructonorud MI'Y um. M.B. Jlo-
MOHOCOBA, B 1-M MOCKOBCKOM MEIUIIMHCKOM HHCTHTYTE
uM. .M. CeueHoBa, B nociaeaHue roasl ObL1 mpodecco-
poM Kadeapsl MaToIOrHIecKor anatomuu Poccuiickoro
YHHBEPCUTETA IPYKOBI HAPOIOB.

C 2016 rona K.A. PoroB pyxoBoaun LleHTpanbHoii
naroyioroaHaroMmudeckoit naboparopueit HUM mopdosno-
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Uy 4esnoBeka. EMy ynaBaioch yCIENIHO COBMEIATh Ha-
YYHBIE UCCIIEAOBAaHUS C MPAKTUYECKOi paboToil Bpava-
MaToJIOr0aHaTOMa U 00Y4YEeHHEM CTYIEHTOB, OPJMHATOPOB
Y aCIIUPAHTOB.

Koncrantun ApkaabeBU4 UMEET Harpajibl — Meaib
«B nmamsate 850-netuss MoCKBBD», MOYETHYIO TpamMoTy Mu-
HUCTEPCTBA 3IpaBOOXPAHECHMS U COLMAIBHOTO Pa3BUTHS
Poccuiickoit denepannu, HarpyaHblid 3HaK «OTIIHYHUKY
3IpaBOOXPaHEHUS».

Koncrantun ApkaabeBuy Poro Obl1 MyApbIM, HHTE-
JIUTEHTHBIM, 100pOXKeNIaTeIbHbIM Y€JI0BEKOM, JIFOOUIT TPU-
POy, TO33UI0 U MPEKPACHO YNTAJ CTHXH.

HucTutyT MOpdomoruu genoBeka NryOoKo CKOpOUT
0 HEBOCIIOIHUMOM yTpare.

Konnexmue compyonuxos
Hnemumyma mopghonoeuu uenosexka
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ABTOMATbI OKPACKMH
OMKOCTEUHEP

LUTOAOTUYECKUE, TMCTOAOTUYECKME,
MUKPOBUOAOTUHECKUE MNMPEMAPATDI

¢ BbiIcOKOKa4YeCTBEHHAs OAHOTUMHASA OKPACKA NpenapaTtoB
e OTKpbITas cuctema (Arobblie peareHTbl U MeTOAUKH)
¢ Bbicokasi NPOU3BOAUTEABHOCTb
e PeaAmsaums CAOXHbIX METOAUK (OKpacKa no NManaHuKoAQy, FTMCTOAOTUSA)
e be3onacHble YCAOBUS TPYAQ
® Hu3Kkas ce6ecToMmMoCTb OKPACKHU
e lllecTb NpU6OPOB, 6-8-13-16 cTAHUMN:
APOMK-6, APOMKS8-I-01, APOMKS8-B-01, APOMK-13-MAIl,
APOMK-16, APOMK-16-25

129301, r. Mockea, yn. KacatkuHa, g. 11, ctp.1;
Ten. / akc: +7 (495) 287-81-00, 287-84-00; <3MKO mm

www.emco.ru, www.stainer.ru, emco@bk.ru [PYIMNA KOMMNAHUA DMKO




