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Abstract. According to the classical classification, the large arteries located close to the heart are considered
elastic, whereas the arteries surrounding and residing within the organs are categorized as muscular. The
analysis of longitudinal arterial sections demonstrates a gradual transition from elastic to muscular vessels
as the distance from the heart increases. Nonetheless, the available evidence regarding the locations at which
structural changes in the human arterial media occur is limited and, in some cases, contradictory. Additionally,
the morphological criteria for identifying and classifying hybrid arteries have not yet been established. This
review summarizes current morphological findings on the structural changes in the human arterial media
throughout the systemic and pulmonary circulation.
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Introduction

The structure of the arterial wall is determined by the
hemodynamic conditions in which it functions [1]. Based
on the features of the tunica media, arteries are classified
into three types: elastic, muscular, and hybrid, each one
having distinct mechanical properties and vulnerability to
pathological changes [2-5].

The overall architecture of the arterial wall remains
consistent across all the types, with the key distinguishing
feature being the extent to which the muscular and elastic
components are developed within the tunica media of the
arterial wall. The muscular component consists of vascular
smooth muscle cells (SMCs), whereas the elastic one is
composed of elastic fibers capable of forming fenestrated
elastic membranes, including the internal (IEM), external
(EEM), and medial (intermediate) elastic membranes that
are interposed among IEM and EEM. The IEM and EEM
are fenestrated elastic membranes, with IEM demarcating
the boundaries between the tunica intima and media and
EEM, between the tunica media and adventitia. In this re-
view, the authors categorize both IEM and EEM as compo-
nents of the tunica media. Apart from providing elasticity,
they act as barriers that limit the movement of substances
and cells between adjacent layers of the vessel wall [2].
The fenestrae of the IEM are smaller than those of the me-
dial elastic membranes. In addition to elastic and muscular
components, the tunica media contains fibroblasts, mast
cells, macrophages, lymphocytes, dendritic cells, adventi-
tial cells, mesenchymal stem cells, collagen fibers, nerve
endings, and an amorphous ground substance [6, 7].

Elastic arteries are characterized by a highly developed
elastic component within the tunica media (Fig. 1 A), which
is composed of numerous concentrically arranged fenes-
trated elastic membranes interconnected by elastic fibers.
Together with the elastic fibers found in other layers of

A

Fig. 1. Microstructure of the arterial wall.
A — elastic artery, B — hybrid artery, C — muscular artery

the arterial wall, the fenestrated elastic membranes and
elastic fibers of the tunica media establish a unified elas-
tic structure of the vessel. In the elastic arteries, the IEM
and EEM are poorly demarcated, and their density and
thickness increase with distance from the heart. In both
the innermost and outermost layers of the tunica media,
the elastic fibers are primarily oriented longitudinally,
whereas in its central layer, they are arranged transversely
(circumferentially). Longitudinal elastic fibers prevent ar-
terial tortuosity, whereas transversal elastic fibers provide
the elasticity required for reversible radial expansion in
response to varying hemodynamic pressures. SMCs and
fibroblasts are located between the fenestrated elastic mem-
branes and organized either in a circular pattern or at an
angle relative to the longitudinal axis of the vessel. A single
layer of SMCs separates adjacent fenestrated elastic mem-
branes. The fenestrated elastic laminas, along with elastic
and collagen fibers, as well as SMCs and fibroblasts, are
immersed in an amorphous ground substance.

A hybrid type represents a transitional artery type
(Fig. 1 B). As arteries become more distant from the heart,
the proportion of fenestrated elastic membranes and elastic
fibers within the tunica media gradually decreases, while
that of SMCs steadily increases. In hybrid arteries, the IEM
and EEM are well defined, although the EEM is thinner
than the IEM. The tunica media of hybrid type arteries
contains fibroblasts, collagen fibers, and an amorphous
ground substance.

Muscular arteries are characterized by a highly develo-
ped muscular component in the tunica media (Fig. 1 C).
The SMCs in the tunica media of muscular arteries are
oriented circumferentially, obliquely, or, less commonly,
longitudinally. In some muscular arteries, longitudinally
oriented SMCs are also present in the tunica intima and
adventitia. The elastic component consists of several elas-

1 — tunica intima, 2 — tunica media, 3 — tunica adventitia. IEM — internal elastic membrane, EEM — external elastic membrane,
MEM — medial elastic membrane, EF — elastic fibers, SMCs — smooth muscle cells

Puc. 1. MuxpomopQoorus CTeHKU apTepHu.

A — apTepus anactuueckoro tuna, B — aprepust cmermannoro tuna, C — aprepusi MbIIIEYHOTO TUIA
1 — BHyTpeHHss 0001104Ka, 2 — cpetHsis 000104Ka, 3 — alBeHTHLIMAJIbHAS 000no4ka aprepun. IEM — BHyTpeHHss 3nacTuueckas MeMOpaHa,
EEM - HapyxHas anactudeckas Memopana, MEM — anactrueckas Mem6pana cpenneid obonouky, EF — anactiudyeckue BolIoKHa,

SMC — m1agkue MUOLUTEI
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tic fibers, the IEM, and EEM. The IEM is particularly well
developed in muscular arteries; with decreasing arterial
diameter, both the size and the number of pores within the
IEM increase, whereas their density decreases. In contrast,
the EEM is usually less prominent than the IEM and tends
to disappear as the arterial diameter decreases; it is also
absent in the intracranial and intraosseous arteries [8].
The SMCs, fibroblasts, collagen, and elastic fibers found
within the arterial media are situated within the amorphous
ground substance.

For educational purposes, hybrid type arteries may be
subdivided into two categories: elastic-muscular and mus-
cular-elastic. Elastic-muscular arteries are characterized by
a predominance of the elastic component over the muscular
one within the tunica media, whereas the opposite pattern
is observed in muscular-elastic arteries. At the transition
between these subcategories, the elastic and muscular com-
ponents are present in approximately equal proportions.

In the human body, the tunica media of arteries un-
dergoes gradual morphological changes with increasing
distance from the heart, making it difficult to distinct arte-
rial types and the boundaries between elastic, hybrid, and
muscular arteries [9, 10]. As a result, the classification of
individual arteries remains inconsistent across the scien-
tific literature [11, 12]. Traditionally, arteries have been
classified according to the number of elastic membranes
or fibers within the tunica media. However, Y. Kato et al.
argued that classification should consider not only their
quantity but also their relative volume [13].

Given the subjective and often arbitrary delineation of
hybrid arteries, examining the structure of the arterial me-
dia is crucial for understanding the functional properties of
individual vessels and the pathological processes that affect
them. Accordingly, this literature review aimed to summa-
rize current knowledge of the structure of the tunica media
in arteries of the human systemic and pulmonary circula-
tion. Despite substantial advances in our understanding of
arterial structure in experimental animals, comparable data
for humans remain limited [14—16]. Furthermore, human
anatomy textbooks occasionally describe the structure of
analogous animal vessels, which may be confusing.

The literature search was conducted between October
2025 and January 2026 using four electronic databases:
eLIBRARY, PubMed, Google Scholar, and ScienceDirect.
The search included the following keywords: “human,”
“artery,” “anatomy and histology,” “elastin,” and “smooth
muscle cells,” without restrictions on publication date or
language.

99 <6

Human arteries of pulmonary circulation

The pulmonary trunk is traditionally classified as an
elastic artery. During fetal development, the pressure in
the pulmonary artery is comparable to that in the aorta, and
the tunica media of these vessels therefore exhibits similar
structural characteristics. At this stage and early postnatal
stages, the tunica media of the pulmonary trunk contains
densely packed concentric fenestrated elastic membranes.
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During the first month of life, pulmonary arterial pressure
declines markedly and subsequently remains relatively
stable. Over the next two years, the elastic structure of the
pulmonary trunk undergoes involution, so that in adults, the
tunica media of the pulmonary trunk contains fragmented
elastic membranes with numerous ruptures [17]. According
to D.B. Antipas et al., the volume fraction of SMCs in the
adult pulmonary trunk exceeds that of collagen and elastic
fibers. Consequently, they suggest that the human pulmo-
nary trunk during this phase of postnatal ontogenesis can
be classified as a hybrid type artery [11].

The right and left pulmonary arteries are classified as
elastic arteries. Their tunica media contains numerous
fenestrated elastic membranes, which may occasionally
be discontinuous, and a thin IEM [17]. Pulmonary arteries
with a diameter of approximately 2 mm are categorized
as hybrid type arteries: their tunica media includes four or
more fenestrated elastic membranes, while the proportion
of SMCs progressively increases with decreasing arterial
diameter [17]. With further reduction in vessel size, fenes-
trated elastic membranes within the tunica media disap-
pear, and in arteries smaller than 1 mm in diameter, only
the EEM and IEM remain identifiable [18]. Intra-acinar
pulmonary arteries are primarily classified as muscular
arteries [17].

Human arteries of systemic circulation

The aorta is classified as an elastic artery. Being the
longest vessel in the body, it exhibits regional variations
in the structure of its tunica media [19, 20]. The tunica
media gradually becomes thinner along the length of the
aorta, from the arch to the bifurcation. The quantity of
fenestrated elastic membranes decreases from 50-60 in the
ascending aorta, aortic arch, and descending thoracic aorta
to 25-30 in the descending abdominal aorta [21], with a
significant reduction in their number below the origin of the
renal arteries. Their thickness also decreases with increas-
ing distance from the heart [5]. Notably, various sections
of the aortic wall at the bifurcation experience different
hemodynamic stresses, which results in distinct structural
characteristics. The aortic bifurcation is characterized by
a high concentration of elastic fibers [22].

Studies on the human descending abdominal aorta have
shown that maturation is accompanied by an increase in the
number of fenestrated elastic membranes, a reduction in
their thickness, and an expansion of the interlamellar spaces.
The composition of the tunica media remains stable between
30 and 45-55 years of age, after which both the quantity
and thickness of the fenestrated elastic membranes decline.
Throughout the postnatal ontogenesis, the number of SMCs
in the tunica media of the wall of the human descending
abdominal aorta remains relatively unchanged [23].

All branches of the aorta are classified as elastic arteries
at their origin, yet their wall structure gradually changes
with increasing distance from the aorta.

The coronary arteries acquire the characteristics of mus-
cular arteries within the first centimeter after their origin
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from the aorta. Accordingly, they exhibit well-defined [EM
and EEM [8, 19].

The common carotid artery gradually transitions from
an elastic type in its proximal segment to a hybrid type at
the bifurcation. Proximally, elastic laminae and fibers are
evenly distributed throughout the tunica media [13]. In
contrast, the carotid sinus contains a higher proportion of
SMCs, while the elastic membranes and fibers are concen-
trated predominantly in the inner half of the tunica media
adjacent to the [EM, becoming progressively less abundant
toward the EEM.

The internal and external carotid arteries are classified
as muscular arteries [24]. The transitions from the elastic
wall structure of the common carotid artery to the muscular
one of the internal and external carotid arteries is gradual,
with the extent of this transition zone differing among in-
dividuals. In some cases, the internal and external carotid
arteries exhibit muscular characteristics 5 mm distal to the
common carotid bifurcation, whereas in others, the transi-
tional segment extends up to 15 mm. Moreover, the length
of this segment can differ considerably between the right
and left sides of the same individual [25]. In the extracranial
part of the internal carotid artery, both the IEM and EEM
are present, and a small number of longitudinally oriented
elastic fibers are found in the tunica media adjacent to the
IEM. A similar organization is observed in the external
carotid artery, which is characterized by well-developed
IEM and EEM and a limited number of elastic fibers within
the tunica media [26]. In contrast, the EEM is absent in the
horizontal segment of the cavernous internal carotid artery
and its intracranial section.

The EEM is absent in all intracranial arteries. The
anterior, middle, and posterior cerebral arteries, together
with the anterior and posterior communicating arteries,
the basilar artery, and the anterior and posterior inferior
cerebellar arteries, are classified as muscular arteries. They
are characterized by a well-defined IEM and only a few
elastic fibers within the tunica media. The [EM is thinner
in the posterior arteries of the cerebral arterial circle than
in the anterior arteries [19, 27].

Although the basilar artery is generally classified as
a muscular artery, some researchers consider it a hybrid
artery. This discrepancy in the classification reflects the
considerable morphologic variability of the vessel and the
difficulties in distinguishing between hybrid and muscular
arteries. Elastic fibers are present within the tunica me-
dia, but their distribution varies along the course of the
vessel: in the distal (caudal) segment they are primarily
concentrated in the inner portion, whereas in the proximal
(cranial) segment, they are evenly distributed throughout
the tunica media [28].

The subclavian artery is classified as an elastic artery,
with elastic membranes and fibers evenly distributed
throughout the tunica media [29].

The vertebral artery, the first branch of the subclavi-
an artery, exhibits structural changes along its course. Its
proximal (prevertebral) section is characterized as a hybrid
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type artery, whereas the remaining segments are muscular.
In the proximal segment, both IEM and EEM are present;
elastic fibers are predominantly located in the inner half
of the tunica media. In the middle segment, the IEM and
EEM are retained, although the elastic component of the
tunica media is less developed. In the distal segment, which
penetrates the meninges and joins the basilar artery, EEM
may be inconsistent, thinned, or entirely absent [10].

At its origin from the subclavian artery, the internal
thoracic artery is classified as an elastic artery. Its tuni-
ca media typically contains approximately 10 fenestrated
elastic membranes and both IEM and EEM. In 18% of
cases, the vessel maintains its elastic nature throughout
its entire length. In the remaining cases, the proximal and
distal 20-30% of the artery exhibit a hybrid structure,
characterized by 5—7 fenestrated elastic membranes and a
predominance of SMCs over the elastic component. In the
terminal segment, the wall structure undergoes a gradual
or abrupt transition from the hybrid to the muscular type.
Therefore, the proximal 1-2 cm of the musculophrenic
artery is of the hybrid type, whereas the remainder of the
vessel is muscular. The superior epigastric artery is also
categorized as muscular [30, 31].

The axillary artery is classified as an elastic artery, but
gradually changes to a hybrid structure over a length of
up to 3 cm [8]. The brachial artery is, in contrast, a mus-
cular artery [32]; 5 cm proximal to the elbow, it contains a
well-defined IEM and a poorly defined EEM. Short elastic
fibers are found in the tunica media among the SMCs, with
the highest density adjacent to the IEM [33]. The radial
and ulnar arteries are likewise muscular arteries and are
marked by a well-developed IEM, thin and fragmented
EEM, and scattered elastic fibers within the tunica media.
In the radial artery, elastic fibers account for up to 18% of
the tunica media volume [30, 34].

The wall structure of intercostal arteries varies along
their length. Examination of the 4th to 9th intercostal arter-
ies identified three morphological patterns: (1) a transition
from the elastic type to the hybrid and subsequently to the
muscular type; (2) a transition from the hybrid type to the
muscular; (3) a muscular structure maintained throughout
almost the entire arterial length. The second pattern is the
most common [30].

Bronchial arteries are muscular arteries characterized by
a well-defined IEM and a poorly defined EEM. At the level
of the large bronchi, histological analysis demonstrates the
structural differences between the walls of bronchial and
pulmonary arteries, reflecting their muscular and elastic
organization, respectively [8].

The celiac trunk is of the muscular type, character-
ized by a well-developed IEM and a poorly developed
EEM [29]. However, within the first centimeter from its
origin from the aorta, the tunica media transitions to the
hybrid and muscular vessel type [8]. The branches of the
celiac trunk are also classified as muscular arteries. For
instance, the splenic artery is characterized by a well-de-
veloped IEM and a less developed EEM [19, 29, 35].

Tom 15 Ne 4 2026



The histological composition of certain arteries within
the common hepatic artery basin has been studied in detail.
The common hepatic artery and the gastroduodenal artery
are classified as muscular arteries, with well-defined IEM
and EEM [30, 35]. The right gastroepiploic artery is also
of the muscular type; however, its elastic components vary
along its course. The proximal segment contains a well-de-
veloped IEM and lacks EEM that appears in the middle
segment and becomes well-developed distally [30, 36].

At its origin from the aorta, the superior mesenteric
artery has a wall rich in elastic fibers. Over the proximal
1.5-3 cm, however, its structure transitions to the muscular
type. This transition is accompanied by a notable reduction
in elastin, an increase in the number of SMCs, and the ap-
pearance of distinct [EM and EEM. These features become
more pronounced towards the curvature and distal regions
of the vessel [37]. The jejunal and ileal arteries, together
with the arterial arches and the vasa recta originating from
them, are muscular arteries [38, 39].

The wall structure of the renal artery changes along
its course, transitioning from elastic pattern in the prox-
imal section to the muscular pattern in its distal section.
According to J. Janzen et al., this transition occurs within
1 cm of the artery from its origin from the aorta [40]. As a
result, the number of elastic membranes and fibers within
the tunica media decreases from the proximal to the middle
and distal segments. The IEM is present throughout the
entire length of the artery, whereas the EEM is only weak-
ly developed in the proximal segment and becomes more
prominent in the middle and distal segments. In approxi-
mately one-third of cases, longitudinally oriented SMCs
are present in the tunica adventitia of the middle and distal
segments [41].

The inferior mesenteric artery is classified as a muscu-
lar artery [42]. However, detailed histological data on the
wall of the inferior mesenteric artery are scarce. Based on
the available evidence, its wall is likely to undergo a rapid
transition from an elastic to a muscular pattern near its
origin from the aorta, similar to the other visceral branches
of the abdominal aorta.

The common iliac artery is an elastic artery that transi-
tions into a hybrid one over the first 1-3 cm of its course [8].
During the transition, the IEM and EEM become well-de-
fined [5, 19, 43]. Within the inner two-thirds of the tunica
media, thin elastic fibers that are arranged both longitudi-
nally and circumferentially and partially coalesce to form
concentric fenestrated elastic membranes, between which
longitudinally oriented SMCs are interposed. In contrast,
circumferentially oriented SMCs are confined to the outer
third of the tunica media [44].

The internal iliac artery is a hybrid artery characterized
by a well-developed IEM and a less prominent EEM [5,
43]. Along its course, the vessel gradually acquires the
characteristics of a muscular artery, a pattern that is also
observed in its branches, which are muscular in type.

In fetuses and newborns, the common iliac artery and
the internal iliac artery are classified as elastic arteries,
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which is associated with the unique characteristics of fetal
circulation [44]. In cases of a single umbilical artery, only
the common iliac artery and internal iliac artery giving
rise to that vessel exhibit elastic properties; on the contra-
lateral side, they are muscular [1]. In fetuses, the elastic
component is distributed unevenly within the vessel wall.
A continuous and thick IEM together with multiple fenes-
trated elastic membranes within the tunica media is present
in the lateral wall of the common iliac artery and the dor-
somedial wall of the internal iliac artery. In the remaining
regions, instead of a well-defined IEM, only a few thin,
longitudinally arranged elastic fibers are present; the elastic
component of the tunica media contains a thin network of
elastic fibers [44]. As maturation progresses, the composi-
tion of the tunica media undergoes progressive remodeling:
the interlamellar spaces expand, and the number of SMCs
increases [1].

The umbilical arteries are muscular arteries with frag-
mented or completely absent IEM and no EEM [45].

The external iliac artery is a muscular artery with
well-developed IEM and EEM [5, 43, 44]. In children aged
3—4.5 years, the tunica media contains only circumferen-
tially arranged SMCs; thereafter, longitudinally oriented
SMCs begin to appear in its inner third. The branches
stemming from the external iliac artery are classified as
muscular arteries. For instance, the inferior epigastric artery
is a muscular artery that exhibits prominent IEM and EEM
along with a limited quantity of elastic fibers in its tunica
media [30, 36, 46].

The femoral, popliteal, peroneal, and posterior tibial ar-
teries are muscular, having well-defined IEM and EEM and
a small number of elastic fibers in the tunica media [47].

Clinical significance

The structural organization of the wall and hemodynam-
ic conditions determine the predisposition of different ar-
tery types to specific pathological processes. For example,
elastic arteries are most susceptible to aneurysms, which
is associated with age-related or pathological fragmenta-
tion of the elastic frame, including that associated with
genetic syndromes [3]. Although aneurysms also occur
in muscular arteries, they typically develop at sites of
IEM disruption [2, 27]. Atherosclerotic lesions are more
common in muscular arteries, especially in areas with in-
creased mechanical stress caused by elevated pressure and
disturbed blood flow, such as the coronary arteries and
cerebral arteries. Mechanical stress causes damage to the
IEM, the integrity of which is important for the separation
of substances from the intima to the media, as well as for
optimal interaction between endothelial cells and vascular
SMCs [2]. The structural features of the arterial wall are
taken into account when selecting an autograft for coronary
artery bypass grafting [30, 36].

Human arteries exhibit considerable individual vari-
ability in their wall structure that undergoes alterations
throughout the postnatal phase, enhancing our comprehen-
sion of hemodynamic transformations during development.
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With aging, arterial elasticity declines following the dam-
age to elastic membranes and the accumulation of collagen
fibers [4]. These age-related alterations contribute to the
development of vascular diseases and provide important
insights into the mechanisms underlying their progression.
In addition, growing attention has been directed towards
anatomical variations of the arterial system [48—50]. Such
variations may lead to unique hemodynamic characteristics
and are often accompanied by differences in arterial wall
structure [1, 37]. Therefore, detailed knowledge of arteri-
al wall structure is crucial in understanding both normal
vascular function and pathological changes.

Conclusion

Human arteries can be subdivided into two distinct
types: elastic-muscular arteries, in which the elastic compo-
nent predominates, and muscular-elastic arteries, in which
the muscular component is more prominent. This subclassi-
fication facilitates the identification of transitional segments
between elastic and muscular arteries and recognition of
hybrid type arteries.

Disclosure. The authors declare no conflict of interest.
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Mudopmanus 06 aBTopax

Bepa BrnagumuposHa I1BaHOBa — KaHIUIAT GHOIOTHYECKUX HayK, JOLCHT Kadeapbl MOPGHOIOTHH U 00LICH MaToIoruu
CHOUPCKOTO FOCYJaPCTBEHHOTO MEUIIMHCKOTO YHUBEPCUTETA.

Onbra Hukonaesna CepeOpsikoBa — accucTeHT Kadenpbl Mopdonoruu u obmuieit natonorun CHOMPCKOro rocy1apCTBEHHOTO MEAUIIHHCKOTO
YHHBEPCHUTETA.

Amnppeii JImurpuesny JIonOHs — aciupaHT TPETHETO rojia 00ydYeHusl, acCCUCTEHT Kadeapbl MOPQOIOrHy 1 OOIIeH MaTOIOTHH
CHOUPCKOro roCcyJapCTBEHHOTO MEIMIINHCKOTO YHUBEPCUTETA.

Pauca MBanoBHa [lieriko — TOKTOp MEIUIIMHCKHUX HayK, podeccop, mpodeccop kadenpsl Mopdoaoruu u 001l maToIoruu
CubHpCKOro rocyaapcTBEHHOr0 MEANLIMHCKOTO YHUBEPCHUTETA.

Denop Banepbesud AnsiObeB — TOKTOp MEIUIMHCKUX HAyK, Ipodeccop, 3aBeayromuii kadeapoit cyaeOHoi MeauIMHbI
Hucruryra npodeccuonansHoro odopazoBanust KpacHOspCKOro rocy1apcTBEHHOTO MEANIIMHCKOTO YHUBEPCUTETA

umenu npodeccopa B.®. Boiino-Scenenxoro.

WBan BacunbeBnd MunbTo — JOKTOp OMOIOTHYECKUX HayK, JOLCHT, 3aBeayomnii kKadenpoit Mmopdonoruu u odmiei maTonoruu
CHOHPCKOro roCyAapCTBEHHOTO0 MEANIIMHCKOTO YHUBEPCUTETA, 3aMECTUTENb JUPEKTOpa 10 Hay4HOH padore CeBepcKoro 6Mo(hU3HIECKOro
Hay4YHOTO LIEHTpA.
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CoBpeMeHHbIE IPEACTABICHNA O COCTOTHUN
9HAOMETPHATBHO-MNOMETPHAIBHOTO COEIVIHEHUA
B aCIIeKTe aflecHOMMOo3a

/.B. I'ozonesa, E.JI. Kazaukos, 3.A. Kazauxosa

OI'bOY BO HOxHO-Ypanbckuii rocyaapcTBeHHBIH METUIIMHCKUH yHUBepcuTeT Munsapasa Poccnn, Yensounck, Poccust

Pe3rome. AneHOMIO3 — pacpoCTpaHEHHOE 3a00JI€BaHIE MAaTKI, MEXAHU3MbI Pa3BUTHUS KOTOPOTO OCTAfOT-
Cs HEZOCTAaTOYHO M3YYEHHBIMU. B mocnenHue roapl akTUBHO UCCIIEAYIOT COCTOSIHUSA ITOTPaHUYHON 30HBI
MEX]Ty 3HIOMETPUEM U MHOMETPHEM — SHIOMETPUATBHO-MUOMETPUATBHOIO COEIUHEHHUS, TI€ TPOUCXOAST
KIIFOYEBBIE ITPOIIECCHI TKAaHEBOTO IIpeodpaszoBanusl. Llenn 0630pa — cucteMarn3amys 1 KpUTHIECKast OLICHKA
COBPEMEHHBIX JAHHBIX O IPHYMHAX, XapaKTepe U poJu TpaHc(opMalnii SHI0METpHaTEHO-MHOMETPUATLHOTO
COEUHEHUS B MIaTOTE€HE3€ aIEHOMHO03a U ITyTAX PEMOJAEINPOBAHMS ITOM 30HBL.

IMouck nyonukauumii BeinonHeH B 6azax eLIBRARY u PubMed 3a 2016-2025 rons!. [Ipoanani3upoBaHsl
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MOT'YT BO MHOTOM OOYCIIOBIIMBATh HapyLICHHs PEIPOAYKTUBHON (YHKLMH >keHIINH. HecMoTps Ha 3Ha4u-
TEJILHBIA MHTEPEC K 3TOH IMCTOJIOTMUECKON 30HE MaTKU M MEXaHU3MaM €€ TpaHC(HOPMAaLUH [P aICHOMHO3E,
Pe3yJIbTaThl MHOTOYHMCIICHHBIX UCCIEIOBAaHUH OCTAIOTCS IPOTHBOPEUMBBIMHE, YTO TPEOyeT JaabHEHIIEro
H3y4YeHHs TPOOIEMBI.
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Current concepts of the endometrial-myometrial interface
in adenomyosis

D.V. Gogoleva, E.L. Kazachkov, E.A. Kazachkova
South Ural State Medical University, Chelyabinsk, Russia

Abstract. Adenomyosis is a common uterine disorder whose mechanisms of development remain insuf-
ficiently understood. In recent years, the endometrial-myometrial interface, where key processes of tissue
remodeling occur, has received increasing attention. This review aimed to systematically synthesize and
critically evaluate current evidence on the causes, features, and pathogenetic role of alterations in the en-
dometrial-myometrial interface in adenomyosis, as well as the mechanisms underlying remodeling in this
region. We analyzed papers from eLIBRARY and PubMed databases published between 2016 and 2025 and
addressing fibrotic remodeling of the endometrial-myometrial interface; inflammatory, immune, and neuroan-
giogenic mechanisms of its transformation; and molecular regulation involving microRNAs. Structural and
functional changes of the endometrial-myometrial interface in adenomyosis may substantially contribute to
impaired female reproductive function. Despite growing interest in the endometrial-myometrial interface and
its transformation in adenomyosis, available findings remain inconsistent and require further investigation.
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BBenenue

AJIEHOMHO3 — TIaTOJIOTUSI MAaTKH, IPU KOTOPOH *kee-
36l U CTPOMA SHIOMETPHS BBISBISIOTCS B MHOMETPUH.
HecmoTps Ha 3HaYUTENBbHOE YUCIIO HCCIIEIOBAHUM, Me-
XaHU3MBl Pa3BUTHUS 3a00J1€BaHMs O CUX TOP OCTaKTCA
npeaMeToM auckyccuid. CyecTBYIOLIME MOAETH He TOJ-
HOCTBIO OOBSACHSIOT, KaK SHAOMETPHI MPOHUKAET B MUO-
METpUH, mouemMy 00JIe3Hb IPOrPECCUPYET U MOYEMY KITH-
HUYECKHe TPOsIBICHUs, B TOM 4uciie 00Jb U HapyIICHUs
PENPOOYKTUBHON (DYHKIMH, TaK Pa3IUyaroTCs y Pa3HbIX
NAIMEeHTOK. DHIOMETPUO3 U aIEHOMHO3 UMEIOT CXOJIHBIE
TUCTOJIOTUYECKHE MPU3HAKHU U O0IIMe MEXaHU3MBI pa3-
BUTHS, OJJHAKO JIOKAIM3ALHA 04aroB aJeHOMH03a B MUO-
METPHUHU OOYCIOBIUBAET P MOP(HOIOTHUECKUX U KIIH-
HUYECKHUX 0COOEHHOCTEH, BKIItoUast 6osee BbIpaXKeHHOE
BJIMSHUE Ha penpoayKTUBHYIO ¢yHK1uIo [ 1-4]. ITo coBpe-
MEHHBIM MPeICTaBIeHUsAM, aJIECHOMHO3 PacCMaTpUBaIOT
HE TOJIBKO KaK JIOKaJbHOE MPOHUKHOBEHHE YHAOMETPUS
B MHOMETPHUH, HO M KaK pe3yJbTaT XpOHHYECKOTO PeMOo-
JEJIMPOBaHU MOTPAHUYHOMN 30HBI MEXy HUMH, BKJIFOUa-
IOLIEro BOCHAIUTENbHbIE, MEXaHUYECKHIE, TOPMOHAJIbHBIC
Y HeWpOaHTHOTEHHbIE MEXaHU3MHI |5, 6].

B 3apy0esxHoii tuTepatype A 0003HaueHus: cyOIH-
JOMETPUAIEHOTO MHOMETPHS MHOTO JIET IPUMEHSLICS Tep-
MUH «apxumMuoMmeTpuit» [7], a mo3nnee G. Leyendecker
et al. [8] ayist 0603HAUEHUS ITOW 30HBI MPEJIOKHUITH TTO-
HATUSA «apXUMeTpa» U «Heoapxumerpay». B coBpeMeH-
HOU aHIIIOSA3BIYHON JTUTEpaType 3Ta 30Ha 0003HaYaeTCs
kak endometrial-myometrial interface (EMI, rpanuna
paszena HIOMETpPUS U MHUOMETpHs) OO Kak junctional
zone (JZ, coenuuutensHas 30Ha) [9, 10]. BmecTe ¢ Tem
9TH TEPMUHBI HE ABISIOTCS CHHOHUMaMu: ecid EMI 060-
3HAa4YaeT THCTOJIOTHYECKYI0 30Hy KOHTAaKTa SHIOMETPHs
U MUOMETpHUA, TO JZ yka3bpIBaeT Ha CJIOW BHYTPEHHEIO
MHUOMETPUS, TPUJISKAIIETO K SHAOMETPHIO, IIPUIEM TOJ-
IIMHA 3TOTO CJIOA B HOPME Pa3IndHa U MOXKET JIOCTUTaTh
12 mm [11].

B pycckos3pIYHOM UTEpaType eAUHOr0 TepMHUHA IS
0003HaYeHHS TTOTPAHUYHOMN 30HBI MEXYy SHAOMETPHEM
Y MHOMETPHUEM JI0 CUX MOP HET, BCTPEYAIOTCS TAKUeE CIIO-
BOCOUETAHUS KaK «IHJOMETPUATBHO-MHUOMETPUATBbHBIN
uHTepdency, «repexomHas 30Ha», «CyOIHIOMETPUATbHBIN
muomerpuity [12, 13]. Ham npencrasnsercs, 4to HauObo-
Jiee TOYHBIM TEPMHUHOM, OTPAKAIOIIUM CYITHOCTh JaHHOM
THCTOJIOTHYECKON 30HBI, BKIIOYAOIICH Kak 0a3albHbBIN
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SHJIOMETPUH, TaK U IPUIIEKAIIUA K HEMY BHYTPEHHUM
MHUOMETPHUH, SABIIAETCS «IHAOMETPHATIEHO-MUOMETPUATD-
Hoe coenuHeHuey (OMC), KOTOPBII UCTIOIB30BANICS pa-
Hee U Jpyrumu aBTropamiu [14—17]. iMeHHO B 3T0i1 30He
pean3yroTcs Mpouecchl XPOHUYECKOTO PEMOACIHPOBa-
HUSI, JISKAIe B OCHOBE Pa3BUTHA aJjeHOMHo03a. OfHaKo
BBIICHEHUE TIPHUUH U XapakTepa TpaHchopmanuii IMC,
PACKpBITHE UX POJIU B TCHE3€ aICHOMUO03a, (POPMUPOBAHIH
KJIMHUYECKUX MPOSIBIICHUI 3TOro 3a001€BaHNA U CBSI3aH-
HBIX C HUM PEMPOIYKTUBHBIX PACCTPONUCTB A0 CHUX MOP
OCTAIOTCSI BEChMa AAJICKUMH OT 3aBEPIICHUS.

Ilenu 0630pa — cucTeMaTH3AIUS M KpUTHYECKAs OIICH-
Ka COBPEMEHHBIX JJAaHHBIX O MPUYHUHAX, XapaKTepe U POJIn
Tparchopmanmii IMC B maroreHe3e aIeHOMH03a U My TAX
pEMOJICITMPOBaHUS 3TOM 30HBI.

[Mouck nuTepaTyphl BBINOJHEH B 0a3axX JaHHBIX
eLIBRARY u PubMed Ha pycckoM, aHITIMICKOM U He-
MenkoM s3bikax 3a 2016-2025 roasl ¢ akIlEeHTOM Ha HC-
cnenoBanusix 2020-2025 ronos. OTaenbHbIC Ooee paHHHE
MyOJIMKAIIK BKIIFOYEHBI B 0030p B CBSA3H C MX 3HAUYCHHEM
s GopMUpOBaHUS MPEACTABICHUI O TEPMHHOJIOTHH
Y OCHOBHBIX MTATOTEHETHUECKUX KOHIETIIUAX aJICHOMUO3A.

®axropsl TpaHchopmanuu IMC B renese
aJleHOMI03a

AJIeHOMHO3 XapaKTepu3yeTcs IPOHUKHOBEHHUEM JKee3
U CTPOMBI 0a3aJIbHOTO CJI0S SHAOMETPHS B MUOMETPUH ¢
MOCIEAYIOMUM (GOPMUPOBAHUEM BaJla MEPUTITAHTYISIPHO
PacHONOKEHHBIX THIIEPTPOPUPOBAHHBIX MHOLIUTOB U (hHO-
po3Hoii Tkanu [ 18]. BHyTpeHHU MUOMETpUH OTIIMYaeTcs
TUTOTHBIMH IJIaIKOMBIILIEYHBIMU ITy4YKaMH U Pa3BUTOM CO-
CYIIUCTOH CETHIO, YTO JIEJIAeT €ro YyBCTBUTEIBHBIM K TOP-
MOHAJILHBIM KoJIeOaHusM [5].

@axkmop nosemoparwwuxca mukpompasm IOMC.
G. Leyendecker et al. [8] moka3zanu, 4To aleHOMHUO3 MOXKET
OBITh CJIEZCTBUEM MTOBTOPAIOLINXCS MUKPOTPABM apXUMET-
pul. B pamkax runoressl TIAR (tissue injury and repair,
MOBPEXACHNE U BOCCTAHOBJICHHE TKaHEW) aBTOPHI Mpe.-
TIOJIOXKUJIIN, YTO TIOBBIIIEHHBIN YPOBEHb 3CTPOT€HOB aKTH-
BUpYyeT curHaibHble myTn Wnt/B-karenns, RhoA/ROCK
Y HUKIIOOKCUT€HA3bI-2, yCUINBAS SKCIPECCHUIO OKCUTOLIH-
HOBBIX PELENTOPOB U MEPUCTATIBTHYECKYI0 aKTUBHOCTD
apxuMeTpsl. [ unepnepucTanbTUIECKUE COKpAIEHH TKa-
Hell B mpoekunn OMC BBI3BIBAIOT MUKPOIIOBPEXKICHUS
SHJOMETpHs, Yepe3 KOTOPhIE XKelle3bl 0a3aJbHOTO CIOS
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MPOHUKAIOT B MHOMETPHUH, HHAYLHUPYS pereHepauio
1 ¢udpos [19].

Tem He menee runore3a TIAR ceroans nogsepraercs
KPHUTHKE: aHAIN3 JOCTYIHBIX JaHHBIX HE BBIIBUI yOeIu-
TENbHBIX JI0Ka3aTeJIbCTB MaTOJIOTHYECKON TUnepnepu-
CTaJIETUKH U AUCKOOPAMHALIMHU COKpAIEHUI TKaHel 30HbI
OMC y xeHuuH ¢ agenomuo3oM [20]. K romy sxe 3HaUM-
Mas MepUcTalbTUKa OOHApYKUBAETCS JaJeKo He Y BceX
MAIMEeHTOK, YTO YKa3bIBaeT Ha Y4aCTUE B 3TUX CIOKHBIX
npoleccax reHeTHYeCKUX, UMMYHHBIX U JTIMT€HETHIECKUX
(bakTopoB.

Daxmop @ubpo3za. BaxxHbIM 3BEHOM IaTOreHe3a ajie-
HOMHO03a IIPUHATO CUUTATh PUOPO3HOE PEMOJCTUPOBAHNE
TkaHei. [Tokazano [21], uto mpu aneHoMuo3e Makpodaru
MOTYT IEePEeXOAUTh U3 MPOBOCHAIUTENBHOTO (EeHOTUIIA
(M1) B npodudpo3Hslii peHotun (M2), ciocoOCTBys pu
5TOM B MEXKJIETOUHBIX B3aUMOJAEHCTBUAX YCUICHUIO CHH-
Te3a kojulareHa. B psjge uccrnenosanuii [22, 23] B ¢ub-
pobnacrtax 3061 OMC BoIsiBneHa npoaykuus TGF-B1
(transforming growth factor, Tpancdopmupyroumii hakTop
pocTa) 1 KOMIIOHEHTOB BHEKJIETOYHOTO MaTpukca. Bmecte
C TeM CYLIECTBYIOT U IPOTUBOIOIOXKHBIE TaHHbBIE [24], He
noaTBepAuBIIue noBbieHue yposas TGF-B1 B axromnu-
poBaHHOM 3HJOMETpUHU. HakoHel, uMeroTcs myonuKauu
0 pou TPOMOOIIUTOB B (hopMUpoBaHUH (HUOPOZHBIX U3MeE-
HEHHUH BOKPYT BHEJPUBIIETOCS] B MUOMETPUI DHIOMETPHSL.
B 30HYy anpTepaniuu MUTPUPYIOT TPOMOOILMTHI, KOTOPBIE
AKTUBHUPYIOT TUIIOKCUS-UHAYIIMOebHBIHN Gakrop (HIF-1a)
U UHIYUUPYIOT JIOKAJIBHBIA CHHTE3 3CTPOreHOB Yepes
NF-kB/TGF-B1 myTh, cTUMyAUpYsI SIUTENNANTBEHO-ME3EH-
xuManbHbIi iepexon (OMI) u unBazuto sHAOMETPHS [25],
a TaKoKe BBIAGJISIOT TPOMOOLUTAPHBIN (hakTop pocTa, (pak-
TOp pocTa dHA0TeNHs cocynoB (vascular endothelial growth
factor, VEGF), untepneiikunsi (IL) IL-8 u IL-10, noteniu-
pys aHTHOreHe3 U TpaHcau(hepeHIUPOBKY (prOpo61acToB
B Muo¢uopoodnactsl [20].

Daxmop dnUMenuanrbHo-Me3eHXUMATLHO20 nepexooa.
[MomMuMo MexaHHYECKUX MOBpexkAeHNH u hrudpoza IMC
BAXXHYIO POJIb B MHBa3UBHOCTU YHAOMETPHAIIBHBIX KIle-
TOK UTPAIOT MHBIE KIETOUYHO-MOJIEKYISPHbIE IPOLECCHI,
npexze Bcero OMIL. B xone DMII kneTku yTpaunBaoT
CBONCTBA AMUTEIUOLHUTOB U NMPUOOPETAIOT ME3ECHXU-
MaJlbHbIE MapKepbl U MOABUKHOCTh. Tak, CUTHAIbHBIC
kackagel TGF-B1/Smad3, Notch1/Numb/Snail, E2/Slug/
VEGF 3amyckaror pu aleHOMU03€ KaJArepuHOBOE Iepe-
KJIIOUeHME (CHIXKECHUE MpeAcTaBuTenbcTBa E-kanrepuna
¢ moBbIeHneM N-KaJarepuHa U yCUJIEHUEM aKTUBHOC-
TH 0-IJIAAKOMBIIIEYHIO aKTHHA, o-smooth muscle actin,
a-SMA) [26]. B uccnenoBanuu B.A. IleuenukoBoi u co-
aBT. [27] B TeTEpOTONUAX U IyTONUYECKOM SHIAOMETPUH
BBISIBJIEHBI Npu3Haku DMII-acconunpoBaHHOTO pemo-
JIeJTMPOBaHUS: MOBBIIICHHAS UMMYHOTHCTOXUMHUYECKAS
peaxius Ha MapKephl HHBa3UHM U ME3E€HXUMAaJIBHOIO
¢eHoTHNA (BUMEHTHH, MaTPUKCHAsI METAJUIONPOTEHHA-
3a 9-ro Tuna, MMIIY), paznuuaBmuecs MEXIy MOBEpX-
HOCTHBIMH U I'TyOOKMMHU OYaraMu aJeHOMMO3a U 3aBH-
CeBIIHE OT (pa3bl MEHCTPYANbHOTO IIUKIIA, YTO YKA3hIBAJIO
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Ha JTUHAMHYHOCTH U T€TEPOT€HHOCTh aHAIH3UPYEMOTo
mporecca.

OKCHepuMeHTAIbHbIE JaHHbBIC TIOATBEPKIAIOT CyIIe-
CTBOBAaHUE FOPMOH-UHAyLHpoBaHHOTO OMII: scTpaauon
ycunusaeT OMII-penortun 3H70MEeTpHATBHBIX KICTOK, a
MOBBIIIICHHOE CofieprkaHue HeliponminHa-1 (neuropilin-1,
NRP1) conpoBoxaaercst cHmkeHneM E-kanreprna/okkito-
JMHa, yBenuueHueM N-kaarepuHa/o-SMA U ycuiieHHeM
MUTPAIIH SHAOMETPUANBHBIX XKeJIe3 U IUTOTCHHOH CTPo-
MBI; BMECTE ¢ TeM nojiapienue npoaykimu NRP1 ocmabs-
et OMIT yepes myts TGF-B1/Smad3 [28]. [Tokazano [29],
gr0 SMOC2 (SPARC-related modular calcium-binding
protein 2, ceKpeTUPYEeMBIii MaTPUICIUTIONSAPHBIN KalbIIUi-
CBSI3BIBAOINNIN OCJIOK 2) MOBBIIIEH B OYarax aJicHOMHO3a
U COTIPOBOXACTCSI TIOBBIIICHNEM ypPOBHS N-KaArepuHa,
a-SMA u MMII9 npu cumxenun E-kagrepuna. O.B. 3aii-
patbstHII ¥ coaBT. [30] TakKe BBISIBUIIM MOBBIIIIEHUE UMMY-
HOTHCTOXMMUYECKOH peakimu Ha 6enku MMII2 u MMII9
B DYTOIMUYECKOM U HKTONUYIECKOM 3HIOMETPHH, UYTO KOpP-
pesupyeT ¢ NHBAa3WBHOM aKTUBHOCTHIO M YKa3bIBACT HA
y4acTHe METAIIONPOTEHHA3 B IETPAAIIIH SKCTPAIIEIIIIO-
JSIPHOTO MaTpHKCa.

Hecmorps Ha npusnanue ponu OMII B uHBa3uu 3H10-
METPHAITBHBIX KJICTOK, PE3yJIBTaThl HCCIICIOBAHUI OCTAIOT-
Cs1 Pa3HOPOIHBIMH, YTO BO MHOTOM CBSI3aHO C HCIIOB30Ba-
HHUEM Pa3NYHBIX ITaHeJIeH MapkepoB U TpedyeT cTporoi
CTaHIAPTU3AINHN TIOIXOAO0B.

Daxmop 6ocnarumensHo2o MUKpookpysicenus. Peamm-
3aIis WHBA3WBHOTO TOTEHIIMATa >HAOMETPHAIBHBIX
KJICTOK HEBO3MOXXHA BHE BOCHAJIUTEIHHOTO MUKPOOKPY-
xeHust. OcTaercs IHCKYCCHOHHBIM, SIBISIETCS JIM BOC-
IajeHue NEepBUYHBIM ApalBepOM aJ€HOMHO03a UM OHO
MpeJCTaBIsgeT cOO0H BTOPUYHBIM OTBET HA MHBA3HIO 0a-
3aJIBHOTO CIIOSI SHJOMETpHUsA B MuUoMeTpuil B 30He OMC.
CoBpeMeHHbIE JaHHbIE YKa3bIBaOT Ha BEIPAKEHHYIO IIepe-
CTPOHKY IMMYHHOTO JIaHIIIa(Ta [IPU aIEHOMHO03€, BKITIO-
Yast I3MEHEHHUSI CyOTIOyIIAIINI MaKpo(aroB ¥ aKTHBAIIHIO
¢ubpozaccorurpoBanHbIX myTei [18]. Bmecre ¢ Tem uc-
CJeIOBaHMsI IOCIEAHUX JIET TOKa3bIBAIOT BaXKHYIO POJIb
METabOIMYEeCKOTO HCTOMICHIUSI MIMMYHHBIX KJICTOK U IIepe-
pacrpeneneHys uX NOMyJIALui B oyarax aJeHoMHO03a, 4To
CTaBUT ITOJ] COMHEHHE YIIPOILICHHYIO CBsI3b M2-Makpodaro
¢ GUOPO3HBIM PEMOJICTUPOBAHNEM H YKa3bIBacT Ha OoJice
CIOXXHYIO JUHAMHUKY UMMYHHOTO OoTBeTa [31, 32].

Hekotoprie uccienoBareian CUNTAIOT, YTO UMMYHHBIN
KOMITOHEHT ITaTOTeHe3a aJIeHOMN03a IIeJIeco00pa3Ho pac-
cMaTpuBath B 0o0JIee MHUPOKOi mapagurMme SHIOMETPHO3a.
Tak, O.1. [Tanan u coasr. [33], J. Zhou et al. [34] noka3zaiu
yugactie Makpodaros, T-KJIETOK, TPOBOCTIANUTEIBHBIX ITH-
TOKHMHOB, Pa3UYHBIX IUTOKUHOBBIX CyO(EHOTHIIOB BOC-
IIaJIeHUs B o4arax sHaomerpuosa. Kpome toro, orMeueHsl
W3MEHCHNS (PeHOTUITa MOHOITUTOB U TUM(OITUTOB C UX Ya-
CTHUYHOW HOpMaJTH3anuel Ha (JOHe MPOreCcTareHHOM Tepa-
riuu [35]. TIpu 3TOM IIpsIMOE IKCTPAITOTUPOBAHNE ITHUX JIaH-
HBIX Ha MpoOieMy aleHOMHO03a, BEPOSTHO, OTPaHIMICHO.

OcoO0FbIif HHTEpEC BRI3BIBACT YUACTHE TYIHBIX KIETOK
B IeHe3e aJleHOMHO03a. AKTUBHOCTh TY4YHBIX KJIETOK pac-
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cMaTpHBaeTCs Kak Mapkep O0JH, YTO CBSI3aHO C UX JIO-
KaJu3aluen psioM ¢ HEpBHBIMHU BOJIOKHAMHU U COCYyAaMU
Y CIIOCOOHOCTBIO BBIIEINIATH IIUPOKHUNA CIEKTP MEUATOPOB,
BJIMSIOIIMX KaK Ha PEMOJIEIMPOBAHUE IKCTPALISIUTIONSP-
HOTO MaTpPHKCa, TaK U Ha POCT U CEHCUTHU3ALINIO HEPBHBIX
oxoH4anuii [36]. ITokazano [37], 4To MUQETIPUCTOH yMEHb-
1I1aeT AeTPaHy/ISILHI0 TYYHBIX KIETOK U IJIOTHOCTh HEPB-
HBIX BOJIOKOH B 04arax aJlecHoMHO03a, 3TO COMPOBOKIAETCA
CHIDKEHHEM BBIPaKEHHOCTH AUCMEHOPEH.

Dakmop uelipocenesa. B oAHOM U3 COBpEMEHHBIX 00-
30poB JIUTepaTyphl [38] momyepkuBaeTcs, 4TO XpOHUYE-
cKasi Ta30Bas 00J1b, UMEIOIIAs CIOKHBIA HEHPOUMMMYHHBIH
reHes, opMupyeTcs BCIEICTBUE coueTaHus nepudepu-
YECKON CEHCUTH3AIINHU, JIOKaJIbHOTO BOCHAJIIEHUS U aKTH-
BallUi HEUPOTPOPUUECKUX CUTHAJBHBIX IIyTeH. ABTOPHI
aKLEHTHUPYIOT BHUMaHue Ha posii NGF, npoBocnanurensb-
HBIX TUTOKWHOB M HEMPOTIENTHIOB, a TaKXXe 00CyKAat0T
MEPCIIEKTUBBI UCTIONB30BaHU HEHPOMAapKEPOB AJISl YTOU-
HEHHsI MEXaHU3MOB 0OJIM U rpajJalliy NalMeHTOK B OTHO-
LIEHUH TJITAHUPYEMOTO JICYCHUSI.

M3yueHne ceHCOPHBIX HEPBHBIX BOJIOKOH, COAEPIKAIINX
KabIUTOHUH-TeH-cBs3aHHbId entua (CGRP), nokazaiio,
YTO 3TOT MEAUATOP, BBIJENIAEMBbI O0JIEBEIMH HEPBHBIMH
OKOHYaHUSAMU, CTUMYyIupyeT npespameHue CD140b+
CD146+ ¢pubpobnacToB B KIETKH, aKTUBHO 00pa3yIomiye
COEMHUTENBHYIO TKaHb [39, 40]. [Tpu 6mokupoBaHuH B3a-
umoneictBus CGRP ¢ ero penentopoM BeIpaXeHHOCTb
(hubpo3a ymeHsbIanach, a GepTUIbLHOCTh B IKCIIEPUMEH-
TaJbHOM MOJEIM Ha MBIIIaX BOCCTaHABIUBAJIACK.

B mexaHusmax pa3BUTHS aJ€HOMHO3a YIIOMUHAIOT
Ba)KHOE NIATOTEHETUUECKOE 3BEHO BEr€TaTUBHOM, IPEUMY-
IIECTBEHHO CUMIATUYECKOH, Peryisiuuu (popMUpOBaHUs
3TOTO MaTOJIOTHYECKOro mpouecca. JJaHHas nmaToreHeTu-
yeckas [eNoyuKa MpeICTaBlIeHa NOBBIIIEHUEM KOJIMYeCTBa
PeLenTopoB HEMPOKUHUHA, KaTbLIMTOHHH-TE€H-CBA3aHHOTO
penentopa, pernenTop-MoauUIUpyIomero oemka u f2-
aJpeHopelenTopa Ipu CHUKEHUHU 07-HUKOTHHOBOTO
ALlETUIXOJIMHOBOrO pEeLenTopa; IpU 3TOM BBIpaXKEH-
HOCTb JUCMEHOPEH KOppENUpyeT ¢ KOIU4eCcTBOM [32-
anpenopenenTopos [41]. MccnenoBanus, B KOTOPBIX OBLTH
OBl IIpelCTaBIICHbl PE3yNbTaThl U3YUEHUsI HEPBHBIX BO-
JIOKOH HETOCPEICTBEHHO B 30He DMC, eTUHUYHBI, UTO
CYIIECTBEHHO OTPaHUYMUBAET BO3MOKHOCTBH COTMOCTAB-
nenust ganubix. Tak, G. Yadav et al. [42] ¢ moMomsi0
Mapkepa PGP9.5 noka3anu Hajau4re HEPBHBIX BOJOKOH
B (YHKIHOHAJIHHOM ciioe U B obiactu OMC y nainueH-
TOK C HJOMETPHO30M, aJICHOMHO30M U MHUOMOM MAaTKH.
IIpu 5TOM MIIOTHOCTH HEPBHBIX BOJIOKOH KOPPEIHPOBaa C
WHTEHCUBHOCTBIO 0OJIH 110 BU3yaJIbHO-aHAJIOTOBOM IIKaJIe
JUMILB B TPYIIIE S3HIOMETPHO3a, a B rpynnax aeHOMHO3a
Y MHUOMBI MaTKH TaKue KOPPEeNLUU OTCYTCTBOBAJIH.

Daxmop aueuozerneza. PopMUpPOBaHHUE U PA3BUTHE
HEPBHBIX BOJIOKOH TPEOYIOT COCYIUCTON MOAAECPIKKH.
MHorue MeanaTopsl BOCHaJeHUs OJHOBPEMEHHO CTH-
MYJIUPYIOT POCT HEPBOB M COCYAUCTHIX KOMMYHUKALIUN
B 30He OMC. M.J. Harmsen et al. [43] ycTaHOBuUIH,
YTO MPHU aJ€HOMHO3€ yBEJIUYUBAETCS IIOTHOCTH KPO-
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BEHOCHBIX U JTUM(ATUIECKUX COCYAOB B 3KTOIMHUECKOM
SHAOMETPHH, a 3TO 00JeryaeT TPAHCIOPT KIETOK U Me-
JUATOPOB BOCHaleHUs. BMecTe ¢ TeM aBTOpPHI MOKa3a-
T, YTO JIOJIS 3pENbIX COCYNOB CHIKAETCS BCIEICTBUE
YMEHBIIIEHUS IEPUIIUTOB, a COCYUCTasl CETh CTAHOBUTCS
XpYNKOH, 00ycIOBIUBAasI CKIOHHOCTh K KPOBOTCUCHHUAM
U KpoBOU3MUAHUSIM. CXOIHOE MOBBIIIEHUE COCYIUCTOM
IUIOTHOCTH OMHCAHO U IPU ITYOOKOM HH(PUIBTPATUBHOM
sHAOMeTpHOo3e [44].

B uccnenosanuu B.E. Pag3unckoro u coasr. [45] nmoka-
3aHO, YTO IPH AJICHOMHO3€ C XPOHHUECKON Ta30BOi1 00IbI0
UMMYHOTUCTOXUMHYECKas peakiys Ha 6enox VEGF B amm-
TCJINU SKTOIMMUYCCKOTO SHAOMETPUS, CTPOME U INIaAKOMbI-
MICYHBIX KJICTKaX MUOMETPUSA 3HAYUTCIIbHO BBILIC, YEM
npu 6e3007eBEIX (hopMax 3a00JIeBaHUs, UYTO YKA3bIBAET
Ha y4JacTHe 3TOTO MapKepa aHTHOTeHe3a B (pOpMHUPOBa-
HIM Oo1eBoro cuHapoma. [10100HbIe N3MEHEHUS KOIHUde-
CTBa aHTMOICHHBIX MAPKEPOB U IEPECTPOUKA COCYAUCTON
CETH BBISBIEHBI U IIPH y37I0BOH (hopme aseHOMHO3a [46].
B nenom ycunenne HMMYHOTHCTOXUMHUYECKON peakiuu
(akTOpOB aHrHOreHes3a, mpexae scero VEGF u ero pe-
IIENITOPOB, PACCMATPUBACTCS CETOTHS KaK Ba)KHOE 3BEHO
[aToreHes3a aJIcHOMHO03a U MOTEHIMAIbHAS MHUIIECHb Tap-
TETHOU TEpaIuu.

MuxpoPHK-acconunpoBaHHas perynsanmnsa
pemMopenupopanusa O9MC

Hecmotpst Ha pacTynuii 00beM JaHHBIX O POIH MHUK-
poPHK B renese afieHOMHO03a, NX XapakTep U YPOBEHb HE-
nocpeacTBeHHO B 30He OMC ocTaroTcst Malon3y4eHHBIMH.
OTa ropMOHAJIBHO YyBCTBUTENbHAS 30HA YYaCTBYET B IIPO-
HUKHOBCHUH 0a3aJIbHOTO SHIOMETPHS B MUOMETPHIA, QH-
OpO3UPOBAHUY U COCYAVCTOMN NEPECTPOMKE, UTO JICTACT €€
MoTeHIManbHON MueHbr0 MUKpoPHK-onmocpenoBanHbIx
CUTHAJIbHBIX MyTeH.

IToxazano [47], yto mukpoPHK, accouuupoBannsie ¢
aJICHOMHO30M, YCHJIMBAIOT MUTPALIMIO YHIOMETPUATbHBIX
KJIETOK Yepe3 MOBBIIIEHNE KOJINUECTBA METAIIIIONPOTEHHA3
(MMII2 u MMII9), cBs3bIBasg NOCTTPAHCKPUIILIUOHHYIO
PEryJISILHUIO C Ierpalallueil HHTEePLUEUTIOIIPHOrO MaTpHUK-
ca. Kpome Toro, npogeMoHCTpupOBaHa 3HaAYMMasl poOJib
3CTPOTEH3aBUCUMOH perynsaTopHoit ocu MukpoPHK-145/
cited? B KOHTpoOJIe IPONH(EPALNA U MUTPALIUU KIETOK
npu aneHomuose [48]. J.H. Huang et al. [49] ycTanoBuiu,
4yTO CHUXKeHue coaepxanusg MUKpoPHK-let-7a B rmaaxo-
MbIIIeYHBIX KiIeTkax DMC cBA3aHO ¢ aKTUBaLUEH CUT-
HanbHOro mytH Hippo-YAP1, ycunenunem nponudepaunn
Y MaJIeHUEeM YPOBHS aloITo3a, TOra Kak MOBBILICHUE CO-
nepxanus MukpoPHK-let-7a mogapnsieT KineTOUYHBIHI pOCT.
Z. Guo et al. [50] onucanu n3mMeHeHus npoduis HUPKy-
nspubix PHK (uupxPHK) B syTonuueckoM sHaoMeTpun
u DMC; aBTopsl npeanonarawt, uro 3tu nupkPHK B3a-
nmMoziercTBy10T ¢ MUKpoPHK n uepe3 curnanbHble Ty TH,
Bkitodass MAPK, y4acTByIOT BO BHEPEHUH dHIOMETPHUS
B MHUOMETPHUA.

C InarHoCTUYECKOM TOUKH 3peHUs HHTEpEC MPeICTaB-
ns1r0T 1asmennbie MUKpoPHK. Yeranosneno [51], uro
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noBbliieHne yposHs MUKpoPHK-92a-3p B ax30comax mpu
aJIcHOMUO3€ U CHIDKEHUE YPOBHS 3TOr0 Mapkepa nociie
XUPYPrUYeCKOro JIeYeHUs YKa3bIBAIOT Ha MPSIMYIO CBS3b
MukpoPHK-92a-3p ¢ gaHHBIMU MaTOJIOTHYECKUMU MPO-
HeccaMu B MaTke. MeTooornyeckre IpUHIUITEL POpMHE-
poBaHus iuarHoctTruyeckux nanenet MukpoPHK npu sH10-
METpHUO3€e NpeAcTaBIeHbl B uccaenoBanuu .M. OpausiHi
U COaBT. [52], rue mpoaeMOHCTPUPOBAHO MPEUMYIIECTBO
MaHeIbHOro aHaju3a mia3MeHHbx MuKkpoPHK 1o cpaBhe-
HUIO C OTIIENBbHBIMH MapKepaMu, YTO, KaK MbI I0JIaraem,
MOXeT OBITh HUCIIOJIB30BAHO U IIPU U3YyUYEHUH aJIEHOMHUO3A.
[Ipu 5TOM OcTaeTcs HESACHBIM, B KAKOW CTETIEHU CIIEKTP
mazMeHHbIX MUKpoPHK xapakrtepusyeT npoueccsl, npo-
UCXOAALINE HENOCPeACTBeHHO B 30He DMC, a He sBnseTcs
OTpak€HHUEM CUCTEMHOTO BOCHAIUTENLHOTO (hOHA.

Ponb pemopenposanns OMC B HapyleHun
PenpoORyYKTUMBHOI QPYHKIIUN IPU alecHOMUO03€e

CrpykrypHO-(yHKIIHOHAIBHAS IepecTpoiika DMC mo-
JKET BJIMATH HE TOJIBKO Ha KIMHUYECKHUE MTPOSBICHUS ajie-
HOMHO3a, HO M Ha PeNpoAyKTHUBHYIO (yHKUHIO. OcoObIii
UHTepeC MpeacTaBiseT poib Tpancopmanuii SIMC B Me-
XaHU3Max OecIyIoNus, aCCOLMUPOBAHHOIO C aJEHOMHO30M.
HUccnenoBanus in vitro noka3anu, 4TO y MALMEHTOK C aJie-
HOMHO30M CHIDKAETCSI CHOCOOHOCTD 3HIOMETPUATBHBIX
CTPOMAaJIbHBIX KJIETOK K JELHIyaTu3alid BCIEACTBUE
YMEHBLIEHHS COAEPIKaHUS TPAHCKPUIILIUOHHOTO (haKkTopa
FOXO1, a Hapy1ieHue NOIIpHOCTH KIIETOK, CBSI3aHHOE CO
cHMxeHueM konudecTBa Oenka SCRIB, moxer mpemst-
cTBOBaTh UMIUTaHTaIMH [53]. HapymieHue nepuctaibsTuKu
MaTKH, NePecTpoiika COCYTUCTOM CETH U BOCTIAIUTENbHbIC
n3menenus: B OMC Taxke paccMaTpUBaloOTCs Kak (haKTopsl
CHIDKEHUS UMIUIAaHTAIIMOHHON CIIOCOOHOCTH YHIOMETPUS
1 HeONaronpusTHBIX UCXOAOB MPOrPaMM BCIIOMOTaTeNb-
HBIX PENpPONYyKTUBHBIX TEXHOJOTHH [54—56]. B kiaunuye-
CKUX UCCIeoBaHusX [57, 58] moka3aHO, 4TO TOpMOHANIbHAS
MOATOTOBKA (arOHUCTHI TOHAI0TPOITUH-PUITU3UHT-TOPMOHA
U YIUIMHEHHBIE 3CTPOreH-NPOTreCTUHOBBIE PEKUMBI) MO-
JKET MOBBIIIATH YACTOTY HACTYIJICHUSI OEPEMEHHOCTH Y
MAIMEeHTOK ¢ aJIEHOMHO30M, HO pe3yJbTaThl 3TUX HCCIe-
JIOBaHUH MMOKa OCTAIOTCA MPOTUBOPEUUBHIMU. BeposTHo,
3TO CBSI3aHO C MHOTO(AKTOPHBIM XapaKTePOM PENPOIYK-
TUBHBIX HAPYIICHUH, BKIIOYAIOIIUX PEMOJIETUPOBAHNE
OMC u coueTaHHbIE COCTOSHUS, TAKHE KaK XPOHUYECKHIA
sugomeTpur [59-61].

3akmoueHne

CoBpeMeHHbBIE TaHHBIC JIUTEPATyPhl CBHICTEIBCTBY-
10T O BeIyIIeH POJIU PEMOCINPOBAHUS HIOMETPHATb-
HO-MHOMETPHATIBHOTO COSAMHEHUS B FeHE3€ aICHOMHO3a.
HMeHHO B 3TOM 30HE pa3BUBalOTCs GUOPO3, HEHPOTEHHBIE
W aHTHOTEHHBIC MPOIECCHI, OCYIISCTBAAETCS (PeHOMEH
SMUTENHATBHO-ME3EHXUMAIBHOTO Mepexoa, GopMupy-
FOTCS M3MEHEHHUSI HMMYHHOTO MHKPOOKPYKEHHS, TIOTCH-
[UPYIOIIHAE HHBA3UBHBIM POCT SHAOMETPHAIILHBIX KIETOK
1 BIIMSIONINE Ha PE3yNIbTaThl BCIOMOTAaTEeIbHBIX PEMPOIYK-
THBHBIX TEXHOJIOTHIA.
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Bwmecre ¢ TeM gaHHBIE TUTEPATypPhl OCTAIOTCS IPOTHBO-
peuuBbiMU. CyIIECTBYIOIINE PA3InYHs B TEPMHUHOJIOTHH,
MOP(hOJTOTHUECKUX KPUTEPHIX U METOAAX UCCIEIOBAHUSA
MPUBOJST K PACXOXKICHUSAM B MHTEPIPETALNN IE€HE3a
afgeHomMuno3a. OrpaHuYeHbl CBEJCHHS O JIOKAIbHBIX MPO-
1eccax B 30HE 3HJIOMETPHUAIbHO-MUOMETPHAIBHOTO CO-
€IMHEHNS: HEMPOAHTHOTEHHBIX B3aUMOJICHCTBUAX, MECT-
HOM HUMMYHHOM OTBeTe, peryssiiuu pynxkunn MukpoPHK.
LenecooOpa3Hbl JalbHEHIINE KOMIUIEKCHBIE HCCIIeI0Ba-
HUSL 111 YTOYHEHHUs] TeHe3a aJHOMMO03a, ITOMCKAa HOBBIX
JMarHOCTHUYECKUX M TEpaleBTUUECKUX MHUILIEHENH MpPHU
aJICHOMHO03-aCCOLMMPOBAHHOM O€CIIIIOANY.
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Pe3rome. Bgeoenue. Bricokas 1eTambHOCTD, PEIMANBAPOBAHNE OIYXOJNeH W YCTOHYINBOCTE K TEpaliH —
Ba)KHEHIIME POOIeMBbl OHKOJIOTHH, BO MHOTOM CBSI3aHHBIE C HAJMYHEM B X COCTaBe 0COOOHN MOMYJISILIUK
OITyXOJIEBBIX KIIETOK — PAKOBBIX CTBOJIOBBIX KJIETOK. OHHM PE3UCTEHTHBI K BO3IEHCTBHAM, CIIOCOOHBI K CaMO-
OOHOBJICHHUIO ¥ CO3/IaHHMIO JIOUEPHUX KIIETOK, T ((HEepeHIIPOBKE 1 SMTUTEINATIbHO-ME3eHXUMaIbHOM TpaHC-
(hopmanmu. OcTaeTcs HEPEIEHHBIM BOIIPOC, CYIIECTBYET B OITyXOJIM OAWH THIT PAKOBBIX CTBOJIOBBIX KJIETOK
WY peYb UIET O BO3MOXKHOM MepapXUM reTepOreHHbIX PAKOBBIX CTBOJIOBBIX KJIETOK. Llenb Hamel paboTs! —
MPOAHAIN3MPOBATH T€TEPOr€HHOCTH PAKOBBIX CTBOJIOBBIX KJIETOK 10 3KCIIPECCHU MapKEPOB CTBOJIOBOCTH M KX
CBsI3b CO C(EPOUTHBIMU CTPYKTYPAaMH B Pa3HOOOPa3HBIX KYJIBTYpax omyxouneit (rmmobnactoma U-251, rimo-
6mactoma U-87, pak metiku Matku — SiHa, Hela, pak koxxu BynbsBel A43 1 11 aneHOKapurHOMa JieTKoro A549).
Mamepuanvt u memoowl. MiccnenoBanue NpoBOIMIIOCh MMMYHOIIUTOXMMHUYECKMM METO/IOM. B kauectse
MapKepoB PaKOBEIX CTBOJIOBBIX KIIETOK mpuMeHsun anTuTena kK ALDH1, CD133, CD34.

Pezynbmamei. B u3yueHHBIX KIETOUHBIX KYJIBTYPaxX IPEIIIOIOKHUTEIFHO 0OHAPYKEHbI HePapXUH reTepo-
TeHHBIX PaKOBBIX CTBOJIOBBIX KJIETOK. B aneHokapumnHOMe jerkoro A549 mpeobmagaror ALDHI1+ 1 CD34+,
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BCE BapHaHTHI PAKOBBIX CTBOJIOBBIX KJIETOK. B pake BymbBbI A431 0OHapy:keHO HaUMEHBIIEE KOITMIECTBO
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Abstract. Introduction. High mortality, tumor recurrence, and resistance to therapy remain major challenges
in oncology and are largely attributed to the presence of a distinct population of tumor cells known as cancer

22 KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 15 Ne 4 2026



OPUTMHAJIDHBIE UICCITEJOBAHNMA

stem cells. They are resistant to adverse conditions and capable of self-renewal daughter cell generation,
differentiation, and epithelial-mesenchymal transition. It remains unclear whether tumors contain a single
population of stem cells or multiple heterogeneous populations organized in a hierarchical manner. The
purpose of our study was to analyze cancer stem cell heterogeneity by investigating marker expression and
the association of these cells with spheroidal structures in several tumor cell lines: glioblastoma U-251 and
U-87, cervical cancer SiHa and HeLa, vulvar squamous cell carcinoma A431, and lung adenocarcinoma A549.
Materials and methods. Immunocytochemical analysis was performed using antibodies against ALDHI,
CD133, and CD34 as cancer stem cell markers.

Results. Hierarchies of heterogeneous cancer stem cells were presumably found in the studied tumor cell
lines. ALDH1+ and CD34+ predominate in A549 lung adenocarcinoma; CD133 and ALDH1, in U-251 and
U-87 glioblastoma cultures; and HeLa and SiHa, in cervical carcinomas. Vulvar squamous cell carcinoma
A431 is characterized by the lowest number of cancer stem cells. Clusters of cancer stem cells were found
in spheroidal structures, which may correspond to their niches identified in the tumor tissue.

Conclusion. Understanding cancer stem cell biology may contribute to the development of new therapeutic
approaches.
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BBenenue

3510KkaueCcTBEHHbIE HOBOOOPa30BaHUs OCTAIOTCS Of-
HOM M3 BEAYUIMX NPUYHH CMEPTHOCTU B MUPE, HECMOTPA
Ha 3HAYMUTEJIbHBIE YCIEXU B AUArHOCTUKE W JICUECHUU.
PenmnuBrpoBaHue OmyxoJei 1 X yCTOWYMBOCTh K Tepa-
UM CBSA3aHBI C HAJIMYMEM B UX COCTaBE 0COO0M MOMYIISALINH
paxoBbIX cTBONOBBIX KeTOK (PCK). Otu knetku obiagaror
YHUKaJIbHBIMU CBOMCTBaMU: MHUIMAIMEH OIYX0JIEBOTO
pocTa axe MpHu KpaiiHe MajioM KOJM4eCTBE, Pe3UCTEHT-
HOCTBIO K Pa3IMYHBIM BO3JEHCTBHSAM B JOPMaHTHOM
COCTOSIHUH, CITIOCOOHOCTBIO K CAMOOOHOBIIEHUIO, Tr(de-
PEHIUPOBKE, CO3AAHUIO JOUYEPHUX MPONUDEPUPYIOLIUX
KJIETOK U SMUTETHAIbHO-ME3eHXUMaJIbHOH TpaHchopMa-
1w [1]. OcTtaercs OKOHUATEIHHO HE PELIEHHBIM BOMPOC,
cymiecTByeT B ogHo# omyxonu ogHa PCK unm peus uger
0 BO3MOXHOM cymiecTBoBaHuM rereporeHHsix PCK, uto
JieaeT ONnyXoib JUHAMUYHON M aJIaliTUBHON CHUCTEMOH,
a TaKKe OCIIOXKHSET ux usyuenue [2]. K yHuBepcaibHbIM
Mapkepam nerekiun PCK otHocaT pazHooOpa3Hble MoJie-
kynel: ALDHI1, CD44, CD133, Nanog, Oct4, Sox2 u 1.11.,
OJTHAKO HU OJIHA U3 HUX He sBisercs Ha 100% cnenupuy-
Hoii a1t PCK B pa3HBIX OMyXOJIsIX B CBSI3U C IKCIIPECCHEH
3TUX MapKepOB HOPMAJIbHBIMU CTBOJIOBBIMH KIIETKAMH.
He Bce PCK 3aBHUCAT OT OJHHUX U T€X K€ MOJEKYJISIPHBIX
MyTel, MO3TOMY MX MapKepHBIN PO MOXKET BAPbUPO-
Barb. Pasnble cyononysmsiuun PCK MoryT skcmipeccupoBarb
pa3Hble KOMOMHAIIMKM MapKepos [3, 4].

3aBucumocts Tuna PCK oT Buga omyxonu oTMedeHa
MHOTHMH crnenuanuctamu [5—-9]. Jlumb TouHOE 3HAHME
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MapKepoB MO3BOJISIET CO3/aBaTh OpraHocnenu(puyHble Te-
pareBTUYECKHE CTPaTeruu.

B nuteparype obcyxkaaeTrcs BONpoc O JOKaiau3a-
uuu PCK B chepougHbIX CTPYKTypax, KOTOpbIe Hau-
Oosiee moApOoOHO OBLIM M3YUYEHBI MPHU LIEPBUKATBHOU
WHTPAadNUTENIHAIbHON Heomna3uu meiku mMatku [10].
Cdepounipie KIETOYHBIE CTPYKTYPHI BIIEPBHIE OMHUCAHBI
MIpH KYITETUBUPOBAHUM HOpMaJbHBIX [11-14] u pakoBbIxX
KJIETOK MOJIOYHOM xkene3bl [15], Toncroit kumku [16],
MpEeJCTaTeNIbHOM Kemne3bl [17].

Lenp uccnenoBaHus — NpOaHATU3UPOBATh T€TEPOTeH-
HocTh PCK B pa3nuyHBIX KJIETOYHBIX KYJIbTypax 3JI0Ka-
YECTBEHHBIX OITYXOJIEH MO SKCIIPECCUU MapKepPOB CTBOJIO-
BOCTH U UX CBSI3b CO C(OEPOUIHBIMU CTPYKTYpaMHU.

Marepuanbl 1 METOMBI

HccnegoBanue BBHIMOJHEHO Ha HIECTH KYJIbTypax
pakoBBIX KJIeTOK — rmmobmactombl U-251, mobnacro-
mbl U-87 (HTB-14™), paka metiku marku SiHa (HTB-
35™) u HeLa (CRM-CCL-2™), paka koxu Bynb6BbI A431
(CRL-1555™), anenokapuunomsl jierkoro A549 (CRM-
CCL-185™). Knerku kynbTuBHpOBand B cpene DMEM
(«ITanDxo», Poccus), conepxkameit 2 MM L-rmytamuHa
(«ITanDko», Poccust), pacTBOp MEHULIWIUIMHA U CTPEIITO-
munuHa («ITandko», Poccus), ¢ nobasnenuem 10% te-
nsubeld SMOproHanbHOHN chIBOpOTKHU (Biowest, @panius)
npu 37°C u 5% CO,. lns npoBeIeHUss UMMYHOIUTOXH-
MHYECKOTO aHaIm3a KJIETKH paccaxuBaid mo 10° kietok
B 1 MJ pocToBO# cpeabl Ha CTEpUIIbHBIE IPEIMETHbIE
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CTeKJIa ¢ MOJMWJIN3UHOBBIM NoKphITHeM StarFrost (Knittel
Glass, ['epmanus), nomenieHssie B 15 cM gamku Iletpu,
nomemanu B CO,-uHKy6aTop 1 MHKyOUpOBalM B CTaH-
JApTHBIX ycioBUsAX. Yepes 24 yaca KJIETKH OTMBIBAIU OT
cpensl hocharHo-coneBbIM OydepoM, 3aTeM HUKCHPOBAITH
B X0JI0JHOM 96% pacTBOpe 3TaHoNa B TeueHue 30 MUHYT
Y BBICYLIMBAJIM IPU KOMHATHOM TeMIIepaType.

Mopddonorudeckoe HccleI0BaHUE IPOBOIUIOCH HA
CTEKJIaX, OKPalIeHHbIX IeMaTOKCUJIMHOM U 303MHOM.
NmvmyHorucroxumudeckue (UI'X) peakuuu craBuiid Ha
CTEKJIaX, MOKPHITHIX MOIHIU3NHOM, 10 OOLIETIPUHATOMY
nportokony [18]. B kauecTBe MepBUYHBIX TPUMEHSIINCH
antutena Kk ALDHI (Huabio, KHP, Polyclonal Rabbit
Antibody, pa3senenue 1:200), CD133 (Huabio, KHP,
Polyclonal Rabbit Antibody, pa3zsenenue 1:500), CD34
(Huabio, KHP, Polyclonal Rabbit Antibody, pa3Bene-
Hue 1:2000), mapkep nponudepanun Ki67 (readytouse,
Novocastra/Leica Biosystems, Benukobpuranus), map-
kep amonTo3a CASP3 (readytouse, Novocastra/Leica
Biosystems, Benukobputanus). Beibop mapkepos PCK
OCHOBBIBAJICSl HA YHUBEPCAIBHOCTH UX IKCIIPECCHUU B UC-
CJIeIOBaHHBIX HAMH KJIETOYHBIX KynabTypax [3-9]. B ka-
YeCTBE BTOPUYHBIX MCIOJIB30BATIM aHTUTENA K aHTUMBI-
IIMHBIM ¥ aHTUKPOJIMYbUM UMMYHOTJIOOYTUHAM, CTaBUIIH
nonoxutensHbeie (k ALDHI Ha cpe3ax TkaHH HeyeHH, K
CD133 na cpe3ax Tkanu nouku, kK CD34 Ha cpe3ax Tka-
HU MaTro4HO# TpyOsl) U oTpuuarenbusie kouTponu (MI'X
peakiys 0e3 BHECEHUS COOTBETCTBYIOILETO aHTUTENA).
OneHka pe3ynbTaToB peakiuil mpoBoauIack MoppomeT-
pUYECKH IyTeM IMoJcueTa MPOLEHTa KIETOK OIyXOJIHU CO
crenn(pUUeCKUM OKpaIIMBaHUEM SApa W/UIIH [IUTOTLIa3MBbI
Ha 3000 KJIETOK OMyX0JH, BEIPAYKEHHOTO B MPOLIEHTAX.

Onpenensioch TakKe KOIMYECTBO CPEPOUTHBIX CTPYK-
Typ (CDC) mytem noncuera 3000 KIETOK C pacueToM UX
cpennero konuuecta Ha 1000 kimeTok. Mbl olleHUBAIIN
UX KOJIMYECTBO, pa3Mephl M KIJIETOUHBIA COCTaB C pacye-
ToM k03 urmenta koppessiuuu [Tupcona ¢ mpoLeHTHBIM
coaepxkanueM pasHbix TunoB PCK u nponudeparusHoit
aktuBHOCTH [19]. CtaTuctudeckas o0paboTKa NaHHBIX
BBITIOJIHAJIACH HA TIEPCOHATLHOM KOMITBIOTEPE C UCTIONb-
30BaHMEM EeKTPOHHBIX Tabnui Microsoft Excel. Bee mo-
Jy4YEeHHbIE Ka4eCTBEHHbIE, KOJIMYECTBEHHBIC, KIIMHUYECKUE
JlaHHBIE 00pabaThIBaIM C TOMOIILIBIO METO/IA BAPHALTUOHHOM
CTaTUCTUKU. B onucarenbHOM cTaTUCTUKE UCTIONB30BATUCH
MUHHAMAITbHBIE 1 MAKCUMAaJTbHBIE 3HAYSHUS, CPEIHUE apr]-
METHYECKUE 3HAYCHUSI, CPEIHUE KBaJPaTUIECKUE OTKIIOHE-
HUS. Pa3nuuus cuutanuch CTaTUCTHYECKH TOCTOBEPHBIMU
pu p<0,05.

PesynbraThl

Kynomypa xknemok adenokapyunomol aecko2o (A549).
B npenaparax KynbTypa KJIETOK MpeAcTaBieHa MIacToM
ATUNHAYHBIX KJIETOK LMIMHAPUYECKON U MOJUTOHAIbHON
(dhopmbl ¢ nonumopdHbIME sapamMu U COC, B cpenHeM
BoceMb B noje 3penus npu x200, pazmepamu ot 50 1o
100 mxMm u copepxkamux npumepHo ot 30 go 70 kieTok
(puc. 1 A).
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IIpn UI'X nccnenoBaHuy BBISIBIEHA pa3iinyHas dac-
tota PCK mo u3ydeHHbIM MapkepaMm CTBOJOBOCTH, CO-
JepKallUMCs B HUTOIIa3Me OIYyXOJEBBIX OIHOSAIEPHBIX
1 MHorosiiepHbIX kieTok ALDHI (25% pakoBbIX KIIETOK),
CD34 (30%), CD133 (10%), cocpenoTOYEeHHBIX B OCHOB-
HoM B COC B pa3HbIx KosndecTBax (puc. 2 A, 3 A, 4 A,
tab1.). Kpome toro, COC copeprkaliu U pakoBble KIETKH,
HE UMEBILINE U3YYeHHBIX HaMu MapkepoB PCK.

Knemounwie kynomypot enuoonacmomor U-251 u U-87
MpEeACTaBICHBl IIACTAMHU OTPOCTYATHIX KIJIETOK C IO-
TUMOP(HBIMU AApPaMH, THTAHTCKUMH MHOTOSIEPHBIMU
KJIETKaMH OT TpeX 0 MATH B TOJIE 3PEHUs, OTAeIbHBIMU
COC nebonpmux pazmepoB (ot 30 1o 40 MKM), B KOJIH-
4eCTBE B CPEJHEM [0 UEThIpEX B moje 3peHust npu x200
(puc. 1 B, C). Ilpu UI'X uccrnenoBaHuy BeISBICHA Pa3iny-
Has yactota PCK no u3y4eHHbIM MapkepaM CTBOJIOBOCTH
cofiep KaluXxcs B IIUTOIIIa3Me OMYXOJIEBBIX OHOSIEPHBIX
Y MHOTOSIIEPHBIX KIIETOK, & TaKXXe B KJIEeTKax cepou-
HBIX cTpyKTyp: 1 U-251 —ALDHI (25%), CD133(40%),
CD34 (7%) (puc. 2 B, 3 B, 4 B, ta6mn.); nns U-87 — Hau-
6onbiee komuuectBo CD133 (18%), menbmie — ALDHI1
(10%) u Hanmenbinee komuuecTBo CD34 (2%) (puc. 2 C,
3C,4C, Tabmn.).

Kynomypol k1emox niockokiemoyHo20 paxa weuku
mamxu SiHa u adenoxkapyuromsl weuxu mamku HelLa
MPEJCTaBIICHBI TUIACTAMU aTHUIIMYHBIX KJIETOK BEPETEHO-
BUJIHOM U IIOJTUTOHAIIBHOM (POPMBI C MOTMMOP(HBIMH spa-
MU, €TUHUYHBIMU THTAaHTCKUMH MHOTOSIZIEPHBIMU KJIETKA-
MH ¢ popmupoBaHueM B cpeaHeM mecta COC (kynbTypa
SiHa) u cemu COC (xynsTypa Hela) pa3nsix pa3mepos (0T
25 no 70 mxm) B one 3penus npu X200 (puc. 1 D, E). IIpu
UI'X uccnenoBanuu BeisgBiIeHa pasnuyHas yactota PCK
M0 M3yYCHHBIM MapKepaM CTBOJIOBOCTH, COACPKAIIMMCS
B LIUTOIIA3ME OIyXOJEBBIX OJHOSICPHBIX U MHOTOSIIEP-
HBIX KJICTOK, @ TaKKe B KJIETKaX c(hepoHIHBIX CTPYKTYp:
it SiHa — ALDHI1 (40%), CD133 (20%), CD34 (25%)
(puc. 2 D, 3 D, 4 D, tabn.); nns HeLa — ALDHI (30%
paxoBbIx KieTok), CD133 (45%), CD34 (40%) (puc. 2 E,
3 E, 4 E, ta0mn.).

A431 — kynemypa K1emokK nioCcKOKIemo4Ho20 paxka
KooiCU 8)Ib6b — TIPEJICTABIICHA IIIACTOM AaTUITHYHBIX KJIETOK
BEPETCHOBUIHOM U ITOIUTOHAIBHOHN (DOPMBI C TTOTUMOP(h-
HBIMU AJpaMHU U SAMHUIHBIME CHEPOUTHBIMU CTPYKTYpa-
MH, B CpEIHEM YeThIpe B nosie 3peHus npu x200, pazmepa-
mu ot 50 10 70 Mxm (puc. 1 F). [Ipu UT'X uccnenoBanuu
BbIsIBIIEHA pa3nnydHas yactota PCK mo uzydyeHHbIM Map-
KepaM CTBOJIOBOCTH, COAEPKAIIUMCS B ITUTOIIA3ME OITy-
XOJIEBBIX OZHOSIIEPHBIX U MHOTOAIEpHBIX Ki1eTok, ALDHI
(8%), CD133 (6,5%), CD34 (2%) (puc. 2 F, 3 F, 4 F, Tabmn.).

Hawmu nposenieH pacueT k03¢ UIMEHTa KOPPEIIIUT
IMupcona Mexy AByMs MAaCCHBAMHU JaHHBIX: KOJMYECT-
BoM cdeponnioB Ha 1000 omyXoJeBbIX KIETOK BO BCEX
KyJIBTYpax KJIETOK U CTCIECHBIO 3KCIPECCUU MapKepoB
PCK, BeipaskeHHO# B mporeHTax (puc. 5). Koapouunent
KOPpeJSIIUK MacCUBOB JaHHBIX «CD34-cdepounsr» co-
ctaBui 0,921 (cunbHasg KOppesiIMMOHHAs 3aBHCUMOCTh
npusHakoB), «CD133-cheponasn — 0,070 (cnabas kop-

Tom 15 Ne 4 2026



OPUTMHAJIBHBIE ICCJIENOBAHNA

r&&j‘éﬂ

T3 AR
-,

e
3,
' ]ll"

Puc. 1. OnyxoneBbie OQHOsAEPHBIC ¥ MHOTOSIICPHBIC KIIeTKH, a Takoke COC (cmpenku).
A — PCK B kynbType afeHokapiuHoMEl jterkoro A549, B — PCK B kynsrype mmo6nacromsl U-251, C — PCK B kynbType
rrobnactomsl U-87, D — PCK B kynbType miockokiieTouHoro paka meiiku matku SiHa, E — PCK B kynbType aieHOKapIHOMBI
mreiiku Matkn HelLa, F — PCK B kybType III0CKOKIICTOYHOTO paka KoxkH ByiabBEI A431. Okpacka reMaTOKCHIMHOM U S03HHOM,
%200
Tumor mono- and multinuclear cells, spheroid structures (arrows).
A — CSC in the A549 adenocarcinoma cell line, B — CSC in the U-251 glioblastoma U-251 cell line, C — CSC in the U-87
glioblastoma cell line, D — CSC in the SiHa squamous cell carcinoma of the cervix cell line, E — CSC in the HeLa cervical
adenocarcinoma cell line, F — CSC in the A431 squamous cell carcinoma of the vulva cell line. H&E stain, X200
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Puc. 2. Dxcnpeccust Mmapkepa ALDH1 B omyXoneBBIX OHOSACPHBIX M MHOTOSIIEPHBIX KJIETKAX, a TAKXKE B KJIETKaX CHePOHIHBIX
CTPYKTYP.
A — PCK B kynbType ageHokapurHoMsl Jierkoro A549, B — PCK B kynsrype mmo6mnactomsr U-251, C — PCK B kynbType
mmobnactomsl U-87, D — PCK B kynberype miockokietouHoro paka meiikn marku SiHa, E — PCK B kynbType aileHOKapIIHOMBI
meiiku Matku HeLa, F — PCK B KynbType II0CKOKIETOYHOTO paka Kok BynbBbl A431. UT'X ¢ nuamuno6en3uniaoM (JAB).
A —x600, B-E — x200, F — x400
ALDHI1 expression in mono- and multinuclear tumor cells and in the cells of spheroid structures.
A — CSC in the A549 adenocarcinoma cell line, B — CSC in the U-251 glioblastoma cell line, C — CSC in the U-87 glioblastoma
cell line, D — CSC in the SiHa squamous cell carcinoma of the cervix cell line, E — CSC in the HeLa cervical adenocarcinoma cell
line, F — CSC in the A431 squamous cell carcinoma of the vulva cell line. IHC with DAB stain. A — x600, B-E — x200, F — x400
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Puc. 3. Dxcnpeccust mapkepa CD133 B oIyXoneBBIX OHOSIEPHBIX U MHOTOSIIEPHBIX KIIETKAX, a TaKKe KIeTKaX CHEepOHIHBIX CTPYKTYP.
A — PCK B kynsrype ageHokapinrHoMEI sierkoro A549, B — PCK B kynsrype mmmo6mnacromst U-251, C — PCK B kynbType
mmobnactombl U-87, D — PCK B KynbType II0CKOKIIETOUHOTO paka mieiiku Matku SiHa, E — PCK B KynbType aJeHOKapIHHOMBI
meliku matku HeLa, F — PCK B xynmerype mockoxieTouHoro paka koxku BynbBel A431. UT'X ¢ IAB. A — x600, B-E — x200,

F —x400

CD133 expression in mono- and multinuclear tumor cells and in the cells of spheroid structures.

A — CSC in the A549 lung adenocarcinoma cell line, B — CSC in the U-251 glioblastoma cell line, C — CSC in the U-87
glioblastoma cell line, D — CSC in the SiHa squamous cell carcinoma of the cervix cell line, E — CSC in the culture of HeLa
cervical adenocarcinoma cell line, F — CSC in the A431 squamous cell carcinoma of the vulva cell line. IHC with DAB stain.
A —x600, B-E — x200, F — %400
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Puc. 4. Oxcnpeccust mapkepa CD34 B 0myXoseBbIX OJHOSEPHBIX U MHOTOSIEPHBIX KJIETKAX, a TAKKe KIETKaX CHEepOHIHBIX CTPYKTYD.
A — PCK B kynbsType ageHoKapuuHOMEI Jierkoro A549, B — PCK B kynsrype mmobmactomsr U-251, C — PCK B kynsType
mmobnactomsl U-87, D — PCK B kynbType II0CKOKIIeTOYHOT0 paka mieiiku Matku SiHa, E — PCK B KynbType aaeHOKapLIHOMbI
mreiiku matkn HeLa, F — PCK B kynbType m1ockokineToqHoro paka koxu BymsBel A431. UT'X ¢ JIAB. A — %600, B-E — %200,

F —x400

CD34 expression in mono- and multinuclear tumor cells and in the cells of spheroid structures.

A — CSC in the A549 adenocarcinoma cell line, B — CSC in the U-251 glioblastoma cell line, C — CSC in the U-87 glioblastoma
cell line, D — CSC in the SiHa squamous cell carcinoma of the cervix cell line, E — CSC in the HeLa cervical adenocarcinoma
cell line, F — CSC in the A431 squamous cell carcinoma of the vulva cell line. THC with DAB stain. A — x600, B-E — x200,

F — %400
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Tabnuya | Table

Koauuecrso ceponaos Ha 1000 omyxoseBbIx kJeTok u 3Kkcnpeccust PCK B ky1bTypax pakoBbIX KJIeTOK, % | Spheroid count per
1,000 tumor cells and CSC expression in cancer cell lines, %

ALDH1 CD133 CD34
A549 25+1,05 10+1,63 3042,35
U-251 25+3,40 404,01 740,57
U-87 10+0,81 1847,25 240,94
SiHa 40+3,86 202,08 2542,92
HeLa 300,36 45+0,97 40+1,33
A431 8+0,44 6,5+0,08 240,32
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Puc. 5. KoppensunoHHas 3aBUCHMOCTb KOJIMYECTBA CPEPOUIOB
¥ crenenu sxcnpeccun mapkepos PCK u nponudepanun

Fig. 5. Correlation between the spheroid number and the degree
of CSC and proliferation marker expression

pessauus), «KALDH-chepouns» — 0,635 (cpenusis koppe-
nsms). Taxoke paccyuTaHa KOppensaLUOHHAas 3aBUCUMOCTb
MEX]Y CTEeTIEHbIO SKCIIPECCUH pa3In4HbIX MapkepoB PCK:
«ALDH-CD34» (cunbHas koppessiuus, 1=0,734), «<ALDH-
CD133» (cpenuss xoppenauus, 1=0,440), «CD133-CD34»
(cnabas xoppensuus, r=0,363).

O6cyxaeHne

B pesynbrare npoBeJeHHOTO UCCIIEAOBAHMS MBI ITpe.I-
1oJiaraéM BepOSITHOE CYIIECTBOBAHUE I'€TEPOT€HHOCTH
PCK BHyTpH OIyX0J11 BO BCE€X N3YUEHHBIX HAMH KYJIBTypax
paxa. [Ipu aTom criektp rereporenHoctd PCK nnausuya-
JIEH TI0 KOJIMYECTBY U OIpeesIeHHBIM BUJaM OITyXOJIEBBIX
KYJBTYP.

B xynsrype ageHOKapuuHOMBI Jierkoro A549 npeo6-
nanator ALDH1+ nu CD34+ PCK, 4ro moarBepkmaercs
Y JaHHBIMU JIUTEPATYpbl. B 4acTHOCTH, MOBBILIEHHE JKC-
npeccuu ALDHI1 nipeanonoxurensHO KOPPEIUpyeT ¢ pe-
3UCTEHTHOCTBIO K NMPOTHUBOOINYX0JeBON Tepanuu [20].
B cBoem npeapinymeM ucciaenosanuu [21] Mel onucanu
BO3MOXKHOE cylecTBoBanue rereporennocta PCK B afe-
HOKapIIMHOMAax 4YeJIOBeKa W MOBBIIIEHHE KOJIUYECTBa
ALDHI1, CD133 u CD34 Ha cTaguu MeTacTa3upoBaHUs
B ollepallMoOHHOM Marepuaje. [lonydeHHble JaHHBIE 11O
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CASP3 Ki-67 Cdeponnsi |
Spheroid structures

340,94 83+1,67 8

740,88 83+2,44 4

16+2,50 12+0,94 3
20+1,12 40+1,48 6
25+42,59 254226 7

540,18 540,29 4

CD34 Taxxe MOTYT UMETh 3HAYCHHE C IPOTPECCHEN OITy-
XOJIM U COBMAJAIOT C pe3ynbTaTaMu uccienoBanus S. Ka-
poor et al. [22] u P. Radu et al. [23], koTopbie CBA3BIBAIOT
Hanuure CD34+ PCK B onyxoiu ¢ snuTennaIbHO-Me3eH-
XMMAaJbHBIM NIEPEXOJJOM U METACTAa3UPOBAHUEM, TaK KaK
CD34 — 310 Mapkep HEOaHTHOTEHE3a.

B kynsrypax muobmnactom U-251 u U-87 npeobnanaror
PCK CD133+ u PCK ALDH1+. [lo naHHBIM IHTEpaTy-
PBI, ONHUM U3 NEPBBIX BBIBIEHHBIX Mapkepos PCK rino-
6nactombl 0b1 CD133, ogqHAaKO OH HE MOKET SBJISTHCS
YHHUBEPCAIbHBIM MapKepoM TOJNBKO AJIsl JaHHOH OILyXo-
nu [24]. CrienoBareiabHO, KpaiiHe BaXXHO YCTaHOBJICHHE
JIOMOJIHUTENBHBIX MAPKEPOB CTBOJIOBOCTH JIJIS BBISIBIICHUS
PCK rmno61acToMsl, 4To TpeOyeT JalbHEHIIEeT0 H3yYeHUsL.

B xaprunomax meiiku matku HelLa, SiHa Bce Bapu-
aHTel PCK npucyTCTBOBaIN B OTHOCUTENIBHO OONBIIOM
konuuectBe. Yucno ALDH+ PCK BapsupoBano B 3THX
KyneTypax oT 30 10 40%, B 3aBUCHMOCTH OT KYJIBETYPBI KJIe-
ToK. Harmm pe3ynbTraTsl HAXOAAT IOATBEPAKICHUE U B JIUTE-
parype: KyabTypbl KJIETOK paka 1meiiku matku SiHa u HeLa
TaKKe BBICOKO dkcnpeccupytoT mapkep ALDH, u ALDH+
PCK accouuupoBaHsl ¢ 6051ee BBICOKOH OHKOT€HHOCTBIO
U yCTOWYMBOCTBIO K MIPOTHBOOIYXOJIEBON Tepanuu [25].
B PCK xynsryps! kiteTok HeLa o6Hapy»keHa BbICOKas IKC-
npeccust CD133, gro Toxxe koppenupyeT ¢ uHpopMaruei
U3 IUTEpaTyphl: uccienosarenu cesspiBatoT CD133+ PCK
C Pa3BUTUEM YCTOMUYMBOCTH K TEPANUY KAPLIMHOMBI INEUKH
Mark# [26].

INony4yeHHbIe HAMH JaHHBIE O BO3MOXKHOM CYIIIECTBOBA-
Huu rereporenHocty PCK B 01HO# 1 TO¥ ke Oy X0 MoJ-
TBEpKJat0TCs paboTamMu Jpyrux aBTopoB. BeposiTHee Bee-
ro, rereporenHas uepapxus PCK mMoxeT koppeaupoBarb
C PE3UCTEHTHOCTHIO K IIPOTUBOOITYXOJICBOM TEpaNK IpU
BBICOKOM coepkanui B orryxonu CD133+ PCKu ALDH+
PCK [5—7] u siBAsITHCS pe3yABTaTOM POTPECCUU OIYXOJIH
Ipu BeIcOKoM conepxkanuu CD34+ PCK [8, 9].

C®C B omyxosieBOil TKaHU Hanboee BEPOSITHO BhI-
nonHsroT GyHKuio Hu PCK, yTo ObUTO ommcaHo HaMU
panee [10, 21]. Kak nokazano uccinenosanue, PCK ne
TOJIBKO OOHAPY>KHBAIOTCS B IUIACTE OIYXOJEBBIX KIIETOK,
HO U ckoHIeHTpupoBaHbl B COC pa3nuyuHbIX pa3MepoB
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U B pa3HbIX KOJIMYECTBaX. YCTAHOBIIEHBI BEPOSITHBIE KOP-
PENSLIMOHHBIE B3aUMOOTHOILLIEHHUSI MEXKIY KOJUYECTBOM
c(hepOHIHBIX CTPYKTYpP H MPOLECHTHBIM COICpPIKAHUEM
pasubix THnoB PCK, 4uTo moareepskaaeT ocoOEHHOCTH
nokanuzaiun PCK B cepouaHbIx CTpyKTypax KieToy-
HBIX KYJIBTYp, KOTOpbIe MOTYT CYHTAThCS TUIIOTETHYECKU
skBuBaneHTamMu HuI PCK B Tkansx. KoppensunoHHsIi
ananu3 mexay tunamu PCK u xonuduectsom COC nog-
TBEP>KAAET BO3MOXKHOE CYILIECTBOBAaHHE MHIANBHUYaTbHOM
rereporeHHocTd PCK B n3yueHHBIX HAMHU OIyXOJSX, YTO
MPEINOIMKUTEIBHO MOXKET HE TOJIBKO OTPa)kaTh CTAJMIO
OITyXOJIEBOU MPOTPECCHU, HO U BIIUATH HA PE3UCTEHTHOCTD
HX K IPOTUBOOITYXOJIEBOM Tepanuu, a TaKxKe ONpeaAessaTh
MIPOTHO3 JJIs allUeHTa.

IIpoBeneHHOe Hccaeq0BaHUE U aHATN3 JaHHBIX JIUTE-
paTypbl MOKa3bIBAIOT HEOOXOAUMOCTh IPEOIOTCHUS TPaIU-
IIMOHHOTO B3IVIs/1a Ha CYIIECTBOBAHUE B OIYXOJH OIHOTO
tuna PCK.

YuureiBanue uepapxuu rereporeHHsix PCK B onHoi
OITyXOJIM OTKPBIBAET MyTh K 00JIee TOUHOU CTpaTuuKaum
MalMEeHTOB, pa3padoTke 3P PeKTHBHON KOMOMHUPOBAHHOM
TepaIuy, IPOPHIBY B JICUSHUH PELUANBUPYIOIINX U METa-
cTarryeckux GopM paka. B nanpHeiiem Heo6X0aUMO Mpo-
BeZieHHe MOP(HOIIOTHYECKOTO HCCIEA0BaHUS PA3TUYHbIX
BH/JIOB OITyXoJIel ¢ pacmipeHHoi nanensto U X-anturen
(Bxmouas CD44, SOX2, Nanog, Oct4) ¢ 1enpto OLeHKH
CYILIECTBOBAaHHSI TETEPOr€HHOCTH C yYaCTUEM U JPYTHX TH-
noB PCK, oTBeTCTBEHHBIX 32 HEOIATOIPUATHBIN IPOTHO3,
METacTa3upPOBAHUE U OIYXOJIEBYIO ITporpeccuto. Panee Mbl
MIPOBOJIIIN HCClieioBaHKe Ha 3 (eKTUBHOCTH hoTommuHAa-
MHUYECKOH TepaIuu ¢ UCTIOb30BaHUEM OAKTEPHOXIIOPUHOB
Ha KyJbTypy paka Jierkoro A549 u yCTaHOBWIM YHUYTO-
xxeane ALDHI1+ u CD34+ PCK B HOBoOOpazoBauuu [27].
[Tonumanue rereporenHocTd PCK B OTIENBHBIX OMyXOJsX
MO3BOJTUT BpayaM KIMHUYECKHX CIIEHaTIbHOCTEH CBOeBpe-
MEHHO MOJI0MPAaTh TapreTHYIO TePaNuIo, HapaBICHHYO Ha
pasnuunble Tunbl PCK, uto B 1ienom Oynet crnocoOCTBOBATh
YAYUYLIEHUIO MPOTHO3a U BRDKUBAEMOCTH IMAllMEHTOB CO
3JI0Ka4E€CTBEHHBIMHU OITYyXOJISIMH.

3akmoueHnne

B kynberypax pakoBbIX KJIETOK, U3yYEHHBIX HAMH, THUIIO-
TETUYECKU 0OHAPYKEHO CYILIECTBOBAHUE IETEPOr€HHOCTH
PaKOBBIX CTBOJIOBBIX KJIETOK 10 IIOBEPXHOCTHBIM MapKepam
ctBostoBocti ALDH1, CD34 u CD133. Onucan uHIuBUY-
AJIbHBIN CIIEKTP TeTEPOreHHOCTH PAKOBBIX CTBOJIOBBIX KJIe-
TOK B Pa3HBIX OIyXOJEBBIX KYJBTypax: B aJleHOKapLUHOME
nerkoro A549 npeobnanator ALDHI1+ u CD34+, B Ky/nb-
Typax muobnactom U-251 u U-87 — CD133 u ALDHI, a
B KapumHoMax Ieliku matku HelLa, SiHa Bce BapuaHThI
PaKOBBIX CTBOJIOBBIX KJIETOK NMPHCYTCTBOBAIH B OTHOCH-
TEJIBHO OOJIBIIOM KOJIMYeCTBE. B MI0CKOKIETOUHOM pake
BYNbBBI A431 00HapyKeHO HauMeHbIlIee KOJIMYECTBO pa-
KOBBIX CTBOJIOBBIX KiIeTOK. ChepouHbIE CTPYKTYPHI B KJle-
TOYHBIX KYJIBTYPax, BEPOSTHO, MOTYT CUMTAThCS aHAJIOra-
MU HUII PAKOBBIX CTBOJIOBBIX KJIETOK B TKAHU OIYXOJIH,
MOCKOJIBKY B KJIETOUHBIX KYJBTypaX paKkoBble CTBOJIOBBIC
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KJIETKM B OCHOBHOM CKOHIICHTPUPOBAHBI B C(EPOUTHBIX
CTPYKTYypax pa3lMYHBbIX pa3MEPOB U B Pa3HbIX KOJIUYE-
ctBax. KoppensiuoHHbIH aHaau3 MeXAy THITaMH PaKOBBIX
CTBOJIOBBIX KJIETOK U KOUYECTBOM C(HEPOUTHBIX CTPYKTYP
TaK)Ke KOCBEHHO IMOITBEPIKAAET CYIIECTBOBAHUE NHIUBU-
JIyallbHOM TeTepPOreHHOCTH PAKOBBIX CTBOJIOBBIX KJIETOK
B U3YYEHHBIX HAMH OIYXOJIAX, YTO TUIIOTETHYECKU MOYKET
HE TOJIBKO OTPaXkaTh CTAJINIO OIyXOJIEBON MPOTrpeccuu, HO
U BIUATH HA PE3UCTEHTHOCTh MX K MPOTHUBOOIYXOJIEBON
Teparuu.
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Orpannyenns ucciaenoBanus. OrpaHUYCHUS TPOBEICHUS
HCCIIEI0BaHUS CBA3aHbI ¢ TeM, uTo VI['X He mo3BoJIseT TOYHO
ornpeaeIuTh ruOpuaHbIe KoMIOHEeHTHI nepapxuu PCK. Jlist sToro
IUTAHUPYETCs KCIONB30BaTh MynbTUILIEKCHYI0 MI'X 11 KoH(pOKaIbHYI0
MHKPOCKOIITHIO.

Limitations of the study. The limitations of the study are related

to the fact that the IHC study does not allow us to accurately
determine the hybrid components of the RSC hierarchy. Thus, future
studies will use multiplex IHC and confocal microscopy.
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I'McTo- M yIbTpacCTPYKTypHas XapaKTepUCTUKA YIIEK cepana
npu GuOpMIIAINN Npeaceprnin

H.A. I'ymeipuux’?, JI. B. Kakxmypcxuii', .M. Muxanesa’, 3.B. I'uoesa’,
H.A. Apemuosze’, M.A. Koznoea', A.B. Cmonozun'

! ®I'BHY Poccuiickuii HayuHbIH HEHTP XUPYypriuu uMeHn akagemuka b.B. Ilerposckoro, Mockea, Poccust
2 ®I'AOY BO Poccuiickuii yHuBepcHuTeT Apyx0bl HapoaoB umeHu [larpuca Jlymym6s1, Mocksa, Poccust

Pe3tome. Bsedenue. uOpmLAus Mpencepanii — oaHa U3 HanboJee pacpoCTpaHEHHBIX HOPM apUTMHI
B KIIMHIYECKOM MPAKTUKE, IPEACTABIIAIONIAs ONACHOCTH B IUTaHE TPOMOOAIMOOIHI C TOPAKCHNUEM JKU3HEHHO
Ba)KHBIX OPTaHOB. YIaJIeHHE yIIeK Cep/ria IpH KapAHOXHPYPTrUUECKUX OTIepannsIX MPeJOTBpaIIacT TpoMOo-
o0pa3oBaHNe 1 MHHUMHU3UPYET PUCK OCIOKHEHHH. [ MCTO- B yIbTpacTpyKTypHBIE OCHOBBI (PHOpMIIISAIIN
Mpeacepanii H3yIeHbI HeOCTaTOYHO. Llens necinenoBaHus — COMMOCTABUTh TUCTO- M YIBTPACTPYKTYPHEIE
MIPOSIBIICHUS I3MEHEHUH YIIeK cepara npu GUOPIULIINAN IPEeACepaAni Ha ONeparliOoHHOM MaTepuae ma-
LUEHTOB KapANOXHPYPTrUIECKOTO IPOQHIIS.

Mamepuanst u memooul. ' HICTOMOTHYECKH, IMMYHOTHCTOXUMHYECKHA M METOAOM TPAHCMHUCCHOHHOM AJIeK-
TPOHHON MHKPOCKOIIMH MCCIIETOBAHBI YIIKU CEpALA, YIaJICHHBIE Yy MAIlHEHTOB KapIUOXHPYPrHIECKOTO
npoduis ¢ hpudprLLIMei npeacepauii (64 oopasiia) u 6e3 Hee (33 00pasua). Fcnonb30BaHbl OKPAITMBAHHE
110 Bad ['uzony, Masmiopu, JIu, KoHro kpacHeIM B COU€TaHUU C MOJISIPU3ALIMOHHON MUKpOCcKonuen. Mmmy-
HOTHCTOXUMHYECKH omnpenersuii Mmapkepsl S-100, CD-117, necmuH.

Pezynomamer. Ipu Gpubpmmsiuyum npeacepauil 0OHapyKeHBI OCTPBIE U XPOHUYECKHE H3MEHEHUSI MHOKapaa
yILeK npecepanii Ha (OoHe MOBBIIICHHON COCYANCTOM NpOHUIIaeMOoCTH. Ha nepBblii 11aH BBICTYIAIOT I10-
BPEXICHHS KapIUOMHOLUTOB B BUJE MHOLIUTOIHM3HCA, XapaKTePHU3YIOIIHECs AeCTPYKIHEH IUTOCKeIeTa
1 pa3pyLieHreM MHOGHUOPIILT KapIuOMHOLUTOB. B mecti u3 64 Guomnrtaros yirek cepamna (9%) HaiiaeHsI
OTJIOXKEHHsI aMUJION/IA B CTPOME MUOKapaa. IMMyHOTHCTOXUMHYECKH B CTPOME UACHTH(OUIIMPOBAHBI Te-
JIOLUTHI, OTCYTCTBOBABILKE B 30HAX CKJIEPO3a M JIUIIOMATO3a.

3axnouenue. OxapakTepHU30BaHBI TUCTO- M YIBTPACTPYKTYpHBIC H3MEHEHHUS YIIEK cepimna npu Gpudpui-
JSUH TPeACepAnii B BUAE OCTPHIX MOBPESKICHUN KapANOMHOIIMTOB Ha (YOHE MOBBIMICHHON COCYAUCTOM
MIPOHHUIIAEMOCTH ¥ XPOHUYECKHUX IPOSBICHNH, BKITIOYAIONINX B YACTH CIyYaeB aMHIIONI03. DTH H3MEHEHHUS
MIPEACTaBISIIOT co000# Mopdomoruaeckuii cyocTpar, Ha poHE KOTOPOTO HAOMIONAIOTCS HAPYIIIEHHUS IICKTPH-
YEeCKOH cTaOMIBPHOCTH, COKPAaTUMOCTH MHOKapAa M pa3BUTHE MIPUCTEHOYHOTO TPOMOO03a.

Kirouesble ci10Ba: cepaue, GuOpHLIALUA IpeIcepauil, YIIKH CepALa, TUCTOCTPYKTYpa, yNbTPacTPyKTypa
s koppecnonaenuun: Huxura Anapeesnd I'yteipunk. E-mail: gyt94@yandex.ru
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Koznosa M.A., Cronorun A.B. I'ucto- u ynerpacTpyKTypHast XapakTepUCTHKaA yIIIEK CepAna npu Guopu-
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Histological and ultrastructural characteristics of the atrial appendages
in atrial fibrillation

N.A. Gutyrchik™?, L.V. Kakturskiy', L.M. Mikhaleva', Z.V. Gioeva,
D.A. Areshidze', M.A. Kozlova', A.V. Stonogin'

! Petrovsky National Research Centre of Surgery, Moscow, Russia
2 Patrice Lumumba Peoples’ Friendship University of Russia, Moscow, Russia

Abstract. Introduction. Atrial fibrillation is one of the commonest forms of arrhythmia in clinical practice,
posing a risk of thromboembolism affecting vital organs. Removal of the atrial appendages during cardiac
surgery prevents thrombus formation and minimizes the risk of complications. The histological and ultra-
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structural basis of atrial fibrillation has been insufficiently studied. We aimed to compare histological and
ultrastructural manifestations of changes in the atrial appendages in atrial fibrillation using surgical specimens
from cardiac surgery patients.

Materials and methods. We examined the atrial appendages removed from cardiac surgery patients with
and without atrial fibrillation (64 and 33 samples, respectively) using histological, immunohistochemical,
and transmission electron microscopy techniques. Van Gieson, Mallory, Lie, and Congo red staining com-
bined with polarization microscopy was performed. Immunohistochal analysis included S-100, CD-117,
and desmin.

Results. We identified acute and chronic changes in the myocardium of the atrial appendages in the setting
of'increased vascular permeability. Cardiomyocyte damage, manifested as myocytolysis, is characterized by
cytoskeletal destruction and disintegration of cardiomyocyte myofibrils. Amyloid deposits in the myocardial
stroma were found in 6 out of 64 biopsy specimens with atrial appendage (9%). Immunohistochemically,
telocytes were identified in the stroma but were absent in areas of sclerosis and lipomatosis.

Conclusion. Histological and ultrastructural changes in the atrial appendages in atrial fibrillation are
characterized as acute cardiomyocyte damage against a background of increased vascular permeability
and chronic manifestations, including amyloidosis in some cases. These changes provide a morphologi-
cal basis for disturbances in electrical stability and myocardial contractility and for the development of
mural thrombosis.

Keywords: heart, atrial fibrillation, heart appendages, histological structure, ultrastructure
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Beenenne

Oubpwmsius npencepauii (OI1) — oxgna u3 pacmpo-
CTpaHEHHBIX U Cephe3HBIX (OPM apUTMHN ceplua, onac-
HBIX Pa3BUTUEM IPO3HBIX TPOMOOIMOOTIMYECKHUX OCIOXKHE-
Huii. B obmeit monymsiiun yactora ®@I1 cocrasnser 2%, a
y moneit crapue 80 et 10-12% [1]. Pazsututo ®II cro-
COOCTBYIOT FeHETHYECKHUE MPEANOChUIKN. CeKBEHUPOBaHHE
PHK wu3 npeacepauii 195 nanueHToB, epeHecIux ore-
palMIo Ha Ceplle, BHISBUIO 35 reHOB, aCCOLMUPOBAaHHBIX
¢ ©I1, B Tom uncie 13 muuHbIX Hekoaupyommx PHK [2].
®enorunnuecku PII peanusyercs 3a cueT peMoOJIEIUPO-
BaHHUA MpelCepAni U YIIeK cepllia Ha OPraHHOM U TH-
CTOCTPYKTYPHOM YpOBHE. MaKpOCKOITMYECKH PEMOjIe-
JUPOBAaHUE MPOSIBISIETCS] B U3BMEHEHUU (OpPMBI, 00beMa
U BHYTPEHHETO pelbeda npeacepanid, 4To criocoOCTBYeET
HapYUIEHUIO KPOBOTOKA U (POPMHUPOBAHHIO TPUCTEHOYHOTO
TpoMbo3a. YBenuueHue oobema JIEBOro mpecepaus pac-
CMAaTpPUBAIOT KaK HE3aBUCUMBIN IPOTHOCTUYECKUH (haKTop
nocneonepaunoHHoit @IT [3]. Cpenu rucTOCTPYKTYPHBIX
npossieHuid @I k MOpHOIOrHUYEeCKUM apUTMOTEeHHBIM
(bakTopam ee pHucka OTHOCAT BocrnaneHue, Gpudbpos u Ju-
MOMAaTo3 CTPOMBI [4], OTJIOKEHUE B TKaHU MPeICcepaAnii
Macc ammionza [5, 6]. CBeneHus 06 ynbTpacTpyKTYPHBIX
nposiiieHusIX OI1 HEeMHOTOUNCIIEHHBI U OTPBIBOYHEI [7].

B nameii npeapiayuieit padore [8] Mbl mpeacTaBUIH
XapaKTEPUCTUKY TUCTOCTPYKTYPHBIX U3MEHEHUH yIIeK
cepaua npu OI1 Ha onepaMOHHOM MaTepHalie MalMeHTOB
Kapauoxupypruueckoro npoduis. Lenp HacTosiero uc-
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CJICZIOBAHUS — COTIOCTABUTH TUCTO- U yNBTPACTPYKTYPHBIE
IpOSBICHUS U3MEeHeHUH yiek cepaua npu OI1 Ha onepa-
IIIOHHOM MaTrepualle MaeHTOB KapAUOXUPYPrHIECKOro
npoQuis.

Marepuasbl 1 MeTOABI

HUccnenoBanue ogo0peHO JTOKaTbHBIM STHYECKUM KO-
mutretoM PHIX umenu akanemuka b.B. IleTpoBckoro
(mpotokon Ne 38 ot 21.03.2025).

N3yyeHa Ha CBETOONTHYECKOM YPOBHE TKaHb YIIEK
JIEBOTO MpeAcepaus, MOTyYeHHas MPU Pa3HbIX KapIuo-
XUPYPrUUYECKUX ONepanusix (MpoTe3upoBaHue KIIAIaHOB
ceplia, AOpTOKOPOHAPHOE IIYHTHUPOBAHUE, MUTPAJIbHAS
KOMHUCCYPOTOMHSL, PECTEPHOTOMHUS, IPOTE3UPOBAHUE A0P-
Thl) y nauueHToB 62—80 neT. Brigenens! qBe Tpymnmnsl Ha-
Omronenuit: 1-s1 rpynma — 64 manuenTa ¢ HepcUCTHPYIOLIeH
¢opmoit ®II, 2-1 rpynna (rpynna cpaBHeHus) — 33 ma-
uuenTta 6e3 @II. B obeux rpynnax mpeoOnanany Juina
MYXCKOT0 mofia. Pacnipenenenue maieHToB Mo MOy Mpe-
CTaBJICHO B TaOJIHUIIE.

Hcnonp30Banich TUCTONIOTHYECKOE OKpaIIBaHUE Te-
MaTOKCHUJIMHOM M 303MHOM, 10 BaH ['n30ny, no Mamnopu,
KOMOMHHPOBaHHOE OKpamuBanue 1o JIu (reMaToKCHInH—
OCHOBHOH (D)YKCHH—IIMKPUHOBAs KUCIOTA). [l BRIABIIC-
HUS aMHJIOW/Ia PUMEHSIIOCH OKpalBaHue cpe3oB KoHro
KpPacHBIM C JIOTIOIHUTENFHBIM HCIIONB30BAaHUEM IOJISPH-
3allMOHHON MUKpOCKONNH. IMMYHOTHCTOXUMHUYECKH TIe-
POKCHIa3HBIM METOIOM IIPOBOAMIIN PEAKIIMH Ha MAPKEPHI
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Tabnuya | Table

Pacnpenenenne nanuentos no noxy | Distribution of patients by sex

TIox | Sex C ¢pubdpuaasiuueii npeacepauii |
With atrial fibrillation
Myxuunsl | Male 41
JKenmmns! | Female 23
Bcero | Total 64

oenxoB S-100, CD-117, necmuH. I TpaHCMHUCCHOHHOM
JJEKTPOHHON MUKPOCKONHH UcciaempoBanu 14 obpas-
[[OB TKaHU JICBOTO YIIKA — IO CEMb M3 KaXKJOW TPYIIIEL.
O6pasubl pukcuposanu 2,5% pacTBOPOM LIIyTapOBOTO
anpaeruna Ha gpocharaom oydepe (pH 7,4), nopukcupo-
Bas B 1% pacteope ueTbipexokucu ocmus (0s0,), 06e3Bo-
JKHBAJIHM B 3TAHOJIE IO OOIICIPUHSTON CXeMe, B IIPOLECCe
00e3BOXKHMBAHUSI KOHTPACTUPOBAIH 1% ypaHUIIaIeTaToM Ha
70% sTaHONE W TPOBOIIIIH 3aJMBKY B CMECh STIOH—apa-
JIAT TI0 CTaHAAaPTHON METOIUKE.

Pesyabrarnl

B nameii npeasiaymieid padore [8] Obu1H oxapakTepu-
30BaHbl U KOJIMYECTBEHHO OLEHEHbI TMCTONATOIOTHYe-
CKHME U3MEHEHHs yIIEK JIEBOTO IMpeCepans, YIaIeHHbIX
MIPU KapIUOXUPYPrUUECKUX ONepaluusx. B HacTosmem
UCCJIEJIOBAHUU OCHOBHBIE TUCTONATOIOTUYECKUE U3MeE-
HeHus, xapakrepuble 1 @II, conocrapieHsl ¢ ynbTpa-
CTPYKTYypHBIMU JaHHbIMH. Kak ObUIO paHee HaMH MOKa-
3aHO, CPEAM OCTPBIX MOBPEKACHUH KapIUOMHOIUTOB HA
HEpBBI IIaH BBICTYNAOT 3HAUUMO Ipeobaagaromye mo-
BPEXJIEHUS KapAMOMHOLUTOB IO TUITy MUOLIMTOIU3HUCA.
l'ucTonoruvecku KapAMOMHUOLUTHI TPU MUOLIUTOIU3UCE

Be3 pubpuaIsiumu npeacepaui |
Without atrial fibrillation

Bcero | Total

21 62
12 35
33 97

XapaKTePH3YIOTCS BBIPQ)KEHHBIM HPOCBETIEHHEM CapKo-
TUTa3MBI ITPU COXPAHHOHN capKojeMMe, OrpaHHYHBaIONIeH
BHEIIIHME KOHTYPbI MBIIICYHBIX KIeTOK (puc. 1 A). B pe-
3yJabTaTe KapJUOMHOLHUTHI IPHOOPETAIOT BUA MYyCTHIX
Gy TIIpOB, OIpaHUYEHHBIX BHEIIHEH KJIeTOYHOH 000-
no4koi. [Tpy MMMYHOTHCTOXUMHYECKOM OKpalIMBaHUH
Ha IGCMHH B 9THX y4acTKaxX MPOCBETIICHUS] OTMEYEHO UC-
Ye3HOBEHHE IPOJYKTa PEaKIIUH, YTO TPAKTyeTCs KaK IpH-
3HaK pa3pyLIeHHs U HCUE3HOBEHHMS CTPYKTYP LIUTOCKENeTa
(puc. 1 B).

DNeKTPOHHOMHUKPOCKOIIMYECKH B y4aCTKaX MHOLIUTO-
JIM3KCA ONpeeISUTICh IECTPYKTUBHBIE N3MEHEeHU s, Kaca-
I0IIMecs B MIEPBYIO ouepeab MUODUOPUIIIIPHOro ammna-
para. Ha ¢oHe BHYTpHKIETOUHOTO OTeKa HaOII0JaINCh
MPH3HAKH NOBPEXKIEHUS MHO(QUOPUILT Ha Pa3HbIX CTaHAX
npouecca. HayanbHble MposIBICHUS XapaKTepH30BaIiCh
pazo0bmiennemM MHOGUOpUILT Ha GOHE OTEKa CapPKOTIIA3MBbl
¢ ux ouaroBoi nectpykuueit (puc. 2 A). bonee Tsoxensle
U3MEHEHUS MPOSIBIUINCE (pparMeHTarueit MUopuOpULI
¢ coxpaHHOCThI0 Z-nionoc (puc. 2 B). [Tocnenyromue mo-
BPEXKACHUS BBIpAXKAIUCh GOPMHUPOBaHHEM BHYTpPHUKIIE-
TOYHOT'O JIETPUTA C MEIKUMHU (hparMeHTaMu MUOGDUOPHILT
(puc. 2 C, D).

Puc. 1. TIposiBeHHs MUOLIUTOJIM3UCA HA CBETOONITHYECKOM YPOBHE.
A — o0OImMPHBIN yYacTOK MHOIMTONM3KCA B KapauoMuonuTax. Okpacka reMaTOKCHIIMHOM 1 3031HOM, X200. B — ncue3HOBeHUE
MPOAYKTA PEAKIHH B y4aCTKaX MHOLUTOIN3UCA. FIMMyHOTHCTOXHMHYECKas peakIys Ha JJECMUH, epOKCHAA3HBIH MeTox, *200
Fig. 1. Light microscopic manifestations of myocytolysis.
A — an extensive area of myocytolysis in cardiomyocytes. H&E stain, X200. B — disappearance of the reaction product in areas
of myocytolysis. IHC peroxidase reaction for desmin, x200

KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 15 Ne 4 2026 35



OPUTMHAIBHBIE MICCITEJOBAHNA

Puc. 2. YnsrpacTpyKTypHbIE IIPOSBICHHUS MHOLMTOIM3MCA HA PA3HBIX CTaJUsAX.
A — pa3o0IeHne U 04aroBas IeCTpykius MuoGuopuiut Ha GoHe OTeka capkoriasmel. B — ¢pparmenTarust MUOGUOPHILT
¢ coxpaHHOCThIO Z-riosoc. C — pparMeHTsl MUOGUOPUILT C BHYTPHKICTOUHBIM JETPUTOM. D — BHYTPHKJICTOUHbIH IETPUT
C pa3pyIIEHHBIMH IeMeHTaM: MuOGUOpHILL. DnekTpoHHas MUKpockors. A — 8000, B-D — x14 000

Fig. 2. Ultrastructural manifestations of myocytolysis at different stages.
A — dissociation and focal destruction of myofibrils in the setting of sarcoplasmic edema. B — fragmentation of myofibrils
with Z-band preservation. C — fragments of myofibrils with intracellular detritus. D — intracellular detritus with destroyed
elements of myofibrils. Electron microscopy. A — x8000, B-D — x14 000

Jpyroii popMO# OCTPBIX MOBPEKICHUI KapIHOMHUOIIH-
TOB ABJISUTHCH KOHTPaKTypHbIE, HanOoJee IeMOHCTPATUBHO
ornpenessieMble Ha THCTOJIOTMYECKOM YPOBHE OKpalluBa-
HUeM 1o Metoay JIu. OCHOBHBIM (PyKCHHOM YYaCTKHU KOH-
TPaKTyp B capKoIla3Me KapAMOMHOIIMTOB OKPAILIUBAIOTCSA
B KPaCHO-KOPUYHEBBIH IBET, B TO BpeMs KaK MHTaKTHBIE
KapAHOMHUOLIMTHI OKPAIIUBAIOTCS MMKPUHOBOW KUCIIOTOM
B KeNThIN 1BeT (puc. 3 A). Ha ynbsTpacTpyKkTypHOM YpOBHE
KOHTPaKTYpPHBIE MOBPEXKIECHUS UMEIOT BUI MIOJIOC IIEPECco-
KpaieHus Muo(puOpHILL, OpUEHTUPOBAHHBIX MEPIICHIUKY-
JISIPHO MX X0y U 00J1aJar0IINX MOBBIIEHHON AJIEKTPOHHOM
IJIOTHOCTHIO (puc. 3 B).

OcTpble MOBpPEKIACHUS KapAMOMHOLUTOB Had01a-
JUCh Ha ()OHE MOBBIIIEHHON COCYIUCTON MTPOHUIIAEMOCTH
C MEePUBACKYJISIPHBIM OTEKOM, OTEKOM MEKYTOUHOU TKaHU
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B COYETAaHUU C BOIHOOOPa3HOU Aedopmarieit MbIIIeUHBIX
BOJIOKOH U pa300IIeHHEM KapAHMOMHUOLMTOB (puc. 4 A).
DONeKTPOHHOMHUKPOCKONMMYECKN MPU3HAKHU MOBBILIICHUS
MIPOHHUILIAEMOCTH NPOSABIISUTUCH YCUIIEHHON THHOIIUTAPHOM
AKTUBHOCTBIO SHJIOTEIMOLUTOB KaUJUIAPOB, IEPUKATINII-
JSIpHBIM OTeKoM (puc. 4 B).

DOHOM 1 OCTPBIX U3MEHEHUH CITY KU XPOHUUECKUE
M3MEHEHUs, ONMCaHHbIe HaMU paHee [§], mposBiIsIBLINECcs
I (Hy3HO-METKOOUaroBbIM KapIMOCKIEPO30M, ITepHBaC-
KyJSIpHBIM CKJIEPO30M, (prbpo30M 3HI0KApAA, TUIOMATO-
30M CTPOMBL.

IIpu oxpamusanun KOHro KpacHBIM U C UCIONb30BA-
HUEM MOJISPU3ALUOHHON MUKPOCKOINH B LIIECTHU CITydasx
B rpymnme ¢ @Il BBISBICHO OTIOKEHUE aMUIIOUA B HH-
TEePCTULHAIFHOM MPOCTpaHCcTBe (pHc. 5 A, B). Amumiiona
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Puc. 3. KoHTpaKkTypHbIE HOBPEXKICHNUS KapANOMHOIIITOB.

A — THCTOCTPYKTYpa KOHTPaKTypHBIX OBpexaeHui. Okpacka no JIu, x200. B — ynpTpacTpykTypa KOHTPaKTypPHBIX
MOBPEIKACHUI KapMOMHUOIIUTA B BUJIE MOJIOC MIEPECOKpAIeHHs] MUOGUOPHIIT. DICKTPOHHAs MUKpocKomus, X 14 000

. Cardiomyocyte hypercontractures.

A — hypercontracture histology. Lie stain, X200. B — ultrastructure of cardiomyocyte hypercontractures manifested as myofibril

hypercontraction bands. Electron microscopy, x14 000

Puc. 4. Ilpu3Haku NOBBIMIEHHS COCYAUCTON IPOHUI[AEMOCTH.
A — TIepUBacKyJSPHBIN OTEK, OTEK MEKYTOYHON TKaHU, BOTHOOOpa3Hast Ae(opMaiis MBIIIEYHBIX BOJIOKOH C Pa300IICHHEM
KapauoMuonuToB. OKpacka reMaTOKCHIMHOM M 303uHOM, X200. B — BbIcOKas NMHOUUTAapHas aKTUBHOCTh B 9HAOTEINU
KaluuIsipa, NepUKAMUUIAPHBIN OTeK. DIIEKTpOHHAst MUKpockonus, X 14 000

Fig. 4. Signs of increased vascular permeability.
A — perivascular edema, interstitial edema, wavy deformation of muscle fibers with dissociation of cardiomyocytes. H&E stain,
x200. B — high pinocytic activity in the capillary endothelium, pericapillary edema. Electron microscopy, x14 000

pacroiaraics B CTpOME MEXAY KapAUOMUOLUTAMHU, T1O-
BTOPsSISE KOH(PUTYpALMIO COCTMHUTEILHOW TKAHU B BHJIE
TOHKHX IMPOCIIOEK, a TAKXKE B BUJE OTACIbHBIX MEJIKUX
CKOILICHUH.

Harire BHMMaHWE TakKe MPUBJIEKIIA 0c00as pa3HOBH/I-
HOCTb KJIETOK — T€JIOLIUTHI, KOTOPBIE IOKAITU30BaHbI B CTPO-
Me, UMEIOT BBITSHYTYIO (OpMY H 00JIQIal0T [UTHHHBIMU
OTPOCTKAMH — TEIOMOAUSIMH, MPEBBIIIAIONIUMH pa3Mep
camoii kireTku. TelouuThI TPYIHO Pa3THYMMbI B OOBIYHBIX
MUKpOIpenaparax, Tak Kak UX 4acTo IyTaroT ¢ pudpo-
Onacramu. 115 UX BU3yalU3ally UCTIONb30BATNCh UMMY-
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HOTHUCTOXMMHUECKHE peakiuu Ha 6ei1xu S-100 u CD-117.
IIpu 3TOM OHM YETKO ONPEAEIISAIOTCS B HEOOIBIIOM KONUYe-
CTBE B BUJIC €ANHUYHBIX KJIETOK, pa30POCaHHBIX B CTPOME,
Y HE BBIABIISUINCH B 30HaX (pOpO3a M JINTIOMaTo3a CTPOMBI.
Ha pucynke 6 A npencTaBieH TEJIOLUUT C JIIUHHBIM OT-
pocTkoM — Tenonogue. IIocKoIbKy 4acTh TENOMOAUN HE
Homnaia B MIOCKOCTh CPE3a, OHA BBINILAUT KaK U30IHPO-
BaHHBII OT KJIETKH (pparMeHT. B nomsix ¢pubposa oTMeueHo,
€CTECTBEHHO, IIOJIHOE OTCYTCTBUE TenouuToB. Ha pucys-
ke 6 B mpezacTaBieHO ynbTpacTpyKTYpHOE H300pakeHue
TEJIOLUTA C JTMHHBIM OTPOCTKOM — TEJIOMOANEH.
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Puc. 5. Ornoxenue aMUI0U1a B UHTEPCTULIMATIBHON TKaHU.

A — oxpacka Konro kpacHsIM. B — nonspuzannonHast Mukpockomus. A, B — x400

Fig. 5. Amyloid deposition in the interstitial tissue.

A — Congo red stain. B — polarization microscopy. A, B — %400

Puc. 6. Tenonut B MUOKap/ie yIIKa MPEACEPaUs.
A — testonuT ¢ Tenononueii. IMmyHorucroxumuueckas peakius Ha S-100, x400. B — ynerpacTpyKTypHOE H300paKeHUE
TeJIoUUTa ¢ TeJIonoaAnel. DneKkTpoHHast MUKpockomnus, X8000

Fig. 6. Telocyte in the myocardium of the atrial appendage.
A — telocyte with telopodia. Immunohistochemical reaction for S-100, x400. B — ultrastructural image of a telocyte
with telopodia. Electron microscopy, X8000

Oo6cyxnenue

HepC‘II/ICJICHHBIe TUCTO- U YJIBTPACTPYKTYPHBIC U3ME-
HEHHUS COCTABIIAIOT MOP(OIOTHUECKYIO OCHOBY PEMOIEIIH-
poBanus ymek cepaua npu OI1 u cirykar cyoerpaTom uis
HAPYIICHHUS COKPATUMOCTH MPEACEPANi 1 POPMHUPOBAHHUS
MMPUCTCHOYHOT'O TpOM6OSa. OCTpBIe HN3MCHCHUS OTMCUC-
HBbI Ha (1)0He MOBBIIIIEHHON COC}’I[I/ICTOﬁ IMPOHULIAEMOCTH,
YCUICHHOIO0 MHUHOIMUTO3a, HHTECPCTUIIUAJIBHOT'O OTCKaA,
1 CpCIU HUX Ha HepBBIﬁ IIJIaH BBICTYNIA€T MUOLIUTOJIM3HC.
Mopdonoruueckold OCHOBOH MOCIEIHETO, KaK MOKa3aIu
Hallly JaHHBIC, ABJIAIOTCA ACCTPYKIHA HUTOCKEJICTA U pa3-
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pyleHue MHoGUOPHILT KapIMOMUOLIUTOB. B sxcrieprmMeH-
T€ yCTaHOBJIeHa CBsA3b MuouuTonusuca ¢ ®II u nokazano
ycuiieHHe ero popMUpOBaHUs IO Mepe YBEIHUUEHUS BO3-
pacra [9]. Ha Marepuane KapIuOXUpypru4ecKuX Oreparuii
CIeNIaHO 3aKIIIOYEHHE, YTO MUOLIUTOIU3UC CIEAYeT pac-
cMmarpuBath Kak ¢axtop pucka OII [10].

HecomHeHHO, CyLIECTBEHHYIO POJIb B HapyLICHUH
JIEKTPUUECKOH CTaOUIBLHOCTH MUOKapa UTPArOT TaKxke
XpOHHYECKHE U3MEHEHHs B BHUJIE KapAUOCKIIepo3a U Ju-
MOMaTo3a CTPOMBI, TaK KaK OHH BBI3BIBAIOT pa3o0IIeHHe
MyYKOB MBIIIEYHBIX BOJOKOH U BBITECHSIOT TEIOLUTHI —
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KIIETKH, CIIOCOOCTBYIOIINE POBEIECHHUIO 3JIEKTPUIECKOTO
HMITyJIbCa, 4yTO MpuBoauT B utore k ®II. YcraHoBieHo,
yto y nanuenToB ¢ Ol conepkaHue TETOUUTOB B yIIKaX
JIEBOTO MpeCcepans 3HAYMMO YMEHBIIEHO, YTO KOPPEIUpY-
et ¢ JuntenbHocThio DII [11]. UMMYyHOTHCTOXUMHYECKH
TEJIOLUTHI HE ONpeNesIIUCh HaMH B 30HaX GpuOpo3a u Jiu-
1oMaro3a CTpoMbl. B akcriepuMenTe rmokasaHo, uto Gpudpo3
TKaHU JIeBOTo npeacepaus koppenupyet ¢ OI1 u pazpuru-
€M CepICYHOM HeZJOCTAaTOYHOCTH, U (hopMHpoBaHue PrOpo-
3a CBSI3bIBAIOT C MOBBIIIEHHEM aKTUBHOCTH MAaTPHUKCHBIX
MerasuionporenHas [12].

Oco60oro BHUMaHUS 3aclyXUBaeT (aKT BHISABICHUA
OTJIOXKEHHUI aMMJIOHJa B MCCIEJAOBAaHHBIX 00paslax.
YcTaHOBIIEHO, YTO aMUJIOW]] 3aKOHOMEPHO HaKaIlIMBaeT-
¢Sl B IIpeACepAnsX Mpu UX GUOPHUIALNHU, YTO OTHOCHUTCA
K pasHoBugHoctu IAA (isolated atrial amyloidosis, u3o-
JUPOBAHHBIM aMUJIOUA03 MPEACEPIHii), 1 — BaXKHO OTMe-
TUTb — CTEIIEHb AMUJIOUJHBIX OTJIOKEHUN KOppEIUpyeT
¢ anutensHocThio cymecTBoBaHus @IT [13]. Mbl BbIsIBU-
mu amusion ipu @I B miectn u3z 64 6uonraroB yuiek
cepaua (9%), mpu 3TOM B TpyINIe CPAaBHEHHUS] aMUIIOU]
HE BCTPETHJICS HU pa3y. SINMoHCKHe aBTOpHI Ha OONBIIOM
Marepuae onepanroHHbIX 6uonTaroB (385 mamueHToB)
obHapyxunu amunonn npu @I1 y 40 nanuenrtos (7% 006-
pasioB) [14]. B pa6ote T.B. CyxaueBoii U COaBT. TOKa3aHbI
Oonee Bricokue UPpHI ¢ konedbanuem ot 30 1o 70% B 3a-
BHCHUMOCTH OT BO3pacTa [7]. DneKTpohru3noIoruieCKUMHI
METOJJaMH yCTaHOBJIEHO, YTO OTIOKEHHE aMHJIOUAA CO-
MIPOBOXKAAETCS CHIDKEHHEM DIIEKTPUUYECKOTO MOTEHLIMAa
B TKaHU Mpeacepauii, co3aaBasi OCHOBY 3JIEKTPUUECKON
HeCcTabUIbHOCTU U Gubpumsinuu [15]. McTounukom Ha-
KOIIJICHUS aMUJIOUHBIX MacC, KaK BBIACHUIIOCH, SIBISIETCA
TpanchopMupyromuiics B 6eI0K aMUIOUAa IPEACEPAHBIHI
(MO3roBOI1) HATPUIYpPETUYECKUI TIENTHA, U30BITOYHO BbI-
JIeJIsieMbId TKaHbIO MpeAcepanil B OTBET Ha MEPETPY3KY
00BeMOM KpOBH [6].

BrrsiBrneHHBIE THCTOMOP(OJIOTHYECKUE H YABTPACTPYK-
TypHbIEe U3BMEHEHHUS TKaHU YIIEK y ONEPUPOBAHHBIX Ta-
uuentos ¢ @I1 orpaxkarotr Mmopdonoruueckuii cydocrpar
pEMOIETTMPOBAHUS MIPEICEPHiA, COPOBOXK IAtOIINN Puod-
PUWILIALHIO U TpoMOOOOpazoBaHue.

3akioueHue

I'mcto- u yneTpacTpyKTypHBIE 0COOGHHOCTH TKaHU
yIIeK cepALa npu GUOpHILIAIMY Ipeacepanil y MaleHToB
KapAUOXUPYPTHUECKOTO MPOUISI XapaKTEPHU3YIOTCSI code-
TaHHEM OCTPBIX U XPOHUUIECKUX U3MCHEHUH Ha (hoHe 1o-
BBIIIEHHON COCYAUCTON NpoHunaeMoctu. Cpeau ocTpbIX
M3MCHEHUI Ha IEepBBIM MJIaH BBHICTYIIAET MHUOLUTOIN3UC
KapJHMOMUOLIUTOB, B OCHOBE KOTOPOTO JISKAT AECTPYKIUS
UTOCKeNeTa U paspyueHrne Muopudpuut. Cpeau XpoHu-
YEeCKUX M3MEHEHHUI TIOMUMO CKIIepo3a U JIUIOMaTo3a 00-
pariaeT Ha ce0sl BHIMaHUE OTIOXKEHHE aMUIIONIA B CTPOME
MHOKap/a. 3acIy>KUBacT BHIMaHMUs HCUE3HOBEHHE B TIOJISIX
CKJIEPO3a U JINIIOMATO3a TENOIUTOB — KJIETOK, UT'PAIOIIIX
HEMaJIOBaKHYIO POJIb B IIPOBEICHHUH JIEKTPUIECKOTO M-
MyJIbCa.
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Pe3tome. Bseoenue. bonesns Anbrreiimepa — Hanbosee pacnpocTpaHeHHAs! IPUYUHA JEMEHIINH, OTHAKO
raTroreHe3 3a00JIEBaHUSI OCTACTCSl HEIOCTATOYHO M3Y4YeHHBIM. [luchyHKIMs ayTodaruu — npouecca Kiu-
peHca MOBPEXACHHBIX OEJIKOB U OpraHeNlI — UIPaeT BaXKHYIO POJib B HelfpojiereHepau. TeM He MeHee
JTAaHHBIE O PETHOH-CIENN(UIHOM pacHpeieIeHNN MapKepoB ayToharud B MOTOPHBIX 00JIACTsIX MO3ra Mpu
Goneznn AnplreiiMepa KpaifHe OrpaHUYEHBL. B CBSI3M € 3THUM LIEJIBIO MCCIIEA0BAHUS SABISIETCSI UMMYHOTH-
CTOXMMHYECKasl OlleHKa ayTo(aruu B HEHpOHaX TOJOBKM XBOCTATOIO sJjpa M MOTOPHOI KOPHI ITAIINEHTOB
¢ Oone3HbI0 AlbIreiimepa.

Mamepuanvt u memoowvl. UIMMYHOTUCTOXUMHYECKOE HCCIIEIOBAaHUE BBHIIIOIHEHO Ha ayTOIICUITHOM MaTepH-
ajie TOIOBHOTO MO3Ta MAaIlMeHTOB TPEX TPYMIL: ¢ 60ne3HbI0 AJblreiiMepa (n=15), rpymnmna HOpMaIbHOTO
crapenus (n=20) u rpymma Monoxoro Bo3zpacta (n=20). B mepukaprnoHax HeHPOHOB TOIOBKH XBOCTATOTO
spa (CTpHaTyM), a TaKKe B HEMpPOHaX 3-To U 5-T0O CI0€B MOTOPHOH KOpPbI OLIEHUBAJIACh HHTEHCUBHOCTD
MMMYHOTUCTOXUMHYECKOH PeaKIu.

Pesynomamei. Ilpu crapeHnn B HEHPOHAX TOJIOBKH XBOCTATOTO SiApa MPOUCXOIUT CHUKCHHE MapKepoOB
aytotarocom OexnmHa-1 u LC3b, a Takke yBeamueHNe KOINIECTBa MapKepa IMOBPEKICHHBIX MUTOXOH/I-
puii pS65-Ub n mapkepa nmuzocom LAMP2. IIpu 6one3nun AnbureiiMepa konudectBo Mapkepa pS65-Ub
B HEHpOHaXx 3TOH 00JacTH yBEIMYMBACTCS, TOTAA KaK KOJMYECTBO MapKepoB ayTodarocom OeximHa-1,
LC3b u mapkepa nmuzocom LAMP2 3HaunTepHO cHIDKaeTcs. [Ipu cTapeHuu B HelipoHax 3-ro U 5-ro ¢jioeB
MOTOPHOH KOPBI HAOIIOMAETCs YBETUUEHUE KOJIMIeCTBa MapKepoB YOUKBUTHHA U pS65-Ub, cHmkeHHEe
KoJmaecTBa MapkepoB OexnmHa-1 u LC3b, a kommaectBo mapkepa LAMP2 He oTimgaeTcst OT 3HaYCHHHA
KOHTPOJBbHOM rpymsl. [Ipu 6one3nu AnbrreiiMepa KOMU4ecTBO MapKepoB yOUKBUTHHA, OekmnHa-1, LC3b
HE M3MEHSETCsl OTHOCUTENILHO IPYIIIBI CTAPEHUs, a KOJIMYECTBO MapKepoB (HocHOpHIMPOBAHHOTO yOUK-
ButuHa 1 LAMP2 cHmxaercs.

3axntouenue. Ilpu 6one3nn AnpureliMepa B MOTOPHBIX OTIeNIaX TOJIOBHOTO M0o3ra (hOPMHUPYETCs] PErHOH-
cnenn(UIHBINA MaTTepH ayTo(aroan30coMaabHON ANCHYHKIUHN: B CTPUATYME TTOBPEXKICHHE HOCHUT BbI-
paKeHHBIN XapakTep, B MOTOPHOW KOpe MpeodiagaeT MeHee BRIPAKEHHBIN JIN30COMANIBHBIHN JeQUITUT IpU
COXpaHHOI MHULMALWK ayTodaruu.

Kiruessie ciioBa: ayrodarus, HeliponereHepanus, 001e3Hb AJbIreiiMepa, MOTOPHAs KOpa, CTPHATYM
Jns koppecnonaennuu: TarbsiHa MBanoBHa bapanny. E-mail: baranich_tatyana@mail.ru

Jna nurnpoBanus: CyxopykoB B.C., bapanuu T.U., Beasn O.B., Boponkos [I.H., Oxynosa K.M., Jla3a-
pes 11.C., lllep6ak E.B., Pakma A.I1., Inunkuna B.B. IMMyHOrHCTOXMMHIYECKAsl OLIEHKA MapKEPOB ayTo-
(harny B MOTOPHBIX OOJIACTSAX TOJIOBHOTO MO3Ta MAIEHTOB ¢ 0oje3HbI0 Aublreiimepa. Knma. sxer. mop-
¢omorus. 2026;15(4):42-50. DOI: 10.31088/CEM2026.15.4.42-50.

JlaHHast cTaThst pacpOCTPaHsETCs Ha YCIOBHUAX MextyHapoaHoi jmuensun Creative Commons Attribution-NonCommercial 4.0
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Immunohistochemical analysis of autophagy-associated proteins
in the motor cortex of patients with Alzheimer’s disease

V.S. Sukhorukov', T.I. Baranich'?, O.V, Velts', D.N. Voronkov',
K.M. Okulova’, D.S. Lazarev'?, E.V. Shcherbak?, A.P. Raksha’, V.V, Glinkina

! Russian Center of Neurology and Neurosciences, Moscow, Russia

2I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
3N.I. Pirogov Russian National Research Medical University, Moscow, Russia

4Pirogov City Clinical Hospital No. 1, Moscow, Russia

Abstract. Introduction. Alzheimer’s disease is the most common cause of dementia; however, its patho-
genesis remains poorly understood. Autophagy dysfunction, a key process for the clearance of damaged
proteins and organelles, plays a significant role in neurodegeneration. However, data on the region-specific
distribution of autophagy markers in motor areas of the brain in Alzheimer’s disease are extremely limited.
Therefore, this study aimed to immunohistochemically evaluate autophagy markers in neurons of the head
of the caudate nucleus and motor cortex of patients with Alzheimer’s disease.

Materials and methods. An immunohistochemical study was performed on brain autopsies from three groups:
patients with Alzheimer’s disease (n=15), healthy aging participants (n=20), and young patients (n=20). The
intensity of the immunohistochemical reaction was assessed in the perikarya of neurons in the head of the
caudate nucleus (striatum) and in neurons in layers 3 and 5 of the motor cortex.

Results. With aging, neurons in the head of the caudate nucleus exhibit decreased levels of the autophagosome-
associated proteins Beclin-1 and LC3b, accompanied by increased levels of the damaged mitochondria marker
pS65-Ub and the lysosomal protein LAMP2. In Alzheimer’s disease, neuronal pS65-Ub levels are further
elevated, whereas the expression of Beclin-1, LC3b, and LAMP2 significantly reduces. In layers 3 and 5
of the motor cortex, aging is associated with increased levels of Ub and pS65-Ub, together with decreased
Beclin-1 and LC3b, while LAMP2 levels remain comparable to those in the young group. In Alzheimer’s
disease, Ub, Beclin-1, and LC3b levels remain unchanged relative to the aging group, whereas p-Ub and
LAMP? levels are decreased.

Conclusion. In Alzheimer’s disease, a region-specific pattern of autophagolysosomal dysfunction develops in
the motor regions of the brain: in the striatum, the damage is more pronounced, whereas in the motor cortex,
a less pronounced isolated lysosomal deficit predominates with preserved autophagy initiation.

Keywords: autophagy, neurodegeneration, Alzheimer’s disease, motor cortex, striatum
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BBenenue

Bone3nr Anbureiimepa (bA) ABnsercs oIHUM U3
HauboJiee pacrpoCTPaHEHHBIX HEHPOJAeTeHEPATUBHBIX
3a00JeBaHni M HauOoJee YacTOW MPUIMHON JEMEHIINMHU
B MOXKHIJIOM Bo3pacTe. HecMOTps Ha MIMPOKYIO pacipo-
CTPaHEHHOCTh 3a00JICBAHNS, €10 TOUHBIN [TATOTEHE3 /IO CUX
0P OCTAETCs MPEIMETOM aKTUBHOTO U3yueHwsl. I3BeCTHO,
YTO KITFOYE€BBIM MOP(OJIOTHYECKUM TTposiBieHneM BA cuu-
TaeTcs HAaKOIUIEHUE B CTPYKTypax rojioBHOro mo3ra (I'M)
nedekTHBIX OeIKOB, TaKuX Kak 6eta-amunonn (AP) u tay-
6eok. OO0pa3oBaHre BHEKJIETOUYHBIX O€Ta-aMUIIOUIHBIX
OJISAIIIEK CBSI3aHO ¢ HAPYIICHUEM IPOTEOIN3a TPaHCMEMO-
paHHOTO OenKa-TpeAIeCTBEHHUKA aMUJION]1a: BMECTO

KIIMHUYECKAA 1 SKCITEPMMEHTAJTIbHASA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

HEaMWJIOUAOTCHHOH 0-CeKpeTasbl ero Mmociae10BaTeIbHO
HAUMHAIOT PacIleIUIsATh P-cekperas3a U y-ceKpeTasa, uTo
MPUBOJAUT K BHICBOOOXKACHHUIO U3 KIETKU MENTUIOB AP,
npeumyiectBeHHO AB-40 u AB-42. bonee ruapodoOHbIii,
APB-42 nerko arperupyert, o0pa3ys cHauajla TOKCUYHBIE
OJIUTOMEPHI, @ 3aTeM HepacTBOPUMbIE (PHOPUILIIBL, KOTOpPBIE
OTKJIaABIBAIOTCS B Buje Omsmiex [1]. Dtot mpouecc nHU-
LUUPYETCS B HEOKOPTEKCE C MOCIEIYIOIIUM BOBJICUEHHEM
CTPYKTYp TUMONYECKO cUCTeMBbI, 0a3aIbHBIX FAHIJIHEB, a
Ha (PMHANIBHBIX 3TaNax — CPEAHEr0 MO3ra U MO3KEUKa, 4TO
JISKUT B OCHOBE onpenenenus craauu bA mo knaccuduka-
uwuu Thal [2]. CranupoBanue BA no Braak [3] 6azupyertcs
Ha (hOpMUPOBAHUN BHYTPUKIIETOUHBIX HelpopuOpusp-
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HBIX KIyOKOB M3 THnephochOpHINPOBAHHOTO Tay-0e-
ka. [Iponiecc HauMHaeTCs B TPAHCHIHTOPUHAIBHOM KOpe,
MOCJE0BATENIbHO 3aXBAThIBAsI SHTOPUHAIBHYIO 00NAaCTb,
TUIINOKAMII U JIUIIb HA MOCJIEAHUX 3Tanax pacnpocrpa-
HSISICh Ha HEOKOPTEKC, UTO KOPPENUPYET ¢ KIMHUYECKUMU
NPOSIBICHUSIMU KOTHUTHBHOTO JIe(HINTA, 8 UMEHHO IPO-
IPECCUPYIOIIUM YXYALIEHUEM MaMsATH U BBICIIUX KOPKO-
BbIX (DYHKLUH.

Benymue cuMntomsl 3a00eBaHus 00yCIOBIEHBI MO-
paxKeHHEeM MeIUaIbHBIX BUCOUHBIX 10JIeH (S HTOpUHAIbHAS
KOpa, TUIIIOKAMIT) M aCCOLIMATUBHBIX 30H KOpbl. OnHAKO
UCCJICIOBAHUS MTOKA3BIBAIOT, YTO MATONOIMUYECKUN MPo-
uecc npu BA HocuT HamMHOrO G0JIee pacpoOCTPaHEHHBIN
XapaKTep U 3aTParuBaeT B TOM YHUCIIE JBUTaTENIbHBIC 30HBI
MO3ra, 4TO 0OBACHSET UIUPOKUH CIEKTpP paccTpoilcTB
MOTOPHKU (HapyLIEeHHE MOXOAKH, MbIIIEUHas c1a00CTb,
MOCTypajbHas HEYCTOMUMBOCTD [4]) y MAIllMeHTOB, KOTOphIE
MOTYT IPOSIBIIATHCS KaK JO MaHU(ECTAUN JEMEHIUN [5],
TaK U Ha MO3JHUX CTaausX 3a00/1eBaHus Ha (DOHE KOTHU-
TUBHOTO Aedurura.

[IpumeHeHre NO3UTPOHHO-3MUCCUOHHOM ToMOrpaduu
MOKa3aJo, 4To Mo Mepe nporpeccuposanus bA naronoru-
YyecKue OeJIKU HaKaIIMBAIOTCA U B CTPYKTYPAaX, OTBEYA0-
KX 3a JBIDKEHHE. B 4acTHOCTH, 3HAUMTENBbHOE OTI0XKEHHE
Tay-0enka 0OHapyXHUBaeTCA B HEHPOHaX CEHCOMOTOPHOM
KOPBI, UTO HAMPAMYIO KOPPETHPYET C TSHKECThIO MOTOPHOTO
JedunuTa y mauueHToB [6, 7]. bonblie Toro, nopaxeHuro
MO/IBEPratoTCsl U ITyOOKKE CTPYKTYphI MO3ra — 6a3aibHble
aapa. HakorieHne aMuaouaa B CTPYKTypax CTpHaTyMa,
SBJISIOIUXCS KIIFOUEBOH YacThI0 0a3aIbHBIX FAHITIMEB, CBSI-
3bIBAIOT C Pa3BUTHEM TaKUX CUMIITOMOB KaK OpaJUKUHE3Us
U HapyUIeHUs HOXOAKH [8]. DTo mo3BoIsIeT mpeanoaarars
HaJIMuue OO0MUX MOJNEKYISIPHBIX MEXaHH3MOB ITOBPEXKIE-
HUSI HEHPOHOB IpU HEHPOJETEeHEPATUBHOM IIpoIecce Kak
B MOTOPHBIX, TaK U B aCCOI[MATUBHBIX 30HaxX [ M.

OnHIM U3 BaXXKHEHIIINX KJIETOYHBIX IPOIIECCOB, TO3BO-
JSIFOIUX HEMpOHAM 3JIMMHHUPOBATH OCJIKOBBIE arperarsl
U IOBPEXICHHBIE CTPYKTYPHI, ABIIIETCS ayTo(arus — 3Bo-
JFOLIMOHHO KOHCEPBAaTUBHBIM MEXaHU3M 00pa30BaHUs CIIe-
IIATM3UPOBAHHBIX BE3UKYII, HA3bIBAEMBIX ayTo(harocoma-
MH, KOTOpBIE MOTTIOMIAI0T BHYTPUKICTOUHBIC CTPYKTYPHI
U IOCTaBIISIOT UX B JIN30COMY JUIsl OCIEAYIOIIel ferpa-
npauuu [9]. MapkepoM NOBpEXXICHHBIX OSITKOB U CTPYKTYP
npesacTaet Gpopma yOUKBUTHHA, IPUCOECTUHEHUE KOTOPOit
K TIOBPEXJCHHOMY CyOCTpaTy NMPUBOJUT K €r0 YHHUTO-
keHuro B npoteacome [10]. B wactHocTH, pu Heitpone-
TeHEPATUBHBIX 3a00JEBAHUSIX MOBBIMACTCS KOJTHUECTBO
MOBPEXICHHBIX MUTOXOHAPHUH, KOTOPBIE SIUMUHUPYIOTCS
U3 KJIETKH Yepe3 MEXaHU3M CEeJICKTUBHON ayTodarun (Mu-
Totharum), perynupyromuiics youksuruakuaazon PINK1
(PTEN-induced kinase 1, PTEN-unaynmpyemas kunasza 1)
u youkBuTHHINTa30i napknaHoM/PRKN. M3BecTHO, uTO
Juist mannuanuu PINK 1/mapkuna — 3aBHCUMOTO Ty TH MU-
Toaruu HeoOxoanmo ¢ochopunupoBaHue yOUKBUTHHA
1o cepuny 65 (pS65-Ub), KoTopEIii 3aT€M CTaHOBUTCS pe-
LENTOPOM Ul IapKUHA B MUTOXOHApUsX [11]. B pesyns-
TaTe 3TOM crenn(puIeckoi MapKUPOBKU MOBPEXKICHHBIE
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MHUTOXOHJIPHH PacIIO3HAIOTCS pelenToOpaMu ayToharocom
U 3aTeM HaIpaBIIAIOTCS Ha JIN30COMAIBHYIO ACTPalalHIo.
Panee ObJ10 TOKa3aHO, YTO TIOBBIIICHHBIC YPOBHU PSO5-
Ub moryT orpaxarb kKak akTUBHOCTh PINKI1-PRKN
U YCWICHHOE MOBPEXKICHUE MUTOXOHIPUN, TaK U HAPY-
HICHHE UX MOCNENYomero kmupenca (Mutodarun) [12].
NMMyHO(GEpMEHTHBIH aHATN3 JIN3aTOB JOOHON KOPBHI
TOJIOBHOTO MO3Ta BBISBUI MOBBIIICHUE YPOBHS Oeika
pS65-Ub B ayTomncuitHOoM MaTrepuaje MO3Ta HMalieHTOB
¢ BA [13]. [Tokazano, yto nnpu BA MmI0THOCTH KJIETOK, I10-
JIOXKUTENBHBIX MPU HMMYHOTHCTOXHMHYECKOM OKpAIH-
BaHMHU Ha pS65-Ub, Opu1a caMOii BEICOKOH B THITIIOKAMIIE,
HWKE B MUHIAJICBUIHOM TeJIe U HANMEHBIIIEH B CKOPIIYTIC.
Hapsiny ¢ 3TuM 00HapykeHO, 94TO KoJau4decTBO pS65-Ub-
MOJIOKHUTENBHBIX CTPYKTYP CHIIBHO KOPPEIUpPYET C BhIpa-
JKEHHOCTBIO OTJIOXKEHHUs Tay-0Oernka [14].

Psn uccnenosanuil neMoHCTpUpYeET, 4To Npu bA Tak-
JKe HaOIIoMarTCsl HapylIeHHe o0pa3oBaHus aytodaro-
COM U BBIpaXXCHHAsI JTU30COMallbHAas AUCHYHKIMS. Tak,
HCCIICIOBAHNE CEPOT0 BEIIEeCTBA CpeaHEH JTOOHOH KOPHI
TOJIOBHOTO MO3Ta MalMeHTOB ¢ BA BBISIBUIIO CHIKCHUE
ypoBHs Oenka GexinHa-1 — MapKepa MpeAnIeCTBEHHUKOB
ayTodarocoM, Ha3biBaeMbIX (haropopamu. Ha mogensx BA
y MBIIICH CHIXKEHUE YKCIPECCHH OeKIMHa-1 mpuBeno K
YBEITMYCHUIO BHY TPUKIICTOYHOTO M BHEKIJICTOYHOTO HAKOTI-
nenus AP, HeHPOHHBIM aHOMAJIHSIM M TIPOTPECCHPOBAHHIO
Helpoxerenepamun [15], moareepxnas pons ayrodarun
B martoreHe3e bA. Kpome toro, Ha 31Ol Momenu ObLIO
J0Ka3aHO, YTO HaKOIUICHHE ayTo(arocoM B IEHAPUTAX
IpeIecTByeT 00pa30BaHUIO BHEKICTOUHBIX aMUIOU/I-
HBIX OJISIIIIEK, 3TO MO3BOJISIET MIPEIIONOKHUTh, YTO aKTH-
BaIys ayToaruy SBISETCS paHHUM OTBETOM KJICTKH Ha
MATOJIOTUYECKUiI IpoIiece, a He CIeACTBUEM 00pa30BaHuUs
aMUJIOUIHBIX Ojsiriek [16].

B Hacrosimee BpeMs JaHHBIE O pacipeiesieHuH OSIIKOB,
YYacTBYIOIINX B ayTO(aruu, B MOTOPHOU KOpE U CTpHaTyMe
TOJIOBHOTO MO3Ta 4eNioBeka nmpu bA kpaitHe MajgoducieH-
HBI, TIPH 3TOM HCCJICJOBaHHUE CHCTEMBI ayTo(arndeckoro
KIIMPEHCA B 3TUX O0JIACTAX SBISETCS aKTyaJbHBIM M BaXK-
HBIM JJ11 [IOHUMAaHUs [IaTOreHe3a MOTOPHBIX CUMIITOMOB,
a TaKoKe IIOMCKA HOBBIX TepaleBTUUYECKUX MUILeHeH. Bee
CKa3aHHOE BBIIIE ONPEIEIMIO LEeNIb JaHHOI'O HCCIel0Ba-
HUS — U3y4YE€HUE UMMYHOTMCTOXUMHUUECKOTO pacipeaese-
HUSI MapKepoB ayTodaruy B HeHpoHax CTpHaryMa U Mo-
TOpHO# KOpBI Tipn BA.

Marepuajibl 4 METOABI

Pabora BeImoHEeHa Ha 6a3e abopaTopuu HeHpoMop-
(omorun Poccuiickoro rieHTpa HEBPOJIOTHH ¥ HEHPOHAYK.
Bce aransl uccneioBaHus COOTBETCTBYIOT 3aKOHOATENb-
ctBy Poccuiickoit denepariii 1 HOPMAaTHBHBIM IOKyMEH-
TaM Poccuiickoro neHTpa HEBPOJIOTUU U HEMPOHAYK, a
TaKXe OgOOPEHBI TOKAaJBHBEIM ITHYECKHUM KOMUTETOM
Poccwuiickoro 1eHTpa HEBPOJIOTHH U HEHpOHAYK (MIpo-
Tokost Ne 7-2/24 ot 02.09.2024). /laHHOE HCCIeIOBaHHE
IIPOBEZECHO B COOTBETCTBUU C ATUUECKUMHU CTaHAAPTAMHU,
M3JI0KEHHBIMH B X €IbCUHKCKOU eknapanuu BcemupHoi
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MeIuIHCKoN accounaunu 1964 rona (7-i nepecMoTp,
2013). Mcnonb30BaHHBINA ayTONICUHHBINA MaTepral naiu-
eHToB ¢ BA nosiyden ot 15 ymepIimx ¢ HoATBEPKIEHHON
Oonesnpto AnbireiiMepa (cramus o Thal 3—4, Braak 3—4),
B Bo3pacrte ctapiie 85 net (85—-89 ner), npuunHoOi cMepTu
KOTOPBIX cTaja TpoM003MO0us IErOYHON apTepuu mpu
HAJINYHHU TOCTHH(APKTHOTO HITH aTePOCKICPOTHIECKOTO
KapIuocKiIepo3a Ha (poHe runepToHndYeckor 6onesnu. s
CPaBHUTEJIHHOTO aHAJIN3a HAMHU OBLII UCIIOJIb30BAH ayTOII-
CUIHBIN MaTepHaj NalUeHTOB IByX IPYIIL: epBasi rpyI-
1a — HOpMaJbHOE CTapeHue, MaTepuai MoJyyueH OT JIHIL
crapre 85 ner (85-99 net) 6e3 Oone3nu Anblreiimepa,
YMEPILHUX [0 aHAJIOTHYHBIM IpuunHaMm (n=20); BTOopas
rpynna — Mosonble nauueHTsl (35—45 jer) ¢ tuarHo3om
BHe3aIHo ceprednoit cmeptu (n=20). Kputepuu uckio-
YyeHHs (U1 BceX TpeX TPYI): OCTPBINA U epeHeCEeHHBIH
HHCYJIBT, XPOHUYECKUE HEBPOJIOTUYECKUE U HEPBHO-MBI-
eYHbIe 00JIC3HH, 3a00JICBaHUS CEPCUHO-COCYIUCTON
U IPYTHX CHCTEM C JEKOMIIeHcaluen (BbIpakeHHOU He-
JIOCTaTOYHOCTBIO), OCTPOE TeUeHUE NH(EKIIMOHHBIX, H-
(heKIMOHHO-aNIEPIrHUYeCKUX U ayTOUMMYHHBIX 3a00i1e-
BaHUH, 3JI0KaU€CTBEHHBIE OIYXO0JIU JIF000H JIoKanu3anuu
III-1V craguu, ankoronusm u HapkoManus. Kpome toro,
B HCCJIEIOBaHHE HE BKJIIOYAINCHh YMEPILIUE C ACUMIITOM-
HBIM T€MOAMHAMHYECKH 3HAYUMBIM aT€pOCTEHO30M Iie-
pebpasbHBIX apTepuil (CyKeHHe MpOoCBeTa apTepuil Ha
70% u Gonee), a TakKe C apTePHAIBHONW TUIIEPTOHUEH
3-ii ctenieHu B aHaMHe3e. B kaxoM ciyuae A MUKPO-
CKOTIMYECKOTO MCCIIEIOBaHUS BhIpE3aId OJOKU JIITUHOM
2-2,5 cm, mmupuno#t 1-1,5 cm u Tonuuou 0,5-0,7 cm
U3 CIEeIYIOIUX 00JIacTe: HUKHIS TPETh MepeaHel 1eH-
TpaJbHON M3BWIMHBI (MOTOpHAsl KOpa) U CPEAHss 4acTb
TOJIOBKM XBOCTATOrO siipa. Beipe3aHHble OJ0KK QUKCH-
poBanu B 10% pactBope HeiTpaabHOTO 3a0ydepeHHOTo
(hopmanuHa B TeueHue 24 yacos, MOCIIE YEro MaTepHal
Ob11 00paboTaH Mo CTaHAAPTHOM MeToAMKe (00e3BOXKHU-
BaHUE CIIUPTOM, IPUMEHEHHE KCUIIONA) C MOCTeNyoIIen
3aITUBKOI B mapaduH.

s BBIOMTHEHNS] UMMYHOTHCTOXUMHUYECKOTO UCCIIe-
JIOBaHMS U3rOTOBJIEHBI CPE3BI TOJMIMHON 3 MKM, KOTOpPbIE
OBUTM HaHECEHBI Ha MTPEAMETHBIE CTEKIIA C MTOJIOKUTETBHBIM
3apsiiom noBepxHoctu SuperFrost Plus (Thermo Scientific,
CIIIA), a 3aTeM BBICYIIIEHBI B TEPMOCTATE B TeUeHUE 24 ya-
coB npu Temmeparype +48°C. J1ns 0030pHBIX 1eTIei moiry-
YeHHbIE TUCTOJOTHYECKUE Mpenaparsl ObUTH OKPaIlEHBI
FEMATOKCUJIMHOM W D03MHOM, a Takxe 1o Huccmro. Jns
MMMYHOTHCTOXUMHUYECKOTO UCCIIEIOBAHHSI HCIIOIh30BaHbI
aHTuTeNa K youksutuny (Ub, nonukioHansHbIe, Abcam,
CIIIA, ab140601, 1:200), mapkupyroleMy B KieTke Oen-
KH, TIpeJIHa3HAuYCHHBIC JJIs IPOTEaCOMHOM Jerpaialuu;
aHTHTENa K (hochopunupoBaHHOMY YOUKBUTHHY IO ce-
puHy 65 (monuxiioHanbHele, MilliporeSigma, I'epmanms,
ABS1513-], 1:150), ceneKTUBHO MapKUPYIOIIEMY ITIOBPEK-
JIeHHbIE MUTOXOHApUH [17]; aHTHTENa K OenKy OexinH-1
(monmukiioHanbHbie; Abcam; CIIA, ab62557, 1:100) —
MapKepy MpeAlecTBEHHHKA ayTo(arocoMbl; aHTHTENA K
oenxy LC3b (monmukiionanbhbie, Abcam, CILIA, ab243506,
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OPUTMHAJIDHBIE UICCITEJOBAHNMA

1:200) — mapkepy ayTodarocom; anturena k oeiaxy LAMP2
(nonuknonanbHele, Invitrogen, CLA, PA1-655, 1:200),
MapKUPYIOLIEMY JTH30COMBI.

TemnoBy0 AeMacKUPOBKY aHTUTCHOB IPOBOIMIH
B nutpatHom Oydepe (pH 6,0, Novocastra) B TeueHue
15 munyT. MHKYOanus ¢ NepBUYHBIME aHTHTENAMH TIPO-
Bojwiack 12 yacos npu temneparype +4°C. [l BbisBie-
HUSI CBSI3BIBAHUSI AHTHUTEJ MCIIOIB30BATN HAOOp peareH-
TOB JJIS1 BU3yalu3alluy Ha ocHOBe noimumMepa NovoLink
u nepokcuaassl (Novolink Polymer Detection Systems,
I'epmanust). Ha mukpodoTorpadusx mpemnaparos, Moiy-
YeHHBIX C MOMOIIBI0 MUKpockoma Leica DMLB (Leica
Microsystems, ['epmanust) u nudpoBoii kamepsl Leica
DC-300 (Leica Microsystems, I'epmMaHusi) ¢ HCIIOIB30Ba-
HueM nporpammsl Leica Qwin 2.7 (I'epmanus) B nepu-
KapuoHax 150 HEHpPOHOB B KaXKJOM CJIydae OLEHHUBAIH
MHTCHCHBHOCTh IMMYHOIICPOKCHIA3HON PEaKIUH B CIIEy-
IOINX 30HaX: B 00JIACTH CTpUaryma (TOJI0BKa XBOCTATOTO
S7Ipa) ¥ B 3-M M 5-M cIIOSX MOTOPHOH Kopkl. Tena u sapa
HEWPOHOB BBIICIISUTH HAa N300PayKEHUH C TIOMOIIIBIO rpadu-
yeckoro rranmera Wacom Intuos Pro (Wacom Company,
SIMOHMS) ¥ OLIEHUBANH CPEIHIOI0 SIPKOCTH BBICICHHON
oOacTH (B YCIIOBHBIX €UHHIIAX: 256 Tpajanuii SpKOCTH
8-6utHOTO M300pakeHus, rue 0 — 6emnblid, 255 — YepHBIii),
BBIYNTAs 3HA4YCHUSI POHOBOTO OKpAIIBAHHMS.

Jns craructudeckoil oOpaboOTKHM M TpejcTaBlie-
HUS JIAHHBIX HCIIOJIB30BaJIA TIporpaMmbl Statistica 13.0
(Statsoft, CIIIA) u GraphPad Prism 8.0 (Dotmatics, CILIA).
HopManbHOCTE pacmpenenceHusl OIEHUBAIN MO0 TECTY
[[Tarmmpo—Yunka, KOTOPBIH MOKa3ajl HOPMAJIbHOE pacripe-
JeTICHNE TI0 BCEM HCCIIEAYEMBIM ITapaMeTpaM B TPyIIIax.
st cpaBHEHHsI TPYIIT HCTIOIb30Balld OMHO(DAKTOPHBIH
nucrniepcuonnbiit ananu3 ANOVA ¢ anoctepuopHbIM Te-
ctoMm Fisher LSD. Paznuuns cantany CTaTHCTHYECKY 3HA-
yumbiMu 11pH p<0,05.

Pe3yabTarsl
Tonoexa xeocmamozo sdpa (cmpuamym)

I[Tpu okpaIMBaHIK TEMAaTOKCHITHOM H 503UHOM, a TaK-
ke 1o Huccimo B 0061acTi TOIOBKH XBOCTATOTO spa ObLTH
BH3YalIH3UpPOBAaHBI HanboIee MHOTOYHMCICHHBIE B ATON
obnactu I'M cpellHHE NIUITUKOBBIC HEUPOHBI — KIETKH
OTHOCHUTEIIBEHO HEOONBIIOT0 pa3Mepa ¢ MEePUKaApHOHOM
okpyroi (opMbl. UMMYHOTHCTOXUMHUYECKOE OKPAIIIH-
BaHHe KaxabpiM Mapkepom (LC3b, LAMP2, 6eknun-1,
Ub, pS65-Ub) npu BHICOKOM COJIEPKAHHH UCCIISAYEMOTO
Oemka B IEpUKapUOHAX ATUX HEUPOHOB ObLIO MU PY3HBIM
¥ CPAaBHUTENHHO OMHOPOIHBIM. B cirygae Hu3Koro ypoBHS
MapKepoB HAOIMIOAATIOCH MPEUMYIIECTBEHHOE CKOTUICHIE
METKH OJIKe K OTHOMY U3 ITOJIFOCOB TIEPHKApHOHA.

[Ipu crapeHnn B HEHpOHAX T'OJIOBKM XBOCTATOrO SApa
MPOUCXOAUT CHUXCHHE YPOBHS MapKepoB OekmmHa-1
u LC3b (06a 3nauenus <0,0001), a Takxke yBeIUYCHHE
konuaectBa MapkepoB Ub, p-Ub (docdopunmnpoBanHbIi
youksutrH) 1 LAMP2 (Bce 3nauenus <0,0001).

IIpu BA kommdectBo Mapkepa Ub 3HaYMTENBHO HE
MEHSIETCSI OTHOCUTENBHO Tpynnsl crapeHus. [Ipu stom
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ronmuecTBO Mapkepa p-Ub pacrer (<0,0001), Torna kak
Konu4ecTBO MapkepoB Oekiuna-1, LC3b u LAMP2 cy-
LIECTBEHHO cHMXkaeTcs (Bce 3HaueHus <0,0001) (puc. 1).

MomopHnas xopa

IIpu oxparrMBaHUK TeMaTOKCUIIMHOM U S03WHOM, a TakK-
e o Huccirro B MOTOPHO# KOpe TIpU (PH3HOIOTHYECKOM
CTapeHHU HaOIIOAaI0Ch HEKOTOPOE CHIDKEHHUE KOINIECTBA
turpousa. Ilpu BA B 3-M 1 5-M cl10sIX KOpBI BO3pacTaio
KOJIMYECTBO KJIETOK C MOJIHOCTHIO JIM3UPOBAHHBIM Bellle-
ctBoM Huccig u HepaznuuuMbIM sapoM. Taxoke MpUCyT-

CTBOBaJIM HEHPOHBI C KAPHOIIMKHO30M U JeopMariien
CTPYKTYpPBI IIEPHKAPHOHA C MTOTEpPeil ero YeTKUX KOHTY-
poB. IMMyHOTHCTOXMMHYECKOE OKpAIIUBAHUE KaXKIBIM
mapkepoM (LC3b, LAMP2, 6eknun-1, Ub, pS65-Ub) npu
BBICOKOM COJIEpKaHHHU HCCIIEIYEeMOro OeNka B epHKapH-
OHaxX 3THX HEHPOHOB ObLIO MU(PY3HBIM U CPAaBHUTEIHEHO
OJHOPOIHBIM. B ciyyae HM3KOTO ypOBHSI MapKepoB Ha-
0JTI0/1aNIOCh IPENMYIIIECTBEHHOE CKOIIIIEHHE METKH OJIvKe
K OIHOMY U3 MOJIIOCOB MEpPUKapUoHa (puc. 2).

IIpu crapenun B HeifpoHax 3-ro u 5-ro CI0€B MOTOPHOM
KOpBI HaOJIOaeTcs yBeJIMYeHue KomdecTsa Mapkepos Ub

A . B 2
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Puc. 1. Pe3ynsrartsl MOpGOMETPHIECKOTO aHAIN3a IMMYHOTUCTOXUMUYECKOTO pacnpeneneHus mapkepoB Ub (A), pS65-Ub (B),
6exmmna-1 (C), LC3b (D) n LAMP2 (E) B uTomna3Me HeHpOHOB TOJOBKH XBOCTATOTO Spa
Young — rpyrmmna MoJIoIbIX MAHEeHTOB, Aging — rpynmna crapeHus, Alzh — rpynmna narmenToB ¢ BA

Fig. 1. Results of morphometric analysis of the immunohistochemical distribution of Ub (A), pS65-Ub (B), Beclin-1 (C), LC3b (D),
and LAMP2 (E) markers in the cytoplasm of neurons in the caudate nucleus.
Young — young patients; Aging — healthy aging patients; Alzh — AD patients

Puc. 2. ImmyHorrcTOXNMHYECKOe pacnpeneneHne Mmapkepa LAMP2 B HelipoHax 5-ro ¢10st MOTOPHOM KOPBI B TPYIIIaX MOJOIOTO

Bo3pacTta (A), crapenus (B) u namuentos ¢ BA (C), x40

Fig. 2. Immunohistochemical distribution of the LAMP2 marker in neurons of layer 5 of the motor cortex in young patients (A), healthy

aging patients (B), and patients with AD (C), x40
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u p-Ub (Bce 3nauenus <0,0001), cHIKEHHE KOTHYECTBA
MmapkepoB OceknuHa-1 u LC3b (Bce 3nauenus <0,0001), a
konndectBo Mapkepa LAMP2 He oTiinuaercs 0T KOHTPOJIb-
HBIX 3HAYECHHM.

[Mpu BA xonmyectBo Mapkepos Ub, 6eximna-1, LC3b
HE U3MEHSETCS] OTHOCUTENBLHO TPYIIIbI CTAPEHUS, a KOJIH-
gecTBO MapkepoB p-Ub u LAMP2 cHikaercs (Bce 3Ha4e-
Hus <0,0001) (puc. 3).

OPUTMHAJIDHBIE UICCITEJOBAHNMA

O6cyxpaeHue

B Heifponax cTpuaryma mpu cTapeHHH HaOmofaeTcs
yBeJNMYCHHE KordecTBa Mapkepa Ub, 4To MOXeT cBuIe-
TEJILCTBOBATH O POCTE KOJMYECTBA CyOCTPaTOB, MpeTHA3HA-
YEeHHBIX IS Aerpanaiuy. [IoBbIleHHe peakiuy MapKepa
pS65-Ub MoXeT yka3bpIBaTh HA YBEIMUCHHE KOJHUYECTBA
neheKTHBIX MUTOXOHApHH. [TonyueHHbIe H3MEHEHHUS Map-
kepa pS65-Ub cornacyrorest ¢ TaHHBIMY psifia UCCIeI0Ba-
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Young — young patients; Aging — healthy aging patients; Alzh — AD patients
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Huii [ 16, 17], moka3aBIIMX HAKOILICHUE 3TOTO OEJIKa C BO3-
pacToM B MO3re YeloBeKa, MOJYYEHHOM IIPH ayTOIICHH, a
TaK)X€ y MBIIIEH.

IIpu 5TOM CHMXKEHHME KojlnyecTBa Oeika OexiauH-1
(Mapkep mpeauiecTBEHHUKA ayTo(harocoMmbl) U CHIKE-
Hue ypoBHs LC3b (Mapkep cOOCTBEHHO ayTogharocom)
MOTYT CBHUJIETEJIHCTBOBATH O HEAOCTATOUHOCTH 00pa-
30BaHUA M KOJWYecTBa ayTo(arocom Mpu 3HAUYUTEIb-
HOM KOJIMYECTBE MOBPEKIECHHBIX CTPYKTYP (B TOM YHC-
JIe MUTOXOHJAPHUIA), MADKUPOBAHHBIX ISl YTHIM3ALHH.
OO6Hapy>xeHHOE Ha 3TOM (pOHE MOBBIIIEHHE KOIHYECTBa
nu30coM (TIoBbIILIeHUE YpoBHs Mapkepa LAMP2) moxer
00BSICHATHCS yCUIICHHEM KaTaboJINYeCKUX MOTPEOHOCTEH
HelpoHa Ha (oHe ayTo(aroan30CcoManbHON TUCHYHKIIUH,
MO-BUJIUMOMY, 00YCIIOBIEHHOW CHIKEHHEM KOJIMYeCTBa
ayTo(harocom.

B neiiponax crpuaryma mpu BA yposens Ub 3HaunMo
HE MEHAETCA OTHOCHUTENbHO MOKa3aTelNs TPYMIbI cCTape-
HUS, HO YpoBeHb pS65-Ub pactet, 4To MOXKET yKa3bIBaTh
HAa MOBBIIICHHE KOJUYECTBa Je()EKTHBIX MUTOXOHIPUMA.
OTH pe3ynbTaThl COOTBETCTBYIOT JaHHBIM 00 YBEITHUYEHUN
KOJIMYECTBA MOBPEXKICHHBIX MUTOXOHAPUH (OKpaIeHHBIX
pS65-Ub) B nopakeHHsIx npu BA oGmactsax mosra [18].
Jns mapkepoB OexnnH-1 n LC3b BBISBICHO CHUXKEHHE
YPOBHSI B CPaBHEHUHU C TPYIION CTapeHUs, YTO CBUJE-
TEJIBbCTBYET O BBIPAXKEHHON HEJIOCTAaTOYHOCTH 00pa3oBa-
HUS ¥ KoJIM4YecTBa aytodarocom. Kpome sToro, cCHIKeHHE
peakiuu mapkepa LAMP2 oTHOcHTENIBHO TTOKa3aTeneit
TPYIIBI CTAPEHUS] MOXKET YKa3bIBaTh HA YMEHBIIICHUE YK C-
na mu3ocoM ripu BA. Takum oOpazom, ipu BA B ctpuaryme
Ha (oHe Bo3pociIeii OTpeOHOCTH HEHPOHOB B MUTO(Aruu
HaOJII0/1aeTCsl HEIOCTAaTOUHOCTh KITIOUEBBIX KOMIIOHEHTOB
3TOrO0 Ipoliecca — 00pa3zoBaHus (CHIKEHHE PEaKIUi Map-
Kepa OekIMH-1) 1 konuuecTBa ayTodarocoM (CHUXKEHUE pe-
akuuu Mapkepa LC3b), a Taxoke CHHKEHHE BO3MOXKHOCTH
JM30COMANIBHOM Aerpafanuu 1e(eKkTHbIX CTPYKTYp (CHU-
KeHue peakuuu mMapkepa LAMP2). 1o MoxeT nexarb
B OCHOBE HaKOILJICHUS TOKCUYHBIX OCJIKOB U AUCHYHKIINU
HEHPOHOB CTpUATyMa, MPOSBIAIOIINXCS IBUTATEIbHBIMH
HapyleHusIMU Ipu BA.

B HelipoHax MOTOPHOM KOPBI IPU CTapEHHU HAOIIOAA-
I0TCS U3MEHEHHS, aHAJIOTUYHbIE OOHAPYKCHHBIM B HEM-
pOHaxX cTpHUaTyMa: HEOCTATOYHOCTh 00pa30BaHUs U KO-
JTHUYECTBa ayTo(harocoM MpU 3HAYUTEIHHOM KOJINYECTBE
CTPYKTYp (B TOM UYMCIIe MUTOXOHJPUH ), MAPKUPOBAHHBIX
JUId yTUAM3aluy. B To jxe BpeMs B OTIIMYME OT HEHPOHOB
CTpUaTyMa B HeMpOHaX MOTOPHOH KOpBI HE OOHAPYKEHO
yBEJIMYEHUE peakiuu Mapkepa auzocom LAMP2, uto
JieNlaeT HeMPOHBI MOTOPHOI KOPHI MOTEHIMATIBHO Oojee
YSI3BUMBIMU K BO3PacTHOM HEHPOAEreHEpalLllu.

B Heiiponax MoTOpHON KOpHI IIpu BA ypoBeHb yOUK-
BUTHHA 3HAUUMO HE MEHSAETCS] OTHOCUTEIIBHO [TOKA3aTeNs
TPYIIBI CTAPEHUS, YTO aHAJIOTUYHO PEAKIIMA HEHPOHOB
ctpuaryma. OjiHako ypoBeHb Mapkepa pS65-Ub noctosep-
HO HIDKE aHAJIOTHYHOTO ITOKAa3aTeysl B TPyIIe CTapeHHUs,
YTO MOXKET YKa3bIBATh HA CHHKCHUE KONUYIECTBA Je(PEKT-
HBIX MUTOXOHIpUH. [ToTyueHHBIe pe3ynbTaThl TOCTaTOUHO
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HEOXXKHJIaHHBI, TIOCKOJIBKY U3BECTHO, 4TO Mapkep pS65-Ub
3HAYUTENBHO HaKallIMBacTcsa B JOOHOH Kope, amMHuraane
Y TUIIIOKaMIIe ¢ yBeTuueHreM Bo3pacTa u npu BA [18].
Kpowme Toro, mony4eHHbIe pe3yabTaThl IPOTHBOMOIOXK-
HBI XapaKTepy peakiuyu HeHPOHOB CTPHATYMa, B KOTOPBIX
ObL11 3a(h)UKCUPOBAH POCT KOIMYECTBA Ie(PEKTHBIX MHUTO-
XOHJpUi. BO3MOXHBIM 0OBSICHEHUEM MOXKET SBISATHCS
OTHOCHTEIBHO 0oJiee O3 Hee MOBPEXKICHIEC HEHPOHOB
MOTOPHOU KOPBI OTJIOKEHUSIMH THIIEPHOCchHOpUIpoBaH-
Horo Tay-6enka mpu BA, mockosbKy, Kak OBIJIO CKa3aHO
panee, KonudecTBO pS65-Ub-MOJI0KUTETBHBIX CTPYKTYD
CHJIBHO KOPPENHPYET C BEIPAXKEHHOCTHIO OTIOKEHUS Tay-
Oenka [17]. Tem He MeHee MexaHU3MBI CHIDKeHUS pS65-Ub
B HEMPOHAX MOTOPHOM KOPHI IIPU HENpPOIEereHepaTUBHbIX
3a00JIeBaHUAX TPEOYIOT NalbHEHIIETO UCCIEAOBAHUA.
OTHOCHUTENFHO HU3KOE KOJIWYECTBO Ae()EKTHBIX MHUTO-
XOHJIpHH B 3THX HeHpoIuTax npu BA MoXeT 0OBsACHITH
HE OTVIMYAIOMIYIOCS OT TAaKOBOW B TPyIIle HOPMaIbHO-
ro CTapeHus peaknuio Mapkepos OeknuH-1 u LC3b.
AHAaJIOTHYHO peaKkiu HEHPOHOB CTpUaTyMa B HEHpOHaxX
MOTOPHOM KOpBI 00HAPYKEHO CHIDKECHHUE YPOBHS MapKepa
LAMP?2 oTHOCUTENBHO ITOKA3aTels I'pyIIbl CTApEHUs,
YTO MOXKET yKa3bIBaTh HA CHIDKCHHE KOJIMYECTBA JIN30-
coM B HelpoHax npu bA. IHTepecHO OTMETUTH UCCIIe-
JIOBaHME, MMOKA3bIBAIOIIEE, YTO CHIKCHHE KOJINYCCTBA
6enka LAMP2 B HeifpoHax ceTdaTKu Takke MPUBOIUT
K HaKOIUICHHUIO OEJIKOB, aCCOLMUPOBAHHBIX ¢ HeHpoaere-
Hepanuei (APOE, knactepus), u mocienyroiieid rudenu
kietok [19]. C.Y. Law et al. B cBoem ucciegoBanuu [20]
0OHapYXHITH, YTO B YCIOBHUSAX OTCYTCTBHS OKHCIIUTENb-
HOTO CTpecca CYIIECTBEHHOH Pa3HHUIIBI B )KH3HECIOC00-
HOCTH MEXIy KOHTpOJbHBIMU U LAMP2-nepunutapiMu
HelipoHamu He HaOmonanoch. OJHAKO PU BO3ACHCTBHA
OKHCIHUTENBHOTO cTpecca B LAMP2-nebunTHBIX HEW-
POHaxX OTMEYAJIOCh 3HAUNUTENIBHOE YBEIINYECHHE aIlONTO3a.
BepositHo, B HelipoHax 06a3abHBIX sep U MOTOPHOM KOPBI
npu BA mpoucxoauT coueraHne XpOHUIECKOTO OKUCITH-
TEJBHOTO CTPECCa, BO3PAaCTHOIO HapyLIEHUs [IpOTeocTasa
1 JJoKapHOTO neduiura Mmapkepa LAMP2, 3anyckaroriee
arornTo3 u HeoOpaTuMyro HelipojereHepanuto [21].

3akiioueHue

HccrenoBanue mokasaio, 4to npu 00Jae3Hu AJbIrei-
Mepa B MOTOPHBIX OT/IeNIax TOJIOBHOTO Mo3ra (hopmupyercst
perrnoH-criennUYHBINA MATTEPH ayTO(Haroan30CcoMaIbHON
TUcHYHKINA: B CTpHATYME TTOBPEKICHUE HOCHT OoJiee
BEIpQKEHHBIN xapakTep (010K Ha dTamax (OpMHUPOBAHUS
ayTodarocoM 1 GUHATBHOM TM30COMAJIBHOM JIErpajiaiim ),
TOTZIa KaK B MOTOPHOI Kope mpeobiagaeT MeHee BBIpa-
JKCHHBIH, H30JTUPOBAaHHBIH IN30COMABHBIN AeUIUT pn
COXpaHHOW MHHIHanuu aytodaruu. Kpome Toro, ooHa-
PY’KEHO pas3IIyHOe paclpeesieHne MapKepa Ie(eKTHBIX
MUTOXOHpUH pS65-Ub B HEMpOHAX MOTOPHBIX CTPYKTYP:
MOBBILICHUE B HEUPOHAX CTPUATyMa U CHH)KCHHE B HEW-
pOHAX MOTOPHOM KOPHI MpH 00Je3HU AJbIreiMepa 1o
CPaBHCHUIO C aHAJIOTHYHBIMH TIOKA3aTEISIMHU TIPH (PU3HO-
JIOTHYECKOM cTapeHuH. PakTopoM, 00bETUHSIONIHM 00¢
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HCCIIEI0BaHHBIE 30HBI TOJIOBHOTO MO3Ta, SIBJIIETCS CHUYKE-
Hue ypoBHs Mapkepa LAMP2 npu 6one3nun Anbireiimepa,
YTO CBUJETENBCTBYET O JIN30COMAILHON HEJOCTATOYHOCTH
Kak 00111eM MeXaHU3Me, TI0-BUIMMOMY, YCHUIIMBAIOLLEM pa3-
BUTHE HEMpOIereHepaluy B 3TUX 30HaX, M 3TO HEOOX0ANMO
YUUTBIBAaTh IPU pa3pabOTKe TapPreTHBIX TEPANeBTUYECKUX
CTpareruii, HarpaBIeHHbIX Ha MOTYJISLIMIO JTU30COMAIbHOM
(byHKUIUU.
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Mudopmanus 06 aBTopax

Bnagumup Cepreesuu CyXopyKOB — JOKTOp MEAMIIMHCKUX HayK, podeccop, 3aBeyIoIuii 1aboparopueii Heiipomopdoaoruu
Poccuiickoro neHTpa HEBPOJIIOTUH U HEHPOHAYK.

Tarpsna ViBanoBHa bapanu4 — kaHauIaT MEAMIIMHCKUX HAyK, CTAPIINIA HAYYHBIH COTPYAHHUK JJabopaTtopuu HeipoMopdoaoruu
Poccuiickoro neHTpa HEBPOJIOTUM U HEHPOHAYK, HOLEHT Kadeapsl anaromuu U rucronoruu [epporo MI'MY um. .M. CeuenoBa
(CeveHOBCKHI YHUBEPCUTET).

Oubra BnagumuposHa Benbly — HayuHbli coTpyHuK JJaboparopuu Heiipomopdornorun Poccuiickoro 1ieHTpa HEBPOJIOIHU U HEHPOHAyK.
Jmutpuit Hukonaesnd BopoHKOB — KaHIUIAT MEAUIIMHCKUX HAYK, CTAPIINI HAYYHBIH COTPYIHUK JJaboparopuu Heiipomopdonoruu
Poccuiickoro 1ieHTpa HEBPOJIOTMU U HEHPOHAYK.

Kcenust MakcumoBHa OKyiioBa — Hay4HbIH COTpYIHHK Jlabopatopun Hefipomopdonoruu PoccHiickoro eHTpa HEBPOJIOTHU U HEHPOHAyK.

Jmutpuit Cepreeuu Jlazapes — kKaHANIAT MEIULMHCKUX HAyK, HAyUHbIH COTPYIHUK JabopaTopuu Heiipomopdonorun Poccuiickoro neHrpa
HEBPOJIOTUH M HeWPOHAyK, JOIEHT Kadenpsl maronorndeckoii anaromut PHUMY um. H . [Muporosa.

Exarepuna Bagumosna Illepbak — Bpau-natonoroanarom I'Kb Ne 1 um. H.W. TTuporoga.

Anexcaunp [lerpoBud Pakia — JOKTOp MEIULIMHCKHX HAyK, Ipodeccop, 3aBeyIONIHI MaTOJ0r0aHaTOMUYECKHM OT/ACIICHUEM
T'KB Ne 1 um. H.W. [Tuporosa.

Banepus BrnagumupoBHa [TMHKHHA — TOKTOP MEIMIIMHCKHUX HayK, Ipodeccop, IIaBHBIN HAyYHBIH COTPYIHHK J1a00paTopiy HeHpOMOpQoIoruu
Poccuiickoro nieHTpa HEBPOJIOTHN U HEHPOHAYK.

Author information

Vladimir S. Sukhorukov — Dr. Sci. (Med.), Professor, Head of the Laboratory of Neuromorphology, Russian Center of Neurology
and Neurosciences.
https://orcid.org/0000-0002-0552-6939

Tatiana I. Baranich — Cand. Sci. (Med.), Senior Researcher, Laboratory of Neuromorphology, Russian Center of Neurology and Neurosciences;
Associate Professor, Department of Anatomy and Histology, .M. Sechenov First Moscow State Medical University (Sechenov University).
https://orcid.org/0000-0002-8999-9986

Olga V. Velts — Researcher, Laboratory of Neuromorphology, Russian Center of Neurology and Neurosciences.
https://orcid.org/0009-0003-0223-7335

Dmitry N. Voronkov — Cand. Sci. (Med.), Senior Researcher, Laboratory of Neuromorphology, Russian Center of Neurology and Neurosciences.
https://orcid.org/0000-0001-5222-5322

Kseniia M. Okulova — Researcher, Laboratory of Neuromorphology, Russian Center of Neurology and Neurosciences.
https://orcid.org/0009-0009-8464-9766

Dmitry S. Lazarev — Cand. Sci. (Med.), Researcher, Laboratory of Neuromorphology, Russian Center of Neurology and Neurosciences;
Associate Professor, Department of Pathology, N.I. Pirogov Russian National Research Medical University.
https://orcid.org/0009-0004-8780-6425

Ekaterina V. Shcherbak — Pathologist, Pirogov City Clinical Hospital No. 1.

https://orcid.org/0009-0006-0346-4523

Alexander P. Raksha — Dr. Sci. (Med.), Professor, Head of the Pathology Department, Pirogov City Clinical Hospital No. 1.
https://orcid.org/0009-0005-7897-5179

Valeria V. Glinkina — Dr. Sci. (Med.), Professor, Chief Researcher, Laboratory of Neuromorphology, Russian Center of Neurology
and Neurosciences.
https://orcid.org/0000-0001-8708-6940

50 KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 15 Ne 4 2026



OPUTMHAJIDHBIE UICCITEJOBAHNMA

© KosiexTus aBTopos, 2026

DOI: 10.31088/CEM2026.15.4.51-61 YIK: 616-006.06

HuddepennmanpbHasi IMArHOCTUKA capkombl Kanmomm
¥ OAIIUUIAPHOTO AaHTMOMAaTO3a: OT KIMHUKY 10 YIBTPACTPYKTYPbI

I1.A. Beoanun, M.A. Koznoea, K.}O. Muouébep, H.K. Illaxna3san,
H.K. Caovixos, A.C. byuaxa, B.Il. Yepnuxos, P.B. /lees, JI.M. Muxanesa

®I'BHY Poccuiickuii HayuHbIl IEHTP XUPYypruu UMeHu akajaemuka b.B. [lerposckoro, Mocksa, Poccust

Pe3tome. Bseoenue. [luddepennuanpras TMarHoCTHKA KOXKHBIX TPOSIBIICHUH capkoMbl Kamomm u 6anu-
JsipHOTO aHruomaro3a y BUU-uH(UIMpoBaHHEIX NalMEeHTOB KIMHUYECKH KpaiiHe TpyaHa. CtaHgapTHas
THCTOJIOTHS 9acTO HE JAeT OJHO3HAUYHOIO OTBETA U3-3a CXOXKECTH KApPTUHBI.

Mamepuanvt u memoosl. PeTpocrieKTHBHO POaHAIM3UPOBAHBI BOCEMb HAOIOAEHNH (IIECTh — capKoMa
Kanommu, nBa — GanuiuIsspHbIi aHTHOMAaTo3). BEITOIHEHBI THCTONOTHYEeCKOE, HIMMYHOTUCTOXHMUYECKOE
(HHV-8, CD31, CD34, ERG, Ki-67), MOneKyJIIpHO-TeHETHYECKOE UCCIIEIOBAHNS U TPAHCMUCCHOHHAS
AIIEKTPOHHAs MUKPOCKOIHSL.

Pezynomamur. Ipn capkome Kanormmm Beisiinens! qud$y3HbIH poCT BEPETCHOBUIHBIX KJIETOK, IIEJIeBUIHbIC
COCY/IBI, 9KCTPaBa3aThl SpUTPOLIMTOB, ITPU OALMILISIPHOM aHT'HOMAaTO3€ — I0JIbKOBas PO (epaLiist KarniIs-
POB C KPYITHBIMHU 3HAOTEIUOLMTAaMHU, HEUTpOoQHiIbHast HHPUIBETpaLUst U HEKpOo3bl. IMMYHOTHCTOXHUMHUYECKH
snepHas peakuus Ha HHV-8 ormeuena Tonsko npu capkoMe Kanomu, 4to nogTBep KA€HO IONUMEPA3HOI
LenHoi peaknuelt. TpaHCMUCCHOHHAS YIEKTPOHHAS MUKPOCKOIIMS TO3BOJIMIA YCTAHOBUTD YIIBTPACTPYKTYp-
HBIE Pa3Inyus: IpH capkoMe Kanomm Bu3yaan3npyroTcsi TOHKOCTEHHBIE COCY/IBI C IPEPhIBUCTON Oa3anbHOM
MeMOpaHoii, orcyTcTBHUe Tenen Beiibens—Ilanane u Hanmuue ckormennii BupuonoB HHV-§, a B ciryuae
OalIUIIPHOTO aHTMOMAaT03a HEMOBPEeXKIeHHAs O0a3anbHas MeMOpaHa, Tesbla Beiibens—Ilanane, BHeKe-
TOYHBIE OaKTepun 1 HeUTpodrIbHAs HHPHUIBTPALHS.

3aknrouenue. IMMyHOTHCTOXMMHUYECKOE HccienoBanue ¢ anturenamu kK HHV-8 sBisercs naubonee ObICT-
PBIM IIEPBUYHBIM METOJIOM BepHu(puKkanuy capkombl Kanomm. [Ipy COMHUTENBHBIX pe3ysbTaTrax Il Helo-
CTYITHOCTH ITOJIMMEPa3HOM LIETTHON PEeaKIMi METOIOM BBIOOpa MOXKET OBITh TPAHCMHUCCHOHHAS JJIEKTPOHHAS
MHKPOCKOITUS, 00eCIIeYrBaOIIast IPSIMYI0 BU3YaIM3alMI0 BUPYCHBIX YacTHL] WK OakTepuii. [TpemioxkeHHbIi
QJITOPUTM HOBBIIIAET TOYHOCTH JUATHOCTUKY U ITO3BOJISIET CBOEBPEMEHHO HA3HAUUTH ATUOTPOITHYIO TEPAIHIO.

KuaroueBsle cioBa: capkoma Karmomm, Ganmuispaeiit anrnoMaro3, BUY-uHpuumupoBaHHbIe TAIIUCHTEI,
middepenHnnanpHas AnarHocTuka, UMMyHorucroxumusi, HHV-8, snexrpoHHas MUKpoCKoTHs
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Differential diagnosis of Kaposi sarcoma and bacillary angiomatosis:
from clinical presentation to ultrastructure

PA. Vedyapin, M.A. Kozlova, K. Yu. Midiber, N.K. Shakhpazyan,
N.K. Sadykhov, A.S. Buchaka, V.P. Chernikov, R.V. Deev, L.M. Mikhaleva

Petrovsky National Research Centre of Surgery, Moscow, Russia

Abstract. Introduction. Differential diagnosis of cutaneous manifestations of Kaposi sarcoma and bacillary
angiomatosis in HIV-infected patients is particularly challenging in clinical practice. Routine histology may
be inconclusive because of overlapping histological features.
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Materials and methods. We retrospectively analyzed 6 cases of Kaposi sarcoma and 2, of bacillary angioma-
tosis. Histological, immunohistochemical (HHV-8, CD31, CD34, ERG, and Ki-67), and molecular genetic
studies, as well as transmission electron microscopy, were performed.

Results. In Kaposi sarcoma, we observed a diffuse proliferation of spindle cells, slit-like vessels, and eryth-
rocyte extravasation. Bacillary angiomatosis showed lobular capillary proliferation with large endothelial
cells, neutrophilic infiltration, and necrosis. Immunohistochemistry revealed nuclear expression of HHV-8
only in Kaposi sarcoma, which was confirmed by polymerase chain reaction. Transmission electron mi-
croscopy demonstrated ultrastructural differences: Kaposi sarcoma was characterized by thin-walled vessels
with a discontinuous basement membrane, absence of Weibel-Palade bodies, and presence of HHV-8 virion
aggregates; in bacillary angiomatosis, we detected an intact basement membrane, Weibel-Palade bodies,
extracellular bacteria, and neutrophilic infiltration.

Conclusion. Immunohistochemical staining for HHV-8§ is the most rapid primary method for confirming
Kaposi sarcoma. When results are equivocal or polymerase chain reaction is unavailable, transmission electron
microscopy may provide a useful diagnostic alternative by enabling direct visualization of viral particles
or bacteria. The proposed algorithm improves diagnostic accuracy and facilitates timely administration of
etiotropic therapy.

Keywords: Kaposi sarcoma, bacillary angiomatosis, HIV-infected patients, differential diagnosis, immu-
nohistochemistry, HHV-8, electron microscopy
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BBenenue

¥V nanuentos ¢ nporpeccupytomeid BUYU-undexnueit
pa3BHUTHE OMIMOPTYHUCTUYECKUX 3a00JIeBaHUN OcTaeTcs
Cepbe3HON KIIMHUYECKOH MpobaeMoi.

Cpeau KOXXHBIX IPOsIBIEHUH 0cOOyI0 AMarHocTuye-
CKYIO CJIO)KHOCTbH MPEACTABISAIOT COCYAUCThIE HOBOOO-
paszoBaHusl, B nepByro ouepenas capkoma Kanomu (CK)
u GarusipHblid anruomaro3 (BA) [1]. KoxHsle mposiBie-
Hus CK u BA uMmerot pasnnunoe HHPEKINOHHOE IPOHC-
xoxxaenue. [IpuunHoii capkomsbl Kamnomu sBnseTcs BUpyc
reprieca 8-ro Tuna (human herpesvirus 8, HHV-8), a 6ax-
TepUAILHOTO aHTHoMaro3a — Bartonella henselae v Barto-
nella quintana, pe3epByapaMy KOTOPBIX B TPUPOJIE CITy>KaT
KOILIKU U TUIATSIHbIE BIIM COOTBETCTBEHHO [2]. HecmoTps
Ha pa3Hylo NPUPOIY ITUX 3a00JIEBaHUM, UX KIMHHYECKHUE
MPOSIBIICHUS B BUJIE KPACHOBATO-OYpBIX y3€JIKOB U OJIs-
IIeK Ha KO)K€ M MUKPOCKOIUYECKasi KapTHHA, XapaKTe-
pusyrolascsa nponudepalyeil BEpeTeHOBUAHBIX KIETOK
¢ (hopMUPOBAHUEM COCYAHMCTBIX LIeNel, MOTYT OBITh TO-
pa3uTeNbHO cXoXKuMU [3, 4].

Omubka B aAnddepeHnanbHOl AMarHOCTUKE BEAET
K Ha3HAuYeHUIO HempaBWIbHON Tepanuu. [lanuent ¢ BA,
omn604HO TuarHocTupoBanHbiM Kak CK, He momyuuT He-
00XOAUMOT0 JICUCHUS aHTUOHOTHKAaMH, a manueHT ¢ CK,
npuHsATo 3a BA, OyneT nuileH cBOeBpeMEHHOM MPOTUBO-
OITyXOJIEBOH 1 aHTUPETPOBUPYCHOH Tepanui [5].

B coBpeMeHHOI MpaKTHUKe MPU Pa3IMYHBIX BUAX Ma-
TOJIOTUU AJ1s1 BepuHKaLuH 3a00J1€BaHUS UCTIONB3YIOT I~
POKHIA CIIEKTP METOOB: KIIACCHYECKUE THCTOIOTHYECKHE,
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ummyHorucroxumuuaeckue (UI'X), MoekyIsipHO-TeHETH-
YECKHUE U TPAHCMUCCUOHHYIO JEKTPOHHYIO MHUKPOCKOIIHIO
(TOM). Tem He MeHee OTCYTCTBHE YETKOTO ajirOpuUTMa
MOCJICIOBATEIbHOCTH B UCIIOIB30BAHUH MTEPEUHCIICHHBIX
BBIIIIE METOJIOB MOXKET [TPUBOAUTH K JUATHOCTHICSCKOM He-
OTIPENIeIeHHOCTH.

Lenb HacTOAIIIETO UCCIIENOBAHMS — pa3paboTaTh U 000C-
HOBATh IPHHIIHI KOMIUIEKCHOH AU(PepeHInaIbHOM Trar-
Hoctuku CK u BA y BUY-uH(bUIMPOBaHHBIX NallUEHTOB
Ha OCHOBE MHTETPALU COBPEMEHHBIX METOIOB.

Marepuanbl 1 METOABI

3a 2024 u 2025 roapl ObLT MPOBEIEH PETPOCIEKTHB-
HBI{ aHAJIN3 KITMHUKO-MOP(OIOTHIECKUX JaHHBIX BOCBMU
BUY-uHpUUMpPOBAHHBIX MALUEHTOB C KOXKHBIMHU COCY-
JUCTBIMU HOBOOOpPa30BaHUAMH. BBINMOIHEHBI THCTOJO-
ruyeckoe, UI'X, MONIEeKylnsIpHO-T€HETHYECKOE HCCIEN0-
BaHUs OuonTaToB KoxH. [lomyueHHble oOpa3Lbl TKaHen
¢ukcuposanu B 10% 3a0ypepeHHoM GopManuHe, mocie
CTaHAAPTHOM MPOBOAKHM KyCOUYKHU 3aJUBalIM B napaduH,
TOTOBWJIM CPe3bl TONIIUHON 5—7 MKM, KOTOpBIE OKpallu-
BaJIM TeMaTOKCUIIMHOM U 303MHOM, 10 ['pamy, Masiopu,
Baptuny—Crappu, Humo—Hunsceny, lLudd-peakruBom.
Ha napadunoBsix cpe3ax Beimonssuiu U X-uccnenoanue
c ucnons3oBanueM nanenu anturen k HHV-8 (13B10, Cell
Marque, CIIIA), ERG, CD31 (JC70, Cell Marque, CLLIA),
CD34 (QBEnd/10, Cell Marque, CIITIA), S100 (4C49, Cell
Marque, CHIA) u Ki-67(SP6, Cell Marque, CILIA). [ns
BCEX CIIyyaeB MPOBOAMIN MOJIMMEPA3HYIO LETHYI0 peak-
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ruro (TT1LP) mos BersBenus HHV-8 B mapaguHOBBIX OI10-
Kax. Beuny orcyrcrBus HeoO0xoquMbIx peaktuBos [11[P Ha
Bartonella spp. e Bmonusnock. Ha ocHoBaHuM pe3yibra-
TOB FHCTONATONOTHIECKON BEpH(PHUKAIIMN TAUCHTHI OBLIH
pacnpenenens! B ase rpynmnsl: ¢ CK (n=6) u ¢ BA (n=2).
HccnenoBanue ogo0OpeHO 3TUYECKUM KOMHUTETOM
Poccuiickoro Hay4HOTo LEHTpa XUPYpruu UMEHU aKaje-
muka b.B. IlerpoBckoro (mmpotokoin Ne 5 ot 23.05.2025).

MonexynapHo-cenemuueckuii Memoo

JIHK Ob11a BeieneHa u3 (PMKCUPOBaHHOTO B JopMaTu-
He napaUHU3UPOBAHHOTO 00pa3iia ¢ MOMOIIBI0 Habopa
quist Beienenus «/ JHK-TKAHB-M» («Tectl'en», Poccust)
coracHo nmpotokoiy. Cpes He menee 10 Mku ¢ Ooka noa-
Beprajiu JenapapuHu3aiuu.

JIusuc ocyecTBIsIIM Ha IPOTSHKEHUH HOUH. JIn3aT uH-
KyOupoBanu npu temmeparype 90°C B TeueHue yaca s
HUBEJIUPOBAHUS XUMHUECKOW MOAU(HUKALNHU, BBI3BAHHOM
¢dopmanuHoM. OUHCTKY JU3aTa MPOBOIUIH C MOMOIIBIO
MarauTHbIX yacTull («Tectl'en», Poccust). OuunieHHyo
JHK norpyxanu B TE 6ydep («Tectl'en», Poccus).

Kontpons kauectBa JJHK ocymiecTBisnu ¢ momomipsto
cniekrpodoromerpa (A260/A280>1.7).

BrisBnenune Bupycnoit JIHK ocymectsusnu ¢ mno-
Mmotubto Habopa HHV-8 («IHK-Texnonorus», Poccus)
MerozoM IIIIP cormacHo MHCTPYKLIMH IO MPUMEHEHHUIO.
Ha6op npennasnauen ans Beiapnenus JHK HHV-8 B 6uo-
JoruyeckoM Marepuase yenoseka meronoM [P B pexxume
pEaNbHOrO BPEMEHHU.

Jnsa nposeaenus [P ucnonbs3oBaiu TepMOIUKIED
«Topaiim» (mogudukanus M1) («IHK-Texuomnorus»,
Poccus).

Tpancmuccuonnas 1eKmpoHHAsL MUKPOCKONUSL

Jis TOM ¢parmeHTs! TkaHel pasmepoM 1 Mm?® uk-
cupoBanu B 2,5% pacTBope NIyTapoBOro ajbJIeruja Ha
docdaraom O6ydepe (pH 7,4), B nanbHeiimem goduxcu-
posanu B 1% pactBope okcuaa ocmust (OsO,), 00e3B0xKH-
BaJIM B CUPTaxX BOCXOMALICH KOHLEHTPALMH, B TIpoLiecce
00e3BOKMBaHUA KOHTpacTupoBanu 1% ypaHunsaneraroMm
Ha 70% 3TUIIOBOM CIIUPTE U MIPOBOJIMIIN 3AJIUBKY B CMECh
SMOH—APAJIIUT [0 CTAaHAAPTHON METOAMKE.

VYIbTpaToHKUE Cpe3bl, OTYUYECHHbIE Ha YIBTPAMHUKPO-
tome UC Enuity (Leica Microsystems, ['epmanus), no-
MOJIHUTEJIBHO KOHTPACTUPOBAIM LIUTPATOM CBHHIIA 11O
PeitHonbacy, mpocMaTpuBaii B CKAHUPYIOIIEM dJIEKTPOH-
HOM MUKpocKorie ¢ moneBoi amuccueit HIMERA EM50X
(CIQUTEK, KHP) u ocymectensuiu ¢porodurcanuio.

Pesynbrarsl
Knunuxo-nabopamophas xapaxmepucmuxa nayuenmos
B BBIOOpKY BOIILIN BOCEMb MALMEHTOB (CEMb MY>KUHH
U OJIHA YKEHIIMHA) B Bo3pacTe 35—55 net, y Bcex IuarHo-
ctupoBana no3ausist cranus BUY-undexuun (45 unu 4B).
Yposens CD4+ nuM(ouToB ObLT pe3KO CHIKEH: Y Malu-
enToB ¢ CK on cocramsin ot 0 1o 145 kiaeTox/mMKII, npH-
YeM B [IOJIOBUHE CITy4aeB (TP U3 IECTH) COOTBETCTBOBAI
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HYJIEBOMY 3HAYE€HMIO; Y MAleHTOB ¢ BA Taxoke peructpu-
poBanu kputuueckue nokazarenu (0 u 12 xi/mion). Bo Beex
HaOMIONEHUAX ONpeeNsIach BBICOKAsk BUPYCHasl Harpy3Ka
BUY-1, nocTurasmas MakcumMyma y HallMeHTOB C Hau-
Oonee r1ybokoit uMMyHocymnpeccueil. ComyTcTByOIINE
ONIMOPTYHUCTUYECKHE HHPEKIUH (LIUTOMETaIOBUPYCHAS
nH(eKuus, MTHEBMOLKUCTHAS MHEBMOHUS, TyOepKyes,
repreTudecKuil sHIeanuT, KaHIU103 MUIIEBOA) Yallle
Habronanu B rpynine nanuentos ¢ CK.

Kparkue ximHuKo-1eMorpaduyueckue u 1adoparopHble
JIaHHBIE MPEJICTaBIEHBI B TaOIHIIE.

Ilamomopgonozuueckas u UMMYHOUCTHOXUMUYECKAS
Xapakmepucmuka

IMTpu naroMop(hoIOrUIeCcKOM HCCIIEN0BAHIY TKAHEBBIX
¢dparmeHToB nanueHToB obeux rpynn — ¢ CK (n=6) u ¢
BA (n=2) — nabnronanu nponudepanuto BepeTeHOBUIHBIX
U SMIUTETHONIHBIX KJIETOK B AepMe ¢ (POPMUPOBAHUEM CO-
CYIHUCTBIX CTPYKTYP.

ITpu >TOM KIIIOYEBBIC Pa3lIMuuUsi B HAaTTEpHE POCTa
U MOP(OTIOrNYECKUX JETANAX MO3BOJISUIN MPEANONOKUTh
MPaBUJIBHBIN IUATHO3 10 IPOBEACHUS UMMYHOTHCTOXUMH-
yeckoro uccienoBanus. Tak, mpu CK ObuT oTMeUeH aud-
(by3HBII HHQUIBTPATUBHBIN POCT OIMYXOJIH, PACIpPOCTpa-
HSIBIIMIICS B IepMe, C BO3MOMKHBIM BOBJICUEHUEM IIPUIIATKOB
KOYKH U TOJIKO’KHOM >kMpoBOH KiteTyaTku. [Iponecc xapak-
TEPU30BaAJICS HAJTUUUEM ITyYKOB KIIETOK, KOTOpBIE (Op-
MUPOBAJIU MIEJEBUHBIC IPOCTPAHCTBA, 3AIOJHCHHBIE
sputpouutamu (puc. 1 A). XapakTepHbIMH IpU3HAKAMU
CITy>KHJIU SKCTPaBa3aThl 3pUTPOIUTOB, 0Uaropasi 1MM¢po-
uAHas UHQUIBTPAIUs, IpU OKPALTUBAHUYU 0 Masiopu
BBISIBJICHBI ICTOHYECHUE U (PparMEHTAlHs KOJUIATr€HOBBIX
BOJIOKOH B 30HE OITyXOJIU, HEKPO3bl 00HAPYKEHBI HE ObLITH.
[Tpu BA 6bLi1a BBIsIBJICHA TOJIBKOBAsI MPOIUQEpaIus cocy-
JIOB KalIMJUISIPHOTO TUIIA, UMEBIINX OTHOCUTEIIBHO YETKHE
TPaHMILBl ¥ BBICTIAHHBIX YKPYIHCHHBIMU SHAOTEIHOIN-
Tamu. BocranuTenbHbIi KOMIIOHEHT 0BT OONee BBIPaXKeH,
BKJIIOYAJT HEUTPO(UIBI, TUMQOIUTH U HEKPOTHUECKUIN
netput (puc. 1 B). CnenmansHoe THCTOXMMHYECKOE OKpa-
muBanue (1o I'pamy, LHnmo—Hunsceny, Bapruny—Crappu,
[udd-peaxTnBoM) HE O3BOIHUIO OOHAPYKUTH YOS TUTEIh-
HBIX IIPU3HAKOB OaKTepHAIBHON MM TPUOKOBOM HH(EKIHHL.

ITpu IMMYHOTUCTOXUMHUYECKOM HCCIIEA0BAaHUN BO BCEX
HabmoneHusax CK B omyxoJeBBIX KIETKAaX BBISIBHIIN Xa-
PaKTepHYIO SAEPHYIO rpaHyisapHyto peakuuio Ha HHV-8
(puc. 1 C), 9To ABASETCS KIIOYEBBIM AUArHOCTHYECKUM
npu3HakoM. B To xe Bpemst Obuta oTMeueHa auddys3Has
nosurusHas peakusa ¢ Mapkepamu CD34 u ERG, uro nog-
TBEPXKJIAET COCYAUCTYIO IIPHPOAY OIyXO0JIeBOil mponude-
patuu. Maaeke nponudeparuBHOM akTuBHOCTH Ki-67 ObLI
He 6onee 10%.

B TkaHeBbIX (pparmeHTax marueHTos ¢ BA B omyxo-
JICBBIX KJICTKAX BBISABIICHBI SHIOTEIHAIbHBIC MapKEpHl
CD31, CD34, ERG. BaxupiM oTIHureM ObLT Oojiee BEI-
cokuii naaekc nponudeparmu Ki-67, cocTaBUBIIHNIA B 30HE
uHmasTpara 10 20%, 9T0 MOXKET CBHICTENbCTBOBATH O
0oJiee aKTHBHOM BOCIIAJIUTEIBHO-TIPONIH(EpaTHBHOM IPO-
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Tabnuya | Table

OcHOBHBIE KIIMHUKO-IEMOrpaduueckue 1 JadopaTopHbIe TaHHbIE MAIEHTOB |
Clinical, demographic, and laboratory characteristics of the patients

Ne | Iox Bo3spacr, CD4+ ka/mki, CD8+ PHK BUY-1 OnnopryHucTuyeckue HHPEKINN |
No. nanmenTa | Jer | KkJI/mMiJ | CD4+cells/pL, KOMUM/MJI | Opportunistic infections
Sex Age, years CD8+ cells/pLL HIV-1 RNA copies/mL
IMamuentst ¢ CK | Patients with KS
1 X|F 40 0,220 140 222 JIByctoponnss maeBMonus (PCP + rpubkoas +
6aktepuansHas), Th, [IMB, kannuno3
nunieBoza | Bilateral pneumonia (PCP, fungal,
and bacterial), TB, CMV, esophageal candidiasis
2 M| M 35 71, 2360 215 000 ITueBmMoHus | Pneumonia
3 M| M 45 0, 281 115915 I'epnetnueckuii sHnehamut, [[MB,
BHUY-accouunpoBaHHas KaxeKcHs, KaHAUI03
numieBoza | Herpes simplex encephalitis, CMV,
cachexia, esophageal candidiasis
4 M| M 55 84, 1395 1 090 000 =
5 M| M 37 145, 1225 297 000 -
6 M |M 39 130, 589 2200 000 I'enepammzoBannas CK | Generalized KS
[MamenTs! ¢ BA | Patients with BA
7 M |M 37 0,479 31733 -
8 M| M 36 12,227 1490 -

CK — capkoma Kanomm, BA — 6amuispasiii anruomaro3, PCP — maeBmorctHas maeBMonust, Th — TyGepkynes,
IIMB — nutomeranosupycuast nadekmus | KS — Kaposi sarcoma, BA — bacillary angiomatosis, PCP — pneumocystis pneumonia,

TB — tuberculosis, CMV — cytomegalovirus infection

necce no cpapHeHuto ¢ CK. JlaHHbIe KOJIIMYECTBEHHbIE
pa3ianyus HOCWIIM BCIIOMOTAaTeIbHBINA XapakTep U He Uc-
MIOJIB30BAITUCH B KAUECTBE CAMOCTOSATEIILHOTO UG PepeH-
UaJIbHO-IMarHOCTUYECKOro kputepus. [Ipu aTom peakums
Ha HHV-8 orcyrcrBoBana (puc. 1 D).

Tpancmuccuonnas 3neKmpoHHAs MUKPOCKONUSL

PesynbraTsl HccaeqoBaHus MOATBEPKAAIOT, YTO HOBO-
oOpazosanus pu CK 1 BA uMeroT psifl BbIpaKeHHbBIX YJIbT-
PaCTPyKTYPHBIX OTIMYHU, TO3BOJSIOLUINX PAa3rPaHUYUTh
MIPOSIBIIEHUS 3TUX 3a00JIeBaHUH.

IIpu CK omyxomnb xapakTepu3yeTcss MHOKECTBOM Xao-
TUYHO PACIOJIOKEHHBIX TOHKOCTEHHBIX HOBOOOpa30BaH-
HBIX COCY/IOB; BepeTeHOOOpa3Hble KIETKH MPeICTaBlIECHbI
KaK OTJeJIbHBIMU €IUHULIAMH, Pa3AeeHHbIMUA TyYKaMu
TOHKHMX KOJIJIAr€HOBBIX BOJIOKOH C OTHYETJIMBOH Morepey-
HOU NCUEPUEHHOCTHIO, TAK U IPyNIaMHi B3aUMOCBI3aHHbBIX
kieTok. CTpoMa OTIHYaeTcsl BBIPaXXEHHON OTEYHOCTHIO,
Pa3peKEHHOCTHIO COEAUHUTENbHOTKAHHBIX BOJIOKOH.
B cB0O60OAHOM COCTOSHMM B MHTEPCTUIIMHM HAOMI0AaeTCs
HE3HAUYUTENbHOE KOJIMYECTBO DPUTPOLIUTOB.

MHoro4ucieHHbIe TOHKOCTEHHBIE COCYIbI AUaMETPOM
5-10 MKM, ¢ OJHOCTIOWHOW BBICTUIIKOM, MIPEACTaBIEHHON
SHJOTENUAbHBIMU KJIETKAMH C LIUTOIIa3MO#, OeqHOM
OpraHouamu, BapuabebHBI 1O pa3Mepy U dopmam,
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XapaKTepU3yIOTCs CY>KEHHBIM MPOCBETOM, BHYTPH KO-
TOpOro GOPMHUPYIOTCS MHOKECTBEHHBIE MPOJOITOBATHIE
UTOIIa3MaTUYECKUEe OTPOCTKU. basanbHas memOpaHa
OOJBIIMHCTBA KAMMMIIISIPOB SABJISIETCS MPEPHIBUCTOM JIHO0
OTCYTCTBYET, HE OTMEUYEHO IIOTHBIX KJIETOYHBIX KOHTAK-
TOB, B IUTOIUIa3Me SHAOTEIHAIBHBIX KJIETOK HE MpocIe-
kuBatorcs tenbplia Belibens—Ilanane (cneunduueckue
MUKPOBE3HKYJIbI SHJOTEINATBHBIX KJIETOK KPOBEHOCHBIX
COCyJ0B, HakamuBaromue ¢akrop ¢oH Bunnedbpanna
u P-cenextun). JlaHHas kapTUHA MO3BOJIAET MPEIIIOIIO-
JKHTh, 4TO OOJIBIIIAS YaCTh MPEJCTABICHHBIX COCYIOB OT-
HOCHTCS K YUCITy TUM(paTHIeCKUX KanmuIIpoB (puc. 2 A).

HuTomnnazma BepeTeHOBUHBIX KJIETOK OTIIMYAETCS BbI-
COKOM AJIEKTPOHHOM MJIOTHOCTHIO. DTH KJIETKH XapaKTepH-
3YIOTCsI 3HAYUTEIBHBIM 00beMOM IpoduIieii TpaHyasIpHOM
supomnasMarudeckoit cetu (DIIC), cBI3aHHBIM C HUMH
Pa3BUTHIM MUTOXOHIPUAIBFHBIM amlnapaToM (MUTOXOH/-
pHuH KOHTakTUPYIOT ¢ MeMOpanamu DIIC mocpenctsoM
obnacTeld TMHAMHYECKOTO MEMOPAHHOTO CBSA3BIBaHUA,
Tak Ha3pIBaeMbIX mitochondrial-associated membrane,
00ecTeunBaOIINX TPIMYIO CBSA3b U OOMEH JIUIUAMU,
Ca’?" 1 Ipyrumu MOJIEKyIaMH MEXIy opraHougamu) [6],
0OJBIIUM YHCIIOM PUOOCOM M MOJIMCOM M 3HAYUTEIBbHOU
AKTUBHOCTBIO KOMILIeKca [obaku (MHOTOUHCIICHHbBIE
MEJIKHE My3bIPbKHU B 00JACTU LMC-CETU YKa3bIBalOT Ha
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Puc. 1. TTaromopdonornyeckasi 1 UMMYHOTMCTOXHMHYECKAsi XapaKTePHUCTHKA capkoMbl Karnonm 1 6aliiuIsspHOro aHruoMaTosa.
A — TUIIMYHAs KapTHHA capKoMbl Karolu: my4ku BepeTeHOBUIHBIX KIETOK (dtcenman cmpenka), GopMUpPYIOLIHE XapaKTepPHbIE
IIEJICBU/THBIC IPOCTPAHCTBA, 3AM0HEHHBIC IPUTPOLUTAMH (CuHsis cmpenka), TMMQOIMTAPHO-TUIA3MOIUTAPHAS HHOHIBTPALHS.
Okpacka reMaTOKCHIMHOM U 303HHOM, X400. B — riCTONOrnYecKrue M3MEHEHH S TPH OALMILIIPHOM aHIMOMATO3€.
TIponudepaiys MEIKHX COCYIOB KAaMUISIPHOTO THIIA, BHICTIIAHHBIX HAOYXIINMH SHAOTEIHOLUTAMH (3e1eHast CMPEIKa),
B CTPOME MHOTOYHCIICHHBIE HEHTPODHIIBI (CUHASL cmpenKa), y4aCTKH KIETOYHOTo AeTpuTa. OKpacka reMaTOKCHINHOM
1 303uHOM, X400. C — UMMYHOTUCTOXHMMHYECKOE MOATBEPKACHUE capkoMbl Kamomm. IHTeHCHBHOE rpaHyIsipHOE SAEPHOE
OKpallBaHue GOJIBIIMHCTBA OITYXOJEBBIX KJIETOK aHTHTENAMU K JIATEHTHOMY sinepHoMy antureny HHV-8 (cmpenka).
HmMyHorucroxumudeckoe okpanmsanue, X200. D — orpunarensHslii pesynsrar MI'X na HHV-8 npu GarpuisipaoM
anrnomaro3e. Knerku nponudepara He okparinparorcs. IMMyHOHCTOXMMHYECKOE OKpariuBanue, x200.
Bpeska: monoXuTenbpHas peakius TeX JKe KIETOK ¢ aHTHTEIaMHu K dHAoTennaisHoMy Mapkepy ERG, noarsepxaaronias
HX COCYIUCTOE MPOHCXOKAeHUE. IMMYyHOTHCTOXHMUYECKOE OKpanBaHue, X200

Fig. 1. Pathomorphological and immunohistochemical characteristics of Kaposi sarcoma and bacillary angiomatosis.
A — typical appearance of Kaposi sarcoma: bundles of spindle cells (vellow arrow) forming characteristic slit-like spaces filled
with erythrocytes (blue arrow) and lymphoplasmacytic infiltration. H&E stain, x400. B — histological changes in bacillary
angiomatosis: proliferation of small capillary-type vessels lined by swollen endothelial cells (green arrow), numerous neutrophils
in the stroma (blue arrow), and areas of cellular debris. H&E stain, x400. C — immunohistochemical confirmation of Kaposi
sarcoma: intense granular nuclear staining of the majority of tumor cells with antibodies against HHV-8 latent nuclear antigen
(arrow). IHC, x200. D — negative IHC result for HHV-8 in bacillary angiomatosis: proliferating cells show no staining. IHC,
x200. Inset: positive reaction of the same cells with antibodies against the endothelial marker ERG, confirming their vascular

origin. IHC, x200

aKTHBHOE MOCTyIUIeHne Marepuana u3 JI1C, 3HauuTenb-
HOE pacIIMPEeHUE UCTEPH HA TPAHC-CTOPOHE — CIISICTBHE
HAKOTJICHUS CHHTE3UPOBAHHBIX U MOIH(PHUIIUPOBAHHBIX
MPOAYKTOB). Spa KPYIHBIE, HEMPABUIBLHON (DOPMBI, C TITy-
0OKMMU WHBaruHAIMSAMU, TPEUMYIICCTBEHHO COIEPIKAT
MJIOTHBIHM TIBIOYATHIA TETEPOXPOMATHUH U 1-2 sAphIIIKa
(puc. 2 B, C).
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B xnerkax CK BBIABISIOTCS BUPYCHBIE YacTHIBI, BU-
3yaJbHO COOTBETCTBYIOLIME CTPOCHHIO BUpYycCa repreca
YeJoBeKa 8-ro THIa, — CTPyKTYpbl OBAIBbHOH (OpPMEL, CO-
JieprKallne reckaroHaIbHbIH JTH00 OKPYIIIBIH JJIEKTPOHHO-
IUIOTHBIN HyKJIEOKANCHJ AuaMeTpoM okoso 150-200 Hwm.
CKOIUTeHUS] BUPYCHBIX KallCHAOB OTMEYAIOTCs MPEUMY-
IIECTBEHHO B IIUTOIIA3ME OTPOCTKOB BEPETEHOBHIHBIX
KJIeTOK (puc. 2 D), ogHako OT/enbHbIe KallCh/Ibl, IMEIOIIIe
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Fig. 2.
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. TOM: capxoma Kamomrm.

A — cocyzpl BaprabenbHON (GOPMBI B TKAHH CAPKOMBI
Kanommu. TOM, x4500. 1 — cocya ¢ oBalnbHBIM IPOCBETOM,
3aII0JHCHHBIM KPYITHBIM [[HTOIIIA3MaTHICCKHM OTPOCTKOM
9HJIOTEIHAIIBHOM KIIETKH, 2 — COCYJL C IICICBUAHBIM
MIPOCBETOM, 3aIIOJTHEHHBIM MHOTOYHCIICHHBIMHI
LUTOIJIA3MAaTHYECKUMH OTPOCTKAMH SHJIOTEIIHAIBHON
KJIETKH, 3 — BEpETCHOBHUHAS KIIETKA.

B, C — ynbrpacTpyKTypa BepeTCHOBHIHBIX KIETOK

npu CK: 1 — pa3Butas rpanysspaas JI1C, 2 — MuToxXoHIpHUHY,
3 — MHOTOYHCIICHHBIC PUOOCOMBI U TTOJHUCOMBI,

4 — axTuBHBIH KoMIIIeke [onbkn, 5 — spa KPyMHBIE,
HeNpaBUIbHOIT ()OPMBI, C UHBArMHALMSAMH U DIIBIOYATHIM
reTepOXpOMATHHOM, 6 — KOJUIAr€HOBBIE BOJIOKHA CTPOMBI,

7 — pubpodnact. TOM, B — x6500, C — x14 000.

D — BepeTeHOBHAHAS KJI€TKa capkombl Kamomim.

O — BHPYCHBIE KallCHBI B IUTOILIA3ME U HYKJICOILIa3Me
BEPETCHOBHUAHOM KIIETKH; 1 — HOMMMOP(HBIE «THATHHOBBIC KAIlIMN» BBICOKOH AJIEKTPOHHOM IJIOTHOCTH, 2 — KOJUIAr€HOBBIC
BOJIOKHA CTpOoMEI omyxosn. TOM, x6500. E — npucyTcTBrEe BUPYCHBIX KallCHAOB B HYKJICOIUIa3Me TYYHOH KIETKU B CTPOME
capkomsl Kamomm. 1 — TyuHas kieTka, 2 — BepeTeHOBHAHAS KiIeTKa capkombl Kanomm, 3 — ma3mMarudeckas KiieTka,

4 — KOJUIar€HOBBIE BOJIOKHA CTPOMBI OIIYXOJIH, O — BUPYCHBIE KalICU/Ibl B HyKJIEOIUIa3Me Ty4HOU kieTku. TOM, x6500
Transmission electron microscopy: Kaposi sarcoma.

A —blood vessels of variable shape in Kaposi sarcoma tissue. TEM, x4500.

1 — vessel with an oval lumen filled with a large cytoplasmic process of an endothelial cell, 2 — vessel with a slit-like lumen filled
with numerous cytoplasmic processes of an endothelial cell, 3 — spindle cell. B, C — ultrastructure of spindle cells: 1 — developed
rough endoplasmic reticulum, 2 — mitochondria, 3 — numerous ribosomes and polysomes, 4 — active Golgi complex, 5 — large
irregularly shaped nuclei with invaginations and clumped heterochromatin, 6 — stromal collagen fibers, 7 — fibroblast.

TEM, B — x6500, C — x14 000. D — spindle cell. o — viral capsids in the cytoplasm and nucleoplasm of the spindle cell,

1 — polymorphic “hyaline droplets” of high electron density, 2 — stromal collagen fibers of the tumor. TEM, x6500.

E — presence of viral capsids in the nucleoplasm of a mast cell in the stroma. 1 — mast cell, 2 — spindle cell, 3 — plasma cell,

4 — stromal collagen fibers of the tumor, o — viral capsids in the nucleoplasm of the mast cell. TEM, x6500
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BUJI CBETJIBIX TOYEK, HAOIIOAAIOTCS B HYKJIEOILIa3Me sep
BEPETEHOBUIHBIX KJIETOK, & TAKXKE TYIHBIX KJICTOK, OOHJIIb-
HO MPEJCTaBICHHBIX B COCTABE OIMYXOJIEBOTO HHPHUIBTPA-
Ta (puc. 2 E). B nutomniazMe sHI0TEIHOLUTOB U BepeTe-
HOBHJIHBIX KJICTOK, 8 TAK)KE BHEKIICTOUHO BCTPEYAIOTCS
I00YBI BEICOKOW JIEKTPOHHOHN IUIOTHOCTH, BH3YaJIbHO
COOTBETCTBYIOIINE KAPTUHE «THATHMHOBBIX KAIlEIb, OIH-
CaHHBIX B JINTEPAType KaK MPOAYKT AereHepanuu Gparomm-
TUPOBAHHBIX (PparMeHTOB IpUTPOLHTOB (puc. 2 D) [7, 8].

VYIBETpacTPyKTypHO OIYXOJH Y MAIMEHTOB C TIOATBEPXK-
JEHHBIM BA 3HaUUTENBPHO OTIMYAIOTCS OT TAKOBBIX MPH
CK. B nepme ompenensierca goipyaras npoiandepanns
MEITKUX KPOBEHOCHBIX COCYIOB KAMJULIPHOTO THIIA, BU3Y-
aJIbHO CXOJIHAsI C TPaHyIALMOHHON TKaHb10. Bee Habmrona-
€MBIE COCY/IbI UIMEIOT YETKO MPOCIEKUBAEMYIO 0a3aIbHYIO
TUTACTHHKY. DHAOTEITHONUTHI, BRICTIIIAIONINE COCYBI, OT-

OPUTMHAJIBHBIE ICCJIENOBAHNA

JMUYAIOTCS KPYITHBIMU Pa3MepaMu, BHIOYXalOT B MPOCBET
cocyna, 001aaaloT ATMHHBIME IUTOILIA3MATHIECKUMHU OT-
pPOCTKaMH, MPUAAIOIIMMY COCYIY HETIPABUIBHYIO POPMY;
KJICTKU OOraThl OPraHOMAAaMH U COIEPKAT MHOTOUUCIICH-
HBIC TMHOIMTO3HBIE BE3UKYJIBI, @ TAKXKE TeNbla Beitbensi—
ITanane. Mexay KkieTkaMy IPOCIEKUBAIOTCS PA3BUThIE
IUTOTHBIE KOHTAKTHIL. B omnnuwme ot ciygyaes CK B aHg0TE-
JHUOIMTAaX MPH OAMUIIPHOM aHTHOMATO3¢ HEe HaOona-
€TCsl HAKOTIJICHHE «THAJIMHOBBIX Karenby. [IpocBet cocyna
MPEUMYIIECTBEHHO 3aKPBITHIH, IICIEBUIHBIHN, C HATHIHEM
MHOTOYHCIICHHBIX [IUTOIIA3MATUYECKUX OTPOCTKOB JHJI0-
TEJNUAIBHBIX KJIETOK, BRICTYMAIOUINX B MIPOCBET (puc. 3 A).

BaXHBIM OTIHYHMTEIHHBIM MPU3HAKOM BA siBhsieTcst
OTCYTCTBHE B JaHHBIX 00pa3iiaXx BEepEeTCHOBUIHBIX KJie-
TOK. TKaHb OMyXOJH XapaKTepU3yeTcs Pa3BUTON CTPOMOIA,
MPEICTABICHHON MPEUMYIIIECTBEHHO KOJJIATeHOBBIMHU BO-

Puc. 3. TOM: GannIApHBIH aHTHOMATO3.

A — runepTpodrpOBaHHBIE YHIOTEIHOIMTHI C OTPOCTKAMHU BBIOYXAOT B MIPOCBETHI COCYIOB (IIPOCBETHI 0003HAYCHBI CHIPETKAMUL).
B nuTomiame obuine opraseni, MNMHOLUTO3HbIE BE3UKYIbI, Tesbla Beitbens—Ilaname. OTMedaeTcst MpUCyTCTBUE IUIOTHBIX
MEKKJICTOUHBIX KOHTaKkToB. TOM, x3000. B — BHEKIIETOUHBIE CKOIJICHHS OAKTEPHUii, PHIIeKAIIe K OTPOCTKAM dHAOTEITHOINUTOB,
a TaKKe 3aKITIOUCHHBIE MEXy (PHOPO3HBIMHU NPOCIIOiKaMu. BHyTpukieTounas gokanu3amus 6akrepuii orcyTcTyer. TOM,
x6500. C — HeliTpodritbHAsE HHPHUIBTPAIHS B CTPOME OITYXOJIH MPH OAMILIAPHOM aHTHOMATO3¢,

TOM, x4000. D — akTuBHBIH GuOpoOIACT B CTPOME OIMyXOJIH MY OAIMIUIIPHOM aHTnomarose, TOM, x5500

Fig. 3. Transmission electron microscopy: bacillary angiomatosis.

A — hypertrophic endothelial cells with processes protruding into the lumens of vessels (lumens indicated by arrows).

The cytoplasm contains abundant organelles, pinocytotic vesicles, and Weibel-Palade bodies. Dense intercellular junctions are
present. TEM, x3000. B — extracellular clusters of bacteria adjacent to the processes of endothelial cells and enclosed between
fibrous layers. No intracellular bacteria are observed. TEM, x6500. C — neutrophilic infiltration in the tumor stroma.

TEM, x4000. D — active fibroblast in the tumor stroma, TEM, x5500
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JOKHaMu, Ooiiee TIOTHOM, yem npu CK, ogHako Takxe
JE€MOHCTPHUPYIOLIEH 3HAUUTEIbHYIO BRIPAXKEHHOCTD OTEKA.
BnekneTouHoe MpOCTPAaHCTBO 3alIOJHEHO CKOIUIEHUSMHU
OaxTepuil, KOHTAKTUPYIOLIMMHU C LIUTOIIa3MaTHYECKUMHU
OTPOCTKAaMHU PHJIOTENNAJIbHBIX KJIETOK cOCcyq0B. Macchl
OaKTepHabHBIX areHTOB MHKAIICYJIMPOBaHbI BHYTPH (HUO-
PO3HBIX MpocioeK. BHyTpUKIeTOUHOE PUCYTCTBHE OaK-
Tepuil He oTMeueHo (puc. 3 B).

CrpomMa 00mIbHO HH(DUIBTPUPOBAaHA KIETKAMH HEH-
TpodmibHOro psana (puc. 3 C). OTMeuaeTcst IpUCyTCTBUE
akTUBHBIX Pubpobmacton (puc. 3 D).

Taxum 00pa3om, cieayeT caenarb BEIBOA, YTO IPU U3-
BECTHOM I'MCTOJIOTHYECKOM CXOACTBE Ha YIBTPACTPYKTYP-
HoM ypoBHe CK 1 BA nmeror psj cylecTBeHHbIX OTIUYHA.
DNEeKTPOHHOMHKPOCKOITMYECKOE HCCIeI0BaHNE MOKa3a-
710, YTO OOJBIIMHCTBO SHAOTENUANIBHBIX KiieTok mpu CK
XapaKTepHU30BajIOCh HEJOCTATKOM KIETOYHBIX OpraHell,
orcyTcTBUeM Tenen Beitbens—Ilanane u mioTHBIX MeXKIIe-
TOYHBIX KOHTAKTOB, TOTJa KaK KJIETKH CTEHKH KallWJuIsipa
pu OAMIUISIPHOM aHTHMOMATO3€ MPEICTaBIISIN COOOH I'H-
NepIUIa3upPOBaHHBIC SHAOTEIUOLUTHI, 00JIaIal0IHe Tepe-
YHCJICHHBIMH XapaKTePUCTHKAMHU.

Monexynapno-zenemuueckoe uccie0ogamue

B pesynsrare Bo Bcex obpa3znax [1L[P 6b11a oOHapy:xe-
Ha JJHK HHV-8. IToporossrii uuki (Cq) mo xkanany FAM
coctaBui 27,6, 4TO COMIACHO HHCTPYKIMU TPOU3BOAUTEIS
Ha0opa MHTEPIPETUPOBAIOCH KaK MOJIOKUTEIBHBIA pe-
3yJbTaT.

O6c¢cyxneHne

Jannas padora noareepkaaet, uro CK u BA, HecmoTps
Ha KJIMHAKO-MOP(}OIOrHuecKoe CX0ACTBO, STHOIOTHYECKH
Y MIATOTeHETHYECKU pa3Hbie 3a0oneanus. [lonyueHHbIe
JIAaHHBIC TIOKA3bIBAIOT BBICOKYIO 3P (PEKTHBHOCTH KOMITJIEKC-
HOTO JMAarHOCTHYECKOTO TIOAX0/1a, BKIFOYAIOIIEr0 COueTa-
HUE CTaHAaPTHOTO THCTOJIOTUIECKOTO U TUCTOXUMHUYECKOTO
OKpAIlIMBaHUs, a TAKKE KIMMYHOTUCTOXUMHUYECKYIO PEaK-
U0, MOJIEKYJIIPHO-TEHETHYECKOE rccienoBanme u TOM.

HccnenoBanue mpoieMOHCTPUPOBAIIO, YTO OCHOBHBIM
METOIOM JJIsI IPOBEICHUS 00bEeKTUBHOM T hepeHImab-
Hoil nuarHoctuku sBisiercst UI'X ¢ agturenamu k HHV-8.
Bo Bcex ciyuasx CK Habmronanack xapakrepHas sijiepHast
peakius B OMyXOJEBOW TKaHH, B TO BpeMs Kak npu BA
OHa ObUTa HETAaTUBHOWU. DTOT METO]I ITO3BOJISIET ITOJYYHTh
OTBET B KOPOTKHE CPOKHU U B OOJIBIIMHCTBE CITy4aeB sIB-
JIIETCSL JOCTATOYHBIM JJIsl IOCTAHOBKH JIMArHO3a «CapKo-
Ma Kamommy [5, 9]. Onnako, kak iaro6oi meron, UT'X Ha
HHV-8 umeer cBou orpanudenus. JIoAKHOOTpULATEIbHBIH
PE3yABTAT MOXKET OBIThH CBSI3aH C HEIOCTATOUYHOM YyBCTBHU-
TEILHOCTHIO AHTUTEN NPU HAPYIICHUU (PUKCAITMY TKaHHU,
OuYeHb HU3KOU BUPYCHOW HArpy3Koii B 00pasiie (Hanpumep,
Ha paHHUX cTaausx nopaxenus CK), a Taxoke HaOMrOaaThCs
NIpY HapyllIeHUU peananutuyeckoro 3tana [ 10]. Omucansl
Clly4au cJaboii MIIM 04aroBOi SKCIpeccHH, TpeOyIoIne
TaTenbHOM oneHkH [ 11]. JIoxkHOMOIOKUTEbHBIE Pe3yIib-
TaThl KpaliHE PEJIKH, HO TEOPETUYECKU BO3MOXKHBI U3-32
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Hecnenu(UIecKoro OKpaliBaHUs WU NEePEeKPECTHOM
peaxIum.

ITatomopdonoruueckoe UccneoBaHue ¢ IPUMEHEHHEM
CTaHAAPTHOT'O OKPAIINBAHUSA TeMATOKCUINHOM H 303MHOM
OCTaeTCsl OTIPABHON TOYKON THarHOCTUKU. BhIABIEHHBIE
pasnuuus — 1uQQy3HbIH HHPUIBTPATUBHBIN pocT (Ipu
CK) u nonbkoBas npoiugepanus CoCyoB ¢ BEIPaKEHHBIM
HEUTPOPHUIBHBIM KOMIIOHEHTOM (TIpu BA) — SIBIISIFOTCS BaXK-
HBIMHU OpUEeHTUpaMU. [Ipu 3TOM, Kak MOKa3bIBAIOT PAKTH-
Ka U JaHHBIE JTUTEePaTyphl, 3TH MUKPOCKOMMUYECKUE TTPU-
3HAKU He BCET/1a OJHO3HAYHBI, 0COOECHHO MPH CMEIIaHHOM
BOCHAJIUTENILHOM WH(UIBTpaTe WU aTUITUYHBIX (opmMax
3aboneBanuii [12, 13]. CnenuanbHOe THCTOXUMHUYECKOE
oxpamuBanue (no Bapruny—Crappu, mo I'pamy) moxer
0KAa3aThCsl HEJJOCTATOYHO YyBCTBUTEIIBHBIM, KakK, HAIlpH-
Mep, B IIPEICTABICHHBIX HAOMIONCHUSIX, JUISl BU3yaIU3aI[1
MaJIOro KOJIMYECTBa MUKPOOPTaHU3MOB IIpH BA, uTo MOKeT
HPHUBECTH K JIOKHOOTPHULIATEIIBHOMY OaKTEPHUOCKOIINYECKO-
My pe3ynbTary [14].

MonexynsipHO-TeHETHYECKHE METONbI 001aJat0T BhI-
COKOH cHenu(UYHOCTBIO U YyBCTBUTENbHOCTHIO. [P ¢
nensio BeiaBieHus HHV-8 sBisiercs 00bEKTUBHEBIM CIIO-
cobom noareepxkaeHust CK, 0coOeHHO B COMHUTENBHBIX
WI'X-orpunarensHbIx ciay4dasx [15]. MeTtogoM Beibopa s
muarHoctuku BA sensercs TP 6uonTara nmopaxeHHOM
TKaHH, 3TOT aHAJIU3 N03BOJISICT HANPSIMYI0 OOHAPYXKHUTh
JHK 6akrepuit Bartonella n cantaeTcs TOUHBIM CIIOCOOOM
noaTeepxkaeHus. Oanako orcyrctBue [1LP sBisiercs He-
PEIKUM B KIIMHUYECKON MIPaKTUKE, KOT/IA STOT aHAJIHU3 He-
JIOCTYIIEH WX JaeT OTPULATENbHBIM pE3YIIbTaT BCIEACTBUE
HU3KOH OaKTepHaIbHON HArpy3KHU U3-3a MPEAIIEeCTBYIOIEeH
AQHTUOMOTUKOTEPAITNH WIIM HEONITHMAIEHOTO 0TO0pa MaTe-
puana [16, 17].

B crnoxHBIX caydasx, KOTna KIMHUKO-Mopdonornie-
ckas kapruHa npexnnosnaraer bA, Ho UI'X ¢ mapkepom
HHV-8 orpunarensha, a IILIP ¢ onpenenenunem Barto-
nella spp. HeOCTYIHA WK OTPUIIATENIbHA, HA TIEPBBIH TUIaH
BbIXOIUT TOM, N0O3BOISIONIAS ONIPEETUTh TAKCOHOMUYE-
CKYIO MPUHAIIE)KHOCT BO30ynuTenei [18, 19]. TOM naer
BO3MOKHOCTH PasTpaHUINUTh OaKTepHATIBHYIO H BUPYCHYIO
npupoxny Bo3oyautens. [Ipu CK B nuTomnnaszme BepeTeHo-
BUJIHBIX KJIETOK BUIHBI BUPUOHBI MOP(HOIOTHUYECKH CO-
oTBeTCcTBYyIOmUX cTpoennto HHV-8. [Ipu bammiispaomM
AQHTHOMAaTO3€ BO BHEKJICTOYHOM IIPOCTPAHCTBE O0HAPY-
JKUBAIOTCS CKOTUICHHUS MENKUX Oaktepuil. Takum oOpa-
30M, TOM pasrpaHnuuBaeT OakTepHaNbHYIO H BUPYCHYIO
3THOJIOTHIO HE3aBUCUMO OT YPOBHS aHTUTEN. OCHOBHBIMU
orpaHn4YeHusIMU MeTora TOM sABISIFOTCS HEOOXOIUMOCTh
HAJIIYHS CICHATIM3UPOBAHHOTO 000PyI0BaHHS, TPYI0EM-
KOCTB, BBICOKasi CTOMMOCTB, TPEOOBaHUS K CHEIHAIBHON
HOATOTOBKE 00pasiia ¥ 3HAHUSAM MOpQoIIora.

Hacrosiiee uccnenoBanue UMeeT paj METOJ0I0rYe-
CKHUX OTPaHUYCHHUH, TPEKIE BCETO MBI 00heM BRIOOPKH
(BoceMb citydaeB, BKJIOUAs JIUIIb JBa ciiydas bA), 4To
HE MO3BOJISIET MPOBECTH MOJHOLICHHBIA CTAaTUCTUYECKHUI
aHaIu3 U TpeOyeT OCTOPOXKHON MHTEPIPETAIINH PE3yib-
taroB. TeM He MeHee HaMH ObIT IPEACTABICH THArHOCTH-
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MNaymeHT ¢ BUY 1 KOXKHbIM
COCyAMCTbIM 0bpa3oBaHMeM:
61oNCcuA KOXKMK, TMCTONOTMYECKOe
uccnegosarue (H&E), UMX
(HHV-8, ERG, CD31, CD34) | HIV patient
with cutaneous vascular lesion: skin
biopsy, histological examination (H&E),
IHC (HHV-8, ERG, CD31, CD34)

HHV-8 "+" HHV-8 "-"

CK | KS NMopo3peHne Ha BA

| Suspected BA

Bepudukauma
AnarHosa bA:
MUP Bartonella spp.
1M TAM | Confirmation
of BA diagnosis: PCR
for Bartonella spp. and
TEM

Puc. 4. JIlnarHOCTUYECKUI AJITOPUTM ALIUEHTOB
¢ BUY-nudexnueit 1 KOOKHBIM COCYAUCTHIM
o0pa3oBaHUEM
CK — caprxoma Kanonm, BA — GaumuispHbIil aHTHOMATO3,
NI'X — *MMYHOTHCTOXMMHYECKOE HCCIIEIOBAHNUE,
TOM — TpaHCMUCCUOHHAS IEKTPOHHAS MUKPOCKOIIHS

Fig. 4. Diagnostic algorithm for HIV patients with cutaneous
vascular lesion
KS — Kaposi sarcoma, BA — bacillary angiomatosis,
IHC — immunohistochemical study, TEM — transmission electron
microscopy

YeCKUi anroput™ (puc. 4), HyKJIAIOUIHICS B JaTbHEUIIIEM
UCCIICIOBaHUH B OoJiee KPYIHBIX Tpymnmnax. [Ipemioxena
MOCJIe10BaTENbHOCTh IPUMEHEHUSI HECKOJIbKHUX COBpe-
MEHHBIX METO/IOB BU3YyaJIM3alluH, I[JI€ OCHOBOM SBIsAETCA
oOs3arenpHOe nepBuuHoe MI'X nccnenoBanue ¢ MapkepoM
HHV-8. Ncnonb30Banue naHelu 3HI0TEIHAIBHBIX Map-
kepoB (ERG, CD31, CD34) HOCUIIO MOATBEPKAAIOIIUN
Xapakrep, IpUYeM BCe TPHU aHTUTENA JaBajl BU3YaJIbHO
HEPa3IMYUMYI0 KapTHHY, YTO MO3BOJIMIO OIPaHUYHUTHCS
WJUTIOCTpalMeil TOJBKO OZHOTO U3 HUX B KauecTBE pe-
Mpe3eHTaTUBHOTO puMepa. B pyTuHHON 1abopaTtopHOii
MIPAKTUKE 715 TOATBEPKACHUS COCYIUCTON MPUPOIBI IIPO-
nudepaly MOXKeT OBbITh HCIONBb30BaH 000K U3 mepe-
YHCJICHHBIX MAapKEePOB B 3aBUCHMOCTH OT UX JOCTYITHOCTH
B KOHKpETHOM nabopatopun. OTpHLATENbHBINA PE3ybTaT
NUT'X npu Hanu4Iuy rUCTOJIOTMYECKUX MPU3HAKOB COCY-
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JIUCTOU TTPOIUQEPAINH Y MANUESHTA C THKEIBIM UMMYHO-
JIe(pUIHUTOM CITY)KUT OCHOBAaHUEM JJIsI aKTUBAIUY TTOVCKA
MTOJITBEPXKACHUS OAIMILIIPHOTO aHTMOMATO3a, TJe METO-
Jiom BeiOopa siisiercst [P ¢ BeisiBnenuem Bartonella spp.
B npoBeneHHOM Hccne10BaHUN MTOJUYEPKHYTa BaXKHAsl pOJb
TOM kak pelaroiero MeToia BepupuKaluy B CIIOPHBIX,
PE3UCTEHTHBIX K TEPANUM Clydasx WIN IPU HENOCTYI-
HOCTH MOJIEKYJISIPHON THarHOCTHKH.

3akmoueHue

Tounas auddepeHInanbHas THarHOCTHKA CAPKOMBI
Kanomu u 6anumuisipHoro aHruomaro3a y naiueHTOB C
BUY tpebyeT KOMITJIEKCHOTO MOAX0/1a, OCHOBAHHOTO Ha
COUYETaHUU MATOMOP(OIOTUIECKUX, UMMYHOTUCTOXUMHU-
YECKHX, MOJICKYISIPHO-TEHETUUECKIUX METOIOB UCCIEIO0-
BaHUS M TPAHCMUCCUOHHOMW AJIEKTPOHHOW MHKPOCKOTIHH.
NMMyHOTHCTOXMMUYECKOE MCCIICJIOBAHUE C AHTUTEIIAMH
k HHV-8 sBnsercs o0s3arenbHbIM, Hanbosee ObICTPBIM
1 3¢ (EKTUBHBIM METOZIOM, TIO3BOJISTIOIIUM B OOJIBIIIMHCTBE
CIIy4aeB MOCTaBUThH TOYHBIN TUAarHO3.

TpaHncMuccruoHHAsI AIIEKTPOHHASI MUKPOCKOIIHSI TIOKa-
3aJia TMarHOCTUYECKYIO IIEHHOCTh KaK JIOTIOJTHUTEIbHBIN
METO/1, 00ECIICYMBAIOIINY BU3YaTH3AIHIO 3THOJIOTHUECKUX
areHTOB M MaTOTHOMOHHWYHBIX YIBTPACTPYKTYPHBIX H3Me-
HeHuit. OHa 0COOEHHO BakHA JIsSI BepuU(uKanuy Oaru-
JISPHOTO aHTHOMAT03a IPH OTCYTCTBUH MUKPOOUOIOTHYE-
CKOTO TTOITBEPIKICHUS.
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Effects of nanocurcumin on ovarian damage induced
by emerging contaminants: histomorphometrical
and immunohistochemical analysis
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A. Ouadah’, A. Chafai', R. Lamraoui’

"'University of Batna 2, Batna, Algeria
2 Abbes Laghrour Khenchela University, Khenchela, Algeria

Abstract. Introduction. This study aimed to investigate the effects of nanocurcumin on ovarian damage
induced by chronic exposure to an environmentally relevant mixture of pharmaceuticals and pesticides.
Materials and methods. Ovarian damage was induced in 28 female rats by daily exposure to environmentally
relevant mixture of pharmaceuticals and pesticides containing ibuprofen, diclofenac, naproxen, oxytetracy-
cline, ofloxacin, albendazole, cypermethrin, thiacloprid, and trifloxystrobin via drinking water for 4 months.
Animals were randomly assigned to four equal groups: control, ovarian damage, ovarian damage + nano-
curcumin, and nanocurcumin alone. Nanocurcumin was administered interperitoneally at 100 mg/kg body
weight/day for 15 days. We evaluated ovarian follicle populations, antioxidant status, TNF-a, AMH, and
the immunohistochemical expression of p53 and Ki-67.

Results. Nanocurcumin treatment significantly increased the numbers of secondary and antral follicles,
as well as AMH, SOD, and TAS levels. Meanwhile, nanocurcumin substantially reduced p53 expression,
TNF-a levels, and follicular atresia. However, nanocurcumin did not affect Ki-67 expression or primordial
and primary follicle populations.

Conclusion. Nanocurcumin partially attenuated ovarian damage induced by a mixture of pharmaceuticals
and pesticides, as evidenced by preservation of growing follicle populations, increased AMH levels, and
enhanced ovarian antioxidant status.

Keywords: nanocurcumin, environmentally relevant mixture, ovarian reserve, histology, antioxidant, apop-
tosis, immunohistochemistry
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Bninanmue HAaHOKYPKYMNHA HA NNOPpAaKE€HNE ANTYHUNKOB,
NHAYOVUPOBAHHOE 3arpA3HUTENIAMNI HOBOI'O THUIIA:
rucroMopdomMeTprMIeCcKUil 1 UMMYHOTMCTOXMMWYECKIIT aHAIN3

C. Benoua', A. Benrxupu', M. Axua’?, C. Myaxu Bennanu', K. fIxus', A. Yaod', A. lllaghau’, P. Tampayu’

"' Vuusepcurer barna 2, barna, Amkup
2 Vuusepcurer A6baca Jlarpypa, XeHuena, AJKap

Pe3tome. Bsedenue. Pabora HarpapiieHa Ha 3y4YeHUE TEPANIEBTUUECKOTO BIMSHUS HAHOKYPKYMHUHA Ha TO-
BPCKACHUE ANYHUKOB, pa3BUBAIOICECA ITPU XPOHUIECKOM BOS}IeI\/IICTBI/II/I CMECH JICKApCTBCHHBIX IpETIapaToB
U TIECTUIUIOB, IPUCYTCTBYIOIINX B OKpY’KaloIlel cpene.
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Mamepuanvt u memooul. [1oBpexieHnE SUYHUKOB Y KPbIC MOJIEITUPOBANIHN IIyTEM €XKEAHEBHOIO MOCTYILIE-
HUSI CMECH JIEKQPCTBEHHBIX IIPENapaToB U MEeCTHINA0B, BKIIOYAOIIeH HOynpodeH, TuKiIodeHaK, HarmpokK-
CeH, OKCUTETPALUKINH, O(JIOKCAIMH, alb0CHa30I, HIUIEPMETPHH, THAKIONPHUI U TPUDIOKCHCTPOOUH,
C IUTHEBOM BONOH B TeueHue 4 mecsieB. JKUBOTHBIE ObUTN CITydaliHBIM 00pa3oM paslieieHbl Ha YeThIpe
IPYIIIBI: KOHTPOJIBbHASL, TPYIIIA C MOBPESKACHUEM SIUUYHUKOB, TPYIIIA «IIOBPEKACHHE SIMYHUKOB + HAHOKYP-
KyMHH» U IPYIIIA, TOJy4aBIlias TOJIbKO HAHOKYPKYMHH. HaHOKYpKyMUH BBOJIIM BHY TPUOPIOLIMHHO B J103€
100 mr/kr Maccel Tena B CyTKU B TedeHue 15 muei. OueHuBaIM KOJHYECTBO OBAPHAIBHBIX (POJLIHKYIIOB,
aHTUOKCHJIAHTHBIN CTaTyC, a Takke ypoBHH TNF-o 1 anTUMIOIIIEpoBa ropmona, p53 u Ki67.
Pesynomameor. [IpuMeHeHe HAHOKYPKYMHHA JOCTOBEPHO YBEIWYHJIIO YKCIO BTOPHYHBIX U aHTPaJbHBIX
(OJUTMKYJIOB, YPOBHHU aHTUMIOJLIEPOBA FOPMOHA, CYTIEPOKCHIMCMYTa3bl M 001eH aHTHOKCHUIAHTHOM CII0c00-
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Introduction

Emerging contaminants (ECs) are compounds that are
present in the environment at very low concentrations (ng/L
to pug/L) and often characterized by high environmental
persistence. This term includes both newly identified sub-
stances with previously unknown effects and known com-
pounds for whose short-term exposure has raised concerns
regarding human health. Among these contaminants, pes-
ticides and pharmaceutical compounds stand out owing to
their widespread use and broad range of diverse biological
effects [1, 2]. As the number of precursor compounds and
their transformation products continues to increase, the list
of residual pollutants is steadily expanding. Moreover, the
toxicity of these contaminants is often amplified when they
occur as mixtures, leading to synergetic interactions that
can exert more severe effects than exposure to individual
compounds [3].

Curcuminoids, the primary bioactive compounds de-
rived from turmeric (Curcuma longa), have attracted con-
siderable attention because of their wide range of biologi-
cal effects, including anti-inflammatory, antioxidant, and
antibacterial, which may contribute to the prevention of
chronic diseases [4, 5]. However, their therapeutic potential
is substantially limited by poor bioavailability, stability,
and solubility [6]. To address these limitations, numerous
nanoformulation delivery techniques have been designed.
Recent studies have demonstrated that, compared to free
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curcumin, nanoencapsulated curcumin (like liposomes or
micelles) exhibits an improved pharmacokinetic profile,
enhanced cellular uptake, prolonged circulation time, and
greater stability [6].

Although nanocurcumin exhibits a wide range of bio-
logical activities, its effects on the female reproductive
system remain poorly understood, especially its potential
to mitigate ovarian reserve depletion induced by emerging
contaminants [5, 7]. Based on our preliminary unpublished
findings, chronic exposure to a mixture of nine emerging
contaminants—ibuprofen, diclofenac, naproxen, ofloxacin,
oxytetracycline, albendazole, thiacloprid, trifloxystrobin,
and cypermethrin—disrupts ovarian function and folli-
culogenesis, thereby causing diminished ovarian reserve
(DOR). Therefore, this research aimed to analyze the thera-
peutic potential of nanocurcumin in a rat model of DOR
induced by pharmaceutical and pesticide mixture (PPM).

Materials and methods

The pharmaceuticals and pesticides used in this study
were obtained from commercial suppliers in Batna, Algeria.
The concentrations administered in the rats’ drinking water
samples were based on levels reported in environmental
raw water samples and corresponded to estimated daily
exposures of diclofenac sodium (130.96 ug/kg body
weight/day), ibuprofen (25.18 pg/kg body weight/day),
naproxen sodium (21.15 pg/kg body weight/day), ofloxacin
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(24.71 pg/kg body weight/day), oxytetracycline (6.70 pg/
kg body weight/day), and cypermethrin (17.58 ug/kg body
weight/day) [8—14]. The concentrations of albendazole (50
ng/kg body weight/day), trifloxystrobin (40 pg/kg body
weight/day), and thiacloprid (10 pg/kg body weight/day)
were determined according to their acceptable daily intake
values. A stock solution containing PPM in equal propor-
tions was prepared weekly in drinking water. Liposomal
nanocurcumin (1400 mg/3 mL; particle size: 1 nm) was
purchased locally. The dose of nanocurcumin (100 mg/kg
body weight/day) and the treatment regimen were selected
based on findings reported in previous research [5] and the
results of our pilot experiment.

Experimental design

All animal procedures were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals,
10th edition (National Research Council, 2015). The ex-
perimental protocol was approved by the Consultative
Ethics Committee of the Biotechnology Research Center,
Constantine, Algeria (Decision No. 27-BS-05/2024).
Twenty-eight female Wistar albino rats (10 weeks old; 180—
220 g) were received from the Pasteur Institute (Algiers,
Algeria). Animals were housed under controlled conditions
(22 £ 2°C, 12-h light/12-h dark cycle) with ad libitum ac-
cess to standard rodent chow and water. After a 15-day
acclimatization period, subjects were randomly assigned to
four experimental groups (n=7 per group): control group,
untreated rats; ovarian damage (OD) group, rats receiving
PPM daily in drinking water for 4 months ad libitum; OD +
nanocurcumin (NCU) group, PPM-exposed rats treated
with nanocurcumin 100 mg/kg body weight/day; and NCU
group, untreated rats receiving nanocurcumin (100 mg/kg
body weight/day). Nanocurcumin was administered intra-
peritoneally during the final 15 days of the experiment.
Following a one-week recovery period, all rats were anes-
thetized and euthanized by cervical dislocation.

Immediately after euthanasia ovaries were excised
and rinsed in PBS (pH 7.3). For histological and immuno-
histochemical studies, the right ovaries were fixed in 5%
buffered acid acetic for 24 h and then transferred to 70%
ethanol for storage. The left ovaries, designed for oxidative
stress assessments, were frozen at —80°C. Serum samples
were kept in cryotubes and stored at —80°C.

Histopathological and immunohistochemical
findings

Fixed ovaries were subjected to a routine histologi-
cal processing, embedded in paraffin, and sectioned at a
5-um thickness. Serial ovarian sections were mounted on
Superfrost slides at 10-section intervals, deparaffinized,
and stained with hematoxylin and eosin. We analyzed
10 sections per animal for ovarian follicle quantification.
Follicle counts were calculated using a semi-automated
morphometric approach based on a machine learning tool
in the Trainable Weka Segmentation plugin (WEKA, ver-
sion 3.7.6). Ovarian follicle populations were independent-
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ly annotated by two trained pathologists who were blinded
to the experimental groups.

For immunohistochemical analysis, ovarian sections
were mounted on Superfrost Plus slides and incubated
with primary antibodies against p53 (AB-2206626, Mouse
monoclonal; Dako; dilution 1:50) and Ki-67 (AB-302459,
Rabbit monoclonal [SP6]; Abcam; dilution 1:3000).
Thereafter, anti-rabbit and anti-mouse antibodies (diluted
at 1:200 and 1:100, respectively) were used as secondary
antibodies to assess the immune complexes. Finally, sec-
tions were counterstained with hematoxylin.

The intensity score was calculated based on the method
described by K. Cizkova et al. [15] using Fiji software.
DAB staining was converted into pixel intensity values
within selected regions of interest. Based on this, the stain-
ing intensity was categorized as follows: 0 (negative),
181-255 pixels; 1 (weak), 121-180 pixels; 2 (moderate):
61-120 pixels; and 3 (strong), 0-60 pixels. For each ani-
mal, five to eight microscopic fields from two ovarian sec-
tions were analyzed.

Biochemical findings

Anti-Miillerian hormone (AMH) levels were meas-
ured with electrochemiluminescence using commercial
kits compatible with Elecsys automated analyzer (Roche,
Germany). Serum tumor necrosis factor-o (TNF-a) was de-
termined using ELISA kits according to the manufacturer’s
instructions. Ovarian tissue superoxide dismutase (SOD)
activity and total antioxidant status (TAS) were measured
with the methods described by I. Engelbrecht et al. [16]
and M.N. Alam et al. [17], respectively. All results were
given in proportion to the total protein content of the ova-
rian homogenate.

Statistical analysis

An a priori power analysis was conducted using
G*Power software (version 3.1.9.7; Diisseldorf, Germany)
to determine the minimum sample size required to de-
tect differences among the experimental groups. Based
on an effect size (f) of 0.75, a significance level (a) of
0.05, and a statistical power (1-f) of 0.80, a sample size
of 7 rats per group was considered sufficient. All statisti-
cal analyses were performed using GraphPad Prism soft-
ware (version 9.0). Data normality was assessed using the
Shapiro—Wilk test. Group comparisons were performed
using one-way analysis of variance (ANOVA), followed
by Tukey’s post hoc test. A p-value <0.05 was considered
statistically significant. All analyses included data from
every animal in each experimental group.

Results
Histopathological findings

Histological examination revealed a significant de-
crease in the number of follicles at all developmental stages
in the OD group compared to the control group (p<0.01).
Treatment with nanocurcumin resulted in significant recov-
ery of secondary and antral follicle populations (p=0.0251
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and p=0.049, respectively). However, no statistical diffe-
reces were detected between OD and OD + NCU groups
in primordial follicles (PF; p=0.63) and primary follicles
(PrF; p=0.19). Conversely, the number of atretic follicles
reduced significantly following treatment with nanocur-
cumin (Table 1).

Ovarian markers

Strong nuclear Ki-67 immunoreaction was observed
in granulosa cells of secondary and antral follicles in all
experimental groups (Fig. 1). Compared to the OD group,
Ki-67 expression was significantly lower in both the control
and NCU groups (p=0.00008 and p=0.0014, respectively).
Figure 2 shows p53 immunoreactivity in the granulosa and
theca cells of secondary and antral follicles. Compared to
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the OD group, a weak immune-staining in p53 was ob-
served in both NCU and control groups (p<0.01 and p=
0.0057, respectively). Nanocurcumin treatment restored
p53 expression (p<0.01), while no significant effect on
Ki-67 expression was detected (p=0.26). Exposure to PPM
led to a significant decrease in SOD (p<0.0001) and TAS
(p=0.0007) activities. Treatment with nanocurcumin mark-
edly restored both SOD (p<0.0001) and TAS (p=0.0037)
levels (Table 2).

Serum biochemical findings

Table 3 presents the immunohistochemical scores for
proliferative and apoptotic markers. In the OD group,
we detected a significant decrease in serum AMH levels
(p<0.0001), associated with a significant increase in TNF-a

Table 1| Tabnuya 1

Effect of nanocurcumin treatment on ovarian follicle numbers in rats with ovarian damage induced by an environmentally
relevant mixture (Mean + SEM) | Biusinne HaHOKYPKYMHHA Ha KOJH4YeCTBO (POITMKY/I0B SIMYHUKA NPU MOBPE:KIeHUU
SINYHUKOB, HHIYIIMPOBAHHOM 3KO0JIOTHYECKH PeIeBAHTHOI cMechIo (cpeiHee 3HAUYeHUe = CTAaHaPTHasl OLIN0Ka CpeHero)

Follicle type | Control | KouTpoabHas oD | OD +NCU | NCU | I'pynna, nojryuaBuias
Buga dosaukyiio rpynmna I'pynna c ITA 1151 + HKY To1bk0 HKY
PF | [Im® 139.9+1.96%*** 103.745.72 111.0+5.70 28.00+1.57%**
PrF | 1D 5.67+0.53%*** 9.43+0.64 6.98+0.62 5.504£0.53***
SF | B® 37.7141.28%** 25.00+1.81 34.14+1.58%* 37.86+2.26%***
AF | AD 26.57+1.34%* 18.86=£1.1 23.29+1.19* 28.00+1.57***
AtrF | AT 5.67+0.53** 9.43+0.64 6.98+0.62* 5.50+0.53%%*

PF — primordial follicle, PrF — primary follicle, SF — secondary follicle, AF — antral follicle, AtrF — atretic follicle. Significant difference
compared to the OD group: *p<0.05, **p<0.01, ***p<0.001; ****p<0.0001 | [ImD — npumopauanbHbIit Gpomwtukyin, [1BD — nepBuUHBIIR
¢domnukyn, BO — Bropuunsii posmkyn, AD — antpansHblid Goukyn, AT® — arpernyeckuit pommkyn, HKY — HaHOKypKyMHH.
CraTHCTHYeCKH 3HAYMMBIE PA3INdus 0 cpaBHeHHIo ¢ rpymoi [15 (moBpesxaenne smaHukoB): *p<0,05, **p<0,01, ***p<0,001,

##%%p<0,0001

Table 2 | Tabnuya 2

Effect of nanocurcumin treatment on ovarian biomarkers in rats with ovarian damage induced by an environmentally
relevant mixture (Mean + SEM) | Binsinne HaHOKYpKYMHHA HA 0BapHAaJbHbIe OHOMAapKepPbI MPH MOBPEXIeHUH STUYHHKOB,

HH/yHHPOBAHHOM JKO0JIOTHYECKH PeJIEBAHTHOI CMeChI0 (Cpe/iHee 3HAUEeHHe £ CTAHJAPTHAS OIIMOKA CpeaHero)

Parameter | Control | KonTpoabHas OD | OD + NCU | NCU | I'pynna, no;ry4yaBumas
Iloka3zaresn rpynmna I'pynna c 151 Is1 + HKY Toibk0 HKY
TAS, nmol/mg protein | 1.01+0.04 0.58+0.05 0.93+0.040 1.3840.15
OAC, HMOnB/Mr Oenka
SOD, U/mg protein | 72.15+3.14 42.22+4.70 59.15+4.19 73.814+3.93
CO/l, en/mr Genka
Ki-67, IS | MO 1.88£0.12%*** 1.12+0.10 1.44+0.13 1.82+0.10%*
p53, IS | 1O 0.4240.14%*%* 1.45+0.11 0.61+0.13** 0.44+0.16%**

TAS — total antioxidant status, SOD — superoxide dismutase activity, IS — immunostaining intensity score. Significant difference
compared to the OD group: **p<0.01, ***p<0.001; ****p<0.0001 | OAC — obmmit anTHOKcHaaHTHLIHA craryc, COIl —
cynepokcuiucmMyTasa, MO — olieHka HHTEHCHBHOCTH UMMYHHOTO okpatiBanus, HKY — HaHOKypkyMuH. CTaTHCTHUECKU 3HAYUMBIE
pasnuuus mo cpaBHeHHIO ¢ rpynmnoi ¢ [T (moBpexaenue suaHuKoB): **p<0,01, ***p<0,001, ****p<0,0001
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levels (p<0.01). Thus, nanocurcumin administration mark-
edly preserved both AMH and TNF-a. levels (p=0.0002 and
p=0.04, respectively).

Discussion

This study investigated the effects of nanocurcumin on
key indicators of diminished ovarian reserve (DOR) in a
rat model in which it was induced by chronic exposure
to a mixture of six pharmaceuticals and three pesticides.
The contaminants were administered ad libitum via drink-
ing water at environmentally relevant concentrations to
stimulate realistic exposure scenarios. Rodents present a
well-established experimental model for evaluating the
biological effects of environmental contaminants and
their implications for human health risk assessment [3].
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. Photomicrographs showing positive Ki-67 immunostaining (brown) in granulosa cells of ovarian antral follicles (arrows).

A — control group, B — NCU group, C — OD group, D — OD + NCU group. IHC, x400. Scale bar: 250 um
Puc. 1. Ki67+ (kopu4HEBOE) OKpAILIMBAHKUE B IPAHYIE3HBIX KJIETKAX aHTPAJIBHBIX (OJUIMKYIOB SMYHUKA B SKCIIEPUMEHTAIBHBIX IPYIIHaxX
(cmpenxu).
A — KOHTpOINBHAs rpymma, B — rpymnma, nonyuaBniast TONbKO HAHOKYpKyMuH, C — rpyIa ¢ HOBpeXXAeHHEM SIMYHUKOB, D — rpymmna
«IIOBPEXK/ICHNE SIMYHUKOB + HAHOKYpKyMHHY». VIMMyHOTrHCTOXNMHYEcKoe okpaninBanue, x400. MacmrabHas nmuHelika 250 MkM

The main findings indicate that chronic exposure to the
pharmaceutical and pesticide mixture (PPM) signifi-
cantly increased serum TNF-a levels, while serum AMH,
healthy follicle counts, SOD, and TAS were significantly
decreased. Although the mechanisms underlying PPM-
induced DOR remain incompletely understood, chronic
inflammation and impaired antioxidant defense of ovarian
granulosa cells are likely to play key roles in affecting the
ovarian reserve [3, 18-20].

To better understand the mechanisms responsible for the
effects of PPM on follicular dynamics, we evaluated the ex-
pression of apoptotic marker p53 and proliferation marker
Ki-67 in secondary and antral ovarian follicles. PPM ex-
posure was associated with a significant increase in p53
marker accompanied by a decrease in Ki-67 expression.
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Fig. 2. Photomicrographs showing positive p53 immunostaining (brown) in granulosa and theca cells of ovarian antral follicles
(arrows).
A — control group, B— NCU group, C — OD group, D — OD + NCU group. IHC, x400. Scale bar: 250 um

Puc. 2. pS3+ (kopu4HEBOE) OKpALIMBAHKUE B IPaHYIE3HBIX U TEKA-KJIETKaX aHTPaIbHBIX (DOJIUKYIOB IMYHHUKA B SKCIIEPUMCHTAIBHBIX
rpymnax (cmpenxu).
A — KOHTpONBHas Tpymma, B — rpynma, noixyyasmniast TOIbKO HAHOKYPKyMUH, C — rpyIa ¢ HOBpeXXASHUEM SIMYHNKOB, D — rpynmna
«IIOBPEX/ICHNE SIMYHUKOB + HAHOKYPKYMHHY. VIMMyHOTHCTOXNMHYECKoe okpamuBanue, X400. Macmrabnas nuHelika 250 MkM

Table 3 | Tabnuya 3
Effect of nanocurcumin treatment on serum biomarkers in rats with ovarian damage induced by an environmentally
relevant mixture (Mean = SEM) | Biausinue HAHOKYPKYMHMHA Ha CHIBOPOTOYHBIE GHOMAapKePbI IPH NOBPEKIeHUH IUYHUKOB,
HH/yHHPOBAHHOM JKO0JIOTHYECKH PeJIEBAHTHOH CMeChI0 (Cpe/iHee 3HAYEeHHe £ CTAHJAPTHAS OIIMOKA CpeIHero)

Parameter | Control | KourpoabHas oD | OD +NCU | no:(-igalmrfsz’::;;mo
Iloxa3arenn rpynmna I'pynna c ITSA 151 + HKY Y HKY
TNF-o, mg/dL | TNF —o, mr/mn 2.99+0.27* 3.87+0.15 3.06+0.13* 2.57+0.29%**
AMH, mg/dL | AMI, mr/an 9.564(0.35%*** 5.73£0.58 8.19+0.54* 9.9640.54%***

Significant difference compared to the OD group: *p<0.05, ***p<0.001; ****p<0.0001 | AMI" (Mr/m1) — aHTUMIOJLIIEPOB TOPMOH,
HKY — nanokypkymuH. CTaTHCTHYECKH 3HaYNMBbIe pasJINyKs 110 cpaBHEHHIO ¢ rpynnoii [T (moBpesxieHne SHIHUKOB):
*p<0,05, ***p<0,001, ****p<0,0001

KIMHWYECKAS V1 OKCITEPUMEHTATIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 15 Ne 4 2026 67



OPUTMHAIBHBIE MICCITEJOBAHNA

These alterations are consistent with enhanced apoptotic
activity and reduced granulosa cell proliferation, which are
known to contribute to follicular atresia and depletion of
the follicular pool [18, 21].

Collectively, these findings suggest that chronic expo-
sure to PPM and other persistent organic pollutants disrupt
ovarian follicular homeostasis by promoting pro-apoptotic
signaling and suppressing cell proliferation [22]. Given
the central role of granulosa cell proliferation in follicular
growth and maturation, impaired proliferative activity may
further compromise follicular development and accelerate
ovarian reserve depletion [23].

These observations are consistent with previous studies
demonstrating that chronic exposure to environmentally
relevant mixtures containing ibuprofen, diclofenac, and
17a-ethinyl estradiol induce microscopic ovarian damage
and features associated with premature ovarian insuffi-
ciency [3].

Nanocurcumin administration improved several bio-
chemical and histological parameters, including increased
TAS and SOD activity, AMH levels, and the numbers of
secondary and antral follicles. These beneficial effects were
accompanied by reduced p53 expression and fewer atretic
follicles, suggesting a protection against PPM-induced
ovarian damage.

Notably, treatment with nanocurcumin did not significant-
ly affect Ki-67 expression that suggests that nanocurcumin
did not restore granulosa cell proliferative activity under the
conditions of the experiment. Therefore, the nanocurcumin
therapeutic effects appear to be more strongly associated with
attenuation of apoptotic processes. These findings are con-
sistent with previous studies reporting the protective effects
of nanocurcumin in experimental models of ovarian injury,
including ischemia-reperfusion injury and carbon black-in-
duced follicular depletion [5, 24]. The enhanced biological
activity of nanocurcumin is generally attributed to its anti-
oxidant and anti-inflammatory properties. Mechanistically,
these effects have been linked to modulation of oxidative
stress pathways, including regulation of Bax/Bcl-2 balance,
inhibition of caspase activation, and upregulation of antioxi-
dant enzymes such as CAT, SOD, and GPx [25].

Despite these improvements, nanocurcumin treatment
did not significantly restore primordial and primary follicle
populations. This limited responsiveness may reflect severe
damage caused by PPM during the early stages of folliculo-
genesis and the complexity of the molecular signaling path-
ways in activation of primordial follicles. Indeed, although
several therapeutic strategies have been proposed to enhance
ovarian reserve by targeting early folliculogenesis, current
evidence remains limited and inconsistent, and no approach
has yet been established as clinically effective [26].

Taken together, our results highlight a partial protec-
tive effect of nanocurcumin against PPM-induced ovarian
damage, primarily through reduction of oxidative stress
and apoptosis. However, its impact on follicular prolifera-
tion and early-stage follicle preservation remains limited.
Further studies incorporating longer treatment durations,
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alternative dosing strategies, and deeper molecular analyses
are warranted to better define the therapeutic potential of
NCU in the context of diminished ovarian reserve induced
by chronic PPM exposure. A notable limitation of the pre-
sent study is the absence of a vehicle control group receiv-
ing empty liposomes. This limitation should be considered
when interpreting the results. Future studies incorporating
an appropriate empty liposome control group are necessary
to more accurately delineate the specific contribution of the
active compound versus the delivery system.

Conclusion

The present study demonstrated that nanocurcumin
partially mitigates ovarian damage induced by a pharma-
ceutical and pesticide mixture. Its protective effects were
reflected by improvements in oxidative stress markers
(SOD, TAS), increased AMH levels, reduced apoptotic
activity, and a lower number of atretic follicles. While na-
nocurcumin was associated with preservation of growing
follicle populations, the effects were not consistently ob-
served across all parameters, particularly Ki-67 expression
and the numbers of primordial and primary follicles. These
findings provide further insight into some mechanisms un-
derlying the detrimental effects by which environmentally
relevant mixtures of pharmaceuticals and pesticides po-
tentially contribute to diminished ovarian reserve. They
also suggest that nanocurcumin may represent a promising
effective strategy for mitigating pollutant-induced ovarian
damage on fertility.
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Mudopmanus 06 aBTopax

Cyxeiina beHOMs — TOKTOp BETepHHAPHBIX HAYK, Ipodeccop (akylbTeTa eCTECTBEHHBIX HayK M HAyK O XU3HH, HAy4YHBIH COTPYIHUK
Ta00paTopuy OGHOTEXHOIOTUH OHOAKTHBHEIX MOJIEKYNI H KJICTOYHOH Marodu3nonorun YHuBepcuteTa barna 2.

SImuna benxupu — 1OKTOp BeTepUHAPHBIX HayK, podeccop (akynbreTa eCTeCTBEHHBIX HAyK U HAyK O JKM3HU, HAyYHBIH COTPYIHUK
nabopaTopuy OMOTEXHOJIOTHH OMOAKTHBHBIX MOJIEKYII M KJIETOYHOH matodusnoiornn Yuusepcurera barna 2.

Maccunucca SIXust — TOKTOp OHOOTHYECKHUX HAyK, HAyYHBII COTPYAHHK J1ab0paTopiu GHOTEXHOIOTUH GHOAKTHBHBIX MOJIEKY H KICTOIHOM
naro¢usnosniorny YHuBepcurtera barna 2, nouent Yausepcurera Ad6aca Jlarpypa.

Cada Myaku bennanu — kaHanAaT OHONOTUUECKUX HAyK, MIAALINI HAYYHbBIH COTPYIHUK JabopaTopiuy OMOTEXHOJIOTHH OHOAKTHBHBIX MOJICKYJI
¥ KJICTOYHOH naTodu3nonoruu GpakyyisreTa eCTECTBEHHBIX HAyK U HAyK O XM3HU YHHBepcuTera barHa 2.

Kaxuna SIxust — kananaar OMOIOTHUECKUX HayK, MMl HAyYHBIH COTPYIHHK JIaO0OpaTopuu OMOTEXHOJIOTUH OMOAKTHBHBIX MOJICKYI
Y KJICTOYHO NaTo(hu3Honoruu (akynpTeTa eCTECTBCHHBIX HAyK M HAyK O )KM3HU YHUBepcuTera barna 2.

Awnrxam Yana — kaHaunar OMoJIOTHIeCKUX HAayK, MIIAIIIHNA HAyYHBIH COTPYIHHUK JTa00PaTOPHU OMOTEXHOIOTHH OMOAKTUBHBIX MOJICKYII
Y KJICTOYHO# NaTtohu3nonoruu (akynpTeTa eCTECTBCHHBIX HAYK M HAyK O XKH3HU YHUBepcuTera barna 2.

As llacan — kaHIUIAT OMOIOTHYECKUX HAYK, MIIQIIINN HaydIHBIH COTPYIHHK JaO0paTOpuy OMOTEXHOIOTMH OMOAKTHBHBIX MOJICKYIT
Y KJICTOYHO# 1aTtopu3nonoruu (GakyinpTeTa eCTECTBCHHBIX HAYK M HAyK O XKM3HU YHUBepcuTera barna 2.

Pam3u Jlampayu — IOKTOp BeTepUHAPHBIX HayK, JOLEHT Kadeapbl OMOIOTHH KUBBIX OPraHU3MOB (DaKyJIbTeTa €CTECTBEHHBIX HAYK U HAayK
0 xu3HU YHuUBepcuTera bartHa 2.
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Pe3rome. Bsedenue. BepeTeHOKICTOUHAS KapIIUHOMA — PEAKHIA U arpECCUBHBIN BAPUAHT TUIOCKOKICTOYHO-
ro paka. [Ipu nokajiu3aiuu B MOJIOCTH PTa €€ TPYJHO AUArHOCTUPOBATH BCJIEACTBHE MOP(HOIOrUIeCKOro
CX0ACTBA C UCTUHHBIMHU ME3CHXHUMAJIbHBIMHU 3JI0KAUE€CTBCHHBIMU HOBOOGpaSOBaHI/IHMI/I, YTO MOXKET I1OBJICYb
BBIOOp HEaJIeKBaTHOM JieueOHOI TakTuku. Llens uccinenoBanus — MpoaHATM3UPOBATh PEIKHIA Cly4ail Bepe-
TEHOKJIETOUHO!N KapLIUMHOMBI s13bIKa ¥ OOCYAMTH adroput™ AuddepeHInanbHON AMarHOCTHUKH.
Mamepuaner u memoowl. [IpeacTaBieHO KIMHAYECKOS HAONIONCHUE MalueHTa 56 JeT ¢ 3K30()UTHBIM 00-
pa3oBaHMEM $53bIKa, IEPBOHAYAIBHO PACIICHEHHBIM KaK JieiioMrocapkoMa ¢ pacnanoM. [IpoBeieHo maro-
JIOTOAHATOMHYECKOE MCCIICJOBAHUE OMEPANMOHHOTO MaTepuaia ¢ IPUMEHCHUEM PYTUHHBIX U UMMYHO-
THUCTOXUMHUYECKUX MeTO/0B. [l BepuuKanuu UCIoIb30BaHbl aHTHTENA K p63, pl6, MaHIUTOKEPATUHY,
LUTOKEpaTHHY 5/6, TIaIKOMBIIIEYHOMY aKTHHY, BAMCHTHHY, 1€CMHHY.

Pesynemamur. Omyxons mpeacTaBisuia co00i cepoBaTo-0elblii ¢ OyphbIM KparoM KPOIIAIIHKACS Y3€T C HH-
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Spindle cell carcinoma of the tongue: a case report with clinicopathologic
and immunohistochemical findings

A.A. Rogozina®?, A.A. Votintsev'?, E.D. Khadieva’, E.V. Malakhova’

'Khanty-Mansiysk State Medical Academy, Khanty-Mansiysk, Russia
2District Clinical Hospital, Khanty-Mansiysk, Russia

Abstract. Introduction. Spindle cell carcinoma is a rare and aggressive type of squamous cell carcinoma that,
when located in the oral cavity, poses significant diagnostic challenges due to its morphological resemblance
to genuine malignant mesenchymal neoplasms. Misdiagnosis may lead to inappropriate treatment decisions.
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This paper presents clinicopathologic findings of a rare case of spindle cell carcinoma of the tongue and
proposes a differential diagnostic algorithm.

Materials and methods. A 56-year-old male patient presented with an exophytic tongue mass that was
initially diagnosed as leiomyosarcoma with necrosis. We examined the surgical specimen using routine
histological and immunohistochemical methods. Immunohistochemistry was performed using antibodies
against p63 (clone 4A4), p16 (clone E6H4), pan-cytokeratin (pan-CK, AE1/AE3/PCK26), cytokeratin 5/6
(clone D5/16B4), smooth muscle actin (SMA, clone 1A4), vimentin (clone V9), and desmin (clone DE-R-11).
Results. Gross examination revealed a grayish-white, friable nodule with brownish mottling and infiltrative
growth. Histologically, the tumor exhibited a biphasic architecture consisting of a superficial well-differ-
entiated squamous cell carcinoma and a deeply invasive spindle cell proliferation arranged in fascicles and
herringbone patterns. The spindle cell population demonstrated diffuse cytoplasmic expression of CK5/6
and SMA, nuclear expression of p63, co-expression of pan-CK and vimentin, with predominant vimentin
staining. The tumor was negative for p16 and desmin. Morphological and immunophenotypic findings sup-
ported the diagnosis of spindle cell squamous cell carcinoma of the tongue.

Conclusion. This case highlights the diagnostic challenges posed by spindle cell carcinoma and underscores
the importance of immunohistochemistry in confirming epithelial differentiation and excluding sarcoma. An
extended immunohistochemistry panel is essential for accurate differential diagnosis, appropriate treatment
selection, and prognostic assessment.

Keywords: spindle cell carcinoma, sarcomatoid carcinoma of the tongue, differential diagnosis, epithelial-
mesenchymal transition
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BBenenue

3noKkauecTBEeHHbIE HOBOOOPa30BaHHs OPraHOB POTOBOM
MOJIOCTH OCTAIOTCS aKTyaJIbHOM IpoOieMoii COBpEMEHHOU
oHkosoruy. CTaH1apTU30BaHHBIM NIOKa3aTelnb 3a00eBae-
MOCTH pakoM mnonoctu pra B Poccuu B 2024 rony cpenu
MY>X4uH coctaBui 6,09 cnyyas Ha 100 Teic. HaceeHuUs,
cpenu xeHmuH — 2,50 ciyuas Ha 100 ThIC. HaceneHuUs,
IIPU 3TOM AEMOHCTPUPYs cpeaneronosoit npupoct 0,44%
Jutst it oboero nona. B 2024 rogy B Poccun 3apeructpu-
poBano 10 104 HOBBIX ciyyasi paka CIM3UCTONH 00OJIOUKH
MOJIOCTH PTa, IIPU 3TOM CpeIHUI Bo3pacT 3abomneBmux (6e3
ydera nona) Oew1 61,9 roga [1].

I110CKOKJIETOUHBIM TUCTONIOTHYECKUN BapUaHT paka
cocrasiseT 10 90% Bcex 3710Ka4eCTBEHHBIX HOBOOOPa30-
BaHUU CIM3UCTON 0007104KH TosIocTH pra [2]. Cpenu ero
TUCTOJIOTHYECKHUX Pa3sHOBUIHOCTEH BCTpedaeTcs BepeTe-
HOKJIETOYHAs KaplMHOMa, TaKKe U3BECTHAsI KaK CapKo-
MaToHIHas KapLKUHOMA, IpeACTaBisomas codoif BecbMma
PEAKyI0 U OYeHb arpecCcuBHyI0 (GOpMy HEOIUIa3uH, Ha
JIOJTEO KOTOPOii MpUX0OIUTCs MeHee 3% Bcex ciydaes Iioc-
KOKJIETOUHBIX KapIIMHOM TOJIOBBI U 1IeH [2].

JlaHHBII THCTONOTUYECKUI BapUaHT paka XxapakTepu-
3yeTcs HaJIMYMEM BEPETEHOBHIHBIX OMYXOJEBBIX KIETOK
SMUTETUATBHOTO TUCTOTeHe3a, CUMYJIUPYIOIIUX capKoMa-
TOMJIHBIA KOMIIOHEHT. PaHee cylecTBOBalM THIOTE3HI O
ME3eHXUMAaJIbHOI IPUPOIE BEPETEHOBUIHBIX KIETOK, OITY-
XOJIb CUMTANIM CMeIIaHHOH. B HacTos1ee Bpems, 0JJHaKo,
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UMEETCsl JOCTaTOUHO JIOKA3aTeNIbCTB, YTO HEOIIacTuie-
CKH€ KJIETOUHBIE HIIEMEHTBI IJIOCKOKJICTOYHOTO PaKka MOTYT
JuddepeHIMpoBaThCS B CTOPOHY KIETOK C ME3EHXUMATb-
HBIM (PEHOTHIIOM (Kak pe3ynbTar neanddepeHunpoBKn).
MonekynsipHbIe UCCIIEAOBAaHUS MOKA3aJId BO3MOXKHOCTh
SBOJIOLUY CApPKOMATOMTHOTO KOMIIOHEHTA U3 TIOCKOKJIE-
TOYHOTO KOMITOHEHTa [3].

AKTyanbHOCTb IpoOseMBbl nmaroMopdonoruyeckoi
JUArHOCTUKU BEPETEHOKIIETOYHOTIO paka si3bIKa 00yCIJI0B-
JICHA €ro BBIPAXEHHBIM MOP(OIOrHUECKUM CXOJCTBOM C
WUCTHHHBIMU MATKOTKAHHBIMU CapKOMaMH U IPYTUMHU Me-
3CHXUMAJIBHBIMH HOBOOOPA30BaHUSIMU, YTO MOXKET CO3-
JIaBaTh 3HAYUTENbHBIE TUATHOCTHUECKUE TPYAHOCTH [4].
BepeTeHoK/1eTOUHBII KOMIIOHEHT 3TOM KapIIUHOMBI, Oy/1y-
Y1 [I0 CBOEMY THCTOTCHE3Y AMUTETHAIBHBIM, ()eHOTHITHYE-
CKH UMHTHUPYET TKaHb ME3EHXUMAIIBHOTO POUCXOXKICHHS,
YTO IPU OTCYTCTBUHU YETKHUX IMPU3HAKOB IJIOCKOKJIETOY-
HOU nuddepeHIINPOBKE MOXKET NPUBECTH K OMNOOUHOMN
JIMarHOCTHUKE JAHHOM HEOIJIa3Mbl KaK CapKOMBI, TEHOMHO-
CapKOMBI WJIX 3JI0KaYeCTBEHHOH (uOpPO3HOI rHCTHONH-
ToMHI [5]. HeBepHBIii MaTonOroaHaTOMMYECKUNA IUarHo3
BJI€YET 3a COOOH BHIOOD HEAJAEKBATHOW TAKTHKH JICUCHHUS,
MOCKOJIBKY IPUHIMIIBI XUPYPIrHUECKOr0 U JTydIeBOTO Je-
YEeHUS KapIIMHOM U CapKOM TOJIOBHI U IIIEH CYIECTBEHHO
paznuuatores [5]. Takum obpazom, TouHas Bepuduka-
U] AMAarHO3a BEPETEHOKIETOYHON KapLIIMHOMBI A3bIKa C
IPUMEHEHHEM UMMYHOTHCTOXHMMHUYECKOTO H, B CIIOPHBIX
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CITy4asx, MOJIEKYJISIPHO-T€HETHUECKOTO aHaJIn3a ABJISIeTCA
KPUTHYECKU BaXKHOM IS ONIpeIesIeH s POrHO3a U CTpa-
TErny BeICHUS MalueHTa.

OnyXxoJib BOBHUKAET B BEPXHEM JbIXaTeJIbHOM M MH-
LIeBAPUTEIBLHOM TpakTe, Hanbosee yacTo B pOTOBOH IO-
noctu u ropranu. Cpeau pakTopoB prcKa YKa3bIBalOT Ta-
OaKoKypeHue, 3110yoTpedIeHHe alKoroiaeM, BO3IeHCTBHE
BHpYCa ManUIOMbI YeJIOBEKa BHICOKOOHKOT€HHBIX THUIIOB
(mpeumymiecTBeHHO TUMA 16 1 18), a Takke XpoHHUE-
CKYI0 MEXaHMYECKYIO TPaBMY CIM3UCTOM 00010uKH [6, 7].
CapkoMaTouJIHbIE KapLIMHOMBI Pa3BUBAIOTCS B OCHOBHOM Y
MY>KYMH HOKHAJIOT0 BO3pacTa, MPEUMYLIECTBEHHO B ISTOM
WY TIECTOM AECATUIICTHH KHU3HU. OMyX0Jb B pOTOBOM I10-
JIOCTH YacTO MOPaxaeT SA3bIK, AIbBEOJISIPHYIO CIIU3HUCTYIO
000JI04KY, CITM3UCTYIO 000JIOUKY IIEUHBIX 00IacTe, ryobl,
JTHO TIOJIOCTH pTa. OCHOBHBIE jKa100bI MaLlMEHTOB — OTEK,
0o1b, mapecTesus, IEPCUCTUPYIOLIEE UIbA3BICHUE, KPOBO-
TeueHre. MaKkpOCKOITUUECKH OITyX0JIb MPEACTaBIsIeT CO00i
9K30()UTHBIE MOJIUITOBUHBIE MACCHI C IVIAJIKON WA N3bA3B-
JIEHHOM MOBEPXHOCTHI0. OTCYTCTBHE MaTOTHOMOHUYHBIX
KIIMHUYECKUX CUMITOMOB IPUBOJUT K TOMY, YTO TEPBO-
HayaJlbHBIA TUAarHO3 YacTo POPMYIUPYETCs Kak «I00po-
KaueCTBEHHasl OIYXOJIby, «a0ciecc» Uil «capkoMay [4].

MopdoreHes capkoMaTOUIHBIX KapLIUHOM POTOBOM
MOJIOCTH YacTO CBS3BIBAIOT C SIBJICHHEM DIUTENNAIbHO-
Me3eHxuMansHoro nepexona [8]. Ilpu manHOM Tporecce
SMUTETUANIbHBIE KIETKH TePAIOT MOJMSAPHOCTh U MEXKKJIe-
TOYHBIE KOHTAKTHI (3a cueT AayH-perynsinuu E-kaarepuna),
npuoOpeTas GeHOTUIT COSTUHUTENTLHOTKAHHBIX KIIETOUHBIX
3JIEMEHTOB C TIOBBILICHHON MOABUKHOCTBIO Y MHBA3HUBHBIM
noreHIuanoM [8]. B pe3ynbrare BO3HUKAET MOMYJISAILUSL
OIIYXOJIEBBIX KJIETOK, SKCIPECCUPYIOUINX ME3EeHXUMAab-
Hbele UMMyHoructoxumudeckue (UI'X) mapkepbl (BUMEH-
THH) NP OAHOBPEMEHHOH MOTepe IKCIPECcCHH KIACCH-
YECKUX JMUTENHUATIBHBIX MapKepOB (IUTOKEPATHHBI) WIN
COXpaHEHHH UX B BUE (DOKAIBHOM MO3UTUBHOCTH.

MopdoreHes BepeTeHOKIETOYHOM KapIIMHOMBI Xapak-
TepusyeTcs ABYX(a3HON TMCTOIOTHYECKOW KapTHHOM.
CormacHO 5-My U3[aHUIO KiaccU(HUKaLUU OIyXoueil ro-
JIOBBI U 1Ieu BceMupHO# opranu3anuu 31paBoOXpaHeHMs]
(BO3, 2022), BepeTeHOKIETOYHAS KAPIIMHOMA OTHOCHUTCS
K TIOJTHUIAM TUIOCKOKJIETOYHOTO paka M OTIMYaeTCs Ha-
JIUYHEM 3JI0KaYeCTBEHHOTO BEPETEHOKIETOYHOTO KOMIIO-
HEHTa, KOTOPBIA MOXET aCCOIMUPOBATHCS C yU4aCTKaAMHU
KJIACCUYECKOM TUIOCKOKJIETOYHON KapIIMHOMBI WIIA Kap-
LIMHOMBI in Situ. B pssie ciydaeB MI0CKOKIETOUHBIN KOM-
MTOHEHT MOXKET OBITh KpaliHe CKYIHBIM UJIH OTCYTCTBOBAaTh
B OMOIITaTe, YTO CYLIECTBEHHO 3aTpyIHSIET TUATHOCTH-
Ky [9]. BepeTeHOKIIETOUHBII KOMIIOHEHT IPEACTaBISIET CO-
0ol mpomuQepanuio aTHIMHYHBIX BEPETEHO0OPa3HBIX WIIH
TUIEOMOPQHBIX KIETOK, PACIIONOKEHHBIX OECIOPSI0YHO,
(hOpMUPYIOUINX MYYKH WU CTPYKTYPHI THIIA «EIOUKH.
CrpoMa B pa3HbIX yuacTKax OITyXOJIEBOTO y3Jia MOXKET ObITh
MUKCOMATO3HOMH, TUIIO- WU TUIEPKIETOYHOMN. SnepHblii
MOIUMOP(PU3M KJIETOK BBHIPAKEH YMEPEHHO WIIM 3HAYH-
TENbHO, MUTOTHYECKAs! aKTUBHOCTh BBICOKAs, HEPEIKO
BCTPEYAIOTCs aTUIUYHbIE MUTO3BI [3]. MoryT npucyTCcTBO-
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BaTh CTOPU(OPMHBIE YIACTKU WM YYaCTKH MHOTOSIIEPHBIX
THTaHTCKUX KJIeTOK. Hapsimy ¢ 3THM omucaHsl cirydau ¢
0CTeo- MM XoHApobmacTuyeckol auddepeHTIpPoBKOH
(KaK 3JI0KauYeCTBEHHOM, TaKk U T0OPOKaueCTBEHHON ).

B xmaccudukanu BO3 nmomyepkrBaeTcs, 4To capKo-
MaTOUIHBIA KOMIIOHEHT MOXXET UMUTHPOBATh Pa3IndHbIC
CapKOMBI, BKJIIOYAs IIICOMOPGHYIO CapKoOMy, JeHoMHuo-
capkoMy WM Heau(pEepeHIIUPOBAHHYIO IIIEOMOPPHYIO
CapKoOMY, 4TO TpeOyeT 00513aTeIbHOTO MPOBEICHUS HMMY-
HOTHCTOXMMUYECKOTO UCCIICJOBAHNUS JJISI IIOATBEPKICHUS
SMUTENNATBHON PUPOIBI o1ryXoiH [9]. CapkomMaTouIHbIHN
KOMITOHEHT BapHa0eIbHO 3KCIPECCUPYET BUMEHTHH, ITaH-
uTokepatuH (pan-cytokeratin, pan-CK), snuTtennanbHbIit
MeMOpanHbl anTureH (epithelial membrane antigen,
EMA), p63 unu p40, a Takke IMagKOMBIIICYHBIA aKTHH
(smooth muscle actin, SMA) [10].

JleueHne BepeTEHOKIETOIHON KapIIMHOMBI IIOJIOCTH PTa
COCTOUT B XMPYPIHUECKOH PE3EKINH OIyXOIH OTICIBHO
WJIM B COYETAHUU C JIyueBOU Tepanueil. JlanHble nurepa-
TYpHI TTIOKa3bIBAIOT, YTO BEPETCHOKICTOYHAS KapIIMTHOMA
MMEET XyIIINH IIPOTHO3 B CPABHEHHH C TUITHYHBIM ITIOCKO-
KJIETOYHBIM pakoM [2]. Tem He MeHee JaHHBIE TOCTATOYHO
BaprabenpHEl. Hampumep, B HEKOTOPBIX UCCIIETOBAHMIX
OTMEUEHO, 4TO 5-neTHAs BbpKuBaeMocTh B CIIA npu Be-
peTeHoKIeTouHOM KapunHome cocrasisier 40,2% [11].

Ilenp HACTOSIIIIETO MCCIIEIOBAHUS — IIPEACTABUTH KIIH-
HUKO-MOP(OJIOTHYSCKHIA aHAIHM3 PEIKOTO Cliydas Bepe-
TEHOKJICTOYHOH KapI[THOMEI SI3bIKA Y MY)KIHHBI 3PEJIOTO
BO3pacTa C paCCMOTPEHUEM CIIOKHOCTEH TUarHOCTHKU
JTaHHOM MaTOJIOTHH.

Marepuanbl 1 METONBI

UccnenoBanue npeacrasiser co0oi onucanue Kiu-
HUYECKOTO ciyyas. Mcrnonb30BaHbl JaHHBIE UCTOPUH
Oose3Hu (pe3ynbTaThl KIMHHUYECKOTO 00CIeq0BaHUA
U MpeonepaluoHHON MOATOTOBKH), @ TAKXKe OIepaluoH-
HBI MaTepuan nanueHta B., 56 net, neunBierocs B OT-
JieJIeHud a0IOMUHAIBHOM U TOpaKaJbHOM OHKOJIIOTHU BY
XMAO — HOrpsl «OkpyKHas KIMHUYECKas OOIbHULA
B aexabpe 2023 roga. [IpoBespeHre HayqYHOrO MCCIIEN0-
BaHMs 0f00peHOo 3THYecKuM komuTeToM BY XMAO —
Orpo1 «OxpyxHas KIMHHYECKas O0NbHULAY (TIPOTOKOI
Ne 5 or 28.03.2024). OT manueHTa Mmoily4eHo J100po-
BOJIbHOE MH(OPMHUPOBAHHOE COTNIacue Ha MyOIMKaluio
KIIMHUYECKUX JaHHBIX U PE3YIbTAaTOB FMCTOJIOTHYECKOTO
uccienoBanus. OnepanroHHbIA MaTeprall (pUKCHpOBaIH
B 10% HeirpansHoM 3a0ydepennom Gopmanune. [locine
MaKpOCKOIIUYECKOTO OMUCAHUA U U3MEPEHUS TapaMeTPOB
HOBOOOpa30BaHUs BBITIOJIHSIIA BBIPE3KY (hparMeHTOB ¢
MOCNENYIoIel MPOBOJAKON 1O CTAHAAPTHOM TMCTONIOTH-
yeckoil Meroauke. OOpa3Lpl 3anuBaiu B napaduH, u3-
TOTaBJIMBAJIM CPE3bl TONLIMHON 4—5 MKM U OKpaIluBaIH
reMaToKCWJIMHOM U 303uHOM. UI'X-uccnenosanue npo-
BOJAWJIN Ha mapa(uHOBBIX Cpe3ax C HCIMOIb30BaHUEM
MEePBUYHBIX MOHOKJIOHaNbHBIX aHTUTEN: CK5/6 (ki1oH
D5&16B4) (Roche, I'epmanus), p63 (kmon 4A4) (Roche,
I'epmanust), SMA (xnon 1A4) (Roche, I'epmanust), pan-CK
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(xnmon AE1/AE3/PCK26) (Roche, I'epmanust), BuUMeH-
tuH (xk10oH V9) (Roche, I'epmanus), pl6 (xmon E6H4)
(Roche, I'epmanus) u necmus (ko DE-R-11) (Roche,
I'epmanmus). Busyanuzarmio ocyIecTBISIIN ¢ UCTIONB30Ba-
HueM cucremsl gereknun Dako EnVision FLEX (Agilent
Technologies, lanus). OueHKy peakiuy MPOBOAWIN ITO-
JTYKOJTMYECTBEHHBIM METOJIOM C Y4€TOM WHTEHCHBHOCTH
OKpAIlIMBaHMs (OTpULIATENbHAS, YMEPEHHas, BRIpayKEHHAs)
U eT0 JIOKTU3aLH (IMTOIUIa3MaTHYeCKas, saepHast, MeM-
OpanHas). [lMarHo3 ycTaHaBIMBaJId Ha OCHOBAaHWH aHAITH3a
THCTOJIOTHYECKOH CTPYKTYPBI OITyXOJIH H MMMYHO(EHOTH-
1a B cooTBeTcTBUH ¢ kpurepusmu BO3 [9]. CragupoBanue
npoBoawn 1o cucteme TNM (tumor, nodus, metastasis,
8- penmaxuus). s KonupoBaHUs HO30JIOTHUECKOi (POpPMBI
ucrons3oBaii cucreMy ICD-O (International Classification
of Diseases for Oncology, MexxnyHapoaHas kiaccugpuka-
st OoJIe3HeH 111 OHKOJIOTHN).

Knunnyeckoe Habmogenme

[amwment B., 56 net, cauraet cedst OOIBHBIM C aBrycTa
2023 rona, koraa nocie JeueHus 3y0O0B OTMETHII OSIBJIEHUE
o0pa3oBaHus Ha fA3bIKE, OTMEYal POCT HEOILIa3Mbl, OOJIb
B 00J1aCTH s13bIKa MPH MIOTaHUH. [10 MECTy XKHUTEIbCTBA
BBINOJTHEHA OUOTICHS OITYXOJIH SI3bIKA C OCIEAYIOINM UM-
MYHOTHCTOXUMHYECKHUM UCCIIEIOBaHNEM. 3aKITI0YEHHE O
pe3yasraraM o0ciiefoBaHus: MOp(OIOrHYecKas KapTuHa
COOTBETCTBYET JIEHOMHOCAPKOME C PAaCHaJoM.

IIpu npoBeneHnN MyIBTUCIUPATIEHON KOMITBIOTEPHOM
ToMOrpad Uy s3bIK ACUMMETPUYEH, JOINOTHUTENbHBIN 00b-
€M C HepaBHOMEPHBIM KOHTPACTHUPOBAHUEM II0 MTPABOMY
KOHTYPY 10 2,0%1,5 cM; mogbopoaoYHble U MOJIHUKHE-
YENIOCTHBIE TUM(paTHIeCKue Y375l 10 1 cM, COXpaHHOM
CTPYKTYPBIL.

IIpu ocMoTpe Ha GOKOBOM MMOBEPXHOCTH S3bIKA CIpa-
Ba OJMXe K KOPHIO OTMEUEHO INIOTHOE 3K30(UTHOE 00-
pazoBaHue 10 3 CM Ha MIMPOKOH HOXKKE; TOBEPXHOCTD
CHHIOIIIHOTO IIBeTa, OyrpUcTasi, C U3bA3BICHUEM; S3bIK HE
MHQUIBTPUPOBAH.

m‘
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Puc. 1. Tucronormyeckoe CTpOSHHE IIOCKOKIETOYHOTO
KOMIIOHEHTA (COJIHIHBIA NaTTEPH) 31I0Ka9€CTBEHHOTO
HOBOOOpa30BaHUs A3bIKa (cmpenku). Okpacka
reMaTOKCHUJIMHOM M 03UHOM. MacIuTaOHbIi 0Tpe3ok
100 Mxm

Histological features of the squamous cell component
(solid pattern) of spindle cell carcinoma of the tongue
(arrows). H&E stain. Scale bar: 100 pm

Fig. 1.
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[o perenm0 KOHCHITYMa OHKOJIOTOB JIUTSI IPOBEICHHS
XUPYPrHUUECKOro JeYeHUs MalueHT B fekadpe 2023 roxa
OBl TOCMIUTAIIU3UPOBAH B OTAENCHHE abJOMUHAIBHON
1 TOPaKJILHOW OHKOJIOTHH OKPYXHOM KIIMHUYECKOH O0JTb-
HUIIBI C TMarHO30M «JIeHOMHOcapKkoMa MpaBoil 60KOBOM
MOBEPXHOCTH s13bIka ¢ T2NOMO, craaus II».

OmnepaTruBHOE J€YEHHE — TeMHITIOCIKTOMHUS CIIPaBa,
TUM(pOANCCEKINS BEPXHEIISHHBIX Y3JI0B CIIpaBa — IIpo-
BeIeHO B ekabpe 2023 roga B monHoM o0bemMe, 6e3 0co-
OGeHHOCTEH.

Pe3ynbrarhl 1aT0JI0r0aHaTOMUYECKON AMAarHOCTUKH:
TP MaKpOCKOIIMYECKOM HCCIIEIOBAHUHU OIIEPAlHOHHOTO
MaTepualia rnpasas ojoBuHa s3bika 8,0%4,0%4,5 cM ¢ Ha-
JU4MeM Ha OOKOBOH MOBEPXHOCTH OJIMIKe K KOPHIO Oyrpuc-
TOr0 00pa30BaHMs B BUJE KPOIIANIEToCs y3Ja pasMepoM
4,0%3,5 cM, BO3BBIIIAETCS HaJl TOBEPXHOCTHIO HA 2 CM; BU-
3yaJIbHO Ha pa3pese y3el Oeneco-cepblil ¢ OypbIM KparoMm.

[Ipy MUKPOCKOTIMYECKOM HCCIIEJOBAaHHH OITYXOJIb
si3bIKa TUMOp¢HOTO cTpoeHus. YacTh HOBOOOpa3oBaHUS
(conuaHbIi MAaTTEpH) NpeACTaBICHA IONSIMH, TSKAMH,
THE3/1aMH U3 aTUIIHYHBIX TTOJIUTOHAIBHBIX KIIETOK C IJI0C-
KOKJIETOYHOW TuddepeHInpoBKol, ydyacTKaMH HEKpo3a
(puc. 1). BeisiBiieHBI NIepHBacKy/IsIpHas, IEpHHEBpAIIbHAS
WHBA3Ms, OIyX0JIeBbIe 9MOOJIbI. J[pyras 4acTs Oomyxosu
(BepeTeHOKIIETOUHBIN TTaTTEpPH) MpeICTaBlIeHa Xa0THY-
HBIMHU TSDKaMH, Ty4KaMH M3 BEPETEHOBHUJIHBIX YMEPEHHO
HOJIUMOP(HBIX KIETOK C THIIEPXPOMHBIM SAPOM, HAJIH-
YreM MHUTO30B (puc. 2). BeisBiseTcs HHBa3us B ronepey-
HO-TIOJIOCATYFO MBIIICYHYFO TKaHb s3bIKa. [ paHuna Mexy
THCTOJIOTHYECKUMH KOMIIOHEHTAMH B OITYXOJIEBOM Y3JIe
HeveTkas. PocT ormyXxounu 1o kpasiM pe3eKIiu He BBISBIICH.

[Ipyn UMMYHOTHCTOXMMHYECKOM HCCIIEIOBaHUU KIIET-
KH 000X T'MCTOJIOTHYECKHX MAaTTEPHOB C BBIPAXKCHHOU
nuddysHoi nuToruazMarndeckoit peaknueit Ha CK 5/6
(puc. 3), yMepeHHOI U BBIpaXXEHHOH siAepHOl Ha p63
(puc. 4). B nuTomaszme KI€TOK BEpETEHOKIETOYHOTO KOM-
MOHEHTA yMEepEeHHas U BhIpayKeHHas peakuust Ha SMA, ot-
CYTCTBYIOIIas B COJIUIHOM IIaTTEPHE HEOIUIa3MBI (pucC. 5).

Puc. 2. Tucronormieckoe CTpOSHHE BEPETEHOKIETOIHOTO
KOMITOHEHTA (CapKOMaTOUIHBIN TaTTEPH)
3JI0KaYeCTBEHHOTO HOBOOOPA30BaHMUS SI3BIKA (CMpenKa).
Oxpacka reMaTOKCHJIMHOM M 203MHOM. MacutaOHbIi
orpesok 200 MkM

Histological features of the spindle cell (sarcomatoid)
component of spindle cell carcinoma of the tongue
(arrow). H&E stain. Scale bar: 200 pm

Fig. 2.

Tom 15 Ne 4 2026



KIIMHWYECKUE HABTIOOJEHA

Puc. 3. IMMyHOTCTOXHMHYECKHI MTPOQUITH KapIITHOMBI
s3bIKa. OTMedaeTcs BeIpakeHHast Tuddy3Has
LUTOIIa3MaTHYECKasl peakys Ha HUTOKEepaTHH 5/6
(ko D5&16B4) B onyxoneBbIx KieTkax. MacimTabHbIi
otpe3ok 500 Mxkm

Fig. 3. THC staining for cytokeratin 5/6 (clone D5&16B4)
showing strong diffuse cytoplasmic expression in tumor
cells. Scale bar: 500 pm

pan-CK u BumenTHH (V9) BBIABICHBI B LIUTOILIa3ME OITY-
XOJIEBBIX KJIETOK: BEPETEHOKIIETOUHbIII KOMIOHEHT JKC-
npeccupyet Ooee BRIpaKeHHO BUMEHTHH (puc. 6), MeHee
BeIpakeHHO pan-CK. OmyxoneBbie KIeTKH 000UX TUCTO-
JIOTUYECKUX MATTepHOB He pearupyior Ha pl6 (E6H4)
u aecmuH (DE-R-11).

ITaTorucTonoruyeckoe 3akjIOUeHHE Ha OCHOBaHUU
MHKPOCKOITMYECKOTO 1 NUMMYHO(EHOTHITNYECKOTO HC-
CIIEeZIOBaHMSI: KAPTUHA COOTBETCTBYET ILIOCKOKIETOUHOM
KapIIMHOME $5I3bIKa, BEPETEHOKIJIETOUHBIH BapUaHT (CHHO-
HHUM: capkomaroujHas kapnuHoma), ICD-O code 8074/3,
pT2NO(+).

Ilo naHHBIM MJIAHOBOT'O TUCTOJIOTUYECKOTO UCCIENO0-
BaHMA Kpasi Pe3eKLUN CBOOOTHBI OT OIIyXOJIEBOTO POCTA;
MEeTacTaTH4eCcKoe IopakeHHe TMM(paTHIECKUX Y3JI0B He
BoIsABNIEHO (pNO). ITocneonepaninoHHbII epUO MPOTEKa
6€3 OCJIOXKHEHUH, MalleHT BBIUCAH Ha 8-¢ CYyTKU MOCIe
onepauuy. Haxonures nog AMHAMUYECKUM AUCIIAHCEPHBIM
HaOmoneHueM. I1pu KOHTPONBHOI MO3UTPOHHO-IMUCCUOH-
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Puc. 5. IMMyHOTHCTOXUMHYECKHIA TPO(HITH KapIIITHOMBI
s13bIKa. OTMeuaeTcs yMepeHHas U BhIpayKeHHast
LUTOIUIa3MaTuueckas peakuus Ha SMA (kinon 1A4)

B KJIETKaX BEPETCHOKJIETOYHOTO KOMIIOHEHTA.
MacmTa6nsrit orpe3ok 100 MkM

Fig. 5. Moderate to strong cytoplasmic expression of SMA
(clone 1A4) in the cells of the spindle cell component.
Scale bar: 100 um
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Puc. 4. IMMyHOTHCTOXHMHUYECKHH MTPOQIIIH KapIIHOMBI S3bIKA.
OTMeuaeTcs yMepeHHas! U BEIpaKeHHAs sIepHas peakIys
Ha p63 (x10H 4A4) B OIyX0JI€BbIX KiIeTKax. MacmTaOHbIH
otpe3ok 200 MKkM

Fig. 4. Moderate to strong nuclear expression of p63 (clone 4A4)
tumor cells. Scale bar: 200 um

HOI TOMOTrpaduu, COBMEILEHHOH ¢ KOMITBIOTEPHOI TOMO-
rpacduei, BRIOTHEHHOH uepes 4 Mecslia Iocie onepauu
(mapt 2024 rona), AaHHBIE 33 PETUOHAPHBIN PELUINB UK
OTJaJIEHHOE MeTacTa3upoBaHue He noiaydyeHsl. [Inanosoe
HaOJI0IeHNE POAOIIKACTCA.

O6cyxpaeHue

YcTaHOBIIEHHE JUArHo3a «capKkoMarouaHas (Bepe-
TEHOKJIETOUHAsl) KapLIUHOMA) UMEET P CIOXKHOCTEH.
OCHOBHBIE TIPOOIEMBI IIPH TATOJIOr0AHATOMUIECKOM JTar-
HOCTHKE COCPEIOTOYCHBI Ha MOP(OIOTHISCKOM U HMMYHO-
(deHOTHIIYECKOM YpOBH:X. Ha cBeToOnTHYECKOM ypOBHE
BEPETEHOKIETOUHYIO KaplIMHOMY HeoOxoaumMo nuddepen-
LUPOBAaTh OT BEPETEHOKIIETOYHOIO BapuaHTa MeJaHOMBI,
NeHOMHOCAapKOMBI, 3I0Ka4eCTBEHHOW TepueprIecKon
IIBAaHHOMBI, GUOPOCapKOMEI, HOAYISIPHOTO (PacuuuTa,
370Ka4ecTBeHHON (hnbpo3HO# ructTruonuToMs!I [10].

JuddepeHnnanbHyo TUarHOCTUKY TPH OTCYTCTBUU
MJIOCKOKJIETOYHOTO KOMIIOHEHTa OOBIYHOTO CTPOEHUs

Puc. 6. IMMyHOTHCTOXHMHYECKHI MTPOQUITH KapIITHOMBI
si3pika. OT™euaercs auddy3Hast BeIpakeHHast
LUTOIJIa3MaTUYECKasl peakiys Ha BUMEHTHUH (KJIOoH V9)

B KJIETKaX BEPETCHOKJIETOYHOTO KOMIIOHEHTA OITYXOJIH.
MacmraGusiii orpe3ok 200 MkM

Fig. 6. Diffuse strong cytoplasmic expression of vimentin
(clone V9) in the spindle cell component.
Scale bar: 200 pum
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B MIEPBYIO O4Yepeab MPOBOAAT C HOAYIAPHBIM (haCIIUUTOM
u neiiomuocapkomMoid. IIpu HonynsapHOM acuuuTe MOTyT
HAOTIONATHCS TUICOMOP(H3M KIECTOK U IOBBIIICHUE MHUTO-
TUYECKOH aKTUBHOCTH, OTHAKO (PUTYPhI MUTO30B (PH3HO-
JoruyHble, 0e3 aTUNHHU. AHAJIOTMYHO PEaKTUBHBIE BOC-
NaJUTeNIbHbIE MPOLIECCHl (HanpuMep, TpaHyIsaLuOHHBINA
TMIOJIUIT) MOTYT UMUTHUPOBATh OMYXOJb.

Juddepenpopars capkOMaTOUAHYIO KAPLIUHOMY OT
JIeiOMHUOCapKOMBI HJTH (prOpocapkoMbl TpynHee. CapKOMBI
3a4acTyl0 HE BOBJIEKAIOT MOKPOBHBIN MUTENUNA U HE BbI-
3bIBAIOT U3bS3BICHUA. B CIIOXKHBIX Cllydasx OMUMO py-
TUHHOTO OKpaIllMBaHUs HEOOXOIMMO HCIIOIb30BaHUE UM-
MYHOTHCTOXMMHUYECKUX MapkepoB. KitoueBoe 3HaueHue
B auddepeHnnanbHON TuarHocTuke NpuoodpeTaeT BEIOOP
SAJIEPHBIX MapKePOB INTOCKOKIETOUHON Tu(PepeHIpOB-
ku. Mapxkep p40, serstouuiica nzopopmoit p63, odnaga-
et Oosee BHICOKOH crenn(pUYHOCTHIO: B OTIHYHUE OT p63
OH KpaifHe peZiko 0OHapyKMBaeTCs B CapKoMax (BKJIIOYast
JEHOMHOCAPKOMBI, aHTHOCAPKOMBI M 3JI0Ka4€CTBEHHBIE
nepugepuyecKkue HepBHOOOOIOUEYHBIE OMTYXOJIH) U MPaK-
TUYECKH HE JIaeT JOXKHOTOJOXKUTEIbHBIX Pe3yIbTaTOB
B ME3EHXUMAaJIbHBIX HOBOOOpPa3oBaHUsIX. OTHOBPEMEHHO
C 3TUM Mapkep p63 XOTA U JJEMOHCTPUPYET 00JIee BEICOKYIO
YyBCTBHUTEJILHOCTH (0OCOOEHHO B CITy4YasiX ¢ MUHUMAJIbHBIM
TUIOCKOKJIETOYHOM KOMIIOHEHTOM ), MOXKET OBITh BBISIBIICH
B IIHPOKOM CIEKTPE CapKOM, YTO B HEKOTOPOW CTETEeHU
OTpaHUYMBAET €r0 IUArHOCTHYECKYIO LIEHHOCTh MpHU OT-
CYTCTBHH KJIACCHUECKOTO IIOCKOKIETOYHOTO KOMIIOHEHTA.

Taxxke B Kpyr 3a00JIeBaHUM ISl UCKIIOUEHUsSI Bepe-
TEHOKJIETOYHOH KapIIMHOMBI BKIIIOYE€HA BOCIAIUTEIbHAS
MuohudbpodIacTHueckas omyxonb. JlaHHas TaTOJIOTHA Xa-
paKTepu3yeTcs OTCYTCTBUEM SIUTENNATLHOTO KOMIIOHEHTA
PpU UMMYHO(DEHOTUITUPOBAHUH OITYXOJIH.

B wactu cinydaeB MpOBOIMUTCS pa3TpaHUUYEHUE C
MEeJIaHOMOW CJIIM3UCTON 000JIOYKH POTOBOI MOJIOCTH.
BepereHoKIIeTOUHBIN BapUaHT MEIAHOMBI XapaKTepU3y-
eTCA HaJlMYMeM MENKOIMETEeIbHOTO XpOMAaTHHa B sAapax
OTIYXOJIEBBIX KJIETOK, SIPKO BBIPQXKCHHBIMU SIIPBIIIKAMU
Y HEePEJIKO BHYTPHUAEPHBIMU BKIFOUEHHUSIMH; KJISTKH JKC-
npeccupyrot Mapkepsl S-100, HMB45, uto no3Bossiet uc-
KITIOUUTh POCT BEPETEHOKIIETOYHON KapIIMHOMBI.

3akmroueHne

BeperenokieTounas kaprimHOMa sI3bIKa TIPEJICTABISIET
€000 AMarHOCTUYECKYO JIOBYIIKY JIJISI [TaTOJIOrO0aHATOMAa
Y KIIMHUITUCTA, TPEOYIONIYI0 BRICOKOW HACTOPOKEHHOCTH
Y KOMIUIEKCHOTO ITO/IX0/1a. BhIsBICHNE B ONEPAIIMOHHOM
MaTepuaie y4acTKOB Mepexoja KIaCCHYECKOTO II0CKO-
KJIETOYHOTO paka B BEPETCHOKIIETOUHBIH KOMIIOHEHT
CIIY)KUT MMAaTOTHOMOHUYHBIM MPU3HAKOM, OHAKO €r0 OT-
CyTCTBHE B OMONTaTe HE MCKIIOUAET JAHHBIA JUATHO3.
NMMYyHOTHCTOXMMHYECKOE UCCIIEIOBAHNE C MapKepaMu
SNUTENAbHON nuddepeHupoBKy, pex e Bcero p40
u p63, siBiiseTcst 00s3aTeNbHBIM METOIOM BepU(DUKAIIHH.
CornacHo pekoMeHaanusIM BceMUpHOW opraHu3anuu
3/IPaBOOXPAHEHUS, TPEIOYTHTEIHLHO UCIIONIb30BaHue p40
B KOMOWHAIIUU C IIUPOKUMU CIIEKTPAMHU ITUTOKEPATHHOB
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(AE1/AE3), uto o0ecnieunBaeT 0ajlaHC UyBCTBUTEIBHOCTH
U ceuu(pUIHOCTH; TPU MUHUMAIILHOM IJTOCKOKJIETOYHOM
KOMITOHEHTE 00Jiee BHICOKYIO YyBCTBUTEIBHOCTD AEMOH-
cTpupyet p63. HecMoTps Ha THCTOT€HETHYECKOE POJICTBO
C KJITACCUYECKHUM INIOCKOKJIETOYHBIM PaKOM, BEpETEHOKJIE-
TOYHYIO KApIUHOMY CJIEAyeT paccMaTpuBaTh Kak caMo-
CTOSITETIbHBII BAPUAHT 3J10Ka4€CTBEHHBIX SIUTEIHAIBHBIX
OMyXO0Jell ¢ YHUKaJIbHBIM KIMHUKO-MOP(OIOTHYECKUM
npoduieM.
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Abstract. Acute myeloblastic leukemia is a clonal tumor disease characterized by impaired differentiation
of hematopoietic precursor cells. The article presents a clinical and morphological case of metachronous
acute myeloid leukemia in a 53-year-old man following acute promyelocytic leukemia. During the follow-
up period, acute myeloblastic leukemia subtype M2 (according to FAB classification) with t(6;11)(q27;q23)
was verified in acute promyelocytic leukemia remission. Both variants of the metachronous tumor were
confirmed by morphological, immunophenotypic, and genetic studies.
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BBenenue

Octpsiii Muenou bl seiiko3 (OMJI) — 3n0kayecTBeH-
Has OIyXOJb C JOCTaTOYHO arpecCUBHBIM TE€UEHHEM, Xa-
paKTepu3yroIascs KIIMHUYECKOH, MOp(OoIoruueckoi u re-
HETHYECKOH rereporeHHocTho0. [Ipumensemsie mpu OMII
BapHaHTHI JIUeHHUs] Ha3HAYarOT MEePCOHUPHUIIMPOBAHHO, C
Y4eTOM KJIMHUYECKHUX XapaKTePUCTHUK MAlUeHTa, TaHHBIX
MOp(}oIOTHYECKUX, Ta00PATOPHBIX M T€HETUYECKUX HC-
cienoBanuii. Ha srane nuarnoctuxu OMJI ogHoM U3 Bax-
HBIX 3a]1a4 IPeJICTaeT MPOBeIeHHE OLIEHKH OMOIOrHYeCKUX
MapKepoB JEHKeMHUECKHX KJIETOK Uil YTOUYHEHHs AU -
(hepeHInaIbHOrO TMarHo3a U BEIOOPA TAKTUKH TEpaIuu.
Mopdonoruyeckue u TeHeTHYECKUE XapaKTEPUCTHKH SB-
JISIOTCSI ONPENEIAIONIMMU JUI OTHECEHUS AllMeHTa K TOH
WY WHOW KIIMHHUKO-TIpOTHOCTHYeCcKoH rpymme [1]. Tem He
MeHee, HECMOTPsI Ha 3HaUUTeNIbHbIe JJOCTH)KEHHUS B IUar-
HOCTHKE M Tepaluu JIEHKO30B, OCTAIOTCS HEPEIIEHHBIMH
npoOeMsl o00pa 3PPEKTUBHOTO JICUCHUS PE3UCTEHT-
HBIX 1 METaxpoHHBIX Bapuantos OMIJI [2].

Knuamnyeckoe HaOnogenne

[IpencrapneH KIMHUYECKUH ciyyail 1narHosa «Mera-
XPOHHBIE OITyXOJH: OCTPBII MPOMHETOUUTAPHBIN JIEKO3
(OINT M3 no ¢paHko-aMepUKaHO-OpUTAHCKOHN Kilaccu-
¢ukanuu, FAB-knaccudukanus), MoleKyssipHas peMuc-
cus, oCTpbIi MuenobiaacTHeIN neiiko3 (OMJI M2 no FAB-
KJlaccu(uKalum), co CpokoM HabmtoneHus 35 MecsaueBy,
BBISIBJICHHBIH B CBEPIJIOBCKON 00JaCTHON KIMHUYECKOM
oonpauie Ne 1 y marenta K. 53 ner. B coorBercTBUMM C 3a-
KOHO/IaTeNbcTBOM Poccuiickoit Deneparnu ObLTO OTyde-
HO 10OPOBOJIbHOE MHPOPMUPOBAHHOE COTJIACHE MALlUEHTa
B MIOpsAJIKE, YCTaHOBJIEHHOM cTaTtbeli 20 DenepanbHOro 3a-
koHa oT 21.11.2011 Ne 323-®D3 «O6 ocHOBax OXpaHbl 3/10-
poBbs rpaxkad B Poccuiickoit ®denepannny. [IpoBenenue
Hay4YHOTO UCCIIEJOBaHUs 0I00OPEHO JOKAIEHBIM 3THUECKIM
KoMUTETOM HCTUTYTa MEIUIIUHCKUX KIETOYHBIX TEXHO-
noruit (mporokoi 3acemanus Ne 2/15 ot 17.07.2015).

3aboneBaHue Ae0IOTHPOBAIIO C MOSABICHUS CIA00CTH,
JTUXOpalKu, O0JIH B TOpJIe U TeMOPParuyecKoro CHHIpOMa
B BUJIe OOMJIbHOM eTeXUATBbHOM CBIIH, XKETYI0YHOTO KPO-
BOTEUYEHHUS, BHYTPUMO3TOBOM reMaToMbl TEMEHHOH 01
crpasa (16 mm). OOwmuii aHanmUM3 KPOBHU BBISIBUI TUTIEP-
neiikounTo3 (29 000/mMK), TSHKETYI0 aHEMUIO (YPOBEHb
reMorio0uHa 63 1/11), KpUTHYECKYIO TPOMOOIIUTONIEHHIO
(15 000/mkm). B nefikonutapaoii ¢popmyine 61acThl co-
cTaBisu 64%, atunuunaele npoMuenountsl 33%. lpu
LIUTOJIOTUYECKOM O0CIIEIOBAHUU B KOCTHOM MO3T€ BBISB-
neHo 18% OmacTHBIX KJIETOK U 74% aTUIUYHBIX POMUE-
TOUMTOB. biacTHBIE KIIETKH OBLIM CPEAHHUX M KPYIIHBIX
pasMepoB, HEMPAaBWIBHON (POPMBI, HHOTJA C HEPOBHBIM
KOHTYpPOM fAzipa. XpOMaTHH HEKHBIH, COAepKall OAHY
Hykieony. Huromnnasma 6a3odunbHas, ¢ rpy0oi pazHo-
KanuOepHoll a3ypodmibHOil 3epHUCTOCTBIO (puc. 1 A).
LuToxuMu4ecKkre peakiiuy Ha UMbl U TIIMKOTeH ObUTH
HOJIOKUTEIBHBIME U sipkuMHu B 100% nefikeMuueckux Kie-
Tok (puc. 1 B). UMMyHO(eHOTUITHUECKU HA HUX ONpesie-
msutach peaxknus Ha Mapkepsl CD13, CD33, CD45, CD117
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u Muenonepokcuaassl (myeloperoxidase, MPO), uto co-
otBeTcTBOBas0 OMIL

CraHAapTHBIM IIUTOT€HETHYECKUM METOIOM Bepu(u-
IUPOBATh BAPUAHT AHOMAJINI KapHOTHUIIA HE YAATIOCh U3-32
HHU3KOT0 MUTOTHYECKOTO HHEKCA B IIPEICTaBICHHOM OHO-
Mmarepuaine. OaHaxo npu nposeneHnu FISH-uccnenosanus
ObLI BBISIBIIEH CUTHAN XUMepHoro reHa PML-RARA B 90,0%
neiikemuyeckux kietok (puc. 1 C). Metogom nonuMepas-
Hoii nenHoi peakuuu (I1LIP) Taxke onpeneneHsl XuMep-
HBIE TpaHCKpUNTEl PML-RARA, BapuanT ber3, ¢ ypoBHEM
skcnpeccun 7,9%. l'ennsie mytauuu FLT3-1TD, FLT3-
TKD, NPM1 ne oOHapy»xeHbI. MeT0o0M BEICOKOIIPOU3BO-
JTUTEIFHOTO CEKBEHUPOBAHUS BhISBIICHA MYTaIUs B TCHE
NRAS c.35 G>T c annenpHol Harpyskou 44%. Hapsany
C 3TUM OIIpENEIICHbl TOUCUHbIE 3aMeHBI B reHax STXBP2
u TPMT, He UMEBIINE NATOT€HETHYCCKOIO 3HAUCHUS IS
pa3ButHs neiko3a [3-5].

[ManmeHTy pOBOAMIIACE IPOTPAMMHAs MTOJTHUXUMHUO-
Tepanwusi, BKIIOYaBIIas MOJHOCTHIO TPAHCPETHHOEBYIO
KUCJIOTY U uaapyourus. Ha 28-¢ cyTku ieueHus: ypoBeHb
OmacTHON MHQUIBTPAIIMH KOCTHOTO MO3Ta MO JaHHBIM
MUEJIOTPaMMBbI cocTaBui 2%, Oblla KOHCTaTHPOBAHA TIep-
Bast pemuccus OMIJI. Metonom TP xumepHsiii TpaHc-
kpunt PML-RARA taxxe He oOHapyxwuBaics. [locne 3a-
BEPIICHHUS POrPaMMbl KOHCOHUIAIINY PEMUCCHH TTALIUSHT
OBLT IIepeBeICH Ha MOAEPKUBAIOIIYI0 XUMHOTEPAITHIO
B COOTBETCTBUU C Ha3HaueHHOW mporpammoii. Ha ¢one
nposoauMoro aeuenus pemuccus OILI coxpansiiach B Te-
YeHHE JIBYX JIET, OJIHAKO Ha 25-M MecsIe HaOmoaeHus y
MAIMEeHTa MOSIBIJIACh CUMITTOMATHKA B BUJIE OJIBIIIKH TIPH
(usnueckol Harpy3ke, MUAITHH, a B KIMHUYECKOM aHa-
T3¢ KpOBU ObLIA BBISBICHA MAHIIUTONCHUS (JICHKOIIUTHI
1500/mx7, TpoMOoIUTHI 35 000/MKI1, TeMorIo0ouH 96 1/7).
[Tpu nccnemoBaHMM KOCTHOTO MO3Ta 0OHApyXeHa HH(PUIIb-
Tparus HenuddepeHmpoBanHbIME Oactamu (41%) ¢ co-
XpaHEHHEM CO3PEBAIOLINX 3JIEMEHTOB IPAHYIONUTAPHOTO
pOCTKa, OJHAKO A0JI IPOMUENIOLIUTOB COCTaBIISAIA TOJIBKO
1% (puc. 2).

Jleiikemuueckre KIETKH OBUIM CPEeIHUX Pa3MEpOB,
OKpPYTIION (hOPMBI, C BRICOKHM SICPHO-IIUTOILIa3MATHYE-
CKUM OTHOLIEHHEM. S 1po uallie OKpyIioe, ConepakKaso OfHy
HYKJICOJIY, XpOMaTHH HEXXHBIH, IUTOIIIa3Ma 6azodunbHas,
B HEKOTOPBIX OJTacTax OTMeUaslach CKyIHast a3ypoIbHas
3epHUCTOCTb. [IpH IMTOXUMHUYIECKOM HCCIICOBAHUH YKa-
3aHHBIX O0MO0OPA3IOB BBISBICHO MOIOKUTEIFHOE OKpa-
[IMBaHKe Ha JINIUIGLI B 43% OnacTHBIX KIIETOK, Ha TIIHKO-
reH — B 98%. MMmyHO(DEHOTHIT TEHKeMUYEeCKUX KIIETOK
XapaKTepu30BaJics IOJO0KUTEIbHON peakiuil Ha Mapke-
pet CD99, CD117, CD45, HLA-DR, CD33, CD13, MPO,
muzonuM, CD11a u CD371. V nanuenra ObUT HCKITFOYEH
permnuB OILI u Bepudummposan MeraxpoHHsii OMJI
¢ cozpeBanueM, montun M2 no FAB-knaccudukamnmu.

B neiiko3HBIX KJIeTKax MpU CTaHJAPTHOM LUTOTEHE-
THYECKOM HCCIEIOBAHUH OTpeHeNsuicss abeppaHTHBIH
kapuorun 46, XY, t(6;11)(q27;923)/ 46, XY. B FISH-
HCCIIEJOBAHUHU ITOATBEPIKIAEHbBl OTCYTCTBUE CUTHAJa XU-
MepHoro rena PML-RARA v Hanu4ue curHajia XuMepHO-
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Puc. 1. OcTpplii TIpOMHETOLHUTAPHBIN JICHKO3 ¢ XUMEPHBIM FE€HOM
PML-RARA.
A — uHpUIBTpAM KOCTHOTO MO3Ta aTHIHYHBIMH
IpoOMHUEIIOUTaAMHU. B - IMMTOXUMHYCCKOC UCCIICIOBAHUEC
neiikeMuueckux kieTok. C — 00HapyKEHHE CUTHATIOB
xumepHoro resa PML-RARA meronom FISH

Fig. 1. Acute promyelocytic leukemia with PML-RARA chimeric
gene.
A — atypical promyelocyte infiltration of the bone marrow.
B — cytochemical study of leukemic cells. C — detection
of chimeric PML-RARA chimeric gene signals using FISH

Puc. 2. MetaxpoHHBIH OCTPBIIf MUEITOONACTHBIHN JICHKO3
¢ co3peBaHueM. bracTHas HHQUIBTPALMA KOCTHOIO MO3ra
' Fig. 2. Metachronous acute myeloid leukemia with maturation.
N Blast infiltration of the bone marrow
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ro rena KMT2A-AFDN B 80% neiikeMU4eCKuX KIJIETOK.
MeTtomom I[P Takxke OBUIO MOATBEPKICHO HAIUYUE
TpaHckpunTa xumepHoro reHa KMT2A4-AFDN [5].

B cBs3u ¢ BoIsiBiIeHHeM MeTtaxpornHoro OMJI nauuen-
Ty ObUIa Ha3Ha4YeHa MPOrpaMMa PEUHIYKIUN PEMUCCUU.
Bcero BBINOJIHEHO MIECTh KYpPCOB MOJIMXUMUOTEPAIINH,
BKJIIOUas TapreTHbIE JIEKApCTBEHHBIE IpernapaThl BeHe-
TOKJIAKC ¥ a3allUTHAMH, OJHAKO 3a00JIeBaHUE 0Ka3ajlocCh
PE3UCTEHTHBIM K JICUCHHUIO, U OnacTHast MHQUIbTpaLUs
KOCTHOTO Mo3ra coxpansiiack. Ha one nepcucrupyto-
el MaHIUTONEHUH (JICHKOIUTHI eprdepruueckoil KpoBH
2200/mx1, ypoBerb TpomoorToB 20 000/MKI1, reMOrToOuH
101 1/1) TeueHnue 3a0oaeBaHusl yCyTyOUIOCh pa3BUTHEM
MH(EKIIMOHHBIX OCIIO)KHEHUH U TeMOPParu4eckoro 1H-
CyJbTa, CTaBIINX HETOCPEICTBEHHOM NPUYHHON JieTalb-
HOTO UCXOJa.

Ha aytomncuu npu Hapy»KHOM HCCleIOBaHHH OOpa-
aau Ha ce0s BHUMaHKe MOHW)KEHHOE IMUTaHue U Onen-
HOCTb KOKHOTO NOKpOoBa. [Ipy BHyTpeHHEM UccIIeJOBaHUH
B 3aTBUIOYHOM, JTOOHOW M TEMEHHOH JOJSX MPaBOro IMo-
Jymapus TOJIOBHOTO MO3ra OOHapyKEeHbl 0YaroBble UH-
(GuUIBTpaTUBHBIE KPOBOUBIUSHUSA pa3MepaMu OT 2x2x1
0 6x5%4 cM. Taxke BBIABICHBI IPU3HAKN PACIIAPEHUS
OOKOBBIX JKENyAOYKOB, BKIIMHEHUS CTBOJIOBOTO OTAEIa
TOJIOBHOTO MO3Ta M MO3KEUYKa B OOJIBIIOE 3aTBUIOYHOE
OTBEpCTHE. AHOMAIIUM PA3BUTH CEpAlla U KPYITHBIX CO-
CyZIOB HE BbIsBIIEHBI. TpoMO03MOOIIBI B JIETOUHOM CTBOJIE
1 JIETOYHBIX apTePHsIX HE OOHAPYKEHBI, OJJHAKO BBISIBIICHBI
MaKpOCKONMYECKHe MPU3HAKH OTEKa JIETKUX. 3HAUUMBIe
MaKpOCKOITUYECKNE U3MEHEHHUS B MEUYEHHU, MOYKaX U ce-
Nie3eHKe He 00OHApPYKEHBI.

[Tpu rucTonornuecKoM UccaeI0BaHUN TKAHU TOJIOBHO-
r0 MO3Ta M3 0YaroB KPOBOM3NHUAHUN OOHApY:KEHBI OUaru
HEKpo3a ¢ reMOpparnuecKuM MPONUTHIBAHHEM U JIeHKe-
Mudeckue HHQUIbTparThl (puc. 3). B cepaiie BIsIBICHBI
WHTEPCTUIHANIBHBIN OTEK, JIEHKO3HbIE CTa3bl B cocyaax
1 uHOUIBTpaTHl B cTpoMe. [Ipu MUKPOCKOTTUYECKOM HC-
CJIEIOBaHUH MPETapaToB JIETKOTO OTMEUEHBI IUCTENIEKTa3
U OIyXOJIeBble 3MOOJIBI B cocynax. B meueHun u movxax
OTIPEEIISIIOTCS JIeHKeMUdecKnue HH(MIBTPATHI C 0O4araMu

Puc. 3. Ouaru HeKpo3a ¢ TeMOPParuueCcKUM MPONUTHIBAHUEM
¥ JIefikeMHYecKre NHQUIBTPAThl B TOJIOBHOM MO3Te
(ayTomcust)

Fig. 3. Necrotic foci with hemorrhagic infiltration and leukemic
infiltrates in the brain (autopsy)
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HEKpo3a. B cene3eHke npu T’UCTOIOrMYECKOM HCCIIENA0Ba-
HHUM OOHApYKEHA JIeHKO3HAas TpaHC(HOpMAaIHs.

O6c¢cyxaeHne

Bo03HUKHOBEHHUE Y ONHOTO MAMEHTA JBYX OIyXosei
KpPOBETBOPHOI TKaHU CUMTAETCS JOBOJIBHO PEAKHM SB-
JeHueM. Bmecre ¢ TeM NpeacTaBlIeHHBIN ciydail pa3Bu-
st OMJI M4 nocne nocrmwkenns pemuccuu OITJT mo-
JKET OBITh KaK pe3yJbTaToOM KJIOHAJIBHOW BOJIIOLIMH, TaK
Y BTOPUYHBIM [POLIECCOM, CBSA3aHHBIM C MPE/IIECTBYOLIEH
LIUTOTOKCHUYEcKo Tepanuei [6]. [Ipu aToM yactora BTO-
PUYHBIX MUENOUAHBIX Heormnazuil nocne tepanuu OITJI
C UCHOIb30BAHUEM XUMMOIPENapaToB B KOMOMHAILUY C
HNOTHOCTBIO TPAHCPETUHOEBOM KUCIOTOM COCTaBISAET OT
1,0% no 6,5% [7]. B uenom, Muenouanbie HOBOOOpa3o-
BaHMS, ACCOL[UMPOBAHHBIE C TEPANUEH, XapaKTepU3yOTCs
JIOCTaTOYHO arpeCCUBHBIM TCUCHUEM U, KaK IIPaBUIIO, HE-
OnaronpusTHBIM MPOTHO30M [8].

B nureparype Takke onMcaHbl eIUHUYHbIE HAOMOE-
HHS COUETaHMS PA3IUYHBIX TUM(OM, TEHKO30B U OITyXomei
npyroro npoucxoxaenus [9, 10]. B 2021 rogy 6bu1 omnu-
CaH ciIy4ail MeTaxpOHHOro JIeHKo3a y MalueHTa My»KCKOro
nona 42 net ¢ nedrorom B popme OITJI u mocneayrommm
pazsuteM OMJI M4 o FAB-knaccugukaimu ¢ 1BoiHOM
mytanueit CEBPA [2]. Ananoru4Ho Hamemy HaOntoze-
HUIO XUMEPHBINA Tpanckpunt PML-RARA npu Tpancdop-
Manuu B OMJI M4 He oGHapyXHUBaJICS, OJHAKO KAPHOTHII
METaXpOHHOI OIyX0JH ObLT HOpMalbHBIM. [Ipu 3TOM ObLIa
JOCTUTHYTa MPOJOIKUTENbHAS PEMUCCHS METaXPOHHOTO
OMJI M4 nocne peMHIYKIUH 0 cXeMe «7+3», BKII0IaB-
Ieif XUMHUOTIPENapaThl HUTAPAOHH U JayHOPYOUIHH.

BrIsiBIIeHHE B OITUCAHHOM HAMU ClTyyae TPAHCKPUITA
xumepHoro reHa KMT2A-AFDN morno cnocodcTBOBaTh
OoJiee arpecCUBHOMY U PE3UCTEHTHOMY K XUMHOTEpATeB-
THUYECKOMY JiedueHHIo TeueHnio OMJI M2. Ananorudssle
HaOJIIOIeHNS OIMCAaHBI Ha HEOOMBIION IPyIIIe NAIEHTOB
JIETCKOTO BO3pacTa ¢ MYKOSIUAECPMOUTHBIMHI KapIUHO-
MaMH U OCTPbIM TUM(}OOIACTHEIM JIEHKO30M C peapaH-
sxkupoBkaMu KMT2A, Takxke XapakTepU30BaBIIUMUCS
arpeccUBHBIM TeueHueM 3abonesanus [ 11]. [IpucyTcTue
peapamxupoBku KMT2A4 1 OTHOCUTEIbHO HEOONIBIION
CpOK pa3BUTUA MeTaxpoHHOro OMJI natoT ocHOBaHUE
MPEANOIOKUTD HATMYNE IPUIMHHO-CIICICTBEHHOH CBSA3U
€ro BO3HUKHOBEHUS C MPE/IIECTBYIOMIEH IUTOTOKCHYE-
ckoii Teparmert OITJT [12].

B mpezncraBieHHOM KIMHUYECKOM HaOJNOICHUN Y Ta-
IIeHTa ¢ MeTaxpOoHHbIM OMJI GBI IPUMEHEH NPELU3HOH-
HBII TOAXO0/ K HA3HAUCHUIO JIEYEHUS C Y4€TOM MOpP(OIoru-
YECKUX U TEHETUIECKUX XapaKTEPUCTHUK JICHKEMHUECKUX
KJICTOK, B TOM YHCJIC HAa3HAYCHBI TAPTE€THBIC XUMHUOIIPE-
napatsl. M3BecTHO, uto OMJI mpencraBnser coboi reHe-
TUYECKH CIOXXHOE, TUHAMHUYECKU 3BOJIIOLIUOHUPYIOIIEE
3a00JIeBaHIE U MOXKET XapaKTEePHU30BaTHCSI MOJIEKYISIp-
HBIMH NTOBPEXICHUSIMH HECKOJIBKUX 3BEHBEB OHKOTCHE3a
Ha pasHbIx dTanax [13, 14]. Tak, BbIsiBICHHAA B Ne0I0TE
OIJI mytanus rena NRAS (c. 35 G>T) cesa3ana ¢ Gonee
arpeccUBHBIM TeUeHUEM 3a00JeBaHus, IPU 3TOM 00IIas
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4acTOTa BCTPEYaeMOCTH aHOMaNuil NRAS' y ManeHToB ¢
OMIJI nocturaer 15% [3, 5, 15]. Ilo naHHBIM JIUTEpaTypHl,
npumenenue npu OMJI TapreTHsIX cXeM, BKIIOYAIOLIUX
BEHETOKJIAKC U a3allUTHANH, XapaKTepu3yeTcss XOPOIINM
OTBETOM Y MAaIlMEHTOB ¢ pedpakTepHO-PE3UCTEHTHHIM
TedeHueM [16]. OgHako MyTalMu reHOB cemeiicTBa RAS
TaK)Xe MOT'YT CIIOCOOCTBOBATH Pa3BUTHIO PE3UCTEHTHOC-
TH K TapreTHoi Tepanuu [17, 18]. B Hamem HabmoneHnH
[IpH JIeYESHUH NAIMeHTa M0 YKa3aHHOW cXeMe peMHCCUs
He ObUIa JOCTUTHYTA U 3a00JIeBaHUE XapaKTepU30BaJIOCh
pedpakTepHbIM TEYEHHEM C Pa3BUTHUEM JIEHKEMHUECKOM
MHOUIBTPALUU KOCTHOTO MO3Ta, TOJIOBHOTO MO3T'a, BHYT-
PEHHUX OpraHoB. Pa3zBuTue Ha (oHE BTOPUUHOMI TpoMOO-
LUTONEHUU BHYTPUMO3TOBBIX T€MaTOM CO CMEILIEHUEM
CPEIMHHBIX CTPYKTYp U BKJIMHEHHUEM CTBOJIA MO3Tra CTajo
HETNOCPEICTBEHHOH MPUYUHOH JIETANbHOTO UCXOAA.

3akmoueHnne

IIpencraBneHHbId cllydail METaXpOHHOTO OCTPOIO
MUEIOUAHOIO JENK03a Y B3pOCIIOro ManueHTa TpyAaocIo-
cOOHOTO BO3pacTa IEMOHCTPUPYET HEOOXOIUMOCTh KOM-
TUIEKCHOTO MCTOJNB30BaHU MOP(OIOrHUeCKUX U T€HETH-
YECKUX METOIOB ITU(PPEepeHINANLHON JHATHOCTHKH MIPH
HCCIIEIOBAaHNH MapKEpOB JEMKEMUUECKUX KIETOK KaK Ha
JTarne IMarHoCTUKH, TaK U PHU MPEAOoNIaracMOM PELUINBE
3aboneBanus. BoisiBnenue cenudpuueckiux Mopgonoruye-
CKUX MapKepOB U T€HETUUECKUX aHOMAIINi1 sIBIIsieTcs 0a3u-
COM /IS IPELIU3NOHHOIO Ha3HAYEHMsI U KOPPEKLIUU CXEM
MOJIMXUMHUOTEPAITUH C IPUMEHEHUEM JIEKAPCTBEHHBIX Ipe-
[IapaToB TAPreTHOIO IEUCTBYSI TPH METaXPOHHBIX JICHKO3aX.
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Anexcanap BrnagumupoBry BuHorpaioB — kaHIuIaT MEAUIIMHCKUX HAyK, BPa4-TeMaToJIOT OT/ACICHHS TeMaTOJIOT U, XUMHUOTEPAITHH
Y TPAHCIUIAHTAIIMU KOCTHOTO MO3Ta CBEPJIOBCKO 001aCTHO# KIMHUYeCcKol 60bHULBI Ne 1, TOIEeHT Kadenpbl THCTOIOTHH
VYpanabcKoro rocyaapcTBEHHOTO METUIIMHCKOTO YHUBEPCHUTETA.

Japsbs BsuecnaBosHa JlacTouknHa — KaHAMAT MEIUIIMHCKUX HayK, HAYYHBIH COTPYAHUK HAay4YHO-HCCIIEI0BATEIbCKOM JabopaTopuu
reMoTpaHc(y3MOHHBIX TEXHOIOrui POCCHIICKOTO HayYHO-HCCIIE0BATEILCKOTO HHCTUTYTA TemMaTonoruu u Tpancdysuonoruu ®MBA Poccun.

Tarpsina CemenoBHa KoHCTaHTHHOBA — KaHMAT MEINIIMHCKHIX HAyK, 3aBEYIOIIasi OTJCJICHUEM I'eMaTOJIOT U, XUMHOTEPATHH
U TPAHCIUIAHTAIL[MU KOCTHOTO MO3Ta CBEPJIOBCKOI 001aCTHOM KinHUYecKkol 6onbHUIBI Ne 1, TOoUeHT Kadenpbl MponeeBTHKA BHY TPEHHUX
Oone3Hel YpanbCKoro rocy/1apcTBEHHOTO MEMIIMHCKOTO YHHBEPCUTETA.

EBnoxus BuktopoBHa Pozbirnna — Bpau KIMHHYECKOH 1a00paTOpPHOI JMarHOCTUKH CBEPATIOBCKOM 00NacTHON KIIMHUUYECKOH GonbHHIBI Ne 1.

Cepreii Bnagnmuposuu Ca30HOB — TOKTOp MEIUIMHCKHUX Hayk, podeccop, 3aBeayromuii kadeapoil rucTonorun YpaabCKoro rocyaapcTBEHHOTO
MEIUIMHCKOTO YHUBEPCUTETA, 3aMECTHTEIb TUPEKTOpa Mo Hayke VIHCTUTyTa MEAUIIMHCKHUX KJICTOYHBIX TEXHOJIOTHH.
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PELHEH3UUN

PenieH3usa Ha MOHoOrpaduio

JI.M.. Muxanesoii, A.Il. MunosanoBa, A.Il. HageeBa, E.JI. KazaukoBa
«IIaTonoroaHarommyeckasi JMarHOCTNKAa NPUYNH

MAaTE€PUHCKON CMEPTHOCTM»

HoBocn6bmpck: Hayka, 2026. — 304 c., Tabi1., ni.

“Pathoanatomical diagnosis of the causes of maternal mortality”

A monograph review Liudmila M. Mikhaleva, Andrey P. Milovanov,
Aleksandr P. Nadeev, Evgeniy L. Kazachkov

Novosibirsk: Nauka, 2026. — 304 p., tables, illustrations.

MarepuHcKasi CMEPTHOCTB — 3TO HHTETPaTUBHBIN ITOKa-
3aTeNb COCTOSHUSA OOLIECTBA  CUCTEMBI 31PABOOXPAHEHUS,
OTpaXAOLIUH ONaronoay4ue >KeHIUH PeNpoAyKTUBHOTO
BO3pAacTa ¢ y4eTOM MEIULIUHCKUX U COLIMAIbHO-3KOHOMHU-
YeCKHX (PaKTopoB.

Ha npoTsbxeHnu pa3BUTHSA Y€I0BEUECTBA MATEPUHCKAS
CMEPTHOCTb OCTaBaNaCh CEPbE3HOI MPOOIEMON, BbI3bI-
Barollel NTy0OKHe SMOLMOHANbHbIE IIEPEXKUBAHUS, YTO
OTPaXKAETCA KaK B MEJULUHCKUX HCCIENOBAHUAX, TaK
U B XyZlOXeCTBEHHBIX Ipou3BeaeHuax. B XXI Beke Ha
(hoHE BHEIPEHUS HOBBIX TEXHONOIU B MEAUIMHE MaTe-
PHHCKasi CMEPTHOCTb NPOAOJIKAET ObITh OJHUM U3 ITIaB-
HBIX BBI30BOB CHUCTEME 3[paBooxpaHeHus. Ilo naHHbIM
BO3, exxeqHeBHO B MHUpE OT MPEJOTBPATUMBIX MPUUHH,
CBSI3aHHBIX C 6EPEMEHHOCTHIO U POJAMU, YMUPAIOT OKOJIO
830 >xenmumH. [Tokazarenn MaTepUHCKON U TIepUHATAIIb-
HOM CMEPTHOCTH SIBISIOTCS MHAUKATOpaMH 3¢ ¢HeKTuB-
HOCTH POJOBCIIOMOIaTeIbHOI CITy (0Bl B pa3HbIX CTpaHaX
U pETHOHAaX, I03TOMY OHU HAaXOIATCS 10/ KOHTPOJIEM I'0-
CYapCTBEHHBIX OPI'aHOB.

PasHoHanpaBiIeHHBIN U CKPYITYJIE€3HBIN aHAIN3 IPUYMH
MaTE€pPHHCKOM CMEPTHOCTU CTaJd OCHOBOH MOHOTpaduH.
CucreMaTu3upoBaHHBIE JAHHBIE, TOCBSILEHHbIEC ATOIO-
rOaHaTOMUYECKOM AMAarHOCTHKE, MIO3BOJISAT pa3padboTarhb
HOBBIE METO/bI IPO(PUIAKTUKY U KOPPEKIIUU COCTOSHUH,
BJIMAIOIIUX HA 310POBbE KEHIUH B IEPUOJ] TE€CTALUH.

Craenyer OTMETUTb, YTO peLieH3UpyeMas MOHOTpadust
ABIIIETCA OJHMM U3 HEMHOTUX U3[AaHMM, IOCBSIIEHHBIX
TE€ME MATEPUHCKON CMEPTHOCTH OT aKyIIEPCKO-TMHEKO-
JOTUYECKUX U 3KCTpAareHUTAIbHBIX 3a0osneBanuil. OHa
OCHOBaHA Ha NPAKTUYECKUX PE3YJIbTaTaX MHOI'OJIETHETO
KPOIIOTIIUBOIO TPy/a IPU3HAHHBIX CIIELIUAIMCTOB M1ATOJIO-
TUYECKON aHATOMHH — YJIeHa-KoppecnonieHTa Poccniickuit
aKaJeMHHU HayK, TOKTOpa MEIULIMHCKUX HayK, IIpodeccopa,
HAy4HOI'0 PYKOBOJUTEIIA IO IAaTOJOTMYECKOM aHATOMUHU
HUMU mopdonoruu yenoseka uMm. akan. A.Il. ABisiHa
OI'BHY «Poccuiickuil Hay4yHBIM LEHTP XUPYpTHUU
uM. akaj. b.B. IlerpoBckoro» Jlroqmunel MuxaiioBHBI
MuxaineBoH, 3aciny>KeHHOTO JesTens Hayku Poccuiickoit
Denepanyy, JOKTOpa MEAUIMHCKHUX HayK, mpodeccopa,
IaBHOTO HayuHoro corpyaxHuka HUM mopdonorun ve-
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noBeka uM. akan. A.Il. Asusina ®I'BHY «Poccuiickuit
Hay4HBIM LEHTp Xupypruu uM. akaa. b.B. IletpoBckoro»
Amnppest [lerpoBnya MuioBaHOBa, TOKTOpA METUIIUHCKHUX
HayK, ipodeccopa, 3aBenytomiero kadeapoi maroaoru-
gyeckoit anatomuu HoBocuOUpCKOro rocyaapcTBEHHOTO
MEIUIMHCKOTO YHUBEPCUTETA, [NIJABHOI'O I1aTOJIOT0aHa-
ToMa MUHHCTepCcTBa 3ApaBooxpaneHus HoBocubupckoit
obnacTtu, BUle-nipe3uaeHTa Poccuiickoro obmectna
narosioroanaroMoB Anexcannapa Ilerposuua Haneesa
u 3aciy>keHHoro fiestens Hayku Poccuiickoit @enepanuu,
JOKTOpa MEAULIMHCKUX HayK, Ipoeccopa, 3aBeAYIOIIETO
Kadenpoil maTonoruuecKol aHATOMUU U Cy/leOHOM Me-
nunuHe uM. pod. B.JI. Kopanenko HOxHO-Ypansckoro
TOCYapCTBEHHOTO MEIUIIMHCKOTO YHUBEPCUTETA, BUIIE-
npe3ugeHTa Poccuiickoro o0miecTsa maToiaoroaHaTOMOB
Esrenus Jleonngosuua Kaszaukosa.

MoHorpadusi COCTOUT U3 BBEICHHUS U YETHIPEX YacTeH,
cofiepkamux 22 miaBbl. Bo BBeieHNN aBTOpaMu 000CHO-
BBIBACTCA aKTyaJIbHOCTH IMPOOIEMBI MATEPUHCKOH CMEPT-
HOCTH, TIPEJCTABICHBI TEHACHIIMN B MUPE, HANIPABICHUS
[0 ee CHIDKEHUIO, cOopMynHpoBaHHbIe B Jleknapanun
teicsiuenietust OOH u nokymenrax BO3.

B 1-i1 vactu («/ledmHunmm, STUAEMHUOTIOTHS U MIATO-
JIOTOAaHaTOMUYECKUM IMarHo3 IIpU MaTEPUHCKON CMEPTHY,
YeTBIpE ITIaBhl), IPEACTABICHB OCHOBHBIC Je(UHUIINN
U CTaTHCTUYCCKHUE TaHHBIC, KaCaIOIIHUecss MAaTCPUHCKON
CMEPTHOCTH B MHpE, a TakXe B OTACIBHBIX CTPaHaX
EBpombl, CeepHoii Amepuku, Aszun (Uaaun u Kurae),
Adpuxn. CTaTHCTHYECKHE JaHHBIC TaKXKe IIPEACTABICHBI
1o peruo”am Poccuiickoit @enepanuu, IpoaeMOHCTPU-
POBaHBI U3MEHEHHSI B CTPYKTYpE MaTepHUHCKON CMepT-
HOCTH, OTpakarommue obumme TeHaeHmu B Poccun, crpa-
Hax EBponsl u CIIIA, xapakTepu3yromuecs yBeaIuueHueM
JIOJIV SKCTPareHUTAJIBHBIX 3a00JICBAHUH ITPY MaTCPUHCKON
cMepTH. [maBa 4 comepuT cBeeHus, Kacarouiuecs 1mo-
PSIKa U IPOBEACHHUS ITATOIOT0AHATOMHYECKOTO BCKPBITHS
B ClIy4yasiX MaTepUHCKOM cMepTU. B raBe aeranbHO npen-
CTaBJICHBI 0COOCHHOCTH HCCIIEJOBAHNUS TIOJIOBBIX OPTaHOB,
B YaCTHOCTH MATKH, MaKpO- 1 MUKPOCKOIINIECKO OIICHKH
M3MCHEHUH BO BHYTPEHHHX OpraHax M TKaHSIX YMEPIIHX
JKCHIIMH.
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Bo 2-it yactu («®usuonornyeckas 6epeMEeHHOCTbY,
IISTh TJIaB) PACCMOTPEHBI CTPYKTYPHbIE MEXaHU3MBI pa3-
BHUTHUS (PUBHONOTHYECKONH OEPEeMEHHOCTH, POJIOB H II0-
cJ1epo1oBoro nepuoaa. M3noxeHsl CBeEHUS O HOpMalb-
HOM CTPOEHHUU (MaKPOCKOMUYECKOM U TUCTOIOTUYECKOM )
MaTKH IpHu 6epeMeHHoCcTH U 0e3 Hee. [TonpoOHo paccmo-
TPEHBI BONPOCHI EPECTPOIKU COCYIUCTOTrO pycia MaT-
KU ¥ Pa3jIMYHbIX CUCTEM OpraHu3Ma Ipu O6epeMEeHHOCTH.
B rnaBe 8 comepikarcs cBeeHUS 0 MOP(OIOTrHYECKUX
MPOSBIECHUAX Psiia CUHAPOMOB, SIBISIOIIMXCS, KaK Mpa-
BUJIO, HEMIOCPEACTBEHHOW MPUYUHOM MaTEPUHCKON cMep-
TH: OTEK JIeTKUX, oK, IBC-cuapom, TepMUHaIbHBIE
cocTosiHUA U T.A. [aBa 9 mocBslieHa POJOBOMY aKTy
U TIOCJEPOJOBOMY MEPUOAY C AETAIbHBIM paccMOTpe-
HUEM T0CJIEpOIOBOI MHBOMIOIMU MaTKH. be3ycioBHoe
JIOCTOMHCTBO MOHOTpa(H — PeICTaBICHHbIE aBTOPAMHU
JIaHHBIE COOCTBEHHBIX HAONIOACHUI IO UCCIEAOBaHUAM
aMITyTHPOBaHHBIX MATOK.

B 3-i1 yactu («IIpsimble akyliepckue NpUYHHbBI Mare-
PHUHCKOM CMEPTHOCTHY, IEBATH IJ1aB) OCBEILAIOTCS BOIPO-
CBI 3TUOJIOTHH, MTATOT€He3a U MaTOJOTHYECKOH aHaTOMHUH
aKyIIepCKUX 3a00JIeBaHIM KaK MPAMBIX IPUYMH MaTepUH-
CKOM cMepTH. 3HAYUTEIBHOE MECTO OTBE/ICHO MPEAKIIAMII-
CHUU U JKJIaMIICUHU. ABTOPAMH PacCMOTPEHBI BOMPOCHI
STHOJIOTHUH, COBPEMEHHBIX MPEJICTaBIEHUI O MaToreHese,
npuBeneHa kiaccupukanus npesknammncuu o MKB-10,
M3JI0KEHA MaTOJIOTHYeCKas aHaTOMHUSI OpTaHOB-MHILIEHEH
npu npesknamrcuu u 3xnamncuu, HELLP-cunapome.
Hapsiny ¢ 5TuM onmcaHbl 3THOJIOTHS, TATOT€HE3, aHATO-
MUS TaKUX MATOJIOTUH KaKk OEPeMEHHOCTh ¢ a0OPTUBHBIM
HCXOZIOM, DKTONYecKas (TpyOHas) 6epeMeHHOCThb, CMEPTh
MocJie MpepbIBaHus OEPEMEHHOCTH 10 28 Helenb, Npe-
NeKaHue ¥ MpHUpalleHne IANEHTHI, MPEeXIeBPEMEHHOE
OTCJIauBaHHE HOPMAJIbHO PACIOJIOKEHHOW IIaleHTHI,
KpPOBOTEUCHUE B TPETHEM MEPHOJIE POIOB, POROBOIl TpaB-
MaTu3M (pa3phiB MIEHKU U Tella MaTKu). YAEJIeHO BHUMA-
HUE THOMHO-CETITHYECKUM OCIIOKHEHUSIM (TIOCIePOI0BOM
CEIICHUC U CETICUC B POAIax), aKyLIEPCKUM 3MOOIIHSIM (TPOM-
005M00IHS IETOYHOH apTepu, SMOOINST aMHUOTHIECKOM
JKUJIKOCTBIO), BIMSIHHUIO caxapHoro nuadera Ha OepeMeH-
HOCTb, 3aTPOHYTHI HEKOTOPHIE BOIIPOCHI ATPOTCHHOM Ma-
TOJIOTHH MTPH MAaTEPUHCKOM CMEPTH.

4-51 yacth MoHOTrpaduu («KocBeHHbIE NPUUMHBI Ma-
TEPUHCKON CMEPTHOCTHU), YETHIPE [VIaBhbl) MOCBALICHA
MaTOJOTrNYE€CKOW aHATOMHUHM HEKOTOPBIX SKCTpareHu-
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PELNEH3UU

TaJIbHBIX 3a00JI€BaHUH, SBIIAIOLIMXCS KOCBEHHBIMU IIPHU-
YIHAMH MAaTePUHCKON CMEpTH: 3a00JICBaHUSM IICUCHH,
WHQPEKITMOHHBIM 3a00JIeBaHUAM (HOBasi KOPOHABUPYCHAS
un¢eknus, BUY-undexist), HapymeHusM KpoBooopa-
HieHwust, 0OJIe3HAM KPOBU M KPOBETBOPHBIX opraHoB. C
Y4ETOM TOT'0, UTO B IMOCJIEIHNE OBl PACTET YaCTOTa IKC-
TpareHUTaJbHOM MaTOJIOTUHU B CTPYKTYpe MaTEepPUHCKON
CMEPTHOCTH, JJaHHAs YaCTh BHOCHUT 3HAYMMBIA BKJIa]
B IOHMMAaHHE KIIFOYEBbIX MOMEHTOB [1aTOJIOTUHU B FeHE3e
MPUYUH MAaTEPUHCKOW CMEPTHOCTH.

Oco60oro BHUMaHMS 3aCily>KMBAIOT MPeICTaBIEHHBIE
KIMHHKO-MOP(OJIOTHYECKUE IPUMEPBI MATEPUHCKOH cMep-
v (17 HabmOReHUH U3 COOCTBEHHOTO OIbBITa ABTOPOB).
I'maBsl mwmoctpuposansl 107 dororpadusmu Makpo-
Y MUKpOIIpEnapaToB, cxeMaMu 1 Tabiuuamu. Llutupyemas
JUTepaTypa B MOHOrpad Uy MpeCcTaBlIeHa B KOHIIE KaXK10H
J1aBbI (PUBOATCSA COBPEMEHHBIE HICTOYHUKH TI0 paccMar-
pUBAEMbIM T€MaM).

Mownorpadus «lIlaronoroanaromuueckas IUarHOCTH-
Ka IPUYMUH MAaTePUHCKOW CMEPTHOCTU» MpeAHa3HAuYeHa
JUTsl Bpauei-IaTojIoroaHaTOMOB, CyAe0HO-MEIUITMHCKUX
9KCHEpPTOB, OylIeT moie3Ha KIMHUYECKUM CIelHalu-
CcTaM — aKyllepaM-THHEeKoJoraM, aHeCTe3HoIoraM-pea-
HUMATOJIOTaM, a TAaKXKe CTyIeHTaM MEJIULUHCKUX BY30B.
IIpeacraBieHHbI MaTepral MOXKET OBITh UCIIOJIB30BaH
B MPAKTHUYECKON JIEATEIIbHOCTH CIIELUAIUCTOB, Y4eOHOM
U JICKIIMOHHOM TIpollecce, 4To OyaeT crnocoOCcTBOBATH
(GhOpMHUPOBAHMIO PEACTABIECHUH O CYIIHOCTH MaTOIOT0-
AHATOMMYECKUX M3MEHEHHUH MpU aKyLIepCKUX U IKCTpa-
TE€HUTAJbHBIX 3a00JI€BaHUX, B TOM YHCII€ YPTreHTHBIX
COCTOSHMSIX, 1 B KOHEUHOM CYETE MONYUYEHUIO 3HAHUU,
HE0OXOIMMBIX AJIsl YCIIEUIHOTO OCBOCHHS KIMHUYECKOM
JUCLMITIMHBI «aKyIIEPCTBO U THHEKOJIOTUSD.

I'X. Tonubosa,

00KMOP MEOUYUHCKUX HAYK,

3a6e0yrouas 0moeiom namomopphorozuu,
3a6e0y0was namoi020aHamoOMUYecKUM omoeneHuem
Hayuno-uccnedosamenvcrkoeo uncmumyma
aKyuepcmea, UHeKoNI02UU U penpooyKmorocuu
umenu [I.0. Omma,

npogeccop Kagedpvi aKyuepcmsa u 2uHeKonI02Uul
umenu C.H. /lasvioosa Cesepo-3anadnozo
20CY0apCmMeeHH020 MeOUYUHCKO20 YHUgepcumema
umenu U.1U. Meunuxosa
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HEKPOJIOI'

(1929-2026)

(1929-2026)

15 wurons 2026 roga Ha 98-M rogy JKM3HHM CKOHYAIACh
Amnna ['eoprueBna babaeBa — N3BECTHBIN OTEYECTBECHHBIH
UCCIIeIOBaTeNb PEreHepalliy, JOKTOP MEIUIIMHCKUX HayK,
npodeccop, 3aciyKeHHbIH aeATenb Hayku Poccuiickoi
®Denepanuu.

Anna l'eopruesna baGaeBa poaunace 15 ampens
1929 rona B Tudmnuce (Tounucu). B 1947 rony ona 3axoH-
YHJIa KOy € 30JI0TOI Meajbio U MOCTynuiIa Bo Bropoii
MocCKOBCKUI TOCYAapCTBEHHBIM MENUIMHCKUA HHCTUTYT
(ceituac Poccuiicknii HaMOHALHBIN UCCIIEA0BATEIbCKHIMA
MenuIMHCKUN yHuBepcuteT umenn H.U. TTuporosa).
ITocne oxoHuaHUs UHCTUTYTA ¢ oTinuueM B 1953 rogy
Anna l'eoprueBna babGaeBa moctynuiia B acOUpaHTypy
WucTtutyTa sxcnepumenTanbioit ouonorun AMH CCCP
B J1a0OpaTOpHIO POCTa U pa3BUTHSL, KOTOPOI! B TO BpeMs py-
KOBOJIMJIa OCHOBATEIIb 1Ta00PaTOPUX U3BECTHBIN HCCIIEe10-
BaTelb pereHepauuu npodeccop Mapusi AnekcaHApOBHA
Boponmiosa. B 1957 Anna I'eopruesna babaera 3amuruna
KaHAMJATCKYIO JHCCEPTALNIO, OCBSIIEHHYI0 MOphodu-
3MOJOTMYECKOMY aHAJINU3Y PernapaTUBHON pereHepalnuu
OKOJIOYIITHOM CITFOHHOM KeJe3bl MOPCKON CBUHKH.

Hanee Anna ['eoprueBHa Hayana cBo€ COOCTBEHHOE
HarpaBJIeHUE B UCCIIeNOBaHUAX pereHepaunu. OHO Kaca-
JIOCh U3YYEHHUS PETYIATOPHBIX MEXaHU3MOB pernapaTHB-
HOIi pereHepanuu, a UMEHHO POJIM UMMYHHOW CHCTEMBI.
PaGoras Hag nanHoi npobnemoii, npodeccop babaesa
cTaja poAOHaYaIbHHUKOM HOBOTO HAIIPaBJICHUS B HaykKe,
€10 ObUIa OTKpBITa MOpoTreHeTnYecKas QyHKIUS JIUM-
(homTOB, 3aKIIOUAIONIASCA B PETYIALUN Npoiudepanuu
KJIETOK HEMUM(OUIHBIX OPraHOB (IUIUIOM Ha OTKPHITHE
Ne 254, Beigannstit ['ocynapcrBenHsiM komuteToM CCCP
o jaenaM u3oOpereHuit u oTkpsITHil, 1981). Ha ocHo-
BaHUM IPOBEIEHHBIX UccienoBanuii B 1970 roqy AHHa
T'eoprueBHa 3ammUTHIIA JOKTOPCKYIO TUCCEPTALIMIO HA TEMY
«IMMyHOIOTHYECKNE MEXaHU3MBI PETYIIALUU BOCCTaHO-
BUTEJNIbHBIX MporieccoBy. [lanee mpodeccop A.I. babaepa
U €€ YYEHHUKH MPOIODKUIN PadOoTaTh B 3TOM HAIlPaBJICHUH,
WMH H3y4eHa pojb IMMYHHOU CUCTEMBI B PETYIISIINH pere-
Hepaly U KOMIIEHCATOPHOW TUIepTpodrH oYeK, IeYeHN
Y CIIFOHHBIX JKeJe3. YCTaHOBJIEHO, YTO B MEPBBIE YACHI I10-
CJIe pe3eKIIMU TOTO WM HHOTO OpPraHa B ceJIe3eHKe YBeIH-
yuBaeTcs uncio T-xennepos u T-cympeccopoB, MOKa3aHbl
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ITamsatu Auasbl [eoprueBunl ba6aeBoit

In memory of Anna G. Babaeva

Pa3HOCTB CBOIMCTB 3TUX CYONOMYNAIMHA TUM(OIUTOB B pe-
TyJSIIUY Tponudepanuu KIeTok nHoro auddepona, amy-
CKE M OCTAHOBKE UX JICJICHNUS], HATUIHE TECHBIX KOHTAKTOB
TUM(OLUTOB C AMUTEITHEM PEreHEPHPYIOIIEro OpraHa.

B 1997 rony A.I. babaeBoii ObUTO IPUCBOCHO MOYET-
HO€ 3BaHUE 3acily>)KEHHOI'0 JesaTens Hayku Poccuiickoi
Oenepanuu. OHa gBIAETCs ABaX bl J1aypearoM MockoB-
CKOTO 00IecTBa HcmbITaTene npupoast (1975, 1985).
A.T". babaeBa — aBrop Oomnee 200 HaydHBIX PabOT, BKIIO-
vas 14 MHAUBUIYaTBHBIX MOHOTpaduil U 7 KONMJIEKTUBHBIX
MOHOTpa(uH-pPyKOBOJCTB, OIHO U3 KOTOPHIX NIEPEBEICHO
Ha aHITIMACKUI SI3BIK ¥ M3AaHO 3a pyoeskoM. OCHOBHBIE MO-
Horpaduu: « IMMyHOJIOTHYECKHE MEXaHU3MBI PETYIISIIUN
BOCCTaHOBUTEJBHBIX mpoleccoB» (1972), «Ctpykrypa,
(YHKITUS M aaliTUBHBIN POCT CIIOHHBIX Xkene3» (1979),
«Perenepamus u cuctema numMmmyHorenesa» (1985), «Mm-
MYHOJIOTHS IIPOLIECCOB aAANTUBHOTO POCTa, MpoiHpepa-
UK 1 ux HapymeHwuit» (1987), «PerenepannoHnble mpo-
neccol 1 ux uzydenue B CCCP» (1990), «Ipynukwuii Sxyc
opranmsmay (2001), «Ilytemectsue B TpaHC(y3HOIOTHION
(2002), «TpoMOOIIUTHI M AHTUTPOMOOIIUTAPHBIC AHTHTEIIA
(2003), «KneToyHbIi XUMEPH3M U XUMEPU3M KICTKH IPU
TpaHCIUIAaHTaIMK KOCTHOTO Mo3ray (2003), «Perenepariysb»
(2009), «Pons muMGONUTOB B ONEPATUBHOM H3MEHEHHUU
nporpaMmbl pa3BuTHs TkaHei» (2009), «O pekanuTyIsIn
npu pereHepanuu u 3adboneBanusx» (2013), «O mopore-
HeTndeckux cBoicTBax PHK muM(ponaHbIX B CTBOTOBBIX
KJIETOK MPU BOCCTAHOBUTEIBHBIX Tpoueccax» (2016).
Amnnoii 'eopruesnoit babaesoit moarorosneHs! 16 kaHu-
JIaTOB ¥ JOKTOPOB HayK.

Hapsiny ¢ HayuHO#t nesitensHOCTRIO A I babaeBa Bena
AKTHBHYIO 00IIeCTBeHHYIO paboty. Ha mpoTsbkennn He-
CKOJIBKHX JIET OHa OBIJIa MpeJceaaTeNieM CEKIIUU TUCTOIO-
THH, SMOPUOJIOTHH U IIUTOIOTHH MOCKOBCKOTO 00ITIecTBa
uctneltareneit mpupoast (1981-1990).

Ceeminast namsath 00 AHHe [eoprueBne babaeBoii Ha-
BCET/Ia COXPAHNUTCS B HAIIMX CEPIIax.

Konnexmue compyonuxos

HUU mopgponozuu uenosexa

um. akao. A.Il. Asyvina

PHI[X um. axao. B.B. Ilemposckozo
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