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K OCHOBHbIM LieNigM XXypHana OTHOCATCA npeAcTaB/ieHNe akTyasibHbIX Hay4YHbIX LNOCTVXKEHWIA POCCUICKMX W 3apy6e>+<Hb|x YYEHbIX B 061acTu MeanKo-
61010rnyecKmx Hayk, d)yH,[laMeHTaﬂbHOVI W KNMHNYECKO MeAULMHDI, yBenn4yeHne 3Ha4nMocTu 1 aBTopuTeTa pOCCMI7ICKOl7| MeNLMHCKO HayKn 3a CHeT

NOBbILWEHNA Ka4eCTBa Hay4HbIX I'Iy6J'II/IKaLlI/Il7I.

HayLIHO'I'IpaKTVILIECKI/IVI MeNLMHCKIIA XYpHan «CeYyeHOBCKMIA BECTHUKY I'Iy6J'Il/IKyET CTaTbM NO aKTyasibHbIM BOMPOCaMm Meﬂ,MKO'6MOﬂOFML{eCKMX HayK, KITNHK-
YecKoi MeanumHe. MisnaHue npeaHasHavyeHo ans I'IpOd)ECCI/IOHaJ'IOB B 061acTy 3/[1PaBOOXPaHEHNA.
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Bali S., Panda S., Singh A., Singh S. Impact of sprint training on bone health: a literature review of current evidence. Sechenov
Medical Journal. 2023; 14(4): 4-16. https://doi.org/10.47093/2218-7332.2023.14.4.4-16

At C T

Specific impact of sprint training (ST) on bone health has yet to be fully explored, in particular how it affects bone
mineral density (BMD) and bone structure.

Aim. To investigate the ST and bone health relationship between athletes of different training intensities and non-
athletes of different ages.

Materials and methods. A search of databases PubMed, Embase, and Pedro was conducted from January 2009
to August 2023. The full texts of all potentially relevant studies were obtained and evaluated by three independent
reviewers for inclusion.

Results. The comprehensive review of eight studies indicates a positive influence of ST on bone health. Sprinters
show higher cortical and trabecular BMD in the tibia than controls, with a noted age-related decline in BMD. Short-
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distance runners demonstrate significantly better BMD, counter-movement jump performance, and grip strength
compared to long-distance runners. These benefits are consistent across various age groups, including older athletes,
with minimal age-related changes in mid-tibial BMD. ST is also associated with a 21% increase in tibial stress-strain
index, indicating sustained bone strength, and a reduction in fracture risk in the elderly through downregulation of
fracture-related microRNAs.

Conclusion. ST significantly enhances bone health, particularly in improving BMD and bone microarchitecture.
Incorporating ST into exercise routines may benefit athletes and older individuals. Further research is essential to
understand the mechanisms and develop optimal training protocols for bone health.
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BnusiHue CNpUHTEPCKUX TPEHUPOBOK Ha 3[,0pOBbe KOCTe:
0630p nuTepaTypbl

Ceseka baym', Cyrara ITanga®", Amapgxur Cunrx!, Cous Cunrx®
"Mncmumym nocnedunnomuozo meduyurckozo obpasosanus u uccnedosanuii (PGIMER)
Maoxwvs Mape, cekmop 12, Yanduzapx, 160012, Undus
2Vuusepcumem Yanduzapx
TI'apyan, Moxanu, Ilendxca6, 140413, Unodus
8[lendxcabekuii ynusepcumem
Ilamuana, Ilendxca6, 147002, Undus

A HH O T L 50—

BnusHmne cnpuHTepckux TpeHupoBok (CT) Ha 340pOBbe KOCTE M3YyYeHO He[oCTaTOYHO, B OCOBEHHOCTU BO3AEN-
CTBME HA MUHEPANbHYH NNOTHOCTb KOCTHOI TKaHm (MTTK) 1 cTpyKTypy KOCTeil.

Lenb. M3yuntb B3aumocBs3b CT v 340p0Bbs KOCTel cpean Npo@ecCcMoHanbHbIX CNOPTCMEHOB, TPEHUPYHOLLMXCS
C pPa3HOW MHTEHCWBHOCTbHO, 1 CNOPTCMEHOB-NHO6UTENE Pa3HOro Bo3pacTa.

Marepuanbl n meTogbl. [Touck no 6asam aaHHbIx PubMed, Embase 1 Pedro nposoaunncs ¢ sieapst 2009 no asrycTt
2023 1. bbisin NoMyYeHbl NOJHbIE TEKCTbI BCEX MOTEHLMANbHO PENIEBAHTHbBIX UCCNeL0BaHMNIA U OLEHEHbI MO KpUTepU-
IM BKJTHOYEHNS TPEMSA HE3ABUCHMbIMU PELIEH3EHTAMMU.

Pesynbratbl. KOMNNeKCHbIA 0630p BOCbMW WUCCNEAOBAHWA yKasbiBaeT Ha MNONoOXuTenbHoe BausiHue CT
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Ha 3[40pOBbe KOCTel. Y CnpuHTEpOB HabnofgaeTcs 60aee BbicOKas KOPTUKaNbHas U TpabekynapHas MIMK
60nbliebepLoBOA KOCTH, YEM B KOHTPONBbHOW rpynne, ¢ BO3PAaCTHbIM CHuxeHnem MIIK. CnpuHTepbl 4EMOH-
CTPUPYIOT 3HAYUTENbHO 60ee BbICOKYH MIIK, nyylwiunidi pesynbTaT B TeCTe NpbIXKKa CO BCTPEUHbIM ABVXEHWNEM
M 60NbLLYIO CUY XBaTa NO CPABHEHMIO C 6eryHaMu Ha ANVHHbIE ANCTaHUMK. 3T npeumyllectBa CT 6biau Bbl-
IB/IEHbI B pa3HblX BO3PACTHbIX Ipynnax, BKAKYas CNOPTCMEHOB CTapLIero BO3pacTa, Y KOTOPbIX BO3PACTHbIe
n3meHenna MIK cpefHeid Yacti 601bliebepLOBON KOCTH 6bIAN MUHUMaNbHbIMK. CT Takxe CBSi3aHbl C yBe-
nnyeHnemM Ha 21% WHAEKCa HanpsxeHus-gedopmMaLmny 60MbliebepL0BOA KOCTH, YTO YKa3blBaeT Ha YCTORYM-
BYK MPOYHOCTb KOCTEN W CHWXXEHUE puUCKa NepenoMOoB Y MOXMUIbIX NOAER 3a cYeT nogasneHns mukpo-PHK,
CBSI3aHHbIX C NepenoMamu.

3aknwouenmne. CT 3HaUNTENbHO YKPENNSHOT 3[10POBbE KOCTEN, OCO6EHHO 3a CYET MOBbLILIEHNA MUHEPANbHON
MAOTHOCTY KOCTM W YAYUWEHNA MUKPOAPXUTEKTYPbI KOCTU. BkitoyeHnne CT B nporpaMmy QU3nYecKoi nof-
FOTOBKM MOXET MPUHECTW MOMb3Y Kak CMOPTCMEHaM, Tak U NOXWIbIM N0asaM. [JanbHellwmne nccnefoBaHng
Heo6Xx0AMMbI AN NOHUMaHUSA MEXaHW3MOB 11 pa3paboTKM ONTUMaNbHbIX A1 3[0POBbA KOCTEN PEXUMOB Tpe-
HMPOBOK.

KnioyeBble cnoBa: CrOpTCMEHbI; TPEHUPOBKM, OCTEOMNOPO3; MIOTHOCTb KOCTHOM TKaHW, OCTEOMNEHUS; CNOPT
Py6pukn MeSH:

BET

OU3NYECKASA HATPY3KA

KOCTb M KOCTHbIE TKAHN

KOCTW MJIOTHOCTb

0B30P

Ina uutupoBanua: banv C., MaHga C., CuHrx A, Cunrx C. BnusiHWe CNpUHTEPCKUX TPEHMPOBOK Ha 3[0pOo-
Bbe KocTel: 0630op NnuTepatypbl. CeyeHoBCKMA BecTHUK. 2023; 14(4): 4-16. https://doi.org/10.47093/2218-
7332.2023.14.4.4-16
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HIGHLIGHTS K/IOYEBDIE MOJIOXXEHKA

Sprint training enhances bone density and structure, notably
reducing fracture risks in athletes.

Benefits of sprint training span all age groups, effectively countering
bone aging effects.

Enhanced bone health results from mechanical stimuli and
hormonal influences due to sprint training.

Compared to long-distance athletes and sedentary individuals,
sprinters exhibit superior bone health.

Integral for osteoporosis prevention, sprint training is particularly
advantageous for older adults.

Sprint training is crucial in numerous athletic
activities, providing a significant competitive benefit
in the majority of sports and frequently determining
performance success [1, 2]. It requires fast muscular
energy release to move an athlete forward at the highest
possible speed [3]. Sprint training (ST) that combines
running with resistance exercises provides effective
osteogenic stimulus for maintaining bone density,
especially in lower limbs [2, 4-11]. According to studies
conducted on young and older athletes, sprint and
power sports offer an efficient osteogenic stimulus that
strengthens bones [1, 3, 12-14].

Sprint performance has been extensively evaluated
using a range of measurements such as peak, mean, and
total power, a velocity test or time trial measurement
over a set distance [1, 15, 16]. Depending on the phase
an athlete or person is in, ST comprises a variety of
interventions and exercise intensities [17]. Compared
to aerobic training, sprint interval training (SIT)
produces only changes in aerobic fitness and other
body composition parameters in premenopausal women
[18]. It also helps to improve cardiovascular health in
obese people and reduce the inflammatory process in
diabetic patients [19, 20]. The possible preventative
role of ST against osteoporosis and bone health must be
investigated in depth to determine the significance of the
same in preventing these disorders.

Regular ST positively affects the density and
structure of bone, particularly in older and middle-
aged athletes, with direction-specific effects on bone
health [5, 7]. Sprinting has the potential to promote
bone formation through the application of mechanical
stress and the upregulation of growth factors. Sprinters
may have longer forefoot bones due to increased
mechanical stress during sprinting, although further
research is required to establish any correlation with
sprint performance [21].

The effects of repeated-sprint training (RST) on
bone health are currently unknown, but high-impact

CnpuHTEpPCKNE TPEHUPOBKM MOBbILWAKOT MAOTHOCTb U YKPEnsoT
CTPYKTYPY KOCTEl, YTO 3HAUNTENbHO CHUXAET PUCK MepeloMoB
y CMOPTCMEHOB.

MpeumyLiecTBa CMPUHTEPCKUX TPEHUPOBOK PacnpoCTpaHsoTCs
Ha BCe BO3pacTHble rpynmbl, 3QdEKTUBHO NPOTUBOAEHCTBYS 3b-
dekTam cTapeHus KocTeil.

YnyyweHue 3,0poBbsi KOCTEiA B pesynbTaTe CIPUHTEPCKNX TPEHU-
POBOK MPOMCXOAMT 3a CYET MeXaHUYECKUX BO3AENCTBUIA U FOPMO-
HaNbHbIX BAMSHUIA.

Mpyn cpaBHEHUM C GeryHamu Ha AJIMHHbIE AUCTAHLNN U JIIOLbMMU,
BedyLWUMU MaNonoABUXHbIA 06pas XW3HK, CPUHTEPbI AEMOH-
CTPUPYIOT Nyylliee 340pOBbe KOCTEIA.

BkntoyeHne B KOMMneKc Mep no npodunakTMke OCTeonoposa
CMPUHTEPCKUX TPEHUPOBOK GYAET OCOGEHHO MOME3HbIM ANiA Mo-
XWUNbIX NIOAEN.

loading from sprinting has been shown to potentially
prevent age-related bone loss [6, 22]. Sprinters have
been found to have elevated bone density in the hips and
spine compared to endurance athletes and non-athletic
control [11]. Over time, power athletes (such as those
who specialize in jumping and sprinting) appear to better
maintain bone mass compared to endurance athletes,
prominently in men and regardless of any changes in
performance. However, the moment of inertia for a cross-
sectional area does not seem to show the same difference
between male and female athletes [23].

The impact of ST on bone health is attributed to a
combination of factors, incorporating factors such
as exercise intensity and loading, individual body
dimensions, and hormonal attributes [5]. In addition,
ST can make beneficial alterations in muscular activity
patterns, leading to efficiency improvements through
neural pathways and decreased co-contractions [24].
ST can also increase the activity of the enzyme citrate
synthase, which is an indicator of muscle oxidative
potential [25].

Although the processes underlying the favorable
effects of exercise on skeletal health are not yet entirely
known, mechanical stimuli, hormones, cytokines, cell
signaling pathways and noncoding RNAs are believed to
be contributing factors [26].

Bone responds best to exercise throughout
adolescence and reduced physical activity during the
later stages of life is a contributing factor to the decline
in bone mass commonly associated with aging [27, 28].
Regular strength and ST prevent bone deterioration in
adults and provides strong osteogenic stimuli to improve
bone characteristics at loaded sites. Stimuli such as
compression and fluid shear are crucial for osteoblastic
activity and the maintenance of a healthy bone mass and
density [29]. Sprint-trained athletes exhibit observable
structural adaptations as a thickened cortical loaded
area, which is one of the reasons for effective direction-
specific bending strength [30].
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Hence, the objective of this review is to critically
evaluate the current evidence on the impact of sprint
training on bone health, including the effects on bone
mineral density, bone turnover markers, and fracture
risk, to provide a comprehensive analysis of the potential
benefits and limitations of this training modality for
promoting bone health.

MATERIAL AND METHODS
The methodology for conducting this review was
based on the PRISMA 2020 checklist [31].

Eligibility criteria

We adhered to the PICOS framework (Population,
Intervention, Comparison, Outcomes, and Study) for the
design of this study, as described below [32].

Population: Humans of any age, gender, and fitness
level who have undergone sprint training.

Intervention: Sprint training is defined as a high-
intensity exercise protocol that involves short bursts of
maximal effort, with or without additional interventions
of any duration or frequency.

Comparison: Any comparison group, including
sedentary individuals, those engaging in other types of
physical activity, individuals undergoing no intervention,
placebo or any forms of exercise.

Outcomes: Bone health, which may be measured
using various indicators such as bone mineral density,
bone turnover markers or fracture incidence.

Study design: Any experimental and observational
research designs, such as randomized controlled trials,
non-randomized controlled trials, cohort studies, and
case-control studies. However, reviews and conference
abstracts were excluded from the study.

Literature search

A systematic literature search was done in electronic
databases such as PubMed, Embase, Pedro from January
2009 to August 2023. A variety of keywords like
sprinting, exercises, bone health and osteoporosis were
used for the same.

The details of the search strategy are provided in
Table 1.

Study selection
The studies were initially evaluated individually by
all four reviewers (SP) (SB) (SS) (AS). All the studies

that fulfilled the inclusion or eligibility criteria were
included. The difference of opinion was settled by
communication among the four regarding the same. In
this study, a meta-analysis was not conducted due to the
heterogeneity found among the included studies. The
study flow chart is depicted in Figure.

RESULTS

There were 416 studies shortlisted from the databases.
After eliminating the duplicates, animal studies and
studies that were unrelated to the aim, findings were
limited to eight studies. The included studies were
carried out in Finland, Italy, Germany, United Kingdom,
Canada and Australia. The majority of the research relied
on computer tomography to assess the density and other
properties of bone.

D.C. Wilks et al. (2009), in a cross-sectional study
conducted on sprinters, aimed to see if sprinting enables
athletes to maintain bone health till old age. The results
of tomographic scans of the lower and upper limbs, as
well as trabecular bone mineral density (BMD), indicated
that athletes generally had higher cortical and trabecular
BMD in the tibia than controls at all stages of life (p <
0.001). However, these outcomes showed a decline with
age [8, 10].

Another work by U. Gast et al. (2013) studied the
physical activity’s impact on the musculoskeletal and
neuromuscular performance of adult athletes supported
these findings [3]. They used dual X-ray absorptiometry,
single-leg hop, and grip tests as outcome measures to
examine the sprinters and long-distance runners. Short-
distance runners demonstrated significantly greater
BMD (p < 0.0012), countermovement jumps and grip
force (p < 0.027) compared to long-distance athletes.
BMD of athletes was higher than the same-age non-
athlete population [3].

Sprinters of different age groups (40-85 years) were
examined for bone properties by M.T. Korhonen et al.:
bone densitometry and computed tomography values
at the distal and mid tibia. BMD at the tibial level was
generally greater in athletes than referents (p < 0.05),
whereas the other bone characteristics assessed were
almost similar between the groups (p > 0.05). At the mid-
tibia no age-related changes in total BMD were observed.
The findings suggest that middle-aged and older athletes
can benefit from ST, as it has a positive impact on bone
strength and structure [5].

Table 1. Search strategy
Tabnuya 1. CTpaTerus noucka

Search terms / Ycnosus noucka

Boolean Operator / Jlornueckuii Onepatop

Sprint training, Sprint, High intensity interval training OR
Bone and Bones, Bone Density, Bone, Remodeling, Osteoporosis, Bone Regeneration OR
Athletes, Sports, Exercise OR
English AND
2009/01/01-2023/08/31 AND
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Identification of studies via databases and registers

OT60p MCcc/Iex0BaHNMIA 0 6a3aM JaHHBIX

Records identified from:

Online Databases /

Records removed before screening:

Duplicate records removed /

Crartby, OTOGpaHHbIE U3 OHJIATH-0a3 JaHHbIX
(n=416)

A\ 4

Records screened / CKpMHUHT cTaTei

A 4

Crarby, yaajieHHble 10 CKPYUHMHTA:
YIaeHbl TyOIMKaThI
(n=216)

Records excluded / CTaTby UCKITIOUEHBI

(n = 200)

A4

Reports sought for retrieval /

TToMCK TIOJHBIX TEKCTOB CTATEN

A 4

(n=167)

Reports not retrieved / ITosHbIe TEKCTbI HE HalE€HbI

(n=33)

y

Full text assessed for eligibility /

(n=0)

Studies excluded:
Did not focus the sprint training and bone health (n = 24)
Animal study (n=1)/

OI.leHKa IIOJIHOT'O TEeKCTa Ha COOTBETCTBME KPUTEPUIM
(n=33)

A 4

Studies included in review /
HWccnemoBanusi, BKIIIOYEHHbIE B 0630D
(n=38)

FIG. PRISMA 2020 Flow Diagram.
PUC. Bnok-cxema PRISMA 2020.

A randomized control trial examined 72 men
(interventional group n = 40, control n = 32) aged
between 40-85 years over 20 weeks ST program. BMD
measured by computer tomography revealed that the
more consistent athletes (adherence >75%) had better
strength and bone density (p = 0.007) than the controls
included [7]. The results were in accordance with
another work which studied effect of ST on 67 athletes
aged between 19-84 years. The computed tomographic
assessment indicated that sprinters had 21% higher tibial
stress-strain index (SSI) (p < 0.001) than the controls.
No within-group difference was seen in terms of SSI at
the fibula (p = 0.12). Male sprinters appear to maintain
tibial bone strength, more than fibular bone strength, as
they age [6].

Fracture risk can be assessed by specific systemic
markers and molecules derived from bones e.g. micro
ribonucleic acids (miRNAs). V. Sansoni et al. [22] in
their randomized control study found that ST for 8 weeks
downregulates levels of miRNAs related to fracture risk

VICKITIOYEeHHbBIE VCCIIeIOBAHMS:
CrpuHTEpCKIe TPEHVPOBKM U 3[0POBbE KOCTEIH
He UCCIIenoBasnoch (n = 24)

HWccnenoBanye Ha SKUBOTHBIX (n = 1)

(p < 0.001) and concluded that ST plays an important
role in decreasing the risk of fracture in the elderly
population.

A longitudinal study of 10 years of follow-up was
conducted in Finland, and the researchers assessed
the effect of prolonged ST on bone health and aging
in 69 male athletes. Densiometric values derived from
computer tomography at 10 years of training revealed
that well-trained sprinters had better bone properties
than less-trained ones (p < 0.05). The main effect was
seen in lower and mid-tibial trabeculae [30].

All eight researches concluded that ST has positive
benefits on bone health and characteristics. Table 2
summarises the characteristics of the study.

DISCUSSION

This systematic review of the literature uncovered a
total of eight research papers that focus on investigating
the impacts of ST on individuals categorized as healthy,
normal-weight adults, as well as athletes. Subjects
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had better bone characteristics and health than the
population who didn’t make ST part of their routine.
Furthermore, no side effects were observed in all the
subjects that were followed. The link between ST and
changes in the bone is clearly of worldwide interest, as
evidenced by the research evaluated, which came from
different countries of the world, so the focus of the study
was to assess the available research and find the effect
of ST on bone health. Adults between the age group
(45-85) and athletes were included to study effects in
the different study populations and age groups. All the
studies included found a strong significant link between
continuous ST and better bone health. Bone properties
and characteristics were better in people who underwent
ST, and effects were mainly seen in tibia. Bone health
decreased with advancing age, but it was always better
than sedentary people at any point of time.

ST has demonstrated beneficial effects on bone
health and mechanical loading [6, 7, 33]. Sprinting
efficiency and mechanical characteristics, such as
force-velocity-power profile, have shown improvement
with the implementation of resisted ST [33]. For male
sprinters who are in their mid-to late life research has
shown that a twenty-week program involving high-
intensity strength and ST can enhance tibial bone
structure and strength [7].

Studies have demonstrated that ST can enhance human
muscle oxidative potential and boost their capacity for
cycling endurance [25]. The appropriate load for ST,
according to studies, is the one that decreases an athlete’s
velocity by greater than 10% from unloaded sprinting,
as it can cause significant alterations in the sprinting
method of the athlete [34]. Adding weights to sleds has
been employed as a means to enhance sprint acceleration
ability, and it has been observed that relatively heavier
loads could be more advantageous than lighter loads
[35-39]. Overall, ST including resisted ST and heavy
sled towing has been shown to positively affect bone
health and mechanical loading and might be a practical
training strategy for enhancing sprinting performance
and bone health.

Body hormones such as estrogen are regulated
by physical activity, and the role of these in bone
metabolism is a proven fact [40-42]. Physical activity
that stimulates estrogen secretion can imitate the
effects of hormone replacement therapy and can help
osteoporotic menopausal women [43-46]. ST can
have a positive impact on bone health by various
mechanisms, including hormonal changes. Hormones
play a crucial role in bone metabolism, and exercise can
affect hormone levels [22]. For instance, a study found
that RST for eight weeks increased circulating levels of
fracture risk-associated miRNA [22]. A further research
study highlighted the positive effects of consistent
strength training on the structure and strength of bones
in athletes who are middle-aged and above. Furthermore,
the investigation highlighted that exercise loading, body

size, and hormonal characteristics play a significant
role in determining the variations in bone traits among
individuals [5]. In addition, a study revealed that the
various types of sprint interval sessions could impact the
balance of anabolic and catabolic hormones as well as
circulating inflammatory cytokines [47]. Therefore, it
can be concluded that ST can have beneficial effects on
bone health by hormonal changes.

Signaling mechanisms such as Wnt/-catenin, Bone
morphogenetic proteins (BMP), osteoprotegerin
(OPG)/receptor activator of nuclear factor kappa
B ligand (RANKL) govern bone metabolism, and
exercise can stimulate numerous signaling pathways
to influence osteoblastic and osteoclastic activity [26,
48-50]. Noncoding RNAs, including small interfering
RNAs (siRNAs), miRNAs, long intervening/
intergenic noncoding RNAs (lincRNAs), and circular
RNAs (CircRNAs) also have a significant impact on
how bone metabolism is regulated by stimulating bone
cells [51].

Studies have demonstrated that sprinting can enhance
muscle health by activating serine-threonine kinase
and promoting protein synthesis and muscle activity,
additionally, SIT has been found to increase muscle
oxidative potential, cycle endurance capacity and
glycogen content in humans [25, 51-54]. ST induces
metabolic and morphological changes in muscles: it has
also been shown to increase muscle Na(+)-K(+)-ATPase
concentration, which improves K+ regulation [55], to
improve peak performance by 25% [56] and reduce
oxidative stress while enhancing antioxidant defense in
skeletal muscle and heart [57] According to A. Ross and
M. Leveritt (2001), enzyme adaptations are a significant
metabolic adaptation to ST, with the enzymes of all
three energy systems (phosphate metabolism, glycolysis,
aerobic system) exhibiting indicators of training
adaptation [17]. Sprint exercise can result in oxidative
stress and muscle damage; however, training decreases
oxidative stress even more so when exercise is done in
severe acute hypoxia [58]. According to D. Morales-
Alamo et al. (2014) and M. Esbjornsson et al. (2009),
female individuals exhibit a more pronounced serum
growth hormone and insulin response to sprint exercise.
This finding may provide a potential explanation for
the previously observed phenomenon of greater muscle
hypertrophy in women following ST [59, 60]. R. Aaserud
et al. (1998) conducted a study that revealed that
consuming creatine supplements could effectively delay
fatigue onset during repeated sprint running bouts [31].
These findings suggest that sprinting can be a valuable
exercise for promoting muscle health.

Several studies also that measured bone strength
revealed that sprint-trained athletes had greater bone
strength than their active counterparts [4, 8-10]. Another
review by M. Sloth et al. strongly supported the claim that
exercise performance, VO2 max, and aerobic capacity
increase following sprinting. Our work expands previous

12 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023



findings by demonstrating that not only strength but also
bone characteristics are more pronounced in sprinters
than in others [53].

The study by M. Sloth et al. on the role of exercise
in preventing osteosarcopenia indicated that the best
defense against the disease is exercise in conjunction
with lifestyle change; however, the exact type, frequency,
and intensity of exercise must be explored further [53].

Most of the research included in this review used
computer tomography and bone densitometry as an outcome
measure to assess bone density and other characteristics,
whereas one study used Dual X-ray absorptiometry, one-
leg hopping, and maximal grip force tests [3]. Different
categories of athletes were also assessed separately, and
effects were in favor of ST in all the categories.

In addition to peripheral quantitative computer
topographic measures, fasting hormonal measurements
of blood concentrations of total testosterone, total
estradiol, and sex hormone-binding globulin were also
obtained. No substantial Harmonic differences were
observed amongst athletes of different ages [5]. Another
author, M.C. Rumpf et al. investigated the type of ST
and concluded that all types of training (specific, non-
specific, and combination) have a good impact on the
performance of athletes [61].

The type of ST and their effects separately should
be examined in future research to guarantee that the
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CpaBHUTeNbHbI aHaNU3 LUTONIMTUYECKOro NoTeHuuana supyca
Be3UKYyNsipHoro cromatuta cepotunos Indiana u New Jersey
B OTHOLLEHWUU OMYXOJIEBbIX KNETOUYHbIX IMHUIA

A.C. Ucaesa, H.O. IToposora, D. Unora, C.1. Bonoguna, A.H. JIykames, A.C. Maj0rosoBKuH""
DI'AQOY BO «Ilepeswiti Mockosckuii 20cydapcmeeHHbili MeOUUUHCKULL yHugepcumem
um. U.M. Ceuenosa» Munzdpasa Poccuu (Ceuenosckuil Ynusepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119048, Poccus

AHHOTauuA

Llenb. [1poBeCTM CPaBHUTENbHbI aHanu3 aQHEKTUBHOCTM IU31CA PAKOBbIX KNETOK U KMHETUKY HAKOMIEHUs ABYMS
CepoTuUnammn Bupyca BeaukynsapHoro ctomatuta Indiana (VSV-IND) n New Jersey (VSV-NJ) Ha KNeTOUHbIX IMHUSX
MenaHoMbl Mblln B16F10, renatoLenntonapHoit KapUumMHoMbl YenoBeka HepG2 v afieHOKapLUMHOMbI MOSTIOYHO Xe-
nesbl yenoseka MCF7.

Matepuanbl n meToabl. bbina OLiEHEHa XN3HECNOCOOHOCTb KNETOUHbIX MHMIA MenaHoMbl Mblin B16F10, rena-
TOLENONAPHON KapLMHOMbI YenoBeka HepG?2 1 ageHOKapUyHOMbI MOIOYHON enesbl Yenoseka MCF7, nHdw-
LimpoBaHHbIX BMpycamn VSV-IND u VSV-NJ npu pasHoit MHOXeCTBEHHOCTM 3apaxenus (Multiplicity of infection,
MOI) (10 MOI; 1 MQI; 0,1 MOI), yepes 24, 48 1 72 4aca, a TakXKe BblYNCNEHbI 3HAYEHNS NONOBKHbBI MAKCHMaNbHO
NHrGMpYtoLLei KoHueHTpauwmu (IC50) ¢ NOMOLLbIO METUN-TETPA30NMEBOrO TecTa. B3aMOCBA3b C HAKOMNEHUEM BU-
pyca B KNETOYHOW KyNbType Onpeaensiiv ¢ NoMOLLbH NOIUMEPAsHON LEenHO peakuuy ¢ 06paTHON TpaHCKpUnUme
B pexume peanbHoro Bpemern, 50%-Hble nHduumpytoume fo3bl (TCID50) VSV-IND 1 VSV-NJ ans B16F10, HepG2,
MCF7 paccunTbiBany ¢ noMoLLbo MeToaa Puaa — MeHua.

Pesynbratbl. Hanbonee BOCNPUMMYMBOIA KNETOYHON NIMHKEN AN 060MX BUPYCOB okasanacb BT16F10: xus-
HECNoCO6HOCTb KNEeTOK Yepes 72 Yyaca nocne 3apaxenna 10 MOl coctaBuna nuwb 10,4 1 5,7% ans VSV-IND
n VSV-NJ cooTBeTCTBEHHO. XX13HECNoCo6HOCTb kneTok HepG2 coctasuna 10,8 n 9,8% ans VSV-IND 1 VSV-NJ,
a ons ageHokapunHoMbl MCF7 — 46,6 1 36,2% COOTBETCTBEHHO Yepes 72 Yyaca nocre 3apaxenuns 10 MOI. Mpu
9TOM Wb B KynbType B16F10 ycTaHoBEeHa MONOXNUTENbHAA CTATUCTUYECKN 3HAYMMAsA KOPPenauus cpea-
Hel CuNbl MeXay UHrMBUMPOBaAHNEM XM3HECTOCOBHOCTY KNETOK U HakonneHnnem BupycHoit PHK: ana VSV-IND
r=0,601 (p < 0,05); ana VSV-NJ r = 0,668 (p < 0,05). HepG2 n MCF7 He npoaeMOHCTPMPOBaNu 3HaYUMOIA
Koppenauum.

3aknioyeHune. PesynbTathl UCCNEA0BAHNIA CBUAETENLCTBYIOT O BOSMOXHOCTY UCMONb30BaHusA cepotunos VSV-IND
n VSV-NJ B KayecTBe NnathopMbl AN pa3paboTKM HOBbIX PEKOMOUHAHTHbIX BUPYCOB [/19 BUPOTEPANuM CONMAHbBIX
Onyxonen B KOMOUHALUMY C APYrUMU BUAAMU NTEYEHUS.

KnioyeBblie cnoBa: yMMyHOTEpPanus; BUPYCHble BEKTOPbI; OHKOUTUKY; BUPYChI XMBOTHbIX; UMTONATUYECKOE Aeit-
CTBWe; NoAMMepasHas LienHas peakuns

Py6puku MeSH:

KNETQYHBIE NMHMIA HOBOOEPA30BAHNIA - BUPYCOIOM A

KNETOYHBIE NMHMIA HOBOOEPA30BAHNIA — IMMYHONOM A

KNETOYHBIE NMHMI HOBOOEPA30BAHNIA - AEVCTBIE NTEKAPCTBEHHbIX MPEMAPATOB
MPOTNBOOMYXOJIEBAA BMPYCOTEPAMNKA — METOAbI

BE3NKYNAPHOIO CTOMATUTA UHOWAHA BUPYC - UMMYHOOI A

BE3NKYNAPHOI0 CTOMATUTA MHOWMAHA BUPYC - MATOMEHHOCTb

BE3NKYNAPHOIO CTOMATWUTA HbO-DKEPCK BUPYC - IMMYHO/10I S
BE3SNKYNAPHOIO CTOMATITA HbIO-DKEPCK BUPYC - MATOMEHHOCTb

JIEKAPCTBA CO3[JAHNE
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Comparative analysis of oncolytic potential of vesicular
stomatitis virus serotypes Indiana and New Jersey in cancer
cell lines

Anastasia S. Isaeva, Natalya O. Porozova, Esther Idota, Sofya 1. Volodina,
Alexander N. Lukashev, Alexander S. Malogolovkin™
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119048, Russia

At |

Aim. Compare the lytic efficiency and the kinetics of accumulation of vesicular stomatitis virus serotypes Indiana
(VSV-IND) and New Jersey (VSV-NJ) on cell lines of mouse melanoma B16F10, human hepatocellular carcinoma
HepG2 and human mammary adenocarcinoma MCF7.

Materials and methods. The viability of mouse melanoma B16F10, human hepatocellular carcinoma HepG2
and human mammary adenocarcinoma MCF7 cell lines infected with VSV-IND and VSV-NJ viruses at different
multiplicity of infection (10 MQI; 1 MQI; 0.1 MQI) was assessed after 24, 48 and 72 hours, and the half maximal
inhibitory concentration (IC50) values were measured using the methyl tetrazolium test. The relationship with virus
accumulation in cell culture was determined using reverse transcription — quantitative polymerase chain reaction;
50% tissue culture infectious dose (TCID50) of VSV-IND and VSV-NJ for B16F10, HepG2, MCF7 were calculated using
the Reed-Muench method.

Results. The most susceptible cell line for both viruses was B16F10: cell viability 72 hours after infection
at 10 MOl was only 10.4% and 5.7% for VSV-IND and VSV-NJ, respectively. HepG2 cell viability at 72 hours
post-infection at 10 MOl was 10.8% and 9.8% for VSV-IND and VSV-NJ, and for MCF7 adenocarcinoma it was
46.6% and 36.2%, respectively. Moreover, only in the B16F10 culture was a positive statistically significant
correlation of medium strength established between the inhibition of cell viahility and the accumulation of
viral RNA: for VSV-IND r = 0.601 (p < 0.05); for VSV-NJ r = 0.668 (p < 0.05). HepG2 and MCF7 showed no
significant correlation.
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Conclusion. The research results indicate the potential of using oncolytic viruses of the VSV-IND and VSV-NJ as a
platform for the development of new recombinant viruses for virotherapy of solid tumors in combination with other
types of treatment.
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Cnncok cokpalu,eHuit TCID50 = 50% Tissue Culture Infectious Dose, 50%-Has

ATCC - American Type Culture Collection, AMepwKaH-
CKast Konnekums TUNoBbIX KyNbTyp

IC50 - Half maximal inhibitory concentration, nonosuHa
MaKCUManbHOM MHTMOMPYHOLLEN KOHLEHTPALMK
RT-gPCR - real-time reverse transcription — quantitative
polymerase chain reaction, nonumepasHas LenHas pe-
aKLMs ¢ 06paTHON TPaHCKPUNLME B peXNME peanbHo-
ro BpemeHu

MOI - Multiplicity of infection, MHOXeCTBEHHOCTb 3a-
paXeHus

NHGUUMPYHOLLaa [03a BMpYyCa

VSV - Vesicular stomatitis virus, Bupyc BesnkynsapHoro
ctomarura

VSV-IND - Vesicular stomatitis virus Indiana, Bupyc Be-
3UKYNAPHOro cTomaTuTa cepotun Indiana

VSV-NJ - Vesicular stomatitis virus New Jersey, Bupyc
BesukynapHoro ctomatuta cepotun New Jersey

LK - renaTouenniondpHas kapuMHoma

MTT — METUN-TETPA30INEBDINA TECT

PMX — pak MOMOYHO Xenesbl
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Hecmotpst Ha mporpecc B M3yYeHUM MOJIEKYJISIPHBIX
MPOLIECCOB OHKOT€HEe3a, CMEPTHOCTb OT paka B MUPE
(9,3 MuIH CJlydaeB B TOf) OCTAaeTCsS Ha BTOPOM MeCTe
MOCJIe CepIAeYHO-COCYaUCThIX 3aboseBanmii (17,2 mutH
CJIy4yaeB B TOfl) B CTPYKTYpe CMEPTHOCTU OT HeMHpEK-
LMOHHBbIX 6osesHeli!. CorylacHO MUPOBBIM CTATUCTUYE-
ckuM paHHbiM 332 2020 rop, TpoyiKky HauboJiee YacThIxX
U arpecCUBHBIX BUJIOB PaKa COCTABJISIIOT: PaK MOJIOYHOM
skesne3bl (PMOK), pak jerkux u pak TOJICTOTO KUILIEYHU-
Ka / MPSIMOM KUIIKU, YMUCJIO HOBBIX CIy4YaeB B TOJ CO-
crasssier 2,26, 2,21 1 1,93 MJIH COOTBETCTBEHHO?.

B 60pbbe ¢ oHKOMOrMYecKMY 3a60IeBAaHUSIMY OCTa-
€TCs1 PSifi HepeIIeHHbIX 3a/1a4, CBSI3aHHBIX C 3PQPEeKTUB-
HOCTBIO U GE30MaCHOCTBIO JIEUEHUST — TaK, XUMUOTEPa-
UL Y JTy4YeBast Teparmsi, HeCMOTPSI Ha TOJIOKUTETbHbBIN
pe3ysbTaT BO3JEMCTBUSI Ha PAKOBbIE KJIETKU, BbI3bIBAIOT
KJIMHUYECKM 3HAYMMble MMOOOUHbIE 3PGHEKTHI, YXyAIla-
IolMe 06l1llee COCTOSIHME MAalMEHTOB. AKTYyaJileH MOUCK
JIEKAPCTBEHHBIX CPENCTB C BbICOKOM 3(P(HEKTUBHOCTHIO,
BBI3bIBAIOIIMX M30MPATEIbHYIO T'UOeNIb OITyXOJIEBbIX
KJIETOK, HO C MUHUMAaJIbHBIMU MOGOUHBIMU 3deKrTamu
115 3[I0POBBIX KJIETOK 1 TKaHen [1-4].

OHKOJMIUTUYECKYE BUPYCHI Y3Ke TOJATOe BPeMsl pac-
CMAaTPUBAIOTCSI KaK BO3MOXKHbBIE TTPOTUBOOITYXOJIEBbIE
cpencrBa [5]. Cpeou Hux OGOJIbIIOE BHMMaHMe yre-
JigeTcs BUpycaM cemelictBa Rhabdoviridae, K KOTO-
PBIM OTHOCUTCSI BUPYC BE3UKYJSIPHOTO CTOMATUTA
(Vesicular stomatitis virus, VSV) [6]. VSV - PHK-
comepxXKaluil BUPYC, KOTOPbI MOXkKeT 3hdeKTuBHO
MPOHUKATh B Pa3HbIE TUIIbI KJIETOK JXMBOTHBIX, OCTAaBa-
SICb HEMIaTOTeHHBIM 111 YesioBeka [7, 8]. Pemnukarus
VSV ycunuBaeTcs B OMyXOJIEBBIX KJIETKaX C AedexT-
HbIM CUTHQJIbHBIM TyTEM WMHTep(epoHa, B KOTOPOM
He cpabaTbIBaeT BPOXKIEHHBbINI MMMYHHBIN OTBeT [9].
Kpome Toro, VSV mmMeeT ObICTPBIN JKU3HEHHbIN LIUKJI,
He MHTEerpupyeTcsi B TeHOM X03siMHa [8] M siBisieTcs
MOIIHBIM MHYKTOPOM aroNTO3a B MHPUIMPOBAHHBIX
paxoBbIxX KieTkax [10, 11].

VSV mponeMoHCTpUpPOBaI MPOTUBOOITYXOJIEBYIO aK-
TUBHOCTD B ILIMPOKOM CITEKTPE PAKOBBIX KJIETOK, BKJIIO-
yast ocreocapkomy [12], pak mreitku martku [13], PMXK
[14], menanomy [15], remaToLe/TIONSIPHYIO KapUIXHOMY
(T'IK) [16], pak nomkenymouHo kesessl [17] u rmmo-
6r1acromy [4, 18].

N3BectHO nBa oOcHOBHbIX cepotuna VSV: New
Jersey (VSV-NJ) u Indiana (VSV-IND), kotopbie OT/u-
YAIOTCSl TEHETUYECKMMM U AHTUTEHHBIMM CBOVCTBAMMU.
['omostorust IaBHOTO KarCUIHOTO rnKkonporenHa G Bu-
pycoB 060MX CcepoTUIIOB cocTaBiser Menee 50% [19].
Bupycor ceporunoB VSV-NJ u VSV-IND rtakke o6ia-
JAIOT Pa3HOM TMATOTEHHOCTHIO AJIS CEJIbCKOXO3SIIICTBEH-
HBIX KMBOTHBIX [20, 21]. JononaurensHo docdonpore-
uH P, BaskHbI KOMITIOHEeHT Kominiekca PHK-3aBucumoii

PHK-nommepassbl, siBiisieTcss Haubosiee BapuabebHbIM
IS 000MX BUPYCOB — T'OMOJIOTHSI HYKJIEOTUIHBIX MO-
crefoBatenbHOCTelt cocraBiasier 30% [22]. O6napast
OOLIHOCTBIO MPOVICXOXKIEHUST ¥ Pa3HbIMM AHTUTEHHbBI-
vy cBoyctBamu, VSV-NJ u VSV-IND moryT obiagath
VHOVIBUAYATbHBIMM OCOOEHHOCTSIMU B 3P (HEKTUBHOCTHU
YHUUTOXKEHUST OITYyXOJIEBBIX KJIETOK.

[MoreHnman BupOTepanuyu TPUBJIEKAET WHTEPEC
KaK BO3MOYKHOCTb BO3[IE/ICTBUSI BUPYCOB Ha IIMPOKUN
CITEKTP 3JIOKAYeCTBEHHbIX KJIETOK. B maHHON pabore
Mbl CPaBHWIM OHKOJIUTHMUYeCKMi moreHnyuan VSV-N]J
n VSV-IND B oTHolleHun Hanbosee MIMPOKO pacipo-
CTPaHEHHbIX JTUHUIA: MesaHoMbl Mbiiu — B16F10, 'K
yesioBeka - HepG2, PMJK uenoseka - MCF7. [Tomumo
OTJIMUUIN B TMPOUCXOKAEHUU, CTPOEHUU U XapaKTepe
meTacTasupoBaHus mejgaHombl, I'LIK, PMJK, nanuHbie
KJIETOUHbIE JIMHUM OOJa[aroT PA3IUYHON IepMUC-
CMBHOCTBIO B OTHOIIIEHUYM OHKOJIUTUYECKUX BUPYCOB.
Hamnpumep, B16F10 He nepmuccruBHa K YeJIOBEUECKOMY
aZleHOBUpYCy 5-ro Tuma [23, 24], ogHaKo MepMMUCCUB-
Ha K BUpycy Mukcomsl [25]. Takoe omimnune o6ycioB-
seHo orcyrtcrBuem penentopa CAR (chimeric antigen
receptor, XMMepHbIN PelenTOp aHTUTeHA) Ha TOBEpX-
HOCTU KJIETKM, HEOOXOOMMOrO [ NMPOHUKHOBEHUS
aeHOBMPYCA, B TO BpeMs KaK MHGMEKIMOHHBIN IVKJI
BMPYCa MMUKCOMBI He 3aBMCUT OT MEMOPAHHBIX peler-
TOpOB [26].

BOJBIIMHCTBO COBPEMEHHBIX VICCIEIOBAHMIT TIOCBSI-
IIeHbl PEeKOMOMHAHTHBIM ILIITAMMaM Ha OCHOBe VSV-
IND, ogHako HM OIMH U3 HUX O HACTOSIIIETO BpeMeH!
He opmoOpeH B KJIMHMKe. [IJiS OLIEHKM TepPCIeKTUBbI
UCIIOb30BaHMs Apyrux ceporunoB VSV B BupoTrepa-
MU OITyXOJIel HeOOXOMUM MX CPAaBHUTEIbHbBIN aHAJIN3,
KaK U aJIbHeMIllee U3yyeHre pasIMyHbIX reHeTUYeCKU
OTJIMYAIOLINXCSI BAapMaHTOB TMPUPOAHBIX CEPOTUIIOB
VSV c uesnbio BeiGopa Hanbosiee mepcreKTUBHOI I1aT-
opmbl 111 pa3pabOTKM HOBBIX apMMPOBAHHBIX OHKO-
JIUTUYECKUX BUPYCOB.

Llenb uccienoBaHus: U3YYUTh IIUTOIUTUYECKOE JEN-
ctBre U KuHeTuKy Hakoruienuss VSV-IND u VSV-N]J
Ha KJIETOUHBIX JMHMUSIX MeslaHoMbl mMbiin, ['ITK n PMDK
YyeJioBeKa.

MATEPWUAJIbl U METOADbI

Bupychbi

B pabore 6bUTM UCMOMB30BaHbI BUPYChI BE3UKYIISAP-
Horo cromaruta VSV (ceporun New Jersey (VSV-NJ)
u Indiana (VSV-IND) u3 pa6oueii koyiekiuu MHcTUTyTa
MEIUIIMHCKON MapasuTOOTUY, TPOIUYECKUX U TPaHC-
MUCCUBHBIX MHperumii um. E.M. MapuuHoBcKoro
®I'AOY BO «IlepBbiit MOCKOBCKUI TOCYIapCTBEH-
HBII MeguuMHCKuii yHuBepcutetr M. V.M. CeueHoBa»
MunzgpaBa Poccun  (CeueHOBCKUIM — YHUBEPCUTET).

! World Health Organization: Newsroom/Fact sheets/Detail/Noncommunicable diseases. https:/www.who.int/news-room/fact-sheets/detail/

noncommunicable-diseases (mara o6pamenus: 22.09.2023).

2 World Health Organization: Newsroom/Fact sheets/Detail/Cancer. https:/www.who.int/news-room/fact-sheets/detail/cancer (zara o6parie-

Hyst: 22.09.2023).

20 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023



Bupycbt VSV monyuyanu B Ky/abType KIETOK (Gubpo-
6mactoB xomska BHK-21 (American Type Culture
Collection (ATCC), CCL-10)3.

KneTouHble nuHumn

7151 paboThI GBIV BEIOPAHBI KJIIETOUHBIE JIMHUA: Me-
sanombl MbIiy — B16F10 (ATCC CRL-6475)*, T'LIK ve-
noseka - HepG2 (ATCC HB-8065)°, PMJK uenoBeka —
MCF7 (ATCC HTB-22)°. PakoBble KJIETOUHbIE JIMHUN
npenoctasiedbl @I'BYH «MHCTUTYT OuMOMOrMM TreHa
PAH» (Mocksa, Poccus) (puc. 1).

KynbTuBupoBaHue KneTok

M aHaNU3 YKU3HECrnoco6HOCTH

OKCIepUMEHTasIbHASI YaCTh JJAHHOW PabOThI MPOBOIU-
sack c aBrycra 2022 no despasmb 2023 roga. Kiterku Kyiib-
TUBMPOBA/M B CTaHIAPTHBIX ycnosusx (5% CO,, 37 °C),
cornacHo nportokojaMm ATCC 11 KasKIoi KJIeTOYHOM JIU-
Hun, 1o poctskennst 70-80% koHduroHTHOCTY Ha (ia-
koHax T25 u T75 (Wuxi NEST Biotechnology Co., Ltd.,
Kuraii), B cpene Urna, mopuduimposanHoii o 1ymb0eKKko
(Dulbecco’s Modified Eagle Medium, DMEM)
(O0O0 «ITau3dko», Poccust) ¢ BBICOKMM conepyKaHUeM LTk~
Ko3bl, ¢ L-mmoramuuom (OO0 «ITandko», Poccus), ¢ mo-
6apnennem 10% Tensiubell SMOPUOHATIBHOV ChIBOPOTKY
(000 «[Inasm», Poccust) v EHUIMIUTMHA-CTPENTTOMUILIU-
Ha, 100-x mmodwi. (OO0 «ITandxko», Poccus).

JKu3Hecnoco6HOCTh KJIETOK ONpeNessiiv Ha CYeT-
yyke kietok C-100 (RWD Life Science, Kuraii) c uc-
mojb3oBaHMeM TpuiaHoBoro cuuero (OO0 «ITandko»,
Poccust). LIMTOTOKCMYHOCTb CEPOTUIIOB OHKOJIUTU-
YeCKUX BUPYCOB OLEHMBAIM IO CHIDKEHMIO >KU3HE-
CITOCOOHOCTY KJIETOK VCC/IENyEMbIX JIMHUI B METUJI-
terpasosmeBom Tecre (MTT)’. JIjs Kaxkmoro sKcrie-
PUMEHTA KJIETKM DPACCAXUBAIU B TpU 96-TYHOUHBIX
kynbrypanbhbix mwiaHiiera (SARSTEDT AG & Co.,
Fepmanust) B konnenTpanyu 10 000 keTok Ha JIYHKY,
KYJIbTUBUPOBaJIM 24 yaca, MOcje Yero u3 OFHON JIYHKU
CHUMAJIM KJIETKU Y IO CUYUTHIBAINM KOJTUYECTBO SKUBBIX
KJIETOK [IJiT pPacueTa MHOKECTBEHHOCTU 3apakKeHUst
(Multiplicity of infection, MOI).

Krnetku B JIyHKaxX IJIaHIIETa MHPUIMPOBAIN CEPOTU-
mamy VSV-IND u VSV-N]J B gosax 10 MOI, 1 MOI u 0,1
MOI. B kauectBe HEMH(DUIIMPOBAHHOTO KOHTPOJISI OCTaB-
JISUTV JTYHKM C KJIeTKamu 6e3 nobasieHust Bupyca. i kax-
novi no3bl Bupyca (MOI) ucnonb3oBaim ot 4 10 8 TYHOK.
Bce paboTbl MpOBOAMIIN B CTEPWIIBHBIX YCIIOBUSIX.

KJIETOYHASA BUOJIOTUA, LLUTOJIOI U4, TMCTONOT A

Pe3ynbraThl 3KCIIEpUMEHTa YUUTHIBAIM uepe3 24, 48
u 72 yaca ¢ nomorpbto MTT-Tecra (KOHeUHas1 KOHIIEHTPa-
1mst MTT-pearenta B siyuke — 0,5 mr/vt). OnTiuveckyio
IJIOTHOCTh IIBETHOM peakiuy M3MEepsuiM TpU IJIMHAX
BoiH 550 1 620 HM Ha TUIAHIIETHOM CIIEKTPO(OTOMETpE
Varioskan LUX (ThermoFisher Scientific TM., CIIA).
JKnsHecrnnocoGHOCTb KJIETOK B JIYHKaX C HeMHOUIMPO-
BaHHBIMU KJleTKamy TpuHuMaiach 3a 100% (KOHTpOJIb-
Hoe 3HaueHue). YKu3HecrnocO6HOCTh MHOUIMPOBAHHBIX
KJIETOK PACCUMUTHIBAIACH KaK TPOLIEHT OT 3HAUE€HWI OMNTH-
YeCKOM IVIOTHOCTY HenHpuiMpoBaHHbIX. Ha ocHOBe maH-
HbIx MTT-Tecra Takske ObLIM BbIUMC/IEHBI 3HAUEHMS TIO-
JIOBUHBbI MAaKCUMAaJIbHOM VHTMOUPYIOIIEN KOHIIEHTpaIun
(Half maximal inhibitory concentration, IC50) mis xask-
IOVt KiieTouHoM JiHuu tipu pasmudbix MOI (10; 1; 0,1)
U IJIUTENbHOCTY MHKyOatvu (24, 48 u 72 vaca).

Bbigenenune PHK Bupyca

[t mpoBeneHNust TIOMMMEPA3HON HEMTHOM peakiuu ¢
0OpaTHOM TPAHCKPUIILIMEN B PEXXMME PeabHOTO BpeMe-
Hu (real-time reverse transcription - quantitative poly-
merase chain reaction, RT-qPCR) u3 syHOK 1utaHiera
crrycts 24, 48 v 72 yaca nmocyie MHQUIIMPOBAHUST KIIETOU-
HBIX Ky/IbTYp oTompanyu 100 MKJI cycrieH3Un U BbIAeJIsTN
PHK BupycOB KOMIUIEKTOM PEareHTOB ISl BbIIEIEHUS
PHK/OHK u3 ximHnueckoro marepuana « PUBO-mpern»
(®BYH LIHUWU snupemuonoruu PocnorpebHansopa,
Poccust) cornmacHO mpOTOKOITY POV3BOIUTEISL.

RTqPCR. Ins obnapyskennst PHK VSV 6bu1a paspabo-
TaHa CUCTEMA MPaMEPOB KOMIUIEMEHTAPHOV MOC/IEN0Ba-
tesbHOCTU yuacTka reHa N VSV-IND u VSV-NJ. ITpsmoii
(5’-GCTGCAGTGGACATGTTCTTC-3’) u obpaTHblit
mpaiivmepbl  (5’-CATGTATGAATCSGCCTTRTCAATT
TC-3") ucnonbsoBam gy amiumidvkaiyy RT-gqPCR mpo-
nykra pasmepoM 240 1.0. B IPUCYTCTBUM VHTEPKAIUPYIOIIIE-
ro kpacuress SybrGreen ¢ HAGOPOM JI1s IOIMMEPA3HOM TIeTT-
HOM peaKiyy ¢ 0GpaTHOl TPAHCKPUIIIIMEN B OIHON IPOOVPKE
(000 «Asbha Depment», Poccust) u nobasneHviem 3% mu-
METWICY/Tb(OKCHUAA TTPY CJIEAYIOLIMX TapaMeTpaxX PeaKivn:
50 °C - 10 vmn (1 1mxm), 95 °C - 5 v (1 mmko), 95 °C -
15 cek., 55 °C - 30 cex, 72 °C - 30 cek. (40 11MK/I0B) Ha MTpy-
60pe QuantStudio 5 (ThermoFischer Scientific, CITIA).

OnpegeneHue 50% TkaHeBoW UHPULMPYIOLLEN

[03bl BUpyca

Omnpepenenne 50% TkaHeBOV MHOULIMPYIOIIEH T03bI
Bupyca (Tissue Culture Infectious Dose, TCID50) Ha 1

5 American Type Culture Collection (ATCC): Cell Products/Animal Cells/CCL-10. https://www.atcc.org/products/ccl-10 (mara obparuenns:
29.09.2023).

4 American Type Culture Collection (ATCC): Cell Products/Animal Cells/CRL-6475. https://www.atcc.org/products/crl-6475 (mara o6parie-
uust: 29.09.2023).

5 American Type Culture Collection (ATCC): Cell Products/Human Cells/HB-8065. https://www.atcc.org/products/hb-8065 (mara o6pareHus:
29.09.2023).

¢ American Type Culture Collection (ATCC): Cell Products/Human Cells/HTB-22. https://www.atcc.org/products/htb-22 (mara o6paruenus:
29.09.2023).

7 Metompl MCC/IeqoBaHMs IMTOTOKCMUHOCTY TIPY CKPUHVHIE JIEKAPCTBEHHBIX MpernaparoB. YuebHo-MeToguueckoe nocobue / A.T. MkcaHoBa,
0O.B. Bougaps, K.B. banakun. Kaszaub: Kazanckuit yuusepcuret, 2016. 40 c. https:/kpfu.ru/staff files/F1213114794/Metody_skrininga_LS.pdf
(mara obpatenust: 29.09.2023).
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PUC. 1. Cxema s3rcriepumeHTa: M3ydeHne OHKOJIMTUIECKOTO MOTEHIMaIa BUPyca Be3UKYIISIPHOTO cToMatuTa cepoturioB Indiana
u New Jersey.
FIG. 1. Experimental design: study of oncolytic potential of vesicular stomatitis virus serotypes Indiana and New Jersey.

Mpumeyatne: VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeankynspHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis
virus New Jersey, Bupyc BeaukynsipHoro ctomatuta cepotun New Jersey; TCID50 — 50% Tissue Culture Infectious Dose, 50%-Has nHuumn-
pytowas fo3a Bupyca; B16F10 — knetouHas nMHMA MenaHoMbl Mblin; HepG2 — KNeToyHas NMHUA renaToLenitonapHOn KapurnHoMbl Yeno-
Beka; MCF7 — kneToyHas nnHus paka MofaoYHol xenesbl Yenoseka; MOl — Multiplicity of infection, MHOXeCTBEHHOCTb 3apaxeHus; PHK —
puboHyknenHosas kucnota; OT-MLP-PB —nonumMepasHas LenHas peakuus ¢ 06paTHOM TPaHCKpUMUMEN B pexyme peanbHOro BpeMeHw;
MTT - MeTun-TeTpa3onneBblii TecT.

Note: VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; TCID50 - 50% Tissue Culture Infectious
Dose; B16F10 — Mouse melanoma cell line; HepG2 - Human hepatocellular carcinoma cell line; MCF7 - Human breast cancer cell line; MOl -
Multiplicity of infection; RNA - Ribonucleic acid; RT-gPCR - real-time reverse transcription - quantitative polymerase chain reaction; MTT -
methyl tetrazolium test.

M1 06pasiia MTPOBOIMUIIY METOJIOM TUTPOBAHMSI B KYJIbTY-
pe kinetrok BHK-21 (ATCC CCL-10) B dopmate 96-iy-
HOuHOro IuiaHulera (puc. 1). B gyHKu mniaHiiera BHO-
cun 10 000 keTok B MOJIHON pocToBOM cpene Uria,
MoanbuUIpoBaHHOV 1O [[y/IbOEKKO, KYJIbTUBUPOBAIN
24 yaca B atmocdepe 5% CO, npu 37 °C, 3aTem npoBo-
mun 3apaskenne VSV-IND n VSV-NJ B gosax 10 MOI,
1 MOI u 0,1 MOI (o 8 1yHOK Ha pa3BefieH1e) B 0ObemMe
50 MKy Ha TyHKY 1 uHKy6uposamu 60 munyT (5% CO,,
37 °C) mnst copbiuy Bupyca Ha kieTtkax. Jlanee, mo6Gas-
sisu 150 MKJT TIOSTHOM POCTOBOV Cpelbl ¥ MHKYOMpPOBa-
s 72 yaca B TeX JKe YCIOBMsIX. Pe3ysibTaThl yUMUThIBAIN

CraTucTuyeckuin aHanus

OneHka Ha HOPMaJbHOCTH JAHHBIX ITPOBOIAMIIACH
¢ nomoiupio kputepus Illammpo - VYumnka. laHHbIE
MTT-recra u RT-qPCR mpencraBieHsl B Buie Cpef-
HUX 3HAYEHUI CO CTAHIAPTHBIM OTKJIOHEHMEM BbIOOD-
k. Crartucruyeckasi 3HAYMMOCTb pa3IUuMii KU3HE-
CITOCOOHOCTY KJIETOK OIpenessiyiaCh C MPUMEHEHUEM
t-xputepuss CTbiOfeHTa C TONpaBkoi boHbeppoHU
IS MHOYKECTBEHHbBIX CPaBHEHMIA.

[Ij1s BBISIBJIEHUST B3aMMOCBSI3€M MEKAY JKU3HECTI0CO0-
HOCTBIO KJIETOK ¥ HAKOTIJIEHVEM BUPYCA B KIIETOYHOM KyJTb-

Mo, VHBEPTMPOBAaHHBIM MMKpockonom («Mwukpomer,
N», Poccust), oTMeuast JIVHKM C XapaKTePHbIMU U3MeHe-
HUSMM MOP(OTIOTUY KIETOK (OKPYIIMBIIMECS U C3KAThIe
KJIETKM, YaCTUYHOE OTCJIOEHME KJIETOK). TUTp Bupyca
PacCUnThIBa/IM C MIOMOLIBIO MeTona Puma — Menua®.

Type MPYMEHSUTM KOPPEJISIIVIOHHBIN aHaIN3 C PACYETOM KO-
abduimenta koppesstiv [Tupcona (r). VIHTepnperaiyio
CWJIbI KOPPEJISILIMY TIPOBOIVIIN, OLIEHMBAsI TUAMTa30H BeJIv-
uyH (r): oT 0 1o 0,299 - Kak wiabyio B3auMocBsisb; ot 0,3
1o 0,699 - kak cpennioro; or 0,7 mo 1,0 - Kak CUJIbHYIO.

8 https://web.archive.org/web/20131119121647/http://aje.oxfordjournals.org/content/27/3/493.extract
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Ijis ompoBepskKeHUsT HYJIEBOM TUIOTE3bl MPUHST YPOBEHb
cratucTaeckoii sHaunmoctn p < 0,05. Cratuctiyeckuit
aHaJI3 aHHBIX U MOCTPOEHUE rpadMKOB OCYILECTBIISUIN
npy nomor RStudio v.2023.03.1+446° ¢ ucronb3oBaHm-
em 6ubmmoTek rstatix, ggplot2.

PE3YJIbTATDI

KneTouyHas MMHMA MbILUMHON MenaHoMbl B16F10

[Tpu Tpancaykiyy kiaetounon jmauu B16F10 B akc-
nepumenTax ¢ MTT HaGmopasoch 3HAYUTEIBHOE CHU-
SKEHME KU3HECIIOCOOHOCTHM KJIETOK IIPU 3apaskeHnn 000-
UM cepotuniamu Bupyca — kak VSV-IND (puc. 2A), Tak
u VSV-NJ (puc. 2B).

[Ipu aHanM3e B3aMMOCBSI3U MEXKIY IIUTOTOKCUYHO-
cThio U KommdyectBoM BupycHou PHK ycraHoBieHa mo-
JIOKUTEIbHAS CTATUCTUYECKM 3HAYMMas KOPPEJISLys
cpemHelt cuiibl ajist o6oux cepotumnos: r = 0,601 mst VSV-
IND, p < 0,05 u r = 0,668 gt VSV-NJ, p < 0,05.

TCID50 BupycoB, HaKOIUIEHHBIX Ha 9TOW KYJIBTY-
pe 3a 24 uaca, npu go3se 3apakenusi 10 MOI cocraBuin
1,0x10* u 1,47x10° TCID50 maa VSV-IND n VSV-N]
coorBerctBeHHO (puc. 2C, 2D). MbI Takke onpepmen-
au mosy IC50 (MOI) mast BupycoB 060MX CEPOTUIIOB
(Tabu.).

B kynbrype B16F10 uepes 24 vaca BO3menCTBUS
I VHTUOUPOBaHUS Ku3HecrmocobHoctn 50% kie-
ToK ompememmm 5,31 MOI VSV-IND u 1,08 MOI
VSV-N]J, to ectb IC50 VSV-IND mouty nsiTMKpaTHO
npesbiitana IC50 VSV-N]J. Hampotus, npu yBenanye-
HUM BpeMeHU 3Kcros3uiiuu o 48 u 72 uvacoB ompe-
pexutb IC50 mas VSV-IND yske He ymanoch u3-3a
rubeyy MOJABIISIONIEro OOMBIINHCTBA KIeTOK (6oJjee
80%) Bo BceM Auana3zoHe NMPUMEHSIEMbIX KOHIIEHTDA-
LM BUpYCa.

KJIETOYHASA BUOJIOTUA, LLUTOJIOI U4, TMCTONOT A

ITpu stom st VSV-NJ uepes 48 u 72 waca IC50
onpepessiachk B npenenax 0,02-0,1 MOI (ra6n.), a mo-
kasaresb TCID50 g VSV-IND okasaics 6osiee uem
B 3 pasa Bbiie, yem 1yt VSV-NJ (9,28x10%u 2,94x103
TCID50 gyt 10 MOI cooTBETCTBEHHO).

KneTouyHas nMHUA renaToLenoNspHON

KapuuHombl YyenoBseka HepG2

JKusHecnocobHOCTh KiaeTok Jiuauu HepG2 uepes 24
yaca MHKyOaIum ¢ BUPycoM 060MX CEPOTUIIOB COTIOCTa-
BuMa ¢ takoBoit B16F10 (puc. 3A, 3B). Uepes 48 uacoB
Ha BCEM [Mana3oHe KOHIIEHTpAIUii BUPYCa OCTAETCS
6oJbIIIe XM3HECTTOCOOHBIX KiIeToK HepG2, uemM B KyJib-
type B16F10 B 3Tux ke ycCIOBUSIX, 32 UCKJIIOUEHUEM
VSV-NJ 0,1 MOI, nist KOTOpbIX 3HAUEHUST y 06enx Kiie-
TOUHBIX JUMHUI coBmanaioT (puc. 2B, 3B). TuHamuka
CHUKEHMSI  JKM3HECIOCOOHOCTU  KJIETOK  TO3BOJISIET
onpenenntb [C50 yepes 48 yacoB KCHO3UIIMYU BUpPyCa
oboux ceporurnoB (Tabs.). OgHako yepe3 72 yaca mep-
muccuBHOCTh HepG2 xk VSV-NJ nmpeBocxoguT TakoBYyIO
st vy B16F10. [Taske py MUMHMMAaIbHOM MHOUIIN-
pytoien nose Bupyca B 0,1 MOI 6osee 80% ieTok mo-
rubaet uepes 72 yaca: [C50 He omnpepesnsieTcst B JaHHOM
IuanasoHe MHOUIMPYIOMIUX 03 I 0O0UX CEePOTUIIOB
(puc. 3B).

B pesynbrare TutpoBanust VSV-NJ u VSV-IND me-
togom TCID50, mocie nnduimposanust kiaerok HepG2
3HaueHus cocTasssm or 2,15x10% go 4,64x10° TCID50
g VSV-IND u or 1,0x10° mo 3,16x10° TCID50
st VSV-N]J (puc. 3C, 3D), uTo Ha HECKOJIBKO TTOPSIIKOB
npeBbIlIaeT 3TM Tokasatenu st B16F10. 3Haummbix
KOppeJIALMiA MEXIy CHUKEHVEM >XU3HEeCIIOCOOHOCTU
u usMeHeHueM konuuecta BupycHou PHK (RT-qPCR)
1151 HepG2 He o6HapyskeHO.

Ta6mmya. Onpepenenne IC50 ans ceporunos Bupyca VSV-NJ n VSV-IND Ha paKoBbIX KJIETOYHbIX KYNbTypax
Table. 1C50 values for VSV-NJ and VSV-IND in cancer cell lines

KneTtouHas nuHusa / Cell line Bpems, u/ Time, h IC50
VSV-IND (MOI) VSV-NJ (MOI)
24 5,31 1,08
B16F10 48 n/a 0,02
72 n/a 0,1
24 12,07 4,80
HepG2 48 0,25 0,01
72 n/a n/a
24 17,25 33,12
MCF7 48 n/a 0,01
72 0,66 6,02

Mpumeyarye: IC50 - Half maximal inhibitory concentration, nonoBuHa MakcUManbHo MHTMGMPYtoLLER KoHLeHTpauuy; VSV-IND - Vesicular
stomatitis virus Indiana, Bupyc BeavkynsipHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey, Bupyc Be3unky-
nsapHoro ctomatuta cepoTun New Jersey; MOl - Multiplicity of infection, MHOXecTBEHHOCTb 3apaeHns; n/a — not analyzed, He onpegenseTcs.
Note: IC50 - Half maximal inhibitory concentration; VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New

Jersey; MOl - Multiplicity of infection; n/a - not analyzed.

9 https://dailies.rstudio.com/rstudio/cherry-blossom/electron/windows-xcopy/2023-03-1-446/

CEYEHOBCKW BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023 23



CELL BIOLOGY, CITOLOGY, HISTOLOGY

A B VSV-NJ
VSV-IND
wor I wor |
3 011 10 * 0,11 10
=100 Z 100
g g
g g
§ p<0,001 § P00
] ]
R ® p<0,001
£ % ’W
5 5 =
2 g T
g g p <0001
¢ 50 ¢ 50
| O
o o
g g
=] =]
] ]
; g
= =
X X
0 0
24 48 72 24 48 72
Yacer mocte 3apaskenus / Hours post infection Yacer mocste 3apaskenns / Hours post infection
C 1o D g
100 106
2 2
a8 10t g8 10
O @)
= =
102 102
VSV-IND VSV-NJ
MOI ~e-0,1 -e-1 -o~ 10 MOI 0,1 -1 - 10
10° 100
24 48 72 24 48 72
Yacsl nocie 3apakenns / Hours post infection Yacsl nnocie 3apakenns / Hours post infection

PUC. 2. Onenxka sxusHecrnoco6HocTn kietok B16F10, unduumposanusix Bupycamu VSV-IND u VSV-N]J.
FIG. 2. B16F10 cells viability after VSV-IND and VSV-N] infection.

MpuMedaHme: OHKONUTUYECKNI 3bbeKT npeacTaBneH B % X1BbIx KneTok nocne nHduumposanus VSV-IND (A) n VSV-NJ (B).
KonunyecTBeHHblit aHanua PHK BbipaxaeTcs B8 Tutpe (TCID50) VSV-IND (C) n VSV-NJ (D). B kauyecTBe pedepeHc-cTaHaapTa Ans Konude-
cTBEHHOro onpefeneHns TCID50 ucnonbaoBanu VSV ¢ uaBecTHbIM TUTPOM: 3,0x107 TCID50 1 6,23x10¢ TCID50 anst VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeankynspHoro ctomatuta cepotun Indiana; VSV-NJ — Vesicular stomatitis virus New
Jersey, BUpyC BeankynspHoro ctomatuta cepotun New Jersey; MOl - Multiplicity of infection, MHo)xecTBeHHOCTb 3apaxeHus; TCID50 — 50%
Tissue Culture Infectious Dose, 50%-Has MHGUUMPYtOLLAs [03a BMPYCa.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCID50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOI - Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

KneTouHas nMHUA ageHoKapLMHOMbI MOJIOYHOM (puc. 4A, 4B), 1eMOHCTPUPYS YCTONYMBOCTb K VSV-
)enesbl yenoeeka — MCF7 NJ 6omnee 50% Bo BceMm muamasoHe KOHIIEHTPAII BU-

B cepun Hammx 3KCIepuMeHTOB KJIETOUHAS JIMHUS pyca " BpeMeHU I/IHKY6aLU/II/I, KpoMe MaKCHMMaJIbHbIX
MCF7 saBnsyiach HauMeHee mepmuccuBHoit K VSV konuentpaimii (10 MOI, 72 vaca). [Ipu Bo3meiicTBumu
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PUC. 3. Ouenka sknsHecrnocobHocTy kietok HepG2, unaduimposanubix Bupycamu VSV-IND u VSV-NJ.
FIG. 3. HepG2 cells viability after VSV-IND and VSV-N] infection.

MpumedaHe: OHKONUTUYECKNI 3bhEKT NpeacTaBeH B % XMBbIX KNeTok nocne nHduumpoanus VSV-IND (A) u VSV-NJ (B).
KonuuecTBeHHblii aHanua PHK BbipaxaeTcs B TuTpe (TCID50) VSV-IND (C) n VSV-NJ (D). B kauyecTBe pedepeHc-CTaHAapTa ans Konude-
cTBeHHoro onpefenenuns TCID50 ucnonbaoBanu VSV ¢ uaBecTHbIM TUTPOM: 3,0x107 TCID50 11 6,23x10¢ TCID50 anst VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeankynsipHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New
Jersey, BUpyC BeankynspHoro ctomatuta cepotun New Jersey; MOl - Multiplicity of infection, MHo)ecTBeHHOCTb 3apaxeHus; TCID50 — 50%
Tissue Culture Infectious Dose, 50%-Has uHGMUMPYOLLas 403a BUpYCa.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCID50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOl — Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

VSV-IND B TeueHme 72 4YacoB copmepsKaHUE >KU3- Copepskanmne B KyibType MCF7 Bupycuoi PHK B ou-
HECIOCOOHBIX KJeTOK ocTaBajoch He Hmske 40%.  Hamuke JiMOO OCTaBaJOCh MPAKTUUYECKU Oe3 M3MEHEHUN,
CoOOTBETCTBEHHO, HAOIIONAIMUCH U BbICOKMe 3HaueHus1  kak y VSV-IND (1 MOI), mubo cHMKaIOCh, MpUYEM
IC50 (Tabm.). CHIKEHME NOCTUTANIO TPeX MOpSAKoB, Kak y VSV-N]J

CEYEHOBCKW BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023 25



CELL BIOLOGY, CITOLOGY, HISTOLOGY

A B
VSV-IND VSV-NJ
vor [N mor | I
o ]
& 011 10 ® 0,11 10
z z
Z 100 Z 100
ks k)
£ p<0,01 £
3 p<0.05 5
&) @)
~ ~
SN SN
i 2
o o
= =
0) CU
5 5
4 £
A )
3 3
¢ 50 ¢ 50
A=) A=)
o <]
o 9
o o
E =
3 3
% X
0 0
24 48 72 24 48 72
Yacer nocste 3apaskenns / Hours post infection Yacer nocite 3apaskenus / Hours post infection
C 1o D g
100 100
2 2
g8 10t g8 10t
: Pe— ]
= =
10? 10?
VSV-IND VSV-NJ
MOI -e-0,1 -e=1 —o- 10 MOI 0,1 o1 10
100 100
24 48 72 24 48 72
Yacer nocute 3apaskenus / Hours post infection Yacer nocute 3apaskenus / Hours post infection

PUC. 4. Onenxa skusnecrnoco6Hocty kinetok MCF7, uaduimposannbix Bupycamu VSV-IND u VSV-NJ.
FIG. 4. MCF7 cells viability after VSV-IND and VSV-NJ infection.

MpumeYaHie: OHKONUTUYECKNI 3hhEKT BbIpaxaeTcs B % XMBbIX KNeTok nocne nHduumpoanus VSV-IND (A) u VSV-NJ (B).
KonuyecTBeHHblit aHanua PHK BbipaxaeTcs B Tutpe (TCID50) VSV-IND (C) n VSV-NJ (D). B kauyecTBe pedepeHc-cTaHaapTa Ans Konude-
cTBEHHOro onpefeneHns TCID50 ucnonbaoBanu VSV ¢ uasecTHbIM TUTPOM: 3,0x107 TCID50 1 6,23x10¢ TCID50 anst VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeankynspHoro ctomatuta cepotun Indiana; VSV-NJ — Vesicular stomatitis virus New
Jersey, BUpyC BeankynspHoro ctomatuta cepotun New Jersey; MOl - Multiplicity of infection, MHo)xecTBeHHOCTb 3apaxeHus; TCID50 — 50%
Tissue Culture Infectious Dose, 50%-Has MHGUUMPYtOLLAs [03a BMPYCa.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCID50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOI - Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

(10 MOI) (puc. 4C, D). TloaTBepskaeHHAas B3aMMOCBSI3b OBCYXAEHUE

MeKIy TMOoKa3aTeJssMM CHIUKeHMSI KM3HEeCIIOCOOHOCTH VSV saBnsercs MomenbHbIM OGBEKTOM UCCIENOBaA-
KJIETOK M M3MeHeHMeM Koymuectsa BupycHoit PHK or-  HMif, CMOCOGCTBYIOIIMX KOMIUIEKCHOMY TMOHMMAaHUIO
CYTCTBOBAJIA TIPY 3apakeHMM 0OOUMU CEPOTUIIAMMA. B3aMMOJIEVICTBMSI BUPYCOB M pakoBbIX KkieTok [10].
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Biaromaps Henarorennoctu VSV 11 uejioBeka 1 CIo-
COOGHOCTU PENpOnYLMPOBATHCS B PA3HbIX KJIETKAX MPU-
pomubie cepotunbl VSV-IND u VSV-NJ] moryrt ciy-
SKUTb VICTOYHMKOM HOBBIX 3(D(PEKTUBHBIX CPENCTB UM-
myHoTepanuu. VSV ceIeKTMBHO MHIYIUPYET LUTOIU3
MHOT'OYMCIEHHBIX TPAaHC(POPMUPOBAHHBIX KJIETOYHBIX
JIMHUIA YeJIOBeKa in vitro co BCeMu MOPQOJIOTUYECKHU-
MM XapaKTEePUCTUKAMY aIlOMTOTUYECKON KJIETOUHOM
rubenu [27]. Kpome Toro, reHom VSV MOXXeT BMECTUTD
BCTaBKY OIHOTO WIM HECKOJIbKUX (DYHKIVIOHAIbHBIX
reHoB [28-30], a 3HAuUMT, OHKOJIUTUUECKUI TOTEHIU-
aJ MOXKeT ObITb 3HAUMTENIbHO yCWieH. B maHHOI pa-
60Te Mbl chokycupoBaauch Ha cpaBHenun VSV-IND
1 VSV-N] B addekTMBHOCTM pa3pyIlieHUs] OITyXOJIEBBIX
KJIETOK.

Ucxonsa us pesynbraroB MTT-Tecta mMbl npefnmnona-
raem, 4YTo KJIeTOUHbIE JIMHUYM MeJlaHOMbI MbIiii B16F10
u 'IK uenoBeka HepG2 mepmuccuBHbl K 060uM ce-
porunam Bupyca VSV. Tlpuuem Ha KjiIeTKax JIVHUU
B16F10 uurorokcnunoctb VSV-IND (72 waca mocie
uHpexuun) gocturaia 6osee 80% He3aBUCUMO OT Tep-
BOHAUaJIbHOI [03bI, @ B KyJabType kjaetok HepG2 Ta-
Kasl ke KapTuHa Habmomanack u 1t VSV-NJ. OgHako
HU B OJHOW KJIETOUHON JIMHUU HE YAaJoCh 3aUKCUPO-
Barb 100% rubennb kietok. [To maHHBIM JUTEPATYPBHI,
KJIETOUHAs JIMHUS MeJiaHOMbl MbIiiu B16F10 mosker
6bITb YaCTMYHO yCTOluMBa K uHbexkuym VSV [15, 28].
O BbicoKoI uToTOKCMYHOCTU VSV B Kynbrype HepG2
coobuiaercs B pabore B.M. Nagalo u coasr., 2020 [16],
rae riaukonporenH G VSV 6bu1 mogudunypoBaH re-
MarrJIlOTUHUHOM BUPYCa KOPHU.

B Hamreii rumorese Mbl UCXOOWIM U3 TOTO, UTO:
(1) HayMuMe MpSMON CTATUCTUYECKM ITOCTOBEPHOM
CUJIBHOV WM CpeJHEN KOPPessiuu MeKOy WHTUOu-
POBaHMEM JKU3HECIIOCOOHOCTU KJIETOK (I[UMTOTOKCHUY-
HocThio VSV) u Hakoruienrem BupycHoit PHK mosker
oTpaxkaTb rMbeJib B pe3ysbTaTe pervivKaluyu BUPYCa,
TOT/a Kak (2) BhICOKME MOKa3aTesu rubesy KIeToK B OT-
cytctBue Hakoruienusi PHK (a 3Haunt u permkaumn
BMPYCA) MOTYT CBUJIETETbCTBOBATh O IIUTOTOKCUYECKOM
IEeNCTBUU BUPYCHBIX 6esikoB. [lepBast cutyarust HabIto-
Janach B KynbType kietok B16F10 mns oboux cepotu-
noB. HampoTus, B KynbType Kietok HepG2 kakux-m6o
JIIOCTOBEPHBIX B3aMMOCBSI3€M MEXIY CHUKEHMEM >KU3-
HECITOCOOHOCTH KJIETOK U HakorieHnem BupycHoit PHK
BBISIBJIEHO He Obu10. MOKHO TMpPeInoyIOKUTh, UTO BOC-
npuuMunBocTh KiaeTok HepG2 xk VSV-IND u VSV-N]J
B Gosblliell CTerneHu OOYCIOBIEHA IUTOTOKCUYECKUM
JIEeNCTBUEM UX OEJIKOB, UeM DEeIIMKAIMeN, YTO COrJIacy-
eTCsl C JaHHbIMM JuTepatypsl [20].

OtmenbHO caegyeT OTMETUTh JiuHuio PMJK ue-
smoBeka MCF7, kortopas IeMOHCTpUPOBaja BbIKMBA-
eMocTh Gosee 50% mpakTuMueckuM BO BCEM [Maraso-
He kxoHueHTpaiuii VSV-IND u VSV-N] u Bpemenn
9KCIO3uUIK, KpoMe Makcumanibhbix (10 MOI u 72
yaca). Panee B pab6ore C. Rogers u coasr., 2017 [11],
MpU UCCAENOBAHUY BJIMSIHUS MaTpPUKCHOTO Genka M
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VSV Ha BbicokooHKOTeHHYI0 JuHuio MCF7 6b11u mo-
JIyUYeHbl aHAJIOTMYHbIE Pe3yJbTaThl. ABTOpaM He yra-
JIOCh TOOGUTBLCS TIOJHOWM PErpeccuy OMyXOJu in Vivo,
U OHM CHAENIN BbIBOJ, UTO LIUTOIUTUYECKUI 3ddeKT
VSV npu PMX Heobxomumo couyetaThb ¢ 6ojiee arpec-
cuBHbIM JieueHneM [11]. B 2021 romy mombITKa Hpu-
MeHUTh VSV COBMECTHO C MMMYyHOTeparueil Hary-
panmbHbiMu kusuiepamu (Natural killer T-cells, NKT)
okasasach 6osee ycnemrHoi [31]. IIpu 3ToM MOHOTe-
parust VSV He mpuBOAMia K TOJHOW PErpeccum OIy-
X0y (KaK U B HAIIMX SKCIEPUMEHTAX), XOTS U T€MOH-
CTpUpOBaJIa MHIYKIVIO Tbenu kietok. VccmemoBanue
MPOBOAMJIOCh HA JIVHUYM aeHOKapIIMHOMbBI YeJioBeKa
4T1, 4Tro He MO3BOJISIET CPAaBHUBATh PE3YJIbTAThl C Ha-
IIMM 9KCIIEPUMEHTOM, TEM HE MEHee OHO JaeT HaJlekK-
Iy Ha yclex B Cjyyae KOMOVMHMPOBAaHHOU Tepanuu
IJIS1 afleHOKAPIMHOMbI MOJIOYHO SKeJIe3bl.

Conepykanne BupycHoit PHK uepes 72 vaca B KyJib-
Type kierok MCF7 B Hallem ucc/iefoBaHUM CHU3WIOCH
Kak s VSV-IND, tak u giag VSV-N]J. Cratuctuyecku
3HAYVMMO CBSI3Y MEXAY CHUKEHMEM >KM3HECIIOCOOHO-
CTU KJIETOK U HakorieHueM BupycHoy PHK He BbisiBiie-
HO TIpU 3apa’keHnr 060UMY CEePOTUITAMMU.

OrpaHu4eHus uccnepoBaHus

Hacrosiiiiee mccnenoBanue He BKJIIOUAeT reHeTHye-
cku MomuduuupoBaHHbie VSV, OrpaHMuYmMBasiCh MpU-
pPOIHBIMM (IUKMMM) CepoTUIIaMM BuUpyca. Dbosbiiee
pasHOOOpa3ye PaKOBbIX KJIETOUHBIX JIMHUI MOKET ObITh
MCIIOIb30BaHO [J1s1 TIPOBEPKY OHKOJUTUUECKOTO MOTEH-
1[1aia BUPYCOB.

HanpaeneHus gnsa ganbHeMwwux uccnegoBaHun

[anbHelilme 1CCAeIOBaHUSI MOTYT BKJIIOYATh OLIEH-
Ky BosmerictBust VSV-IND u VSV-NJ Ha Gosee 1mm-
POKUII CIEKTP PAaKOBBIX, & TAKKE HEPAKOBBIX KJIETOU-
Hbix juHUM, Hanpumep MCF10, ¢ubpobnactoB u ap.
[TnanupyeTtcs Takske OMpeNeauTb TUI KIETOUHON rube-
J1 B pesyibrare Bo3mencTBus VSV (HEKpO3, aromnTos,
ayrodarus). [To uroram 6osiee MacIITaGHOTO MCCIIENO-
BaHUSI MOYKHO OIpENeUTh Haubosiee YHUBEPCAIbHbIN
U MEepPCHEeKTUBHBIN CEPOTUN KaK IuIaThopMy IJis [aJib-
HeMINX TeHeTudeckux Momudbukanuin VSV ¢ 1esbio
YCUJIeHMsI IPOTUBOOITYXOJIEBOTO JI€VICTBUSI.

3AKJTIOYEHUE

B pabore mblI mokasanayu, YTO BOCIPUUMYMBOI KJie-
TouHOM JimHMen mysa BupycoB VSV-IND u VSV-NJ
okasaymch B16F10 u HepG2, B TO BpeMst Kak MHTMOU-
poBaHue >kusHecrnocobHoctu kietok MCF7 cocraBu-
J10 yviib 63,8 1 53,4% mya VSV-IND u VSV-NJ coot-
BercTBeHHO. JIuHust MCF7 1o BhIKMBAEMOCTU KJIETOK
U 110 HakorieHuto BupycHoi PHK ymepenHo ycroiunBa
K 3apakeHuio VSV oboux ceporunos. Jluuuu B16F10
un HepG2 okasanuch MepMUCCUBHBIMU TIPU 3aPasKEHUU
VSV-IND u VSV-N]J B mosax 10, 1 u 0,1 MOI, necmo-
TPS1 HA OTCYTCTBYE TOTAIbHOI TMben KIeToK. [1pu atom
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B HUX 06Hapy>i(I/IBaETCH pa3Had IMHaMMKa rubenan u Ha-
kortenust PHK BHUpycCa, 4YTO MOXKeT GBITh VMCITOIb30BAHO
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DI'AOY BO «Ilepswiti Mockosckuti zocydapcmeennsili meduuuHckuil ynugepcumem umenu H.M. Ceuenosa»
Munszdpasa Poccuu (Ceuenosckuil Ynusepcumem)
ya. Tpybeuykas, 0. 8, cmp. 2, Mockea, 119048, Poccus

AHHOTauuA

Lenb. OuennTb BRnsHme ak3oreHHoro Hsp70 (heat shock protein, 6enok Tennosoro woka maccoit 70 k[la) Ha Mop-
(GODYHKLMOHANBHOE COCTOSIHME B3POCbIX MblLLEA NPK ero 04HOKPaTHOM NOAKOXHOM BBEAEHWN B BbICOKMX 11 HI3-
KWX [j03aX.

Matepuanbl u MeToAbl. V13y4anuch camupl Mblweil nuHun CDT (n = 30) BospacTom 90 + 3 cyTOK, paHA0MU3MPO-
BaHHble Ha Tpu rpynnbl No 10 XMBOTHbIX B Ka)A0i. BBOAUAN OAHOKPATHO MOAKOXHO: 1-/ rpynne (KOHTPONb) —
(GU3MoNornyeckuit pacteop, 2-i rpynne — HU3Ky [o3y Hsp70 (500 MKr/Kr) v 3-i rpynne — BbICOKYO 403y Hsp70
(5000 MKr/Kr) pekoMGUHaHTHOro Yenoseyeckoro HSpATA. Ha 3-if ieHb perncTpupoBanit NoBeeHYECKY0 aKTUB-
HOCTb: CKOPOCTb MepemMelLieHns), NPONAEHHbIA NyTb U KONWYECTBO Aedekaunin. Ha 5-1 feHb Mbllieid BbIBOAWN
3 3KCnepyrMeHTa C NOCNeayrLMM FMCTONOrMYECKM MCCneaoBaHeM n MophOMETPUEN CPE30B KOPbI MOSI0BHOMO
MO3ra, TUMYCa, ceneseHkn n neyeHn. CtatucTnyeckas obpaboTKa AaHHbIX OCYLLECTBASNACL NPK MOMOLLM OHO-
(aKTOPHOro AMCNEPCUOHHOIO aHanNn3a 1 anoCcTePMOPHOTO TeCTa ThHOKM.

Pe3ynbratbl. B 13y4eHHbIX Fpynnax He 06HapyXXeHO CTaTUCTUYECK) 3HAYMMOI PasHUMLbl NOBEAEHYECKMX NOKa3aTe-
neit. CUHycouaHble Kanunnsapbl NeveHn B rpynne KoHTponsa u rpynne Hsp70 500 MKr/Kr 0ka3anncb HEMHOrO LUMpe
Y NONHOKPOBHEe No cpaBHeHuto ¢ Hsp70 5000 MKr/Kr. Mpyn MOpGOMETPUN KNETOK NOMyYeHbl CeaytoLLme pesysb-
TaTbl: YACNO HEAPOHOB B FAHMIMOHAPHOM CI0e KOPbl 60MbLUIMX NONYLWApUiA FONOBHOMO MO3ra, padHuLa nMmaoLm-
TapHO/ KNETOYHOCTM MeXy KOPKOBbIM M MO3rOBbIM BELLECTBAMM TUMYCA, YACNO MMMAOLMTOB B 6101 Ny/bne
CeneseHKu, KONMYeCTBO SAEp renaTtouMToB B NMEYEHM B FPynnax He pasnnyannch. B KpacHO nynbne ceneseHku
KONM4ecTBO Makpodaros coctaBunno 1774,5 + 24,8, 1623,0 + 26,7, 1553,6 + 47,0 B rpynnax KOHTPONS, HU3KOIA W Bbl-
cokoi 103 Hsp70 cootBeTcTBEHHO (P < 0,0001). B TecTe TbroKM CTATUCTMYECKN 3HAYNMbIE Pa3nMYMs NONYYeHDI
MeX Ay rpynnoii koHTpons v rpynnamu Hsp70 500 mkr/kr (p = 0,012) n 5000 mkr/kr (p < 0,0001).

3aknioueHue. ViccnefoBaHe He BbISIBUIO HEraTBHOMO BAMSIHWA NMOAKOXHOTO BBEAEHNS HU3KUX M BbICOKMX 103
Hsp70 Ha MOpGhOhYHKLMOHANbHbIE MOKA3aTENN Y MblLLEN.

KnioueBble cnoBa: 6e/1ky TENNOBOTO LLIOKa; PEKOMOUHAHTHbIN Yenoseyveckuii Hsp70; wanepoHsl; MOPGODYHKLMO-
HaNbHas xapakTepucTHKa; ak3oreHHbl Hsp70 y Mbiweit; HSpATA
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BEJTIKW HSP70 TEM/10BOTO LWOKA - NMPUEM 1 O3VIPOBKA

BEJIK HSP70 TEM/I0BOT O LWOKA — ®APMAKOOI M
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CooTBeTcTBMe MPUHIOMIIAM 3TUKU. VcciemoBanme IpoOBeneHo ¢ COBIIoneHeM MOIosKeHMIi EBporeiickoi KOHBEHIMM O 3alluTe I0-
3BOHOUHbIX JKMBOTHBIX, KOTOPbIE VCITOb3YIOTCSI IJIS1 SKCIIEPUMEHTATbHBIX Y APYTUX HAYYHBIX [ejiei. Bce MaHMIyISIm € SKUBOTHBIMM
[IPOBeIEeHbI B COOTBETCTBMM C pasperieHneM JIokaabHOro studyeckoro komutrera @I'BOY BO «Ilepsbiit MI'MVY um. .M. CeueHoBa»
Munsgpasa Poccun (Ne 04-23-02.03.2023).

JocTyn K JaHHBIM McCaeqoBaHus. [laHHbIe, TOATBEPSKIAIOIIME BIBOObI STOTO MCCAENOBaHMsSI, MOSKHO MOJYYNUTh Yy aBTOPOB IO 060-
CHOBaHHOMY 3aIIpocCy.

IlaHHbBIE ¥ CTATUCTIUYECKIE METO/IbI, PENCTaBIIEHHbIE B CTAThe, IIPOIIUIM CTAaTUCTMYECKOE PelleH3POBaHye PeIakTOpOM KypHasa — cep-
TUOUIMPOBAHHBIM CITEIMAIMCTOM 0 GMOCTATUCTHKE.

KoHdnuKT MHTEpecoB. ABTOPbI 3asIBJISIIOT 06 OTCYTCTBMM KOHGUIMKTA MHTEPECOB.
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Morphofunctional features in mice
treated by low and high Hsp70 doses

Gennadii A. Piavchenko, Artem A. Venediktov™’, Egor A. Kuzmin, Sergey L. Kuznetsov
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119048, Russia

A C

Aim. We sought to assess the effects of exogenous Hsp70 (single subcutaneous low- and high-dose injections) on
organ structure and functions in adult mice.

Materials and methods. We randomized CD1 90-day-old male mice (n = 30) to three groups (10 mice per group).
We injected the animals with single subcutaneous saline solution for Group 1 (control), low dose (500 pg/kg) of re-
combinant human Hsp70 (HspATA) for Group 2, and high dose (5000 pg/kg) of the Hsp70 for Group 3. We examined
the behavior of the mice on Day 3 after the injections (distance traveled, velocity, and bowel movement number). We
lethalized the mice on Day 5 with further histological study and morphometrics of cerebral cortex, thymus, spleen,
and liver. The statistics included one-factor ANOVA test with post hoc Tukey test.

Results. All study groups exhibited no significant difference of behavioral parameters. Some liver sinusoids were
wider in control group and Hsp70 500 pg/kg group comparing to Hsp70 5000 pg/kg group. We obtained also data for
morphometrics: no difference was found for the number of neurons in ganglionic cerebral cortex, the lymphocytic
cellularity difference between thymic cortex and medulla, the number of lymphocytes in white splenic pulp, and
the number of hepatocyte nuclei in the liver. Red splenic pulp exhibited 1774,5 + 24,8, 1623,0 + 26,7, 1553,6 + 47,0
macrophages for control, low-dose and high-dose groups, respectively (p < 0,0001). Tukey test showed a significant
difference between control group and each of Hsp70 groups 500 pg/kg (p = 0,012) and 5000 pg/kg (p < 0,0007).
Conclusion. Our study revealed no negative impact of subcutaneous Hsp70 administration at low and high doses on
organ structure and functions in mice.

Keywords: heat-shock proteins; recombinant human Hsp70; chaperones; morpho-functional characteristics;
exogenous Hsp70 in mice; HSpATA
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CnMCOK COKpaLL,eHHii:

Hsp70 - 70 kilodalton heat shock proteins, 6enku TennoBoro woka Maccoi 70 KnnoaansToH

MoJtekynSIpHOV OCHOBOM PasHOOOpAas3HBIX —IIATO-
JIOTUYECKMX TMPOILECCOB CIyKaT HapylleHus1 paboTshl
BCell COBOKYITHOCTM KJIETOYHBIX OeKOB (ITPOTeoMa).
Iast KoppeKumM TakuxX HapylleHui pa3pabaThiBaloT
TepareBTUYECKIE TOAXObl C MMPUMEHEHVEM PETYJISTO-
POB, TIO3BOJISTIOIIMX 3AIIMILIATH /MM BOCCTAHABIMNBAThH
CBOMCTBA OGEJIKOBBIX MaKpPOMOJIEeKYII. JlaHHbIe peryssiTo-
PbI, COCTaBJISIIOLIME PAa3HOPOAHYIO TPYIITY COeqUHEHUN
o[, Ha3BaHMEM «MOJIEKYJISIPHbIE IIAIepOHbI», TIOMOTa-
IOT TOIePKUBATh MPOTe0CTas, obecreuynBasi TUHAMMU-
YyecKylo paboTy cOasaHCHPOBAHHOTO, GYHKIMOHATIBHO-
ro nporeoma. LllamepoHbl TIpenCTaBIsIIOT COO0 GeKMy,
YYaCTBYIOIYie B BOCCTAHOBJIEHUYM TPaBWJIbHON HATUB-
HOM TPETUYHOM MJIM YETBEPTUYHON CTPYKTYPbI OEJIKOB
opraHusMa, B TOM UMcJie 32 cueT 0Opa3oBaHUSI C HUMU
MIPOMEYKYTOUHBIX OEJIKOBBIX KOMITJIEKCOB M UX AVICCOLIU-
armu. Cpeny HUX KIIIOUEBOe 3HAueHMe OTBOISAT CeMei-
CTBY O€JIKOB TEIUIOBOTO IIOKa Maccoii 70 KmionasbToH
(70 kilodalton heat shock proteins, Hsp70) [1].

IMpencrasutenu Hsp70 yuacTBYIOT B 0b6ecIieueHnmn
CTPYKTYPHO-GOYHKIMOHAJIBHOTO TOCTOSHCTBA — IIPAK-
TUUYECKM BO BCeX KJIeTKax OpraHyu3Ma IOCpPeICTBOM
KOHTpPOJISI KauecTBa IPOTeOMa, MperoTBpaIias Hako-
TIJIEHMe arperaTtoB U3 HeMPaBMJIbHO CBEPHYTHIX OeTKOB
UM TIPOLYKTOB MX Aerpamauyy. MexaHu3maMu 3TOTO
YIIpaBIeHUsT CIYKaT KaK OTPaskieHre OT BO3MOYKHBIX
OIIMOOK TOCTTPaHC/SIIMOHHBIX Momubukanuii (bos-
ouHra u pedongmMHra), Tak M akTUBALMsS POTEACOM
" TIpoliecca MpOoTeosn3a, a TakKe TPaHCIOPT fedexT-
HbIX GesikoB Aj1s aytodaruu. Hsp70 peryaupyer amor-
TOTUYECKYI0 aKTMBHOCTb, MPeNOTBPAIasl KJIETOUHYIO
rubesib 1 06pa3oBaHMe arnonTocom [2].

XOTS KacKaibl OMOXMMMWUECKUX PeaKIuii, 3aIe/iCTBY-
tote Hsp70, mpoucxomsar BO BcexX KJIETKax OpraHu3Ma,
pOJIb 3TOTO CEeMENCTBA IIIallepOHOB OCOOEHHO BeJMKa
IUTS TOJITOKMBYILVX KJIETOUHBIX TIOMYJISILMY, HarpuMep
HepBHOV TKaHM. Hsp70 CIIOCOGCTBYIOT YCTOMUMBOCTH
HEJPOHOB K TIPEXXIEeBPeMeHHO ferpagauym [3, 4], can-
SKEHMIO peakiyy HelipOIMy Ha TIPOBOCHAINTEITbHbBIE 1[V-
TOKMHBI [5, 6]. Beruteck nuTepeca K paspaboTke dhapmaro-
JIOTMUECKUX BEIIeCTB, CIYKALMX MHIYKTOPaMy M aj-
JIoCTepUYEeCKUMM MoaudMKaTopaMu i JAHHOTO Oeka
B HEpPBHOM TKaHU [7], MpUBeJ K POCTY uuciia UCCIIe[oBa-
HUI, TIOCBSIIEHHBIX M3yvyeHuto pom Hsp70 B mexaHms-
Me 3alUThl HEMIPOHOB OT TIOBPEKIEHWSI TP PasIMYHbIX
HeJpofiereHepaTVBHbIX 3a00JIeBaHNsIX, HApumMep 6ose3-
HU AJtblrelivepa M UIIEMUY rosioBHOro mMosra [8]. Tem
He MeHee OOJTBIIIMHCTBO HAyYHBIX KOJUIEKTUBOB Halle/IeHbI
Ha VCKJTIOYNTEIbHO MPUKJIAJHON Pe3ysibTaT IJisi ObICTPO
peaymM3yeMbIX TepaneBTUYECKUX OILIMI, YTO OTPAHNIM-
BaeT MOHMMaHNe (yHJAMEeHTaJIbHBIX TOCIENCTBUM TIO-
BBIILIEHHON 3KcIpeccuy uav aktuBHocTy Hsp70 B Helipo-
Hax ¥ mmn in vivo [9]. Tak, yuactre Hsp70 B pasnmaHbIx
BHYTPUKJIETOUYHBIX KacKa[aX IO3BOJISIET MPEATIONIOKUTbD,
YTO yCUJIEHVE SKCITPECCUY WY aKTUMBHOCTM JAHHBIX 6er-
KOB MOYKET BbI3BaTh Uepely HeKeIaTeNbHbIX KIIMHUYe-
CKUX PeaKIyil, YTO OCOOEHHO BEPOSITHO TPY CTPECCOBBIX
peakmMsIX, YBeJINIMBAIOIINX BbIPAOOTKY MOJIEKYIISIPHBIX
IarepoHoB. BO3MOXKHO, TapreTMpoBaHHAs IOCTaBKa
Hsp70 HenocpencTBEHHO K KJIETKe-MUIIIEHN CTasia 6b1 60-
Jiee Ge30TIaCHON aJIbTEPHATMBOM, XOTh 1 H60JIee 3aTPaTHOM.
Llenecoobpa3HOCTh IOCTIENHEN 3aBUCUT OT CPaBHEHMS TI0-
CTyIUTeHVsI B HepBHYIO TKaHb Hsp70 m3BHe 1 cTumysisimm
BbIPaOOTKM COOCTBEHHBIX OEJTKOB.

2 https://rscf.ru/project/23-25-00448/ (nara o6patenns: 12.06.2023).
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Llenb uccienoBanus: U3yuntb MOPGHODYHKIVIOHATb-
Hble M3MEHEHUs] B OpraHaxX HepBHOWM ¥ MMMYHHOM CH-
CTEM, a TaKXKe MeUYeHU MPU MOCTYTUIEHUU U30BITKA IK30-
rerHoro Hsp70.

MATEPWAIJIbl U METO/[bl

MaHunynsauum ¢ XXMBOTHbIMM

UccnemoBanust Ha 9KCIIEPUMEHTAIBHBIX JKMBOTHBIX
mpoBomwinch B cootBerctBun ¢ ['OCT 33215-2014
or 01.07.2016, TOCT 33216-2014°% or 01.07.2016*
1 PyKOBOACTBOM TO COMEPIKAHMUIO ¥ VCIIOTb30BAHWIO
saboparopubix kuBoTHbIX (Guide for the Care and Use
of Laboratory Animals, 8" edition)’. MccnemoBanue
BbITIOJTHEHO Ha 30 camiiax MbIlIel ayTOpeaHou JIMHUU
CD1. KommyecTBO >XMBOTHBIX PACCUUTAHO COTJIACHO
CTaHAAPTHBIM TpaBUIAM JJIsl OU3aiiHa 3KCIEPUMEHTOB
Ha rpe3yHax [10]. XXuBorHble moctynamyu u3 duamana
«Cron6oBasi» ®I'BYH «HayuHbli1 1IeHTp 6MOMeIUIIH-
ckux texuonoruin» ®MBA Poccuu, nmpebbiBaiv B BUBa-
pUM C TOAJEP>KaHMEM TIOCTOSTHHOV KOMHATHOM TeMITe-
parypbl 20-22 °C u Braxknoct 50-60 % c moctymom
K YMCTOV BOJIe ¥ TpaHyIMpoBaHHOMY Kopmy ad libitum.

BospacT >KMBOTHBIX Ha HAYaJ0 3KCIIEPUMEHTA CO-
crapysut 90 £ 3 cyTOK, cpemHsis Macca Tena 33,2 £ 2,3 1.
Bri6op Bo3pacra mbiiieii 6pU1 00YCIOBJIEH HEOOXOOM-
MOCTBIO B ITOJIHOM MEpEe OLIEHUTDb M3MEHEHMs B OpraHax
HEPBHOW M VMIMMYHHOU CHCTEM B CBSI3U C TIPOIECCaMi

peopraHmusaluy Kopbl TOJIOBHOTO MO3ra B 6ojiee paH-
HMEe TIePUONbI KM3HU, a TaKKe HAYaJiOM VHBOJIIOLUU
TUMyca B 6oJiee TO30HME MEePUOAbI SKU3HU JKUBOTHBIX.
[TockobKY MHBOJTIOIVST BUJIOUYKOBOI KeJie3bl y CaMIIOB
U CaMOK TMPOUCXOOUT B pasHOe BPeMsl, JJIsl VICCJIeA0Ba-
HMSI 6bUIM BBIOpAHBI JKMBOTHbBIE OFHOrO Mosa [11, 12].

Ins vccnemoBanus ObLI BbIOpaH Gesiok 1A cemeii-
crBa Hsp70 - HspA1A - kak HauboJsiee akTUBHBIN Mpe[I-
CTaBUTeJb CeMeiiCTBa ILAlepoHOB Ipu cTpecce [13].
[yis onipeniesieHnst TOro, Kak BausieT ayutoreHHbiin Hsp70
Ha paboTy HEPBHOWM CUCTEMbI, U3YYaJIUCh TOBEIEHYe-
CKMe XapaKTePUCTUKHU, a TAKKe KJIETOUYHbIE TIOMYJISIIUN
B LIEHTPAJIbHON HepBHOU cucTeme. OlIeHKAa CUCTEMHBIX
HeskeJsiaTesibHbIX 3(dekToB npu BBemeHun Hsp70 mpo-
BOIMJIACH ITYTEM U3YUYEHUS KJIETOUHBIX TIOYJISIIIUIA B I1e-
YeHU KaK OpraHe, OCYIIEeCTBIISIONIEM MeTab0IM3M IK30-
rerHoro Hsp70, 1 B opraHax MMMYHHOM CUCTEMBbI (THU-
Myce u cesie3eHKe). Jlu3aiH sKCrepuMeHTa pefCcTaBIeH
Ha pucyHke 1.

[Tocne AByxHENETHbHOTO KapaHTMHA OCYIIECTBIISIU
PaHIOMU3AILMIO MBbIIIE METOAOM CIYYalHbIX YKCesT
Ha 3 rpymsl o 10 ocobeii B Kaxkayto. JKMUBOTHBIX KaK-
JIOVi TPYTITIBI COMIePsKasi OTEIbHO 0 5 0cobelt B KieTke
B OTHEJIbHOM TIOMEIIEeHUM BUBApUS [IJIT HENOMYIEHWS
CKy4yeHHOCTHU. Bce ocobu nomyunin B nenb 0 omHOKpar-
HbIe [MOJIKOKHbIE BBelleHus: 1-s rpymnmna — dusnonoruyie-
CKOTO PacTBOpPa (KOHTPOJIb), 2-51 TPYIIA — HU3KO T03bI

[OeHb 0 / Day 0 JeHb 3/ Day 3 AeHb 5/ Day 5
1
1 OTkpbiTOE None/ 2
) J Open field test
Il / CKOPOCTb NepeMelLleHus, Dukcauus B
) z < copmanune/
» e ) NPOSACHHEIMIYTE N Fixation in NBF
KON14ecTBO Aedekauuii /
Bbicokas ao3a Hsp70 Movement speed,
(5000 mxr/kr)/ distance traveled and TONOBHOI MOT/
High dose Hsp70 bowel movements Brain
(5000pg/kg) 2
n=10
P, =+ ﬂ
.'/; 9 > o / 1 CeneséHka/ A
oL —» 3a6op opraHos/ Spleen MonyueHue ~
¥ v'»’b S a4 ) L Organ harvesting napagvHoBbIX 'a.
- Huskas posa Hsp70 B4 .ﬁl:IOKOB/
Mbiww camupl CD1 B (500 mKkr/kr)/ ) f Obtan;)llng I;()saraff'm 4
Bo3pacTe 90+3 cyTok/ Low dose Hsp70 20 / % J A oc! M
Male mice CD1 (500 ig/kg) P S min L g
9043 days old n=10 2 3
N=30 7 Tumyc/
y 4 Thymus 4
- 4 HEE
Pl 4 /'\ 7
KoHTponb (0,9% NaCl)/ Okpacka/
Control (0,9% NaCl) MeyeHb/ Staining
n=10 3anuch Liver
pesynbraTos/ Mopdometpus/
Recording results Morphometry

PWUC. 1. Cxema skcriepumMeHTa.
FIG. 1. Experimental design.

Mpumedanne: Hsp70 (heat shock 70 kDA, 6enok Tennosoro woka mMaccoii 70 k[la) / peKkoMOUHaHTHbIA YenoBeyecknit HSpATA.
Note: Hsp70 (heat shock 70 kDA) / HspA1A (heat shock 70 kDa protein TA), recombinant; NBF — Neutral Buffered Formalin.

5 https://www.internet-law.ru/gosts/gost/61242/ (nara o6parenus: 12.06.2023).
4 https://www.internet-law.ru/gosts/gost/62388/ (nara obpaienns: 12.06.2023).
5 PYKOBOJCTBO II0 COIEPKAHMUIO U MUCII0JIb30BAaHMIO J1aB0PaTOPHbIX JKMBOTHBIX. BocbMoe usganue / ep. ¢ adrl. nog pen. V.B. Benosepiesoii,
I1.B. Biimnosa, M.C. Kpacmisimkosoit. M.: UPBUC, 2017. 336 c.
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Hsp70 (pexomb6GuHaHTHBIN uenoBeueckuit HspA1A,
VMB PAH, Poccus, nosa - 500 mMKkr/kr), 3-g rpymmna -
BbICOKOM N03bI Hsp70 (TOT ke mpemnapar U MpoOU3BOIU-
tesib, 5000 MKr/KT).

Ha 3-it geHp mociie MHBEKIUU BCE MBIIIU MPO-
XomoWIu  (DU3UOJIOTUYECKUN TECT «OTKPBITOE TIOJe»
B TEUEHMeE ABYX MUHYT B uHTepBasie BpemeHu 8:00-8:30
u nipu ocBelieHHOCTH 40 JIIOKC Py TIOMOIIM YCTaHOBKY
«OrtkpsrToe noste a1t mbiiien» (000 «HITK OTtkpeiTas
Hayka», Poccust). 3a yac mo Tecra MbIllIaM [1aBaju OT-
JOXHYTb B TIOKOE — MCKJIIOUA/IX TIEPeBUKEHIE KIIETKHU,
B3SITVME TPbI3YHOB B PYKU MM GECIIOKOICTBO MX KaKMUM-
b0 MHBIM crocobom. PerucrpupoBanu mokasaTesin
MOBEIEHYECKOI aKTUBHOCTU: CKOPOCTh TEepeMelIeHus],
MIPOVIZIEHHBII MTYTh U KOJIMYECTBO AedeKarmii.

Ha 5-it meHb mocsie MHbEKLMM KUBOTHBIX BHIBOIVIIN
U3 9KCTIEPUMEHTA, MTOBBIIIAS KOHIIEHTPAIUIO YTTIEKUCIIO-
ro rasa BO BbIXaeMOM MMM Boszmyxe [14].

Mopdonornyeckoe uccnegoeanme

Ocy1ecTsisiiv 3a60p TOJIOBHOTO MO3Ta, TUMYCa, Ce-
ne3eHku u nevenu. [Towrte dukcanum B 10 % 3abyde-
perHom dopmanmue (OO0 «3Iprollpomakira», Poccus)
Y CTaHIAPTHOI MPOBOJIKY Uepe3 U30MPOIUIIOBBIN CIIUPT
BO3paCTAIONIel KOHIEHTPAIY W3TOTaBIMBAIA TUCTO-
JIOTMYEeCKME TIPernapaThl TOMIMHON 5 MKM IO PyTUHHOM
METOIVIKE C OKPACKO} reMaTOKCYIIMHOM ¥ 303MHOM [15].
Ha xaXXmom creksie aHaqM3MpOBAIM 1O IIIECTb MOJIEN
3peHust Ipu oMol Mukpockomna Axio Imager.Al ¢ ka-
mepoit Axiocam 305 color u mporpaMMHBIM obGecrieue-
HueM Zen 3.3 (Bce — MPoM3BOACTBO Zeiss, ['epmanus).

MopdomeTpus

[1s1 ompeneneHus] KJIETOK U SO€P UCIOIb30BAIN
MporpamMMHOe obecreueHe ¢ OTKpbITbIM kKogom QuPath
0.3.2, (Queen’s University Belfast, Beauko6purans),
obyueHHOe B paMKax MPOBOAVMMBIX MCCIEIOBAaHUN
Ha OIpeie/ieHNe TeX WM UHBIX CTPYKTYP B MPEICTaBIIs-
IOIIMX MHTepeC opraHax M TKaHsXx [16].

Ha mnpemaparax 6ombIMX TOTYIIAPUIL TOJIOBHOTO
MO3ra B 3aThUJIOYHOI OOJIACTU UAEHTUDUIVPOBAIU KO-
JINYECTBO HEMPOHOB B TAHIJIMOHAPHOM CJIOE KOPBI.

Ha cpe3ax Tumyca aHaIM3MPOBAIM COXPAHHOCTh
cenexuuu T-KIJIETOK, /JIS Yero B MOJISIX 3PEeHMs TOACUU-
TBIBAJIX OT[EJIbHO KOJIMUECTBO JUMQOIMUTOB B y4acTKaxX
KOPKOBOTO 1 MO3TOBOT'O BEIIIECTB PABHOM IJIOIIA/IN U BbI-
YMCJISUTY PA3HULLY MEKAY 3TUMM 3HaUeHustMu. [1pu sTom
1o (hopMe ¥ KOHTPACTHOCTH SIIeP UCKITIOUAIN SHIOTEIN-
aJbHYIO ¥ PETUKYJIOIMUTETMATbHYIO MOMYJISLIAN.

Ha mnpemaparax ceneseHkr B 6 TMOJSIX 3pEHUS
OT KaKIOro IMperapara yYUThIBAJIU KOJIUUECTBO 0OBEK-
TOB ¢ MOpdoJiorren IMMQOLNUTA B TEPUAPTEPUOISIPHBIX
JuMGaTUYeCKUX BIAraauinax GesioN MyJIbIbl U KOIude-
CTBO 0OBEKTOB ¢ Mopdosiorueit Mmakpodara B KpacHOI
TyJIbIIE.

Ha cpe3ax meueHu B TOJNIAX 3PEHUST PETUCTPUPO-
BaJIM KOJMYECTBO siiep TeraTrolUTOB B IapeHXUMe

KJIETOYHASA BUOJIOTUA, LLUTOJIOI U4, TMCTONOT A

MEYEHOUHBIX [TOJIEK 0e3 LIeHTPaJbHbIX BEH M TPUA],.
[Tpu MmopdomeTpun mevyeHn YIUTHIBAIN OKPYIJIbIE siipa
cpemHel KOHTPAacTHOCTU. [10CKONBbKY OT/eNbHbIE Tera-
TOIUTBI TIOJUTUIOUAHbI, ONPENEJSTh HEMOCPEACTBEHHO
KJIETOYHOCTb OBLIIO HElleJIecoo6pasHo.

CTaTMCTMYEeCKUI aHaNU3

OlueHMBaM HOPMAJIBHOCTD PACIIPENIENIEHNUST TIO KPU-
teputo KonmmoropoBa - CmupHOoBa. Bce monmyueHHbIe
JaHHbIE TIPENICTaBJEHbl B BUE MEAMAHbI U WHTEKBap-
TUJIBHOTO pasmaxa (25-1; 75-11 mporeHTusn), a TakKe
cpenHero apu@MeTHYEecKOro CO CTaHAAPTHOM OIInO-
Kol cpemHero. [Iyis cpaBHEHMSI T'PYII MCIOJIb30BAJICS
onHO(aKTOPHbBIN AucnepcuoHHbli aHamm3 (ANOVA).
[Tpu Hamumy 3HauMMbIX pasanunii B ANOVA nonapHoe
CpaBHEHME MEX[Yy TPYIIaMK MPOBOAWIM C TIOMOIIbIO
aroctepmopHoro (post hoc) tecra Tbioku. [IpuHSTHIN
ypoBeHb 3Haummocti p < 0,05. [las mpoBemenust cra-
TUCTUYECKOTO aHaIN3a MCIOIb30BAINCh TMAKEThI IMPO-
rpaMmMHOro obGecreuenuss Microsoft Excel (Microsoft,
CIIA) u OriginPro (OriginLab, CIIIA).

PE3YJIbTATDI

TecT «OTKpbITOE Nosne»

AHanu3 [JOBUTATENbHONM  aKTUMBHOCTYM  IIOKasasl,
YTO B TPYIIe KOHTPOJST TPbI3yHbI [OBUTAIUCh CO
cpennen ckopoctbio 8,9 £ 1,0 cm/c, B rpynme Hsp70
500 mkr/kr - 8,4 * 0,6 cm/c, a B rpymme Hsp70
5000 mkr/kr - 8,4 = 0,7 cvm/c (puc. 2A). Pesyabrarsl
IJIsT TIPOMZIEHHOTO IYTU: MBI TPYIIIbl KOHTPOJIS
B CpeHeM nepemMelnainch Ha 2671,7 £ 2921 cm, rpym-
mel Hsp70 500 mxr/kr - 2507,8 = 167,0 cm, rpyrmmsl
Hsp70 5000 mkr/kr - 2524,7 £ 2227 cm (puc. 2B).
VY Mblllieii TPYIbl KOHTPOJISI OTMEUEHO B CpemHeM
1,7 £ 0,5 medekanun, B rpymnmne Hsp70 500 mkr/kr —
2,5 % 0,5 u B rpynme Hsp70 5000 mkr/kr - 2,2 + 0,7 ge-
dexaruu (puc. 2C). KonuuectBo 60/110COB TP OJHOM
MCIIPasKHEHMY BapbhUPOBAJIO BO BCEX TPYIINAxX B mpefe-
nax 1-3 mrtyk. [To Bcem M3yueHHbIM TTapaMeTpam CTa-
TUCTUYECKM 3HAYMMBIX Pa3IMUMl MEXAY TpynnaMu
B TECTE «OTKPBITOE MOJIe» He BBISIBJIEHO.

[Ip THCTOIOTMUECKOM MCCIeNOBAaHMU TOJIOBHOTO
MO3Ta Y MbIIlIeli BCeX IPYIIT GbLIM BbISIBIEHbI COXPAHHAS
IIUTO- ¥ MMUEI0aPXUTEKTOHMKA, HEMPOHBI U TMs GbLIU
pacrpeesieHbl paBHOMepHO (puc. 3). I'mcronornueckas
KapTMHa BCeX TpeX TPYIII COOTBETCTBOBAIa HOPMe.

[Ipu oueHke MMMyHOMOpOIOrnUeckux 3¢GGheKToB
Hsp70 Ha cpe3ax Tumyca y sKUBOTHBIX BCEX TPEX I'PYIII
CTPYKTypa KaK KOPKOBOT'O, TaK ¥ MO3TOBOTO BeIIeCTBa
XOPOIIIO BU3YATU3UPYETCSI, TIPU3HAKM CTPYKTYPHBIX U3-
MEHEeHUII OTCYTCTBYIOT, BU3YaJbHbIX Pa3InuMii MeKIY
I'pyIIaMy He BbISIBJIEHO (puUC. 3).

Ha cpesax 6eioit my/ibIibl CeIe3eHKN IJI BCEX TPex
TPYII OTJIMYHBIX OT HOPMAaJbHBIX CTPYKTYPHBIX TIPU-
3HAKOB He OOHApykeHO. B KpacHOI mysiblie HE OTMe-
YeHO HAKOIUIEHUSI CHelUPUUYecKUX MUTMEHTOB, a OT-
JebHbIe MaKpodaryu Xopouo pa3inuyuMbl, IPU ITOM UX

CEYEHOBCKW BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023 35



CELL BIOLOGY, CITOLOGY, HISTOLOGY

>
=

ANOVA p = 0,862

—
N

—
o

(o]

CKOpOCTb MepeMereHust, CM/cex /
Movement speed, cm/s

KoHTponb /
Control

Huskas fosa Hsp70 / Bbicokas gosa Hsp70 /
Low dose Hsp70 High dose Hsp70

Cc 7

B 4500
4000
3500

3000 T
1

ANOVAp = 0,862

2500
2000
1500
1000

500

TIpoiigeHHOe paccTosiHue, CM /
Covered distance, cm

KoHTponb /
Control

Huskas fosa Hsp70 / Bbicokas gosa Hsp70 /
Low dose Hsp70 High dose Hsp70

ANOVAp = 0,619
6

Konnuectso nedexarmit /
Bowel movements

KoHTponb /
Control

Huakas fo3a Hsp70 / Bbicokas fo3a Hsp70 /
Low dose Hsp70

High dose Hsp70

PUC. 2. TToBeneHuecKkme mokasare B3pOC/IbIX MbIIIEH B TECTE «OTKPITOE M0Jie» HA TPETbM CYTKM TIOC/Ie OMHOKPATHOTO BBEIe-

HIsI HU3KOJ MM BbICOKOI 0361 Hsp70.

FIG. 2. Behavior of adult mice in “open field” test on Day 3 after single injections of Hsp70 at low or high dose.

KOJIMYECTBO BBIISIAUT MeHbIMM B Tpymme Hsp70
5000 mkr/kr (puc. 3).

B TkaHu meueHu i BCEX TpeX IPYII CTPYKTypa
opraHa 6buta He HapyieHa. CYHYCOUIHbIE KalTMJLISIPbI
B rpyie kouTposst u rpymme Hsp70 500 MKr/Kr okasa-
JIMCh HEMHOTO IIIMpPe ¥ TOJHOKPOBHEE TIO0 CPaBHEHUIO
¢ Hsp70 5000 mMkr/kr (puc. 3).

IIpu mnpoBegeHur MOpHOMETPUUECKOTO aHaIM3a
(puc. 4A) y Mbllleil TPYIIIbI KOHTPOJISI B TaHIJIMOHAP-
HOM CJI0€ KOPbI GOJMbIINX MOYIIApUii TOJJOBHOTO MO3-
ra B cpemHeM ompeneseHo 34,6 * 1,6 HelipoHa B IoJie
spenwus, rpymnsl Hsp70 500 mkr/kr — 25,2 * 1,4 kier-
ku, rpymmbl Hsp70 5000 mxr/kr - 27,2 * 1,7 "eiipoHa.
Ha cpe3ax Bi1oukoBoi¥1 3kestessl (puc. 4B) pasuuiia M-
dounTapHOi KIETOYHOCTM MEXKOY KOPKOBBIM M MO3-
TOBbIM BEIIECTBOM I TPYIIbI KOHTposis - 398,7
30,4 wnerku, rpymmbl Hsp70 500 mkr/kr - 274,9
36,1 xmertku, rpynmel Hsp70 5000 mxkr/kr - 407,6
42,8 xnetkn. B mepuaprepnosiapHbIX JIUMMGaTUIeCKIUX
Brarammiiax (puc. 4C) B cesle3eHKe Y JKMBOTHBIX IPYTIIIbI
KOHTpOJIsT BeIsIBJIEHO 2091,6 £ 33,4 numdornra, rpyr-
mel Hsp70 500 mkr/kr - 2040,0 + 15,7 kimeTku, rpyi-
mel Hsp70 5000 mkr/kr — 1987,4 + 20,9. Xots Habmo-
JATMCh OTAEebHbIE TMKY B TPYyIIax, pacripeneeHue
COOTBETCTBOBAJIO HOPMAajbHOMY M BCE TPU BBHIOOPKU

+ + +

U3 TeHEepaJbHbIX COBOKYIHOCTE TepeKpbIBaIM APYT
npyra. CTaTUCTMYECKM 3HAUMMBIX PasIMuMii MeKOY
TPYIIamMy 1Mo YMCJTy HENPOHOB, pasHuile JuMdoImTap-
HOJi KJIETOUHOCTVM MEKAY KOPKOBBIM M MO3TOBBIM Be-
IIIECTBOM U UMCJTY JIMMGOIMUTOB B TIEPUAPTEPUOTISIPHBIX
JuMdaTUIeCcKUX BIarajuiiax He BbISBIEHO.

B kpacuoit nynene (puc. 4D) pesynbrathl Mopdo-
MeTpUM BBISIBUJIM DPasauuus B TPYINax MUCCIemoBa-
Hysa. Tak, y MbllIei TPYINbl KOHTPOJST ONpPeneeHo
1774,5 + 24,8 makpodara, B rpynnax Hsp70 umcio
Makpodaros yMeHbIIIAJIOCh B 3aBUCUMOCTU OT BBe-
neHHoit mosel: 500 mMxr/kr - 1623,0 = 26,7 xiuerku,
5000 mkr/kr — 1553,6 = 47,0. Pasnuunus Mexay Tpyii-
mamu craructuyecku sHaummsl (p < 0,0001). B amo-
crepuopHoM TecTte TbIOKM CTAaTUCTUUECKU 3HAUU-
Mbl€ pas3INuMs TIOJyUeHbl MPU CPaBHEHUM TPYIIIIbI
koHTpoJs ¢ rpymmamyu Hsp70 500 mxr/kr (p < 0,05)
u 5000 mkr/xr (p < 0,0001).

IIpn MopdomMeTpuueckoM aHaau3e Cpe30B Iede-
Hu (puc. 4E) y MblllIeli IPyIIbl KOHTPOJIS OIpeneseHO
122,5 * 42 remarouurta, rpymmnsl Hsp70 500 MKr/kr —
129,5 = 3,6 xnerku, rpymmel Hsp70 5000 mkr/kr —
115,7 3,6. TlomyuyeHHOe 3HaueHMe p HAXOOAWIOCh
Ha I'paHuIle MPUHSATOIO YPOBHSI CTATMCTUUECKON 3Ha-
uymoctu (p = 0,053), B Tecte ThiOKM pasHMUIIA MEKIY

H+
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PUC. 3. Tucronornueckue mpenaparbl OPraHoB MbIIIE Ha MSATbIe CYTKM [TOCJIE ONHOKPATHOTO BBEIEHMSI HMU3KOM UJIY BbICOKOA
nmo3bl Hsp70. Okpacka reMaTOKCUIMHOM ¥ 903MHOM, 00.%40, ok.*20.
FIG. 3. Histological slides of murine organs on Day 5 after single injections of Hsp70 at low or high dose. Hematoxylin and eosin

staining, ob.x40, oc.x20.

rpyrmnamu Hsp70 500 mxr/kr n 5000 MKr/Kr cTaTucTi-
YecKyu 3HauMMa.

OBCYXAEHUE

[TomyueHHble HaMM pe3yIbTAThl MOKA3alM, YTO
Ha (oHe mopkoskHoro BBemeHust Hsp70 (pekoMOMHAHT-
Horo uyeyioBeueckoro HspAlA) dyHKIMOHA/NbHBIE pe-
aKIMM y MBIIIEN He MOCTpajaau ¥ OCTaINCh B Mpefe-
JlaX 3HAYeHWIi, OMpPEeNeIeHHbIX AJI TPYIIbl KOHTPOJIS,

npu Huskoit (500 MKI/KT) M BBICOKOM [JO3MPOBKAX
(5000 mxr/kr) mpemnapara. Takyke IpogeMOHCTPUPOBaHA
TOJIEPAHTHOCTDH HEMPOHOB TaHIJIMOHAPHOTO CJIOST KOPbI
TOJIOBHOTO MO3Ta K OHOKPATHBIM BBICOKVMM [[03aM IO~
KOXHO BBOmMmoro Hsp70.

O6HapyskeHa YCTOMYMBOCTb TUMYCa K BO3SMOXKHOMY
MOBPEKIAIONIEMY BO3[eNCTBMIO 3K30reHHOro Hsp70,
HECMOTpPS Ha OMM3KUI K Hayally WHBOJIIOLUMU BO3-
pact rpbisyHOB. Ha ¢done BBemennst Hsp70 okasamuch
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PUC. 4. Mopdomerprueckie rokasaTesn y Mbliiieil Ha MsITbie CYTKM TOCJIe OFHOKPATHOTO BBEAEHVISI HU3KOM MM BHICOKOI TO3bI

Hsp70 npu noncuete B 6 nonsx 3penust. 06.x40, ok.x20.

FIG. 4. Morphometrics in mice on Day 5 after single injections of Hsp70 at low or high dose, 6 fields of view. Ob.x40, oc.x20.

uuarddepeHTHbI ¥ MeIMATOPHbIE KIIETOYHbIE 3IEMEHTbI
MMMYHHOJ CUCTEMbI B MEPUAPTEPUONIAPHBIX JTMMbaTu-
YyecKux Braraauinax. Ha mpumMepe TKaHU MeUeHU TakKe
MPOIEMOHCTPUPOBAHO, UTO TPU BBEOEHUM PEKOMOU-
HaHTHOTO uejioBeueckoro Hsp70 He mpowmsonuio Hera-
TUBHBIX M3MEHEHWII B MeTabOJIMUYECKM aKTUBHBIX Op-
raHax. VIHTepecHO, UTO BBeleHMe BbICOKMX 103 Hsp70
CTAaTUCTUYUECKM 3HAUMMO TPUBOAWIO K HEKOTOPOMY
YMEHBIIIEHMIO YMCJIa TeNaTolMTOB, MPU 3TOM 06e BbI-
OGOPKM He VIMEIOT PasINuuil C TAKOBOW AJISI KOHTPOJILHOM

38

rpymmbl. BepositHO, BhicOKMe no3bl Hsp70 mmeroT He-
3HAUMTEJIbHOE BO3MAENCTBME HA MEUEHOUYHYIO TapeHXMu-
My, HO OHO, TEM He MeHee, He BBIXOIUT 3a TIPeesIbl HOp-
MaJIbHOV BapMaTUBHOCTM.

[Ipu sTomM OoTMeueHa TEHIEHIUS K MEHbIIIEMY KPO-
BEHAIOJIHEHUIO CMHYCOVUIHBIX KalWIISIPOB IPU TOBbBI-
menny mo3bl Hsp70. Bo3moskHO, Takou addekT maer
B3aumoperictBue Hsp70 ¢ daronutupyommmm Kiet-
KaMM B KpacHOM ITyJiblie ceje3eHKU. HabGmomaemoe
HaMM yMEeHbIIIEHVe KOJIMYecTBa MakpodaroB MOTJIO
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CIIOCOOCTBOBATh M3MEHEHMSIM B MeTabosin3Me KOM-
MMOHEHTOB I'eMa, UTO TEOPETUYECKM MOIJIO CKa3aThCs
Ha yTWIK3aluK MPOAYKTOB pacnaza rema. Hacrosiee
siBJieHue TpebyeT TIIATeJbHOTO MOAPOOHOTO U3YUeHUS
B JaJIbHENIIEeM.

MbiI nipearionaraeM, 4YTo HabJIOmaeMble HAMU M3Me-
HEHUSI B KPACHOVA ITyJIbIIE CEJIe3eHKU B BUJIE TEHIEHIUN
K COKpAILIEHMIO KOJIMYEeCTBA MaKpOo(daroB Mpu IMOBbIILIE-
Huu no3bl Hsp70 (ipu Tom, uTO mipu post hoc aHanuse
He TIOJTyYeHO JAHHBIX O J0303aBUCUMOM XapaKTepe Ta-
KMX V3MEHEHUI) MOTYT CIYXKUThb MPUCTOCOOUTEILHON
peakiuen aHTUTeH-TIPEICTABIISIONINX KJIETOK K BO3IEN-
CTBHIO MapKepa BBOAMMOTO 3Kk3oreHHoro Hsp70 kak 6e1-
Ka crpecca. [Ipu sToM camu pasinuusi B MOHOIIUTAPHO-
MakpodaraJibHOM 3BE€HE MEX[Y T'PYIIaMu UCCIenoBa-
HUSl He yHMKabHbI [17]. OTMeTum, 4TO B JmMTeparype
€CThb JAaHHbIE U O MPOTUBOIOJIOKHBIX 3 deKTax, 0co-
6eHHO pu myMTebHOM BoszaericTBuu Hsp70 u Ha douHe
oHkonarosoruu [18, 19].

IIpumenenne Hsp70 mjsg HacTOSIEro MCC/IeqoBa-
HUsI TpebOBaJO TIIATEJILHOTO TOAOOpa pEeIeBaHTHOTO
pexxuMa no3upoBaHus. [IusailH paHIoOMM3aly Ha BBe-
nmenne omHokparHo mopkokHo 500 mmm 5000 mKr/Kr
PEKOMOVHAHTHOTO YesioBeueckoro HspAlA B kauecTBe
HU3KO- U BBICOKOJO30BBIX PEXUMOB COOTBETCTBEHHO
paspaboTaH Mocje U3y4YeHusl OMMCAHHBIX B JIMTEPATYPE
anprepHaTuB. Tak, He TMPUBOOMI K TIOBPEKAEHUIO TKa-
Hel BBouMblii BHYTpuOpronmuHo Hsp70 o 200 mkr/Kr
B Teuenye 21 nus [17] mim nogkoskHO 1o 50 MKI/KT B Te-
yeHyue 14 cytok [20]. HeumHbeKkUMOHHOe INpUMeHeHUe
6e3 MaTOJIOTMYECKUX PeaKlMii OMUCAHO [JIsl MHTpPaHa-
3QJIbHOTO BBEIEHUSI, HAPUMeEp 1O 2 MKI/KT B TeueHue
9 mecsueB [21]. CywecTByIOT pa3paboTKM IO TapreTu-
POBAaHHOW [IOCTaBKe PEKOMOMHAHTHOTO YeJIOBEYECKOTO
Hsp70 mpu momoriy MHKAICY/Sum, MpogeMOHCTPUPO-
BaBIIIME CHCTEMHbBIE TPOBOCIAIUTEIbHbIE CBOMCTBA OeJi-
Ka B Bue 3(pPeKTUBHOTO CHVDKEHMS BbIPAOOTKM aKTUB-
HbIX (HOpM KMcaopoza 1 pakTopa HeKpo3a ormyxosm [22].

Mpbi 06paTwiu BHUMAaHKME Ha MOJKOXKHbBINA MyTh BBE-
JeHUs] KaK Ha HaMMeHee M3Y4YeHHbI, B TOM YMCJIe B BO-
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Tasm gusaniH ucciaemoBanus. [LA. TlbsBuenko, A.A. BenenukTos
u E.A. Ky3pbMUH OCYIIECTB/IS/IM MOATOTOBKY SKMBOTHBIX U TMPO-
Bomwin ¢usnonorndyeckue tectol. E.A. KysbMun marorasnmBa
rucrosornyeckue npenaparsl. [LA. [IbsBueHko, A.A. BeHenukTos
BBITIOJTHSUTM MOPGOMETPHIO, CTATUCTUYECKYIO 0OPAaBOTKY pe3yib-
TaTOB U HANMCAIU TEKCT paboThl. Bee aBTOpBI yTBEpAMIINM OKOHYA-
TEeJIbHYIO BEPCUIO CTAThU.

KJIETOYHASA BUOJIOTUA, LLUTOJIOI U4, TMCTONOT A

Ipoce MPOHMKHOBeHMsT 5K3oreHHoro Hsp70 uepes rema-
TosHIIepaIMIecKnii Gapbep. YUUThIBAsI OMariasoH 103
Hsp70 mo maHHBIM MCTOYHMKOB, MbI BbIOpaiM MaKCU-
MaJIbHO BbICOKMe H03bl B 5000 MKI/KT peKOMOMHAHTHO-
ro uesioBeyeckoro HspA1lA, He nmpuBoauBIIME K (aTalib-
HBbIM MOCJIEACTBUSIM. DTUM K€ IIPUHIIMIIOM 06YC/IOBJIEH
BBIOOP OTHOKPATHOIO BO3MENCTBUS, IIPY KOTOPOM BO3-
MOYKHA KOMIIeHcalyst n36bITKa BBogymoro Hsp70.

OrpaHnyeHus uccnepoBaHus

Paszbpoc 3HaueHMit j1s1 IOMYyUYEHHBIX HAHHBIX HEU3-
6GEe3KHO BeJIMK, MOCKOJIbKY BbIOOpKA ObLIa Masoil. DTO
HeoO6XOoMMOe OrpaHMuYeHUe MUIOTHOTO SKCIIEPUMEHTA
B CUJTY 3TUYECKUX COOOPaKeHMUIA.

HanpaeneHus gnsa ganbHeMLwuxX uccnegoBaHui

Ha ocuoBanun IMMOJIYY€HHBbIX PEe3YyJ/IbTATOB HE 1O KOH-
11a sCHO, ITO3BOJISIET JIN I‘eMaTOSHLLE(baJ'II/I‘{eCKI/II‘/JI 6apbep
sk3oreHHOMY Hsp70 NpPOHMKHYTH B HEPBHYIO TKaHb
npu IMMOAKOXXHOM BBE€IOEHUU. BTO 1'[O6y)i(,U,aET CpaBHU-
BaTb pa3HbIe CIIOCOOBI BBeJeHMs O0JIsS1 OUEeHKNM COCTOSIHMS
HepBHOI;'I TKaHM IIpM BBEOEHUM JaHHOI'O 6en1<a.

BbIBOAbl

[NopkoskHOE BBe[EeHME BBICOKMX Y HM3KUX JI03 IK30-
reHHoro Hsp70 TpexmecsTYHbIM MbIIIaM He TIOKa3aJIo CTa-
TUCTUUECKHM 3HAUMMOTO BO3/IEMCTBIMSI HA OPraHbl HEPBHOM
(KOpa roJIOBHOTO MO3ra) ¥ UMMYHHOI CUCTeM (TUMYC, Ce-
JIe3eHKa), a TaKkke neveHb. [lomyueHHbIe QYHKIVMOHAb-
Hble UM TUCTOJIOTMYECKUE DPEe3yJIbTaThl JEMOHCTPUPYIOT
OTCYTCTBME HETATVBHOTO BO3MENCTBUS TPU OTHOKPAT-
HOM BBefieHuu aaske BbICOKMx (5000 MKI/KT) MO3MPOBOK
pekoMOMHaHTHOTO uenoBeueckoro HspAlA. Dto maer
BO3MOYKHOCTb JTJIbHEMIIMX Pa3paboTOK B 06JIaCTU MpU-
meHenust Hsp70 mpu HelponereHepaTuBHbIX 3abosieBa-
HUSIX C YYETOM MUHUMAJIbHBIX HEKEeJIATeJIbHbIX MOPQO-
(byHKIMOHAIBHBIX MPosiBiIeHni. Kpome TOro, pe3ynbraThbl
UCCIIeNOBaHYSI O6JIErYaloT TUTPOBAHME TIPEAETbHBIX 103
pekOMOMHAHTHOTO vesioBeueckoro Hsp70 mpu mopkosk-
HOM BBEJIEHUM.
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In silico npepckasaHue B3aumMoaeucTBUS TPAHCKPUNLMOHHOrO
¢daKTopa U 3HXaHcepa KaK NepBoro atana perynsiuum
aKCOHaJIbHOIro pocTa

I.10. Korenbankos, U.A. Cunskun, E.A. Bopopuu™, T.A. Baranosa
@I'BOY BO «Amypckas zocydapcmeenHas meduyurckas akademus» Munsdpasa Poccuu
ya. T'opwkozo, 0. 95, 2. Bnazosewenck, 675001, Poccus

AHHoOTauuA

Pa3BuTue HeiipofereHepaTMBHbIX 3a60MeBaHNA aCCOLMMPOBAHO C MpaBWibHbIM (OPMUPOBAHMEM HENPOHHO
LLenn — akcoHanbHbIM HaBeaeHneM. Cpeau KNKYEBbIX PEryNSTOPOB akCOHaNbHOro HaesefeHus — peuentop DCC
(deleted in colorectal cancer / colorectal cancer suppressor, cynpeccop KonopekTanbHoro paka) n 6enok SHH (sonic
hedgehog protein, «cBEPX3BYKOBOW EXMK»).

Llenb. peackasaHue B3anMoaencTBMa ONpeAeneHHbIX 9HXaHCEPHbIX obnacTeit reHoB DCC v SHH ¢ aHHOTUPOBaH-
HbIMW 1S HUX PaKTOPaMmK TPAHCKPUMLMWK.

Matepuanbl n metogbl. [1poBefeHO UccnenoBaHue in silico. NS OUEeHKM CUIlbl 3HXaHCEPHON MocneaoBaTeflb-
HOCTV BbibpaHbl anropuTMbl iEnhancer-2L u ES-ARCNN. AHanna B3auMOAEACTBUSA TPAHCKPUNLMOHHOIO (haKkTo-
pa C 3HXaHCEepHOW MocnefoBaTeNIbHOCTbIO NPOU3BOAMNCS C UCMOMb30BAHUEM METOfa MOMEKYNSPHOrO [OKUHTa.
9HXaHCepHas nNocneaoBaTeNnbHOCTb reHoB 6enkoB DCC 1 SHH B3sTa 13 0TKPbITOM 6a3bl AaHHbIX NCBI B FASTA-
hopmate. [1ng KapTUpOBaHMSA 3HXaHCEPOB UCMONb30Banach 6asa Ensembl, ons oT60pa NoTeHUMANbHbIX SHXaHCe-
POB U TPAHCKPUMLMOHHbIX (GakTopoB K HUM — GeneCards. CTPyKTypbl TPAHCKPUMLMOHHBIX (aKTOPOB, @ TaKXe UX
[HK-cBA3bIBatOWME JOMEHDBI ObINK B3AThl U3 6a3bl AaHHbIX UniProtKB/Swiss-prot. B kayecTBe METPUKM OLEHKM
BO3MOXHOCTU B3aNMOJENCTBUS TPAHCKPUMLUMOHHBIX (BAKTOPOB C LIeN1IeBOW 3HXAaHCEPHOMN MOCeA0BaTE/IbHOCTHIO
NCnonb30BaHa OLeHoYHas GyHKLUms (score).

Pesynbratbl. Pe3ynbrathl MCCNEA0BaHNS NMOKa3anu, YTo B3anMOofeicTBme TpaHekpunumoHHoro daktopa NANOG
C 9HXAHCEPHOI NocneaoBaTeNnbHOCTLIO reHa DCC 1 B3aMMOAENCTBME TpaHCKpunuMoHHoro dakTopa CEBPA ¢ ah-
XaHCEPHOW MocnefoBaTeNbHOCTbIO reHa SHH, npefckasaHHble MyTeM MEeToa MEeXMONEKYNSAPHOro [OKUHTa, SB-
NAKTCA NOTEHUMANBbHO BO3MOXHbIMU. Anroputmsbl iEnhancer-2L 1 ES-ARCNN npefckasanu aHXaHCepHYH nocre-
[0BaTeNIbHOCTb reHa SHH Kak CUTbHYK0. SHXaHCepHas nocneoBaTeibHocTb reHa DCC B anroputMe iEnhancer-2L
oLeHeHa Kak cunbHas, B ES-ARCNN - kak cnabas. CBsisbiBaHMe 3HXaHCEpHO nocnefoBaTenbHOCTH reHa DCC
C TpaHckpunuyoHHbiM dakTopom NANOG Ha npomexyTkax 1-206 bp n 686-885 bp aBnsetcs Hanbonee BeposT-
HbIM, CBSI3blBaHWE 3HXaHCEPHON NOCNeA0BaTENbHOCTY reHa SHH ¢ TpaHCKpunLnoHHbIM GakTopom CEBPA Ha npo-
mexyTke 1-500 bp (orpaHuyerne HDOCK B 500 bp) sBnsieTcsi BO3MOXHbIM.

3aknioyeHue. [1pyMeHeHHbIe METOAVKM B UCCNef0BaHWM in Silico NPOAEMOHCTPUPOBAN YA0BNETBOPUTESbHbIE Pe-
3yNbTaTbl NPeACKa3aHns B3anMOLEACTBUS TPAHCKPUNLUMOHHOTO GaKTopa C 9HXaHCEPHOI NOCeA0BaTe/IbHOCTbHO.
OrpaHuyeHnem MeToanky SBASETCS OTCYTCTBME y4eTa KOHKPETHbIX CanTOB CBSA3bIBAHMSA TPAHCKPUMUMOHHbBIX (hak-
TOPOB C [1€30KCUPVNOOHYKNENMHOBO KUCNOTON. ITOT HEOCTATOK MOXET ObITb YCTPAHEH BK/IKOYEHMEM B NaiinnaiH
ab initio MeETOAA MONEKYNAPHON ANHAMUKN.

KnioueBble cnoBa: MONeKynapHbli LOKUHT; in silico; DCC; SHH; cainT ceasbiBanus; CEBPA; NANOG; SITECON
Py6pukn MeSH:

AKCOHbI

TPAHCKPUMUMWN ®AKTOPBI - AHAITNS

FEHHOW 3KCMPECCUN PEMYNALMA

KOMTBbIOTEPHOE MOAENTMPOBAHNE

Lns uutupoBanua: KotenbHukos [.1., CuHakuH WA, BopoauH E.A., batanoea T.A. In silico npeackasaHue B3auMo-
[e/iCTBMA TPAHCKPUMLIMOHHOIO (hakTopa U SHXaHcepa Kak NepBoro atana perynsauny akcoHanbHoro pocta. CeyeHos-
CKit BeCTHUK. 2023; 14(4): 42-50. My6nukaums oHnaiti 29.11.2023. https://doi.org/10.47093/2218-7332.2023.907.12
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Danil D. Kotelnikov, Ivan A. Sinyakin, Evgeny A. Borodin"“, Tatyana A. Batalova
Amur State Medical Academy
95, Gorky str., Blagoveshchensk, 675001, Russia

At C

The development of neurodegenerative diseases is associated with proper neuronal circuit formation, axonal
guidance. The DCC receptor (deleted in colorectal cancer / colorectal cancer suppressor) and SHH (sonic hedgehog
protein) are among the key regulators of axonal guidance.

Aim. Interaction prediction of specific enhancer regions of DCC and SHH genes with respectively annotated
transcription factors.

Materials and methods. An in silico study was performed. The iEnhancer-2L and ES-ARCNN algorithms were selected
to estimate enhancer sequence strength. The interaction between transcription factor and enhancer sequence was
assessed using the molecular docking method. The enhancer sequence of DCC and SHH protein genes were taken
from the NCBI open-source database in FASTA format. Ensembl database was used for enhancer mapping, GeneCards
was used for screening and selection of potentially appropriate enhancers and transcription factors associated with
these enhancers. The structures of transcription factors as well as their DNA-binding domains were taken from the
UniProtkB/Swiss-prot database. An HDOCK scoring function was used as a metric for assessing the possibility of
interaction of the target gene transcription factor with associated enhancer sequence.

Results. The results showed that the interactions of transcription factor NANOG with the DCC gene enhancer
sequence and the interaction of transcription factor CEBPA with the SHH gene enhancer sequence predicted by
molecular docking method are potentially possible. The iEnhancer-2L and ES-ARCNN algorithms predicted the
enhancer sequence of the SHH gene as strong one. The enhancer sequence of the DCC gene was estimated as
strong in the iEnhancer-2L algorithm and as weak in ES-ARCNN. Binding of the DCC gene enhancer sequence to
the transcription factor NANOG at 1-206 bp and 686-885 bp sites is the most probable, binding of the SHH gene
enhancer sequence to the transcription factor CEBPA at 1-500 bp (HDOCK limitation of 500 bp) is possible.
Conclusion. /n silico techniques applied in this study demonstrated satisfactory results of predicting the interaction of
the transcription factor with the enhancer sequence. Limitations of the current techniques is the lack of consideration
of specific transcription factor binding sites. This drawback can be eliminated by implementing an ab initio molecular
dynamics simulations into the present pipeline.

Keywords: molecular docking; in silico; DCC; SHH; binding site; CEBPA; NANOG; SITECON
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CnncoK coKpalL,eHuii:

Bp - base pairs, napbl 0CHOBaHMiA

DCC - deleted in colorectal cancer / colorectal cancer
SUppPressor, Cynpeccop KONopeKTanbHoro paka

SHH - sonic hedgehog, «cBepx3BYKOBOW EXMK»

Meromyka MamMHHOTO OOyuyeHMs] Hauvajaa IIMPOKO
MIPUMEHSITBCSI B 0671aCTV OMOMEIUIIMHBI JIJIST TIOVCKA T10-
TEHIMATbHBIX JIMTAH/IOB, B aJbHENIIIEM UCIIOIb3YeMbIX
Kak dapmakonmornyeckue wmuinen [1]. Kmaccuueckn
MOXKHO OTIpeNesIMTh SHXAHCEePbI KaK IYC-IeMCTBYIOIIe
MIOC/IeOBATEIbHOCTY  [1e30KCUPUOOHYKIENMHOBOM KHUC-
sotel (JJHK), dyHKIMEN KOTOpBIX SIBSIETCS yBeaude-
HMe TpaHckpumuuu (3Kcrmpeccun) reHa. Kak mpasuio,
OHUM (QYHKUMOHMPYIOT HE3aBUCKMO OT OpMEeHTAaIlUn
M HA PasJMYHBIX PACCTOSHUSX OT IPOMOTOpA-MMUILEHN
(wmn mpomoropoB) [2]. OpgHMM U3 HEOOXOAMMBIX YC-
JIOBUM JJI1 QYHKUMOHMPOBAHMSI IHXAHCEPOB SIBJISIETCS
JOCTYITHOCTb WX CaiiTa CBSI3bIBAHMSI TPAHCKPUITIIMOH-
Horo ¢akropa (transcription factor-binding site, TFBS),
TO €CTb CaM YHXaHCep ¥ MPOMOTOpP, KaK M Herocpe[-
crBeHHO nocienoBartesnbHocTh [JJTHK kakoro-mmbo reHa,
JIOJKHBI HAXOAMUTHCS B HEKOHZEHCUPOBAHHOM COCTOSI-
Hum [3]. Ha 0ObIYHONM SHXAHCEPHOM MOCIeI0BaTe N b-
Hoctu (II1) cocrasnsger mpumepro 100-1000 bp (base
pairs, mapbl OCHOBaHMI).

DYHKIMOHAIBHO OIIeHUTh PaboTy IHXaHCEPA MOSKHO
ITyTeM JICTIOTb30BaHMSI HECKOJIBKMX METPUK, HalpuMep
THUIIA TIPEJIIIOIAaraeMOro ISl CBSI3bIBAHMS TPAHCKPUIILIN-
onHoro ¢axkropa (Td), opmeHTaIyio (MeCTOIOIOKEHNE)
9HXaHcepa, ero adpdMHHOCTD; MOPSIOK, YMCIO M pac-
crosiure Mexny Heckonbkumyu TFBS Ha mpotsskenun
BCEro sHXaHCepa ¥, B KOHEUHOM CUeTe, JIeSKAIIYyI0 B 0C-
HoBe Ttomnosiornio JJHK, B COBOKYITHOCTM MMeEHYeMO

TFBS - transcription factor-binding site, cailT cB3biBa-
HWS TPAHCKPUMLMOHHOTO (hakTopa

[HK - nesokcupnboHyknenHoBas KucnoTa

9l — aHxaHCepHas nocnefoBaTeIbHOCTb

T® - TpaHCKPUNUMOHHBIA GakTop

«9HXAHCEPHOM apxuTekTypoi» [4]. Bo3amokHOCTH TMO-
TEHIMAIBHOTO YIIPaBJIeHMs SHXaHCepaMy KaK OTHUMMU
M3 9JIEMEHTOB PETY/ISAIUM SKCIIPeccuy OeJika SIBIISIETCS
Ba)KHOJ 3a7aueli B COBPEMEHHON MOJIEKY/ISIPHOM OMO-
JIOTVM.

LentpanpHOM Npo6JIEMOV B TOHMMAHUM PETYIISI-
MM TEHOB OCTAeTCsl OOBSICHEHME TOro, KaK OTOupa-
10TCs crienMduueckyie HaGOPbI TE€HOB AJISI SKCIIPECCUNU
BO BpeMSI POCTa KJIETOK, Mu(bepeHIIMpoOBKY WIN B OT-
BET Ha CUTHAJIbI OKpy’Karomei cpenbl. OCHOBHAS 11eJTb:
OIpeneNnTb, KaK TEeHOM (UKCMPOBAHHOTO pasMepa
YCTaHaB/IMBAET OTPOMHBIN HAOOP Pas3IMUHBIX TPOTPaMM
pasButusi. Best mHbOpManys, Heobxogumast IJisl pery-
JIITOPHBIX (YHKIMIA, OIMOCPENOBAHHBIX SHXaHCEpaMM
¥ TIPOMOTOPaMM, 3aKOAMPOBaHa B MOC/IEI0BATETbHOCTI
IOHK ¢ momoripio nX YHUKaJIbHOM KOMOWHAIMM MORY-
sieit [5]. To ecTh KaKIblil OTHEIbHbIN MOLYJ/Ib CBSI3bIBAET
omuH mmu 6osee T®, BBIMOIHSIST TaKMM 0OpPasOM OOHY
13 GYHKUMI BCEro PErysiTOpHOro 3jemeHTa. Kpome
TOTO, OITpeieJIEHHbIE MOIY/IM MOTYT CJTY>KUTh IIEHTPaJTb-
HbIMM GJIOKaMU TIEPEKJTIOUEHNST, COOTBETCTBEHHO pearu-
pysl Ha BXOIHble JaHHbIe OT APYI'MX MOLYJIeil TOrO sKe
snemenTa [5].

CrpyKTypHble ¥ (GYHKIVMOHAJIbHBIE MCCIeIOBAHMS
T® mokasanu, UTO OHM MPENCTABIITIOT COOOV MOMYITb-
Hble GeJIKM, HeCyIle OTHe/bHble 00J1acTH, MpeaHa3Ha-
YyeHHbIe I pa3inuHbix GyHkimit: [JHK-cBasbiBatommit
JIOMEH, KOTOPBIM HAIMpaBJigeT OeJIOK K OIpene/IeHHOMY
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cainty JJHK, momeH MyibTMMepU3aluy, O3BOJISIOILINIA
cobupatb TOMO- WM TETEepPO-MYJIbTUMEpPBI, U 3PdeK-
TOPHBIN JIOMEH, KOTOPBII MOYXET MOMYJIMPOBATh CKO-
POCTb TPAaHCKPUMLMY (aKTUBALMIO WU perpeccuio) [5].
Mopynbhas npupona TD BMecTe ¢ MOTY/IbHOV apXUTEK-
TYPOJ SHXAHCEPOB U ITPOMOTOPOB 0OECIIEUNBAET OCHOBY
IJIS KOMOMHATOPHOTO peXXUMa 3KCITPeCCUM TEHOB, a He-
OrpaHMYeHHbIe BO3MOXKXHOCTHU CMeIIMBaHMS U COMOCTaB-
JIEHUSI SHXAHCEPHBIX U GETKOBBIX MOIYJIEN MO3BOJISIOT
MIPE/IIIOJIOKUTD, UTO MOYKET CYIII€CTBOBAaTh HECKOHEUHOE
KOJIMYECTBO YHUKAIbHBIX MPOrPAMM IKCIIPECCUY TEHOB,
BCTPOEHHBIX B '€HOMbI OTHOCUTEIHbHO OTPAaHMYEHHOTO
pasmepa. [logpasymeBaeTcsi, YTO SHXAHCEPHI U TPOMO-
TOPBI JIESKAT B KOHEYHBIX TOYKAX IyTeN Mepenauu Cur-
Haja, kotopbie momuduiupyor Td. Takum obpasom,
OTIPEZIEJIEHHBIN I'eH SKCIIPECCUPYETCS TOJIBKO B TOM CITy-
yae, ewiM KJeTka BOCIPUHMMAET U COOTBETCTBYIOIIVM
06pa3oM MHTepIIpeTupyeT crelyduyeckme curHaisl [5].

AxcoHanbHOe HaBeneHue (axonal guidance) Haps-
Iy C KJIETOYHOM MUTpAIVeN ¥ CUHATITOTeHe30M — OIMH
U3 KJIIOYEBBIX MPOIECCOB, HEOOXOMMMBIN [IJIST TIPAaBUJIb-
HOTO (hopMUpPOBaHUST HEMPOHHOI Lieru. ETo perymupyer
IIVMPOKUIA DSJT CUTHATbHBIX KAaCKaIOB, TMPOUCXOASIINX
KaK B CaMMX HEMPOHAX, TaK U B APYTUX KJIETKAX, BKITIO-
yasi Heltporuio [6].

C TexHMYECKUM YJIyullleHeM BU3yaausaluu IIpo-
L[ECCOB aKCOHAJbHOTO HaBelleHMs Kak in Vivo, Tak U in
Vitro OKa3aHo, YTO C Pa3BUTKEM Helpo/ereHepaTBHbIX
3a00JieBaHMI aCCOIMMPOBAHbI Je(eKThl aKCOHATBHOTO
TpaHcnopTa. JTU [JedeKTbl OOYCIOBJIEHbI TeHETHYe-
CKMMM MYTalMSIMM, IPUBOISIIVMYU K OTCYTCTBUIO CBSI-
3bIBAHUSI MOTOPHBIX O€JKOB (KMHE3MH, MUHEUH) 160
HapyleHnio GYHKIVY WIX Pa3BUTUIO HECTAOMIBHOCTHU
MMKPOTpybHOUeK [6].

Cpenu peryisiTopoB akCOHaJTbHOTO HaBEeIEHMS MOXK-
Ho BbimeuTh penentop DCC (deleted in colorectal
cancer / colorectal cancer suppressor, Cynpeccop Ko-
JIOPEKTAJILHOTO paka), KOTOPbI KOHCTUTYTUBHO 3KC-
MPECCUPYeTCs] Ha TMOBEPXHOCTU aKCOHOB. CBSI3bIBaHUE
HeTpyuHa-1 ¢ DCC BbI3biBaeT xemoarTtpakiuio [7]. Cam
HeTpuH-1 CeKpeTupyercs KJIeTKaMM IUTACTMHKY JHA
CITMHHOTO MO3ra, NUuQOYHAMPYET BO BHEKJIETOYHbBI Ma-
TPUKC U CO3[AeT I'PAUEHT, MPUBJIEKAIONINIT PACTYIINE
KOMMCCYPaJIbHbIE aKCOHbI K BEHTPAJbHOW CPEeIMHHON
JIMHUY CIIMHHOTO MO3ra. PasjnuHble HampasJisiOIIVe
CUTHAJI PEIeNTOPbI Ha MOBEPXHOCTY KOHYCA POCTA HEM-
POHA MMOCTOSIHHO KOHTAKTUPYIOT C OKPY’KAIOIIIel CPeion,
B3aMMOZEVICTBYSI C COOTBETCTBYIOIIMMM CUTHAJIAMU, BbI-
CBOOOXK/IAEMBIMY  KJIETKAMU-MUIIIEHSIMM, TE€M CaMbIM
MO3BOJISISI aKCOHY MPABWIBHO MEPEMEIaThCs 0 TOYHOM
TPaeKTOPUM Cpeyt MHOTMX BO3MOYKHBIX MapIUIpyToB [8].
[To HEKOTOPBIM aHHBIM, HapyllleHre QYHKINUM PabOThI
DCC-peuenropa BMecTe ¢ HeTpuMHOM-1 crocoGCTByeT
TUIIOIIA3MU 3PUTEIBHOTO Hepsa [9].

MOJIEKYIAPHASA BUOJIOT NS

B kauecTBe BHYTPUKJIETOUHOTO PETY/ISITOPA aKCoO-
HaJIbHOTO HAINPaBJIEHMST I POCTA MOKHO BBIAEUTH OEJIOK
SHH (sonic hedgehog protein, «CBepXx3ByKOBOW EXXUK»).
OH wurpaeT 3HaUMMYIO POJb B OMOCPEJOBAaHHOM Ha-
MIPaBJIEHN) aKCOHOB KOMMCCYpa/IbHbIX HEPOHOB B pas-
BMBAIOIIEMCSI CIVHHOM MO3re uepe3 HeKaHOHMYECKUI
TPAHCKPUTIIIVIOHHO-HE3aBUCHUMbIN MTYTh, B3aMMOIENCTBYS
¢ pernerrropom Boc 1 mipesicraBuTesieM cemeicTsa perier-
TOPOB, COMpssKeHHbIX ¢ G-6eKkoM, — perentopom SMO
(Smoothened receptor). AKTMBaIMsi KMHA3bl CEMENCTBA
Src uepes SMO mon BosgpeiictBuem SHH Hampabisier
aKCOHbI KOMMCCYPaJIbHbIX HEWMPOHOB, UI'Pasi KJIIOYEBYIO
poJIb BO BCeM Ipoliecce pocTta ¥ HarpasieHus [10, 11].

Ilenp paGoThl - MpecKasaHue B3aMMOJIENCTBIUS
OTIPEZIeJIEHHbIX 3YHXAHCEPHbIX Obsacteir renoB DCC
u SHH ¢ aHHOTMPOBaHHBIMMU 1151 HUX (haKTOpamu TpaHC-
KPUIILINANA.

MATEPWUAJIbl U METOAbI

MoaroroBKa AaHHbIX

B xauecTBe 6eKOB-MuUIIIEHEN BbIOPAaHbI HETPUHOBBIN
peneritop DCC u 6enok SHH, npuHumarommin onocpe-
JIOBAaHHOE yYacTKie B MPOIeCCE HAIlpaBJIEHHOTO POCTa
aKCOHOB.

3II renos 6enkoB DCC u SHH B3siTa 13 OTKPBITOM
6a3b1 ganHbix NCBI (National Center for Biotechnology,
HanmoHasibHbIN 1IEHTP GMOTEXHOIOrMYecKor nHhopMa-
uym CIIIA) B FASTA-dopmare'?. [l KapTMpOBaHUS
9HXaHCEPOB MCIOIb30BasIach 6aza Ensembl, nist or6opa
MOTEeHIIMAbHBIX 3HXaHCepoB 1 TD K uum — GeneCards.

CrpyKTypbl (DaKTOPOB TPAHCKPUIIIUYU, a TAKKE UX
ITHK-cBs3biBatoIIMe JOMEHbI ObLIY B3SIThI U3 6a3bl TaH-
Hbix UniProtKB/Swiss-prot.

MouncK aHXaHcepHbIX NocsiefoBaTeIbHOCTEN

1 npegcKasaHne ux cuibl

i BBITIOJTHEHMS] 3KCIEPUMEHTa OTOMPAJIUCh TIO-
CJIeIOBATEIbHOCTY, aKTUBHOCTh KOTOPBIX, MO JTaHHBIM
Ensembl, HaGmopasach B KJIETKaX HEMPAJIbHOTO MPO-
nucxoxkaenust; mys renos DCC u SHH o6iiieii KIeTou-
HOJ TIOMYJIALIMEN CTaM 3Be3quarble HENPOIIUaIbHbIE
KJIETKM aCTPOUUTHI. [IpyrMMyu BaskKHbIMYM KPUTEPUSIMU
or6opa craynio Hammune JI1 u B 6asze Ensembl, u B 6ase
GeneHencer (mpencrasiena Ha cante GeneCards),
OG/MIM3KOE ee paCIOJIO)KEHIE OTHOCUTEIbHO CaMo-
ro reHa (Bbicokoe 3HaueHue Gene Association Score
o GeneHencer) u Hasm4Ke KeJlaeMOTO reHa B Ka4eCTBe
aHHOTMpOBaHHOM Mulienu (Hapumep, DCC).

ANropuTmbl Al OLLEeHKU CUbl 9HXaHCepHOM

nocnepoBaTeslbHOCTU

st otieHky cyibl D11 6bUIM BBIOpAHbI IBa aJITOPUT-
Ma C OTHOCUTEJIbHO BbICOKOJ TOUHOCTbIO IIpeICKasaHus,
YIOOHbBIE B VICIIOJIb30BAHMIA.

! https://www.ncbi.nlm.nih.gov/nuccore/NC_000007.14?report=fasta&from=155815219&to=155815723&strand=true (mata ob6pareHus:

01.06.2023).

2 https://www.ncbi.nlm.nih.gov/nuccore/NC_000018.10?report=fasta&from=52310401&to=52313800 (gara ob6parenus: 01.06.2023).
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IMepBbiM asroputmom BbiGpaH iEnhancer-215 [12].
Ero BxomHbIMM TaHHBIMYU SIBJISIETCS IpeAronaraemMast 11
B FASTA-dopmare, a BbIXOOHBIMM — CITUCOK TOACTPOK,
MOJTyYEHHBbIX TyTeM (parMeHTaluy MCXOOHON TOociie-
JIOBATeIbHOCTY pPaMKOM cumThiBaHusS ajmHon B 200 bp
(MopenibHas AjIMHA SHXaHCcepa) U aroM B 1 bp, a Takxke
cuta nosrydyeHHon nounctpoku. [Tocpencrsom iEnhancer-
2L, mpoaHa/M3MpOBaHa CUJIa BCell TOCJIENOBATEIbHO-
CTU U B CJIy4ae, eCJIM BbIXO[IHbIE JaHHbIE MPeICKa3aHus
CBUIETENBCTBOBAIM O TOM, uTo Bce 200 bp-mopcrpoku
SIBJSUTACh  CWJIBHBIMM, TO ¥ CaMy MOCJIeOBaTesb-
HOCTb CUUTQJIX CWIbHOU. [Ipu momydyeHUM pasHOPOMI-
HBbIX IAHHBIX: TEPEMEKAIOUINXCS CUIbHBIX, CJIa0bIX
" He (PYHKIMOHAIbHBIX YYACTKOB SHXAHCEPA JeIajIoCh
MIPE/INOJIOKEHNE, UTO CTPYKTYpa MOCJIEI0BaTeIbHOCTU
He TOJIHOCTBIO BOBJIEKAETCS B CBSI3bIBaHME C (haKTOpa-
MM TPAHCKPUIILINMK, & JIUIIb C TOTEHIIMATbHO CUTbHBIMMU.
Borunciurenbhubie BosamoskHoctu iEnhancer-2L. orpa-
HUYEHbI MIPY aHAJIM3e OYEHb JJIMHHBIX MOCJIeI0BaTelb-
Hocren, nmostomy III gist rena DCC (3399 bp) 6buia
pasbuTa Ha HECKOJIBKO MOACTPOK ayuHoi B 500 bp, atu
MOJCTPOKM TpoaHaim3upoBanbl uvepe3 iEnhancer-2L,
U B KaUeCTBe BBIXO[IHBIX JAHHBIX OTOOPAHbI T€ U3 HUX,
KOTODbIE SIBJITIOTCSI CUITbHBIMU. DTO TIOMOTAeT ONTUMMU-
3MpOBAaTh BPEMSI, OTBEIEHHOE MJIsl JOKMHTa JaHHou Ol
¢ haKTOPOM TPaHCKPUIIIUN.

Bropbim anroputmom ajis aHanm3a cuibl 1T coryskmmn
ES-ARCNN [13]; ero BXOOHbIMM JaHHBIMM TaKsKe SIBJISI-
ercst D11 B FASTA-bopmate, a BBIXOZHBIMU — CIJIA BCEN
OIl. CornacHo uccienoBanuio, mpopegeHHomy T. Zhang
" coaBT. [13], oTHOCKTE/IbHBIE TOUHOCTH IMpeCKa3aHni
iEnhancer-2L u ES-ARCNN coctassstor 60,5 1 65,5%
COOTBETCTBEHHO.

MoneKynsipHblil JOKWUHF

s anammsa B3aumopenctsus T ¢ OI1 6b11 BeIOpaH
MEeTOJ] MOJIEKYJIIPHOTO NOKMHTA. JTO OAMH U3 COBpe-
MEHHbIX METONIOB B BbIUMC/IUTENIbHON OMOIOTUM, CYThIO
KOTOPOTO SIBJIIETCS Mpe[icKasaHye ONMTMMAaJIbHOTO B3au-
MOPACIOJIOXKeHUsT ABYX OMOMOJIEKYIT, OOeCeunBaoIee
ux cTabusibHOe cBsi3biBaHMe. CaM MpolLece MpeCcTaBs-
eT coboVi TeHepalnio MOTEHIMATBHO BO3MOXKHBIX KOH-
dbopmanmii/opueHTanmii JIMraHAa B CAiiTe CBSI3bIBAHUS
6enka [14].

B kauecTBe MOKMHT-aJIrOpUTMa AJis Hallleli paboThbI
BbI6pan HDOCK®. OH oTiMyaercst OT CBOMX TUIIMYHBIX
aHaJIOroB, TaK KaK B KaueCTBe JIMTaH[a IIPUHUMAET TI0-
cnemoBarenbHOoCTh [THK B FASTA-dopmare, 13 KoTo-
pOit cam BBICTPanMBaeT CTPYKTYPHYIO MOeb; B Kaue-
CTBe BTOPOrO CybCTpara CBsI3bIBAaHUSI BBICTYIIAeT Cam
T®, koropsiit 3arpykaercs B pdb-dbopmare. 13 pomosn-
HUTEJIbHBIX HACTPOEK OBLIM YKa3aHbl aHHOTUPOBAHHbIE

na UniProtKB [JHK-cBssbiBaroniye caintbl TD, ecin
TaKoBble UMeNUCH [15]. IHTepnpeTanns MeTpUK CBSI3bI-
BaHMS OCYIIECTBJIS/IACh B COOTBETCTBUM C IPaBUJIAMMU,
ykazanabiMu Ha cepBepe HDOCK. Score (ckop, oreH-
Ka) Mpe[CTaBsieT COOOM pe3ysbTaT pacueTa OILEHOY-
Hbix QyHkimin ITScorePP wiu ITScorePR u siBnstercst
co6CTBEHHON pa3paboTKoii aBTOpoB, a confidence score
(OlLleHKa TOCTOBEPHOCTHU) CIYKUT SMIIMPUUYECKU BbIBE-
JIEHHO OIIeHOYHOW (DYHKIIVMEeN AOKUHTA U PACCUMUThIBA-
ercs o Gopmyiie:

1,0

[1 O + e0,0Z*(DockingScore+150)] .
’

Confidence score =

Baskno YTOUYHUTb, YTO MbI HE€ IIpMpPaBHMUBAJIM IIOKa-
3aTeJIb OLIEHKU K peaanoﬁ SHEeprum CBA3bIBaHUA, I10-
CKOJIbKY II€pBasd He OIITMMM3MPOBAHA C YUYE€TOM 3KCIIepu-
MEHTaJIbHbIX JaHHBbIX.

AHanu3 sHxaHcepHOI NocnefoBaTeNbHOCTU

Ha Hanuuue caTa CBAA3blBaHUSA

TpaHCKpUNuUuoHHoro ¢akTopa

Boi6pannbie yuacTky 11 66111 MpOaHATM3UPOBAHBI
Ha Hajmuue B HUX cootBetcTByommx TFBS npu momo-
i momynen Find TFBS with SITECON u Find TFBS
with matrices B cBo6ogHOM OMOMHMDOpPMATIIUECKOM
nporpaMmmHoM obecriedenuu Unipro UGENE® [16].
[laHHbIE MOIYJIM COIOCTaBJISIIOT IOCJIeJOBATEbHO-
ctu THK c yke umeromeics 6uonoreroit SITECON,
a TakKe C MO3ULVIOHHBIMY MAaTPUIAMM BECOB/YaCTOT.
Oro6panubie JI1 6buu 3arpyskensl B FASTA-dopmare
B Unipro UGENE, nanee npousBogmics nouck TFBS:
nnst CEBPA (CCAAT/enhancer-binding protein alpha,
CCAAT/anuxaHcep-CBsI3bIBatOLINii 6€JI0K anbha) Obuu
ucnosnb3oBanbl Momyimu SITECON® m marpuibl Be-
coB JASPAR ID: MAQ0102.2 (TexHMYECKM TPUMEHSI-
Jlach TIO3UIIVIOHHAsI MATpUIla 4acTOThl — ¢aiy1 B pfm-
dopmare), gt NANOG (homeobox protein NANOG,
romeobokcHbili  6eiok  NANOG) wucnonab3oBainch
TOJIBKO MO3UIMOHHbIE MaTPUIbI BecoB (daityi B pwm-
dopmare), B3arbie u3 6asbl manHpix HOCOMOCO’
(B3aTHI maHHbIe ¢ quality A) ¥ amanTMpoBaHHbIE
oz, CTPYKTypy, ucnonasdyemyto Unipro UGENE [17].
Ucnonb3yemMble 4MCIEHHbIE TIOKA3aTeXM PaCCUYMTAHbI
Ha ocHoBe smmupuueckux nanHbix SELEX (SITECON
ninst CEBPA), a taxke ChIP-Seq (matrix gnss CEBPA
u NANOG). B kauecTBe BBIXOOHBIX TAHHBIX ObLIU
MOJTyYeHbl KapTUPOBAHHbIE YUYACTKU MOTEHIMAJIbHBIX
TFBS, cpenyu KOTOPbIX YUYUTHIBAINCH UMEIOIIME Hau-
BBICIIIYIO METPUKY SCOTe.

BusyanbHas MHTepIipeTanysi pe3ysibTaToB OCYIIECT-
Basutach mpu momoiin PyMol ver. 2.5.4 (Schrodinger,
LLC, CILIA).

5 http://bliulab.net/iEnhancer-2L// (nara o6pamienus: 01.06.2023).
4 http://hdock.phys.hust.edu.cn/ (nara o6parenus: 01.06.2023).
5 http://ugene.net/ru/ (nara o6pamienns: 01.06.2023).

6

7 https://hocomocoll.autosome.org/ (mara obpatenns: 01.06.2023).

http://wwwmgs.bionet.nsc.ru/mgs/programs/sitecon/tutorial.html (gara o6parenns: 01.06.2023).
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PE3YJIbTATDI

[Tonyuennbie pesynabrarhl TFBS npencrapiiens! B Ta-
omuue 1.

Wcnonb3oBanubie mogenn Td, D11, ee sokanmsaniysl,
IUTMHA U TIpe[cKa3aHHast Cujia CyMMMPOBAHbI B Ta0IUIe 2.

UccnenoBanne D11 ¢ mOMOIIBIO pasHbIX aJITOPUTMOB
MOKAa3aJi0 Pa3HOPONIHbIE Pe3yJbTaThl: C ONHOM CTOPO-
ubl, u iEnhancer-2L, u ES-ARCNN mnpenckazam 11
reHa SHH kak cuibHyto, ¢ apyroi, D11 rena DCC 6bu1a
oneneHa iEnhancer-2L xak cuibHas, a ES-ARCNN -
Kak cJyabasi.

Pesynbrarsl cBsisbiBanus OII reHOB ¢ yKa3aHHBIMU
B Tabmuie 2 QakTopamMyu TPAHCKPUIILUM PUBEIEHbI
B Tabnuie 3.

B coorBercTBMM € TIOTYyueHHBIMM B Tabnuie 3 maH-
HBIMJM MOYKHO YTBEpXK[aTh, 4TO CBsi3biBaHMe Ol reHa

MOJIEKYIAPHASA BUOJIOT NS

DCC ¢ T® NANOG Ha npomeskyTkax 1-206 bp u 686-
885 bp sBisgerca Hambojiee BEPOSTHBIM, CBI3bIBaHME
OIl resa SHH ¢ T® CEBPA nHa mpomeskyTke 1-500 bp
(orpannuenie HDOCK B 500 bp) siBisieTcst moTeHIu-
aJIbHO BO3MO>KHBIM.

Ha pucyHke npefcTaBieHa BU3yaibHasi MHTEPIIpETa-
1[UST Pe3Y/IbTaTOB.

OBCYXXOEHUE

ITo HaiMM pesysbTaTaM, HOJYYEHHBIM C ITOMOIIbIO
KOMOMHAIMY HECKOJIbKUX METOHOB in silico, MOKHO yT-
Bepkaath, uto B3amumogeiictBue NANOG c 3OII rena
DCC un B3saumopericteue CEBPA ¢ OII rena SHH sB-
JIIETCSl TIOTEHLMAIbHO BO3MOKHBIM M MOMKET CJIYKUTh
peJIeBaHTHBIM MTPEAMETOM [IJIST OYIYIIVX VCCIeIOBaHMIA.
ITockonbKy B Hallleil paboTe MpeIiosKeH OPUTMHATbHbIN

Ta6nuya 1. [laHHble caiiTa CBA3bIBaHUA TPAHCKPUNLMOHHOTO (haKTOpa 3HXaHCepHOl nocnegoBaTeNnbHocTH reHoB DCC u SHH
Table 1. Transcription factor binding site data of DCC and SHH genes with target enhancer sequence

MapameTp / l'en / Gene

Parameter DCC (1-206 bp) DCC (686-885 bp) SHH
TpaHCKPUNLUOHHDIi
¢akTop / Homeobox protein NANOG CCAAT/enhancer-binding protein alpha CEBPA

Transcription factor

-

LOGO
(ChIP-Seq based)

-4 ﬂﬁ*h) AT??E%;GAAA-T-

PWM: PWM: SITECON :

GCTTTTCACATGACTGA (+) GGCATAGTTATGTCATC (+) GGGGATTTCCCAAACCGGCCAAGC (+) (243-266 bp)
HaiineHHblii TEBS / (131-147 bp) (802-818 bp) CCGGTTTGGGAAATCCCCGCAGTC (=) (237-260 bp)
Obtained TFBS

GTCAGTCATGTGAAAAG (=) GGCAGAAAGATTCTGAG (-) JASPAR:

(132-148 bp) (824-840 bp)

OueHka / Score PWM: 68,6% (+), 72,8% (-)

PWM: 74% (+), 68,5% (-)

TTTCCCAAA (+) (248-256 bp)
TTGGGAAAT (-) (247-255 bp)
SITECON: 75,4% (+), 73,6 (-)
JASPAR: 81% (+), 86% (-)

Ta6nuya 2. UToroBble AaHHble 3HXaHCepHON nocnefoBaTeNnbHocTh reHoB DCC u SHH
Table 2. Summary of enhancer sequences of DCC and SHH genes

benok /

TpaHcKpunuMoHHbIii dakTop /

A l'eH / Gene, Nokanusauma/  [AnuHa / s
Unlial;'?c:tell(r; D Cards ID Localization Length Cuna / Power TraS:$:2::?£ lfl;(:_tor'
SHH/ SHH (homo sapiens)/ Chromosome 505 bp CunbHas / Strong CCAAT/enhancer-binding
Q15465 GC07M155799 7:155815219 - (iEnhancer-2L, ES-ARCNN) protein alpha (CEBPA)?
155815723
Dcc/ DCC (homo sapiens)/ Chromosome 3399bp  Cna6as / Weak (ES-ARCNN) Homeobox protein NANOG®
P43146 GC18P052340 18: 52310401 -
52313800 CunbHas / Strong

(1-206, 10-209, 14-219,
25-229, 686-885, 689-888)

[pUMeYaHue: XUPHbIM LLIpI/IdJTOM Bbll€/1IEHbI TE Y4aCTKN 3HX8HC€pHOl71 nocnepoBatenbHocTv reHa DCC, KOTOPble NCNOJIb30BaNCh B AAHHOM

necenenoBaHum.

Note: those regions of enhancer sequences of DCC gene that were used in this study are highlighted in bold.

8 https://www.uniprot.org/uniprotkb/P49715/entry (mara o6parenus: 01.06.2023).
 https://www.uniprot.org/uniprotkb/Q9H9S0/entry (nara o6parenus: 01.06.2023).
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Tabnnya 3. Pesynbratbl fokuHra HDOCK
Table 3. HDOCK docking results

len/  OHxaHcepHas nocnepoBaTenbHOCTb/ TpaHCKPUNLMOHHBII dakTop /

Pesynbratbl gokunra / Docking results

Gene Enhancer sequence Transcription factor OueHka / Score Ouenka ;_J,ocrosepuocru /
Confidence Score
SHH 1-500 bp CEBPA -189,40 0,6874
1-206 bp -244,80 0,8694
bee 686-885 bp NANOG -242,36 0,8638

A SHH-CEBPA-complex, model 1

B SHH-CEBPA-complex, model 2

PUC. Busyanusaius yCreuHbiX pe3y/bTaToB MEXMOJIEKYISIPHOTO TOKVMHTA.
FIG. Visualization of successful docking conformations.

MIPOTOKOJI MCCJIeIOBaHMsI, a METPUKM score u confidence
score TMpPUBSI3aHbI K KOHKPETHOMY JOKUHT-aJTOPUT-
my (HDOCK), cpaBHEHME IOJIYYEHHBIX HAHHBIX C pe-
3yJIbTaTaMy IPYTUX UCCJIeAoBaresieil orpannueHo. Tem
HE MEHee MEeTOJ, MOJIEKYJIIPHOTO OKMHTA YsKe YCIes
3apeKOMEHJIOBaTh CeOsl B KaYeCTBe He3aBUCUMOTO. Tak,
B uccienoBanmu P. Giri u coast. [18], ucrnonb3ys me-
TON CTBIKOBKM in silico, MOeHTU(PUIMPOBaHbI IaTTepP-
Hbl (AtMAPKZ3P) y Arabidopsis thaliana. 3 131 usy-
YEHHOI'O TPaHCKPUITIMOHHOrO (aktopa ynmiits MYB 41
neMoHcTpupoBas B3aumozgenctaue ¢ AtMAPK3P. C uc-
MOJIb30BAaHMEM TOMCKA MMHUMAJIbHOI IMOC/IeI0BaTelb-
HOCTY MOTHMBOB, @ TaKXXe C IMOMOIIbI0O METOJa JIOKMHTa
TaK)Xe COOOIIAIOCh O HECKOJIbKMX HOBBIX OeJsikax, B3a-
uMogperncTyolmx ¢ MYB, KoTopble HEOO6XOOMMO TMOf-
TBEpPOUTH KMHA3HBIM aHaimysoM in vitro [18]. IanHas

paboTa, KaKk ¥ Hallla, IeMOHCTPUPYET yCIellHOe TpuMe-
HeHMe GMOMH(POPMATUUECKOTO MOAXONa Ha HAuaJbHbIX
JTamax JKCIEepMMEHTa B KayeCTBE XOPOIIEero MpOorHo-
CTUYECKOTO MOZeJIMPOBAHMSI.

B pa6ote oreuecTBeHHBIX yueHbIX A.M. AHapraHoBa
u coaBT. [19] Meromamu BUPTYaJbHOTO CKPUHMHTA
U MOJIEKYJIIPHOTO MOJEIMPOBaHUS UIEHTU(DUIIMPOBA-
HBI 1IECTh TOTEHIVATbHBIX MENTUIOMUMETUKOB KPOCC-
pPeakTMBHOTO HeuTpanmsytoiero antu-BUY-1 (Bupyc
UMMyHOZehUIIUTa YesioBeKa) aHTuTesa N6, CioCOOHBIX
MMUTUPOBATh (apMako(pOpHbIE CBOWCTBA 3TOrO MMMY-
HOMIOOY/IMHA TyTeM crenubnyeckux u 3HHeKTUBHBIX
B3aumopencteuii ¢ CD4-cBSA3bIBAIOIIMM CAiTOM OejiKa
gp120 obonouku Bupyca BUY [19]. TTokazaHo, uTO KITFO-
YEeBYIO POJIb B CBSI3BIBAHMU ITUX COEOVIHEHUI C HGeIKoM
gpl20 wurpaioT BaH-€P-BaaJIbCOBbI B3aMMOJENCTBUSI
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C KOHCepBaTUBHbIMU ocTaTkaMu Phe43-monoctu riamko-
MpoTeNnHa, KpUTUUeCKuMHU Ijsl ipucoenuHeHus BUY-1
K kierouHomy perentopy CD4, a Takke BomopomHast
cBsa3b ¢ ocrtatkom Asp-368gpl20, obpa3oBaHue KOTO-
POVl YBEJIMUMBAET XUMUYECKOE CPOMACTBO 03 aKTu-
BallMM HEKEJIATeJIbHOTO aJuiocTepuueckoro sddexra
[19]. Ha ocHOBe mosyyeHHbIX pe3yJbTAaTOB aBTOpPAMMU
ObLT CHEeaH BBIBOJ, O TOM, YTO MIEHTUMUIMPOBAHHbBIE
COeMHEHUST MOTYT PacCMaTPUBAThCS B KayecTBe Tep-
CMEKTUBHBIX KaHIMUIATOB ISl TIPOBENEHMS [I€TaTbHBIX
9KCMEPUMEHTAJIbHBIX UCCIENOBAHUN C LIEJIbI0 UX 1aJb-
HENIIIero MCIoab30BaHusl B paboTax MO CO3JaHUIO0 HO-
BbIX TIPOTMBOBMPYCHBIX IpernapaToB. Takum o6pasoMm,
MOYKHO yTBepXKzaaTb, UTO in silico uccienoBanue A.M.
AmnnpuaHosa 1 coaBT. [19], kak 1 Hallle UCCJIeJOBaHMe,
TaK)Ke TPOIILIO YCIEITHO C TOYKYU 3PEHNS BbISIBJIEHUS OC-
HOBHbBIX JJOMEHOB B KaueCTBe KaHIMIATOB Ha poJib (ap-
MaKOJIOT Y€ CKIX MOJIEKYI.

Takyke CTOUT YIIOMSIHYTh, UTO Pa3pabOTaHHbIN HAMU
MIPOTOKOJI HE SIBJIIETCS COBEPILIEHHBIM IO HECKOJIbKUM
MPUYMHAM: METOJ, HEe YUYUTHIBAET KOHKDPETHbIE CalThI
cBsa3biBaHyss T, T.e. JOKMHT MPOBOOUIICS «BCJIEMTYIO»;
caM MeTO[I, MesKMOJIEKYJIIPHOTO TOKMHT A SIBJISIETCS «CTa-
TUYHBIM» TI0 CBOEM TPUPOJE, TOCKOJIbKY ITOKa3bIBaeT
OoHY "3 BO3MOXHbIX KoHpopmaumii [JHK-6emkoBoro
KOMILIEKCa (KOTOpasi BIIOJIHE MOKET ObITh HEYCTONYM-
Ba); 3HaueHMst score u confidence score He SIBISIFOTCS
YHUBEPCAIbHBIMMU.

VYKa3aHHble PaHEe HEeNOCTAaTKM MOKHO MCKIIIOUUTH
BKJIIOUEHVEM B MaWIIaH ab initio MeTOHA MOJIEKYIISIp-
HOW IuMHaMUKKU. MoJekyasipHO-IMHAMMUUECKOe MOJEJIN-

BKJIAL ABTOPOB

I.11. KoTenbHUKOB BHEC OCHOBHOII BKJIaJ B Pa3paboTKy KOHIIEI-
VM M [M3aiiHa UCCIIeNOBaHMs, a TaKKe MOATOTOBKY WILTIOCTPa-
uuit. I.A. CMHSIKMH BHEC BKJIAJ B ITOMCK JIMTEPATYPHBIX VICTOYU-
HUKOB, HalMCaHue ¥ pegakTupoBaHue Tekcra. E.A. Bopomuu
u T.A. BarasoBa pyKOBOAM/IM MIPOIIECCOM CTaTUCTUUECKON o6pa-
GOTKM, HAIIMCAHUS M PeLAaKTUPOBaHMs cTaTby. Bce aBTOPBI 070-
OpWIM OKOHYATEJIbHBIM BAPUAHT CTATbU U TOTOBBI B3SITh Ha Cebst
OTBETCTBEHHOCTb 32 BCE aCIEKThI P CTABIEHHON TyOIMKaLMN.
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Xupypruyeckoe nevyeHue nauueHTa ¢ MHTPaKpaH1anbHOM
3NUTenMougHoOM reMaHrMo3HA0TEeIMOMOM:
K/IMHUYecKoe HabniogeHue

A.B. I'aBprommnn, I.M. Yénymgua™
DI'AY «HayuonanbHwlli MeOuyuHCKUll uccaedosamensckull yenmp Hetipoxupypeuu um. akademuxka H.H. Bypdenko»
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v Y MY>KUMHBI 47 JIeT: KJIMHNYecKoe HAa0/IIoeHne

BbiBogbI WNHTpaKpaHnanbHasa reMaHrMosHA0TeNMOMa Y B3POC/bIX — ONYXOJlb, UMEH0LLas
YepTbl 3/I0KAYECTBEHHOCTH; B C/ly4ae HepafuKanbHoro yaneHns cneayer
paccMOoTpeTb afibloBaHTHYIO Tepanuio
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Xupypriueckoe HepapukanbHas pesekuus —
nevelme Onyxosb COCTOMT U3 KOHrNoMepaTa

naToNorNYecknx CoCcysioB, C BOBIEYEHNEM
KOHEeYHbIX BeTOK M2 cermeHTa cpegHei
MO3r0BO#i apTepun

Temosonomug

N

OtcyTcTBUe addexTa

N

JleTanbHbIN UCXOA

MpoaomKeHHbIi
POCT 0CTaTKOB
onyxonu

FaBprownH A.B., Yénywkun [1.M. Xupypruyeckoe neyeHue nauneHTa c UHTPaKpaHWanbHON aNUTENMOUAHON reMaHrMo3HA0TeNMOMON: KIIMHUYECKOEe HabnofeHue.
CeueHoBckuit BecTHK. 2023; 14(4): 51-59. https://doi.org/10.47093/2218-7332.2023.14.4.51-59

AHHoOTauuA

lemaHrnosHaoTennoma (I9) — kpaiiHe peakoe CocyancToe HOBOOBPA3OBaHME C MPOMEXYTOUHbBIM NAaTTEPHOM 3N10-
Ka4yeCTBEHHOCTU Mexay A06pOKaYeCTBEHHbIMI HOBOOOPA30BaHUAMM U aHrMocapKoMamu. B nutepatype onucaHo
BCero 46 cnyyaes MHTPaKpaHWanbHOM NIoKanusaLnuy nepsuyHomn '3 y B3pochblx.

Onucanue cnyvas. Y nauneHta 47 net B TeyeHve 3-4 [Hel NOABUANCH BbIPaXEHHbIE HAPYLLEHWUS peyun no Tumy
CEHCOPHOW U aMHeCTUYEeCKOI adasni, NpaBOCTOPOHHAS NUPaMUAHas HeOCTAaTOYHOCTb. 10 JaHHbIM MarHUTHO-
PE30HAHCHOI TOMOrpaduu BbISBNEHO OTFPaHUYEHHOEe HOBOOOPA30BaHKe OCTPOBKA MO3ra CleBa C Npu3Hakamu
KPOBOUBNMSAHNA 1 HEGObLIMM NeprudoKanbHbIM 0TEKOM. VIHTpaonepauMoHHO HOBOO6Pa30BaHWe 6biNo NpeacTas-
NIEHO KOHTIOMEepaToM NaToNorMYeCKMX COCYL0B C BOB/IEYEHVEM KOHEYHbIX BETOK M2 CermMeHTa cpefjHei Mo3rosom
apTepuu, 4TO He MO3BOAMO BbIMONHWTL PaAMKaNbHYO Pe3eKLMo HOBOO6pa3oBaHUsA. Ha OCHOBaHWM TMCTONOMM-
YecKOro U MMMYHOrMCTOXMMUYECKOrO UCCNeA0BaHNS ONepaLMoHHOro MaTepuana (MonoXnTeNbHas aKcnpeccus
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CD31, CD34, nuaekc nponudepaTuBHoit akTneHocTh Ki-67 10%) ycTaHoBNEH Mopdonorndecknii amarHos 9. Cny-
CTS 3 Mecsilla nocne onepaTMBHOrO BMeLLaTeNbCTBa OTMeYeH MPOAOIKEHHbIA POCT OCTATOYHOIA YaCcTW HOBOOO-
Pa30BaHuA. XMMMoTepanust TEeMO30/I0MUAOM OKa3aNach KNMHUYECKN HeaMekTUBHOI. Yepes 9 mecaLeB nauneHT
norvné n3-3a pas3BUTUS AUCNOKALMOHHOMO CUHAPOMA.

06cyxpenne. K 310Ka4eCTBEHHbIM XapaKTepucTukam 3 OTHOCMTCSA WHBA3WBHbIA POCT, PpeLManBbl U MeTacTa-
3MpOBaHye, YTO Yallle HabNoAaeTCA NPY UHTPAKpaHWanbHOW N0Kanu3aumm HoBoobpa3oBaHus. Mpyu Noao3peHum
Ha ['3 cneflyeT CTpeMUTLCA K paAnKanbHOMY ee yaaneHWo Npu XMpYpPrivyeckom NeveHni.

KnioueBble cnoBa: reMaHrMo3HAOTENNOMA; XMPYprinyeckoe neverne; CD31, CD34, Ki-67;, Temo3onomua

Py6pukn MeSH:

FEMAHTMOSHAOTENOMA SNUTENNMONAOHAA - ANATHOCTUKA

FEMAHTMOSHAOTENOMA SMUTENMONOHAA - ANATHOCTUYECKOE 30BPAXEHWE
FEMAHTMOSHAOTEAMOMA SNUTENNONAHAA - TEPAMINA

MO3IA TOJTOBHOMO HOBOOBPA3OBAHNA - AMATHOCTUKA

MO3I'A TOTOBHOMO HOBOOBPA30BAHNA - AMATHOCTUYECKOE M30BPAXEHWNE

MO3I'A TOTOBHOMO HOBOOBPA30OBAHNA — TEPATIA
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Surgical treatment of intracranial epithelioid
hemangioendothelioma: a case report

Andrey V. Gavrjushin, Danil M. Chelushkin"*
N.N. Burdenko National Medical Research Center of Neurosurgery
4-ya Tverskaya-Yamskaya str., 16, Moscow, 125047, Russia

A C't

Epithelioid hemangioendothelioma (EHE) is an extremely rare vascular neoplasm with an intermediate pattern of
malignancy between benign neoplasms and angiosarcomas. Only 46 cases of intracranial localization of primary
EHE in adults have been published.

Case report: A 47-year-old male patient developed pronounced speech disorder of sensory and amnestic aphasia
type, right-sided pyramidal hemiparesis within 3-4 days. Magnetic resonance imaging revealed a delimited left
sided brain islet neoplasm with signs of hemorrhage and small perifocal edema. Intraoperatively, the neoplasm was
represented by a conglomerate of pathologic vessels, with involvement of the terminal branches of the M2 segment
of the middle cerebral artery, which prevented radical resection of the neoplasm. Based on histopathological and
immunohistochemistry analysis of the neoplasm (positive expression of CD31, CD34, proliferative activity index Ki-67
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10%) the morphologic diagnosis of EHE was established. 3 months after surgery, continued growth of the residual
part of the neoplasm was noted. Temozolomide chemotherapy was clinically ineffective. The patient died due to the

development of dislocation syndrome after 9 months.

Discussion. The malignant characteristics of EHE include invasive growth, recurrence, and metastasis, which is more
common in intracranial localization of the neoplasm. If EHE is suspected, radical surgical removal of the neoplasm

should be sought.

Keywords: hemangioendothelioma; surgery; CD31; CD34; Ki-67; temozolomide

MeSH terms:
HEMANGIOENDOTHELIOMA, EPITHELIOID - DIAGNOSIS
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CnKCOK COKpALLLeHMiA:
[ — reMaHrMosHAoTeENMOMa

lemanrnosngoremoma (I'D) miam, Kak OHa Hasbl-
BaJlach paHee, BHYTPUCOCYOUCTAsT GPOHXMOJIOATbBEO-
JIIpHAsl OMyXOJib — 3TO PEOKO BCTPEUAIoleecs HOBO-
obpasoBaHue, MPOUCXOMAIEe U3 TPelIeCTBEHHUKOB
SH/IOTEJIMOIMTOB U 3aHUMAIOIIEe MOTPAHUYHOE II0JI0-
>KeHIe MeXIy ToOpoKaueCTBEHHOV reMaHIMOMOM, C Ofi-
HOJ CTOPOHBI, ¥ aHTMOCAPKOMOI — ¢ Apyroit. OTHOCSICh
K TpyIIIe Me3eHXMMaJbHbIX HOBOOOpasoBaHui, ['D mMo-
SKET MOpaskaTh MPAKTUUYECKU JIFOObIe OpraHbl U TKAaHMU,
KaK 130 IMPOBAHHO, TaK ¥ CUCTEMHO, HO HanuboJIee 4acTo
OHa JIOKAJIM3YeTCsI B TPYOUAThIX KOCTSX KOHEUHOCTEN,
reveHu u Jierkux. B 1ieHTpasibHOI HepBHOU cucteme ['O
HabMomaeTcsl KpaiiHe pemko, cocrapiss MeHee 0,02%
OT BCEX IMEPBUYHBIX MHTPAKPAHUAIbHBIX 0OpPa30BaHUI
[1-3]. B nurepaType Ha ceropHs OMyOJIMKOBAHbI eIy-
HUYHbIE HAOGJIONEHMS U HECKOJIbKO HeOOJbIINX Cepuit
(ue 6osiee 5-7 MAIMEHTOB), YTO yKa3bIBaeT Ha MaJIyio

KT - koMnbtoTepHas ToMorpagus
MPT — MarHuTHO-pe3oHaHcHas ToMorpagus

M3YUYEHHOCTDb BOIIPOCA AMArHOCTUKM U TaKTUKY JIEUEHUST
TMaleHTOB JTaHHOV I'PYIIIIHI.

MbI npuBOIMM COOGCTBEHHOE KJIMHMUYECKOe HabJro-
nenue I'D roJIOBHOrO MO3ra, IO3BOJISIIOLIEE PACIIVPUTh
NpefCcTaB/ieHe 06 3TOM MaTOJIOTUMA.

OMUCAHUE CJTYYAA

VY nmaumenTa 47 yiet B KoHiie ampesis 2021 roga 3a6o-
JieBaHMe MaHM(eCTUPOBAIO ObICTPHIM PAa3BUTUEM CUMII-
TOMATUKU TIOPAYKEHUs TIIYOVHHBIX OTHEJIOB TOMUHAHT-
HOTO TOJTyIIIapus TOJIOBHOTO MO3Ta: B TeueHne 3—4 nHen
PasBUJIMCh BbIPAXKEHHbIE HAPYIIEHWS PEUM TIO TUITY CEH-
COPHOM U aMHEeCTMYEeCKO adasuu, a TakKe MpPaBOCTO-
POHHSIS TMPaMKIHAST HEJOCTATOUHOCTh (10 4 6asyuioB).
locnuranusupoBaH B CTallMOHAP MO MECTY JKUTEJIbCTBA.

18.05.2021 mpu mpoBeeH1Y Mar HMTHO-Pe30HAHCHOI
tomorpaduy (MPT) rooBHOro Mosra Busyaan3upoBaHO
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OTrpaHNYE€HHOEe HOBOOOpa3oBaHMe M30-/TUTIOMHTEHCUB-  C MUHUMAJIbHO BbIPasKEHHBIM MeprdOKaIbHbIM OTEKOM
HOro curHasia B peskume T1 ¢ yuacTKOM TOBBIIIEHHOTO U y4YacTKaMM BbITIaZieHUsI CUTHAJIa OT cocynoB (puc. 1B,
cuUrHasa mo mnepudepun B BUIE «HETOSHOTO KOJbIa» C). KontpacTHoe BellleCTBO HaKaIIMBaIOCh TPenMyIiie-
(puc. 1A). B peskumax T2 u DWI ob6pasoBanHue Xa-  CTBEHHO 1o nepudepun o6pasoBaHus, ycuansas ahdexT
pPaKTEpPM30BaAIOCh TUIEP-/M30MHTEHCUBHBIM CUTHAJIOM «kospia» (puc. 1D).

PUC. 1. Joonepanyonnsie ganubie (18.05.2021) MarHMTHO-pe3OHAHCHOI ToMorpaduy maiuenTta 47 JieT ¢ reMaHTMO3HIOTe -
OMOJ1 OCTPOBKAa MO3ra CJIeBa.

A. T1, akcuanpHast TPOEKIIMS: 30HA U30-/TUITOMHTEHCMBHOTO CUTHAJIA C YYACTKOM IMOBBIIIIEHHOTO CUTHAJIA 110 Tiepudepun B Bue
«HETIOJTHOTO KOJIbIIa» (CTPesIKM).

B, C. T2, DWI, akcuanabHbIe MTPOEKIMNU: 30HA TUIEP-/U30MHTEHCMBHOIO CUTHAJIA C MUHMMAJIBHO BbIPasKEHHBIM ITEPUTYMOpPaTb-
HBIM OTEKOM (TOJICTbIE CTPEJIKM) M YYACTKAMU BbITIaZIeHMsI CUTHAJIA OT COCYIOB (TOHKUE CTPEJIKU).

D. T1 c KOHTpaCTHBIM YCUJIEHMEM, aKCHAJIbHASI TPOEKIMS: HAKOTUIEHe KOHTPACTHOTO BelllecTBa 1o nepudepun 06pasoBaHms
(cTpenkn).

FIG. 1. Pre-operative (18.05.2021) magnetic resonance imaging of hemangioendothelioma of the left side of cerebral insula in
47-year-old male patient.

A. T1, axial plane: zone of iso-/hypointense signal, with an area of increased signal along the periphery in the form of an
“incomplete ring” (arrows).

B, C. T2, DWI, axial planes: zone of hyper-/isointense signal with minimal peritumoral edema (thick arrows) and areas of signal
loss from the vessels (thin arrows).

D. T1 with contrast enhancement, axial plane: contrast accumulation at the periphery of the neoplasm (arrows).

54 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023



Ha manHOM 3Tame yCTaHOBJIEH AMAarHO3 HOBOOOpa-
30BaHUsI JIEBOM OCTPOBKOBOV [IOJM TOJIOBHOTO MO3Ta.
[TanyeHT HampaBjeH Ha KOHCY/IbTALMIO HEMpOXUpypra
B CIeNMaIu3upoBaHHbI 1eHTp. C 1ebio 06IeryeHust
KJIMHUYECKOV CHMIITOMATMKY Ha3HAau€Ha TOPMOHAJIb-
Hasl Tepanus JeKCaMeTa30HOM B CYyTOYHON [103e 8 MT,
Ha (GoHe MPUMEHEHMST KOTOPOI B TeUeHNe 2 Heflesb yaa-
JIOCh TOCTUYb TMOJIHOTO KJIMHUYECKOTO PaspelieHus: He-
BPOJIOTMYECKOTO JeduIimTa.

09.08.2021 maumeHT B IJIAHOBOM IIOPSIZIKE TOCTY-
i B HMUL weripoxupyprum um. ak. H.H. Bypaenxo.
B HeBposiorMuecKOM CTaTyce: MPU3HAKM BbIPASKEHHOM
CEHCOPHOM ¥ aMHecTuyeckou adasuu C 3jeMeHTaMu
TaxXWIaJIMK, CHISKEHYe NaMsATy U BHUMaHus. B ocTasb-
HOM HEBPOJIOTMYECKUI CTAaTyC 0e3 BbIPAKEHHOW He-
Bposiormyeckon cumnromatuky, ECOG 1 6as, 1mikaia
Kapnosckoro 70 6asuioB. IIpy mOCTYIJIEHUM KOHCYJIb-
TUPOBAaH O(PTAIBMOJIOrOM: HENPOODTATHBMOJIOTUYECKON
CUMITTOMATUKI He BbISIBJIEHO. [lOTOHUTETbHOE HENPO-
BU3ya/IM3al[MOHHOE 00C/IefoBaHye He TPOBOAWIIOCH.

YcTaHOB/IEH TpeaBapUTENbHbIN auarHo3: D43.0
«BHyTpuMO3roBoe HOBOOGpa3oBaHMUe JIEBOM OCTPOB-
KOBOM mosu». KoHcuamymMoM Bpauein-HelpoXupypros
B COCTaBe 3aBeyIOIIEro OT/E/IEHMEM, JIeUalllero Bpaua
U COTPYAHMKOB KJIMHUYECKOTO OTHejeHus «[aibHbie
onyxoyiu» ObUIO MPUHSTO PelleHre O MPOBEeIEeHNUN TIIa-
HOBOT'O XUPYPrU4eCcKOro JIeUeHMsl.

Xopa onepauuu

OrneparnBHOe BMelIaTebCTBO poBeaeHo 11.08.2021
13 HeOOJIBIIION KPAaHMOTOMMM, BBIIIOJIHEHHOV B JIEBOII
JIOGHO-BUCOYHOV OGJIACTY C UCIOJIb30BAHUEM XUPYPIU-
YeCKOTO MUKPOCKOTIA ¥ MUKPOXUPYPIUUECKON TEXHUKMA.
3-3a BBIpa’k€HHOTO HAIPSDKEHMST MO3TOBOTO BEIeCTBa
He yIa/IoCh MOAONTY K HOBOOOPA3OBaHMIO Uepes cpef-
HI€ OTAeJbl JlaTepasibHOM GOpOo3dbl TOJIOBHOIO MO3ra,
B CBSI3M C UeM Ha HeBOoJIbIIIOM yuacTke (He 6osee 1 caH-
TUMeTpa) OblIa pacceueHa MOKPhIIIEYHAsT YaCTh HYDKHEN
JIOOHO M3BUJIMHBI.

VYnaneHue HOBOOOPa30BaHMs, KOTOPOE MPECTABISIIO
C000JI KOHIJIOMEpaT IaTOJIOrMUYeCKUX COCYHOB, CI'YCT-
KOB KPOBM U TKaHM CEPO-PO30BOTO I[BETA C KPOBOU3JIU-
STHUSIMU PasjIMYHOTO CPOKA TaBHOCTHU, OCYILECTBIISITIOChH
C MCIIOJIb30BaHMEM BaKyyMHOI'O aclMparopa, YJbTpa-
3BYKOBOI'O [I€CTPYKTOpa ¥ OMITOJSIPHON KOAaryJIsSILAA.
Hoctuub pammMKaabHOM pe3eKLMM He YOaJIoCh BBULY
TOTO, YTO B COCTAaB HOBOOOGPAa30BaHMS ObUIM BKJIIOUEHbI
KOHeuHbIe BeTKi M2 cermeHTa cpemHel MO3rOBO apTe-
pun (y4acTKu, HauboJjiee TVIOTHO CIIassHHbIE CO CpeHeNn
MO3TOBOM apTepueli, OCTAJUCh HeynaJeHHbIMU). Tem
HE MeHee TMOJIYUYMUJIOCh YIaJUTh GOJIbIIYIO0 YaCTh HOBO-
06pa3oBaHusl, YTO MO3BOJIUJIO JOCTUYb XOPOILIETO YPOB-
HST IGKOMITPECCUM U peJIaKcalliy MO3ra.

B xope omnepatBHOrO BMeIIaTeIbCTBA TPOBOAUIOCH
KapTupoOBaHMe MOTOPHbLIX BbI3BAHHbIX IIOTE€HIMAJIOB
U perucrpanys TpaHCKPaHMAIbHbIX MOTOPHBIX BbI3BaH-
HBIX TTOTEHIMaoB. bpuin 3aperucTpupoBaHbl (POHOBbIE

HEMPOXUPYPI UK

oTueTyiviBbie M-OTBEThI OT BCEX OTBEIEHMIA, CHUKEHUS
aMIMTyapl M-OTBETOB He OTMeuasoch. [Ipu mpsiMon
JIEKTPUYECKOV CYOKOPTUKAIBHOW CTUMYJISLIMM MOHO-
MOJIIPHBIM CTUMYJISITOPOM, TIOICOEAVHEHHBIM K acIupa-
Topy, Ha cwie Toka 10-12 MA M-oTBeTbl He GbLIM 3a-
PEeruCTPUPOBAHBI.

OrnepaTBHOE BMEIIATETbCTBO MMPOBOAMIIOCH Ge3 MH-
TPaAoTepaMOHHOTO MPOOYKIEHUST [T KapTUPOBaHUS
peueBbIX [[EHTPOB IO MPUYNHE BbIPASKEHHON CEHCOPHOM
1 amHecTuueckoir adasum. Kposomorepst cocraBmiia
oxkosio 500 mut.

Mopdonoruyeckoe uccnegobsaHme

onepauyuoHHOro matepuana

Ha ocHoBanum ucciemoBaHusi oneparoHHOTO Ma-
Tepuasia OGbUT BBICTABIEH MOPMOJIOTMUECKUI [AMArHO3:
reMaHTMOH/I0TeIMoMa.

[Ipu okpacke reMaTOKCUIMHOM U 903MHOM B MUKPO-
npernapare ObUIM BMU3YaJM3MPOBAaHbI (parMeHTbl MO3-
TOBOM TKaHM C TVIMAJbHOW TUMepIIa3ueil ¥ OUaroBbIMU
CKOTUIEHUSIMU aTUMTUYECKUX COCYOB. DTU GeCropsiou-
HO aHACTOMO3UPYIOIIME COCY/bI OBV BHICTIAHbI IBYMSI
CJIOSIMM SHZIOTEIMAJIBHBIX KJIETOK M YaCTUYHO TPOMOM-
pPOBaHbI, TaKke HAOTIONAINCH TIePUBACKYJIIPHbIE HEKPO-
3bI coCyaucTOoro reHesa (puc. 2A). OTMeuanoch MpUCyT-
CTBME OTJIOKEHUI I'PaHyJl FeMOCUIepUHA, TeMaTOUINHA
M CKOIUIEHUII KCAHTOMHBIX KJIeTOK (puc. 2B).

[TpoBeneHHOE UMMYHOTMCTOXMMMUUECKOE UCC/IeOBa-
HI€e BBISIBUJIO B COCYIax IMOJIOKUTEIbHYIO 3KCIIPECCUIO
CD31, CD34, ouaroBo nosMTMBHYIO 3KCIIPECCUIO B OITY-
xomu EMA (epithelial membrane antigen, smuTenanb-
HBIII MEMOPAHHbIN aHTUTEH), TIO3UTUBHYIO HKCIIPECCUIO
B CTEHKax KPYIHBIX COCYOB Actin (aKTUH), TO3UTUBHYIO
9KCITPeCCHIO B KCAaHTOMHBIX KiieTkax CD68, D2-40, mo-
3UTUBHYIO 3KCIIpeccuio B rmanbHou Tkauu GFAP (glial
fibrillary acidic protein, mMasbHBI GUOPUUISPHBINA
KVUCJIBII TIPOTEVMH), OTCYTCTBME IKCIIPECCUU B OITYyXOJIU
uurokepatuHa (CK) AE1/3 (Monoclonal Mouse Anti-
Human Cytokeratin, Clone AE1/AE3, antutesa MOHO-
KJIOHAJIbHbIE MBILIMHbBIE K UejioBeueckuM LluTokeparuH,
wioH AE1/AE3). WMupmekc mposudepaTMBHON aKTUB-
Hoctu Ki-67 cocrasun no 10% (puc. 3). B uemom mop-
dbonornueckast KapTMHa ¥ UMMYHO(EHOTUIT B GOJIbIIEN
CTereHy COOTBETCTBOBAJIM COCYOUCTOMY IMIOPOKY pPa3BU-
s ¢ OKycaMy COCYOMCTOM OITYyXOJM C BbIPasKeHHOI
skcrpeccuert CD31 u noBbIlIeHHBIM MHIEKCOM MUTOTH-
yeckoi aktuBHOCTU Ki-67, uTO B GOJIbILIEN Mepe COOT-
BETCTBOBAJIO SMUTEIMOUIHON 'O HMU3KOM CTelneHu 3J10-
KaueCTBeHHOCTH.

I'Iocneonepau,MOHHoe Haﬁmo.qeuue n neyeHume

ITo mauubiM mocsteonepanyonHon KT or 12.08.2021
MHTPaKpaHMAIbHBIX ~ OCJIOKHEHMI He  BBIIBISUIOCH
(puc. 4A). K MoMeHTy BbIMCKYM 13 CTAlOHapa Ha 7-e CyT-
K HaOJTIONAJICS CYIIeCTBEHHBIM perpecc MMeBIIMX MeCTO
JIO orepanymy peueBbIx HapyiueHuit. [locse omeparym Ha-
pacTaHysi HeBPOJIOTMUYECKOM CMMITTOMATVKY He OTMeYeHO.
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PUC. 2. Mopdomnornyeckoe 1cciefoBaHne ONepauyoOHHOrO Marepyuaa rnamnyeHTa 47 JieT ¢ reMaHrMO3HAOTEIMOMO OCTPOBKA
Mmo3ra cyieBa. OKpacka reMaTOKCUIMHOM U S03VHOM.

A. CKOIUIEHMST aTUTIMUECKUX COCYOB, BBICTJIAHHBIX IBYMSI CJIOSIMM SHAOTEIMATbHbBIX KIeTOK (1), TPOMOMPOBAHHbIE COCY/IBI C TTe-
PUBACKYJIIPHBIMU HEKPO3aMM COCYAUCTOro reHesa (2), yB. 200.

B. CkormuieHust KCAHTOMHBIX KJIETOK (CTpesiki), yB. 300.

FIG. 2. Histologic slides of hemangioendothelioma of the left side of cerebral insula in 47-year-old male patient. Hematoxylin
and eosin staining.

A. Clusters of atypical vessels lined with two layers of endothelial cells (1), vascular thrombosis with perivascular necrosis of

vascular origin (2), magnification 200.
B. Clusters of foam cells (arrows), magnification 300.

PUC. 3. IMMyHOrMCTOXMMMYECKOE MCCIIENOBaHNE OMEepPalMOHHOrO MaTepuasia mauyeHTa 47 jieT ¢ TeMaHTMO3HIOTeIMOMON

OCTpPOBKa MO3ra cJjieBa.

A. TTosuTuBHOE OKpalIMBaHKe KCAHTOMHBIX KJIETOK MMMYHOTMCTOXMMMUYeCcKuM Mapkepom CD68 B KOpMUHEBBIN IIBET (CTPEJIKN),

yB. 300.

B. IMosutuBHas akcrpeccus cocynucroro maprepa CD31 (crpenkn), ys. 300.

C. [NosutuBHas akcrpeccus cocynucroro maprepa CD34 (crpenkn), ys. 200.

FIG. 3. Immunohistochemical staining of hemangioendothelioma of the left side of cerebral insula in 47-year-old male patient.
A. Positive brown staining of foam cells with the immunohistochemical marker CD68 (arrows), magnification 300.

B. Positive expression of the vascular marker CD31 (arrows), magnification 300.

C. Positive expression of the vascular marker CD34 (arrows), magnification 200.

B panbHelilieM, ¢ y4eTOM TMCTOJIOTMYECKU TOJ-
TBEPKAEHHOro namarHosa ['D u mo6pokauecTBEHHOTO
XapakTepa TeueHus! JaHHOrO 3a060JeBaHMs, HA OHKOJIO-
TMYECKOM KOHCUIIYMe ObIIO MPUHSITO PellieHye O AMHA-
MMYECKOM HaOJTIONEeHM 32 MAIVIeHTOM.

Crycra 3 mecsia rmocje XUpypruyeckoro JeueHusl,
MpU OTCYTCTBMM WU3MEHEHMI B KJIMHUYECKON KapTu-
He 3abosieBaHMs, ObII OTMEYEH IPONO/IKEHHBIN POCT
OCTAaTKOB OIYyXOJM TP TIPOBENEHUM KOHTPOJIHHOTO

HEMPOBU3YaIM3ALMOHHOTO UCC/IEIOBaHNS TOJIOBHOTO
mosra (puc. 4B-F). HasnaueHa MoHOXMMMOTeparist
TEMO30JIOMIIOM, Ha (hOHe KOTOPOI CTabuamsaluu mpo-
1[ecca He yoauoch JOCTUYb. B CBsI3U ¢ BBICOKMMM PUCKa-
MU TIOSIBJIEHMSI T'PyOOTO HEBPOJIOTMUECKOTO AeduimTa
MTOBTOPHOE XUPYPrUYECKOe JIeYeHre He TPOBOAMUIIOCH.
U3-3a mporpeccun 3a6oeBaHusI B BUIE TPOLOIKEHHO-
ro pocTa HOBOOGPA30BaHMSI C PasBUTHMEM OVICJIOKALIU-
OHHOTO CMHAPOMA MAalYieHT Morub crmycts 9 mecsies
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PUC. 4. TlocneonepanyoHHble JaHHbIE KOMITBIOTEPHON TOMOrpaduy 4epes CyTKu Tocsie onepaumu (A) ¥ MarHUTHO-PE30HAHC-
HoI1 Tomorpaduu uepes 3 mecsitia nocse oneparuu (B-F) maumenra 47 yiet ¢ reMaHIMOSHA,OTEIMOMONM OCTPOBKA MO3ra CJIeBa.
A. KT, akcuanmpHast MpoOeKUMsI: TIOCIeoNepaniOHHbIe U3MeHEHNS C HeGObIIMMM OCTATOYHBIMM (parMeHTaMM OITyXOJM (CTPEJIKa).
B. T2, akcuaibHast MpOeKUMs: 30HbI MPOAODKEHHOIO POCTa OCTATOYHOM YACTU OITyXOJIV, HaKaIlIMBAIOIIMe KOHTPACTHBIN Ipe-
napar (CTpesKu).

C. T2, dpoHTa/IbHAS POEKIIMS: 30HbI IPOJOKEHHOTO POCTa OCTATOUHON YaCTy OITyXOJIM, HAKAIUIMBAIOIIVe KOHTPACTHBII Ipe-
napar (CTpeska).

D. T1 6e3 KOHTPaCTHOTO YCUJIEHMSI, aKCUAJIbHAST TPOEKLIMSI: 30HbI TPOOJIKEHHOTO POCTA OCTATOYHOI YaCTU OITyXOJu (CTPeJIKa).
E. T1 c KOHTpaCTHBIM yCWJIEHMEM, aKCHMAIbHAsT TPOEKLMSI: 30HbI IIPOJOJIKEHHOTO POCTa OCTATOYHONM YaCTy OIyXOJIM, HAaKarIMBa-
IOLIVie KOHTPACTHBIN Ipenapar (CTpesika).

F. T1 ¢ xoHTpacTHBIM ycuieHueM, PPOHTAIbHASI TPOEKLMSI: 30HbI ITPOJOIKEHHOTO POCTA OCTATOYHOM YaCTH OITyXOJIU, HaKarln-
BalOlIVie KOHTPACTHBIN Tpemnapar (CTpesika).

FIG. 4. Postoperative computed tomography scans one day after surgery (A) and magnetic resonance imaging 3 months after
surgery (B-F) of a 47-year-old patient with hemangioendothelioma of the left part of cerebral insula (examination dates).

A. CT scan, axial plane: postoperative changes with small residual tumor fragments (arrow).

B. T2, axial plane: areas of continued growth of the residual part of the tumor, accumulating contrast agent (arrows).

C. T2, frontal plane: areas of continued growth of the residual part of the tumor, accumulating contrast agent (arrow).

D. T1 without contrast enhancement, axial plane: areas of continued growth of the residual part of the tumor (arrow).

E. T1 with contrast enhancement, axial plane: areas of continued growth of the residual part of the tumor, accumulating contrast
agent (arrow).

F. T1 with contrast enhancement, frontal plane: areas of continued growth of the residual part of the tumor, accumulating contrast
agent (arrow).

nocje Xupypruueckoro yeueHus. C yyeToMm Bcex [aH-
HBbIX KJIMHUYECKUI AMArHO3 MOKET ObITh MpenCcTaB/ieH
CJIeRYIOUIM 00pa3oM: «DIUTENMOMIHAS TeMaHIMOJH-
JOTEeJIMOMa JIEBOJ OCTPOBKOBOM JOJM T'OJIOBHOTO MO3-
ra. CocTosiHMe TI0C/Ie MUKPOXUPYPIUUECKOTO Y aaeHus
onyxoyu ot 11.08.2021. TTpomosKeHHbI pOCT».

OBCYXAEHUE

Brepseie 'O 6buta omucana D.H. Dail u  coasrT.
B 1975 rony [4]. V3HavyanabHO CYUMTAIOCH, YTO 9TO OfHA
U3 arpeccuBHbBIX (HOPM GPOHXMOIOATBBEOJIIPHOTO PakKa,

1 TonbKo B 1979 1. Weiss u Enzinger, ncrnomnb3yst MmeTonu-
KY UMMYHOTYCTOXUMMIYECKOTO MCC/IeIJOBaHMsI, OKa3a/IN
MIPOUCXOKIEHNE 3TOrO HOBOOOPA30BaHUSI M3 KJIETOK
Mpe/IIeCTBEHHMKOB SH/IOTEIMATBLHON KJIETOYHOM JIMHUY
U BBEJIY ee COBPeMeHHOe Ha3BaHmue [5]. DHporenmanbHas
Npupo/a 6blia NOATBEPSKAEHA MTOJIOXKUTETbHO 9KCIIpeC-
cuelt Takux Mapkepos, kak CD34 i CD31. B 1995 r. atu
ske aBTOpbI pasgenau ['D Ha 4 mopdosornyeckux Tumna:
anuTenuMonHasi, perudopmuas (aHra. «spindle cell»),
KanoumdopmHas u sHAoauMdarnueckas Manuusp-
Hasl aHruosHporemoma [6]. Ilpu MHTpakpaHMaTbHON
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JIOKQJI3AIUY Yallle BCTPEYarOTCSI UMEHHO STUTETUONI-
Hele ['D, a perudopmHas u KarnommdopmHas GOpMbI —
3HAUMUTENIbHO pexke [6].

Ha ceropss BbIIEJSIIOT [BE CTEMEHU 3JIOKAueCTBEH-
Hoctu ['D: Hm3kast u ymepenHas. [locyienHsisi BcTpeya-
ercst Hanbosee yacto (71%), B CBSI3u C 4yeM B KJIaCCHU-
dukanym BcemupHON opraHusanuu 31paBOOXPaHEHUST
ONYXOJiell LIEHTPabHOV HEPBHOM CUCTEMbI 3TU HOBO-
06pa3oBaHusl ObLIM OTHECEHbI K Me3eHXVMAaJIbHbIM
onyxonstm Grade III, Torga xak paHee OHU OTHOCHUJTUCH
K ob6pasoBanusm Grade II' [3]. OcHOBHbIMM XapakTe-
PUCTUKAM¥, OTPEAEJITIOIMIMMU 37I0KaYeCTBEHHOCTh ['3,
SIBJISIFOTCST MHWIBTPATUBHBIN POCT, CKJIOHHOCTD K PeIy-
JIMBaM ¥ METaCcTa3uPOBaHMIO, UTO HauboJsIee XapakTepHO
IIpM MHTPaKpaHKaaIbHON ee JoKaam3auum [3].

SBASISICh  Me3eHXMMAJIbHBIM  HOBOOODPa30BAaHMEM,
'S MokeT pa3BMBATbCS U3 KOCTEM OCHOBAHUS Yeperna,
U3 TBEPIOV MO3TOBOI 0OO0JIOUYKYM MO0 13 CaMOIl TTapeH-
XUMBI TOJIOBHOTO MO3ra. B cBsizu ¢ atum ['D moskeT ji0Ka-
JIN30BAThCS B PA3JIMUHBIX JTOJISIX TOJYIIAPUI TOJIOBHOTO
MO3ra, X1a3MaabHO-CeJUISIPHO 001acTy [6], B KaBepHO3-
HOM cuHyce [1], B obrmacty ckara [2] ¥ TeTpoK/IMBaIbHON
30He [2, 7], a Takke B HameTe [1] 1 uepBe MO3KeuKa [3].
[laHHbBIE TUTEPATYPbI TO3BOJISIIOT TOBOPUTH JIUIITL O TOM,
yTO JIoKa/mMsauus ['D B 3amHel YeperHoi SIMKe SIBJIsSIeT-
cs1 Boslee penKol, UeM ee CyIpaTeHTOPUAaIbHOE PacIio-
noskenne [3]. M3-3a Taxol BapuaGesbHOMN JOKaIM3alun
'S vacTo pacleHMBaIOT KaK MEHUHTUOMY, FeMaHTUOMY,
MeTacTas, XOHAPOCApKOMY MM ramobnacromy [1, 2, 7,
8]. 3anomo3putb I'D MOKHO Ha OCHOBaHMM Me[JIEHHO-
rO Pa3BUTUSI HEBPOJIOTMUECKON CUMITTOMATUKU Yy Tallu-
entoB cpepnero (20-50 sner) Bospacta [9] u Takux He-
crienMpUIeCcKUX PEHTTEHOJIOTYECKUX MPU3HAKOB, KaK:
JOJIBUATOCTh CTPOEHUS, KPOBOM3JIMUSHUS B CTPYKTYpe
HOBOOODPA30BaHMsI C BBIPAKEHHOW COCYOUCTOV CETbhIO,
1 He60sIbILIOTO NepudoKaaIbHOro oTeka [1].

B Haiem HabiiomeHr Ha OCHOBAaHUM HEMPOBU3Ya-
JIM3aLMOHHBIX JAHHBIX MOKHO ObLJIO ellle Ha JooTepary-
OHHOM 3Tare 3anofo3puTh y nauuenTa ['D, Ho 6GbicTpoe
pasBUTHE HEBPOJIOTMYECKOW CUMIITOMATUKY (BbIPAYKEH-
HbIe HapYIIEHUS] PeYM [0 TUITY CEHCOPHOU M aMHEeCTHU-
yeckoii adasuu U MPaBOCTOPOHHSS MUPAMUIHAST HEO-
CTaTOYHOCTh, PA3BUBIIMECS B TeueHUe 3-4 mHel) CKIIo-
HSIJIO Hallle TIPEATIONIOXKEeH)E B CTOPOHY MIMATbHOTO HO-
BOOOPA30BaHMSI BBICOKOW CTEMEHM 3JI0KaueCTBEHHOCTH,
U JIUILb TYICTOJIOTMUECKOE VICCJIEIOBAHNE OTIePallOHHO-
ro Marepuasia, BbISBUBIIEE KapTUHY HOBOOOPA30BaHUS
¢ 6ecropsiIouHOM COCYOMCTOM CEThIO M TOBBILIEHHOM
9KCIIPECCUeN 3HIOTEMAbHBIX MapKepOB, MO3BOJIWIO
MOATBEPANUTD AnarHo3 ['D.

[IpuHsTHIX CcTaHAApTOB JieyeHust ['D mpu ee MHTpa-
KPaHUAJIbHOM JIOKAJIM3AMM HA CETOMHS HET IO MPUYMU-
He PelIKol BCTPEYaeMOCTU JAaHHOW (OPMbI MATOJIOTUN.
OCHOBHBIM METOZIOM SIBJIIETCSI XMPYPruuecKoe JieueHne,

[0 BO3MOKHOCTM panmkaibHoe [1, 2, 6, 10, 11], Tax
Kak, [0 MHEHUIO Psiia aBTOPOB, 3TO CBSI3aHO C JIYYIIUM
nporaosoM [1]. Ho moctnup nosHoro ypaneHus He Bcer-
Ja yOaeTcsl M3-3a TOBBIIIEHHOV KPOBOTOUYMBOCTM TKa-
HM HOBOOODPA30BaHMS U €ro MHMWJIBTPATUBHOTO POCTA.
i cHUKeHUs] KPOBOIOTEPU BO BPEMSI OINEPaTMBHOTO
BMEIIIATE/IbCTBA HEKOTOPbIE aBTOPbI PEKOMEHYIOT MPO-
BOIUTD MIPenoIepaliOHHYI0 SMO0IM3aLIo COCYIOB [2].
B Hamem HabGiomeHuy mpenonepanMoHHas 3MO0mM3a-
LIMSI COCYTOB HOBOOOPA30BaHMs HE TIPOBOAIIACD.

OdderTUBHOCTD aqbIOBAHTHON Tepanuu Ha CErof-
HS He jokasaHa [2, 6, 10]. Cunuraercs, 4TO IMUCTaHIU-
OHHAsl raMMa-Teparnysi MOKeT CITOCOHOCTBOBATh CKJIEPO-
3UpOBaHMI0 cocynoB BHyTpu I'D [10], B cBsi3u ¢ yem
HEKOTOpbIe aBTOPbI PEKOMEH[IYIOT ee B KauyecTBe JIO-
TIOJIHUTEJIbHOI Tepanuu Mocjae XUPypruueckoro jeve-
Hus [7] uiam faxke cCaMOCTOSITEJIbHOTO MeTO[ia JieUeHusl.
Ha ceromus us Bcex 35 Ha6momeHmii, KOTOpbie ObLIN
ONMCaHbI B JIUTEpAType, JyueBasl Tepamnus Oblaa Mmpu-
MeHeHa JMIllb B 6 Cayuasx, a XuMuoTepanus — B 5,
YTO HE IMO3BOJISIET OFHO3HAYHO OLIEHMBATh UX 3hdek-
TuBHOCTD [10]. Cpenu XmMmoIpenapaToB MPUOPUTET
OT[IaBaJICSI VICTIOJIb30BAHMUIO TIPENaparoB C aHTUAHTUO-
reHHbIM 3 dexTom: nHTepdepona anvda [2, 6] u JeHa-
mupomuza [9].

B Hamem HabmiofeHMu, C y4eTOM MOTPAaHUYHOTO Xa-
pakTepa HOBOOOPA30BaHMUSI Y OTCYTCTBUSI CTAHIAPTOB €r0
JIeUeHUsI, TIePBOHAYAIbHO OBLJIO PEIIEHO BO3MEPKaThCs
OT [OIOJHUTEIBHOM Tepanuu MOCJe XUPYPruuecKoro
seuenust. Ho mporpeccust 3aboseBaHust pasBwiIach [10-
CTaTOYHO OBICTPO, ¥ B KAYECTBE a'bIOBAHTHON Teparmu
ObLIa UCTIOb30BAaHA XUMMOTEPAIMs, TaK Kak MPOBEIeHE
JIyYeBOI Tepanuy ObLJIO COTPSIKEHO C BBICOKMM PUCKOM
YXYOLIEHWST COCTOSIHMSI TIALMEHTA WU3-32 BEPOSTHOCTU
PasBUTHSI OT€KA MO3TOBOTO BEIeCTBA Ha (hOHE OCTAaTKOB
HOBoOOpasoBaHus. [IpuMeHeHre MEPBON JIMHUY XUMUO-
Tepanuy (TeMO30JIOMU]T), UCTIONb3YeMOM B JIEYEHUU BbI-
COKO3/I0KaueCTBEHHbIX [IMATbHBIX HOBOOOPA30BaHMUI TO-
JIOBHOTO MO3T'a, OKa3aJI0Ch Hea(PPeKTUBHBIM.

OueBunHO, uTo M1 OuddepeHaJbHON OMarHo-
CTUKM, HANpUMep C IMOOIaCTOMOV MU aHTMOCAPKO-
MO, TPe6OBAIOCH MPOBEIEHME TOTIOTHUTEIBHOTO CIIEeK-
Tpa mosekyssapHo-reHetnueckux (IDH1, IDH2, TERT,
EGFR, ammmdbukauymm MYC, FLT4) u ummyHorucro-
xuvnueckux (kK aHtutenam ERG, factor VIII, VEGEF,
FLI-1) aHanm30B, OOHAaKO BBIMIOJIHEHNE ITOTOOHBIX MC-
C/IeOBaHUI Ha CErofHsl BCEe ellle OCTAeTCs 3aTPYIHMU-
TeJbHBIM BBUJTY MAJION TOCTYITHOCTU U BBICOKOM 9KOHO-
MMYECKOI Harpy3Ku.

MsbI cuMTaeM, UTO B TaKuMX CJIydasX, Kak Haille Ha-
GJItofieHNe, KOrJa KJIMHWKO-PEHTTeHOJornveckast Kap-
TMHA HeTurmMuHa Jyisi ['D, a AMarHo3 OCHOBBIBAETCS
Ha MOP(HOJIOTMYECKOM aHaIM3€e Y UMMYHOTUCTOXVMUYe-
CKOM UCCJIeJOBAaHUY, CJIEyeT MPOBOAUTDb PACIIMPEHHbIE

! WHO Classification of Tumours Editorial Board. WHO classification of tumours. Central nervous system tumours. 5th ed., vol. 6. France,
Lyon: International Agency for Research on Cancer; 2021. https://tumourclassification.iarc.who.int (zara o6pamenns: 17.07.2023).
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MOJIEKYJ/ISIDHO-TEHETUYECKMe " MMMYHOI'MCTOXMMMUYE-
CKMe nccjaegoBaHus, a Impru HEBO3MOKHOCTU MX BbIIOJI-
HeHMd M YaCTUYHOM YyAaJIeHUM OITyXOJIn 006s13aTeILHO
JOOIIOJIHATD JIeueHle a,E['bIOBaHTHOI;I TepanMeﬁ.

3AKJTIOYEHUE

'S - penxo BcTpevaroleecs Me3eHXMMaIbHOE HOBO-
obpasoBaHue ¢ TPU3HAKAMU 37I0KAYECTBEHHOCTY B BUIE
MHBa3MBHOTO POCTA U CKJIOHHOCTU K PElUAUBUPOBA-
Huto. [Ipu MHTpakpaHMaabHOM Jiokanmu3auu ['D Mo-
SKET UMETh CXOKYIO HEelPOBU3YAIM3ALMOHHYIO KapTUHY
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A.B. T'aBpiolliMH BHeC OCHOBHOJI BKJIaZ, B Pa3pabOTKy KOHLIEI-
LUM CTaThM, MOATOTOBWJI TEKCT U COIJIACEH NPUHSITh Ha cebs
OTBETCTBEHHOCTb 3@ BCE ACIHEKThI KIMHUUYECKOTO HAGTIONEHVIS.
[O.M. YUenymkuH y4yacTBOBaJI B pa3pabOTKe KOHIIENIUY CTaTbU U
noaroroske Tekcta. A.B. T'aBpromms, [1.M. YénymkuH npuHumMa-
JIV aKTMBHOE yYacTye B JIeUeHM! nauuenTa. Bce aBTopsl yTBepau-
JIVI OKOHYATEJIbHYIO BEPCUIO CTaThU.
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Drug-induced reaction with eosinophilia and systemic symptoms (DRESS) is a severe condition with diagnostic
criteria established by international Registry of Severe Cutaneous Adverse Reactions (RegiSCAR)' considering a
score system based on clinical and laboratory findings [1-5].

We appreciated the report by llina Y.V. et al. published in this Journal [3] about the DRESS syndrome that
developed in a 29-year-old woman following the postoperative association of meropenem with carbamazepine to the
management of focal epileptic seizures and postictal right hemiparesthesia [3].

The manifestations of the DRESS syndrome appeared 8 days after starting the antibiotic, and carbamazepine
was suspended, but the diagnosis was only confirmed by the RegiSCAR criteria about a month later. Her treatment
schedule with methylprednisolone was then modified by 1 mg/kg body weight, which resulted in clinical and
laboratory improvement, and five days later she was discharged to home [3]. Less than a month later, she presented
mucosal HSV type 6 and CMV lesions on the nose and lips, that were controlled by administration of valacyclovir
and a reduced dosage of methylprednisolone. The authors highlighted the increased diagnostic challenges due to
association of administered drugs; the misdiagnosis with diverse similar entities; the longstanding time to appear the
first symptoms; and the main role of the prompt interruption of the possible causal agent of the DRESS syndrome [3].
In this setting, the objective of the present letter is to comment on two other recent reviews on the DRESS syndrome,
[1, 2] besides some Brazilian case studies of this challenging condition [4, 5].

Alotaibi M. reviewed the pathogenesis and treatment of this ominous disturbance, that may affect 2.18 per 100,000
people, 55% females, related to antibiotics (74%) or antiepileptics (20%), with almost 95% of hospital admissions, 3%
of mortality rate, and high burden on health costs [1]. His comments on recent pathophysiology advances included
human leucocyte antigen haplotypes, interleukin-5, thymus- and activation-regulated chemokine, macrophage-
derived chemokine, besides and the activation of the Janus kinases-signal transducer and activator of transcription
proteins; and cyclosporine was considered a useful tool to get good outcomes of the DRESS syndrome control [1].

Calle A.M. et al. very recently reviewed the main findings associated with the epidemiology, pathophysiology,
clinical and laboratory diagnosis, and management of the DRESS syndrome [2]. Phenytoin, carbamazepine,
phenobarbital, sulfonamides, dapsone, piroxicam, ibuprofen, diclofenac, beta-lactam antibiotics, vancomycin,
allopurinol, minocycline and antiretrovirals are the most common etiologic factors, although in up to 20% of cases,
the causative agent is not determined [2]. The diagnosis is frequently late; hepatic failure is a major cause of death;
and hyper eosinophilia, thrombocytopenia, pancytopenia, leukocytosis, and coagulopathy are signs of the poor
prognosis [2].

Brazilian authors reported two cases of DRESS syndrome. An 18-year-old woman taking phenytoin had fulminant
hepatitis and refractory shock [4]; and a 49-year-old man using alopurinol plus diclofenac who had heart involvement
but improved with the corticosteroid immunosuppression [5].

For citation: dos Santos V.M., Sugai TA.M. Letter to the Editor Regarding “DRESS syndrome on the background of
adding meropenem to carbamazepine therapy: a clinical case”. Sechenov Medical Journal. 2023; 14(4): 60-61. Epub
ahead of print 24.10.2023. https://doi.org/10.47093/2218-7332.2023.960.11

! RegiSCAR. European Registry of Severe Cutaneous Adverse Reactions (SCAR) to Drugs and Collection of Biological Samples.
http://www.regiscar.org/ (Date of access: 02.10.2023).

60 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023


https://crossmark.crossref.org/dialog/?doi=10.47093/2218-7332.2023.960.11&domain=pdf&date_stamp=2023-11-30

CONTACT INFORMATION:
Vitorino Modesto dos Santos, MD, PhD, Department of Medicine, Catholic University; Armed Forces Hospital. https://orcid.org/0000-
0002-7033-6074
Address: Estrada do Contorno do Bosque S/N, Cruzeiro Novo. CEP 70658-900, Brasilia-DF, Brazil
E-mail: vitorinomodesto@gmail.com

MUCbMO B PEOAKLMIO

Conflict of interests. The authors declare that there is no conflict of interests.

Received: 02.10.2023

Accepted: 06.10.2023

Date of publication online: 24.10.2023
Date of publication: 30.11.2023

1.

REFERENCES

Alotaibi M. Drug-induced reaction with eosinophilia and systemic
symptoms: a review. Cureus. 2023 Mar 2; 15(3): e35701. https://
doi.org/10.7759/cureus.35701. PMID: 37012934

Calle A.M., Aguirre N., Ardila ].C., et al. DRESS syndrome:
A literature review and treatment algorithm. World Allergy
Organ J. 2023 Apr 8; 16(3): 100673. https://doi.org/10.1016/j.
waojou.2022.100673. PMID: 37082745

Ilina Y.V.,, Fedorova T.A., Tazina S.Y., et al. DRESS syn-
drome on the background of adding meropenem to car-
bamazepine therapy: a clinical case. Sechenov Medical
Journal. Epub ahead of print 20.06.2022. https://doi.

org/10.47093/2218-7332.2022.407.09. Erratum in:
Sechenov Medical Journal. 2022; 13(1): 58-59. https://doi.
org/10.47093/2218-7332.2022.13.1.58-59

Mikhael B.M., Carvalho M.R.M., Santos V.M., et al. Evolution of
DRESS syndrome related to phenytoin in a young woman. Brasilia
Med. 2022; 59(Annual): 1-5. https://doi.org/10.5935/2236-
5117.2022v59a284

Santos V.M., Soares A.M.R., Daameche L.N.A., et al. Drug reac-
tion with eosinophilia and systemic symptoms syndrome: a case
report. Brasilia Med. 2018; 55(Annual): 32-37. https:/doi.
org/10.5935/2236-5117.2018v55a04

CEYEHOBCKW BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023 61



EDITORIAL

BnaropapHocTb 3a peLieH3upoBaHue U NOMOLLb B NOAroToBKe
pyKonuce# K ny6nukaumm

Penakuus xypHana «CeyeHOBCKU  BECTHUK» 6N1arofjapuT HaluX yBaXaemblx PeLieH3eHTOB 3a NMOMOLb B 0T60Pe pyKonucei
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