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Overexpression of HSP70 in mice with mutant FUS protein
is accompanied by a mitigated neurodegeneration
in limbic system

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

In all cases, a reduction in neurodegenerative changes was
demonstrated with simultaneous overexpression of the cytosolic form of
HSPATA and mutant FUS protein with cytoplasmic mislocalization.

Materials and methods

tam
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*Amyotrophic lateral sclerosis

Abstract

Aim. To study morphological and developmental changes in the structure of mice’s limbic system, which overexpress
70 kDa heat shock proteins (HSP70) and co-express mutant fused-in-sarcoma (FUS) protein with amyotrophic lateral
sclerosis (ALS).

Materials and methods. The study was based on mice (n = 36; six for each group) of six lines either without FUS
mislocalization: C57BI/6 (wild-type); extracellular (HSP70out) or intracellular (HSP70in) overexpression of HSP70
family 1A protein; or with FUS mislocalization: transgenic mice with ALS-FUS (FUS[7-359)); and double transgenic
animals (FUS[1-359]/HSP70out and FUS[1-359]/HSP70in). All FUS expressing mice were symptomatic with
myasthenia up to limb paralysis in some animals. When the mice were 20 weeks old, they were killed by staining
histological slides of their brain using hematoxylin and eosin, toluidine blue by Nissl, immunofluorescent antibodies
for the neuronal nuclear marker (NeuN) of the caudoputamen, septal nuclei, and hippocampus, as well as glial fibrillar
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acid protein (GFAP), ST00B protein, and synaptophysin for the hippocampus. The number of neurons and the number
of cells with a positive reaction to antibodies were counted. The statistical processing included ANOVA and were
compared with the results from the Tukey test for.

Results. Statistically significant differences were observed for the FUS-expressing groups compared to FUS-negative
groups: (1) a reduction in the number of neurons and NeuN*-cells in the caudoputamen and amygdala, especially
for FUS[1-359]/HSP70out group; (2) an increase in the number of hyperchromic neurons in the subiculum, cornu
Ammonis (CAT), and dentate gyrus, with a significantly greater increase for FUS[7-359] and FUS[1-359]/HSP70out
groups compared to FUS[7-359]/HSP70in group; (3) an increase in the number of GFAP*- and S100B*-cells in the
hippocampus, with the most pronounced change for the FUS[7-359] and FUS[T-359]/HSP70out groups compared to
¢ FUS[1-359]/HSP70in group.

Conclusion. An overexpression of HSP70 family 1A protein and co-expression of mutant FUS protein in the cytoplasm
is accompanied by mitigated neurodegeneration in the structure of the limbic system compared with the expression
of mutant FUS protein alone.

Keywords: molecular chaperones; heat shock proteins; amyotrophic lateral sclerosis; amygdala; caudoputamen;
hippocampus; septal nuclei.
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MNnepakcnpeccus 6enkoB Tennosoro woka HSP70 y Mbiwwei
C MyTaHTHbIM 6enkoM FUS conpoBoxgaeTcss MEHbLUUMMU
HeApoaereHepaTUBHbIMU U3MEHEHUSIMU B CTPYKTYypax
nMMOuYecKomn cucTemsl

IA. IIbaBuenko”’, K.C. ITokuaosa, E.A. Kysbmun, A.A. BewegukTtos, C.JI. Ky3uenos
@I'AOY BO «Ilepsuviti Mockosckuti 2ocydapcmeennsili meduyuHckull ynugepcumem umenu M.M. Ceuenosa»
Munsdpasa Poccuu (Ceuenosckuti ynusepcumem)
yn. Tpybeukas, 0. 8, cmp. 2, 2. Mockea, 119048, Poccus

AHH 0T Ly 11—

Lenb. M3yuntb Mopdhonornyeckine M3MeHeHus B CTPYKTypax MMMOKUYECKO CUCTEMDI Y MbILLEN C rMnepaKcnpeccH-
ell 6enkoB TeMn0BOro Woka MonekynapHoit maccoit 70 k[la (70 kDa heat shock proteins, HSP70) 1 akcnpeccueit
MyTaHTHoro 6enka fused-in-sarcoma («cauTblit npu capkomey; FUS) ¢ passuTMeM 60KOBOr0 aMUOTPOGUYECKOTO
CKNeposa.

Martepuanbi u MeToAbl. O6bEKTOM 1CCNe0BaHUS CAYXMAK MbilwK (n = 36) nuHum C57BI/6 (wild-type) n TpaHc-
FeHHbIX JIMHWIA, pa3aeneHHble Ha 6 rpynn no 6 Mbilei B Kaxaoi. Tpu rpynnbl 6binu FUS-0TpuLaTenbHble: KOH-
TPO/bHas, C BHE W BHYTPUKNETOYHOI runepakcnpeccueit 6enka 1A cemeitctea HSP70: HSP70out n HSP70in; Tpw
rpynnbl = FUS-nonoxutensHble: FUS[1-359], FUS[1-359]/HSP70out n FUS[T1-359]/HSP70in. Y Bcex FUS nonoxuTens-
HbIX MblILLIE/ pa3BMBanach MbileYyHas cnabocTb BNNOTb A0 Napanuya. Ha 20-i Hefene XM3HW Mbilleit BbIBOAK-
/N U3 3KCMEPUMEHTA, TMCTONOTMYECKME NpenapaThl FOI0BHOr0 MO3ra OKpalumBasy reMaToKCUANHOM U 303UHOM,
TONYUANHOBBIM CUHAM MO HUCCIHO M UMMYHO(DNYOPECLEHTHBIMI aHTUTENAMU K HEMPOHANIbHOMY SAEPHOMY Map-
kepy (NeuN) ans npenapaToB KayAomnyTaMeHa, CenTasbHbIX SAEP W FMNMNoKamna, a Takxe K rananbHoMy Guépun-
napHoMmy kucnomy 6enky (GFAP), 6enky ST008 v cuHanTo@uanHY AN NpenapaToB runnokamna; NoACYATLIBAN
KONMYECTBO KeTOK. CpaBHEHWE CpefiHUX 3HAYEeHWA MeXAY rpynnamu NpoBOAWIN NPK NMOMOLLM O4HOMAKTOPHOIO
AMCNEepPCUOHHOr0 aHanmsa v TecTa ThoKK.

Pe3ynbratbl. B rpynnax ¢ akcnpeccueir FUS Habntoaanmcb CTaTUCTMYECKM 3HAYMMbIE Pasanyus No CPaBHEHNIO
¢ FUS otpuuatenbHbiMy rpynnamu: (1) CHUXeHWe KonnyecTBa HelipoHoB 1 NeuN*-KneTok B KayaonyTameHe v MUH-
[laneBnaHOM Tene, Hanbonee BbIpaxXeHHOe M3MEHeHWe oTMeYeHo B rpynne FUS[T-359)/HSP70out; (2) yBennyexne
KONMYeCTBa rMNepXpoOMHbIX HEMPOHOB B OCHOBaHMM runnokamna, 3oHe AMMoHoBa pora (CAT) 1 3y6uyaToit n3su-
NNHE, NPUPOCT 6bIN 3HAYMMO 60ble B rpynnax FUS[1-359] n FUS[1-359]/HSP70out no cpaBHeHuto ¢ FUS[1-359]/
HSP70in; (3) pocT konnyecta GFAP*- 1 STO0B*-K1eTOK B runnokamne, yBennyeHne 66110 3Ha4MMo 60MblIe B rpyn-
nax FUS[1-359] n FUS[1-359]/HSP700ut no cpasHenuio ¢ FUS[T-359]/HSP70in.

3akntouenne. OaHOBPEMEHHasA runepakcnpeccus 6enka TA cemeiicTBa HSP70 n akcnpeccust MyTaHTHOro 6en-
ka FUS B untonnasme KieTok COMPOBOXAETCH MEeHblUIEN BblPaXEHHOCTbIO HEMpPOMEereHepaT1BHbIX U3MEHeHNI
B CTPYKTYpaXx MMMOUYECKON CUCTEMbI MO CPABHEHMIO C 9KCMPEeCcCHeil TONbKO MyTaHTHOro 6enka FUS.

KnioueBble cnoBa: MONEKYIAPHbIE LWanepoHbl; 6eNKy TENNOBOro WOKa; BOKOBON aMUOTPOMUYECKIT CKNEPO3; MUH-
[laneBuHOe Teno; KayaonyTameH; r1nnokam; centasnbHble agpa

Py6pukn MeSH:

CKJ/IEPO3 EOKOBOV AMUOTPO®GUYECKIMI — MATONOT U

CK/IEPO3 EOKOBO AMAOTPOGUYECKNI - MATO®M3NONOM NS

BEJIKW HSP70 TEMT0BOIO LWOKA - AHANA3

JIMMBUYECKAA CUCTEMA — TTATOJI0T VIS

MbILLUV MHBPEAHOW NAHMN C57B1/6J

Ons yntuposanus: MbasyeHko LA, Mokugosa K.C., Kysbmur E.A., Beneguktos A A., Kysreuos C.J1. Tunepskcnpec-
cusa 6enkoB TennoBoro woka HSP70 y Mblweli ¢ MyTaHTHbIM 6enkoM FUS conpoBOXAaeTcst MeHbWNMY Heidpoae-
reHepaTMBHbIMI N3MEHEHUAMM B CTPYKTypax NMMOMUYECKOit cucTeMbl. CeveHoBCKMA BeCTHMK. 2025; 16(1): 4-19.
https://doi.org/10.47093/2218-7332.2025.16.1.4-19
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Abbreviations:

ALS - amyotrophic lateral sclerosis

BLAa/BLAp - basolateral amygdalar nucleus, anterior
and posterior parts

BLAv - basolateral amygdalar nucleus, ventral part

CA - cornu Ammonis

CelL - central amygdalar nucleus, lateral part

CP - caudoputamen

DG - dentate gyrus

FUS - fused-in-sarcoma protein

GFAP - glial fibrillary acidic protein

HSP70 - 70 kDa heat shock proteins
HSPATA - heat shock proteins member 1A
IF — immunofluorescent study

LA - lateral amygdalar nucleus

LSc - lateral septal nucleus, caudal part
NeuN - neuronal nuclear marker

SUBd - subiculum, dorsal part

SYP - synaptophysin

WT - wild-type animals

HIGHLIGHTS

An excess of molecular chaperones HSP70 in the cytosol may have a beneficial effect on the course of the amyotrophic lateral sclerosis
variant associated with the accumulation of FUS protein in the cytoplasm rather than in the nucleus.

Simultaneous expression of both intracellular human HSP70 (HSPA1A exactly) and mutant FUS in mice leads to greater neuronal survival
in certain areas of the striatum, amygdala, and hippocampus compared to FUS expression without HSPATA.

Activation of neuroglia in the structures of murine limbic system in simultaneous mutant FUS and HSPA1A expression is less pronounced
than in mice with FUS expression only.

Amyotrophic lateral sclerosis (ALS) is a
neurodegenerative  disorder primarily affecting

One of the genes that can mutate leading to the
development of ALS encodes human RNA-binding

the motor regions of the nervous system [1]. The
disorder is characterized by high rates of disability
and mortality, with no effective treatment methods
available [2]. The development of ALS treatment
principles is challenging due to the fact that ALS
can arise from mutations in various genes [3] with
different clinical phenotypes [4]. Given these
differences, research that examines molecular
mechanisms that counteract key pathological changes
in the most common genetic variants of ALS is in high
demand.

protein “fused-in-sarcoma (FUS)” and is normally
localized in the nucleus [5]. Aberrant FUS protein leaves
the cell nucleus, and its pathological accumulation in
the cytoplasm of neurons underlies the FUS variant
of ALS, FUS-ALS, and associated cell death [6].
A promising direction in studying this problem is
the search for experimental conditions to reduce the
severity of neurodegenerative changes related to the
cytoplasmic accumulation of FUS.

Thus, pathological protein accumulation in
the cytoplasm can be controlled using molecular

2 Kaprouka mpoekra GbyHIaMeHTaIbHbIX M MOMCKOBbIX HAy4YHBIX MCCIIEMOBaHMIA, MOAepKaHHOro Poceuitckum HayuHbIM GoHmoM. Vsydenne
HeMPOMMMYHOIOTMYeckuX 3GhGdeKToB 3KCTpa- M BHyTpukiaerouHoro HSP70 mpu HelipomereHepaTVBHOM IIOBPEXKIEHMY MO3ra Y MBIIIEN.

https://rscf.ru/project/23-25-00448/ (nara obparenns: 01.12.2024).
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chaperones, particularly 70 kDa heat shock proteins
(HSP70) [7]. It has been also shown that HSP70 can
affect the accumulation of mutant FUS protein in FUS-
ALS [7, 8].

It should be emphasized that HSP70 member 1A
(HSPA1A) is a constant, homeostatic component of the
cytosol [9], which does not prevent the development
of FUS-ALS. It is likely that the amount or activity of
HSPA1A in patients with FUS-ALS is insufficient to
prevent a pathological FUS accumulation. One may
therefore assume that overexpression of HSPAIA
favorably affects neuronal survival in ALS with
cytoplasmic FUS accumulation [7].

In ALS, damage occurs in the motor areas of
the cerebral cortex, the limbic system, as well as
motor neurons in the spinal cord and motor plaques
[1, 10]. However, changes in the structures of the
limbic system have been the least studied, although
the basal ganglia are involved in the pathogenesis of
ALS [10]. For example, as of 01.12.2024, a search
in the PubMed database using tags “FUS + ALS +
brain”, “FUS + ALS + spinal cord”, “FUS + ALS +
muscle” reveals more than 200 publications, while
“FUS + ALS + hippocampus” reveals 21 publications,
“FUS + ALS + striatum” yields 2 publications, and
“FUS + ALS + amygdala” did not appear in any
publications.

Aim of the study: to investigate morphological
changes in the structures of the limbic system in mice
overexpressing HSP70 and expressing mutant FUS
protein with ALS development.

MATERIALS AND METHODS

Animal experiments

The study was conducted using 36 wild-type (WT)
and transgenic mice weighing 32.0%¥2.5 g. The mice
were divided into six groups (n = 6 per group). Only
healthy animals (except ALS) were included. The
mice were obtained from the vivarium at Sechenov
University.

Group 1 included C57B1/6 mice (WT), selected using
the random number method. The randomization for
Groups 2 to 6 was based on the genotype of the animals.
Group 2 included transgenic animals with the human
FUS[1-359] gene, expressing mutant FUS protein with
the development of FUS-ALS. The FUS expression
model described in the work of T.A. Shelkovnikova
et al. [11] was implemented. Group 3 (HSP70out)
included transgenic mice with extracellular expression
of HSPA1A, and the fourth group (HSP70in) included
mice with intracellular expression of HSPA1A. Groups
2 to 4 were formed with respect to polymerase chain
reaction data, including only animals with hemizygous
genes of FUS[I1-359] and HSPA1A. Homozygous
animals with the phenotype corresponding to Groups
2 to 4 served to breed double transgenic mice: Group

5 (FUS[1-359]/HSP700ut) and Group 6 (FUS[1-359]/
HSP70in).

The mice were kept in the vivarium at a temperature
of 20-22 °C and with a humidity of 55-60% with free
access to clean water and granulated food ad libitum.
In groups expressing FUS, starting from 10-12 weeks
of age, muscle weakness signs gradually increased,
progressing up to paralysis in some animals. These
symptoms primarily affected one of the hind limbs
sometimes affecting both ones or manifesting in the
forelimbs. At the same time, sexual activity decreased,
but food intake did not. These changes were not
observed in FUS-negative groups.

At Week 20, the animals were killed by decapitation
(Fig. 1). Anesthesia was induced with 5 mg/kg of
xylazine hydrochloride (Interchemie, Netherlands) and
40 mg/kg of tiletamine/zolazepam (Virbac, France).

Preparation of histological specimens

The brains were placed in 10% neutral buffered
formalin (ErgoProduction LLC, Russian Federation).
Twenty-four hours later, the organs were put into
isopropyl alcohol of increasing concentrations
(Biovitrum LLC, Russian Federation) and then finally
placed into paraffin. Coronal sections 3 pm thick
were made with HM325 rotary microtome (Thermo
Fisher Scientific, USA), transferred onto silane-coated
adhesive slides (Minimed LLC, Russian Federation),
and dried at 37 °C.

Staining of specimens

For the purposes of a histological study, the
specimens were stained with hematoxylin and eosin or
toluidine blue by Nissl method. For immunofluorescent
(IF) staining, after incubation in a dewaxing retrieval
buffer solution (pH 9.0, 20x, lot XFO5RT4N9592,
Elabscience, China), the sections were washed with 10%
PBS (Eco-Service LLC, Russian Federation), bovine
serum albumin (lot RM-T1725/1000, Biosera, France)
was added for 30 min, and then primary antibodies
were added with accordance to the manufacturers’
recommendations.

In order to identify neurons, monoclonal antibodies
to neuronal nuclear marker (NeuN) (1:1000, clone
SR45-07, item number ET1602-12, lot H661803001,
Huabio, PRC) were used. And in order to detect activated
astrocytes, we employed monoclonal antibodies to glial
fibrillary acidic protein (GFAP) (1:500, clone SAQ3-
04, item number ET1601-23, lot HO0913, Huabio,
PRC) and S100p protein (1:1000, clone SC57-02, item
number ET-1610-3, lot H661380007, Huabio, PRC)
were used. To assess the level of synaptic contacts,
polyclonal antibodies to synaptophysin (SYP) (1:200,
item number 0407-2, lot HG0614, Huabio, PRC)
were used. After staining with primary antibodies,
the samples were washed three times, and polyclonal
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FIG. 1. Design of the experimental study.
Note. WT - wild type.

secondary antibodies (Anti-Rabbit-TRITC, 1:100,
item number E-AB-1053, lot 22038, Elabscience,
PRC) were applied, followed by DAPI staining (item
number E-IR-R103, Elabscience, PRC). We washed the
specimens with PBS and mounted them with coverslip.

Morphometric study

On the relevant sections, we identified the structure
of rodent limbic system (6 fields of view per animal).
According to the stereotaxic atlas [12], the following
were identified: caudoputamen (CP); caudal part of the
lateral septal nucleus (LSc); hippocampal formations,
including dorsal part of the hippocampal subiculum
(SUBA), regions of the hippocampus proper, or cornu
Ammonis (CA1 and CA3), and dentate gyrus (DG);
amygdala nuclei, namely lateral nucleus (LA), ventral
part of the basolateral nucleus (BLAv), anterior and
posterior parts of the basolateral nucleus (BLAa/
BLAp), and lateral part of the central nucleus (CeL).
Photographs were taken using the Axio Imager.Al
complex with x40 and x100 objective magnification,
including the Axiocam 305 color camera and Zen 3.10
software (Zeiss, Germany).

The number of neurons per field of view was counted
for CP, LSc, and amygdala structures. For hippocampal
formations and LSc, the number of hyperchromic
neurons was counted, and in CP, the number of neurons
with eosinophilic cytoplasm, too. For antibody staining,
microphotographs of hippocampal structures, CP, and
LSc were taken at fluorescent wavelengths from 540
to 620 nm. The total number of NeuN-positive cells
per field of view in CP and LSc zones and the ratio

B
Collection brain

Week 10-15 4

Possible manifestations of paralysis

' Week 16-20

W
e & & Fixation
AFL B L S L l

i

Week 16 ' | \/

Br-6,5

Br20 Br-30 Br-35

Tissue embedding, slicing and
staining

Microscopic and morphometric
analysis

of NeuN" cells to DAPI-stained cells in hippocampal
structures were counted.

The following changes were considered as
neurodegenerative ones: a reduction in the total
number of neurons per field of view, the appearance
of hyperchromic neurons or neurons with eosinophilic
cytoplasm, as well as a reduction in the number of
NeuN-positive cells or the NeuN/DAPI ratio compared
to the control group (WT). In the hippocampus and LSc
zone, the proportion of GFAP-positive cells per field
of view, given as percents, and the number of S1008-
positive cells per field of view were also counted. An
increase in GFAP and S100f expression was considered
to be indicative of an astrocyte activation, and together
with neurodegenerative changes, an indicator of
neuroinflammation. For the hippocampus and CP zone,
the level of SYP expression was calculated as the ratio
of SYP expression area to the field-of-view area, given
as percentages. The SYP expression area was assessed
using open-source machine learning software QuPath
0.5.0 [13].

Statistical analysis

IF study data were assessed for normality using
Shapiro-Wilk test. Mean values of the samples were
compared using single-factor analysis of variance
(ANOVA) with Tukey’s post hoc test. Differences with
a p value of less than 0.05 were considered statistically
significant, with a sample size sufficient for 80% power
and in accordance with the 3R principles. Statistical
calculations were performed using OriginPro software
(OriginLab, USA).
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RESULTS

Histological study

Microphotographs and graphs of cell counts for
brain sections in CP and LSc zones are shown in Fig. 2.
In the CP zone, the total number of neurons decreased
in all groups expressing mutant FUS compared to WT,
HSP70in, and HSP70out groups (Fig. 2E). However,
in the FUS[1-359]/HSP70out group, the number of
neurons was lower than in FUS[1-359] and FUS/[I-
359]/HSP70in groups.

Neurons with eosinophilic cytoplasm were found
only in the CP zone at the histological study (Fig. 2F).
Their number increased significantly in all FUS-
expressing groups, reaching maximum values in
FUS[1-359]/HSP700ut group. In FUS[1-359] and
FUS[1-359]/HSP70in groups, the number of neurons
with eosinophilic cytoplasm decreased but remained
higher than in the groups without aberrant FUS.

In contrast to the CP zone, in the LSc zone, the
number of neurons did not decrease in all FUS-
expressing groups compared to WT group (Fig.
2G). Such a decrease in the number of neurons was
characteristic only for FUS[1-359]/HSP70out group.
At the same time, the number of hyperchromic
neurons in the LSc zone (Fig. 2H) was higher in all
FUS-expressing groups compared to WT group. The
smallest number of hyperchromic neurons was a
feature in FUS[1-359]/HSP70in group, compared to
FUS[1-359] and FUS[1-359]/HSP70out groups.

Microphotographs and graphs of cell counts for
brain sections in the hippocampal region are shown in
Fig. 3. In the SUBdA (Fig. 3G), CA1 (Fig. 3H), and DG
(Fig. 3]) zones, the number of hyperchromic neurons
increased in all FUS-expressing groups compared to
the WT, HSP70in, and HSP70out groups. However,
in FUS[1-359]/HSP70in group, the number of
hyperchromic neurons was lower than in FUS[1-359]
and FUS[1-359]/HSP70out groups. In the CA3 zone,
no statistically significant differences in hyperchromic
neurons between groups were found (Fig. 3I).

Microphotographs and graphs of cell counts
per field of view for brain sections in the amygdala
region are shown in Fig. 4. In the BLAv (Fig. 4H),
BLAa/BLAp (Fig. 4I), and CeL (Fig. 4]) zones, the
total number of neurons decreased in the FUS[1-359]
and FUS[1-359]/HSP70out groups compared to WT,
HSP70in, and HSP70out groups. However, in FUS[1-
359]/HSP70in group, a decrease in the number of
neurons relative to WT group was only revealed in
the CeL zone. In the LA zone (Fig. 4G), the pattern
of changes at the graph is similar to changes in other
amygdala zones, but only a slight decrease in the
number of neurons in FUS[1-359] group compared
to the WT group where the changes were statistically
significant.

Immunofluorescent study

The results of IF study for the CP and LSc zones
are shown in Fig. 5. In both zones, a decrease in the
number of NeuN" cells was observed in FUS[1-359]
and FUS[1-359]/HSP700ut groups. The level of NeuN*
cells in FUS[1-359]/HSP70in group was higher than in
other FUS-expressing groups, while in the CP zone, it
was comparable to WT group, and in the LSc zone, it
was significantly lower than in WT group (Fig. 5C, 5D).

Fig. 6 shows the results of the IF study for
hippocampal structures. In the DG and CA1 zones, the
proportion of GFAP* and the number of S100B"* cells
increased significantly in FUS[1-359] and FUS[I-
359]/HSP700out groups, and to a lesser extent in FUS[1-
359]/HSP70in group compared to WT group (Fig.
6H, 6I, 6K, 6L). Minor differences in SYP expression
were observed only between FUS-expressing groups
(Fig. 6M).

In the CA1 zone, a sharp decrease in the NeuN"/
DAPI* ratio was noted (Fig. 6]) in FUS[1-359] and
FUS[1-359]/HSP700ut groups. In contrast, in FUS[1-
359]/HSP70in group, this ratio was not only higher
than in other FUS-expressing groups but also did not
differ significantly from the WT group.

Fig. 7 shows the results of the IF study in the LA
zone. In all FUS-expressing groups (FUS[1-359],
FUS[1-359]/HSP700ut, and FUS[1-359]/HSP70in),
the number of NeuN" cells was lower compared to WT
group and groups with monoexpression of HSP70. At
the same time, among the groups with mutant FUS,
NeuN expression was higher in FUS[1-359]/HSP70in
group and lower in FUS[1-359]/HSP70out group.

DISCUSSION

A key component of this work was the appropriate
selection of transgenic mouse lines expressing HSP70
and FUS. The ALS model line was chosen based on the
following criteria: 1) a model with the effectiveness in
developing pathological and clinical manifestations of
the FUS variant of ALS is well studied and aberrant
FUS expression is proven; 2) there are pronounced
neurodegenerative manifestations; 3) the mice survive
up to an age where they can be crossed with rodents of
other lines to breed double transgenic animals [6, 11].
The line expressing HSPA1A was chosen because this
variant of HSP70 is capable of interacting with the FUS
protein in its cytoplasmic mislocalization [14].

Our study revealed neurodegenerative changes in
mutant FUS expression: a reduction in the number of
neurons, an increase in the number of hyperchromic
neurons, a decrease in NeuN expression and NeuN"/
DAPI" ratio, and co-expression of intracellular HSPA1A
and mutant FUS in mice that is associated with lower
levels of neurodegeneration. In the initial description
of this ALS model, a neurodegenerative damage to
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FIG. 2. Histological study of the caudoputamen and the caudal part of lateral septal nucleus in mice with FUS type of amyotrophic

lateral sclerosis and overexpression of HSP70.

Note: * p < 0.05; ** p <0.01; **** p < 0.0001; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT - wild type, control
group; CP - caudoputamen; LSc - caudal part of the lateral septal nucleus.

A. Coronal brain sections stained with hematoxylin and eosin (above) and Nissl toluidine blue (below).
B. Stereotactic coronal section with localization of CP and LSc zones.

C. Histological slides of murine brains, CP, hematoxylin and eosin, ob. x40. Scale bar: 20 ym.

D. Histological slides of murine brains, LSc, toluidine blue, ob. x40. Scale bar: 20 pum.

E. The number of neurons per field of view in CP, hematoxylin and eosin.

F. The number of neurons with eosinophilic cytoplasm in CP, hematoxylin and eosin.

G. The number of neurons per field of view in LSc, Nissl toluidine blue.

H. The number of hyperchromic neurons in LSc, Nissl toluidine blue.
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FIG. 3. Histological study of hippocampus in mice with FUS type of amyotrophic lateral sclerosis and overexpression of

HSP70.

Note: * p < 0.05;**p < 0.01; ***p < 0.001; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT - wild type, control group;
SUBd - subiculum; CA - cornu Ammonis; DG - dentate gyrus.

A. Coronal brain sections, stained by hematoxylin and eosin (above) and toluidine blue by Nissl (below).
B. Stereotactic coronal section with localization of hippocampal zones: SUBd, CA1 and CA3, DG.
C. Histological slides of murine brains, SUBd, hematoxylin and eosin, ob. x40. Scale bar: 20 ym.
D. Histological slides of murine brains, CA1, toluidine blue, ob. x40. Scale bar: 20 pm.
E. Histological slides of murine brains, CA3, toluidine blue, ob. x40. Scale bar: 20 pm.
F. Histological slides of murine brains, DG, toluidine blue, ob. x40. Scale bar: 20 pm.
G. The number of hyperchromic neurons in SUBd, hematoxylin and eosin.

H. The number of hyperchromic neurons in CA1, Nissl toluidine blue.

I. The number of hyperchromic neurons in CA3, Nissl toluidine blue.

]J. The number of hyperchromic neurons in DG, Nissl toluidine blue.
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FIG. 4. Histological study of hippocampus in mice with FUS type of amyotrophic lateral sclerosis and overexpression of
HSP70.

Note: * p < 0.05; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT - wild type, control group; LA - lateral amygdalar
nucleus; BLAv - basolateral amygdalar nucleus, ventral part; BLAa/BLAp — basolateral amygdalar nucleus, anterior and posterior parts; Cel —
central amygdalar nucleus, lateral part.

A. Coronal brain sections, stained by hematoxylin and eosin (above) and toluidine blue by Nissl (below).
B. Stereotactic coronal section with localization of amygdalar zones: LA, BLAv, BLAa/BLAp and CeL.
C. Histological slides of murine brains, LA, hematoxylin and eosin, ob. x40. Scale bar: 20 pm.

D. Histological slides of murine brains, BLAv, toluidine blue, ob. x40. Scale bar: 20 ym.

E. Histological slides of murine brains, BLAa/BLAp, toluidine blue, ob. x40. Scale bar: 20 pm.

F. Histological slides of murine brains, CeL, toluidine blue, ob. x40. Scale bar: 20 pm.

G. The number of neurons per field of view, LA, hematoxylin and eosin.

H. The number of neurons per field of view, BL.Av, toluidine blue.

I. The number of neurons per field of view, BLLAa/BLAp, toluidine blue.

J. The number of neurons per field of view, CeL, toluidine blue.
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FIG. 5. Immunofluorescent study of caudoputamen and septal nuclei in mice with FUS type of amyotrophic lateral sclerosis and
overexpression of HSP70.

Note: * p < 0.05; ** p < 0.01; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT — wild type, control group; CP -
caudoputamen; LSc - caudal part of the lateral septal nucleus; GFAP - glial fibrillary acidic protein; NeuN - neuronal nuclear marker; SYP -

synaptophysin.

A. Brain sections, CP, ob. x100. Scale bar: 50 pm. Anti-NeuN and DAPI (above), Anti-SYP and DAPI (below).
B. Brain sections, LSc, ob. x100. Scale bar: 50 um. Anti-NeuN and DAPI (above), Anti-GFAP and DAPI (below).

C. The number of NeuN" cells per field of view, CP.
D. Area of SYP expression per field of view, CP.

E. The number of NeuN* cells per field of view, LSc.
F. Ratio of GFAP*-cells per field of view, LSc.

brainstem structures was noted without specifying the
nature of changes at the limbic system [11].

This study demonstrated a reduction in the number
of neurons in the CP zone in all FUS-expressing
animals. According to the literature, CP structures are
susceptible to neurodegenerative changes in humans
with FUS-associated ALS [15]. It has also been
previously shown that electrical activity in the CP zone
increases in mice expressing mutant FUS [16]. In this
study, the animals with extracellular expression of
HSPA1A (group FUS[1-359]/HSP700ut) had neuronal
survival in the CP even lower than in monotransgenic
animals expressing mutant FUS (group FUS[1-359]),
while in animals with intracellular expression (group
FUS[1-359]/HSP70in), it was higher. Similar data
were obtained for the number of cells with a positive
reaction to NeulN, a known marker of mature neurons.
Since the presence of excessive HSPA1A does not
cause neurodegenerative changes in the CNS, as we
had showed previously [9], it can be assumed that
extracellular expression of HSPA1A exacerbates the
pathological changes in the FUS variant of ALS. At
the same time, co-expression of HSPA1A and FUS in
the cytoplasm of CP neurons positively affects their
survival.

In the CP zone, neurons with eosinophilic inclusions
in the cytoplasm were also found, and their number
increased in mutant FUS-expressing groups, especially

in FUS[1-359]/HSP70out group. Similar “cherry
spot” inclusions have previously been found in the
nuclei of hippocampal neurons in the FUS variant of
frontotemporal dementia [17]. A. Murakami et al.
also reported the detection of FUS-positive inclusions
in the striatum in autopsy material [18]. This finding
may represent more evidence of FUS-associated
neurodegenerative changes. However, there is
insufficient experimental material for comparison to
consider eosinophilic inclusions a specific marker.

For limbic system parts (septal nuclei, hippocampus)
with a high concentration of neurons per unit area
and, consequently, a higher probability of bias
during comparison, the study considered not the total
number of neurons, but the number of hyperchromic
cells. This parameter is commonly used to assess
neurodegenerative changes [19]. In the study of the L.Sc
zone, the number of hyperchromic neurons, as well as
cells expressing NeuN, increased in all FUS-expressing
groups. These data are consistent with the general trend
of changes in the CP zone, namely a more pronounced
level of neurodegenerative changes in FUS[1-359] and
FUS[1-359]/HSP700ut groups compared to FUS[I-
359]/HSP70in group. To date, no previous studies have
been revealed in the accessible databases demonstrating
changes in the number of neurons or hyperchromic
neurons in the septal nuclei of animals expressing
mutant FUS or in ALS-suffered humans.

14 CEYEHOBCKW BECTHUK T. 16, Ne 1, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 1, 2025



KJIETOYHASA BUOJIOT UA, LLUTOJIOI U4, TMCTONOT A

A HSP70 (out) HSP70 (out) HSP70 (in)

*: Dentate gyrus (DG)

FUS [1-359] FUS [1-359)/HSP70 (out) FUS [1-359] FUS [1-359)/HSP70 (out) FUS [1-359)/HSP70 (in)

AN

Dentate gyrus (DG)

D v HSP70 (out) T HSP70 (out) HSP70 (in)

FUS [1-359)/HSP70 (out) FUS [1-359] FUS [1-359)/HSP70 (out) FUS [1-359)/HSP70 (in)

= X

Ammon's horn (CA)

GFAP DAPI 51008 DAPI

G HSP70 (out) HSP70 (in) J

#

/DAPI*cells.

FUS [1-359] FUS [1-359/HSP70 (out) FUS [1-359)/HSP70 (in)

Ratio of Ne
in the pyramidal layer, CA1, a.u

NeuN DAPI
HSP70 (out) HSP70 (in)

Ammon's horn (CA)

Area of SYP e;

$ ) $ § S S R ° S S $ N S
SYP DAPI o J o ® o & T8 S

FIG. 6. Immunofluorescent study of hippocampal structure in mice with FUS type of amyotrophic lateral sclerosis and
overexpression of HSP70.

Note: * p < 0.05; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT - wild type, control group; DG - dentate gyrus; CA -
Cornu Ammonis; GFAP - glial fibrillary acidic protein; NeuN — neuronal nuclear marker; SYP - synaptophysin.

. Brain sections, DG, ob. x40. Scale bar: 20 um. Anti-GFAP and DAPI.
. Brain sections, DG, ob. x100. Scale bar: 50 ym. Anti-GFAP and DAPI.
. Brain sections, DG, ob. x100. Scale bar: 50 um. Anti-S100p and DAPI.
. Brain sections, CA1, ob. x40. Scale bar: 20 um. Anti-GFAP and DAPI.
. Brain sections, CA1, ob. x100. Scale bar: 50 um. Anti-GFAP and DAPI.
Brain sections, CA1, ob. x100. Scale bar: 50 pm. Anti-S100p and DAPI.
. Brain sections, CA1, ob. x100. Scale bar: 50 um. Anti-NeuN and DAPI (above), Anti-SYP and DAPI (below).
. The ratio of GFAP* cells per field of view, %, CAl.
The number of S1008* cells per field of view, CA1.
NeuN+/DAPI+ ratio per field of view, %, CAl.
. The ratio of GFAP* cells per field of view, %, DG.
. The number of S1008* cells per field of view, DG.
M.SYP expression area per field of view, %, CAl.
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FIG. 7. Immunofluorescent study of amygdala in mice with FUS type of amyotrophic lateral sclerosis and overexpression of

HSP70.

Note:**p<0.01;***p<0.001; HSP70 - 70 kDa heat shock proteins; FUS - fused in sarcoma protein; WT — wild type, control group; LA — lateral

amygdalar nucleus; NeuN - neuronal nuclear marker.

A. Brain sections, LA, ob. x100. Scale bar: 50 ym. Anti-NeuN and DAPI.

B. The number of NeuN" cells per field of view, LA.

In the hippocampal regions SUBd, CA1, and DG, this
trend was maintained between the groups as described
above for the CP and LSc zones. Thus, the number of
hyperchromic neurons increased with mutant FUS
expression, but in mice with simultaneous intracellular
overexpression of HSPA1A (group FUS[1-359]/
HSP70in) it was lower than in other mice expressing
mutant FUS. These changes were accompanied by a
decrease in NeuN expression in groups with mutant FUS,
least pronounced in FUS[1-359]/HSP70in group. In the
hippocampus, there was also an increase in the number
of GFAP* and S100B* cells, and for these parameters,
the differences between groups were consistent with the
differences in the increase in the number of hyperchromic
neurons. Since GFAP and S100p are markers of activated
astrocytes, their increase may reflect the involvement of
astroglia into FUS accumulation-driven reactions.

The hippocampus, due to its role in cognitive
functions, is of particular interest in ALS. Its sensitivity
to changes in FUS activity has been demonstrated
in the study by Kino et al. [20]. In mice expressing
mutant FUS, cognitive functions and spine formation
in the hippocampus were reduced, although there
was no cytoplasmic mislocalization of FUS in the
hippocampus [21]. It has also been shown that spine
density in the hippocampus and cognitive functions
stay reduced in transgenic mice expressing mutant
FUS and manifesting ALS [22]. However, in our study,
no differences were found in the area of hippocampal
tissue with a positive reaction to SYP. It is possible that
synaptic function is less involved in FUS pathology in
ALS than spine density.

An increase in FUS expression, neurodegenerative
changes, and subsequent recovery of the number
of neurons in a study investigating ischemic effects
on the hippocampus were in some cases reported to
be accompanied by a transient increase in HSP70
expression [23]. It can be assumed that HSP70 in the
hippocampus helps to mitigate the negative effects of
FUS accumulation (Fig. 8).

In the amygdala, in most nuclei except the lateral
nucleus, the number of neurons decreased in all FUS-
expressing groups, but in FUS[1-359]/HSP70in group it
was minimal. This is consistent with the trend observed
in other studied parts of the limbic system. There is
little data in the literature about amygdala involvement
in ALS, but it has been reported that mutant FUS
expression is absent in the amygdala in the FUS variant
of ALS [24].

In addition, we have previously examined
changes in the primary motor cortex and spinal cord
in the same models [25]. In all cases, a reduction in
neurodegenerative changes was demonstrated with
simultaneous overexpression of the cytosolic form of
HSPA1A and mutant FUS protein with cytoplasmic
mislocalization.

Limitations of the study

Extrapolation of animal experiments to humans
is limited. This study does not cover all areas of the
central nervous system. For example, the diversity of
cortical areas in humans is inherently greater, as mice
lack gyri; mice do not have speech regulation parts in
the brain, etc.
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FIG. 8. Mechanisms of FUS-HSP70 interaction in cells.

Left: localization of fused-in-sarcoma (FUS) protein in the nucleus (blue). Loss of the nuclear localization signal leads to the
migration of FUS into the cytoplasm (yellow). “N” - nucleus, “C” - cytoplasm.

Center: in the nucleus, FUS, together with fibrillarin (FBL) and the TDP-43 protein, binds rRNA to form nuclear granules. In the
cytoplasm, stress granules containing mRNA with the G3BP1 marker are present. FUS in the cytoplasm associates with these
granules.

Right: FUS activity (blue sector) supports DNA repair and transcriptional regulation, with autoregulation of FUS activity. FUS
located outside the nucleus returns through the nuclear pore with the help of TNPO1 protein, while HSP70 chaperones ensure
proper translation and folding. HSP70 activity (green sector) requires interaction with HSP40 and HSP90. Damage induces the
synthesis of HSP70, for example through hypoxia-inducible factor 1 (HIF1). Stress-induced DNA damage can lead to mutations
in the FUS gene. As a result, mutant FUS loses its nuclear localization signal. The accumulation of FUS in the cytoplasm and its
aggregation disrupts liquid-liquid phase separation (LLPS) mechanisms, causing amyloidosis, and together with the activation of
apoptosis (CASP; Apafl; NF-xB) leads to impaired cytoskeleton repair and cell death.

Further research perspectives form of HSPA1A and co-expression of mutant human

We assume that it is a challenging task to establish ~ FUS[I “359] protein related to ALS manifestation.
the molecular mechanisms contributing to the /According to data obtained, the co-expression of
positive impact of HSP70 overexpression on slowing ~ [ISPA1A protein together with the mutant FUS/! f35?]
neurodegenerative manifestations in the FUS-related 1N the cytoplasm of nervous tissue cells in the limbic
ALS. Recording electrical changes in limbic system  System is accompanied by fewer neurod‘egenerat]ve
structures will allow a more complete description of the ~ changes compared to the monoexpression of the

double transgenic murine models. mutant FUS. Moreover, pathological changes are
most significantly reduced in co-expression of FUS
CONCLUSION and intracellular HSPA1A overexpressed with HSP70

In the present study, we explored quantitative secretion out of cells. This study indicates HSPA1A

parameters of neurodegenerative changes in the limbic overexp{ession as a promising approach to slow the
system in mice with overexpression of HSP70 in the ~ Progression of FUS-related ALS.
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Vascular endothelial growth factor attenuates enhanced
spontaneous transdifferentiation of classical and intermediate
monocytes in patients with ischemic cardiomyopathy

Margarita V. Gladkovskaya'*, Svetlana P. Chumakova'?, Olga I. Urazova'?,
Vadim S. Poletika!, Vladimir M. Shipulin*, Sergey L. Andreev*
! Siberian State Medical University

2, Moskovsky Trakt, Tomsk, 634050, Russia
2 Immanuel Kant Baltic Federal University

14, Alexander Nevsky str., Kaliningrad, 236041, Russia

3 Tomsk State University of Control Systems and Radioelectronics
40, Lenin Ave., Tomsk, 634050, Russia
4Tomsk National Research Medical Center of the Russian Academy of Sciences
10, Emb. of the river Ushaika, Tomsk, 634050, Russia

:féﬁgg&‘gljm //\ Vascula}r endotl}elial grm-avth factor attenuates _enhanc_ed spontaneous t_ransdifferentiation
& of classical and intermediate monocytes in patients with ischemic cardiomyopathy

Summary Coronary heart disease is characterized by a deficiency of CD142"and
CD14"M"CD16"°" monocyte subpopulations due to their transdifferentiation.
Vascular endothelial growth factor A (VEGF-A) increases CD14/CD16 monocyte
subpopulations only in the presence of ischemic cardiomyopathy.

Materials and methods

Sample collection Incubation Determination of
for control with VEGF-A monocyte subpopulations
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*Ischemic cardiomyopathy

Abstract

Aim. To evaluate the effect of vascular endothelial growth factor A (VEGF-A) on the subpopulation composition of
monocytes in the blood mononuclear cell culture of patients with coronary heart disease (CHD), with and without
ischemic cardiomyopathy (ICMP).
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Materials and methods. A single-center, experimental in vitro study was conducted. The study included 22 patients
with CHD: 11 with ICMP, 11 without ICMP, and 10 healthy donors. Blood mononuclei were isolated from venous blood
by immunomagnetic separation for CD14 and CD34 antigens, then incubated with and without the addition of VEGF-A
50 ng/mL (control and stimulated samples). After 6 days, the total monocyte content, the proportion of classical
CD14*CD16", intermediate CD14**CD16%, non-classical CD14*CD16*, and transitional CD14*CD16~ monocytes were
assessed using flow cytofluorimetry.

Results. In groups of patients with CHD and in those groups where the patients were considered relatively healthy,
a decrease in the content of CD14**CD16* in the control and stimulated samples was shown. Only in the CHD group
with ICMP relative to the control sample, after VEGF-A stimulation, a statistically significant increase in all CD14*
was found: 10.63% (6.80; 17.64) vs. 15.28% (8.75; 27.99), p < 0.01, and their subpopulations: CD14*CD16™: 6.08%
(1.76; 8.84) vs. 8.57% (3.57; 16.8), p < 0.05, CD14*CD16*: 3.64% (2.03; 8.59) vs. 6.26% (3.87; 10.3), p < 0.05. In the
same group, a tendency towards an increase in CD14*CD16™ was noted after stimulation: 0.19% (0.18; 1.11) vs.
0.61% (0.37;1.58), p = 0.062. No differences in the content of all monocytes and their subpopulations after VEGF-A
stimulation were found in the CHD without ICMP group nor in the healthy group. The content of CD14*CD16" in all
groups in the control and stimulated samples did not differ.

Conclusion. CHD is characterized by a deficiency of all CD14* cells and intermediate monocytes due to their
transdifferentiation. VEGF-A affects the subpopulation composition of monocytes in CHD only in the presence of
ICMP by increasing the content of all CD14* cells, and in their intermediate and classical forms without exceeding the
indicators in healthy donors.
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CD14*(CD16", non-classic monocytes; CD14*CD16%; transient monocytes; CD14*CD16~
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A HH 0T Ly

Lenb. OueHnTb BAMsiHWe dakTopa pocTa aHAoTenus cocynoB A (VEGF-A) Ha cy6nonynsuMoHHbIA cOCTaB MOHO-
LINTOB B Ky/bType MOHOHYKNeapoB KPOBM Y NaLMEHTOB C ulemMuyeckoit 6onesHbto cepaua (MBC) B 3aBMcMMOCTy
OT Ha/M4Ms WeMnYecKoii kapanomuonatuy (MKMM).

Matepuanbl n meTofbl. [1DOBEAEHO OLHOLIEHTPOBOE KCNEPUMEHTalIbHOE UCCNeoBaHue in vitro. B uccnegosaHue
BKMtOYeHbl 22 nauuneHta ¢ MBC: 11 = ¢ KM, 11 — 6e3 MKMIT n 10 340poBbIX A0OHOPOB. MOHOHYKNeapbl Kpo-
B/ BbIAENsAAN 13 BEHO3HOW KPOBW UMMYHOMArHWTHOM cenapauueit no aHTureHam CD14 u CD34, uHkybuposan
6e3 1 ¢ no6aneHnem VEGF-A 50 Hr/mMn (KOHTPONbHAS U CTUMYAMPOBaHHAas Npo6bl). Yepes 6 cyToK MeTo0M Npo-
TOYHOV LMTODNYOPUMETPUM OLIEHMBAMN 00LLIEE COAepXKaHe MOHOLMTOB, 400 Knacchyecknx CD14CD167, npo-
MexyTouHbix CD14**CD16*, Heknaccuyecknx CD14*CD16*, nepexoaHbix CD14*CD16™ MOHOUMTOB.

Pesynbratbl. Y naumeHToB ¢ VIBC B 06enx rpynnax 0THOCUTENbHO 3[0POBbIX JOHOPOB NOKAa3aHO CHUXEeHWe cofep-
xaHng CD14**CD16* B KOHTPONBHOW ¥ CTUMYNUPOBaHHOW npobax. Tonbko B rpynne MBC ¢ MKMIT oTHOCKTeNbHO
KOHTPOMbHOI Npo6bl nocne ctumynsauun VEGF-A ycTaHOBNEHO 3HauMmMoe ysenndenune scex CD14%10,63% (6,80;
17,64) vs. 15,28% (8,75; 27,99), p < 0,01, v ux cy6nonynaunit: CD14*CD167:6,08% (1,76; 8,84) vs. 8,57% (3,51; 16,8),
p < 0,05 CD147CD16": 3,64% (2,03; 8,59) vs. 6,26% (3,87; 10,3), p < 0,05. B aT0i1 Xe rpynne oTMeyeHa TeHAEHLNS
K yBenuyeHuto CD14*CD16™ nocne ctumynsaumn: 0,19% (0,18; 1,11) vs. 0,61% (0,37; 1,58), p = 0,062. B rpynnax MBC
6e3 VIKMI » 300p0oBbIX AOHOPOB He YCTAHOBIEHO Pa3/Nynid COLEPXKaHWUs BCEX MOHOLWTOB W UX Cy6nonynsuui
nocne ctumynsaunn VEGF-A. CopepxaHnue CD14*CD16™ BO BCex rpynnax nauuMeHToB B KOHTPOSIbHOM U CTUMYANPO-
BAHHOM Npobax He pasnuyanoch.

3aknioyenne. [1na VIBC xapakTepHa HegocTaTo4HOCTb BCex CD14* KNeToK M MPOMEXYTOYHbIX MOHOLMTOB BBUAY
nx TpaHcanbdepeHunpoBkn. VEGF-A BinaeT Ha cybnonynsaLmoHHbIin cocTaB MoHOLUMTOB npu VIBC TONbKO Npu Ha-
nnyun KM, yennunsas cogepxanue scex CD14* KNeTok, nx NpOMEXYTOYHbIX U KNacChyeckux GopM 6es npesbl-
LIeHNs nokasarenen y 340pOBbIX JOHOPOB.

KnioueBblie cnoBa: VEGF-A; anddepeHUMpOBKa; aHrmoreHes; knaccuyeckme MoHounTbl; CD14*CD167; npomMexy-
TOYHble MOHOUMTbI, CD147*CD16%; Heknaccuyeckne MoHoumUTbl; CD14*CD16™; nepexoaHble MoHoLMTbI, CD14*CD16~
Py6pukn MeSH:

NIWEMWYECKASA BOJTE3Hb CEPLUA - KPOBb

NWEMMUYECKAA BONE3Hb CEPALA - MATOOK3NOIOINA

KAPZNOMUOMNATVN — KPOBb

KAPANOMUOMNATUN - MATOOK3O0TNA

KPOBEHOCHbIX COCYA0B 3HAOTEANANBHLINA GAKTOP POCTA - AHANN3

KPOBEHOCHbIX COCYA0B 9HAOTEANANBbHBIA ®AKTOP POCTA - GAPMAKOOI A
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HIGHLIGHTS

Patients with CHD exhibit a reduction in the number of intermediate monocytes in vitro due to their spontaneous transdifferentiation which

is most pronounced in ICMP.

VEGF-A demonstrates an in vitro protective effect in patients with ICMP, preventing excessive loss of mononuclear cells with classical,

intermediate, and, to some extent, non-classical immunophenotypes.

The effect of VEGF-A on the subpopulation composition of monocytes is not associated with an excessive accumulation of intermediate
and classical forms, regardless of the presence of ICMP. This suggests a potential use of this cytokine in CHD treatment without the risk

of exacerbating atherogenesis.

Cardiovascular diseases remain one of the leading
causes of mortality worldwide [1]. Despite significant
advancements in conservative and surgical treatments,
the search for novel therapeutic strategies for
patients with atherosclerosis continues. Among these
strategies, the induction of angiogenesis has emerged
as a promising approach both for patients with
ischaemia and for individuals who have undergone
endovascular or open surgical interventions to prevent
stent or graft restenosis [2]. Vascular endothelial
growth factor A (VEGF-A) has become one of the most
extensively studied signalling proteins for stimulating
angiogenesis in patients with atherosclerosis. To date,
not only recombinant VEGF-A but also a drug for

prolonged in vivo synthesis - Neovasculgen® - has
been successfully used in the treatment of critical limb
ischaemia [3].

VEGF-A is a highly conserved secretory signalling
protein that binds to type 1 and type 2 VEGF-tyrosine
kinase receptors (vascular endothelial growth factor
receptors - VEGFR) on the surface of endothelial cells.
VEGFR2 stimulates endothelial cell proliferation,
migration, and survival, while VEGFR1 can act as a
decoy receptor for VEGF-A [4]. Additionally, VEGF-A
can increase vascular permeability, leading to the
infiltration of the vascular wall by monocytes, or mediate
the development of collateral vessels by recruiting and
activating endothelial cells and monocytes [4].
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Currently, four immunophenotypically distinct
subpopulations of monocytes have been identified
in humans: classical, intermediate, non-classical,
and transitional cells. The majority of monocytes in
circulation are classical CD14"*CD16~ monocytes,
which exhibit pronounced phagocytic and pro-
inflammatory properties. These characteristics are also
shared by CD14""CD16" monocytes (intermediate cells).
Non-classical CD14*CD16"" monocytes possess limited
phagocytic capacity but promote reparative processes
by secreting anti-inflammatory cytokines and growth
factors [5]. Transitional CD14*CD16™ monocytes remain
poorly studied; they are likely precursors of classical
monocytes or may differentiate from them [6]. It has
been demonstrated that the development of coronary
heart disease (CHD) and atherosclerosis is associated
with an increase in the proportion of intermediate
monocytes and a decrease in the number of classical
forms. This imbalance is further exacerbated in acute
coronary syndrome and myocardial infarction [7, 8]. In
contrast, in ischaemic cardiomyopathy (ICMP), there is
anergy of monocyte differentiation with a deficiency of
non-classical forms [9].

Despite existing evidence on the involvement
of monocyte subpopulations in the development of
ischaemic disorders in atherosclerosis, as well as the
practical application of VEGF-A for the treatment
of such conditions, the influence of VEGF-A on the
differentiation of various monocyte subpopulations
possessing  angioprotective or  pro-inflammatory
properties remains unexplored. This effect could have
a significant impact on disease progression during
VEGF-A therapy.

Aim of the study: To evaluate the influence of
VEGF-A on the subpopulation composition of monocytes
in peripheral blood mononuclear cell cultures from
patients with CHD, depending on the presence of ICMP.

MATERIALS AND METHODS

A single-centre, experimental in vitro study was
conducted. Consecutive sampling of patients was carried
out from those admitted to the Research Institute of
Cardiology - a branch of the Tomsk National Research
Medical Centre - between 1 December 2022 and 31 May
2023. The required number of patients in the subgroups
was determined during the experimental planning stage
using Mead’s resource equation, aiming to achieve
a degree of freedom for error equal to 20. During the
experiment, the sample size was increased in accordance
with Lehr’s formula, based on a pilot analysis of data
obtained from studying the initial number of patients
determined by Mead’s resource equation.

Patient recruitment

The patient inclusion flowchart is presented in Figure
1. A total of 28 patients were assessed for participation in
the study. Exclusion criteria were identified in 6 patients.

The study included 22 patients with CHD (19 men and
3 women) aged between 54 and 70 years, of whom 11
had ICMP and 11 did not. During the first 4 months, 11
CHD patients with ICMP and 8 patients with ICMP were
recruited. Over the following 2 months, only patients
with ICMP were included in the study to increase the
sample size to the calculated value (n = 11).

Inclusion criteria:

e Age: 18 to 70 years;

o Signed informed consent to participate in the study;

e History of myocardial infarction more than 6 months
prior;

e Additional criterion for the ICMP group: left
ventricular systolic dysfunction (ejection fraction
less than 40%), accompanied by one or more of the
following:

- Myocardial infarction or myocardial
revascularisation at least 6 months prior;

- Stenosis of the left main coronary artery > 75%;

- Stenosis of two or more coronary arteries > 75%
[10].

Exclusion criteria:
e Acute infectious diseases within 3 weeks prior to the

study (n = 2);
e Autoimmune or allergic diseases in the acute phase
(n=2);

e Malignant neoplasms (n = 1);

e Viral hepatitis (n = 1);

e Syphilis (n = 0);

e Human immunodeficiency virus (HIV) infection
(n=0);

e Erythropoiesis-stimulating (n = 1) or
immunosuppressive therapy (n = 1) within 3 weeks
prior to the study.

The control group consisted of 10 generally healthy
donors (7 men and 3 women, median age 57.5 [48.0;
65.5] years) without any cardiovascular diseases or
related complaints, who provided informed consent to
participate in the study (Fig. 1).

Isolation of blood mononuclear cells

The study material consisted of 30 ml of blood
collected in a single draw from the cubital vein in the
morning on an empty stomach, prior to physical activity
and diagnostic or therapeutic procedures. The blood was
stabilised with heparin (25 IU/ml).

Blood mononuclear cells were isolated using density
gradient centrifugation with Ficoll (density 1.077 g/cm?®)
(LLC NPO “PanEco”, Russian Federation). After
washing the mononuclear cells twice with 0.5% PBS
(pH = 7.2), immunomagnetic separation was performed
using CD14 MicroBeads and CD34 MicroBead Kit
(“Miltenyi Biotec B.V. & Co. KG”, Germany), MS
separation columns (“Miltenyi Biotec B.V. & Co. KG?,
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bypass grafting
n=28

Patients hospitalized for preparation for coronary artery

Inclusion criteria:
- age 18-70 years;
- history of myocardial infarction > 6 mo.

Non-inclusion criteria:
« acute infectious diseases < 3 weeks (n = 2)
* autoimmune or allergic diseases in the exacerbation phase (n =2)
* malignant tumors (n = 1)
e viral hepatitis, HIV infection, syphilis (n = 1)
* erythropoiesis stimulating, immunosuppressive therapy (n = 2)

Patients included
n=22

v

Left ventricle systolic dysfunction (EF < 40%)!

No ‘ Yes

CHD with ICMP Group
n=11

Healthy donors
n=10

FIG. 1. Study flowchart.

Note: HIV = human immunodeficiency virus; CHD - coronary heart disease; ICMP - ischemic cardiomyopathy; EF - ejection fraction.
TWith = 1 feature: myocardial revascularization > 6 mo.; left main coronary artery stenosis > 75%; stenosis of two or more coronary arteries > 75%.

Germany), and a MiniMACS magnet (“Miltenyi
Biotec B.V. & Co. KG”, Germany) according to the
manufacturer’s instructions. The proportion of CD14*
cells (all monocytes) and CD34" cells (stem and
progenitor haematopoietic cells, as potential precursors
of monocytes, also present in the blood) in the culture
was 80-85% and 3-5%, respectively.

Cell viability was assessed using a 0.1% trypan
blue test (LLC NPO “PanEco”, Russian Federation).
Cells with a viability of at least 96% were seeded
into 2 wells of a 24-well plate at 10° cells per well.
The cells were incubated for 6 days under 5% CO, in
complete culture medium (RPMI-1640 medium (LLC
NPO “PanEco”, Russian Federation), foetal bovine
serum, L-glutamine, penicillin-streptomycin) with the
addition of 50 ng/ml recombinant human VEGF-A
(“Cloud-Clone Corp.”, USA) to one of the wells.
After 3 days of incubation, a partial medium change
was performed, and the stimulant was re-added at the
same dose. The sample with recombinant VEGF-A
was considered stimulated, while the sample without
VEGF-A served as control. After 6 days, the cells were
detached from the plate surface by incubation with
500 ul of 0.05% trypsin-EDTA solution (LLC NPO
“PanEco”, Russian Federation) per well for 5 minutes

at 37 °C. After washing the cells with 500 ul of 0.5%
PBS, the pellet was resuspended, and the cells were
used for flow cytometry (Fig. 2).

Immunophenotyping of monocyte

subpopulations

Fluorescence intensity was measured using a
“CytoFLEX” flow cytometer (“Beckman Coulter
International S.A.”, USA) with the “CytExpert 2.3”
software application (“Beckman Coulter International
S.A.”, USA). The boundaries for positive fluorescence
signals were established using FMO (Fluorescence
Minus One) controls, as a third antibody (not presented
in this publication) was also used in the study.
However, the determinants CD14 and CD16 were
evaluated independently of the expression of its ligand.
The proportion of cells positive for each marker was
assessed as a percentage of the total number of events,
excluding the region of small objects (FSC less than
100x10%).

Statistical data analysis

For the presentation of results, the median and
interquartile range (25th and 75th percentiles) were
calculated. The normality of the distribution in samples
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was assessed using the Kolmogorov-Smirnov test.
Given the deviation of the sample data from a normal
distribution, comparative analysis was performed using
Mann-Whitney test (for independent samples) and
Wilcoxon test (for dependent samples), with Benjamini-
Hochberg correction for multiple comparisons. Statistical
significance of differences in relative indicators was
evaluated using Pearson’s chi-square test. Spearman’s
correlation coefficients were calculated. The strength
of association was assessed using Chaddock’s scale: a
correlation coefficient of 0-0.3 was considered very
weak, 0.3-0.5 as weak, 0.5-0.7 as moderate, 0.7-0.9
as strong, and 0.9-1 as very strong. The results of the
statistical analysis were considered significant at a level
of p < 0.05. Statistical data analysis was performed using
“Statistica 10.0” software (StatSoft Inc., USA).

RESULTS

Baseline Patient Characteristics

Patients with CHD showed no significant differences
in age, sex, or prescribed therapy between the studied
groups (with and without ICMP) (Table 1). Calcium
channel blockers were not administered to patients
with ICMP due to their negative inotropic effects. The
majority of patients in both groups presented with
angina pectoris of functional class II-III and heart failure
of functional class II-III, as classified by the New York
Heart Association (NYHA).

Experiment

Group 1 (n=11)
CHD without ICMP

Group 2 (n=11)
CHD with ICMP

Control (n = 10)
Healthy donors

16 : 1t

': Isolation of mononuclear . :
:

cells from venous blood : :

FIG. 2. Experimental design.

................................

The Effect of VEGF-A on Monocyte

Subpopulation Composition

The addition of VEGF-A to the mononuclear cell
culture of healthy donors did not alter either the total
monocyte count or the ratio of their subpopulations.
Notably, the total monocyte count in the culture remained
at approximately 40%, irrespective of the presence of the
stimulant (Table 2).

In samples from patients without ICMP, a threefold
reduction in the proportion of intermediate CD14*CD16*
monocytes was observed compared to the healthy
donor group, while the percentages of other monocyte
immunophenotypes and the total monocyte count
remained comparable. The addition of VEGF-A to the
mononuclear cell culture in these patients, as in healthy
donors, had no effect on the total monocyte count or their
subpopulation composition (Table 2).

In patients with ICMP, similar to those without ICMP,
a deficiency in the number of intermediate CD14*CD16*
monocytes was observed in the mononuclear cell
culture, regardless of the presence of the stimulant.
In unstimulated samples from patients with ICMP, a
profound deficit in the total monocyte count (fourfold)
and intermediate CD14**CD16" monocytes (tenfold) was
identified compared to the healthy donor group. These
two parameters showed a statistically significant increase
under the influence of VEGF-A relative to the control
sample, although they did not reach the levels observed

6t days

................

: VEGF-A stimulation of
mononuclears

Flow cytometry with
CD14-FITC, CD16-PE
monoclonal antibodies
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of interest
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®
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Note: CHD - coronary heart disease; ICMP - ischemic cardiomyopathy; VEGF-A - vascular endothelial growth factor A.
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in healthy donors. Unlike in patients without ICMP,
the proportion of classical CD14**CD16~ monocytes
in patients with ICMP significantly increased after
incubation with VEGF-A compared to the unstimulated
sample, reaching levels comparable to those in the
healthy donor group (Table 2).

No statistically significant differences in the
number of non-classical CD14*CD16"* monocytes and
transitional CD14*CD16~ monocytes were observed
between the control and VEGF-A-stimulated samples
across the studied groups. However, only in patients with
ICMP was there a notable trend (p = 0.062) towards an
increase in the proportion of non-classical CD14*CD16"*
monocytes in the cell culture containing VEGF-A
compared to the unstimulated sample (Table 2).

Correlation of Monocyte Subpopulations with

Total Monocyte Count

(1) Among All Patients with Coronary Heart Disease

Correlation analysis conducted among all patients
with CHD (both with and without ICMP) revealed a
strong positive association between the total monocyte
count and the proportion of intermediate CD14"*CD16*
and classical CD14"*CD16~ monocytes in the control
sample (Fig. 3A). The strength of this association

MATOJTIOr MYECKAA ®UN3N0SI0TNA

remained unchanged following the addition of VEGF-A
to the culture (Fig. 3B). A similarly positive, moderate-
strength correlation between the total monocyte
count and the percentage of transitional CD14*CD16~
was observed in the control sample; this correlation
strengthened to very strong in the presence of VEGF-A.
Additionally, a moderate-strength association between
the total monocyte count and the number of non-classical
CD14'CD16"" monocytes, identified in the unstimulated
mononuclear cell culture, weakened to a weak correlation
under the influence of VEGF-A (Fig. 3C, 3D).

(2) Depending on the Presence of Ischemic
Cardiomyopathy and VEGF-A Stimulation

The analysis of correlations between the content of
individual monocyte subpopulations and total monocyte
count revealed associations of variable strength,
depending both on the presence of ICMP and the addition
of VEGF-A to the mononuclear cell culture (Fig. 4).

A common feature found in both groups of patients
and in healthy donors was a strong positive correlation
between the total monocyte count and the proportion
of intermediate monocytes in the control (across all
categories of individuals) and VEGF-A-stimulated
sample (in the control group and in patients without

Table 1. Baseline characteristics of patients with coronary heart disease in the studied groups

Coronary heart disease

Feature p value
without ICMP (n = 11) with ICMP (n = 11)
Men, n (%) 10 (91) 11 (100) n.s.
Women, n (%) 1(9) - n.s.
Age, years 63,5 (58,0; 67,5) 60,5 (56,5; 64,0) n.s.
Stable angina:
Class I, n (%) 2(18) 3(27) n.s.
Class lll, n (%) 8 (73) 7 (64) n.s.
Class IV, n (%) 1(9) 1(9) n.s.
Left ventricular ejection fraction, % 59,25 (50,00; 67,50) 30,50 (22,75; 36,50) < 0,001
NYHA classification of heart failure
Class |, n (%) 2(18) 1(9) n.s.
Class II,n (%) 4 (36) 7 (64)? n.s.
Class lll, n (%) 5 (46) 3(27) n.s.
Medications:
Long-acting nitrates, n (%) 7 (64) 6 (55) n.s.
B1 blockers, n (%) 10 (91) 9 (82) n.s.
Calcium channel blockers, n (%) 7 (64) 0 0,001
ACE inhibitors, n (%) 3(27) 5 (46) n.s.
Antiplatelet agents, n (%) 8 (73) 9(82) n.s.
Statins, n (%) 9(82) 10 (91) n.s.

Note: ACE - angiotensin-converting enzyme; ICMP — ischemic cardiomyopathy; n.s. = not significant, He 3Hauumo; NYHA — New York heart

association.
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Table 2. Content of monocyte subpopulations in the mononuclear cell culture in the control and in the VEGF-A stimulated
samples in all groups studied

Coronary heart disease

Healthy donors

Monocyte content without ICMP (n = 11) with ICMP (n = 11) (n=10)
Control VEGF-A  pvalue  Control VEGF-A  pvalue  Control VEGF-A  pvalue
All monocytes CD14**, % 17,79 21,50 n.s. 10,63 15,28 <0,01 40,42 41,25 n.s.
(7,15 (7,15; (6,80; (8,75; (21,70; (20,55;
35,63) 38,8) 17,64) 27,99) 47,62) 46,69)
Classical monocytes 5,45 8,45 n.s. 6,08 8,57 <0,05 10,72 10,66 n.s.
CD14*CD167, % (2,13; (3,23; (1,76; (3,51; (6,73; (6,37,
15,27) 9,09) 8,84) 16,8) 2,04) 12,31)
Intermediate monocytes 9,12 11,10 n.s. 3,64 6,26 <0,05 30,42 34,81 n.s.
CD14*CD16", % (5,23; (4,60; (2,03; (3,87; (13,36; (13,73;
23,06)° 23,9)° 8,59)° 10,3)° 35,77) 40,85)
Non-classical monocytes 0,86 (0,47; 1,06(0,22;, n.s. 0,19 (0,18; 0,61(0,37; 0,062 0,92 (0,56; 0,89 (0,33; n.s.
CD14*CD16%, % 1,28) 1,81) 1,11) 1,58) 1,27) 1,45)
Transitional monocytes 2,90 (1,49; 2,23 (1,58; n.s. 2,48 (1,53; 2,40 (1,70; n.s 2,53 (2,11; 2,49 (1,92; n.s.
CD14*CD167, % 4,47) 4,59) 4,80) 3,51) 4,78) 6,204)

Note: ICMP - ischemic cardiomyopathy; VEGF-A - vascular endothelial growth factor A; n.s. - not significant;
3 - p<0.05in comparison to the same sample in healthy donors;® - p < 0.01 in comparison to the same sample in healthy donors.

ICMP). A distinctive characteristic of patients with
ICMP was a strong positive correlation between the total
monocyte count and the percentages of three monocyte
subpopulations (classical, intermediate, and transitional)
in the absence of the stimulant. However, upon the
addition of VEGF-A, the correlation with the number of
intermediate monocytes disappeared. Contrastingly, in
patients without ICMP, a strong positive correlation of the
total monocyte count with the proportion of classical and
intermediate cells identified in the unstimulated sample
was, after stimulation with VEGF-A, accompanied by an
additional strong positive correlation with the level of
transitional monocytes (Fig. 4).

DISCUSSION

The study revealed a consistent trend across all
three groups of examined individuals - CHD patients
without ICMP, patients with [CMP, and healthy donors -
characterised by a low proportion of CD14" cells after
culturing compared to their initial purity (80-85%)
after isolation, regardless of VEGF-A stimulation. In
the samples of healthy donors, approximately 40% of
CD14" cells remained after 6 days of culturing, whereas
in ICMP patients, this proportion dropped to 10-15%,
despite maintaining cell viability at >96% (indicating
that the cells remained alive but had lost their monocytic
identity). This phenomenon can be attributed to the
high plasticity of monocytes, which enables them to
differentiate into various subpopulations, as well
as into macrophages [11], and even fibrocytes and
fibroblasts, which lack the CD14 surface marker [12].
Additionally, a small subset of monocytes, specifically
CD14°CD34"VEGFR2" endothelial progenitor cells
(comprising 1-6% of blood monocytes), can directly

differentiate into endotheliocytes when exposed to an
endothelial (pro-angiogenic) microenvironment [13, 14].

Notably, in healthy donors, monocytes also undergo
spontaneous transdifferentiation during culturing (only
40% of CD14" cells remain). In CHD patients without
ICMP, this process tends to be more pronounced
(approximately 18% CD14" cells remain), while
in patients with ICMP, it is enhanced considerably,
reaching statistical significance (only 10% CD14" cells
remain). The latter may represent an in vivo pathogenetic
mechanism contributing to the development of ICMP,
which is characterized by diffuse myocardium fibrosis
[15], likely driven by the excessive transdifferentiation
of monocytes into fibroblasts and fibrocytes.

Analysis of the subpopulation composition of
monocytes in native mononuclear cell cultures revealed
distinct differences in the content of specific monocyte
subsets between the two CHD patient groups. In CHD
patients without ICMP, the trend towards a reduction in
the total CD14" cells was accompanied by a significant
decrease in intermediate CD14**CD16" monocytes. In
contrast, ICMP patients exhibited a profound deficit
of intermediate CD14"*CD16" monocytes and a
marked tendency towards a deficiency of non-classical
CD14°CD16"* monocytes, alongside a statistically
significant reduction in total CD14" cells. Intermediate
and non-classical monocytes represent activated
monocytic forms, and their proportion increases in
various disease states [16]. This may explain why their
numbers declined most significantly during culturing in
both patient groups, influencing the overall monocyte
count. Such interpretation is supported by a positive
correlation between the total monocyte count and the
proportion of intermediate CD14**CD16* monocytes
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FIG. 3. The correlation of the total number of monocytes in culture with their individual subpopulations in the control and in the
VEGF-A stimulated samples in all patients with coronary heart disease.

Note: VEGF-A - vascular endothelial growth factor A.

A. The content of classical CD14"*CD16™ and intermediate CD14"*CD16" monocytes in the control sample.

B. The content of classical CD14"*CD16™ and intermediate CD14"*CD16* monocytes after VEGF-A stimulation.
C. The content of non-classical CD14*CD16"" and transitional CD14*CD16™ monocytes in the control sample.

D. The content of non-classical CD14"'CD16"* and transitional CD14*CD16™ monocytes after VEGF-A stimulation.

in both patient groups, whereas a correlation with non-
classical CD14*CD16"" monocytes was observed only
in healthy donors. Furthermore, intermediate monocytes
are known to produce the highest levels of reactive
oxygen species under unstimulated conditions [16], and
an elevated count of these cells is linked to an increased
risk of cardiovascular diseases [7-9, 17].

The addition of VEGF-A to mononuclear cell cultures
from ICMP patients increased both the total monocyte
count and the proportion of intermediate CD14**CD16*
and classical CD14**CD16~ monocytes compared to
control sample. In contrast, VEGF-A stimulation had
no effect on the studied parameters in CHD patients
without ICMP or in healthy donors. Given that the
primary cause of the reduction in CD14" monocytes
during culturing appears to be their transdifferentiation
into CD14" cells (fibrocytes, fibroblasts, and endothelial
cells), it is plausible that VEGF-A inhibits this process in

ICMP patients, thereby preserving a greater number of
intermediate and classical monocytes.

Classical CD14**CD16~ monocytes, which participate
in innate immune responses following extravasation
[11, 18], demonstrate the highest level of plasticity
[11]. Consequently, their level should decrease the
most during culturing as they differentiate into CD14~
cells. However, according to our observations, patients
with CHD showed the greatest deficit of intermediate
monocytes, while the reduction in classical monocytes
was less pronounced. This data indicates that intermediate
monocytes exhibit more active transdifferentiation
during the culturing process. The comparable number of
classical CD14**CD16™ monocytes in CHD patients and
healthy donors is consistent with their high plasticity,
as they represent the predominant population of blood
monocytes [9], whereas intermediate CD14*CD16"
monocytes are the most abundant population in culture.
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FIG. 4. The correlation of the total number of monocytes in culture with their individual subpopulations in the control and in the

VEGF-A stimulated samples in all groups studied.

Note: VEGF-A - vascular endothelial growth factor A; CHD - coronary heart disease; ICMP - ischemic cardiomyopathy; CD14*CD16™ - classic
monocytes; CD147CD16* - intermediate monocytes; CD14*CD16™ - non-classic monocytes; CD14*CD16™ - transient monocytes.

This suggests that, under culturing conditions, classical
monocytes initially differentiate into intermediate forms,
as observed in vivo [19], and subsequently undergo
transdifferentiation into non-monocytic cells. The
more pronounced reduction in intermediate monocytes
compared to classical monocytes is likely due to the
fact that the majority of classical monocytes have
already transitioned into intermediate forms after 6
days of culturing. Surprisingly, VEGF-A inhibited the
differentiation and transdifferentiation of monocytes in
patient-derived cultures, despite its primary association
with adaptation to hypoxia and angiogenesis rather
than to monocytopoiesis and inflammation. This effect
can be attributed to the expression of pro-inflammatory
VEGFR1 and pro-angiogenic VEGFR2, which
are present in 5-10% of monocytes [20]. Notably,
the corrective influence of VEGF-A was observed
exclusively in patients with ICMP and was absent in
CHD patients without ICMP and in healthy donors. This
phenomenon may stem from receptor hyperexpression or
enhanced intracellular signaling through the ‘cytochrome
P450 4A/F - 20-hydroxyeicosatetraenoic acid’ pathway;,
which is upregulated by hypoxia [21]; in ICMP, this
hypoxia becomes chronic due to widespread myocardial
ischemia [14].

Studies have demonstrated that the elimination
of VEGF results in mitochondrial fragmentation,

suppression of cellular metabolism, and death of
autophagic cells [21]. These effects are mediated
by the transcription factor FOXO (forkhead box
protein), which activates autophagy and promotes
the survival of hematopoietic stem cells under
metabolic stress. In endotheliocyte cultures, VEGF
exposure deactivates FOXO1 and inhibits cell death
[22]. While the correlation patterns for classical and
intermediate monocytes did not significantly differ in
the presence or absence of VEGF-A, the proportion
of non-classical and transitional monocytes in the
absence of VEGF-A stimulation correlated with the
total monocyte count. However, upon the addition of
VEGF-A, the correlation between the total monocyte
count and transitional monocytes strengthened,
whereas the correlation with non-classical monocytes
was lost. Furthermore, a notable trend towards a
3-fold increase (p = 0.062) in the proportion of non-
classical monocytes in cultures from ICMP patients
in the presence of VEGF-A underscores VEGF-A’s
ability to attenuate transdifferentiation and address
the deficiency of non-classical monocytes. This effect
is advantageous, as non-classical monocytes exhibit
protective properties toward the endothelium by
removing immune complexes and dead cells from its
surface; it is the deficiency of these cells in the blood
that is characteristic for patients with ICMP [9].
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The observed differences in correlation patterns
among the three groups of individuals, depending on
the presence or absence of VEGF-A in cultures, indicate
that CHD is associated with qualitative impairments
in monocyte reactivity, which are most pronounced
in ICMP. These disturbances are characterized by a
dysregulation of the spontaneous transdifferentiation
of classical, non-classical, and transitional monocytes
in response to both in vitro conditions and VEGF-A
stimulation. The ability of intermediate monocytes to
undergo spontaneous transdifferentiation is heightened
in CHD, irrespective of the presence of ICMP. However,
only in ICMP is this phenomenon accompanied by a
reduction in the total monocyte count in culture and is
mitigated by the presence of VEGF-A.

Limitations of the Study and Directions

for Future Research

The findings are applicable to patients from the
West Siberian region who have a history of myocardial
infarction dating back at least 6 months and who have
signs of multivessel coronary artery disease. The data
indicating that VEGF-A normalises the subpopulation
composition of monocytes suggest that VEGF-A could
be utilised for CHD therapy to promote angiogenesis
without the risk of exacerbating atherosclerosis.
Additionally, insights into the pathologically enhanced
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3 in children with end-stage chronic kidney disease

Summary In children with end-stage chronic kidney disease and graft dysfunction, decreased
bone mineral density of the jawbones is associated with altered levels of
deoxypyridinoline in urine and osteocalcin in gingival crevicular fluid.

Materials and methods

HU (hounsfield unit) ~ Osteocalcin (0C) Deoxypyridinoline (DPD)
of jawbone tissue in gingival crevicular fluid in urine

centol End-stage chronic kidney Kidney graft dysfunction
Groups - disease (ESKD) (KGD)
(n=20) (n=14) (n=14)

Alterations in biomarker levels among the study cohorts

Parameter ( Control ) ( ESKD ) ( KGD )

HU of anterior maxilla/anterior 3098/681.5 1059 /482.5 1670/ 439.0

mandible — —

0C in GCF, ng/ml guos 13.11 11.92
_ [l O e——

Urinary DPD, nmol/mmol

Elovskaya A.A., Maslikova E.A., Morozova N.S., Zakh N.B., Mal L.D., Danil E.Yu., . H
\ Shaikhattarova I.1., Shirina A.A., Shustova V.A., Morozova O.L. Bone turnover markers in oral and gingival 20-minute
‘ |\
A

crevicular fluid in children with end-stage chronic kidney disease. Sechenov Medical Journal. read
2025; 16(1): 34—44. https://doi.org/10.47093/2218-7332.2025.16.1.34-44

A tract

Objective. To study bone turnover markers in biological fluids (urine, blood serum, oral fluid (OF) and gingival
crevicular fluid (GCF)) at the stage of planning an orthodontic strategy in children with end-stage chronic kidney
disease (ESKD).

Materials and methods. Pilot, cross-sectional, multicenter study was conducted. A total of 48 children aged 7 to
17 years were examined and divided into three groups: 14 children with ESCKD, 14 children with renal transplant
dysfunction (RTD), 20 almost healthy children. Bone turnover markers were assessed by changes in osteocalcin (OC)
in the OF, GCF and blood serum, urinary deoxypyridinoline (DPD), levels of total, ionized calcium and phosphorus in
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blood and pH of OF. Bone tissue mineral density was assessed by cone-beam computerized tomography according
to the C. Mish classification.

Results. All groups of children were comparable by gender and age. All patients had no significant mineral and
bone disorders. Total and ionized calcium did not demonstrate statistically significant differences between the study
groups. Serum phosphorus level was higher in ESCKD children compared to RTD children and control group. Urinary
DPD, OC in GCF and OF pH were higher in children with CKD compared to healthy children. However, there were no
statistically significant changes between the ESCKD group and the RTD group. In the posterior maxilla, the Hounsfield
index was higher in the group with RTD compared to the ESCKD group (p < 0.01), and similar to the control group. In
the anterior maxilla, as well as in the anterior and posterior mandibular regions, the Hounsfield index was higher in
the control group than in the ESCKD and RTD groups.

Conclusion. The most prominent changes of bone turnover markers were found in children with ESCKD. Urinary DPD
and OC in GCF were associated with the decrease in kidney function and jawbone mineral density.

Keywords: renal transplant dysfunction; mineral and bone disorders in chronic kidney disease; osteocalcin;
deoxypyridinoline; orthodontic treatment
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Mapkepbl peMmoaenMpoBaHUs KOCTHOM TKaHU B pOTOBOM
M 3y6oaecHeBOM XXUAKOCTAX Y AeTEeU C TepMUHANBbHOM cTaguen
XPOHUYECKOM 60e3HU novek

A.A. Enosckag’, E.A. Macimkosa', H.C. Mopososa', H.B. 3axaposa?, JI.Jl. Manbuesa’,
E.IO. Hauunosal, U.U. lllajixarraposa', A.A. lllupuua’, B.A. lllycrosa’, O.JI. Mopososa'
!@I'AOY BO «Ilepesuwiii Mockosckuii 2ocydapcmeaennpiii meduuuHcKuil ynusepcumem umenu M.M. Ceuenosa»
Munsdpasa Poccuu (Ceuenosckuti ynusepcumem)
yn. Tpy6eukas, 0. 8, cmp. 2, 2. Mockea, 119048, Poccus
2@Ir'BOY BO «Capamosckuli zocydapcmeentpiii meduyunckull ynusepcumem um. B.U. Pasymosckozo»
Munsdpasa Poccuu
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AHH 0T Ly 5

Lienb nccnegoBanus. /13y4ntb Mapkepbl PEMOAENMPOBAHNS KOCTHOW TKaHM B B1ONOTMYECKMX XKMAKOCTAX (MOYE,
CbIBOPOTKE KPOBW, POTOBOI xuakocTh (PXX) n 3yboaecHeBoi xuakocTn (3)K)) Ha aTane nnaHNpoBaHMs OPTOAOH-
TUYECKOIA CTpaTernu y AeTeil ¢ TEPMUHANBHO CTaamneit XxpoHnyeckoit 6oneann novek (TXBM).

Marepuanbl u MeToabl. [1poBeeHO MUIOTHOE OHOMOMEHTHOE MHOrOLEHTPOBOE UccnefoBaHmne. 06cneaoBaHbl
48 peteli B BO3pacTe 0T 7 40 17 NeT, pa3aeneHHbix Ha Tpu rpynnbl: 14 — ¢ TXBI1, 14 = ¢ AuChyHKLMeR TpaHennaHTaTa
noyku (ATM), 20 npakTMyecky 300poBbIx AeTeir. Onpefensnm MapKepbl peMOAENMPOBaHNS KOCTU: OCTEOKANbLH
(OK) B PX, 3[1X 11 cbiBOpOTKE KpoBM, Ae3okcunupuantonut (M) B Moye, ypoBeHb 06LLErO, NOHN3MPOBAHHOTO
Kanbums v hocdopa B kposu 1 pH PXX. MuHepanbHyto NAOTHOCTb KOCTHOW TKaHK OLUEHMBANM MO AaHHbIM KOHYCHO-
JIy4eBOii KOMMbIOTEPHO TOMOrpaMMmbl Mo knaccudukaumy C. Mish.

Pe3ynbratbl. [pynnbl geTeil 6611 CONOCTaBMMbI N0 BO3PACTY 1 nony. Bee nauyeHTbl 6b1an 6e3 BblpaxXeHHbIX M-
HepanbHO-KOCTHbIX HapyLIeHUIA. YPOBHYM 06LLEr0 W MOHW3UMPOBAHHOMO KaNbUys B KPOBW HE pasnnyanucb Mexay
nccneayeMbiMu rpynnamu. YposeHb Gocdopa B KpoBu 6bi Bbilwe B rpynne TXBIM no cpaBHeHuto ¢ rpynnoit AT
W rpynnoii koHTpons. KoxueHnTpauun AN 8 moye 1 OK B 3[1K, a Takxxe ypoBeHb pH PXX 6binv Bbille B rpynnax Ae-
el ¢ XbI1 no cpaBHEHMIO C KOHTPOLHOW FPYNMOW, MPX 9TOM CTATUCTUYECKW 3HAYUMbBIX PA3INYKIA MexXay rpynnamu
TXBM 1 AT He BbisiBNEHO. B 3agHeM oTaene BepXHel YentocTn MHAeKC XayHcdunaa 6bin Boiwe B rpynne ¢ AT
no cpaBHeHMto ¢ rpynnoii TXBI (p < 0,01) 1 conocTaBnUM C KOHTPONBbHOI FPYNMoiA. B nepegHem oTaene BepxHeit Ye-
NFOCTW, @ TaKXKe B NePeSHEM 1 3aiHEM OTAENaxX HUXKHER YentocT MHAEKC XayHchnnaa 6bin Bbllle B KOHTPOIbHOW
rpynne, yem B rpynnax TXbIMu AT,

3akntouenmne. Hanbonee BblpaxxeHHble N3MEHEHNSt MapKepoB PEMOAENNPOBAHMS KOCTU BbIfB/EHbI y AeTel ¢ TXBIT.
YposHu AN 8 Moye n OK B 31K accoummnpoBaHbl CO CTEMEHBIO CHKEHNSA DYHKLMM NOYEK U MUHEPATIbHOW N0T-
HOCTbHO YENIFOCTHbIX KOCTEN.

KnioueBble cnoBa: 1/COYHKLMS TPaHCNIaHTaTa NOYKM; MAHEPaNbHO-KOCTHbIE HapYLLIEHWS MPU XPOHUYECKOI 60-
NE3HN NOYEK; OCTEOKANbLIVH; 1€30KCUMUPUANHONUH; OPTOLOHTUYECKOE NeYeHme

Py6pukun MeSH:

XPOHWYECKASA BOJTE3Hb MOYEK = MMHEPAJIBHBIE M KOCTHBIE HAPYLLEHNA = MATO®W3MON0I N4
OPTOOOHTMA — KOPPUTUPYIOLLAA - METObI

KOCTU TJI0THOCTb

OMEPALIMW = MNAHMPOBAHWUE

BEMOMAPKEPbBI- AHATN3

JETW

Ona uutupoBanusa: Enosckas A.A., Macnukosa E.A., Mopo3sosa H.C., 3axaposa H.b., Manbuesa J1.1., [laHnno-
Ba E.10., WaiixaTtraposa U.W., lupnHa A.A., LLiyctoea B.A., Mopososa O.J1. Mapkepbl peMoaenpoBaHns KOCTHOM
TKaHW B POTOBOIA M 3y60AECHEBOW XMAKOCTAX Y AeTel C TepMUHANbHON CTaAMen XPOHNYECKOA 60NE3HN NOYeK.
CeyueHoBCKuit BeCcTHUK. 2025; 16(1): 34-44. https://doi.org/10.47093/2218-7332.2025.16.1.34-44
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CooTBeTCTBME MPUHIAIIAM 3TUKH. J[aHHOe 1CCIeIoBaHe C MCIOb30BaHNeM OGMOIOrMUeCKOrO MaTepuaa MPOBOAMIOCh B COOTBET-
cTBUM ¢ XeIbCMHKCKOM IeKiapaiyei BceMupHONM MeIUIIMHCKONM accoumarmy 06 TMYeCKUX IMPUHIUIIAX TPOBEAeHMsT OMOMEIUIIMHCKIX
uccaenoBanmii. MccenoBanne poBeieHO B COOTBETCTBUM C paspeliiennem JlokanbHoro stmueckoro komurera @IAOY BO «Ilepsbiit
MI'MYV um. .M. CeueHoBa» MunsnpaBa Poccun (CeuenoBckuit Yuusepcuter) (Ne 01-22 or 20.01.2022). MudopmupoBaHHoe 1o-
6GpPOBOJIBHOE COIIacye Ha BKIIIOUEHVE B MCC/IeNOBaHe GbIIO MOTYUYEHO Y OIHOTO M3 POOUTENIEN MV MHOTO 3aKOHHOTO TIPEeNCTaBUTENIS
maryeHTa.

JoCTym K JAaHHBIM MCC/IeA0BaHNs. [[aHHbIe, TOATBEPsKAAIOIINE BEIBOIbI 3TOTO MICCIIEIOBAHNS, MOKHO TIOJTYUUTh Y aBTOPOB 10 060CHO-
BaHHOMY 3arpocy. [laHHbIe I CTaTUCTUUECKIE METOIbI, TPEICTABIEHHbIE B CTaThe, MPOIILIM CTATUCTUUECKOE PelleH3MPOBaHIe PeIaKToO-

POM >KypHaia — cepTUUIMPOBAHHBIM CITELMATMCTOM IO GMOCTATUCTUKE.
KoudukT MHTEpecoB. ABTOPbI 3asIBJISIIOT 06 OTCYTCTBMM KOHQIIMKTA MHTEPECOB.
duHaHcupoBauue. ViccienoBaHye He IMeIO CIIOHCOPCKON TIOAEPKKM (COOCTBEHHbBIE PECYPCHI).

IMocrymmra: 17.01.2025
IIpunsra: 24.02.2025
Hara meuarn: 19.05.2025

Cnncok coKpalL,eHuii:

AN - nesokeunupuanHoamnH

AT - ancdyHKumMa TpaHecnnaHTaTa NoYKm
3K — 3ybopecHeBast XXMAKOCTb

OK - ocTeokanbLmH

PX — poToBad XM1AKOCTb

pCK® - pacyeTHas CKOpOCTb Kiy604KOBON GUbTpaLmm
TXBI1 - TepMUHanbHas cTagns XpOHUYECKOW 60NE3HN
noyex

XBIM - XxpoHnyeckas 601e3Hb NoYek

XBIM-MKH - MwuHepanbHble KOCTHble HapylueHus
MNPV XPOHMYECKOI 60NE3HM NOYeK

HIGHLIGHTS

Changes in the level of bone turnover markers (OC in the GCF and DPD in urine) are associated with mineral and bone disorders in children

with ESCKD.

The measurement of OC in the GCF is more informative than in the OF.

There is an increase in urinary DPD and a decrease in OC levels in the GCF concurrent with a decrease in the Hounsfield index in both

anterior and posterior regions of the maxilla and mandible.

The use of bone turnover markers content is promising for determining orthodontic strategy.

Chronic kidney disease (CKD) is a persistent
organ damage for three months or more due to various
etiologic factors. The pathologic basis of the disease
is the process of replacement of normal anatomical
structures by fibrosis, which leads to organ dysfunction.
CKD is evidenced by a decrease in estimated glomerular
filtration rate (eGFR) and/or albuminuria and other
markers of kidney damage [1]. The prevalence of CKD
in the world population is more than 800 million people
[2]. The global mortality from CKD reached 1.2 million
in 2017 and is projected to increase [3].

In the world pediatric population, the prevalence of
CKD reaches 18.5-58.3 cases per 1 million children
[4]- In Russia since 2012, the overall incidence of
CKD in children continues to grow [3]. Approaches to
CKD diagnosis are unified for both children and adults.
However, due to the predominance of non-glomerular
etiology of CKD in children, albuminuria is detected less

frequently than in adults [5]. According to the European
Pediatric Registry, congenital anomalies of the kidney
and urinary tract and genetic diseases are the leading
etiologic factors of CKD in children, accounting for
40-60% and 20-30% of detected cases, respectively;
glomerulonephritis makes an etiologic contribution in
less than 10% of cases [5].

End-stage kidney disease (ESCKD) requires renal
replacement therapy (hemodialysis, peritoneal dialysis
or renal transplant). ESCKD is associated with life
quality decline and unfavorable outcomes [6]. Moreover,
ESCKD in children is accompanied by significant
mineral and bone disorders (CKD-MBD) [7-9], arising
as a result of hyperparathyroidism and impaired calcium-
phosphorus (Ca-P) metabolism [10, 11]. In CKD-MBD
children are observed with a decrease in growth [12], a
high tendency to fractures [13, 14], as well as multiple
structural changes in bone tissue, including cortical loss,
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demineralization, bone trabeculae rarefaction, which are
associated with increased osteoclast activity [13].

Bone turnover markers in CKD-MBD are
deoxypyridinoline (DPD) and osteocalcin (OC) [15].
DPD is a compound formed during collagen breakdown,
it is released into the bloodstream, and then excreted in
the urine. DPD reflects osteoclasts activity; DPD level
increasing directly correlates to the severity of renal
dysfunction in experimental study on rats [16]. OC is a
vitamin K-dependent protein synthesized by osteoblasts,
reflects impaired bone mineralization in CKD-associated
hyperparathyroidism [17, 18].

CKD patients are prone to various maxillofacial bone
changes such as decreased density of cortical bone and
increased jawbone porosity [19], shortened mandible
branches, increased gonial angle, decreased posterior
facial height [8, 20, 21], structural and functional
temporomandibular joint changes [22, 23], along with
a significant slowdown in teething [22]. These changes
require a personalized approach to orthodontic treatment
in CKD children and objective markers for making a
medical decision.

Today there are still some open questions about
optimal timing for initiating orthodontic treatment and its
types in CKD children, and monitoring bone remodeling
during this treatment. Thus, searching for biomarkers
reflecting specific bone changes including maxillofacial
bones in CKD patients remains in demand.

Study objective: to investigate bone turnover
markers in different biological fluids (urine, blood
serum, oral fluid (OF) and gingival crevicular fluid
(GCF) at the stage of planning an orthodontic strategy
in children with end-stage chronic kidney disease
(ESCKD).

MATERIALS AND METHODS

This pilot cross-sectional multicenter study based
on Russian Federal Law No. 323-FZ dated 21.11.2021
“On the Fundamentals of Public Health Protection
in the Russian Federation”, (Legislation Bulletin of
the Russian Federation, 2011, No. 48, Art. 6724). The
required number of patients in groups was determined
before the study. The sample size was sufficient given
the power of 80%.

Patient enrollment

The study was conducted from March 1 to June 30,
2024, at the following clinical centers: E.V. Borovsky
Institute of Dentistry, Sechenov University; Surgical
Department No. 1, Academician V.I. Shumakov
National Medical Research Center of Transplantology
and Artificial Organs, Ministry of Health of the Russian
Federation. A continuous recruitment of patients
was carried out from those who applied to the above-
mentioned medical institutions.

Inclusion criteria:

e age from 7 to 17 years;

« established diagnosis of CKD (ICD-10 codes!: N18
Chronic kidney disease; T86.1 Renal transplant
dysfunction);

e dental anomalies, including bite anomalies;

e availability of written informed voluntary consent
of parents/legal representatives for the child’s
participation in the study.

Non-inclusion criteria:

e active/current orthodontic treatment (n = 5);

e concomitant acute/chronic diseases affecting bone
metabolism:

- endocrine and metabolic diseases (n = 10),

- autoimmune diseases (n = 2),

- genetic diseases (n = 4),

- oncological diseases (n = 1),

- diseases of the gastrointestinal tract (n = 3);

- chronic liver diseases (n = 7),

- drug-induced disorders of bone metabolism (n = 5).

A total of 65 children and adolescents were assessed
for participation in the study. Exclusion criteria were
identified in 37 patients (Fig.). The study included
28 CKD children, who were divided into two groups:
Group 1 - 14 ESCKD patients with eGFR according
to CKiD U25 with a constant creatinine coefficient
< 25 ml/min/1.73m?; Group 2 - 14 patients with kidney
graft dysfunction (RTD) with eGFR according to
the CKiD U25 with a constant creatinine coefficient
> 25 ml/min/1.73 m>.

The control group consisted of 20 practically healthy
children and adolescents with no general medical
pathology, matched by sex and age to the group of
children with CKD, who underwent dental examination
at the Department of Pediatric, Preventive Dentistry and
Orthodontics in E.V. Borovsky Institute of Dentistry
during the study period.

Determination of bone metabolism biomarkers
Biological fluids from patients were taken once in
the morning before the breakfast and diagnostic and
therapeutic procedures. Blood samples of 5 mL each
were collected from cubital vein or from the hand back
veins, stabilized with heparin (25 IU/ml), urine sample
of 50 mL each, oral fluid sample at least 5 mL.
Biochemical blood analysis was performed by
photocolorimetric methods to determine the level of
total (Ca) and ionized (Ca*") calcium, phosphorus (P).
Calculation of total blood plasma calcium with correction
for albumin was performed according to the formula:
measured plasma calcium level (mmol/L) + 0.02*(40 -
measured plasma albumin level (g/L).
Urinary DPD was measured by
chemiluminescent immunoassay.

solid-phase

! International Classification of Diseases, 10th revision (ICD-10). Access date: 10.01.2025 . https://mkb-10.com
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replacement therapy
n=65

Patients with end-stage chronic kidney disease during

Inclusion criteria:

e age: 7-17 years;

e diagnosis ESKD;
e presence of DAA.

\ 4

Non-inclusion criteria:

* previous orthodontic treatment (n = 5);

» absence of ESKD (n = 5);

» presence of other somatic disorders, influencing
on bone remodeling (n = 32).

A 4

Patients included
n=28

v

eGFR < 25 ml/min/1.73 m?

No Yes

Group ESKD
n=14

Control group
n=20

FIG. Study flowchart.

Note: ESCKD - end-stage kidney disease, DAA — dentoalveolar anomalies, RRT - renal replacement therapy, RTD - renal transplant dysfunction,

eGFR - estimated glomerular filtration rate (CKiD U25).

OC in serum, GCF and OF was measured by using
commercial Osteocalcin ELISA Kkits for solid-phase
enzyme-linked immunosorbent assay (BioVendor, USA).

The Milwaukee PH56 (Milwaukee Instruments,
USA) device was used to determine oral pH.

Bone density was assessed using cone-beam
computed tomography (CBCT), expressed in Hounsfield
units (HU) according to C. Mish classification [24],
based on the mathematical reconstruction of X-ray
attenuation coefficients assigned to each pixel. The X-ray
assessment was performed in four sections: the anterior
and posterior sections of the upper jaw; the anterior and
posterior sections of the lower jaw.

Statistical analysis

Quantitative features are presented as median and
interquartile range, qualitative ones - as proportion. The
studied features of patient groups were tested for normal
distribution using Shapiro-Wilk test and for homogeneity
of variances using Levene test. Variables corresponding to
normal distribution and having homogeneous variances
are presented as mean values and standard deviation,
mean values were compared using one-way analysis of
variance (ANOVA). Other variables are presented as

median and interquartile range (25th; 75th percentiles),
for their comparison the Kruskal-Wallis method was
used. For post-hoc analysis the Tukey test was used. The
results of statistical analysis were considered significant
at p < 0.05. The experimental results were processed
using Prism 8.0.1 (GraphPad Software, USA) and R
language. 4.4.2 in the R-Studio software environment.

RESULTS

The study included patients without pronounced
clinical manifestations of CKD-MBD and osteoporosis.
The main characteristics of the study groups are presented
in Table 1.

Mean age in study groups were 12.7 * 2.9 years
and girls’ number in RTD group was lower than in
ESCKD group and control, but the differences were not
statistically significant (Table 1).

Serum creatinine in ESCKD group was significantly
higher and eGFR was lower compared to RTD group
and control. ESCKD patients received hemodialysis
or peritoneal dialysis treatment for an average from 6
months to 3 years.

Total and ionized serum calcium did not differ
between the study groups (Table 1). Serum P was
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significantly higher in ESCKD group compared to RTD
group and control. While there were not found any
statistically significant differences in phosphorus levels
in RTD group and control (Table 1).

Summarized markers results in studied groups are
presented in Table 2.

Urinary DPD concentration was higher in CKD
groups compared to control (Table 2). However, no
statistically significant differences were found between
urinary DPD concentration in ESCKD and RTD patients.

Serum OC concentration was increased in ESCKD
patients compared to control (p < 0.05) and did not differ
from RTD group. OC in GCF was higher in control
compared to ESCKD (p < 0.001) and RTD (p < 0.001)
groups. Meanwhile salivary OC was comparable in all
groups (Table 2).

OF pH was statistically significantly higher in both
ESCKD and RTD children compared to control (Table 2).
Moreover, there were no differences between oral pH in
RTD and ESCKD groups, thus oral acidity was similar
in these two groups.

Bone density radiographical assessment shows that
Hounsfield Index of posterior maxilla was higher in
RTD group compared to ESCKD group (p < 0.01), and
there was no difference with control. Hounsfield Index
of anterior maxilla in control was higher than in ESCKD
and in RTD groups. A similar pattern was found in
Hounsfield index of both anterior and posterior mandible
where the control group levels were statistically
significantly higher than in ESCKD and RTD patients
(Table 2).

DISCUSSION

Study results demonstrated CBCT changes in bone
turnover markers and bone density were the most
pronounced in ESCKD children. Urinary DPD increase,
a decrease in serum and GCF OC and a decrease in the
Hounsfield index in both anterior and posterior regions
of the maxilla and mandible were revealed. Similar

changes were noted in RTD patients, but OC level was
reduced only in GCF. Bone density assessment had
no significant differences between ESCKD and RTD
groups, except Hounsfield index in posterior maxilla.

Kidneys play a crucial role in Ca-P metabolism
by almost complete tubular reabsorption of these
ions. Ca-P homeostasis in CKD patients is disrupted,
so serum P in ESCKD patients had been increasing
with eGFR decreasing in our study. It’s important to
check serum P in CKD-MBD patients for maintaining
bone homeostasis, and our results are consistent with
Rastogi A. et al. [25]. Serum P in KDG group was close
to control group, and inversely correlates with a higher
eGFR level, because of kidney filtration improvement
after transplantation, but due graft dysfunction P level
remained high. These trends are consistent with other
studies data on mineral metabolism effect on bone
remodeling in patients after kidney transplantation
[26, 27].

Our study results showed that serum Ca does not
statistically differ between the groups, which indicates
the stability of this marker regardless of kidney and
graft function. However, ESCKD markers are less
homogeneous and it still has a greater spread. No
expressed calcium metabolism disorders were detected
as well as in Liu J. et al. and Hasanzamani B. et al.
studies [28, 29]. It should be noted that the levels of
parathyroid hormone and bone fraction of alkaline
phosphatase were not taken into account.

Urinary DPD was found as highly sensitive
marker of bone metabolism disorders in ESCKD and
RTD patients. Thus, we found clear and significant
differences in this marker between the study groups.
DPD increase in CKD children compared to control may
indicate high osteoclast activity and bone resorption
activation. DPD changes were recorded simultaneously
with a Hounsfield index decrease in jawbones. It
indicates bone collagen breakdown, type I mainly, the
end products of bone metabolism excretion with urine

Table 1. Characteristics of study patient groups

Chronic kidney disease

Feature Control group p value
ESCKD (n = 14) RTD (n = 14) (n=20) (ANOVA)
Age, years 121+2.4 13.4+3.0 126 +3.4 n.s.
Girls, n (%) 11(79) 6 (43) 13 (65) n.s.
eGFR ml/min/1.73 m? 10.51 £ 3.252¢ 56.73 £ 15.31 ¢ 90.01 £10.26 20 <0.0001
Creatinine in serum, pmol/L 477.8 (403.1; 571.6) = 85.7 (73.2;131.9) > 63.0 (50.35;71.68) >  <0.0001
Calcium total in serum, mmol/L 2.40 (2.14;2.62) 2.42 (2.34;2.46) 2.40 (2.27; 2.49) <0.01

Total serum calcium adjusted for albumin, mmol/L
Calcium ionized in serum, mmol/L
Phosphorus in serum, mmol/L

2.34+0.28
1.16 (0.96; 1.21)
1.751 £ 0.490 ¢

2.39+0.13
1.18 (1.10;1.23)
1.342 £ 0.266 °

2.37+0.14 n.s.
1.21 (1.17;1.24) <0.01
1.436 +0.195° <0.005

Note: RTD - renal transplant dysfunction; eGFR - estimated glomerular filtration rate; ESCKD - end-stage chronic kidney disease; ? = p < 0.05
when comparing ESCKD and control groups; ® - p < 0.05 when comparing RTD and control groups; ¢ = p < 0.05 when comparing RTD and ESCKD.
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Table 2. Bone turnover markers

Chronic kidney disease

Feature Control group p value
ESCKD (n = 14) RTD (n = 14) (n=20) (ANOVA)
Urinary DPD, nmol/mmolCreat 15.80(12.68;27.90) 15.08 (10.27;24.61)>  4.90 (2.95;11.98) 2° <0.001
Serum OC, ng/mL 213.14£55.012 173.7 £+ 86.78 153.9156.15°2 <0.05
Salivary OC, ng/mL 11.78+1.93 12.94+1.76 13.46+3.73 n.s.
0C in gingival crevicular fluid, ng/mL 13.11+£3.98° 11.92+£3.10° 20.08 + 4.69 2P <0.0001
Oral fluid pH 7.080 (6.375; 8.153) ¢ 7.240 (6.875;7.593) > 6.250 (5.575; 6.800) ** <0.001
Hounsfield Index of anterior maxilla 482.5(394.5; 554.3)*  439.0(396.3;503.0)® 681.5(449.0; 766.8) 2° <0.0001
Hounsfield Index of posterior maxilla 203.0(194.8;238.8) ¢ 363.0 (248.3; 485.0)¢  420.0(329.0; 539.0) <0.01
Hounsfield Index of anterior mandible 1059 (951; 1451) 1670 (1083;1985)> 3098 (1985; 3538) »° <0.0001
Hounsfield Index of posterior mandible 824.4+111.0° 826.5+89.5° 1735+ 377.22® <0.0001

Note: DPD - deoxypyridinoline; RTD - renal transplant dysfunction; ESCKD - end-stage chronic kidney disease; OC - osteocalcin; max —
maxilla; man - mandible; ® = p < 0.05 when comparing ESCKD and control groups; ® = p < 0.05 when comparing RTD and control groups;

¢~ p < 0.05when comparing RTD and ESCKD.

and it confirms persistent bone metabolism changes in
CKD children. However, literary data did not confirm
that urinary DPD can reflect bone metabolism in CKD-
MBD patients [30]. On the other hand, DPD level is
known as one of the leading biochemical markers of
bone remodeling and is used in osteoporosis early
diagnosis [31]. Thus, urinary DPD determination in
CKD patients may become promising for assessing
osteoclasts activity and bone resorption and requires
further study on a larger CKD patient sample.
Presented study results convincingly demonstrate
that OC is an informative marker of osteoblast activity
in ESCKD and RTD children, and GCF is the best
biological fluid for its determination, since the most
significant OC changes are registered in GCF, despite
the limited sample. OC decrease in GCF was found in
ESCKD and RTD children compared to control, which
indicates a violation of bone metabolism. Serum OC
increase was detected only in ESCKD group probably
due to the limited sample. OC in OF did not statistically
significantly differ between three groups possibly due
to high protease activity in OF [32]. We didn’t find
any information about OC measurement in GCF in
CKD patients in the reviewed literature. However,
Fadli N. et al. used GCF for the assessment of OC and
proinflammatory markers [33]. Interest in GCF exertion
as a fluid for various markers detection in patients with
systemic diseases, including CKD, is growing due to
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its sufficient informativeness and minimally invasive
nature.

OF pH increase with its alkaline tendency may be
associated with a disturbance in general metabolism,
including a change in the acid-base balance in ESCKD
patients [34].

In addition, the obtained data indicate significant
disturbances in bone structure in ESCKD and RTD
children, which is manifested in a significant decrease
in Hounsfield index compared to control, especially
in the anterior and posterior mandible. These changes
are consistent with previous studies [23], confirming
disturbances in bone metabolism and decreased bone
mineralization in patients with renal dysfunction.

Limitations and directions for future

research

Result interpretations have several limitations due to
pilot study design: small sample size, one observation
point. The levels of parathyroid hormone and bone
fraction of alkaline phosphatase were not taken into
account when assessing CKD-MBD. Perhaps due to
insufficient study power, there were no statistically
significant differences in total serum calcium adjusted for
albumin, as well as OC in oral fluid. To draw conclusions
on these markers, it is necessary to conduct longitudinal
studies on large samples using probability selection of
observation units.
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A parallel arm randomised controlled trial to achieve remission
in patients with type 2 diabetes mellitus through dietary and
behavioural interventions: a study protocol

Arunjeet Singh™, Jarnail Singh Thakur
Post Graduate Institute of Medical Education and Research
Sector 12, Madhya Marg, Chandigarh, 160012, India

At C

Background. Type 2 diabetes mellitus (T2DM) poses a significant challenge to healthcare, with its prevalence
escalating to epidemic proportions. The aging population, coupled with the increasing burden of T2DM, is exerting
immense pressure on healthcare systems worldwide. Therefore, there is a critical need to design and validate
innovative interventions to mitigate the effects of this disease. This randomised control trial aims to achieve remission
in Indian patients aged 18 years and older diagnosed with T2DM through dietary and behavioural interventions.
Materials and methods. A total of 290 participants with T2DM will be recruited from Indira Colony Urban Enclave, the
field practice area of the Department of Community Medicine and School of Public Health at Post Graduate Institute
of Medical Education and Research, Chandigarh. Participants will be equally allocated into two arms: intervention
(n = 145) and control (n = 145). There will be five measurement timepoints: baseline, 2™, 4™, 6" and 9" months post-
randomisation. The intervention will implement a range of strategies to increase physical activity and promote dietary
transitions through behaviour change among patients. The interventions will be designed ensuring a structured
approach to behaviour change. Patients from the intervention arm will receive oral hypoglycaemic agents for the
first six months of the trial. After this period, medication will be gradually tapered. Patients from the control arm will
continue to receive standard care throughout the study. The primary outcome is the number of patients achieving
remission of T2DM through behavioural and dietary interventions.

Conclusions. The novelty of this trial lies in its focus on community-based settings, unlike other studies that primarily
target clinical or hospital-based environments to achieve clinical outcomes. The intervention integrates dietary
and behavioural changes into the community’s cultural, socioeconomic, and dietary habits, making it practical and
sustainable for patients to adopt and maintain the lifestyle changes needed for remission.

Keywords: community-based intervention; dietary transition; behavioural change; millets; low carbohydrate diet;
physical activity
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PaHpoMu3npoBaHHOE KOHTPONIMPYEMOE UccrefoBaHUe
B NapannienbHbIX rpynnax no 4oOCTUXEHUIO PEMUCCUM Y NMaLMEHTOB
C caxapHbIiM gua6eToM 2-ro TUnNa Yepes AUETUYECKUe
M noBefleHYeCKue BMeLlaTeNbCTBa: NPOTOKON UCCNe[oBaHuUs

Apyumxur Cunrx™, [Ixxapuann Cunrx Txakyp
Hncmumym nocmounniomnozo meduyuHcko2o o6pasos8anus u ucciedo8anuli
Cexmop 12, Madzua Mapdxc, Yanduzapx, 160012, HUndus

AH H 0T Ly 5

Beepenue. CaxapHblit anabet 2-ro Tuna (C[2) npeAcTaBnsieT cepbesHyto npobnemy Ans 3apaBoOXpaHeHNs, no-
CKOJIbKY ero pacnpoCTpaHeHHOCTb AOCTUraeT annaemMuyecknx Maclitabos. CTapetoliee HaceneHne v pocT bpeme-
H1 C[12 0Ka3blBatOT OTPOMHOE [IaB/IEHNE Ha CUCTEMbI 3[IPABOOXPaHEHUS MO BCEMY MUPY, B CBSA3U C YEM CYLIECTBYET
0CTpasi He06XOANMOCTb Pa3pabOTKM 1 anpobaLM HOBbIX Mep MO YMEHbLUIEHWIO OTAANEHHbIX HeraTUBHbIX nocnes-
cTeuit CA2. Llenb paHaoMU3MpoBaHHOTO KOHTPOAMPYEMOrO UCCNEA0BAHUS — AOCTUXKEHNE PEMUCCUN Y UHANACKMX
B3pOCAbIX NauueHToB (>18 net) ¢ CA2 Yepes AMETMYECKME 1 MOBEAEHYECKME BMELLIATENbCTRA.

Matepuanbl u meToabl. B 1uccnenoBaHve nnaHupyetcs BkNoUNTb 290 naumenTo ¢ CL12, MpoxuBaLLMX B ropof-
CKOM aHKnaBe KonoHun MHampa, 06nacti NoneBoii NpakTuku [lenaptamenTa 06WeCcTBEHHO! MeanLUMHbI 1 LLKonbl
0OLIECTBEHHOMO 3[1paBOOXPaHeHns MHCTUTYTa NOCTANNNOMHOIO MeAULIMHCKOrO 06pa3oBaHns U UCCNef0BaHui,
r. YaHaurapx. Y4acTHWKM GYAyT pacnpedeneHbl B 9KCNepUMeHTanbHyto (n = 145) unu koHTponbHyto (n = 145) rpyn-
ny. [naHnpyeTcs NATb KOHTPOMbHbIX BU3UTOB /151 OLEHKU KIIMHUYECKOro CTaTyca NalueHTOB: UCXOAHbIA YPOBEHD,
2,4, 6 1 9-i1 Mecaubl nocne paHAOMMU3aLUMK. IKCNEPUMEHTANIbHOE BMELLATEIbCTBO BK/OYAET NO3TAaNHOE BHepe-
HVe NOBELEHYECKNX CTPATErNiA, HanpPaB/IEeHHbIX Ha YBENNYEHNE (BU3NYECKON aKTUBHOCTMW 1 USMEHEHUE AMETUYE-
CKMX MPUBbIYEK. [1alMeHTbl SKCMepuMeHTanbHOW rpynnbl 6yayT NoayyYaTb nepopaibHble TUNOrIMKeMUyeckme
npenapaTbl B TeYEHWE NEPBbIX LWECTV MECALEB UCCNeJOBAHNS, 3aTEM MIaHUPYETCS NOCTENEHHOE YMEHbLUEHNE UX
[03bl. [auyeHTbl KOHTPONbHOW FpyNbl 6yayT NOAYYaTb CTAHAAPTHYIO Tepanuio B TeYEHWe BCEro MCCNefoBaHus.
epBMYHOIA KOHEYHOI TOYKOI SBASETCS KOMMYECTBO NALMEHTOB, JOCTUrWMX pemuccumn CL2 6narogaps noBeaeH-
YECKMUM U AVETUYECKMM BMELLATENbCTBAM.

3aknioyeHne. HoBM3Ha UCCNEOBAHMSA 3aKITKOYAETCS B TOM, YTO ANS AOCTMXKeHUs pemuccumn CL12 nnaHupyetca ns-
MeHeHMe 06pa3a XM3HM COOBLLECTBA, B OTAIMYME OT APYriX UCCNefoBaHui, OpMEHTUPOBAHHbIX B MePBYO OYepesb
Ha MeAMUMHCKME BMellaTeNbCTBa, NPOBOAMMbIE B FOCAMTANbHbBIX UM aMBynaTOPHbIX YCIOBUSAX. IKCNEpMEH-
TaNbHOe BMELaTeNbCTBO HanpaBIeHO Ha MOCTENEHHYH0 VHTErpauuio AETUYECKMUX 1 MOBEAEHYECKNX N3MEHEHWI
B KYNbTYPHbIE, COLMaNIbHO-9KOHOMWUYECKME U NULLIEBLIE MPUBbIYKM NALMEHTOB, YTO MO3BOMUT ANUTENbHO NOAAEP-
xuBaTb pemuccuto CA2.

! SPIRIT 2013 Statement: Defining standard protocol items for clinical trials. Accessed October 04, 2024. https://www.equator-network.org/
reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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oHnaitH 18.03.2025. https://doi.org/10.47093/2218-7332.2024.1097.18

KOHTAHTHA{ MTHOOPMALINSA:

Apynmxkut CHHTIX, actiipaHT, [lenmapraMeHT 061ieCTBeHHOM MeauumHbl 1 LITKosIbl 06111eCTBEHHOTO 34 paBooxpaHenyst, THCTUTYT HoCT-

JIUIUIOMHOTO MEAMIIMHCKOTO 0Opa3soBaHMsl M MUCCIeIOBaHMIA
Anpec: Cekrop 12, Magrua Mapmk, Yangurapx, 160012, Uugus
E-mail: warinmytime@gmail.com

Cob6oneHue sTnueckux HopM. [IpoTokon uccienoBanmst ono6peH DTUUECKUM KOMUTETOM MHCTUTYTa MOCTAUITIIOMHOTO MEIUIIHCKO-
ro obpasoBanus u ucciaenosanmii, r. Yaugurapx (Ne INT/IEC/2024/SPL-67 ot 12 depains 2024 r.).
KoHduKT MHTEpecoB. ABTODBI 3asIBJISIOT 06 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

Nudopmarnys o perucrpanuy KIMHNIECKOTO UCCIeTOBaHNUS

IMpumeuaHue: Uyncia B KPYIJIbIX CKOOKaX B TEKCTE IIPOTOKOJIA OTHOCSTCSI K HOMEpaM MYyHKTOB uek-yucra SPIRIT

Hasganmue (1)

PaH,HOMV[SV[pOBaHHOE KOHTpPOJIMPpyeMOe UCCIefOBaHNe B [TapaUICJIbHBIX TPYIITAX 10 JOCTVKEHU IO
peMuccumn y maigMeHToOB C CaXapHbIM ,III/[a6ETOM 2-TO THIIa uepes gmeTmyecKue u roBegeHuYecKkmne
BMelIaTeJIbCTBaA: IMPOTOKOJI MCCJIeJOBaHMsL

Perucrparonnbiit Homep (2a)

REF/2024/02/079325 (Peructp KIMHUYECKUX MCCaeqoBanmit Mummm)

Bepcus nporokona (3)

12 despansa 2024, Bepcus 1

®dyHaHcupoBaHue (4)

WccnenoBaHue He MMeeT CIIOHCOPCKOM TIOAEPKKM (COOCTBEHHbBIE PECYPChI)

Wudopmaiys 06 aBTopax (5a)

Cunrx A., Txakyp [Ix.C. (koHTakTHast vHQOpMAaIys yKa3aHa BbIIIIe)

IMocrynmmna: 17.09.2024

IMpunsara: 24.12.2024

Hara ny6amkanym ouwnaiu: 18.03.2025
Hara meuarn: 19.05.2025

Abbreviations:
HbATc - glycated haemoglobin
NCD - non-communicable diseases

BACKGROUND (6A)

Non-communicable diseases (NCD) are the leading
cause of death globally and disproportionately affect
individuals in low- and middle-income countries, where
they account for 80% of all deaths and 90% of premature
deaths.®In absolute terms, out of 56 million global deaths,
38 million (67.8%) are directly attributable to NCD [1].

According to the ICMR-INDIAB study the prevalence
of diabetes in India is 7.3% with a wide regional and an
urban-rural variation [2]. Given this context, the economic
burden of managing NCD and their complications poses

OHAs - oral hypoglycaemic agents
T2DM - type 2 diabetes mellitus

a substantial challenge for policymakers when allocating
resources and funds for their diagnosis and treatment.
The challenge is exacerbated by the need to prioritize
funding for traditional public health concerns, such as
communicable diseases and maternal and child health,
which remain at the top of the agenda. This prioritization
further strains the limited resources available [3, 4].

The rationale for conducting the study
As life expectancy rises, India faces a dual health
challenge: widespread communicable diseases alongside

2 SPIRIT 2013 Statement: Defining standard protocol items for clinical trials. Accessed October 04, 2024. https://www.equator-network.org/
reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
5 World Health Organization. Global status report on noncommunicable diseases 2014. 265 p. ISBN: 9789241564854. Accessed January 11,

2024. https://www.who.int/publications/i/item/9789241564854
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the growing burden of NCD compounded by an aging
population and strained healthcare infrastructure [5].
Evidence suggests that lower socioeconomic groups are
more prone to alcohol and tobacco use and insufficient
consumption of fruits and vegetables, increasing their
NCD risk [6].

Management of type 2 diabetes mellitus (T2DM) and
other lifestyle diseases has relied on pharmacological
interventions, like oral hypoglycaemic agents (OHAs)
to achieve normoglycaemia [7]. Along with medication
treatment lifestyle changes are integral components
of achieving T2DM remission. Recent evidence such
as from the DiRECT Trial, highlights the potential for
T2DM remission through structured weight management
programs [8, 9]. However, these findings need to be
validated in a number of diverse settings, particularly in
low- and middle-income countries where data is limited
to case reports [10]. The study evaluating the effects
of dietary and behaviour interventions in achieving
remission in patients with T2DM in low- and middle-
income countries is acutely needed in order to develop a
more efficient strategy for these patients.

The rationale behind choosing dietary and

behaviour interventions to achieve remission

in patients with T2DM (6b)

Lifestyle changes have a positive impact on managing
T2DM. In a retrospective review the complete and partial
remission rates in patients 6 years after bariatric surgery
were found to be 24% and 26% respectively [11]. By
contrast, another study showed that weight loss through
calorie restriction can also induce remission of T2DM
in a dose-dependent manner, with a 15kg reduction
achieving remission in 80% of patients [12]. Moreover,
weight loss is cost effective and could significantly
reduce out-of-pocket expenses on medications and
laboratory tests [13].

In low- and middle-income countries such as India,
dietary and behavioural interventions are favoured for
achieving remission in patients with T2DM due to their
cost-effectiveness, feasibility, and accessibility. Regular
physical activity plays a crucial role by enhancing
glucose uptake by skeletal muscles, improving insulin
sensitivity, and facilitating weight management. Our
hypothesis is that a combination of diet and exercises,
tailored to the patient’s lifestyle and activity level, will
contribute to achieving T2DM remission. Our core
focus is based on three outcomes: (1) aerobics exercises
(brisk walking, jogging) to boost endurance; (2) yoga
to improve flexibility [14]; (3) resistance exercises to
enhance strength.

The rational for choosing a low carbohydrate

diet (6b)

The ICMR (Indian Council of Medical Research)
2018 guidelines for patients with T2DM recommend
consuming 55-60% of energy from carbohydrates,
prioritizing complex over refined carbohydrates.
This dietary approach aims to improve glycaemic
control by regulating caloric intake, optimizing
macronutrient distribution, and promoting fibre-
rich foods. Based on ICMR-NIN (Indian Council of
Medical Research National Institute of Nutrition)
2024 guidelines, patients will receive tailored diets
focusing on balanced nutrition, with specific energy
and macronutrient recommendations for individuals
below and above 60 years.®

Traditional Indian diets, mainly rice- and wheat-
based, should be reconsidered due to the rising burden of
T2DM and other NCD in India [15]. Millets such as finger
millet (ragi), pear] millet (bajra), and foxtail millet, have
a low glycaemic index, leading to a gradual rise in blood
glucose levels essential for T2DM management. Rich in
fibre, protein, and essential nutrients like magnesium and
iron, millets improve satiety, enhance insulin sensitivity,
and support gut health [16, 17], establishing their value
in T2DM dietary strategies.®

The rationale for a 9-month follow-up period

A 9-month follow-up period was selected based on the
study design. Weight loss through dietary interventions
tends to be slower than achieved via bariatric surgery.
Kim et al. showed that sustained lifestyle changes can
lower glycated haemoglobin (HbAlc) within 6 months
[18]. With regular monitoring and gradual tapering of
OHAs based on glycaemic status, significant outcomes
are expected within 9 months. This timeframe also
balances clinical relevance with practicality, reducing
dropout rates while preserving data quality and
participant engagement.

Objectives (7)

Primary objective

To evaluate the effect of dietary and behavioural
interventions in achieving remission in patients
diagnosed with T2DM.

Secondary objectives

1. To assess patients’ acceptability of adopting
dietary and behavioural interventions through in-depth
interviews.

2. To evaluate the impact of dietary interventions on
patients with T2DM having co-morbidity such as arterial
hypertension.

4 Indian Council of Medical Research. Guidelines for Management of Type 2 Diabetes. 2018. Accessed January 20, 2024. https://www.icmr.gov.
in/icmrobject/custom_data/pdf/resource-guidelines/ICMR_GuidelinesType2diabetes2018_0.pdf
5 Indian Council of Medical Research. Dietary Guidelines for Indians. 2024. Accessed January 20, 2024. https:/www.nin.res.in/dietaryguidelines/

pdfjs/locale/DGI07052024P.pdf

¢ International Diabetes Federation. Clinical Practice Recommendations for managing Type 2 Diabetes in Primary Care. 2017. Accessed January

14, 2024. https://idf.org/media/uploads/2023/05/attachments-63.pdf
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Trial design (8)

The study is a parallel two-arm randomised control
trial (allocation ratio 1:1). Patients will be randomised
into an intervention arm (dietary and behavioural
intervention) and a control arm receiving standard
care (fig.). There will be five measurement timepoints:
baseline, 274, 4% 6" and 9" months post-randomisation.

METHODS

Study setting (9)

The 9-month community based randomised
control trial will implement dietary and behavioural
interventions for adults >18 years with T2DM in the
Indira Colony Urban Enclave, the field practice area of

BHYTPEHHWE BOJIESHU

the Department of Community Medicine and School
of Public Health at Post Graduate Institute of Medical
Education and Research Chandigarh [19], Northern
India, with a population of 25,000 as per the census
conducted in 2011.7 The sampling frame comprises
T2DM cases from a 2018 house-to-house survey
(unpublished). Considering changes in morbidity and
mortality, investigators will update the database through
a new house-to-house survey.

Inclusion criteria (10)

1. Confirmed diagnosis of T2DM per HEARTS-D
module criteria.’?

2. Age >18 years.

Enrollment /
Briarouenne

Assessed for eligibility and randomised /
OtueHKa KpUTEpKEeB BKIOYEHNS], UCKJIIOYEHVSI Y PAHAOMM3ALINS
(n=290)

B HUcCcC/iIefjOoBaHue

o v
S~ S . .

g § E Allocated to intervention arm /
En g Pacnipenesenbt

8 ;5. 2 B 3KCIIePUMEHTAIbHYIO IPYTIITY
<g= (n = 145)

\ 4

y

Allocated to control arm /
PacmipenesieHbl B KOHTPOTbHYIO
rpymnmy
(n =145)

A

Measurement timepoints: baseline, 2", 4t 6t and 9t months post-randomisation /
KoHTpOoIbHbIE BUSUTBI: MUCXOIHBIN YPOBEHbD, 2, 4, 6 1 9-11 MecsIIbI
ToCJjIe PaHIOMU3AIN

Follow up /

A 4

Lost to follow up /
Boi6butN 13 mccieqoBaHmst
(up to 20%, n = 31 / no 20%, n = 31)

ITepuon ucciemoBanmsa

S~

2 v

>

T:c Analyzed /

< AHanu3s pesysbTaToOB
(n=114)

FIG. Study flowchart.
PUC. TTorokoBas nmarpamMma 1Cc/ienoBaHms.

A 4

Lost to follow up /
Boi6butn 13 mccieqoBanmst
(up to 20%, n = 31 / no 20%, n = 31)

A 4

Analyzed /
AHaym3 pesyIbTaToB
(n=114)

7 Census of India 2011 - Chandigarh UT - Series 05 - Part XII A - District Census Handbook, Chandigarh. 2014. Accessed January 15, 2024.

https://censusindia.gov.in/nada/index.php/catalog/324

8 World Health Organization. HEARTS D: diagnosis and management of type 2 diabetes. 2020. Accessed January 11, 2024. https://www.who.

int/publications/i/item/who-ucn-ncd-20.1
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3. Patients providing informed consent (26a).

4. Patients with systolic blood pressure >140 mm Hg
and / or diastolic blood pressure 290mm Hg as per 2016
primary hypertension guidelines by India’s Ministry of
Health and Family Welfare.’

Exclusion criteria

1. Patients not providing informed consent.

2. Patients with type 1 diabetes mellitus.

3. Age < 18 years.

4. Patients with impaired fasting glucose and glucose
tolerance.!®

5. Insulin-treated patients.

Definition of remission

Diabetes remission is defined using specific HbAlc,
fasting, and postprandial glucose thresholds maintained
without OHAs. The American Diabetes Association
classifies remission as complete, partial, or prolonged
[20]. The Association of British Clinical Diabetologists
and Primary Care Diabetes Society define remission as
glycaemia below diagnostic thresholds for >6 months
without glucose-lowering therapy [21]. This study
adopts the American College of Lifestyle Medicine’s
definition: HbAlc < 6.5% for at least 3 months without
surgery, external devices, or active glucose-lowering
medication [22].

Intervention (11a)

Intervention arm

Customised diet plan per Dietary Guidelines'

Carbohydrate intake will be restricted to <50% of total
calories, replaced with fibre-rich, non-starchy foods and
green leafy vegetables, alongside increasing vegetable
salads in the diet [23]. Millet will be incorporated
flexibly into participants’ diets as porridge, chapati
(Indian millet flat bread), or traditional Indian millet
snacks. While millet will not fully replace other grains,
it will be promoted as a healthier alternative, prioritized
over refined grains like white rice and refined wheat. The
intervention aims to shift dietary patterns toward millet-
based options as a primary grain.

Physical activity plan

Physical activity recommendations are tailored to the
patient’s fitness level, age, and any physical limitations.'?
Exercise plans will be customised according to patient’s
age. For patients who undertake a moderate amount of
activity, the regimen will aim to sustain their activity

through aerobic exercises, resistance training, and yoga.
For sedentary patients, a gradual initiation into physical
activity will be encouraged, starting with light exercises
such as walking. Progress will be closely monitored, and
plans will be adjusted based on patient response. Daily
activity charts will be provided to track time spent on
physical exercises.

Standard medication

Patients will receive OHAs for the first six months of
the trial. After this period, OHAs will be gradually tapered
for patients with HbAlc levels below 6.5%. Patients
weaned off OHAs will monitor blood glucose levels
using finger-prick tests. If any patient struggles with the
reduced dosage, their original medication regimen will
be reinstated. The day a patient is completely weaned
off OHAs marks the start of a three-month follow-up
period. Patients showing symptoms of dysglycaemia
will be reviewed and consulted with an endocrinologist
to determine whether OHAs should be resumed.

The package of intervention in our study is
summarised in Table.

Control arm

Patients in control arm will continue to receive
OHAs as prescribed by their physician. No dietary and
behavioural interventions will be made in the control
arm.

Participant timeline (13)

At each timepoint, HbAlc, waist circumference,
weight and body mass index will be measured.

Additionally for patients in the intervention group,
investigators will conduct weekly visits to address
challenges in adopting lifestyle changes, monitor diet
adherence, review self-recorded capillary blood glucose
diaries, and provide personalized support. A WhatsApp
group will be created for participants in the intervention
arm, where investigators will share motivational voice
notes and video vlogs to encourage adherence.

Data collection will include a peer-reviewed, Delphi-
validated questionnaire designed with input from
subject experts to capture demographic profiles and
dietary habits through a Food Frequency Questionnaire,
assessing daily and weekly consumption patterns [25].
Additional tools include questions to identify barriers
and facilitators of healthy dietary and physical activity
transitions, the World Health Organisation STEPS
(STEPwise approach to NCD risk factor surveillance)
questionnaire for dietary and physical history,'® and the

° Ministry of Health & Family Welfare. Screening, Diagnosis, Assessment, and Management of Primary Hypertension in Adults in India. 2016.
Accessed January 11, 2024. https://nhm.gov.in/images/pdf/guidelines/nrhm-guidelines/stg/Hypertension_full.pdf

19 Tndian Council of Medical Research. Guidelines for Management of Type 2 Diabetes. 2018. Accessed January 13, 2024. https://www.icmr.gov.
in/icmrobject/custom_data/pdf/resource-guidelines/ICMR _GuidelinesType2diabetes2018_0.pdf

1 Indian Council of Medical Research. Dietary Guidelines for Indians. 2024. Accessed January 20, 2024. https://www.nin.res.in/dietaryguidelines/

pdfjs/locale/DGI07052024P.pdf

12 Fit India Mission. Fitness Protocols and Guidelines for 18+ to 65 Years. Accessed January 18, 2024. https://yas.nic.in/sites/default/files/
Fitness% 20Protocols%20for%20Age%2018-65%20Years%20v1 % 20(English).pdf
13 World Health Organization. The WHO STEPwise approach to surveillance. 2021. Accessed January 15, 2024. https:/www.who.int/europe/

publications/i/item/WHO-EURO-2021-2446-42201-58182
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Table. Summary of dietary and behaviour interventions
Tabnmnya. Pe3ioMe AMeTHYECKMX U NOBEJeHYECKUX BMELIaTeNbCTB

Intervention /

Package under each intervention / KoMnoHeHTbl KaXj0ro BMellaTeNnbCcTBa

BmewarenbcTBo
Dietary' / (@) Introduction of millet-based diet that is low in carbohydrate and energy / BBefieHue fueTbl Ha OCHOBE Npoca
Nunera™ C HU3KMM COZIEPXXaHUEM YTNIEBOLOB U 3HEPTUM

Behavioural /
M3meHeHune
06pasa Xn3Hu

(b) Encouraging the consumption of five servings of fruits and vegetables daily / BbipaboTka npuBbIYKN eXXeJHEBHO-
ro NOTpe6bAeHNs NATYU NOpLMA GPYKTOB 1 OBOLLEl

(c) Limiting free sugars intake to less than 10% of total energy consumption / OrpaHuyeHne NoTpe6aeHUS NErkoyc-
BOsieMblX yrneBofoB Ao 10% OT CyTOYHOM KanopuimHOCTM paLlnoHa

(d) Reduction of fat intake to less than 30% of energy consumption / OrpaHuyeHue notpebnexns xupos Ao 30%

OT CYTOYHOW KanopunMHOCTW paLuoHa

(e) Distribution of millet food baskets to patients / CHaGXeHne NaLMeHToB NPOAOBObCTBEHHbIMU KOP3UHAMM

C npocom

(a) Community engagement by organising community based events and workshops that promote physical activity, using
a support network as a central pillar / BoBneueHne coo6LectBa nyTem opraHu3aLni MeCTHbIX MEPONPUSTUIA U CEMUHa-
pOB, NponaraHAupyoLLMX GU3NYECKYo aKTUBHOCTb, C UCMONb30BaHWUEM COLMANbHOM CETU A1 MOLAEPXKN

(b) Culturally tailored messaging derived through vertical and horizontal communication channels /
NHdopMupoBaHue ¢ y4eTOM KyNbTYPHbIX 0COBEHHOCTEN NO BEPTUKANbHBIM U FOPU30OHTANbHBIM KaHanam CBA3M

(c) Addressing barriers to physical activity by conducting focus group discussions and offering targeted solutions to
the challenges identified [24] / YcTpaHeHue npensTcTeuii Ans GU3NYecKoii akTUBHOCTH NyTeM 06CYXAeHMii B BoKyc-
rpynnax v paspaboTki peLeHuii BbiSBNEHHbIX Npo6nem [24]

(d) Implement an incentive programme to motivate patients to maintain regular physical activity and adhere to
dietary interventions / BHegpeHne MOTUBALMOHHON NPOrpaMMbl AN1S MOAAEPXAHNA PerynsipHoii Gn3nyeckoi akTme-
HOCTU U CO6J’IIO}J,EHVIH AVNETUYECKUX OrpaHI/I‘-IEHVIVI

(e) Establish community-based yoga groups and promote specific yoga poses known to benefit patients with T2DM /

Co3paHue 06LeCTBEHHbIX FPYNN WOry ANt NPOABWXEHUS ABWXEHUIA, OKa3blBaIOLLMX NONOXMUTENbHOE BUSHME

Ha naumeHToB ¢ C[2

Note: T2DM - type 2 diabetes mellitus.
Mpumeyarye: CA2 — caxapHblii AMabeT 2-ro Tmna.

EuroQol EQ-5D-5L questionnaire for quality of life
assessment [26].

Criteria for discontinuing the trial (11b)

Parents may withdraw from the trial at any time
without prejudice or in case of frequent episodes of
hypoglycaemia.

Strategies to improve adherence to the study

protocol (11c)

Informative booklets and pamphlets with colourful
info graphics will address local dietary habits, cultural
beliefs, and misconceptions about T2DM, offering
practical guidance on diet and exercise in simple,
engaging language. Adherence cards will be provided to
each patient in the intervention arm to help track physical
activity, monitor dietary patterns, and make adjustments
as needed.

To enhance compliance, investigators will conduct
weekly visits to review adherence cards, providing
constructive feedback to both patients and their family
champions on gaps and strategies to achieve targets. This
approach emphasizes open, two-way communication.
The term family champion refers to a key family member
who actively supports the participant during the study in
adhering to dietary and behavioural interventions. This
role is crucial in fostering accountability, motivation,

and creating a supportive home environment, which is
essential for sustainable lifestyle changes and effective
T2DM management.

The selection of the family champion follows four
key principles:

1. Emotional and practical support. The family
champion provides encouragement, assists with meal
planning, and supports daily routines, improving
adherence to lifestyle changes.

2. Close relationship with the patient. Ideally a
spouse, sibling, or adult child with a trusting bond,
empathy, and open communication to provide reliable
support.

3. Consistency and accountability. A consistent
presence, the family champion helps maintain adherence
by gently reminding patients of the importance of
prescribed interventions.

4. Cultural and household dynamics. In Indian
households where families play a central role in health
decisions, the family champion leverages this cultural
strength, embedding support within the broader family
network.

The intervention includes focus group discussions
to enhance social support by encouraging the sharing of
challenges and successes, peer influence through positive
behaviour, group norms to establish shared expectations,
accountability via regular check-ins, shared goals by

4 World Health Organization. Healthy diet. Accessed January 15, 2024. https://www.who.int/news-room/fact-sheets/detail/healthy-diet
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celebrating achievements, and collaborative problem-
solving to address barriers effectively.

Sample Size (14)

The total recruitment target is 228 patients (114 per
arm), calculated with a 95% confidence interval and 80%
power. The sample size estimation was based on a study
reporting remission rates of 57% in patients with T2DM
following dietary intervention, compared to 31% in the
control group [27]. Accounting for a 20% non-response
rate, the adjusted sample size was calculated as 285.
However, for simplicity, a sample size of 290 (145 per
arm) was chosen. The calculation was performed using
OpenEPI software, version 3, for a randomised control
trial.

Recruitment of participants (15)

The first step involves baseline recruitment where
investigators will visit households to enroll patients
in the trial. To prevent contamination bias [28], only
patients who provide informed consent will be recruited.

Allocation (16a) and concealment (16b) of
participants will be managed through sealed envelopes,
with a neutral third party assigning patients to each trial
arm. The initial recruitment will include all 290 patients,
followed by block randomisation in blocks of 4, 6 and 8
into either of the arm. Varying block sizes was shown to
have several advantages over one single block including
increased unpredictability of the allocation sequence,
thereby reducing selection bias. This approach minimizes
risks of manipulation or subversion of the allocation
process, enhancing the trial’s integrity and robustness.

Outcome measures (12)

Primary outcome

The number of patients achieving remission of T2DM
through behavioural and dietary interventions.

Secondary outcomes

a. The number of patients with hypertension as co-
morbidity achieving normal blood pressure.

b. Assessment of acceptability and identification of
barriers to adopting dietary interventions, particularly
the inclusion of millets.

Data collection (18)

Demographic data, medication information, clinical
symptoms, data on primary and secondary outcomes,
laboratory tests (fasting and post prandial blood glucose,
HbAlc), physical examinations (weight, body mass
index, waist circumference), and validated questionnaires
assessing dietary intake, quality of life will be collected
at each timepoints. For promoting data quality outcome
measurements will be taken by using pre-formulated
standardized protocols. To minimize measurement error,
duplicate measurements will be taken where applicable
(e.g., blood pressure), and the average of the readings
will be recorded.

Statistical methods (20)

Data analysis will be performed using IBM SPSS
version 25 (released 2017, IBM Corp., USA).

Statistical methods for analysing primary and
secondary outcomes (20a)

Univariate analysis will be conducted to compare
the demographic data of patients in the intervention and
control groups. McNemar’s test or paired t-tests will be
performed for pre- and post-intervention comparisons in
patients with arterial hypertension. A logistic regression
model will be utilized to identify factors associated with
blood pressure normalization. Kaplan-Meier survival
analysis will be performed to estimate the proportion of
patients achieving remission over time, with remission
treated as a time-dependent variable at the 9" month.

Methods for additional analyses (20b)

We will conduct focus group discussions and semi-
structured interviews to explore patients’ perceptions
of dietary changes, particularly concerning millet
consumption. Content or thematic analysis will be used
to identify common barriers, including cost, accessibility,
taste, or unfamiliarity with millets.

Subgroup and adjusted analyses

A separate analysis of primary outcome and effect
estimates will be performed for physical activity level,
gender, age, and fruit and vegetable intake.

Confidentiality (27)

Data confidentiality will be ensured through de-
identification and anonymization, with minimal use of
identifiers. Prior to collecting any personal data, written
informed consent will be obtained from participants.
During this process, participants will be informed about
the type of the data to be collected, its intended use, and
the measures implemented to protect their privacy.

Declaration of interests (28)

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the trial.

Access to data (29)

The principal investigator will be custodian of
the data. In the trial, access to the final dataset will be
managed to ensure both data integrity and participant
confidentiality.

DISCUSSION

Achieving remission in T2DM requires a
comprehensive management plan alongside OHAs
treatment. This includes the supervised and systematic de-
prescription of existing antihyperglycaemic medications
and the gradual introduction of lifestyle changes, such
as a calorie-restricted diet supplemented with a millet-
based component [29]. We propose that T2DM remission
is an achievable clinical goal. Our study gains relevance
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from its alignment with the declaration of 2023 as the
International Year of Millets, focusing on this “wonder
grain”.'®

However, challenges exist regarding the acceptance
of millets among participants. These include an
underdeveloped supply chain, limited availability in
retail outlets, higher costs compared to rice and wheat
[30], and societal perceptions that undervalue millets
as an investment in future health [31]. Despite these
barriers, we anticipate significant improvements in
participants’ quality of life upon achieving remission.
Benefits may include enhanced mental and physical
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Microsurgical clipping of aneurysms of the right middle
cerebral artery bifurcation, ophthalmic segment of right
internal carotid artery using of MIPLATTA approach:

a video case report
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Microsurgical clipping of aneurysms of the bifurcation of the middle cerebral artery (MCA) and the ophthalmic segment
of the internal carotid artery (ICA) requires precise access and minimization of the risk of damage to structures. This
video case presents successful clipping of a multiple aneurysm of the above segments using a combined Minimally
Invasive Posterolateral Transcavernous Transtentorial Approach (MIPLATTA). A 45-year-old female was admitted
with complaints of long-term headache in the occipital and temporal regions, which had been bothering her for 20
years. Computed tomography (CT) angiography revealed saccular aneurysms of the M1-M2 segments of the right
MCA and the ophthalmic segment of the right ICA. Complete clipping of the MCA aneurysm was performed, then the
ICA aneurysm. Postoperative CT angiography did not reveal any signs of contrasting of the aneurysm necks. The use
of MIPLATTA, due to the visualization of important anatomical structures and complete proximal and distal control
of the ICA, allows for radical exclusion of aneurysms from the bloodstream without complications.

Keywords: cavernous segment; Parkinson's triangle; sphenoid wing drilling; aneurysm dissection; anterior clinoid
process removing
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Mukpoxupypruyeckoe KamnuposaHue aHeBpU3M
6udypKaLmmu npaBoi cpeaHein MO3roBoi apTepum,
o¢dpTanbMUYECKOro cerMmeHTa npaBou BHYTPEHHEN

COHHOM apTepuu ¢ ucnonb3osaHuem poctyna MIPLATTA:
KIIMHUYEeCKUiA Buaeocnyyan
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AHH 0T Ly

MUKPOXMPYPriMyeckoe KNMNMpoBaHme aHeBpIU3M BudypKaLn cpeaHeit Mosrosoit apTepun (CMA) n obTanbMuye-
CKOTO CEerMeHTa BHYTpPeHHel COHHON apTepumn (BCA) TpebyeT TOYHOrO [OCTYNa 1 MUHUMM3ALMN PUCKOB MOBPEX-
JEHNs CTPYKTYp. B Buaeocnyyae npefctaBfneHo YCrelHOe KAUMUPOBaHWE COYETAHHOW aHEBPU3MbI YKa3aHHbIX
CErMEHTOB C MUCMOMb30BaHMEM KOMOWUHUPOBAHHOIO MUHUMaNbHO WHBA3WBHOMO 3aHEOOKOBOr0 TPaHCKaBEpPHO3-
HOro TpaHcTeHTopManbHoro goctyna (Minimally Invasive Posterolateral Transcavernous Transtentorial Approach,
MIPLATTA). MauuneHTKa 45 net nocTynuna ¢ anobamu Ha AANTENbHYIO FONI0BHYH 60b B 3aTbISIO4HON U BUCOYHON
obnacTax, becrnokosiyto B TeyeHne 20 neT. Mpu KoMnbioTepHo-ToMorpaduyeckoit (KT) aHrrorpaduy BbisBNEHbI
MeLloTyaTble aHeBpu3mbl M1-M2 cermenToB npaBoit CMA v odTanbMuyeckoro cermenTa npasoit BCA. Mpose-
[iEHO NONIHOEe KNnnupoBaHue aHeBpu3Mbl CMA, 3aTem aHeBpu3mMbl BCA. MocneonepauvonHas KT- aHruorpagus
NPV3HAKOB KOHTPACTUPOBAHNS LIEeK aHeBPU3M He obHapyxuna. Mpumerenne MIPLATTA 3a cuyeT BM3yanusaumm
BaXKHbIX @aHaTOMWUYECKMX CTPYKTYP, NOSHOrO NPOKCMMANbHOrO M AUCTanbHOro KoHTpons BCA no3BonseT fo6UThCS
pafyKanbHOro BbIKNOYEHNS aHEBPU3M 13 KPOBOTOKA 683 OCNOXKHEHWIA.

KnioueBble cnoBa: KaBepHO3HbI CETMEHT; TPEYrONbHUK [TapKUHCOHa; APUIUHE KPbina KIWHOBWUAHOM! KOCTH; AnC-
CeKLUsa aHeBpM3Mbl; yaneHue nepefiHero HakIOHEHHOro OTPOCTKA

Py6pukn MeSH:

AHEBPU3MA - XUPYPT A

LIEPEBEPAJIBHAA APTEPUA CPELOHAA — MATOJIOM A

LIEPEBEPAJIBHAA APTEPUA CPELOHAA — XUPYPT A

MUKPOXUPYPIUA - METOLbI

OMEPATWBHBI JOCTYN

Ona yutupoBanus: Cybnaros AA., Pyctamos PP, Yaxmayesa M.®., CyduaHo PA. Mukpoxvpypruyeckoe Kau-
NMpoBaHWe aHeBpu3M BudypKauuy NpaBoi cpefHeii MO3roBoi apTepu, 0hTaNbMUYECKOr0o CEerMeHTa npaBoi
BHYTPEHHEN COHHO apTepun C ncnonb3oBaHnem goctyna MIPLATTA: KnuHWYeckuit Buaeocnyyaii. Ce4eHOBCKWiA
BECTHMK. 2025; 16(1): 55-58. https://doi.org/10.47093/2218-7332.2025.16.1.55-58

56 CEYEHOBCKW BECTHUK T. 16, Ne 1, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 1, 2025



____________________________________________________________________| HEMPOXUPYPIUS

KOHTAKTHASI UTHOOPMAIIVA

CydmuanoB AnboepT AKpaMoBHY, I-p Mel. HayK, nmpodeccop, uneH-koppecrnonaeHT PAH, rinaBubiii Bpau @I'BY «DenepasbHblii IIEHTP
Helipoxupyprum» Munsgpasa Poccun; 3aB. kadenpoit neipoxupypru PITAOY BO «Ilepsbiit MI'MYVY um. .M. CeuenoBa» Mun3snpasa
Poccun (CeueHOBCKMIT YHUBEPCUTET); AUPEKTOP yUeOHO-HAyUyHOTro MHCTUTYTA Heripoxupyprin @PTAOY BO «Poccuiickuit yHMBepCuTeT
IPY>KOBI HAPOJOB»

Appec: 4-i1 km YepBuieBckoro Tpakra, 5, Tromenb, 625032, Poccus

E-mail: sufianov@gmail.com

CoGitroneHye 3THYeCKuX HOpM. 3asiBjieHye o cornacuu. [lanmeHT man comiacue Ha MyOaMKaIlyUio MPeACTaBIeHHOM CTaTbu «MuKpo-
XUPYPruueckoe KIMMMpoBaHye aHeBpusM 6udypKaumy mpaBoil CpeHelt MO3TOBOV apTepuin, OPpTaJIbMUIECKOTO CErMEHTa MPaBoii BHY-
TpEeHHeli COHHO apTepun ¢ ucnosnb3oBanuem gocryna MIPLATTA: kivuHuueckuii Bupeocaydaii» B skypHasie « CeueHOBCKMIA BECTHUKY.
Kounduukr unrepecoB. CyhuaHoB A.A. - wieH peJakUMOHHONM KOJUIETMM, HE NPUHMMAJ y4dacTus B PeJaKUMOHHOM PacCMOTPEHMM
Y IIPUHSITUY PEIeHN TI0 JaHHO CTaThbe.

dunaHcupoBanue. ViccienoBaHye He MIMeIO CIIOHCOPCKON TIOAIEPKKM (COOCTBEHHbBIE PECYPCHI).

IMocrymmra: 09.03.2025
IIpunsra: 07.04.2025
Hara meuarn: 19.05.2025

Abbreviations: ICA - internal carotid artery

MIPLATTA - Minimally Invasive Posterolateral ~ MCA - middle cerebral artery

Transcavernous Transtentorial Approach ACP - anterior clinoid process
............................................................................... o

[0:03] We present a microsurgical clipping of aneurysms of the right middle cerebral artery bifurcation, ophthalmic
segment of right internal carotid artery using MIPLATTA approach.

[0:14] The patient is a 45-year-old female, presented with complaints of headache for a long time (about 20 years),
in occipital and temporal areas, takes paracetamol and nonsteroidal anti-inflammatory drugs for headache relief.
Computed tomography angiography of the head was performed. The examination revealed an aneurysm of the right
middle cerebral artery bifurcation, ophthalmic segment of right internal carotid artery.

[0:41] After the skull trepanation, the dura matter was opened. Then a sharp dissection of the superficial Sylvian vein
was performed.

[0:51] Dissection of the Sylvian fissure.

[0:56] Basal cisterns dissection.

[01:01] Internal carotid artery dissection. Optic nerve, chiasmatic cistern dissection. Internal carotid artery aneurysm
dissection.

[01:16] The first step was to begin clipping the middle cerebral artery aneurysm.

Middle cerebral artery dissection. Dissection of the proximal and distal segments of the middle cerebral artery.
[01:35] Aneurysm dissection.

[01:42] Clipping of the aneurysm neck. In this case, a lap-shaped clip was used to clip the neck of the aneurysm, which
allowed complete disconnection of the aneurysm from the blood flow.

[01:52] Intra-operative Indocyanine green video-angiography shows that the aneurysm is fully clipped.

[02:00] The next step is to clip the aneurysm of the right internal carotid artery.

Sphenoid wing drilling.

[02:07] Dissection of the small wing of the sphenoid bone. Removal of the small wing of the sphenoid bone.

[02:15] Anterior clinoid process dissection.

[02:23] Anterior clinoid process removal.

[02:27] Peeling of lateral wall of the cavernous sinus.

[02:34] Middle meningeal artery dissection. Middle meningeal artery coagulation and cutting.

[02:41] To improve the dissection, a traction of the dura matter of the temporal lobe was performed. [02:49] Dissection
of the cavernous segment of the internal carotid artery in the Parkinson’s triangle.

[02:54] Trial temporary clipping of the internal carotid artery in the Parkinson’s triangle.

[02:59] Distal opening of the dura matter. Optic nerve decompression by excision of the dura matter. [03:06] Dissection
of the clinoid segment of the internal carotid artery by excision of the distal dural ring.

[03:12] Oculomotor nerve decompression.

[03:17] Ophthalmic artery dissection.

[03:22] Proximal temporary clipping of the internal carotid artery in the Parkinson’s triangle.

[03:27] Distal temporary clipping of the internal carotid artery.
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[03:30] Application of a permanent curved mini-clip. Removal of temporary clips.
[03:36] Intra-operative Indocyanine green video-angiography shows that the aneurysm is fully clipped.
[03:43] Post-operative images: Computed tomography angiography of the head was performed.

No signs of neck contrast were detected.
[03:54] Thank you for your attention.

The video can be found here: https://rutube.ru/video/private/l1ae87cb2c464d4a07d18edd6f90e8597/?p=BoTD4

duuPNOwEoYNp4NuMA (RuTube).
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