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ABSTRACT

Relevance: Errors in the damage repair system, such as double-stranded DNA breaks, can lead to mutations that will be passed on
to subsequent generations of cells, and some of these mutations may have oncogenic potential.

The study aimed to evaluate the number of double-stranded breaks and DNA repairs of peripheral blood lymphocytes in a group of
conditionally healthy children and in patients diagnosed with acute leukemia (AL) to develop a method for predicting the outcome of the
disease and determining the effectiveness of therapy.

Methods: Peripheral blood lymphocytes were studied: a) 38 conditionally healthy children (control group); b) 100 patients diag-
nosed with acute leukemia (AL); ¢) 14 children with relapse of the disease. We examine double-stranded DNA breaks/repairs using the
Aklides system (MEDIPAN, Germany), consisting of a fluorescent analyzer and the AKLIDES Nuk software.

Results: In patients with T-lymphoblastic leukemia, both at admission and the end of Day 7 at the hospital, the number of 53BPI
repair foci was, on average, three times higher than the number of DNA damages. In most cases, the ratio of breaks/repairs indicators
during treatment did not change among patients with B-line leukemia. Double-stranded DNA breaks prevailed over repairs, with the
newly established disease on the 7th, 15th Day, and 3rd month of treatment.

Conclusion: The level of lymphocyte DNA damage in patients with B-ALL was higher than expected. In addition, the ratio of
double-strand breaks to repairs remained unchanged at all stages of therapy in patients with B-ALL. The changes we suggest in these
patients can be observed during and/or after maintenance therapy. Monitoring double-strand breaks/reparations was the initial step in
developing a method of predicting the disease outcome and determining the therapy efficacy. The results obtained are of direct interest

and require further research.
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Introduction: Among the main types of deoxyribonu-
cleic acid (DNA) damage, double-stranded breaks (DSB)
are the most severe form. The double-stranded breaks
(DSB) are formed either due to a direct rupture of two com-
plementary sites - so-called “direct” DSB, or formed from
other lesions, from single-stranded breaks, as a result of re-
pair disorders during the work of relevant repair enzymes.

Reparation is the body’s response to DNA damage.
Two following mechanisms can restore the double-strand-
ed breaks:

a) Non-homologous reunion of the DNA ends, in which
the damaged chain ends are connected directly;

b) Homologous recombination, in the presence of
the DNA fragment identically intact in the nucleotide se-
quence [1].

However, DNA repair may not be fully effective, and in
addition, in some cases, DNA damage repair leads to errors
and, as a result, to the occurrence of mutations.

The p53 transcription factor, also known as the “ge-
nome guardian,” plays a crucial role in ensuring the sta-
bility of the genetic apparatus [2]. The p53 protein marks
the sites of double-stranded breaks and activates the tran-
scription of genes responsible for repair mechanisms. In
turn, to start the DNA repair, the p53 protein binds with
the phosphorylated form of H2AX histone (denoted as
- YH2AX). A separate yH2AX focus represents each dou-

ble-stranded break. The presence of standard physiologi-
cal repair mechanisms leads to successful repair and a de-
crease in the yH2AX foci [3, 4].

The large amounts of double-stranded breaks and oth-
er types of DNA damage initiate an apoptosis program.
However, programmed cell death is an exceptional case
of maintaining homeostasis (the balance between newly
formed and dying cells) since the triggering of apoptosis
is possible only if the DNA damage in the nucleus is irre-
versible and cannot be corrected by the repair system [5].

Thus, the main pathway of the DNA repair system can
be presented as the DNA damage — p53 expression —
DNA repair/apoptosis (in a condition that threatens the cell
life) [6]. The quantitative determination of the DNA breaks
and repairs are carried out using flow cytometry, confo-
cal microscopy, and indirect immunofluorescence analy-
sis (IIF). We used the method of indirect immunofluores-
cence in the current study. The IIF method is based on the
detection of a) the H2AX protein, which is formed when
double-stranded DNA breaks appear in phosphorylated
form; b) the p53-binding protein 1, also known as 53BP1,
involved in signal transmission to repair the DNA dou-
ble-stranded break.

The study aimed to evaluate the number of dou-
ble-stranded breaks and DNA repairs of peripheral blood
lymphocytes in a group of conditionally healthy children
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and in patients diagnosed with acute leukemia (AL) to de-
velop a method for predicting the outcome of the disease
and determining the effectiveness of therapy.

Materials and methods: The peripheral blood lym-
phocytes were the material for the study. The following
groups of children have been studied:

Group 1 (n=38, median age - 9.7 years) — control (con-
ditionally healthy children);

Group 2 (n=100, median age - 8 years) — patients with
AL: acute lymphoblastic leukemia (ALL) = 82, acute my-
eloid leukemia (AML) = 17, AL of mixed linearity = 1.

Group 3 - (n=14, median age 9.7 years) — children with
AL relapse.

Inclusion criteria: children aged 0 to 18 with primary AL
and recurrent AL who were diagnosed and treated at the
Scientific Center for Pediatrics and Pediatric Surgery (Al-
maty, Kazakhstan).

Exclusion criteria: persons over 18 years old; children
with severe cytopenia.

The data collection period was from January 2022 to
March 2023. The inpatient stay was eight months with ALL
and 4-5 months with AML.

The study of double-stranded breaks/DNA repairs
was carried out with the application of the Aklides system
(MEDIPAN, Germany), consisting of a fluorescence analyz-
er and AKLIDES Nuk software. The quantitative determina-

tion of the double-stranded DNA breaks and repair of lym-
phocytes in patients with acute leukemia was performed
for the first time in Kazakhstan. The commercial AKLIDES
Nuk Human Lymphocyte Complete Combi kits were used
within the study frames. The method is based on binding
specific antibodies with the yH2AX protein component.
The second stage of the analysis was to bind the 53BPI-spe-
cific antibodies with the initially formed complex. A flu-
orescence signal displayed the focus of rupture and re-
pair. A green glow in the FITC channel was observed at the
rupture focus, and a red glow in the APC channel was ob-
served at the repair center (Figure 1a). The DAPI channel
based on autofocus and counterstaining was used to de-
tect the cell nuclei (Figure 1b). The Aklides system has se-
lected cells of the same morphology and typical rounded
shape. The calculation of double-stranded breaks/repairs
was carried out per 100 lymphocytes. The final result was
displayed as reports (Single Report). As stated, the Aklides
digital system has been fully standardized and support-
ed the analysis of objects of only specific shapes and siz-
es. However, the tumor cells are morphologically different
when compared with normal cells. In this regard, it is ad-
visable to introduce changes to the sample parameters for
subsequent studies of leukemic cells.

The statistical analysis was performed using SPSS Sta-
tistics software, version 23.0, for Windows.

a) Viewing the image in simultaneous FITC and APC modes
b) Automatic focus on cells in the DAPI channel
Figure 1 - An example of indirectimmunofluorescence assay for the quantitative de-
termination of phosphorylated yH2AX and 5ZBP1 protein in lymphocytes

Results: Table 1 presents the quantification of dou-
ble-stranded breaks and DNA repair in the control group.
The children in the control group’s age corresponded to
the studied patients’ age.

Based on data from Table 1, in the group of children
aged 0 to 5 years old, the number of cells with breaks pre-
vailed over the number of cells with repairs, while the to-

tal number of repairs was detected. The total number of
ruptures and reparations was approximately equal in the
age group of 5-10 years old. More double-stranded breaks
than repairs were found for the third group of children
over ten years old. The elevation of DNA damage with age
may be due to the influence of external environmental fac-
tors and various biochemical processes of the body.

Table 1 - Indicators of the ratios of breaks/repairs of ymphocyte DNA (LP) in patients of the control group (arithmetic mean M+m)

Age, years Cells with ruptures and repairs Total number of ruptures and Number of ruptures and
! of LP (FITC/APC) reparations of LP (FITC/APC) reparations per 1 cell
0-5 years old 43+5/38+4* 122+6/131+8* 11

5-10 years old 51+4/35+6 (p<0,05) 109+10/104+9* 1/1

Over 10 years old 48+5/34+6* 114+11/96+8% 11

Note: * - the result is unreliable
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Diagram 1 shows the distribution of the number of pa-
tients depending on the AL immunological variant.

66%

B-ALL

ET-ALL =AML =MPAL

Diagram 1 — Number of patients by AL variants

The distribution of AL variants was as follows: “Acute
B-lymphoblastic leukemia” (B-ALL) was identified in 66 pa-
tients, comprising 66% of the total number of patients.
Among patients with B-ALL, the pro-B1 variant was de-
tected in 9 children (14%), B2-38 (58%), B3-16 (24%), and
B4-3 (4%). The diagnosis of “acute myeloid leukemia” was
established in 17 patients (17%), including 11 (65%) - with
AML M1-M2, 3 (18%) - M3, 1 (6%) - M4-M5 and 2 (11%) - M7.
Besides, 16 people (16%) were admitted with acute T-lym-
phoblastic leukemia (T-ALL), ten children (62%) with the
T3-corticalimmunological variant, and 6 (38%) with T-non-
cortical leukemia. Besides, one case of mixed linearity AL
(B+myelo) classified as mixed-phenotype acute leukemia
(MPAL) has been revealed.

The distribution of patients by age and linear identity
of primary AL is presented in Table 2.

According to Table 2, B-ALL was more often detected in
children aged 5-10 years old, 45% (n=30). Among children
over 10 years old, AML was diagnosed in 42% (n=7).

Table 2 - Distribution of patients with AL by age and immunological variant of the disease

. Number of patients, abs., (%)
AL variant
0-5 years old 5-10 years old Over 10 years old
Acute lymphoblastic leukemia 19 (29%) 30 (45%) 17 (26%)
T-acute lymphoblastic leukemia 4 (25%) 7 (44%) 5(31%)
Acute myeloid leukemia 5 (29%) 5 (29%) 7 (42%)
Acute leukemia of mixed phenotype 1 (100%) - -

The number of breaks and DNA repairs of peripheral blood lymphocytes among patients with newly diagnosed AL

is presented in Table 3.

Table 3 - Indicators of double-stranded breaks/repairs in patients with primary AL (arithmetic mean M+m)

AL variant Cells with ruptures and repairs Total number of ruptures and Number of ruptures and
(FITC/APC) reparations of LP (FITC/APC) reparations per 1 cell
ALL B2 41+3/31+4 (p<0,05) 95+8/109+7* 1/1
ALL B1 7345/38+3 (p<0,01) 186+9/209+8 (p<0,05) 2/2
ALL B3 29+4/22+5% 52+5/38+4* (p<0,05) 11
ALL B4 20+3/17+3* 59+4/14+3 (p<0,01) 1/1
ALL T3-cortical 24+4/41+5 (p<0,05) 53+5/143+9 (p<0,01) 1/1
ALL T-non-cortical 25+2/44+4 (p<0,01) 55+7/194+11 (p<0,01) 1/2
AML M1-M2 34+5/24+4* 62+5/60+7* 1/1
AML M3 60+5/52+4* 153+6/117+8 (p<0,01) 1/1
AML M4-M5 67+6/2+1 (p<0,001) 165+10/2+1 (p<0,001) 2/1
AML M7 34+5/38+3* 76+4/91+6 (p<0,05) 1/1
MPAL (B+myelo) 84+7/12+3 (p=<0,01) 239+11/42+7 (p<0,001) 21

Note: * - the result is unreliable

According to Table 3, in the patient with biphenotyp-
ic acute leukemia, the repair has declined by 5.7 times. The
prognosis for biphenotypic leukemia is worse than acute
lymphoblastic or myeloid leukemia. However, the patient
tolerated the polychemotherapy relatively well, and follow-
ing the therapy, the child’s condition stabilized. The aver-
age number of ruptures in cortical (n=53) and non-cortical
(n=>55) variants is approximately equal for the group of pa-
tients with T-ALL. At the same time, the number of repairs in
patients with T3-cortical ALL (n=143) and T-non-cortical ALL

(n=194) was significantly more significant than the number
of ruptures themselves. Among patients with AML in M1-
M2, the minimum damage has been detected - 62 ruptures,
and the maximum in M4-M5 - 165 per 100 lymphocytes.
For the latter, it is worth highlighting that the reparation has
been reduced by 82 times. For the group of patients with
AML, the average number of reparations in M1-M2 com-
posed 60; in M3, it made a total of 117. Among AML, only in
M7 were more reparations (n=91) than ruptures (n=76). The
prognosis for AML M7 is highly unfavorable.
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In patients with B-linear AL, the average number of
double-stranded breaks in pro-B1 was the maximum of
-186, the minimum in pre-B3 - 52. The average number of
cell repair foci in patients with B-ALL has been distributed
in B1-209, B2 - 109, and B3 - 38. The level of repairs for B4-
ALL was the lowest compared to other B-ALL variants. At
the same time, the clinically mature cell B4-ALL was char-

acterized by a high proliferative index, which in turn was
reflected in a poor outcome.

The number of breaks and DNA repairs of peripher-
al blood lymphocytes among patients with recurrent AL
is presented in Table 4. In the “relapses” group, three pa-
tients had a recurrence of AL less than a year after the start
of treatment.

Table 4 - Indicators of double-stranded breaks/reparations in patients with recurrence of AL (arithmetic mean M+m)

. Number of ruptures
. Number of cells with ruptures | Total number of ruptures and g
Al el and repairs (FITC/APC) reparations of LP (FITC/APC) and rep1arcaet|||ons per
Recurrence of ALL B2 36+5/20+5 (p<0,05) 74+6/60+3 (p<0,05 11
Recurrence of ALL B4-mature cell type 45+7/0 (p<0,001) 45+4/0 (p<0,001) 1/0
Relapse of AML M1-M2 29+4/20+3* 50+5/30+3 (p<0,01) 1/1

Note: * - the result is unreliable

As seen from Table 4, among patients with recurrence
of the disease, regardless of the variant of AL, the dou-
ble-stranded breaks prevailed over repairs. Most patients
who relapsed the disease were with B2 standard (N = 11).
Recurrence of M1-M2 AML was detected in two children,
and B4-mature cell ALL was revealed in one child. The re-
pair was utterly absent in B4-ALL, and despite the therapy,
the patient died.

The results of counting the number of breaks and DNA
repairs of peripheral blood lymphocytes during treatment
are presented in Table 5. In patients with ALL, by the treat-
ment protocol at the induction stage, the first seven days
included taking glucocorticoid prednisolone. At the same
time, for AML, the course introduced the cytotoxic drugs
group. The following points for calculating the breaks/re-
pairs were Day 15 and 3 Month.

In some patients, starting from Day 15", severe cy-
topenia was noted due to chemotherapy. In blood sam-
ples with a leukocyte concentration of less than 2x10%/L,
the Aklides system did not count the breaks/repairs due
to a considerable distance between the cells recorded on
the carrier’s slot. In addition, the morphological chang-
es in cells, shape, and size have been revealed against the
background of taking cytotoxic drugs. It could stem from
the developed tumor lysis syndrome, primarily observed
in children with hyperleukocytosis. We assume that when
cells were isolated from peripheral blood in a specific den-
sity gradient, the blasts could be subsequently analyzed in
addition to lymphocytes.

According to Table 5, among patients with B-lym-
phoblastic leukemia, in most cases, the ratio of breaks/
repairs rates did not change during treatment. The dou-
ble-stranded DNA breaks prevailed over repairs at the
newly detected AL and on Day 7, 15" Day, and 3¢ month of
treatment. According to the observations of specialists [7],
the B-cell ALL is considered a more favorable option than
T-ALL in terms of prognosis. A curious fact is that a posi-
tive response to chemotherapy accompanied the reduced
repair of lymphocytes in patients with B-ALL. No chang-

es have been registered in patients with T-ALL on Day 7
of prophase. Also, more repairs (n=7) have been detect-
ed than ruptures (n=4). However, on the 15" Day of poly-
chemotherapy (n=6) and the 3 Month (n=3), more pa-
tients with ruptures were recorded than with repairs, n=3
and n=2, respectively. Among patients with AML, on Day
7 of therapy - the double-stranded breaks (n=8) prevailed,
while on the 15" Day (n=5) and on the 3 month - the re-
pairs were increased (n=4).

Table 5 - Dynamics of double-stranded breaks/repair ratios
during therapy

Day Number of patients (n)
of therapy AL variant b>r* r>b*
B-ALL 22 15
Day 7 T-ALL 4 7
AML 8 4
B-ALL 18 12
Day 15 T-ALL 6 3
AML 4 5
B-ALL 22 13
39 month T-ALL 3 2
AML 2 4

Note: b — double-stranded breaks; r - repair

Discussion: For many cases of leukemia, lymphoma,
or sarcoma, the first events of carcinogenesis are most of-
ten the translocations that activate or form the oncogene
[8]. Unrepaired damage increases due to inherited mu-
tations in DNA repair genes in replicating somatic cells
[9]. The patient with M4-M5 AML had 169 ruptures and
two repairs. FISH study revealed a rearrangement of the
mixed-lineage leukemia (MLL) gene. These results coin-
cide with published data. The lymphocyte repair in pa-
tients with T-ALL of pro-T1, pre-T2, and mature-T4 vari-
ants was 1.3 times higher than in patients with cortical
T3-ALL. The doctors reported no significant clinical dif-
ferences; however, patients with T-noncortical ALL vari-
ant initially had a worse response to chemotherapy than
patients with T-cortical ALL.
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Overall, patients with T-lymphoblastic leukemia had
fewer double-stranded breaks. At the same time, in almost
all patients with this immunological AL variant, both at the
time of admission and at the end of Day 7 of prophase, the
number of repair foci was, on average, three times higher
than the DNA damage. Thus, prednisolone did not play a
significant role in changing the nature of ratios of the dou-
ble-stranded breaks and DNA repair. The obtained results
corresponded with clinical signs of the relevant AL variant.
By the end of Day 7 of prophase, in most cases, no regres-
sion of hyperplastic syndrome was noted, and a high num-
ber of blasts in the complete blood count remained. At the
same time, cytotoxic drugs increased double-stranded DNA
damage and improved the disease’s clinical picture. The re-
sults of the reparative ability of lymphocytes in patients with
T-ALL are debatable. High repair rates could be one of the
reasons for poor response to chemotherapy. The repair shall
correct the DNA damage, reducing the likelihood of muta-
tions and, therefore, the emergence of the tumor substrate
[10, 11]. The results are consistent with the data published by
Trenner A. et al., who consider the repair mechanism one of
the main resistance factors to chemotherapy [12].

Only a few studies consider double-stranded breaks
and DNA repair in patients with acute leukemia. In the
available literature, the double-stranded DNA damage
and repair were investigated under “in vitro” conditions
[3, 13]. In our study, we monitored ruptures/repairs in pa-
tients with AL before and after exposure to several anti-
cancer drugs.

Conclusion: The level of lymphocyte DNA damage in
patients with B-ALL was higher than expected. In addition,
the ratio of double-strand breaks to repairs remained un-
changed at all stages of therapy in patients with B-ALL.
The changes we suggest in these patients can be observed
during and/or after maintenance therapy. Monitoring dou-
ble-strand breaks/reparations was the initial step in devel-
oping a method of predicting the disease outcome and
determining the therapy efficacy. The results obtained are
of direct interest and require further research.
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AHJIATIIA

KEJIEJ JIEMKO3 KE3IHAEI'T JHK KOCTI3BEKTI Y3IUJIICTEPI MEH PEITAPALIUSCHI
M.I. Bynezenosa', A. lynaesa', C.C. Canuesa', A.A. Ycxenoaesa'

I«Meauatpust xeHe Gananap xupyprusicsl FoinbiMu opTanbiFbl» AK, Anmarsl, KasakcTan Pecnybnukacs!

Oszexminizi: JIHK-nviy Koc mizbexmi y3inicmepi cuskmol 3aKbIMOAHYObl KAINbIHA KEMIPY JHCyUeciHoe2l Kameep Hcacyuanapobly Keuinei
ypnakmapuina bepiiemin Mymayusiapad oKeayi MyMKiH dHCoHe MyHOAall Mymayusanapovly Kelibipeyiepi OHKO2eHOIK nomeHyuanza ue 60aybl MyMKiH.

3epmmeyoin makcamer — wapmmor mypoe cay bananap mobwvinoazel dcote "snceden netikos" (JKJI) ouaznosvl Kouvlizan nayuenmmepoiy ne-
puepuanviy Kan aumpoyummepiniy Koc misbexmi ysinicmepi scone JHK penapayusicoinbily canbli CanblcmblpmMansl manioay JeoHe oHvl aypyobll
HOMUDICECiH DONNCAY MEeH eMHIK MUIMOLNIZIH AHbIKMAY SOICIH O3IpJiey YIliH KOIOAH).

doicmepi: mixenell emec umMmyHopayopecyenmmi manoay 90ici ¢payopecyenmmi ananuzamop men Aklides nuk 6azoapramanvix kamma-
macwolz emyoen mypamoin Aklides (Medipan, I'epmanus) scyiiecinoe emrizindi. Odic apKviivl nepugepusiivlk Kan aum@poyummepi 3epm-
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menoi: a)uwapmmuol mypoe cay 38 bana (baxwinay moowl); 6) sceden neixos (AKJI) ouacrnoswr Kotvinzan 100 naykac, ) aypyoviy Katimaiauysi
bap 14 naykac.

Homuoicenepi: T-numgpobracmuxansly ietiko30eH ayblpamuli HAyKACmapod eMHiH 0aAcbiHOA JCOHe aypyXaHa2a Hcamrbl3yobiy 7-uli KyHi 53BP1
penapayus owakmapuinsiy canvl JTHK 3axpimoany canvinan opma ecennen 3 ece scoeapul 6010bl. B-6azvimmoi neiiko30en ayblpamvii HayKacmap
apaceinoa ken dcazoavioa emoey keszinde JJHK kocmizbexmi y3inici/penapayuscel Kopcemkiuimepiniy apakamsiHacsl e3eepeer xHcok. JJHK-noiy
Kocmizbexmi y3inicmepi aypy aneauws anblKmanean comme, emoeyoiy 7-wii, 15-wi kyni, 3-wi ativinda da penapayusoan 6acsim 60a0bl.

Kopvimuinovi: B-ALL 6ap emoenywinepoe numpoyummepoiy JTHK 3axvimoarny Oeneetii kymineenten scozapol 6010bl. CoHbIMEH Kamap, exi
mizbexmi y3inicmepoin sicondeyee kamuvinacul B-ALL 6ap emoenywinepoe mepanusmviy 6apivli kezenoepinoe o3eepicciz Kanowl. byn emoenywinep-
0e 6i3 YCblHbIN OMblpean e3zepicmep oemeyui mepanus CAmvlCblHOA JHCoHe/Hemece OHbl AAKMA2AHHAH Kelin Oatikanyvl MymKiH. Exi kamapavl y3i-
sicmepoiy/penapayusnapobiyy MOHUMOPUHZE AYPYObll HOMUICECTH OONNCAY HCOHE MEPANUSLHBLY MUIMOLLIZIH AHBIKMAY d0ICiH 93ipey0iy 6acmaniul
Kaoamol 6010bl. AnbiHaan HomMudiCcenep miKesell Kbl3bl2yulbliblK myoblpadbl HCOHe KOCbIMUUA 3epmmeyiepol Kaxicem emeol.

Tyiinoi cozoep: JIHK kocmizoexmi yzinicmepi, /[THK penapayusicul, siceden setikos, iumpoyummep, uMMYHODIyOpecyeHyus.

AHHOTANMUSA

JABYHEIIOYEUYHBIE PA3PBIBbI U PEITAPAIIUU JHK IIPU OCTPBIX JIJEMKO3AX
M.T. Bynezenosa', A. /lynaesa’, C.C. Canuesa', A.A. Yckenoaesa'

'AO «HayuHblii LIEHTp neanaTpum u AeTcKoi xupyprimy, Anmarsl, Pecnybnuka Kasaxcran

Axkmyansnocms: OuwubKku 6 cucmeme penapayu, NOBPelCOeHUll, Mmakux Kaxk ogyyenoveunvie paspwiesl [JHK, mozym npusecmu k 603HuKHO-
BEHUIO Mymayuil, KOmopbwle nepeddadymcs nocieoyiowum noKoJeHusm Kiemok. Hexomopvie uz maxux mymayuii Mo2ym 00-1a0ams OHKO2EHHbIM
NOMENYUAnIOM.

Lenv uccneoosanus — ananus Koau4ecmed 08YYEenoueuHvlx paszpuleos u penapayuti JTHK mumpoyumos nepughepuueckoii kposu 6 epynne yc-
JI06HO 300p0O6bIX Oemell U y Nayuenmos ¢ ouaznozom «ocmpulii neiikosy (OJI) ona oyenxku cmenenu nospescoenus /JHK.

Memoowr: JTumpoyumol nepughepuueckoii Kposu owvLiu 63smol y: a) 38 yciosHo 300poswvix demell (KoHmpoavHas epynna); 6)100 nayuenmos
¢ duaenozom OJI; 8) 14 demeii ¢ peyuousom 3a00e6anus ObIIU UCCICO0BANBL MENMOOOM HENPAMO20 UMMYHOPIYopec-yenmuo2o anaiuza (HU®) u
uccneoosansvl ¢ nomowwto cucmemot Aklides (MEDIPAN, I'epmanus), cocmosiwyeti u3 uroopecyenmno-20 aHaiu3amopa u npocpammHozo obecne-
uenua AKLIDES Nuk.

Pesynomamor: YV nayuenmog ¢ T-mumghoonacmmvim ieiiko30M Kax Ha MOMEHN NOCMYNIEHUSA, MAK U HA KOHeY 7-20 OHA 20CHUMA-TU3ayuu Ko-
auvecmso penapayuonnslx ouazoe S3BP1 6 cpednem 6 3 paza npesviwano koauvecmeso nospexcoenuti JHK. Cpeou nayu-enmos ¢ B-nunetinvimu
JetKO3amMu 8 OONbUUHCIGE CIYHAe8 OMHOWEHUS NOKA3ameneli Pa3pbleos/penapayuili 6 xo0e JeueHus He u3-MeHUnuch. /lgyyenoveunvle paspolevl
JIHK npeobnadanu nao penapayusmu, Kaxk npu enepevle YCmaHo8eHHOM 3a00e6anuu, max u Ha 7-i, 15-ii Oenv, 3-1i mecsy neyeHus.

Baknouenue: Yposerv nospesicoenuil JJHK numepoyumos y nayuenmos ¢ B-OJIJT oxkasancs sviue odxcudaemozo. Kpome moeo, Ha écex smanax
mepanuu 6onvneix B-OJIJI omnowenue 08yyenoueunvlx paspbleos K penapayusm coxXpanunoce. llpeononrazaemvle Hamu UsMeHeHUs Y OAHHbIX
nayuenmos mMo2ym Habuoo0amsvcs na smane nooodepicusalowelt mepanuy u/unu nocie ee okonyanus. Monumo-pune 08yyenoueunvix paspuléos/
penapayuii A6IANCA NEPEOHAUANLHBIM IMANOM Ol PAPAOOMKU Memo0a NPOSHOZUPOSAHUS UCX00A 3a00e6anUs U onpedeneHus dhgexmusHocmu
mepanuu. Ilonyuennvle pe3yibmamol 8bI3b16aAI0ON HENOCPEOCMBEHHbLI UHMepec, U mpedyem OanbHEUUUX UCCIeO0B8AHUIL.

Kniouesvie cnosa: osyyenoueunvie paspuigoi, penapayus JJHK, ocmpuiil setikos (OJ1), mumgpoyumot, ummynopuioopecyenyus.
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