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ABSTRACT

Relevance: Double-strand DNA breaks are the most dangerous DNA damage. Analysis of foci of phosphorylated histone protein H2AX
(yH2AX) is currently the most sensitive method for detecting DNA double-strand breaks. This protein modification can become a biomarker
of cellular stress, especially in diagnosing and monitoring neoplastic diseases. In this study, we used novel pattern recognition algorithms on
the AKLIDES® platform to automatically analyze immunofluorescent images of yH2AX foci and compare the results with visual scores. The

yH2AX foci formation on peripheral blood mononuclear cells of women with breast cancer or benign breast tumors was studied.
The study aimed to quantify DNA double-strand breaks in peripheral blood lymphocytes in women with breast cancer and benign breast

masses to identify a possible biomarker.

Methods: y-H2AX foci in lymphocytes were analyzed using the automated AKLIDES system in patients with breast cancer (n=29) and

benign breast tumors (n=24).

Results: When comparing the parameters of the main and control groups in the channel of ruptures “FITC,” a statistically significant
difference was found in the parameters “Foci diameter” (p=0.0382), “Foci intensity means” (p=0.0166), “Colocalisation” (p=0.0486). In
the repair channel “APC,” significant differences were found in the parameters “Nuclei intensity” (p=0.0166) and “Foci intensity means”’

(p=0.0118).

Conclusion: The revealed changes of DNA double-strand breaks along the FITC break channels and APC repair between the main and

control groups can possibly serve as a breast cancer diagnostic marker.

Keywords: DNA double-strand breaks, H2AX histone protein, breast cancer.

Introduction: Breast cancer is the most commonly
diagnosed invasive cancer among women worldwide
and the number one cause of female cancer deaths [1].

H2AX histone undergoes phosphorylation in re-
sponse to DNA double-strand breaks (DSBs), which are
part of the oncogenic process. Eukaryotic cells have de-
veloped a set of complex signaling networks that detect
these DNA damages, organize cell cycle checkpoints, and
eventually lead to their repair to prevent the catastroph-
ic consequences of persistent DNA double-strand breaks.
Together, these signaling networks constitute a response
to DNA damage [2, 3]. Double-strand breaks are one of
the first procedures that occur during the formation and
progression of cancer due to endogenous and exoge-
nous factors. The H2AX histone variant is phosphorylat-
ed on serine 139 due to double-strand breaks, while gam-
ma-H2AX is formatted due to genome instability [4, 5].
There are two main DSB repair pathways, namely non-ho-
mologous end joining and homologous recombination;
the pathway choice is partially controlled by post-transla-
tional histone modifications, including ubiquitination [6,
71. Thus, activated components of the DNA damage and
repair pathway can be used as cancer biomarkers, with
H2AX being the most sensitive. Thus, measurements of
H2AX levels can help detect precancerous lesions or can-

cer at an early stage [8-10]. Immunofluorescent staining
with anti-yH2AX antibody provides visualization of these
nuclear foci that have been found and correlates with the
amount of DSB [11, 12].

Fluorescent microscopy allows for a rapid and stan-
dardized yH2AX assay and a quick assessment of DNA
damage in clinical practice. The platform, called AKLIDES
(Medipan, Germany), allows not only fully automated
screening evaluation of antinuclear immunofluorescent
antibodies [13] but also conducts a computational anal-
ysis of y-H2AX foci, which has now been successfully
validated by several independent study groups [14-18].

The study aimed to quantify DNA double-strand
breaks in peripheral blood lymphocytes in women with
breast cancer and benign breast masses to identify a
possible biomarker.

Materials and Methods: This prospective cohort
study involved two groups of female patients: the main
group of 29 patients with primary verified breast can-
cer and 24 controls with a histologically verified benign
breast tumor. The study was performed at the Medical
Center and Scientific-and-Practical Center of West Ka-
zakhstan Marat Ospanov Medical University (Aktobe,
the Republic of Kazakhstan). Each participant submitted
written informed consent. The project was approved by
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the local Commission on Bioethics (Minutes No. 57 of
Jan. 17, 2020).

In the main group (29 patients with breast can-
cer), the average age was 56.10+£12.23 years. By dis-
ease stage, 25 (86.2%) had stage Il disease, and four
(13.8%) had stage lll. By tumor immune histochemis-
try, 3 (10.3%) had Luminal type A, 21 (72.4%) had Lumi-
nal type B, four (13.8%) had a triple-negative tumor, and
one (3.4%) patient had a HER+ cancer.

In the controls, 24 patients had a verified «<Mamma-
ry Gland Benign Neoplasia» (BI-RADS M2); their average
age was 43.08 = 10.12 years.

The study object was peripheral venous blood in a
volume of 10 ml (EDTA tube) containing mononuclear
cells. y-H2AX foci in lymphocytes were analyzed using
the y-H2AX immunofluorescent staining kit (AKLIDES
Nuk Human Lymphocyte Complete, Medipan) following
the manufacturer’s instructions.

The AKLIDES system is based on a motorized inverse
fluorescence microscope combined with various hard-
ware and software modules to fully automate image
acquisition, analysis, and evaluation. In each sample,
we analyzed 80-100 cells at least. DNA double-strand
breaks in y-H2AX were assessed by 12 parameters in the
AKLIDES automated system tear channel (FITC) and the
repair channel (ARC):

1. Foci diameter;

2. Nuclei intensity;

3. Nuclei with foci;

4. Foci overall;

5. Foci intensity means%

6. Clusters;

7. Foci mean;

8. Foci mean + clusters;

9. Clusters positive cells;

10. Clusters of low intensity;

11. Damaged cells;

12. Colocalization.

Statistical analysis included comparisons of two
groups on numerical variables using the nonparamet-
ric Mann-Whitney method. The statistical significance of
group differences for binary and categorical parameters
was determined using Pearson’s Chi-square method.

The statistical significance level was fixed at 0.05.
Statistical data was processed using the Statistica 10
and SAS JMP 11 application packages.

Results: Analysis of the results of the AKLIDES auto-
mated system showed that the average number of cells
counted in the main group of patients with breast can-
cer (113) and in the control group (108) corresponded
to the minimum number (100) of cells required for the
study.

Tables 1-2 present the results of the analysis of foci
of y-H2AX in the control and main groups (stage 1) ac-
cording to the rupture channel (FITC) and the repair
channel (APC).

Table 1 - Comparison of parameters in the main (breast cancer) and control groups according to the FITC gap channel

(Average value *+ standard deviation)

Group
Parameter p-value
Breast cancer (n=29) Control (n=24)

Foci diameter 7.34+0.68 7.00+0.52 0.0382
Nuclei intensity 35.95+10.84 39.13+£10.25 0.1921
Nuclei with foci 55.66+37.00 58.25+31.50 0.5918
Foci overall 167.17+219.72 141.67+£119.92 0.7342
Foci intensity means 69.88+£17.97 81.83+19.28 0.0166
Clusters 0.24+0.79 0.12+0.45 0.5477
Foci mean 1.45+1.58 1.29+1.10 0.9005
Foci mean + clusters 1.46+1.59 1.30+1.10 0.8863
Clusters positive cells 51.13+29.87 53.22+27.89 0.8025
Clusters of low intensity 2.45+1.81 2.10+1.40 0.5554
Damaged cells 72.46+27.92 74.27+23.13 0.8442
Colocalization 18.62+19.12 9.71+£13.69 0.0486

It was found that three parameters differed statistically
significantly between the two compared groups in the FITC
discontinuity channel. A statistical difference was found for
the “Foci diameter” parameter, which in the main group was
higher than the control group parameter (p=0.0382), and
for the “Foci intensity means,” this parameter was lower in
the main group than in the control group (p=0.0166). The
parameter “Colocalization” in the main group was higher
than in the control group (p=0.0486) (Figures 1-3).

Two statistically significant parameters were iden-
tified when comparing the parameters in the main
and control groups on the APC repair channel. Thus,
significant differences were found for the parame-
ter “Nuclei intensity,” which in the main group was
lower than in the control group (p=0.0166), and the
parameter “Foci intensity means” in the main group
was lower than in the control group (p=0.0118)
(Figures 4-5).
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Figure 1 - Comparison of the parameter “Foci diameter” in the main
and control groups
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Figure 3 - Comparison of the parameter “Colocalization”
in the main and control groups

Table 2 - Comparison of parameters in the main (breast cancer) and control groups on the APC repair channel (Average value

+ standard deviation)

Group
Parameter p-value
Breast cancer (n=29) Control (n=24)

Nuclei intensity 455.23+286.58 738.93+512.67 0.0166
Nuclei with foci 76.79+25.57 76.04+20.51 0.7749
Foci overall 288.10+251.77 217.88+141.48 0.5494
Foci diameter 0.56+0.05 0.54+0.03 0.0830
Foci intensity means 302.94+81.62 369.91£109.65 0.0118
Clusters 49.34+80.94 46.50+100.59 0.9712
Foci mean 2.81+£2.96 2.00+£1.28 0.7750
Foci mean + clusters 8.05+13.26 6.68+11.43 0.9715
Clusters positive cells 70.38+23.74 69.99+17.44 0.6551
Clusters of low intensity 3.17+2.83 2.28+1.18 0.2918
Damaged cells 81.74+16.52 79.40+£10.93 0.1333

Next, we decided to identify significant factors
influencing the development of breast cancer. We
have obtained the results of statistical one-factor
forecasting of the target parameter of breast can-

cer development “BC (+)” for quantitative and bina-
ry factors.

Table 3 presents the TOP-12 list of risk factors for
the “BC(+)"” parameter.
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Figure 4 - Comparison of the parameter “Nuclei intensity” in the main
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Figure 5 - Comparison of the parameter “Foci intensity means”
in the main and control groups

Table 3 - TOP-12 key factors influencing the risk of developing breast cancer

BC(+): frequency (risk, %) | Risk change, Relative risk

Factor Factor:No | Factor: Yes % (95% Cgl) (95% CI) prvalue
Age >48.0 years old 5 (23.8%) 24 (75.0%) |51.2(27.6;,74.8) | 3.15(1.43;6.95) | 0.0003
Foci intensity means (Stage 1) <341.6 8 (32.0%) 21(75.0%) |43.0(18.7;67.3) | 2.34(1.27,4.31) | 0.0017
Foci intensity means (Stage 1) <77.8 7 (31.8%) 22 (71.0%) |[39.1(14.0;64.3) | 2.23(1.16;4.28) | 0.0048
Nuclei intensity (Stage 1) <574.8 6 (30.0%) 23 (69.7%) |39.7(14.2;65.2) | 2.32(1.15;4.71) | 0.0049
Foci diameter (Stage 1) >0.5 21 (46.7%) 8(100.0%) |53.3(38.8;67.9)|2.14(1.57;2.93) | 0.0052
Nucleus diameter (Stage 1) >7.5 15 (41.7%) 14 (82.4%) |40.7 (16.4;64.9) | 1.98 (1.27;3.08) | 0.0055
Percentage of damaged cells (Stage 1) >89.3 19(45.2%) | 10(90.9%) |45.7 (23.0;68.4) | 2.01(1.37;2.94) | 0.0068
Colocalization (Stage 1) >9.0 11(39.3%) 18 (72.0%) | 32.7(7.5;58.0) | 1.83(1.09;3.09) | 0.0169
Foci diameter (Stage 1) >0.5 9 (37.5%) 20(69.0%) | 31.5(5.8;57.1) | 1.84(1.04;3.26) | 0.0220
Nuclei intensity (Stage 1) <35.6 12 (41.4%) 17 (70.8%) | 29.5(3.9;55.0) | 1.71(1.03;2.83) | 0.0320
'(Ds‘i';c;:ﬁa;gzes‘;g"“c'e' with fociin low-intensity clusters | 1544 105) | 14(73.7%) | 29.6 (3.7:55.5) | 1.67 (1.05;2.66) | 0.0381

Based on univariate forecasting, it can be concluded
that 12 factors have a statistical significance of influenc-
ing the risk of developing “BC +” with a range of risk levels
from 69.0% to 100.0%. The leading statistically significant
factors for the development of breast cancer with a risk of
75.0% to 81.0% are “Age >48.0 years old” and “Foci intensi-
ty means (Stage 1) <341.6". At the end of the list of statisti-
cally significant factors are “Percentage of nuclei with foci

in low-intensity clusters (Stage 1) >87.3", “Nuclei intensity
(Stage 1) <35.6,” and “Foci diameter (Stage 1) >0.5", which
increase the risk level from 69.0% to 73.7%.

Table 4 and Figure 6 present the results of the anal-
ysis performed by POC on the channels of FITC breaks
and APC repair of the target parameter “Foci intensity
means” to determine the sensitivity and specificity of
the technique.

Table 4 - Prognostic parameters for the target parameter “Foci intensity means” for the FITC break channel and the APC

repair channel

Value
Parameter through the FITC break through the APC repair

channel channel
Cutoff point 341.6 77.83
Area Under Receiver Operating Characteristic (AuROC) 0.70 0.69
Sensitivity 72.41% 75.86%
Specificity 70.83% 62.50%
Efficiency 71.62% 69.18%
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Figure 6 — Prognostic parameters for the target parameter “Foci intensity
means” for the channel of FITC breaks and APC repair

During the study, 2 out of 29 main group patients
died. In one patient, the cause of death was the pro-
gression of the tumor process, and the second died
of covid-associated pneumonia. One-year survival
was 93%.

In our study, when analyzing foci of y-H2AX in pa-
tients with breast cancer in the channel of FITC rup-
tures, the parameters “ Foci diameter ” and “ Colocal-
ization " turned out to be higher than in patients with
benign tumors, while the parameter “ Foci intensity
means ” was lower than in the control group. In the
APC repair channel, the parameters “Nuclei intensi-
ty” and “Foci intensity means” in patients with breast
cancer were lower than in patients with benign tu-
mors. The revealed changes in the parameters for the
FITC rupture channel and the APC repair channel sug-
gest that the main and control groups differ, which
may serve as a diagnostic marker for the detection of
breast cancer.

Discussion: DNA damage and genomic stability are
well-known factors associated with the transition of
normal tissues to precancerous and then to malignant
states. y-H2AX, a marker of genomic instability, may be
a marker of cancer formation and progression [19].

The most common method for analyzing DNA
double-strand break foci, visual assessment of immu-
nofluorescently labeled y-H2AX foci, is time-consum-
ing. In addition, it is not standardized and is charac-
terized by high intra- and inter-laboratory variability
in estimates [18].

We developed a pilot study design to test the pos-
sibility of detecting double-strand breaks represented
by y-H2AX foci in human blood using automated fluo-
rescence microscopy and the automated AKLIDES sys-
tem in patients with breast cancer. We analyzed yH2AX
foci on peripheral blood mononuclear cells (lympho-
cytes) in 29 patients with newly verified breast cancer
and 24 control women with a verified benign disease of
the mammary glands.

A study by B. Wang et al. reported a high positive
frequency of y-H2AX in tumor cells compared to normal
breast tissues in the same patients with breast cancer.
The significant difference in tumor and adjacent healthy
tissues demonstrates that y-H2AX can help improve the
efficiency of early diagnosis [20].

However, these studies were performed in tissues,
and in most cases, the collection of tumor samples is a
complex medical procedure, especially when repeat-
ed samples are required. Therefore, clinicians often
have to turn to safer and less invasive procedures that
can be routinely used in the clinic to assess response
to therapy, with the potential for reproducible results.
In this regard, we used a safer method for detecting
foci of y-H2AX in peripheral blood mononuclear cells
in patients with breast cancer using the automated AK-
LIDES system.

Our analysis of yH2AX foci showed a statistically
significant difference in the main and control groups.
Thus, in the channel of breaks “FITC,” the parameter
“Foci diameter” was slightly higher than in the control
group (p=0.0382). The parameter “Colocalisation” in
the main group was higher than in the control group
(p=0.0486). The parameter “Foci intensity means” was
lower in the breast cancer group (p=0.0166) (Table 1).
In the “APC" repair channel, the parameter “Nuclei in-
tensity” in the main group was lower than in the con-
trol group (p = 0.0166). The parameter “Foci intensity
means” in the channel of ruptures and repair was lower
in the main group than in the control group (p=0.0118)
(Table 2).

In the literature we studied, no study was found to
quantify DNA double-strand breaks in cancer patients
with benign neoplasms.

We found published studies on mobile phones’ po-
tential genotoxic radiofrequency effects on human pe-
ripheral blood mononuclear cells in vitro measured us-
ing the automated AKLIDES system [21].

Studies have also been conducted on the analysis
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of foci of y -H2AX on the automated AKLIDES system
in athletes during rest after exercise. The parameters
were the analysis of the diameter of y-H2AX foci and the
number of y-H2AX foci per affected cell [21].

There is experience in using the automated system
AKLIDES in Kazakhstan for the diagnosis of systemic au-
toimmune diseases, where antinuclear antibodies, cyto-
plasmic antineutrophil antibodies, and perinuclear an-
tineutrophil antibodies were studied in patients with
rheumatoid diseases [22].

As a pilot project, our study had some limitations
and limits, including:

1) the lack of a standard study methodology;

2) we have not conducted a study of long-term re-
sults;

3) the lack of standard reference parameters to inter-
pret the results and make conclusions.

DNA DSBs are a personalized response of the body
to certain risk factors so that they can vary individu-
ally, and this can create barriers to population-based
validation. Like any other biomarker, yH2AX has bi-
ological variability, which could be predictable and
cyclic [24].

The lack of experimental standardization of the
YH2AX assay leads to wide heterogeneity of the results
obtained and problems with their interpretation, mak-
ing it difficult to use yH2AX as a routine biomarker in
population studies. Further research is needed to stan-
dardize the results, with a strict organization of the re-
search and individual training of personnel [24].

Z. Zhang [26] states, “Laboratory medicine is aimed
at providing tests for clinical decision-making.” The re-
sult of using a predictive biomarker in this pilot study
will serve as the basis for a larger study using yH2AX le-
sions in breast cancer patients to develop methods for
the real-time detection of neoplasms.

Conclusion: An increase in the parameters “Foci di-
ameter” (p=0.0382), “Foci intensity means” (p = 0.0166),
and “Colocalisation” (p=0.0486) was found in the breast
cancer group in the “FITC" channel of ruptures. In the
“APC” repair channel, the parameters “Nuclei intensi-
ty” (p=0.0166) and “Foci intensity means” (p=0.0118) in
the breast cancer group were lower than in the con-
trol group.

The detected changes in the parameters of DNA
double-strand breaks along the “FITC" break and
“APC" repair channels between the main and control
groups can possibly serve as a breast cancer diagnos-
tic marker.
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AHJATIIA

CYT BE3IHIH KATEPCI3 5KOHE KATEPJII ICIK AYPYJIAPBIHJA JHK KOC TI3BEKTI
Y3LIICTEPIH CAHJbIK AHBIKTAY

I A. Cmazynosa', M.A. Aimmacamoemosa’, I'.B. Bexnenxo', H.M. Kepeesa', A.H. JKexcenosa',
A. Amansconkoizol'y, A.B. Tynseea', I.b. Baxkvimoicanog®

!«Mapat OcnaHoB aTbiHfarbl baTbic KasakcTan meanumHa yHusepenteTis KeAK, AkTebe, KasakctaH Pecnybnukacsi;
2«Kasak OHKONOrusi xaHe paauonorus FeinbIMi-3epTTey MHCTUTYTBI» AK, Anmatel, KasakctaH Pecnybnmkack

Osexminizi: JJHK 3axbimoanyvinsiy ey kayinmi mypi — JIHK koc miz6exmi y3inyi. @ocopranean cucmon axywizvinviyy H2AX (yH2AX) owax-
mapwvin manoay Kasipei yakeimma JJHK koc mizoexmi y3inicmepin anbikmayobiy ey cesimmain 90ici 6onvin mabwliaovl. Byn akyviz mooughukayusi-
Cbl ACACYULATBLK, CMPECCMIN JceKe OUuoMapKepine atnanybl MyMKiH, ocipece icik aypyaapuliblly OUa2HOCMUKACHL Meln MoHumopuneinoe. byn sepm-
meyoe 6i3 yH2AX owakmapuiivly umMmyHopryopecyenmmi KecKiHoepin asmomamnol mypoe maidday HeoHe HOmuicenepoi KOpHeKi YnaiapmeH
canvicmoipy yuiin AKLIDES® naamgpopmaceinoa scana yacini mary aneopummoepin Koroanowik. Cym Oesiniy kamepii iciei 6ap Haykacmap meH
cym 6e3iniy kamepcis icizi 6ap otiendepoiy uwiemxepei Kan MOHOHYKIeapavl xcacywanapvinoa yH2AX owaxmapeinviy my3inyi 3epmmenoi.

3epmmeyoin maxcamol: mymkin 6oramoin GuoMaprepoi aHbiKmay ywiin cym 6esi kamepii iciei scone cym 6e3iniy Kamepciz aypyvi oap otiei-
Odepoezi wemkepei Kan aumpoyummepinoeei JJHK koc misbexmi y3inicmepin canoblk mypoe anblkmay.

Aoicmepi: Cym 6esiniy Kamepnui iciei (n=29) ocone cym Oesinin Kamepcis icikmepi (n=24) bap naykacmapoa agmomammanoblpbli2aH
AKLIDES cytiecin Konoary apkwiisl aumgoyummepoe y-H2AX owakmapwin manoay.

Homuocenep: « FITCy y3iny apnacvinoaesl Hezizel scone 6aKpiiay monmapulivly Kopcemkiwimepin canvicmuipy kesinoe « Opmawa o3ex oua-
mempiy (p=0,0382), «Bapavik owakmap ywin opmawia KapksiHOwliblk MoHi» (p=0,0166), «Exi apradazvl Kabammacamsi ouakmapobly CAHbly)
(p=0,0486) kepcemxkiwimepinoe cmamucmuKaIblk Maybi30bl AlbIPMAUbLIbIK, aHbIKManosl. « APCy acenodey apracvinoa «JIromunecyenyus xap-
KbIHObLIbI2bL dco2apbl sioponapy (p=0,0166) scone «baprvik owaxmap ywin opmawia KapKbiHObLIblK MoHiy (p=0,0118) kepcemkiwkepde atimap-
JLIKMAll AUbIPMAUBLILIKMAD AHLIKMAObL.

Kopvimuinowi: Heeizei owcone 6axviiay monmapul apacvinoaesl FITC ysinic oicone « APCy orcondey apnanapor 6otivinwa JJHK Kkoc mizoexmi
Y3y AHCLLIOAMObI2bIHbIY AHBIKMAT2AH 032epicmepi cym 0e3i 00bIpbiH AHBIKMAY YUK OUASHOCMUKANLIK MAPKep peminoe Kol3Mem emyi MyMKiH.

Tyiuiinoi cezoep: /{HK xoc mizoexmi yzinyi, H2AX eucmon npomeuni, cym be3si kamepai iciei.

ABSTRACT

KOJIMYECTBEHHAS OLHEHKA JIBYHEINIOYEUYHBIX PA3PBIBOB /IHK ITPU
JTOBPOKAYECTBEHHBIX 1 3JIOKAYECTBEHHBIX 3ABOJIEBAHUSIX MOJJOYHOM KEJIE3bI

TI'.A. Cmazynosa', M.A. Aimmazaméemosa', I'.B. Bexnenko', H-M. Kepeesa', A.H. Kexcenosa',
A. Amansconkwizol', A.b. Tynsesa', I.b. Baxvimoicanos®

'HAO «3anagHo-KasaxcTaHckuit MeanumHckui yHuepcuteT um. Mapata OcnaHoBay, Aktobe, Pecnybnuka Kasaxcrar;
A0 «Kasaxckuit Hay4HO-MCCTIEOBATENBCKNIA UHCTUTYT OHKOMOTMK U paguonorny, Anmarsl, Pecrybnnka Kasaxcrat

Axmyanvnocmo: Haubonee onachvim munom noepedcoenuu JJHK sensiomces 0syyenoueunvie paspwievl JHK. Aunanusz ouazos
dochopunruposannoco eucmonosoco oeaka H2AX (yH2AX) 6 nacmosiyee epems signsemcs naubojee Uy8CMEUMENbHbIM Memo0oM
obnapyacenus 0gyyenoueunvlx paspwieos JHK (HILIP). Dma mooudpurxayus Oenxa moodcem cmamov UHOUBUOYAIbHBIM OUOMAPKEPOM
KIemouHo20 cmpeccd, 0COOeHHO Npu OUASHOCMUKE U MOHUMOPUHZe HEeONAdcmuveckux 3abonesanui. B omom uccredosanuu namu
ObLIU UCNONBLI0BAHBL HOBBLE ANCOPUMMbL PACNO3HABANU 00pa306 na naam@popme AKLIDES® ons agmomamuyeckoeo anaiuza ummy-
noghnyopecyenmuuix uzoopasxcenuit poxycos yH2AX u cpasnenus pe3yibmamos ¢ 6uzyanrbHulmMu oyenkamu. M3zyueno popmuposanue 0uazos
yH2AX na mononykieapnuvix Kiemxax nepughepuueckoli Kposu iHeHwun ¢ pakom monounoi xcenesvl (PMIK) u dobpoxaue-cmseennviymu
00paA308aAHUAMU MOLOYHBIX JiCee3.
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Henv uccnedosanus — nposecmu KoauuecmeeHnyio oyenky ogyyenodeunvix paspuleos [JHK 6 numpoyumax nepughepuueckoii kposu
Y JICEHWUH C PAKOM MOJOYHOU Jicene3bl U 00OPOKAUeCMBEHHbIMU 00PA308AHUSMU MOLOYHLIX Jicesie3 Ol ONPeOeeHUsl 803MOAIC-HO2O
buomaprepa.

Memoowt: IIposedenue ananuza ouazoe y-H2AX 6 numgpoyumax na aemomamusuposannou cucmeme AKLIDES y owcenwyun ¢ PMIK
(n=29) u dobporxauecmeeHHbIMU 0OPA308AHUAMU MOTOUHBIX Jicene3 (n=24).

Pesynomamur: Ilpu cpasnenuu nokaszameneti OCHOBHOU U KOHMPObHOU 2pynn 6 kanane paspwvigoe «FITCy obuapyscena cmamu-
cmuyecku 3nauumas pasuuya noxasameneti « Cpeonuii ouamemp sopay (p=0,0382), «Cpednee 3nauenue unmencusnocmu 01 6cex
ouazosy (p=0,0166), «Konuuecmeo nepexpvigarwuxcsa ouazos 6 08yx kauanax» (p=0,0486). B kanane penapayuu «APCy» sviagneHvl
docmosepHvle pasiudus nokazameneli «Aopa ¢ noswviwennol unmencusnocmoio ceeuenusy (p=0,0166) u «Cpeonee snauenue unmen-
cusHocmu 051 gcex ouazosy (p=0,0118).

3aknwuenue: Buvissiennvie usmenenus nokazamenei ogyyenodeynvlx paspwvieos JJHK no kananam paspwieos FITC u penapayuu APC
MedAHCOY OCHOBHOU U KOHMPOTILHOU 2PYNAAMU, BOZMOICHO, MOZYN CAYACUMD Ouomaprepom 0is evissienus PVMOK.

Knruesovie cnosa: osyyenoueunvie paspoievl JJTHK, eucmonosuwiii 6erox H2AX, pax monounou scenesvr (PMIK).
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