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ABSTRACT

Relevance: A topical issue of oncohematology is the search for effective approaches to therapy and methods of predicting the course
of acute leukemia. A promising direction in this field is the study of changes in the expression of molecular markers on the cell surface
in the dynamics of chemotherapy.

The study aimed to determine the expression level of proteins annexin V, Bcl-2, CD95, and p53 on peripheral blood lymphocytes and
leukemic bone marrow cells in children diagnosed with acute leukemia.

Methods: the study design was cross-sectional. Research method: immunophenotyping. Peripheral blood and bone marrow of 106
patients with acute leukemia diagnosed for the first time at 1 month to 16 years (study group) and peripheral blood of 23 conditionally
healthy children aged 2 to 17 years (control group) served as the study materials. The obtained data were subjected to statistical pro-
cessing.

Results: The study of Bcl-2 expression in B-ALL did not reveal reliable differences, in T-ALL, Bcl-2 expression was significantly
higher on peripheral blood lymphocytes than on blasts. In OML, Bcl-2 expression was significantly higher in the blast cell population
than in lymphocytes. When CD95 expression was analyzed in ALL, expression was significantly higher on peripheral blood lymphocytes
than on the membrane of leukemic cells. The results of the analysis of the expression of annexin V showed that lymphocytes expressed
a marker of early apoptosis significantly more than bone marrow blasts. This phenomenon is a dangerous sign indicating a decrease in
antitumor immunity. Comparative analysis of p53 protein expression on the surface of lymphocytes and blast cells showed no significant

differences in leukemia variants.

Conclusion: The study indicated the prognostic significance of Bcl-2 and CD95 in acute leukemia. Annexin V and p53 did not show
reliable sensitivity and specificity, which allows not to include these markers in the leukemia immunophenotyping panel.
Keywords: acute leucosis, blast cells, markers of apoptosis, Bcl-2, CD95.

Introduction: Significant progress has been made in
diagnosing and treating acute leukemia (AL) over the past
decade. The clinicians’ main problem remains the pres-
ence of resistant forms of the disease and the frequency
of relapses. Accordingly, the search for effective methods
of treatment, diagnostics, and prognosis of the AL course
is one of the main topics of domestic and foreign onco-
hematology. In this area, the study of the biological char-
acteristics of leukemia cells, particularly changes in the
expression of molecular markers on the surface of cells
during chemotherapy dynamics, seems to be a promis-
ing area [1, 2].

It is known that an important role is played by an im-
balance between proliferation and the ability of cells to die
naturally (apoptosis) in the development of most malig-
nant tumors. The main function of apoptosis is to eliminate
transformed cells, including virus-infected, tumor-infect-
ed, or irreversibly damaged cells. Induction of apoptosis
is the main mechanism of action of most chemotherapy
drugs used in the intensive treatment of AL [2-11]. Current-
ly, two main interrelated mechanisms of apoptosis are ac-
tively investigated: mitochondrial and receptor ones. They

function with a balanced interaction of pro- and anti-ap-
optotic factors, such as proteins of the Bcl-2 family, p53,
and CD95 proteins [2].

Thus, H.F. Ebian et al. found that increased regulation
of Bcl-2 was paradoxically associated with increased apop-
tosis and low rates of early mortality in AML patients [12].
Low Bcl-2 expression levels indicated inhibition of antia-
poptosis and chemosensitivity in malignant cells [2].

The CD95 protein is known to be directly involved in
the initiation and regulation of apoptosis. The results of
studies showing a significant increase in CD95 expres-
sion on the surface of cells obtained from patients with
acute leukemia, breast cancer, and glioblastoma after
chemotherapy or radiation treatment are presented in
[13-16]. A high level of CD95 expression predicted a fa-
vorable response to chemotherapy in acute lymphocyt-
ic leukemia (ALL) [2]. At the same time, M. Tiribelli et al.
have shown an association between increased Bcl-2 ex-
pression and chemotherapy resistance and low surviv-
alin AML [17].

A key element in ensuring the genomic stability of
a cell is the transcription factor p53, known as the “im-
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mortality protein” or “guardian of the genome.” It is in-
volved in the regulation of | death receptor genes (DR5,
Fas); | genes responsible for stopping cell division (P21,
GADD45, etc.); | genes that trigger apoptosis (I-VM, KILL-
ER DR5, PIG, etc.); | causes repression of genes that in-
hibit apoptosis (BCL-2, RELLA). Dysfunction of p53 is
found among many malignant diseases, including AL.
In adult ALL, p53 gene mutations are found in 13% of
cases, but in children, this figure is much lower at 2%
of cases. It may lead to a more favorable prognosis and
a high frequency of remission in children [2]. Studying
the p53 expression in patients with various AML vari-
ants, A. Ahmadzadeh et al. found a poor prognosis in
patients with high levels of this protein expression [18].
Therefore, studying the complex of apoptotic (annex-
in V, CD95, p53) and anti-apoptotic antigens (Bcl-2) will
make it possible to identify differences in the signaling
pathways of apoptosis in different variants of acute leu-
kemia. It may be helpful to look for abnormalities in pro-
grammed cell death mechanisms to determine methods
to predict leukemia cells’ sensitivity and/or resistance.
Analysis of the role of annexin V, CD95, p53, and Bcl-
2 markers controlling apoptosis will make it possible
to develop recommendations for improvement of the
panel of surface antigens in cell immunophenotyping
at various stages of therapy.

The study aimed to determine the expression level
of proteins annexin V, Bcl-2, CD95, and p53 on peripher-
al blood lymphocytes and leukemic bone marrow cells in
children diagnosed with acute leukemia.

Materials and methods:

The study design is cross-sectional.

The study materials were the peripheral blood and
bone marrow from 106 patients (the study group) diag-
nosed with acute leukemia and the peripheral blood of 23
conditionally healthy children (the control group). The pa-
tients’ age varied from 1 month up to 16 years in the study
group and from 2 to 17 years in the control group.

All patients with AL received appropriate therapy at
the Scientific Center for Pediatrics and Pediatric Surgery
(Almaty, Kazakhstan). The stay of patients diagnosed with
ALL in the inpatient regime was 8 months, for patients
with AML - 4-5 months.

Samples from patients with marked leukopenia and in
the absence of signed informed consent or informed waiv-
er from the study prior to initiation of therapy were exclud-
ed from the study.

Research method: immunophenotyping of bone mar-
row and peripheral blood. The acute leukemia diagnos-
tic panel included 51 immunophenotypic markers. The
samples were analyzed on a flow cytometer FacsCantoll
(Planet Dickéncon, USA) in the DIVA program. The data
were collected under several parameters in the DIVA
software of the flow-through cytometer FacsCantoll: for-
ward light scattering (FSC), side light scattering (SSC),

and 8 fluorescence channels. The linearity and subvari-
ant of acute leukemia were determined at the first stage
using a multicolor panel of monoclonal antibodies. The
same samples on bone marrow blast cells and peripher-
al blood lymphocytes of patients with AL were tested for
annexin V, Bcl2, CD95, and p53 protein expression before
treatment.

Statistical methods: The SPSS statistical program was
used for statistical data processing. The Mann-Whitney
U-test was used to analyze the differences between the
two independent variables. The significance level was set
to p<0.05 to determine reliability.

Results: The linearity and subvariant of acute leu-
kemia in children were determined with the use of a pan-
el of monoclonal antibodies; the expression of apoptotic
(annexin-V, CD95, p53) and anti-apoptotic antigen (Bcl-2)
on bone marrow blast cells and peripheral blood lympho-
cytes was found for the same sample.

The structure of AL immunological variants in the stud-
ied patients is presented in Figure 1.
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Figure 1 - Structure of AL immunologic variants (106 patients)

Thus, most ALL cases were B-ALL cases (46.1%), among
which the B2 variant prevailed (34.0%). The next most
common cases were AML, which accounted for 38.7% of
all ALs. T-ALL accounted for 13.2% of cases, while T-cor-
tical (T3) and non-cortical (non-T3) variants were equally
common - 6.6% of the total number of ALLs. The mixed-
cell phenotype of AL (biphenotypic OL) was the rarest, ac-
counting for 2% of all leukemias. Figure 2 shows a CD45/
SSC scattergram showing the gating of a blast population
(R2) that has a paler (CD45) luminescence for the total leu-
kocyte antigen CD45 compared to the lymphocyte popu-
lation (R1).
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Figure 2 - CD45/SSC scattergram

Comparison of the expression of apoptotic antigens on
peripheral blood lymphocytes in patients with AL and con-
ditionally healthy children. Table 1 presents the analysis
results for the expression level of the proteins - annex-
in V, Bcl-2, CD95, and p53 on peripheral blood lympho-
cytes in patients with ALL and conditionally healthy
children.

A comparison of the early apoptosis marker, annex-
in V, expression on peripheral blood lymphocytes found
the following. The mean expression of this marker in the
control group did not significantly differ from the corre-
sponding indicator in patients with almost all leukemia
subvariants except for the mature B4 variant and the M7
variant of AL. At that, annexin expression was notably
lower than in the control group.

Table 1 - Comparison of the expression levels of apoptosis markers on peripheral blood lymphocytes in patients with ALL

(n=106) and the control group (n=23), M+m

) Markers of apoptosis

AL variant annexin V P53 Bol-2 CD95

patients (N) apols?c:gi/s o, |Medium value % Medium value % Medium value % Medium value
B2 (n=36) 60.8+3.4 42.5+6.1 2.9+1.3 7.1£1.9 17.8+5.8 6.0+£3.3 33.3+4.3 11.6£2.5
B1 (n=12) 68.5+7.3 50.4+£5.6 2.8+1.5 7.6+1.7 12.9+1.5 5.6+1.4 23.1+£1.9 12.0+3.3
B3 (n=12) 57.2+3.2 48.3+6.8 4.7+2.2 8.8+2.9 8.9+2.9 6.0+0.5 25.9+3.2 11.1+3.6
B4 (n=2) 50.4+£5.5 39.2+2.1 11.4+2.9 1M1.1+£2.7 15.4+4.6 45+2.3 46.5+2.1 9.4+39
T3 (n=7) 70.9+1.6 40.5+£3.9 1.7+1.7 9.6+1.7 10.1£3.6 4.3+0.8 43.1£3.9 12.1£3.8
T4 (n=7) 70.7+4.8 47.5+3.9 3.8+4.5 8.4+1.5 17.7+4.0 3.6+1.4 37.6+2.9 7.4+4.1
M1-M2 (n=17) 54.1+£2.9 51.9+4 .4 3.5+4.3 7.8+2.1 26.0+3.2 6.1+2.3 30.2+£2.8 8.9+2.8
M3 (n=3) 57.6+3.4 32.1+3.4 3.6+3.3 7.6+1.6 6.0+5.1 42+16 27.2+1.3 7.9+1.1
M4-M5 (n=2) 53.7+11.7 28.7+7.8 5.9+1.9 6.4+1.2 2.8+2.8 6.6+2.9 8.3+12.7 12.2+8.8
M7 (n=5) 49.2+4.5 64.8+7.1 4.1+4.2 7117 9.6+1.9 5.5+2.6 16.0+2.5 10.0+1.5
T+myelo (n=2) 55.6t11.5 42.6+5.5 2.8+6.0 7.4+27 8.8+10.9 7.1+£3.9 21.1+3.4 11.5+2.0
B+myelo (n=1) 65.0 3025.2 2.9 15.8 11.6 1.7 39.1 12.1
(Crﬂnztg‘)" group 66.1+3.7 | 21.9:25 3.6+2.1 6.1£0.9 10.9%2.3 4.4+1.2 20.3+3.2 7.31.1

Note: Arithmetic Mean (M), Standard Deviation (+m)

Analysis of annexin expression within the leukemia var-
iant showed a significant difference between the group
with B1 ALL (68.57.3, p<0.05) and B4 ALL (50.4+5.5%)
among B-lymphoblastic ALs. No significant difference was
found within the T-ALL groups. There was also no signifi-
cant difference in annexin expression on peripheral blood
lymphocytes among the myeloblastic and biphenotypic
leukemia variants.

More significant changes were observed in the study
of the annexin fluorescence intensity, which turned out
to be significantly lower in the control group than in the
corresponding indicator in all other subgroups. It should
be noted that the fluorescence intensity of annexin V in
the biphenotypic variant (B+myelo) of leukemia increased
manifold, even though its expression did not differ from
that of the control group. Fluorescence intensity is prob-
ably a more sensitive indicator for determining the course
and outcome of the disease.

The apoptotic marker p53 expression (t>2.2; p<0.05)
was significantly higher only in the subvariant with the

mature B-form of ALL (B4), both compared to the control
group and other leukemia subvariants. However, no con-
vincing changes in fluorescence intensity (mean for p53
antigen) were determined in the analysis between the
control group and leukemia variants, as well as within the
groups, in contrast to annexin. According to these find-
ings, p53 is not specific in its expression or fluorescence
intensity in oncohematological diseases. However, the
limited number of patients in each group reduced the reli-
ability of the presented findings. The number of leukemia
subvariant studies shall be increased to achieve statistical-
ly significant groups.

Comparing the anti-apoptotic marker Bcl-2 expres-
sions on lymphocytes in conditionally healthy children
and patients with leukemia, we found that the Bcl-2 ex-
pression on peripheral blood lymphocytes in healthy
children was significantly higher than in patients with
any ALL subvariant. At the same time, no significant dif-
ferences in the Bcl-2 protein expression were found in
the control group and patients with AML and biphe-

32

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024



@) KazlOR

ORIGINAL INVESTIGATIONS

notypic variant of AL, and there were no differences in
the fluorescence intensity. There is an assumption that
there will be an increase in the expression level of the
Bcl-2 anti-apoptotic marker on the patients’ lympho-
cytes due to the activation of the cellular link [19]. How-
ever, this hypothesis was confirmed only in patients
with ALL. This could be due to the statistically small
number of studies conducted, which indicates the need
for further study.

In the CD95 apoptosis marker parameter analysis, the
mean value of the control group was significantly low-
er than the corresponding value in ALL and biphenotypic
leukemia patients. In contrast, high CD95 expression was
determined only in M1-M2 variants of AML in the groups
of AML patients. No significant difference in fluorescence
intensity was determined between the control and study
groups. We assumed that increased CD95 expression on
peripheral blood lymphocytes in leukemia patients indi-
cates inhibition of immune system activity by suppres-
sor factors produced by tumor cells to avoid immunolog-
ical surveillance. This assumption was confirmed only for
ALL. In comparing the expression and intensity of CD95

fluorescence between leukemia subvariants, the intensity
reached the maximum in the B4 and T3-cortical variants
and the minimum in the M4-M5 variants. However, inter-
preting these findings is impossible due to the small sam-
ple size (n=1).

Expression analysis of apoptotic markers on peripheral
blood lymphocytes and bone marrow blast cells in patients
with lymphoblastic AL. Analysis of the apoptotic marker an-
nexin V expression showed a significant increase in pro-
tein expression on peripheral blood lymphocytes of pa-
tients compared to bone marrow blasts. Among B-ALL,
a significant increase was characteristic of the B1 and B2
subvariants, T-ALL for the T3-cortical subvariant, AML for
the M1-M2 and M4-M5 subvariants, as well as in biphe-
notypic variants of AL (B+myelo and T+myelo) (p<0.05,
t>2.2). The fluorescence intensity was significantly higher
in T3, M7, and biphenotypic leukemia. In our opinion, the
pronounced expression of the early apoptosis marker on
lymphocytes is an unfavorable prognostic factor, indicat-
ing the focus of immunocompetent cells on programmed
death and a decrease in antitumor immunological surveil-
lance.

Table 2 - Expression of apoptosis markers in bone marrow blast cells in patients with acute lymphoblastic leukemia, Mtm

Apoptosis markers
AL variant, annexin V P53 Bcl-2 CD95
quantity

Patients (N) apoE?c:Qi/s,% Mean % Mean % Mean % Mean
B2 (n=36) 44.4+7 8 27.8y5.4 4.8y7.2 8.7y2.3 17.2y16.4 6.9y8.7 8.1y2.7 6.1y7.2
B1 (n=12) 29.0y13.0 | 33.5/26.5 4.3y45 7.6y1.0 10.8y13.2 5.7y1.6 2.8y2.2 4.81.4
B3 (n=12) 556y8.7 | 37.7y10.1 3.95.2 8.6y1.2 26.5y19.0 6.6y2.1 5.3y3.1 5.2y1.0
B4 (n=2) 37.8y18.2 156425 | 29.2y20.7 16.8y7.8 9.6y1.3 3.4y18 3.040.4 4.8y0.1
T3(n=7) 36.4y7.2 16.7y4.8 3.0415 6.2y2.6 2.1y1.3 3.8y2.5 3.0y1.5 5.0¢1.8
T-non-cort (n=7) | 62.7y2.8 39.3y5.5 4.2y3.1 6.4y3.3 8.3y11.8 5.1y4.3 4.2y3.1 5.3y2.5
M1-M2 (n=17) 37.1y147 | 4450245 5.06.0 13.0y4.2 11.0p17.4 8.0y6.0 16.4y13.2 13.3y4.9
M3 (n=3) 56.5y11.2 36.9y7.5 1.9y2.4 14.6y1.6 57.5y2.0 12.9y0.7 10.5/6.8 16.8y1.7
M4-M5 (n=2) 35.0y117 | 37.4y7.8 3.541.9 11.3y1.2 2.9y2.8 7.32.9 30.6y12.7 17.5y8.8
M7 (n=5) 53y14.5 43y6.6 5.22.0 13.4y1.1 1.8y1.1 5.5y1.1 3.8y2.3 8.6y2.9
T+myelo (n=2) 23.9y11.5 | 27555 6.86.0 11.0y2.7 15.9y10.9 7.8y3.9 3.5y3.4 8.1y2.0
Boma ) 40.1 33.1 84.7 31.1 0.21 17.9 24.2 8.7

Note: Mean is the arithmetic mean (M). The data is presented as M+m, where m is the standard deviation

While comparing the annexin V expression on bone
marrow blasts in different ALL subvariants, the mini-
mum expression was found in the B1 variant and the bi-
phenotypic form (T+myelo), indicating the pronounced
viability of the blasts. The maximum expression was
found in the B2, B3, T4, M3, and M7 variants. An increase
in fluorescence intensity was also characteristic of these
leukemia subvariants. It has been shown that B3 and M3
linear leukemias have a favorable prognosis, and T-non-
cortical ones are more favorable compared to the corti-
cal form. Probably, the presence of a larger number of
apoptotic proteins on the surface of blasts will contrib-
ute to their accelerated death. It is not the expression
of annexin itself that should be considered but the in-
dicator that has shown great sensitivity, i.e., the fluo-

rescence intensity. An increase in the patient samples
and future studies could affect the search results. How-
ever, we can say that even based on the data obtained,
it is necessary to analyze this marker on the blasts and
lymphocytes of patients in order to predict the disease
course.

Among T-ALL, the early apoptosis marker expression
on blast cells was significantly reduced in the group with
the T3-cortical variant (36.4+7.2%) compared to the group
of non-cortical T-ALL (62.7+2.8%) (p<0.05, t=2.9), while the
annexin expression was maximum in peripheral blood
lymphocytes in these types of leukemia. The mean value is
also lower in patients with T3-cort ALL (16.7+ 4.8 c.u.) com-
pared to the corresponding indicator of non-cortical T-ALL
(39.3+5.5 c.u.).
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Among AML, the annexin-V expression on peripheral
blood lymphocytes was significantly higher than on blast
cells in the M1-M2 and M4 subvariants of AML. Acute pro-
myelocytic leukemia (AML M3) and acute megakaryocyt-
ic leukemia (AML M7) are known to have an aggressive
course and an unfavorable outcome compared to oth-
er types of AML. Thus, it was implied that the annexin-V

marker expression on tumor cells in these AML subvariants
would be lower than in the groups with B-ALL character-
ized with a more favorable course, but no significant dif-
ferences were found.

In our opinion, the significantly low expression of an-
nexin on blasts in the biphenotypic (T+myelo) variant
compared to the B+myelo variant is interesting.

" 13.001
L. File: 13.001
’ Tube: annexin/Pl
o Gate: G1
" Quad % Gated % Total
. UL 000 0.00
UR 0.16 0.10
LL 8167 5194
LR 1818 1156

104

Legend: UL (upper left) - upper left quadrant, UR (upper right) — upper right quadrant, LL (lower left) - lower left quadrant, LR
(lower right) - lower right quadrant, Gated - area of cells, Quad - quadrant, Total - total percentage
Figure 3 - Expression of fluorescein-labeled annexin V (FITC) on blast cells

The lower right quadrant of the graph (LR) shows
blast cells that are annexin-V positive, i.e., at the
stage of early apoptosis (18.18%). The left lower quad-
rant (LL) contains cells that are annexin-V negative,
hence alive (81.57%), the left upper quadrant (UL) con-

tains dead cells (0.00%), and the right upper quadrant
(UR) contains cells in the late apoptosis stage (0.16%)
(Figure 3).

The mean value of FITC-positive cells containing an-
nexin-V was 21.05 units (Figure 4).
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Legend: Gate is the area of cells; Mean is the average intensity of fluorescence
Figure 4 — One-parameter histogram of annexin V fluorescence intensity (mean)

In the groups with myeloid ALs, the annexin V ex-
pression on peripheral blood lymphocytes was signif-
icantly higher than on blast cells in leukemia subvar-
iants M1-M2 and M4-M5 (p<0.05, t=11.2). At the same
time, no significant differences were found in the
groups with M3 and M7 subvariants. High expression

of annexin-V on lymphocytes may signal a more un-
favorable course of the disease due to the accelerated
withdrawal of lymphocytes from participation in anti-
tumor immunity. In the future, we intend to analyze
the correlation between the disease’s clinical course
and the expression of apoptosis markers. No signif-
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icant differences have been determined in annexin
mean fluorescence intensity.

Thus, the analysis of an early marker of apoptosis in
patients with ALL and AML shows that this antigen is ex-
pressed higher on peripheral blood lymphocytes than on
tumor cells. A similar picture was observed concerning the
fluorescence intensity.

Expression analysis of p53 protein. The analysis of the
p53 protein expression on peripheral blood lympho-
cytes and blast cells in various AL subvariants showed
a significant increase in this marker expression only in
peripheral blood lymphocytes of patients with the B4

subvariant compared to lymphocytes of other groups.
The same pattern was observed when comparing the
p53 expression on blast cells. (p<0,05; t>2.2) (Figure 5,
Table 1).

No significant difference in p53 protein expression
was found among T-ALL (3.0£1.5% and 4.2+3.1%, respec-
tively) (p<0.05; t>2.2). No significant difference was also
found in the groups with AML (Table 1). Assessment of
fluorescence intensity did not show significant differenc-
es in the studied groups. Therefore, it can be assumed
that the p53 marker is not functionally significant for this
study (Figure 5).

12
Ars-8c2 FITC

100 10t

Figure 5 - Dot plot of the Bcl-2 marker and p53 protein
expression

Expression analysis of anti-apoptotic marker Bcl-2. In our
study, this marker’s expression on peripheral blood lym-
phocytes was significantly lower in all patient groups be-
fore treatment than in healthy patients, except for the M1-
M2 variants, where the Bcl-2 expression did not differ from
the control group.

A comparative analysis of this marker expression on
lymphocytes within groups showed that the highest ex-
pression was observed in the M1-M2 subtypes. We con-
sider it a prognostically favorable sign, as it indicates
the preservation of a certain functional activity of lym-
phocytes in AML. The expression of Bcl-2 in the blast
cell population in different variants of B-ALL did not dif-
fer significantly but was significantly higher than in pa-
tients with T-ALL.

The bcl-2 expression was at minimum in the M3 variant
on peripheral blood lymphocytes of patients in the group
with AML and at maximum in the M1-M2 variant. The Bcl-2
expression on blast cells was the maximum in the M3 vari-
ant. The wide range of Bcl-2 expressions in the AML group
compared to ALL could be due to the origin of blasts from
different hematopoietic sprouts (myelocytic and lympho-
cytic ones). At the same time, it evidences a greater prog-
nostic value of Bcl-2 in AML. A comparison of the expres-

sion results of this parameter between all the studied
groups demonstrated that the minimum expression of the
anti-apoptotic marker on blast cells was observed in ALL
T3 and AML M4-M5. In contrast, the maximum was ob-
served in AML M3 (Figure 6).

Expression analysis of the Fas ligand CD 95. Analysis of
CD95 expression on peripheral blood lymphocytes with-
in the groups did not show significant differences. At the
same time, CD95 expression on blasts in all types of leu-
kemia was notably lower than on the peripheral blood
lymphocytes of these patients.

The percentage of antigen in the B2 group (8.1£2.7%)
was increased compared with the B1, B3, and B4 subvar-
iants (Table 1). There was no significant difference in the
expression of the CD95 surface marker on the blasts with-
in the groups of patients with T-ALL. Among AML, the ex-
pression of the CD95 ligand was significantly higher in the
M4-M5 variants than in others. In the M7 variant, the ex-
pression of CD95 on the blasts was minimal, significantly
lower than other AML variants. The highest expression of
the CD95 marker was found in the M4-M5 OL group (t=4.0,
p<0.001) (Figure 6) in summary table 1 for variants (B, T,
myelo). The mean fluorescence intensity was also higher
in the AML group (16.4+13.2 c.u.).
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Legend: Gate is the region of cells, Q is the quadrant
Figure 6 — Gating strategy: 1) isolation of the blast population gate, 2) detection of expression of Bcl-2 and p53 antigens

Discussion: Apoptosis is known to be the primary
mechanism by which most chemotherapeutic agents in-
duce tumor cell death. It is more likely that the balance of
expression (annexin V, CD95, p53) and anti-apoptotic pro-
tein (Bcl-2) can control the response of leukemia cells to
chemotherapy and subsequently affect the patient’s prog-
nosis. Therefore, the task of this study was to determine
the markers that will have prognostic significance for the
studied leukemia variants.

This study area is relatively new, so only a few publi-
cations are available that determine the functional signif-
icance of apoptosis markers in predicting the course and
response to therapy in patients with oncological and on-
cohematological diseases. In the presented work, we ob-
tained data that partially corresponded to the already
available results.

We also found a high expression of an early apop-
tosis marker, annexin V, on the lymphocytes of healthy
patients. It does not correspond to the literature data,
where the expression of annexin V in the healthy pop-
ulation is much lower. This result indicates the need for
larger studies on a larger population sample. At the same
time, the intensity of annexin fluorescence on lympho-
cytes in the healthy population is significantly lower than
that of patients with leukemia. In the future, fluorescence
intensity will probably be considered a more specific in-
dicator for annexin V. However, we have not found any
publications highlighting changes in its fluorescence in-
tensity. Besides, a comparative analysis of annexin V ex-
pression on lymphocytes (the combined index of all
groups of lymphoblastic leukemias is 63.8%) and blasts
(44.3%) showed that this marker was significantly more
expressed on lymphocytes than in the blast population,
and it is an alarming sign in relation to the suppression
of antitumor immunity. The expression of annexin V on
lymphocytes was 58%I in myeloid leukemias, while it was
45.4% on blast cells but these differences were insignif-
icant. No significant differences were also found when
the expression of annexin within leukemia subvariants

was considered. Therefore, this marker did not show pro-
nounced specificity and cannot be recommended as a
prognostic for monitoring and predicting the course of
the pathological process.

Comparative analysis of p53 protein expression on
the surface of lymphocytes and blast cells revealed no
significant differences in leukemia variants. Available
publications present the data from immunohistochemi-
cal studies of solid tumors (ovarian cancer, lung cancer,
etc.), where this marker shows a certain diagnostic sig-
nificance [20]. However, no significant differences in p53
expression were found in our study. Perhaps this mark-
er is more specific for tumor cells of solid tumors. How-
ever, it is possible that there are no significant changes
due to the small size of groups with rare leukemia subva-
riants, and therefore, there is a need for further study of
this marker.

The study of the Bcl-2 protein expression on lympho-
cytes and blast cells in B-cell variants did not show signif-
icant differences, whereas this marker was expressed in
significantly greater numbers in the T-cell variant on pe-
ripheral blood lymphocytes than in blasts. In AML, Bcl-2
expression was significantly higher in the blast cell pop-
ulation compared to lymphocytes. It may be one of the
mechanisms of “tumor avoidance of immunological sur-
veillance.” As an anti-apoptotic marker, Bcl-2 contributes
to prolonging the viability of the blast population, caus-
ing the phenomenon of “immortalization.” At the same
time, A. Cahyadi et al. [21] found no correlation between
Bcl-2 expression and both response to induction chemo-
therapy and relapse rates in ALL, indicating that Bcl-2 ex-
pression levels have rather low prognostic significance.
At the same time, it was quite surprising that all cell sam-
ples that showed a good response to the initial predni-
solone therapy showed a significantly higher expression
of Bcl-2 than those that did not respond well. Thus, high
levels of Bcl-2 expression in ALL may indicate that in vivo
tumor cell survival is dependent on cytokines. Glucocor-
ticoids are known to have a potent anti-inflammatory ef-
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fect due to the suppression of cytokine gene expression
[22], and the treatment with prednisolone in vivo may re-
sult in an overall decrease in cytokine production. Thus,
itis interesting to suggest that the prednisolone-induced
reduction in cytokine expression may be responsible for
the favorable response of blast cells (decreased apop-
tosis intensity) to prednisolone in ALL cell samples with
high levels of Bcl-2 expression. The results of a study of
Bcl-2 expression in ALL suggest that Bcl-2 expression lev-
els may be higher in patients with a favorable response
to treatment [23]. In the absence of published results of
comparative analysis of the expression of apoptotic an-
nexin-V, p53, CD95, and anti-apoptotic Bcl-2 markers on
leukemia cells and lymphocytes, it is necessary to com-
pare the level of expression with the clinical course of the
disease in each case in order to establish the diagnostic
significance of each marker, and it will determine the di-
rection of further research.

According to the studies, the most diagnostically
significant changes were shown in a comparative anal-
ysis of CD95 expression on lymphocytes and the blast
population. CD95 expression on peripheral blood lym-
phocytes was significantly higher than on the blast
population for any form of ALL, any subvariant of T-AL
and B-AL. The results are consistent with the findings of
A.Yu. Varishnikov et al., who showed that CD95 expres-
sion in blast cells is a favorable prognostic sign associat-
ed with an increase in relapse-free and overall survival.
In contrast, the absence of CD95 antigen in blasts is an
unfavorable sign for developing the disease. Thus, mon-
itoring CD95 expression and CD95 function during in
vivo chemotherapy may help to further determine the
prognostic value of CD95 for drug-induced apoptosis
in all patients. No significant differences were found in
AML. It indicates the functional preservation of lympho-
cytes, but such a factor as a small number of patients
could affect the results obtained.

Conclusion The results of the present studies indicate
the prognostic significance of Bcl-2 and CD95 in acute leu-
kemia. Further studies of these molecules are required and
included in the standard panel of immunophenotyping in
leukemia to identify favorable and/or unfavorable prog-
nostic value in ALL in children. Annexin V and p53 showed
no significant sensitivity and specificity. It allows not to in-
clude these markers in the immunophenotyping panel of
leukemia.
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AHJIATIIA

BAJIAJTAPJIAFBI )KEJEJ JJEUKO3JIAPIAFBI NEPUPEPUSIIBIK KAH
JIMUMOOIUTTEPIHAE )KOHE BJIACT /KACYIIAJIAPBIH/JA ATIOIITO3
MAPKEPJIEPIHIH OKCIIPECCHUSACBIH TAJLIAY

M.T. Bynezenosa', C. C. Canuesa', A. llepeszoanosa', A. lynaesa’

"Meanatpus xaHe 6ananap xupypruscel Feinbivi opTanbifbl” AK, Anmartsl, Kasakcran Pecnybnukacs!

Oszexminizi: 0)Keoen neiikos eminiy muimoi mociioepin dcone emMHiy 6apwicoii 60xHcaAy d0IiCmepiH 130ey OHKO2EMAMONIOUSIHbIH O3EKMI MO~
ceneci. bByn canadazvl nepcnekmusanvlk 6azvim Xumuomepanus 6apulcelnoa Jcacywa beminoezi MOIEKYIaNbIK MApKepep IKCNPecCUsiCbIHbLY
o32epyin 3epmmey 601bln MabwLiIAObL.

3epmmeyoin makcamol — aneaw pem anblKmaiean dceoen aetKosvl Oap HAyKacmapoa nepugepusiivlk Kan umpoyummepinoe ione
cytiek KkemieiHiy 6aacm dcacywanapvinoa anrnekcur V, Bel-2, CD95, p53 akyviz0apuinbiy SKCnpeccusicoviH 3epmmey.

doicmepi: 3epmmey ousaiinvl — kondeney. 3epmmey o0ici: ummynogpenomunmey. 3epmmey mamepuanoapuvl 1 aiioan 16 sxcacka Oetiinei
"aceden netiko3" ouaznoswl Kotvlazan 106 nayuenmmiy nepugepusiivlk KaHvl MeH cyliek Kkemiei (3epmmey mobul) scone 2 scacman 17 dcacka
Oeuinei wapmmel mypoe cay 23 6ananoly nepughepusiivi Kauvl (0axvliay moowsi) 6010vl. AnviHzan moiimMemmep CMAMUCMUKATIbLIK OHOEYOeH
ommi.

3epmmey nomusicenepi: B-sicacywans sceden netikozoapoa BCL-2 skcnpeccusicvin 3epmmey ceHimoi aublpMaibliblKmapobl aHbIKmMd-
2an Jcok, nepugepusiivlk Kan aumpoyummepinoeei T-srcacywansl netikozoapoa by mapkep oracmmapaa Kapazanoa ceHimoi mypoe kooipex
kepcemindi. Keoden muenobracmmel aeixkozoa BCL-2 sxcnpeccuscel iumgpoyummepmer canvicmolpeanoa oracmmap NORYIAYUACbIHOA All-
mapavikmaii scozapvi 6010vl. CD95 sxenpeccusicol aumpodracmmer 1etiko30apoa 61acm Heacyulaiapblibly MEMOPAHACLIHA KApa2anod ne-
puepusnblk Kan umgoyummepinoe aumapavblKmai #cozapsi 6010bl. AHHeKCUH V SKCnpeccusicblh manioay epme anonmo3s MapKepbiHbll IKCh-
peccuscel tumpoyummepoe JHco2apsl eKeHin aHblKkmaovl. by icikke Kapcol UMMYyHUmMemmiy momeH ekenin kopcememin 6enei. Jlumpoyummep
MeH Onacm xcacywanrapbinbly beminoezi p53 aKyvl3viHblY IKCAPECCUACHIH CANLICMbIPMATbL MALOAY AeUKO30bIH OpMYypPl 8aPUAHMMAPbIHOA
CeHIMOT aUbIPMAUBLILIKMAPObL AHLIKIMAAH HCOK.

Kopvoimuinowr: JKypeizineen sepmmeydiy nomuoiceci siceden aeiikos keszinde BCL-2 ocone CD95 60nocamobiy Manvi30biibieblibly 601YbIH
kepcemmi. Annexin V ocone p53 cenimoi ce3immanovik nen epekienikmi aublKmaaaH ok, 6y 1etiko30blH UMMYHODEHOMUNMmMiK naueiine ocol
Mapkepaepoi Kochayaa MyMKiHOIK 6epeoi.

Tyitinoi co3o0ep: sceden neiikos, bnacm xcacywanap, anonmos mapkepaepi, Bel-2, CD9S5.

AHHOTAIUA

AHAJIN3 OKCIMTPECCUU MAPKEPOB ATIOIITO3A HA JINM®OIUTAX TEPUPEPUYECKON
KPOBH 1 BJIACTHBIX KJIETKAX ITPA OCTPBIX JIEMKO3AX VY JIETEH

M.I. Bynezenosa', C.C. Canuesa', A.A. llepe3oanosa', A. /lynaesa’
'AO “HayyHblii LieHTp neauaTpum 1 aeTckoit xupyprim’, Anmarsl, Pecnybnuka Kasaxctan

Axmyansnocme: AKMYAnbHbIM  BONPOCOM  OHKO2EMAMONO2UU AGIAEMC NOUCK  IPHEKMUBHLIX NOOX0008 mepanuu U Memooos
NPOSHO3UPOBAHUS MEYeHUs. OCIMPBIX 1etiK0308. [lepcnekmueHblm Hanpagienuem 6 Smo 001acmu sA8A1emcs u3yyeHue UsMeHeHUll IKCnpeccuu
MONEKYAAPHBIX MAPKEPOB HA NOBEPXHOCMU KIEMOK 8 OUHAMUKE XUMUOMEPANUU.

Lens uccnedosanusn — onpedenums yposenv skcnpeccuu beaxos annexin V, Bel-2, CD9S5, p53 na numgoyumax nepugepuueckoii Kposu u
JeUKeMUYeCKUX KIeMKAX KOCHHO20 M032a Yy 0emetl ¢ OUASHO30M «OCMPbLL 1eUKO3Y.

Memoowr: [Jusaiin uccieoosanus — nonepeunviil. Memoo uccredosanus: ummyHogpenomunuposanue. Mamepuanamu ucciedosanus
nocaydcunu nepughepuieckas Kposb u kocmuuli mos2 106 nayuenmog ¢ 6nepevie YCmanHo8IeHHLIM OUACHO30M «OCIPUIIL JIEUKO3» 8 803pacme
om 1 mec. 0o 16 nem (uccredyemas epynna) u nepugpepuueckas kpoew 23 yciogro 300pogeix oemeti 6 sozpacnie om 2 0o 17 iem (KoHmpoavhas
epynnay). Ilonyuennvle Oanuvie ObLIU NOOBEPSHYMbI CMAMUCMUYECKOU 00pabomke.

Pesynvmamur: Hccneoosanue sxenpeccuu Bel-2 npu B-kaiemounvlx eapuanmax 00Ccmogepuvlx pasiuduil He biasuno, npu T-kiemounom
sapuanme Ha aumgoyumax nepugepuyeckou Kposu OAHHbIU MapKep IKCAPecCUposaics 8 00CmosepHo 6oabuemM Koaudecmee, Hexcenu Ha
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onacmax. Ilpu ocmpom muenouoHom neiikose sxcnpeccus Bcel-2 Ovina docmosepro eviue Ha OracmHoll NONyIAYUU K1EmoK, no CPAGHEHUIO
¢ numpoyumamu. Ilpu ananusze sxcnpeccuu CD95 npu ocmpuix aum@obracmuvlx eapuanmax dKcnpeccus 0vlia 00CHO8epHO Bbiule HA
aumepoyumax nepugepuyeckoil Kposu, 4em Ha Mmemopane nelikemuyeckux kiemox. Pesyromameor ananusa sxcnpeccuu annexin V nokasanu, umo
auMpoyumsl SKCNpeccuposan Mapkep paHHezo anonmosa 00cmogepro boavuie, yem 01acmovl KOCMHO20 Mo32a. [lanHoe AsneHue A6aemcs
ONACHBIM NPUSHAKOM, YKAZBIEAIOWUM HA CHUICEHUE NPOMUE00ONYX01e6020 ummynumema. Cpasnumenvuulil ananus sxkenpeccuu benxa p53 na
N0GePXHOCU TUMPOYUMOE U OIACHHBIX KIeNMOK 00CHOBEPHBIX PA3IUYULL NPU PA3IUYHBLX 8APUAHMAX NEUKO306 He BbIAGU.

3axniouenue: Pe3ynomamvl npogedennvblx ucciedo8anull ykasvléam Ha nanuyue npoenocmuyeckoll suayumocmu Bel-2 u CD95 npu
ocmpom neiikoze. Annexin V u p53 ne 6viA6uUnU 00CMOEEPHOI YYECMEUMENbHOCHIU U CREYUDUUHOCTIU, YNO NO360A5AEM He EKII0UAMb OAHHbIE
MapKepul 8 NaHesb UMMYHODEHOMUNUPOBAHsl J1eliKO308.

Kntoueswle cnosa: ocmpuiii netikos, baracmuvie kiemku, mapkepsl anonmosa, Bel-2, CD95.

Transparency of the study: Authors take full responsibility for the content of this manuscript.

Conflict of interest: Authors declare no conflict of interest.

Financing: The study was funded within the scientific and technical program No. BR11065390 “Development of innovative technologies
for early diagnosis and treatment of malignant diseases, taking into account modern genomics approaches.”

Authors’ input: contribution to the concept, interpretation of the stated scientific research — M.G. Bulegenova, A. Dunaeva,

A.A. Sherezdanova; scientific design — M.G. Bulegenova, S.S. Salieva; execution of the declared scientific research — A. Dunaeva,
A.A. Sherezdanova; creation of a scientific article — M.G. Bulegenova, S.S. Salieva, A. Dunaeva.

Authors’ data:

M.G. Bulegenova — Doctor of Medical Sciences, Professor, Head of the Clinical Diagnostic Laboratory of the Scientific Center

of Pediatrics and Pediatric Surgery, Almaty, Kazakhstan, tel. +77017220183, e-mail: mbulegenova@yandex.kz,

ORCID: 0000-0002-7195-5926;

S.S. Salieva (corresponding author) — PhD, Doctor at the Oncology/Hematology Department No. 2, Scientific Center of Pediatrics
and Children’s Surgery, Almaty, Kazakhstan, tel. +77072890102, e-mail: symbatsaliyeva@gmail.com,

ORCID: 0000-0003-0262-8515;

A. Dunaeva — Laboratory Doctor, Clinical Diagnostic Laboratory, the Scientific Center of Pediatrics and Children’s Surgery, Almaty,
Kazakhstan, tel. 87475938655, e-mail: dunaeva-angelina2001@mail.ru, ORCID: 0009-0006-5204-4605;

A.A. Sherezdanova — Laboratory Assistant, Clinical Diagnostic Laboratory, the Scientific Center of Pediatrics and Children’s Surgery,
Almaty, Kazakhstan, tel. 87014964790, e-mail: sherezdanova.a@mail.ru, ORCID: 0000-0002-5430-7636.

Address for correspondence: S.S. Salieva, Scientific Center of Pediatrics and Children’s Surgery, Al-Farabi Ave. 146, Almaty 050000,
the Republic of Kazakhstan.

Oncology and Radiology of Kazakhstan, Ne4 (74) 2024 39





