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SPONTANEOUS APOPTOSIS AND PROLIFERATIVE ACTIVITY IN VITRO
OF LEUKEMIC CELLS FROM CHILDREN WITH ALL: RELATIONSHIP
WITH IN VITRO SUSCEPTIBILITY TO ANTICANCER DRUGS
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ÑÏÎÍÒÀÍÍÛÉ ÀÏÎÏÒÎÇ È ÏÐÎËÈÔÅÐÀÒÈÂÍÀß ÀÊÒÈÂÍÎÑÒÜ
IN VITRO ËÅÉÊÅÌÈ×ÅÑÊÈÕ ÊËÅÒÎÊ ÄÅÒÅÉ Ñ ÎËË: ÑÂßÇÜ
Ñ ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÜÞ Ê ÏÐÎÒÈÂÎÐÀÊÎÂÛÌ ÏÐÅÏÀÐÀÒÀÌ
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Ðåñïóáëèêàíñêèé íàó÷íî-ïðàêòè÷åñêèé öåíòð äåòñêîé îíêîëîãèè è ãåìàòîëîãèè, Ìèíñê, Áåëàðóñü
In the work, the relation between apoptosis/proliferation activity indexes and chemosensitivity of tumor cells in vitro in
pediatric patients with ALL has been investigated. We have shown that the decreased ability of tumor cells to undergo
spontaneous apoptosis is accompanied by the increase of resistance to cytarabine and L-asparaginase. No relation
between expression levels of CD95, CD95L and bcl-2 proteins and cell sensitivity to anticancer drugs was found. The
reverse corellation was demonstrated between bcl-2 expression and spontaneous apoptosis level, as well as between
LC50 values for L-asparaginase, or vepeside and the number of cells at S+G2M phases. The decrease of S/G2M relation
was accompanied by increase of tumor cells resistance against rubomicine, doxorubicine and cytarabine.
Key Words: drug sensitivity, cell cycle, spontaneous apoptosis, CD95, CD95L antigens, bcl-2 protein.
Â ñòàòüå ïðåäñòàâëåíû äàííûå î ñâÿçè ìåæäó ïîêàçàòåëÿìè àïîïòîçà è ïðîëèôåðàòèâíîé àêòèâíîñòè in vitro ñ
÷óâñòâèòåëüíîñòüþ ê ëåêàðñòâåííûì ïðåïàðàòàì êëåòîê ïðè îñòðîì ëèìôîáëàñòíîì ëåéêîçå (ÎËË) ó äåòåé.
Ïîêàçàíî, ÷òî ñíèæåííàÿ ñïîñîáíîñòü îïóõîëåâûõ êëåòîê ïîäâåðãàòüñÿ ñïîíòàííîìó àïîïòîçó ñîïðîâîæäàëàñü
ïîâûøåíèåì ðåçèñòåíòíîñòè ê öèòîçàðó è L-àñïàðàãèíàçå. Íå áûëî âûÿâëåíî ñâÿçè ýêñïðåññèè àíòèãåíîâ
CD95, CD95L è áåëêà bcl-2 ñ ÷óâñòâèòåëüíîñòüþ ëåéêåìè÷åñêèõ êëåòîê ê ïðîòèâîîïóõîëåâûì ïðåïàðàòàì, íî
áûëî óñòàíîâëåíî èíãèáèðóþùåå âëèÿíèå bcl-2 íà óðîâåíü ñïîíòàííîãî àïîïòîçà. Îòìå÷àëàñü îáðàòíàÿ
êîððåëÿöèîííàÿ çàâèñèìîñòü ìåæäó LC50 L-àñïàðàãèíàçû, LC50 âåïåçèäà è êîëè÷åñòâîì ïðîëèôåðèðóþùèõ
êëåòîê, íàõîäÿùèõñÿ â S+G2M ôàçàõ êëåòî÷íîãî öèêëà. Óìåíüøåíèå ñîîòíîøåíèÿ S/G2M ñîïðîâîæäàëîñü
ïîâûøåíèåì ðåçèñòåíòíîñòè îïóõîëåâûõ êëåòîê ïðè ÎËË ê ðóáîìèöèíó, äîêñîðóáèöèíó è öèòîðàáèíó.
Êëþ÷åâûå ñëîâà: ëåêàðñòâåííàÿ ÷óâñòâèòåëüíîñòü, êëåòî÷íûé öèêë, ñïîíòàííûé àïîïòîç, àíòèãåíû CD95, CD95L,
áåëîê bcl-2.

Polychemotherapy is routinely used for treatment
of oncohematologic diseases. Despite certain achievements in therapy of acute lymphoblastic leukemia (ALL)
in pediatric patients, the problem of the development
of the antitumor drug resistance remains unresolved.
The mechanisms of multiple drug resistance (MDR)
development may depend on unability of cells to initiate apoptosis programms (decreased intracellular accumulation of cytotoxic agent, increase of DNA reparation rate etc) or by altered apoptosis programms
caused by mutations of ð53 gene, hyperexpression
of bcl-2 protein and inhibitors of apoptosis (IAPs), etc
[1, 2]. Also, the decreased chemosensitivity of tumor
cells may resulted from their extremely high proliferative activity — so called regrowth resistance [3]. So,
the processes of cell apoptosis and proliferation play
the crucial role in the development of anticancer drug
resistance.
The work is aimed on the study of the relationship
between apoptosis indexes, proliferative activity and
sensitivity to anticancer preparations in children with ALL.
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We have studied 64 ALL patients of 1 to 17 years old
cured according to ALL-BFM-90Ì protocol in Republican Scientific Practical Center of Pediatric Oncology and
Hematology (Mynsk, Belorussia) from 1999 to 2002. All
studies were performed at the day of diagnosis.
Leukemic cells were isolated from the bone marrow
of patients using the Histopaque density gradient (d =
1077). The sensitivity of tumor cells to drugs (dexamethasone (0.0002–6 µg/ml), prednisolone (0 .008–
250 µg/ml), vincristine (0.05–50 µg/ml), L-asparaginase
(0.003–10 µg/ml), rubomycine (0.008–8 µg/ml), doxorubicine (0.008–8 µg/ml), cytarabine (0.01–10 µg/ml),
vepeside (0.005–50 µg/ml)) was evaluated by the MTT
test [4] using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and expressed as concentration
of the agent causing the death of 50% of cells (LC50).
The level of spontaneous apoptosis was evaluated
in leukemic cells cultured in RPMI-1640 containing 15%
FCS, L-glutamine, for 20 h as follows: 1) by fluorescent microscopy and staining with acridine orange and
ethidium bromide (AO + EB); 2) for detection of cells
with hypodiploid DNA content, the cells were stained
with propidium iodide (PI); 3) the alteration of mitochondrial transmembrane potential (MMP) was tested us-
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ing lipophilic cationic JC-1 probe Molecular Probes, the
Netherlands); 4) the detection of DNA breaks was performed using APO-BRDU Kit (Becton Dickinson
Pharmingen, US A). For the study, fluorescent microscope LUÌÀÌ ÐÏÎ-11 (LÎÌÎ, Russia) and cytofluorimeter FACScan (Becton Dickinson, USA) were used.
To study cell cycle alterations, fixed leukemic cells were
treated with RNAase, stained with PI solution [6], and analized using FACScan cytofluorimeter and CellFit program.
For the study of expression of surface (CD95,
CD95L) and intracellular (bcl-2) molecules, monoclonal
antibodies DX2, NOK-1, bcl-2/100 (B&D, USA) and
FACScan cytofluorimeter were used.
For analysis of correlation, Spearmen’s test was
used. Statistical analysis of the data was performed
using Statistica 5.0 program.
Corellation analysis has demonstrated that LC50 for
cytarabine and L-asparaginase is reversely related with
spontaneous apoptosis level: R = –0,52 (n = 21, p =
0.02 by means of MMP for cytarabine, R = –0,27 (n =
64, p = 0.03) by means of PI for subG1 peak for
L-asparaginase. At the same time corellation index between LC50 of vincristine and apoptosis level detected
by means of DNA breaks was R = 0.3 (n = 41, p = 0.04).
Similar results were reported by Osipova et al [9] but for
other agents. Taking to account that we did not receive
significant corellation between LC50 of all studied pre parations and spontaneous apoptosis level, one may
suppose that mechanisms of initiation of spontaneous
and drug-induced apoptosis are different.
Table. Relation between tumor cell sensitivity in vit ro
to chem opreparat ions and t heir distribution by cell cycle phases
Anticancer
R and p values
preparations
n
S
G 2M
S+G 2M
Dexametasone
48
0.15
-0.12
0.004
0.3
0.4
0.9
Prednisolone
53
0.1
0.1
0.1
0.5
0.4
0.4
Vincristine
47
0.1
-0.2
-0.1
0.4
0.2
0.5
L-asparaginase
50
-0.3
-0.2
-0.28
0.5
0.3
0.05
Vepeside
27
-0.2
0.2
-0.29
0.2
0.4
0.06
Rubomycine
25
-0.18
0.5
-0.1
0.4
0.009
0.6
Doxorubicine
26
-0.3
0.38
-0.24
0.1
0.05
0.2
Cytarabine
27
-0.27
0.38
-0.1
0.17
0.05
0.7

1

a

0,95

Bcl-2 expression, D

Bcl-2 expression, D

1

S/G 2 M
0.1
0.4
-0.02
0.9
0.1
0.4
0.04
0.8
-0.3
0.1
-0.5
0.009
-0.48
0.01
-0.38
0.05

Next, we have analyzed corellation of expression
of apoptosis-mediating molecules CD95 è CD95L and
intracellular antiapoptotic protein bcl-2 with the drug
sensitivity of tumor cells in vitro . However, no statistically significant relations were revealed as well as no
significant influence of CD95 and CD95L expression
on the value of spontaneous apoptosis.
At the same time, it has been noticed that bcl-2
expression is reversely related to spontaneous apoptosis level in vitro (Figure). Corellation coefficient between the number of apoptotic cells (by means of morphologic analysis) and the level of bcl-2 expression
was –0.48 (n = 20, p = 0.03). If MMP test was applied,
R was –0.49 (n = 13, p = 0.08). As it was reported for
AML cases [10], the cells with high bcl-2 expression
are characterized by decreased spontaneous apoptosis levels, but not vise versa; i.e. the insrease of bcl-2
expression is not the only one cause of the decrease of
spontaneous apoptosis in leukemic cells.
Taking to account that the majority of chemopreparations are directed against proliferating cells, the decreased proliferation rate of tumor cells may be among
the causes of their drug-resistance. We observed the
weak reverse corellation relation between LC50 of
L-asparaginase and vepeside and the number of proliferating cells (the cells at S+G2M phases) – R = –0.28
(n = 50, p = 0.05), and R = –0,29 (n = 27, p = 0.06)
respectively. Similar results were reported by other
authors [11] for cytarabine, L-asparaginase, mercaptopurine, vincristine, thioguanine.
The data on relation between LC50 values and cell
distribution by cell cycle phases are shown in a Figure.
Despite the fact that no significant relations between
LC50 and number of cells in S and S+G 2M phases (exept for L-asparaginase and vepeside), such corellation has negative value. From other hand, we have
found out that the content of cells in G 2M-phase strictly corellates with their sensitivity to rubomycine, doxorubicine, cytarabine. The highest corellation values were
between drug sensitivity and S/G2M index; this relation
is reverse ( p < 0.05): the sensitivity of cells to rubomycine, doxorubicine, cytarabine is strictly proportional to
content of cells in S-phase and reversely — to their
content in G2M-phase. One should note that no relation between drug sensitivity and cell phase distribution was found for prednisolone and dexamethasone
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Figure. Corellation between the level of spontaneous apoptosis and expression of bcl-2 protein. The number of apoptotic cells was
determined by morphological analysis of nuclei ( a) or using MMP analysis ( b)
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that have no phase-specificity as well as for vincristine
that is cytotoxic in mitosis.
Analysis of the relation between the level of spontaneous apoptosis level and distribution of cells by cell
cycle phases has shown the reverse corellation between the number of cells in G2M-phase and the number of cells with condensed chromatin (morphological
analysis), where R = –0.26 (n = 53, p = 0.06). So, the
decrease of sensitivity upon increase of the number of
cells in G2M-phase may be explained by the suppressed ability of those cells to initiate apoptosis.
In conclusion, the decreased ability of tumor cells to
undergo spontaneous apoptosis was accompanied by
increase of the resistance against cytarabine and L-asparaginase. CD95, CD95L and bcl-2 expression didn’t
influence the chemosensitivity of leukemic cells in vitro,
but the latest index was in reverse correllation with spontaneous apoptosis level. The decrease of S/G2 M ratio is
causing the increase of tumor cells resistance against
rubomycine, doxorubicine and cytarabine.
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