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Arginine deprivation has been recently suggested as a therapeutic approach 
against difficult to cure blood cancers. Herein, we investigated for the first time the com-
bined effect of exogenous nitric oxide (NO) donor and recombinant human arginase 
(rhARG) as arginine-depleting agent on viability of several human leukemic cell lines 
and normal peripheral blood lymphocytes (PBL). We found that exogenous NO donor, 
sodium nitroprusside (SNP), at physiologically compatible dose did not counteract but 
augmented rhARG-mediated pro-apoptotic effect of arginine depletion in leukemic cells 
but not in resting lymphocytes. Thus, we hypothesize that NO deficiency resulting from 
arginine deprivation is not the primary cause of high leukemic cells sensitivity to the ac-
tion of rhARG. The results of this study further support the notion that not arginine ca-
tabolism but other cell response mechanisms must be involved in determining cell fate 
upon arginine restriction. SNP or alternative NO donors can be proposed as compo-
nents of metabolic anti-leukemia therapy based on arginine deprivation.

Keywords: recombinant arginase, nitric oxide, sodium nitroprusside, peripheral 
blood lymphocytes, leukemic cells.

INTRODUCTION
Acute leukemia is a high-risk fast-proliferating cancer, which is associated with clo-

nal proliferation and accumulation of abnormal cells derived from immature hematopoi-
etic cells [16]. Current clinical strategy against childhood acute leukemia often employs 
combination of standard anticancer agents with asparaginase as a second line thera-
py [21]. This is because certain type of leukemia and lymphoma are auxotrophic for as-
paragine and thus susceptible to the treatment with recombinant asparaginase [23].

Pharmacological depletion of blood circulating free arginine is a promising strategy 
of modern metabolic anticancer therapy which may be applied for the treatment of blood 
cancers [20, 22, 24]. Currently, two recombinant arginine-degrading enzymes, bacterial 
arginine deiminase (ADI) and human arginase I (rhARG) have been proposed as 
anticancer therapeutics and evaluated in vitro and in animal and clinical trials [11, 20, 
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24, 25, 31, 32]. Nevertheless, only arginine-auxotrophic tumors deficient in argininosuc-
cinate synthetase (ASS), a rate-limiting enzyme of citrulline to arginine conversion in the 
urea cycle, are sensitive to a mono-treatment with recombinant arginine-degrading en-
zymes [6, 8]. It was shown that restriction of arginine using ADI is approximately 100-fold 
more effective than asparagine restriction with L-asparaginase in inhibiting the prolifera-
tion of cultured human lymphoblastic leukemia cells and is less effective toward cells of 
myeloid origin [30]. As a less immunogenic alternative for ADI, rhARG is currently 
evaluated in laboratory, animal and clinical trials for the treatment of different types of 
cancer [17, 25, 32, 31]. Although arginine starvation was shown to be in general well 
tolerated, its depletion in the organism may nevertheless cause deficit in several of ar-
ginine metabolic derivatives, such as polyamines, creatine, neurotransmitters and nitric 
oxide (NO), and result in certain side effects [18]. NO is a multifunctional signalling 
molecule in the cell, which is synthesized from arginine by NO synthases (NOS) and 
regulates many important physiological processes, such as angiogenesis, platelet ag-
gregation, blood pressure, vascular permeability, neurotransmission, wound healing 
and immune functions [10]. Thus, prolonged arginine depletion in humans may poten-
tially initiate certain disorders involving vasoconstriction, thrombosis and functional im-
pairment of immune system. Recent evidence suggests that, indeed, arginine depriva-
tion leads to a decrease in intracellular NO production in macrophages in vitro and in 
vivo [7, 26]. In ADI-treated patients, inhibition of endogenous NO occurred when plasma 
arginine levels dropped below the level of detection, but there was no increase in blood 
pressure or heart rate [1]. Of note, various studies showed that NO can either promote 
or inhibit tumor progression and metastasis in different cancer models [3, 10, 27].

In this study, we addressed the question whether and how exogenous NO donor, 
sodium nitroprusside (SNP), affects viability, growth potential and apoptosis of normal 
human peripheral blood lymphocytes (PBL) and leukemic cells under arginine deficien-
cy specifically evoked by rhARG treatment. Our data suggest that a combination of rhARG 
with exogenous NO donor bears strong potential to be further developed as a new thera-
peutic approach against blood cancers.

MATERIALS AND METHODS
Cell lines and culture conditions. Jurkat leukemic cell line was obtained from 

Nencki Institute of Experimental Biology PAS (Warsaw, Poland). CEM-T4 and Namalva 
cell lines were obtained from cell culture collections at Kavetsky Institute of Experimen-
tal Pathology, Oncology and Radiobiology, NAS of Ukraine. Cells were cultured in RPMI 
1640 medium supplemented with 10 % fetal calf serum (“Sigma”, USA), 300 mg/l glu-
tamine (“Sigma”, USA) and 50 µg/ml gentamycin (“Sigma”, USA) in a humidified 5% 
CO2 incubator at 37 °C. 

Separation and cultivation of blood cells. PBL were isolated from heparinized 
whole blood of healthy donors and separated by density Histopaque 1077 according to 
instruction. Mononuclear cells were maintained in RPMI-1640 medium supplemented 
with 10 % FBS, 300 mg/L glutamine and 50 µg/mL gentamycin in a humidified 5% CO2 
incubator at 37 °C. Proliferation of T lymphocytes was induced by incubation of PBL with 
0.5 µg/mL phytohaemagglutinin (PHA, “Sigma”, USA) and 20 U/ml recombinant inter-
leukin 2 (rIL-2, “Millipore Corp.”, USA) in culture medium for 4 days. Resting PBL were 
cultured in the presence of 20 U/mL rIL-2 only. Resting and proliferatively active PBL 
were used in the experiments. 
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Trypan blue dye exclusion assay. The dynamics of cell growth was determined 
by trypan blue exclusion test. Briefly, cells were plated in 96-well plates at a density of 
3–5×104 in RPMI 1640 medium and treated with 2 U/ml of the purified human recombi-
nant arginase (rhARG, constructed and purified at the Department of Cell Signaling, 
ICB, NAS of Ukraine) and/or sodium nitroprusside (SNP, “Sigma”, USA) for 24, 48 and 
72 hours.Then cells were resuspended and aliquots of the cells were mixed with the 
trypan blue dye solution (“Sigma”, USA) at its final concentration of 0.05%. The cells 
were counted on a hemocytometer by light microscopy and stained blue cells were 
considered and calculated as ‘‘non-viable’’. 

MTT assay. Concentration- and time-dependent SNP cytotoxicity was determined 
using the standard MTT assay. Cells were grown in 96-well plates with 0, 0.01, 0.1, 
1 and 10 mmol/l of SNP in either complete medium (CM) or the CM with 2 U/ml rhARG. 
After different treatments, 20 µL of 5 mg/mL MTT solution (“Sigma”, USA) was added to 
each well (0.1 mg/well) and incubated for 5 h. The supernatants were aspirated, the 
purple formazan crystals in each well were dissolved in 200 µL of dimethyl sulfoxide and 
optical density at 540 nm was read on a Microplate Reader (“Biotek”, USA). The amount 
of SNP needed to kill 50 % of the cells in a culture was defined as the SNP inhibitory 
concentration (IC50).

Western blot analysis. Cells were lysed in extraction buffer containing 10 mM 
Tris-HCl (pH 7.5), 150 mM NaCl, 1% NP-40, 5 mM EDTA, 50 mM NaF, 1mM Na3VO4, 
5 mM benzamidine, 1mM PMSF, 10 mg/ml aprotinin, 10 mg/ml leupeptin, 1 mg/ml pep-
statin) at 4 °C for 20 min. Protein content in the extracts that were obtained was deter-
mined according to Peterson’s method [19]. For western blot analysis proteins were 
separated on 10% SDS-PAGE and transferred onto a PVDF membrane (“Millipore Cor-
poration”, USA). The membranes were blocked in 5% non-fat dried milk in PBS contai-
ning 0.05% Tween-20 and incubated with primary antibodies specific for the cleaved 
poly (ADP ribosyl) polymerase (PARP; “Cell Signaling Technologies”, USA) and β-actin 
(“Sigma”, USA) as the loading control. Secondary goat anti-mouse and anti-rabbit (“Mil-
lipore Corp.”, USA) antibodies and an enhanced chemiluminescence system (“Millipore 
Corp.”, USA) were used for the detection of immunoreactive proteins.

Apoptosis detection. Cells were resuspended in Ringer solution with calcium ions 
to a final concentration of 1×106/ml. Then 5 µl of cells suspension was mixed with 5 µL 
of Annexin V-FITC (“Sigma”, USA, final concentration 3 µg/mL) followed by propidium 
iodide (final concentration 0.5 µg/mL) as a counter stain. The cells were then incubated 
at room temperature for 5–15 min in the dark. Finally, the cells were covered with a 
coverslip and examined by fluorescent microscopy (Carl Zeiss, Germany). The percent-
age of apoptotic cells was calculated using ImageJ software. 

Statistical analysis. All experiments were repeated at least three times. Levels of 
significant differences between groups were determined by the Student’s t-test. P values 
less then 0.05 were considered statistically significant.

RESULTS AND DISCUSSION
Arginine deprivation enhances SNP cytotoxicity for leukemic cells. In our previous 

study we found that SNP, a NO donor, does not counteract apoptotic cell death and, in 
fact, increases cytotoxic effect of arginine deprivation for Jurkat leukemic cells in de-
fined arginine-free medium [5]. We also demonstrated that rhARG treatment alone is 
relatively harmless for normal PBL [4]. 
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Herein, we aimed to investigate how efficient can be combined rhARG and SNP 
treatment against leukemic cells of different origin. Three human leukemia cell lines were 
used as models for acute T- (Jurkat and CEM-T4) and B-cell (Namalva) leukemias. As 
control cells, we aplied primary isolated resting and PHA-activated human PBL from 
healthy donors. First, we examined cytotoxic and cytostatic effects of exogenous NO 
donor drug on normal and leukemic cells under arginine limitation. For this purpose, cells 
were treated with several increasing concentrations of SNP (0.01, 0.1, 1 and 10 mmol/l), 
either alone or in combination with purified rhARG in concentration of 2.0 U/mL. The SNP 
cytotoxic concentration (IC50) for leukemic and PBL cells upon different culture condi-
tions were performed by the MTT assay. We showed that SNP cytotoxicity grew in  
a dose- and time-dependent manner and was considerably enhanced by arginine restric-
tion (Fig. 1). At 24, 48, and 72 h, the SNP IC50 in normal medium for leukemic cells were 
approximately similar in 2–5 mM range for Jurkat, CEM-T4, and Namalva cells (Table 1). 
As shown in Fig. 1 and Table 1, in the medium with rhARG, SNP mediated cytotoxicity 
increased and IC50 at 72 h were significantly 3–7 times lower compared to IC50 values 
in complete medium (CM) and ranged between 0.4 and 1 mM for the three cell lines 
tested (p<0.05). Of note, Namalva cells appeared to be more resistant to SNP, which 
may be associated with their B-cell origin. However, why exogenous NO is more cyto-
toxic for non-proliferating arginine-deprived than for proliferating in the CM cancer cells 
remains to be elucidated. It is necessary to stress that similar effect was observed in our 
previous study on Jurkat cells incubated in defined arginine-free medium [5].

We next analyzed the SNP IC50 values for PBL in the same experimental condi-
tions. Surprisingly, we observed that experimental normal cells were in general more 
sensitive to SNP as compared to malignant cells. Interestingly, SNP IC50 values for 
resting PBL did not differ drastically between control medium and medium with rhARG 
(Fig. 1, Table). However, as also shown in Fig. 1, SNP-mediated cytotoxicity signifi-
cantly differed (were lower) for the activated PBL in complete medium, as compared to 
resting cells (p<0.05). In contrast to leukemic cells, either proliferatively active or resting 
PBL were more sensitive to SNP treatment in complete medium. 

Taken together, these data suggest, that nitric oxide donor is more toxic toward nor-
mal PBL, specially for proliferatively active PBL, but synergistically increases arginase-
mediated arginine deprivation cytotoxicity selectively for leukemic cells. Of note, SNP in 
very low concentrations (below 100 µM) that was proposed as therapeutic dose [5] was 
non-toxic for resting immune cells.

Low dose NO potentiates the arginine deprivation-mediated cytotoxicity against 
proliferatively active cells. NO-releasing compounds such as SNP are widely used to 
investigate the effects of NO on various physiological processes and molecular mecha-
nisms of the cell [15]. In SNP, NO is coordinated as a nitrosyl group ligated to iron in  
a square bipyramidal complex, and is released spontaneously at physiological pH in 
one step reaction [13]. It was shown that NO formation in vivo is accompanied by cya-
nide (CN–) release which is rapidly metabolized by the liver to thiocyanate that is next 
released by the kidneys. However, despite its apparent toxicity, SNP is a popular drug, 
most effective in some difficult clinical circumstances [12].

To better clarify the role of NO and cyanide in SNP-mediated cytotoxic and cyto-
static activity, we investigated the effects of potassium ferricyanide (K3[Fe(CN)6]) and 
sodium thiosulphate (Na2S2O3) as controls for the ferricyanide or cyanide moieties  
released by SNP [29]. As shown in Fig. 2, F vs A, 1 mM SNP caused significant growth 
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inhibition of Jurkat cells (p<0.05). Nevertheless, potassium ferricyanide (which is struc-
turally similar to SNP except for the absence of a nitroso group) did not inhibit cell 
growth at the same concentration. Trypan blue exclusion indicated 95% of viable Jurkat 
cells at 72 h after treatment with 1 mM K3[Fe(CN)6] alone. Also, the cytotoxicity elicited 
by SNP was not abolished when cells were co-incubated with 1mM sodium thiosul-
phate – a substance known to bind CN– moiety (Fig. 2, F) [15]. According to this data, 
we suggest that only NO released by SNP is responsible for modulation of viability of 
experimental model cells used herein

The cytotoxicity of SNP for leukemic cell lines and PBL. The inhibitory concentration of 50 
% (IC50, mM) values were measured by MTT assay after 24, 48 and 72 h of the SNP treat-
ment in complete medium (CM) and medium with rhARG
Цитотоксичність SNP для клітинних ліній лейкозу та нормальних лімфоцитів перифе-
ричної крові (PBL). Інгібіторну концентрацію SNP (IC50, мМ) визначали за допомогою 
МТТ-тесту після 24, 48 та 72 годин інкубування з SNP на повному середовищі (СМ)  
і середовищі з rhARG

Cells Time, hrs CM CM + rhARG 

Jurkat
24
48
72

4.7±0.3
4.0±0.2
3.0±0.3

4.0±0.2
0.7±0.1
0.4±0.1

CEM-T4
24
48
72

5.1±0.3
3.6±0.2
2.2±0.1

4.3±0.3
1.5±0.2
0.7±0.1

Namalva
24
48
72

6.3±0.3
4.2±0.4
3.3±0.2

5.5±0.3
2.6±0.2
1.0±0.1

activated PBL
24
48
72

3.8±0.3
0.3±0.06

0.06±0.02

1.2±0.1
0.6±0.04
0.4±0.03

resting PBL
24
48
72

1.5±0.1
0.5±0.06
0.3±0.03

1.2±0.1
0.4±0.05
0.2±0.04

We further examined in more details the dynamics of viability of model cells under 
rhARG-mediated arginine starvation alone or in combination with low dose SNP in trypan 
blue dye exclusion assay. We have chosen one maximally tolerated dose of SNP 
(0.05 mM) that did not produce any apparent and unacceptable cytotoxicity in both ar-
ginine-containing and arginine-free media for normal resting PBL according to the ob-
tained IC 50 values (Table). It is estimated by monitoring nitrite accumulation 0.05 mM 
SNP releases up to 20–30 µM of NO into the culture medium, the level compatible with 
physiologically observed in blood plasma (30–70 µM) [5, 9]. 

As was expected, none of the cell lines incubated with rhARG up to 72 h exhibited 
significant growth (Fig. 2, A–C). As shown in Fig. 2 D, rhARG significantly inhibited pro-
liferation of PHA-activated PBL but did not drastically decrease cell viability (p<0.05). 
Also, arginine restriction by rhARG had no effect on normal resting PBL viability 
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Fig. 2. Effect of combined rhARG and SNP treatment on viability of Jurkat (A), CEM-T4 (B), Namalva (C) 
leukemic cells and PHA-activated (D) and resting PBL (E) in CM; CM + 0.05 mM SNP; CM + rhARG 
(2 U/mL); and CM + rhARG + 0.05 mM SNP. F – cytotoxic effect of elevated 1 mM SNP, nitrite or fer-
rocyanide on Jurkat cells. Cell quantifications were conducted by the trypan blue exclusion test for 24, 
48, 72 hrs of the treatments. * p≤0.05 as compared with the untreated cells

Рис. 2. Спільний вплив rhARG та SNP на життєздатність клітинних ліній лейкозу Jurkat (A), CEM-T4 (B), 
Namalva (C) і ФГА-активованих (D) та неактивованих PBL (E) у CM; CM + 0.05 мM SNP; CM + 
rhARG (2 Од./мл) та CM + rhARG + 0.05 мM SNP. F – Цитотоксичний ефект підвищеної до 1 мM 
концентрації SNP, нітриту чи фероціаніду на клітини лейкозу Jurkat. Підрахунок клітин проводи-
ли у тесті з трипановим синім через 24, 48 та 72 год після додавання досліджуваних речовин. 
*p≤0,05 різниця достовірна порівняно з необробленими клітинами
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(Fig. 2, E). SNP at 0.05 mM concentration had no effect on leukemic cells growth (only 
slightly suppressed proliferation in complete medium; Fig. 2, A–C), but significantly sup-
pressed PHA-stimulated proliferation of PBL (Fig. 2, D; p<0.05). In turn, as shown in 
Fig. 2, incubation of leukemic cells and PHA-activated PBL with 0.05 mM SNP in the 
presence of rhARG caused some decrease in cell viability. Jurkat T-lymphoblastic leu-
kemia was more sensitive to this combinational treatment (Fig. 2, A). However, there 
was no statistically significant difference observed in the amount of viable cells in res-
ting PBL (Fig. 2, E) under the combined treatment (p<0.05). Thus, low dose of SNP 
slightly, but evidently enhanced cytotoxicity of rhARG for all proliferatively active cells. 
Normal resting PBL were highly resistant to the combined drugs action. 

Fig. 3. A – Western blot analysis of the cleaved PARP protein in leukemic cell lines cultured in medium with 
rhARG (2 U/ml) or in medium with rhARG and SNP (0.05 mM). B – Effect of the combined rhARG and 
SNP treatment on progression of apoptosis in normal and leukemic cells. Cells were stained with An-
nexin V-FITC and propidium iodide (РІ) and analyzed by fluorescence microscopy as described in 
Materials and Methods, *p≤0.05 compared with untreated cells. C – Merged image of Annexin V-FITC 
/PI fluorescence of normal and leukemic apoptotic cells: Control – control cells, cultured in the com-
plete medium; rhARG – cells, cultured with rhARG (2U/ml); SNP – cells treated with 0.05 mM SNP; 
rhARG+SNP – cells treated with rhARG and 0.05 mM SNP

Рис. 3. А – Вестерн-блот-аналіз розщепленої форми PARP протеїну в клітинних лініях лейкозу, які куль-
тивували в середовищі з rhARG (2 Од./мл) або в середовищі з rhARG і SNP (0,05 мм). B – Ком-
бінований вплив rhARG і SNP на запуск апоптозу в нормальних і лейкозних клітинах. Клітини 
фарбували анексином V-FITC та пропідій йодидом (PI) і аналізували за допомогою флуорес-
центної мікроскопії, як описано в “Матеріалах і методах”. *p≤0,05 різниця достовірна порівняно 
з необробленими клітинами. C – Накладені зображення анексин V-FITC/PI флуоресценції нор-
мальних і лейкозних апоптичних клітин: Контроль – контрольні клітини, культивовані в CM; 
rhARG – клітини, культивовані з rhARG (2 Од./мл), SNP – клітини, оброблені 0,05 мМ SNP; 
rhARG+SNP – клітини, оброблені rhARG і 0,05 мМ SNP
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Arginase and SNP treatment induces apoptosis selectively in leukemic cells. To 
better understand the mechanism of leukemic cell sensitivity to the combined rhARG 
and SNP treatment, apoptosis progression in malignant cells and PBL was investigated. 
During induction of apoptosis, as a target of active caspase-3, PARP to be cleaved into 
two fragments [14]. We therefore analyzed the appearance of cleaved form of PARP 
(poly(ADPribosyl)-polymerase) protein by western blotting. It was observed that rhARG 
treatment induced time-dependent apoptosis in three leukemic cell lines (Fig. 3, A). 
Importantly, supplementation with 0.05 mM SNP had no significant inhibitory effect on 
this process. This data was also corroborated by cells double staining with fluoro-
chromes Annexin V-FITC (binds to phosphatidylserine on membranes of apoptotic cells) 
and propidium iodide (Fig. 3, B,C). It was shown that rhARG treatment induced morpho-
logical changes in leukemic cells such as cell shrinkage, nuclear condensation and 
phosphatidylserine externalization, which are typical hallmarks of apoptosis (Fig. 3, C). 
We observed a higher number of apoptotic cells upon 72 h-long rhARG treatment 
(Fig. 3, B) only for tested leukemic cell lines (30–46 %, p<0.05). Compared to rhARG 
treated values alone, the percentage of apoptotic cells considerably increased under 
both rhARG and SNP treatment (37–62 %). Importantly, there were no significant al-
terations in the number of apoptotic cells in normal resting PBL under all treatments: 
only spontaneous apoptosis was detected under both rhARG and Cav treatment (9–
16 %; p<0.05). As shown in Fig. 3 B, C, minimal signs of apoptosis in PHA-activated 
PBL were observed after 72 h incubation of these cells in culture with rhARG alone 
(17 %). In agreement with cytotoxicity data above, the percentage of apoptotic cells 
significantly increased (34 %) under combinatory rhARG and SNP treatment in PHA-
activated PBL. According to this data, we hypothesize that NO deficiency resulting from 
arginine deprivation is not the primary cause of high leukemic cells sensitivity to rhARG. 
In the opposite case, exogenous NO would rescue leukemic cells viability upon argi-
nase treatment. This and other our studies on different cell models also support the 
notion that not arginine metabolism but other cell response signaling mechanisms must 
be potentially involved in determining cell fate upon arginine restriction [2, 28].

CONCLUSION
In summary, we described novel pre-clinical in vitro experiments for evaluation of 

the effect of NO-donor SNP on normal and leukemic cells under arginine deprivation. It 
was demonstrated that rhARG fully inhibited cell proliferation and decreased viability of 
all tested human leukemia cell lines and activated PBL but had no significant effect on 
viability and apoptosis of resting cells. It was shown that rhARG induced apoptosis more 
selectively and effectively in leukemic cells compared to normal PBL. Exogenous NO 
was more toxic for proliferatively active PBL, but synergistically increased rhARG cyto-
toxicity selectively for leukemic cells. We suggest that arginine-degrading enzymothe-
rapy bears clinical potential for leukemia treatment and low doses of SNP can be recom-
mended as a compensatory agent under arginine limitation in vivo. 
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КОМБІНОВАНИЙ ВПЛИВ АРГІНАЗИ I ДОНОРА ОКСИДУ АЗОТУ 
НА НОРМАЛЬНІ ТА ЛЕЙКОЗНІ КЛІТИНИ IN VITRO

О. І. Чень1,2, М. Л. Барська1, Л. С. Линів1, 
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Cтворення дефіциту аргініну відносно недавно було запропоноване як тера-
певтичний підхід у лікуванні певних типів раку крові. У цій роботі вперше дослідже-
но комбінований вплив екзогенного донора оксиду нітрогену (NO) і рекомбінантної 
аргінази людини (rhARG) як ензиму деградації аргініну на життєздатність кількох 
клітинних ліній лейкозу людини та нормальних лімфоцитів периферичної крові. 
Виявлено, що екзогенний донор NO, нітропрусид натрію (SNP) у співмірній з фізіо-
логічною концентрацією дозі не протидіяв, а посилював rhARG-опосередко ваний 
проапоптичний вплив голодування за аргініном на лейкозні клітини, на відміну від 
нормальних неактивованих лімфоцитів. 

Отже, ми припускаємо, що дефіцит NO як результат голодування за аргініном 
не є першопричиною високої чутливості лейкозних клітин до дії rhARG. Результати 
цього дослідження додатково підтверджують думку, що не катаболізм аргініну,  



28 O. I. Chen, М. L. Barska, L. S. Lyniv, N. I. Igumentseva, О. I. Vovk, N. O. Sybirna, O. V. Stasyk

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2016 • Том 10/№1 • С. 17–28

а інші механізми клітинної відповіді залучені у визначення її загибелі за умов дефі-
циту аргініну. SNP або альтернативні донори NO можуть бути запропоновані як ком-
поненти метаболічної антилейкозної терапії на основі голодування за аргініном.

Ключові слова: рекомбінантна аргіназа, оксид азоту, нітропрусид натрію, 
лімфоцити периферичної крові, клітини лейкозу.

КОМБИНИРОВАННОЕ ВОЗДЕЙСТВИЕ АРГИНАЗЫ И ДОНОРА ОКСИДА 
АЗОТА НА НОРМАЛЬНЫЕ И ЛЕЙКОЗНЫЕ КЛЕТКИ IN VITRO
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Создание дефицита аргинина сравнительно недавно было предложено как 
терапевтический подход в лечении некоторых типов рака крови. В данной работе 
мы впервые исследовали комбинированное воздействие экзогенного донора ок-
сида азота (NO) и рекомбинантной аргиназы человека (rhARG) как энзима дегра-
дации аргинина на жизнеспособность нескольких клеточных линий лейкоза чело-
века и нормальных лимфоцитов периферической крови. Мы обнаружили, что эк-
зогенный донор NO, нитропруссид натрия (SNP) в соизмеримой с физиологиче-
ской концентрацией дозе не препятствовал, а усиливал rhARG-опосредованное 
проапоптическое влияние голодания по аргинину на лейкозные клетки, в отличие 
от нормальных неактивированных лимфоцитов.

Таким образом, мы предполагаем, что дефицит NO как результат голодания 
по аргинину не является первопричиной высокой чувствительности лейкозных 
клеток к действию rhARG. Результаты этого исследования дополнительно под-
тверждают мнение, что не катаболизм аргинина, а другие механизмы клеточного 
ответа вовлечены в определение ее гибели в условиях дефицита аргинина. SNP 
или альтернативные доноры NO могут быть предложены в качестве компонентов 
метаболической антилейкозной терапии на основе голодания по аргинину.

Ключевые слова: рекомбинантная аргиназа, оксид азота, нитропруссид на-
трия, лимфоциты периферической крови, клетки лейкоза.
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