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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 | (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/I glu-
tamine (“Sigma”, USA) and 50 pg/ml gentamycin (“Sigma”, USA) in a humidified 5%
CO, 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 pg/mL gentamycin in a humidified 5% CO,
incubator at 37 °C. Proliferation of T lymphocytes was induced by incubation of PBL with
0.5 ug/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
3-5x10* 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 pL 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 uL 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-HCI (pH 7.5), 150 mM NaCl, 1% NP-40, 5 mM EDTA, 50 mM NaF, 1mM Na,VO,,
5 mM benzamidine, TmM 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 B-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 1x105/ml. Then 5 pl of cells suspension was mixed with 5 pL
of Annexin V-FITC (“Sigma”, USA, final concentration 3 ug/mL) followed by propidium
iodide (final concentration 0.5 ng/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].

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi CTyaii / Studia Biologica e 2016 ¢ Tom 10/Ne1 e C. 17-28



20 O. I. Chen, M. L. Barska, L. S. Lyniv, N. I. lgumentseva, O. I. Vovk, N. O. Sybirna, O. V. Stasyk

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 rh ARG
(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 uM) 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 (K,[Fe(CN)]) and
sodium thiosulphate (Na,S,0,) as controls for the ferricyanide or cyanide moieties
released by SNP [29]. As shown in Fig. 2, Fvs 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 K,[Fe(CN),] 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 rh ARG

LintoTokcuuHictb SNP ans kniTMHHUX 1iHiIN Nenko3y Ta HopMmanbHUX fimdouuTiB nepude-
pu4Hoi kpoBi (PBL). IHri6iTopHy koHueHTpauito SNP (IC50, mM) Bu3Hayanu 3a JONOMOroro
MTT-tecty nicnsa 24, 48 Ta 72 roguH iHky6yBaHHA 3 SNP Ha noBHOoMy cepenoBuLi (CM)
i cepepgoBuLi 3 rhARG

Cells Time, hrs CM CM + rhARG

24 4.7+0.3 4.0+0.2

Jurkat 48 4.0£0.2 0.7+0.1
72 3.0+0.3 0.4+0.1

24 5.1+0.3 4.3+0.3

CEM-T4 48 3.6+£0.2 1.5+0.2
72 2.2+0.1 0.7£0.1

24 6.3+0.3 5.5+0.3

Namalva 48 4.2+0.4 2.6+£0.2
72 3.3+0.2 1.0+0.1

24 3.8+0.3 1.2+0.1
activated PBL 48 0.3+0.06 0.6+0.04
72 0.06+0.02 0.4+0.03

24 1.5+0.1 1.2+0.1
resting PBL 48 0.5+0.06 0.4+0.05
72 0.3+0.03 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 uM of NO into the culture medium, the level compatible with
physiologically observed in blood plasma (30-70 uM) [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. *
CninbHun Bnnme rhARG Ta SNP Ha xuTTe3aaTHICTb KNITUHHMX MiHin nevikody Jurkat (A), CEM-T4 (B),

Puc. 2.

p<0.05 as compared with the untreated cells

Namalva (C) i ®IrA-aktuBoBaHux (D) Ta HeakTuBoBaHux PBL (E) y CM; CM + 0.05 mM SNP; CM +
rhARG (2 Og./mn) Ta CM + rhARG + 0.05 MM SNP. F — LinToTokcnuHmin edpekT nigsumileHoi 4o 1 mM
KOHUeHTpauii SNP, HiTpuTy un dpepouiaHigy Ha KniTuHW nenkosy Jurkat. MigpaxyHok KniTvH NpoBoAK-
NN y TECTi 3 TPMNAHOBMM CUHIM yepes 24, 48 Ta 72 rog nicns AoAaBaHHSA AOCHIDKYBAHUX PEYOBUH.
*p<0,05 pi3HuLsI 4OCTOBIpPHA NOPIBHAHO 3 HEOOPOBNEHNMU KNiITUHaAMK
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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.

A C Control rhARG rhARG+SNP

rhARG rhARG+SNP
0.05 mM
0 24 48 72 24 48 72

kS
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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 (PI) 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
/Pl 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

Puc. 3. A - BectepH-6noT-aHani3 posuienneHoi opmu PARP npoTteiHy B KNITUHHKX MiHisIX NENKo3y, siKi Kynb-
TmByBanu B cepegouLi 3 hARG (2 Op./mn) abo B cepeposumLi 3 rhARG i SNP (0,05 mm). B — Kom-
6iHoBaHun BnuB rhARG i SNP Ha 3anyck anonTto3y B HOpMarnbHUX i NENKO3HUX KNiTMHaxX. KnitvHn
papbyBanu aHekcmHom V-FITC Ta nponigin nogngom (Pl) i aHanisyBanu 3a gonomoroto coryopec-
LieHTHOI Mikpockonii, sk onucaHo B “Matepianax i metogax”. *p<0,05 pi3HuLA 4OCTOBIpHa NOPIBHSHO
3 HeobpobneHnmu knitTnHamu. C — HaknapeHi 3o6paxeHHst aHekcuH V-FITC/PI donyopecueHuii Hop-
ManbHUX i NENKO3HMX anonTUYHUX KMiTUH: KOHTPOMb — KOHTPOSMbHI KMNiTUHK, KynbTuBoBaHi B CM;
rhARG — knituHm, kynstuBoBaHi 3 rhARG (2 Og./mn), SNP — knitnHu, o6pobneni 0,05 mM SNP;
rhARG+SNP — knituHn, 06pobneni rhARG i 0,05 mM 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 rh ARG
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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KOMBIHOBAHWI BMNJIUB APIHA3M | BOHOPA OKCUAY A30TY
HA HOPMATbHI TA NNEMKO3HI KNITUHW IN VITRO
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H. I. laymeHuyesa’, O. I. Boek', H. O. CubipHa'?, O. B. Cmacuk'*

"lTHemumym 6ionoeii knimuHu HAH Ykpaiu, eyn. [JpazomaHosa, 14/16, Jlbeie 79005, YkpaiHa
2[IbeiscbKkuli HauioHanbHUl yHieepcumem im. leaHa ®paHka

syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa
*e-mail: stasyk@cellbiol.lviv.ua

CT1BOpeEHHs aediunTy apriHiHy BiJHOCHO HeaaBHO Gyno 3anponoHoBaHe K Tepa-
NeBTUYHUI NiaXifa y NikyBaHHI NEBHUX TUNIB paky KPOBi. Y uin poboTi BnepLue gocniaxe-
HO KOMBIHOBaHWUIA BNNNB ek30reHHoro goHopa okcuay HitporeHy (NO) i pekomMBiHaHTHOI
apriHasu nogunHun (rhARG) sik eH3MMy gerpagauii apriHiHy Ha XUTTE3AaTHICTb KifbKOX
KNITUHHUX NiHIA NEeNKo3y MIOAMHU Ta HOopMarbHUX NiMGOoUUTIB NepudepryHoi KpPoBi.
BusasneHo, wo ek3oreHHun goHop NO, HiTponpycug Hatpito (SNP) y cniBmipHin 3 gisio-
NOriYHO KOHLUEHTpaUieo Ao3i He npoTuaine, a nocunioBas rhARG-onocepeakosaHui
nNpoanonTUYHUIN BASAMB ronofyBaHHs 3a apriHiHOM Ha NEWKO3Hi KNiTUHW, Ha BiAMIHY Bif
HOpMarnbHUX HEAKTUBOBAHUX NMiMAOLIUTIB.

OTtxe, mu npunyckaemo, Wwo aediunt NO gk pesynbrart ronogyBaHHs 3a apriHiHOM
He € NepLUONPUYNHOIO BUCOKOT YyTIMBOCTI NENKO3HMX KNiTUH Jo Aii rhARG. PesynbraTtu
LbOro AOCNIAKEHHA O0AAaTKOBO NIATBEPOXKYOTb AYMKY, IO He Kataboni3am apriHiHy,
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a iHWi MexaHi3MK KNITUHHOI BiANOBIAj 3ayyeHi y BU3Ha4YeHHs ii 3arnbeni 3a ymoB gedi-
umnTy apridiHy. SNP abo ansrepHaTmBHi AoHopu NO MoxXyTb 6yTr 3anponoHOBaHi ik KOM-
NMOHEHTN MeTaboNIYHOI aHTUNENKO3HOI Teparii Ha OCHOBI rONOAYBaHHS 3@ apriHiHOM.

Knroyoei cnoea: pekoMOiHaHTHa apriHasa, oKcup, asoTy, HiTponpycua Hatpito,
niMmounTn NnepmdeprUyHOT KPoBi, KIMITUHWU NENKO3Y.

KOMBUHUPOBAHHOE BO3AENCTBUE APTMHA3bI U JOHOPA OKCUOA
A30TA HA HOPMATbHbIE U NEUKO3HbIE KNETKWU IN VITRO
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Cos3gaHve geduumta aprmHMHa CpaBHUTENbHO HedaBHO ObINIO MPEAnoXeHO Kak
TepaneBTUYECKMIA MOAXO B JIEYEHMM HEKOTOPLIX TUMOB paka kpoBu. B aaHHom pabote
Mbl BMEpBbIE MUCCrienoBan KOMOMHMPOBAHHOE BO3LAENCTBUE 3K3OrEHHOIO AOHOpAa OK-
cupa asota (NO) n pekombrHaHTHOM aprnHasbl YenoBeka (rhARG) kak aH3uma gerpa-
Aaunn aprmHMHa Ha XXM3HEeCNOoCOOHOCTb HECKONBbKUX KIMETOYHbIX JIMHUIA Nerko3a Yerno-
BEKa N HopMarbHbIX TMMdoLMTOB nepundepryeckon Kpou. Mbl 0OHaPYXWUN, YTO 3K-
3oreHHbIn goHop NO, HuTponpycena Hatpusi (SNP) B conamepumon ¢ gouanonormnye-
CKOW KOHLEeHTpaumen no3e He npenatcTBoBan, a ycunuean rhARG-onocpeaoBaHHoe
npoanonTU4eckoe BIIUSIHWE FONTIOAAaHUS MO aprMHUHY Ha NEMKO3HbIE KIETKU, B OTNINYME
OT HOpMarsbHbIX HEAKTUBMPOBAHHbIX TMM(OLIMTOB.

Takum obpa3som, Mbl npeanonaraem, 4Yto gecpmumt NO Kak pesynsraT ronogaHus
Nno apruHMHy He SBMSIeTCA MepPBOMPUYMHON BbICOKOW YYBCTBUTEIbHOCTU JTEMKO3HbIX
knetok Kk gencrteuto rhARG. Pesynbrartbl 3TOro uccnegoBaHUs OOMOMHUTENBHO MoA-
TBEPXXOAKT MHEHME, YTO He KaTabonmam apruHuHa, a gpyrve MexaHuaMbl KNeTo4YHOro
OTBETa BOBIIEYEHbI B OnpeaerneHne ee rmbenu B ycnoeusix geduumnta aprmHnHa. SNP
unu anstepHaTtuBHble goHopbl NO MoryT ObITb NpeaoXeHbl B KAYECTBE KOMMOHEHTOB
MeTabonmMyeckon aHTUNENKO3HOW Tepanumn Ha OCHOBE rONOAaHMS MO aprMHUHY.

Knroveenie criosa: pekombuHaHTHas aprMHasa, okcug as3oTa, HUTponpyccug Ha-
TpYs, MIMMAOLMUTLI Nepudepudeckon KpoBu, KNETKN Nernkosa.
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