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Respiration and oxidative phosphorylation of cancer cells are substantially deter-
mined by energy substrates and oxygen availability, as well as by intrinsic mechanisms of
metabolism regulation. The aim of the study was to establish the maximal mitochondrial
capacity of intact NK/Ly cells to oxidize important exogenous energy substrates — glucose,
pyruvate and glutamine. After 15 min of incubation, cells were placed into the respiratory
chamber. Oxygen consumption rate was determined using YSI 5300 Biological Oxygen
Monitor with Clark oxygen electrode at 37°C. To assess the maximal oxidative capacity of
cells the respiration was stimulated with different concentrations of uncoupling agent cya-
nide-4-(trifluoromethoxy)phenylhydrazone (FCCP, 0.25-2 uM). The maximal stimulation
of respiration was achieved with 0.5 or 1 uM FCCP, depending on the oxidative substrate.
Glucose or pyruvate significantly and substantially elevated the respiration stimulated with
0.5-1.5 uM FCCP or 0.5-2 uM FCCP, respectively. Respiration rate and maximal oxidative
capacity did not change significantly upon glutamine oxidation compared to control. The
obtained data suggest that glucose and pyruvate might be an energy fuel for mitochondria
of NK/Ly cells, whereas glutamine may be used as a precursor for intensive synthetic pro-
cesses.

Keywords: lymphoma, mitochondria, glucose, pyruvate, glutamine, maximal oxida-
tive capacity.

Cancer cells are characterized by a specific choice of substrates for intensive catabolic and
synthetic processes. Most cancer cells even in acrobic conditions utilize glycolytic pathway as a
main energy source, which is generally named “Warburg effect”. This leads to excessive lactate
production and acidification of cancer cells. From other hand, glycolisis has much less energy ef-
ficiency (two ATP molecules per one glucose molecule) compared to complete glucose cleavage
to CO, and H,0 (30-32 ATP molecules per one glucose molecule). Thus, even minor changes
in mitochondrial respiration or in coupling of respiration and oxidative phosphorylation might
significantly shift metabolism of cancer cells. However, “Warburg effect” is not characteristic of
all cancer cell lines [12]. Thus, understanding of tumor cells acrobic oxidative processes might
prove to be important in future cancer therapy.

NK/Ly lymphoma is an experimental model of murine malignant tumor. This cell line is
convenient for investigation of metabolism peculiarities of tumor cells due to its short growth pe-
riod (~ 24-26 days), large amount of cells (100—150 millions/ml; 610 ml of ascitic fluid drained
usually), and intoxication emergence only on a terminal stage of development. This model is
used also for anti-tumor drugs testing [15, 21, 22], including nanoparticle carriers evaluation in
chemotherapy [5]. Energy metabolism of this tumor line, substrate transport and utilization were
not studied in detail yet.

Ensuring mitochondrial substrate oxidation process is critical to maintain the required lev-
el of ATP synthesis. Uptake of di- and tricarboxylic Krebs cycle substrates and their derivatives,
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alongside with glucose and aminoacids, may play an important role in an activation of mitochon-
drial catabolic processes. Analysis of substrate-dependent respiration provides important insight
into energetic processes in tumor cell metabolism [12, 16, 33]. Evaluation of maximal oxidative
capacity of mitochondria in situ, i.e. mitochondria are preserved in their natural milieu, is a prom-
ising approach to study functional state of these organelles in norm and in pathological states
[6, 30]. Horbay et al. [14] studied permeabilized NK/Ly cells and showed marked increase of
respiration rate in presence of a-ketoglutarate and succinate. In that study authors used digitonin-
treated plasma membrane permeabilization technique, to facilitate transport of energy substrates
into mitochondria. Today no natural mechanisms of Krebs cycle substrates plasma membrane
transport are known for intact NK/Ly cells. In our previous study [17], it was established that
methyl ester of a-ketoglutarate apparently freely penetrates the plasma membrane causing an in-
crease in the maximal FCCP-stimulated respiration rate of NK/Ly cells, whereas non-methylated
a-ketoglutarate as well as succinate did not influence the mitochondrial oxygen consumption.

The aim of the study was to establish the maximal mitochondrial capacity of intact NK/Ly
cells to oxidize important exogenous energy substrates — glucose, pyruvate and glutamine. To as-
sess the maximal oxidative capacity, an uncoupling agent carbonyl cyanide-4-(trifluoromethoxy)
phenylhydrazone (FCCP) was used, which effectively dissipate the mitochondrial membrane and
stimulate maximal activity of respiratory chain [13, 24-26].

Materials and methods

Experiments were conducted on white wild-type male mice (20-30 g). All manipulations
with animals were done in accordance with European Convention for the Protection of Animals
(1998) and Law of Ukraine “On Protection of Animals from Cruel Handling” (2014). Animals
were kept in standard vivarium conditions at constant temperature on mixed ration. Ascites tu-
mor cells were passaged by intreperitoneal inoculation of 10—15x10° cells to mice. Ascites was
drained from the abdominal cavity of anaesthetized mice with sterile syringe on 7-10 day after
inoculation. Cells were counted in haemocytometer. The plasma membrane integrity was as-
sessed with trypan blue staining (> 99% trypan-negative cells). Cell suspension was stored in
closed test-tube at room temperature.

NK/Ly cells were incubated for 15 min at 37°C in basic extracellular medium (control)
comprising of (in mM): NaCl - 140.0, KCI - 4.7, CaCl, - 1.3, MgCl, - 1.0, HEPES~-10.0; pH 7,4.
The medium was supplemented with glucose (10 mM), pyruvate (2 mM) or glutamine (2 mM).
Cells (~10 millions) were then introduced into the respiratory chamber. Respiration rate was
determined using YSI 5300 Biological Oxygen Monitor with Clark oxygen electrode at 37°C.
To reveal the maximal oxidative capacity of cells the respiration was stimulated with different
concentration of FCCP (0.25, 0.5, 1, 1.5 and 2 uM in respiratory chamber).

The cell suspension was continuously stirred with propeller stirrer [26]. Respiration rate
calculation was based on oxygen solubility in basic medium (200 nmol O, in 1 ml) [26]. Each
experiment was repeated by six times with groups of cells, obtained from different animals (n=6).
The statistical calculations were performed using Microsoft Office Excel. Data are presented as
M=tm. Statistical significance of difference between two samples (P) was determined by paired
t-test [9].

Results and discussion

The intensity of substrate oxidation in FCCP-uncoupled mitochondria of intact NK/Ly
cells was investigated. To allow the sufficient substrate accumulation within cells, they were in-
cubated for 15 minutes at 37°C with glucose, glutamine or pyruvate. The cell suspension was then
placed into respiration chamber and basal respiration was registered for ~2 minutes. Afterwards
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FCCP was added in increasing concentrations since 0.25 to 2 uM to reach the maximal respira-
tory capacity of mitochondria (Fig. 1).
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Fig. 1. Original recording of NK/Ly cells respiration stimulated with FCCP. Glucose (10 MM) was used
as oxidative substrate. For better estimation of the respiratory rates, dashed lines were applied to
extrapolate cell respiration tracks.

Basal respiration rate of NK/Ly cells did not change upon incubation with oxidative sub-
strates. The maximal oxidative capacity was observed with 0.5 pM FCCP in control and with
1 uM FCCP when exogenous substrates were added. At higher FCCP concentrations (1.5 and
2 uM) respiration rate gradually decreased. FCCP-stimulated respiration was markedly higher
when glucose or pyruvate was present in the medium. Significant differences comparing to con-
trol were observed with 0.5-2 uM FCCP (Fig. 2, A and B, P<0.05, n=6). Maximal oxidative
capacity upon pyruvate or glucose oxidation was 0.078+0.009 and 0.079+0.008 nmol O,/(s10°
cells) respectively, being ~55% higher than control value. It is interesting that glutamine did not
influence the uncoupled respiration rate of NK/Ly cells compared to control (Fig. 2, B).

Thus, FCCP-stimulated respiration rate significantly increased upon glucose oxidation.
This could be explained by extensive needs in glucose in tumor cells. It is well-established that
glucose is transported by transmembrane protein carriers of GLUT family, found in most mam-
malian cell types [3] including many B-cell lymphomas [31]. There is no data for glucose trans-
port in NK/Ly cells, but the most common molecular glucose transporters in cancer cells are
GLUTI1 and GLUTS3 [1, 19, 23]. Considering the well-known Warburg effect, where cancer cells
tend to produce lactate even in aerobic conditions, the high capacity of NK/Ly cells to metabolize
glucose completely is surprising. In addition, the end-product of glycolysis, pyruvate, is also
strongly stimulating the uncoupled respiration rate. The pyruvate MCT transporter [23] is present
in plasma membrane of many tumor cells [1, 28, 29]. Activity of this transporter correlates with
intensity of tumor growth and Warburg effect [10]. It is also quite possible that the liquid ascitic
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NK/Ly tumor is not very hypoxic [20] and, thus, oxidative processes play important role in ener-
getic supply alongside with glycolysis.
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Fig. 2. Dependence of FCCP-uncoupled NK/Ly cells respiration on oxidative substrate: glucose (10 mM),

pyruvate (2 mM) or glutamine (2 mM); no exogenous substrate was present in control; M+m, n=6;

* — P<0.05; ** — P<0.01 comparing to control.

Glutamine transport across the plasma membrane is carried out by many types of pro-
teins including SLC1,6,7, and 38 transporters; Na‘-cotransporters BOAT1, SNAT1,2,3,5 and 7,
antiporters ASCT2, LAT1 and 2 [27]. Glutamine did not increase FCCP-stimulated respiration
rate, indicating either low plasma membrane permeability for glutamine (low expression/activ-
ity of transporters [27]) or low extent of glutamine oxidation in mitochondria of NK/Ly cells.
Targeting glutamine transporters, expressed in wide range of cancer cell types, could be an effec-
tive anticancer therapeutic mean, at least because glutamine blood levels are decreased in tumor
bearers [4, 32]. Quite possibly this amino-acid is transported into NK/Ly cells and utilized for
non-oxidative processes. Glutamine is known not only as energy source for cancer cells [2], but
also as an element of acid resistance [18]. When glutamine is present, tumors synthesize proteins
and carbohydrates more actively by utilizing some amounts of Krebs cycle metabolites for syn-
thetic purposes, reducing the rate of cellular respiration [7, 8]. It is then reasonable to assume
that inability of glutamine to support high rate of uncoupled mitochondrial respiration is due to
anaplerotic shift of metabolic pathways of NK/Ly lymphoma cells.

Therefore, mitochondria of NK/Ly tumor cells do possess great latent respiratory potential
and can oxidize glucose and pyruvate in conditions of high cellular energy demand e.g. when mi-
tochondrial membrane potential decreases. Whether NK/Ly cells utilize their oxidative phospho-
rylation capacity, or merely depend on glycolysis in vivo is a question for further consideration.

skskok

This research was partly supported by the Project for Young Scientists in Ivan Franko
National University of Lviv funded by «Material Phases Data System» (Switzerland).

REFERENCES
1. Adekola K., Rosen S. T., Shanmugam M. Glucose transporters in cancer metabolism // Curr.
Opin. Oncol. 2012. Vol. 24. N 6. P. 650-654.
2. BargerJ. F, Plas D. R. Balancing biosynthesis and bioenergetics: metabolic programs in on-
cogenesis. Endocrine-Related cancer // Endocr. Relat. Cancer. 2010. Vol. 17. N 4. P. 287-304.



B. I'peHox, 6. MaHbko, O. Cidoposa, A. babebkull
ISSN 0206-5657. BicHuk JIbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2016. Bunyck 71 69

3.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bell G. I, Kayano T., Buse J. B. et al. Molecular biology of mammalian glucose transport-
ers // Diabetes Care. 1990. Vol. 13. N 3. P. 198-208.

Bhutia Y. D., Ganapathy V. Glutamine transporters in mammalian cells and their functions
in physiology and cancer // Biochim. Biophys. Acta. 2015. [Epub ahead of print]. DOI:
10.1016/j.bbamcr.2015.12.017

Boiko N. M., Senkiv Yu. V., Shlyakhtina Ye. A. Action of doxorubicin delivered to tumor cells
in vitro and in vivo by novel nanoscale oligoelectrolytic carrier // Biotechnologia Acta. 2013.
Vol. 6. N 3. P. 53—62. (In Ukrainian).

Brand M. D., Nicholls D. G. Assessing mitochondrial dysfunction in cells // Biochem. J.
2011. Vol. 435. P. 297-312.

De Vitto H., Pérez-Valencia J., Radosevich J. A. Glutamine at focus: versatile roles in can-
cer // Tumour Biol. 2015. [Epub ahead of print]. DOI: 10.1007/s13277-015-4671-9.
DeBerardinis R. J., Mancuso A., Daikhin E. et al Beyond aerobic glycolysis: transformed
cells can engage in glutamine metabolism that exceeds the requirement for protein and nu-
cleotide synthesis // Proc. Natl. Acad. Sci. U S A. 2007. Vol. 104. N 49. P. 19345-19350.
Derkach M., Humetsky R., Chaban M. The course of variation statistics. Kyiv: High School,
1977. 206 p. (In Ukrainian).

Diers A. R., Broniowska K. A., Chang C. F., Hogg N. Pyruvate fuels mitochondrial respiration
and proliferation of breast cancer cells: effect of monocarboxylate transporter inhibition //
Biochem. J. 2012. Vol. 444. N 3. P. 561-571.

Fogg V. C., Lanning N. J., Mackeigan J. P. Mitochondria in cancer: at the crossroads of life
and death // Chin. J. Cancer. 2012. Vol. 30. N 8. P. 526-539.

Gogvadze V., Zhivotovsky B., Orrenius S. The Warburg effect and mitochondrial stability in
cancer cells // Mol. Aspects Med. 2010. V. 31. P. 60-74.

Heytler P. G. A new class of uncoupling agents — Carbonyl cyanide phenylhydrazones //
Biochem. Biophys. Res. Commun. 1962. Vol. 7. N 4. P. 272-275.

Horbay R. O., Manko B. O., Manko V. V. et al. Respiration characteristics of mitochondria in
parental and giant transformed cells of the murine Nemeth-Kellner lymphoma // Cell Biol.
Int. 2012. Vol. 36. N 1. P. 71-77.

Hreniukh V., Lehka L., Yelisyeyeva O. et al. Effect of landomycin a on respiration and oxida-
tive phosphorylation in mitochondria // Visnyk of the Lviv University. Series Biology. 2015.
Vol. 69. P. 49-56. (In Ukrainian).

Hreniukh V., Lootsik M., Stoika R., Babsky A. Comparative characteristics of respiration and
oxidative phosphorylation in the mitochondria of mouse liver and lymphoma NK/Ly // Studia
Biologica. 2015. Vol. 9. N 2. P. 39-50. (In Ukrainian).

Hreniukh V., Manko B., Sidorova O., Babsky A. Maximal oxidative capacity of mitochondria
in lymphoma NK/Ly with methyl esters of energetic substrates // Animal Biology. 2015.
Vol. 18. P. 42-48. (In Ukrainian).

Huang W., Choi W., Chen Y. et al A proposed role for glutamine in cancer cell growth through
acid resistance // Cell Res. 2013. Vol. 23. N 5. P. 724-727.

Hussein Y. R., Bandyopadhyay S., Semaan A. et al. Glut-1 expression correlates with bas-
al-like breast cancer // Transl. Oncol. 2011. Vol. 4. N 6. P. 321-327.

Klossner J., Kivisaari J., Niinikoski J. Oxygen and carbon dioxide tensions in the abdominal
cavity and colonic wall of the rabbit // Am. J. Surg. 1974. Vol. 127. Is. 6. P. 711-715.
Lootsik M. D., Boiko N. M., Mitina N. E. Separation of cell populations by super-paramag-
netic particles with controlled surface functionality // Biotechnologia Acta. 2014. Vol. 7. N 1.



70

B. 'peHrox, b. MaHbko, O. Cidoposa, A. babebkull
ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2016. Bunyck 71

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.
33.

P. 80—-86. (In Ukrainian)

Lootsik M. D., Lutsyk M. M., Stoika R. S. Nemeth-Kellner lymphoma is a valid experimental
model in testing chemical agents for anti-lymphoproliferative activity // Open Journal of
Blood Diseases. 2013. Vol. 3. P. 1-6.

Macheda M. L., Rogers S., Best J. D. Molecular and cellular regulation of glucose transporter
(GLUT) proteins in cancer // J. Cell Physiol. 2005. Vol. 202. N 3. P. 654—662.

Manko B., Voloshyn D., Manko V. Respiration of isolated acini of rat pancreas // Visnyk of the
Lviv University. Series Biology. 2013. Vol. 61. P. 172—-179. (In Ukrainian).

Nicholls D. G., Ferguson S. Bioenergetics (Fourth Edition). 2013. Academic Press. 434 p.
Paul S. O’Shea P. S., Chappell B. J. The relationship between the rate of respiration and the
protonmotive force // Biochem. J. 1984. Vol. 219. P. 401-404.

Pochini L., Scalise M., Galluccio M. et al Membrane transporters for the special amino acid
glutamine: structure/function relationships and relevance to human health // Front Chem.
2014. Vol. 2. N 61. P. 1-23.

Schell J. C., Olson K. A., Jiang L. et al A role for the mitochondrial pyruvate carrier as a
repressor of the Warburg effect and colon cancer cell growth // Mol. Cell. 2014. Vol. 56. N
3. P. 400-413.

Schell J. C., Rutter J. The long and winding road to the mitochondrial pyruvate carrier //
Cancer Metab. 2013. Vol. 1. N 6. P. 1-9.

Schulz H. U., Pross M., Meyer F. et al. Acinar cell respiration in experimental acute pancre-
atitis // Shock. 1995. Vol. 3. P. 184-188.

Shim H. K., Lee W. W., Park S. Y. et al Expressions of glucose transporter Types 1 and 3 and
hexokinase-II in diffuse large B-cell lymphoma and other B-cell non-Hodgkin’s lympho-
mas // Nucl. Med. Biol. 2009. Vol. 36. N 2. P. 191-197.

Souba W. W. Glutamine and cancer // Ann. Surg. 1993. Vol. 218. N 6. P. 715-728.

Wallace D. C. Mitochondria and cancer // Nat. Rev. Cancer. 2012. Vol.12. N 10. P. 685-698.

Cmamms: naoitiwna oo peoaxyii 03.09.15
doonpayvosana 29.01.16
nputinsma 0o opyky 02.02.16

MAKCHUMAJIBHA OKHUCHA 3JATHICTbH KJIIITUH JIM®OMHU NK/LY 3A
OKHNCHEHHA IVNTIOKO3U, HIPYBATY I INTYTAMIHY

B. I'peniox, b. Mansbko, O. CizopoBa, A. Ba6cbkumii

JIvgiecorutl nayionanvuuil yHigepcumem imeni leana @panxa
eyn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
e-mail: grenuh@gmail.com

VY pakoBHUX KIITHHaX MPOLECH IMXAHHSI W OKUCHOTO (OC(OpPHIIIOBAHHS CYyTTEBO
JIETEePMiHYIOTbCS HAsSBHICTIO €HEPTeTUYHUX CYOCTpAaTiB 1 KHCHIO, & TAKOXK BIACTUBUMH M
MexaHi3MaMH peryssnii meradomizmy. MeTtoto poGoTu Oy0 BCTaHOBUTH MAaKCHMAJbHY
MITOXOH/IpiaJibHy 3AaTHICTh 1HTAaKTHUX KIITHH NK/Ly OKHCHIOBATH HaiOUIbII Ba)ITHBi
€K30TCHHI CHEpreTHYHI CyOCTpaTH — IIIOKO3Y, mipyBaT i miyTamid. Ilicns 15-xBunmHHOT
iHKyOanii 10 MIH HMyXJIHHHUX KIITHH BHOCHIM Y moisporpadiuny xomipky. LIBuakicts
CIIO)KUBAHHS KHCHIO BH3HAYAJIM MOJSIPOrpadiyHMM METOJOM 3a JONOMOTOI0 YCTaHOBKH,
3i0panoi Ha ©Oasi emexktpoma Kmapka 3a temmeparypu 37°C. MakcUMaibHYy OKHCHY
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30aTHICTh MiTOXOHApPiH kmiTuH nimpomu NK/Ly nocmimpkyBamu 3a CTUMYIALI AMXaHHS
KITHH PI3HUMH KOHIEHTpaLisMKU MpoToHOodopa wiaHia-4-(TpudiyopomeTokcH)benin-
rigpaszony (FCCP, 0,25-2 wmxmonb/n). BcraHOBIE€HO, M0 MakCHMaibHY CTHMYJISILIIO
quxaHHs BUKIMKanu kouueHtpanii FCCP 0,5 i 1 mxMonbp/i, 3amexHO Bix cyOcTpary
okucHeHHs. IIIBUIKiCTh JUXaHHS 1 MakcMMalibHa OKHCHA 31aTHICTH 3a OKHCHEHHS
IIyTaMiHy JOCTOBIpPHO HE BiIPI3HAIHMCS Bif KOHTPONIO. Y MpOIeci OKMCHEHHS MipyBary i
IJTIOKO3M IIBUKICTh cTUMYyNboBaHOro FCCP nuxaHHS JOCTOBIPHO Ta CYyTTEBO 3pocTaja 3a
KOHIIeHTpaliif mpotorodopa 0,5-1,5 MKMOJIB/11, a y Tpoleci OKUCHEHHs mipyBaty — i 3a
2 MKMOJIb/1. OTpUMaHi pe3ysIbTaTH CBiAYaTh MPO Te, IO MII0K03a 1 MipyBaT MOXYTh OyTH
SHEPreTHYHUM MaTMBOM I MiToxoHapii kit NK/Ly, Ha BiAMiHY BiJ DIyTaMiHy, KUt
MOKEe BUKOPHCTOBYBATHCS ISl IHTEHCUBHUX CHHTETHYHUX MPOLECIB.

Knouosi cnosa: nimdoma, MiTOXOHIPIsI, IIF0KO3a, HIPYBAT, IIyTaMiH, MAKCUMallbHa
OKHCHa 3/1aTHICTb.
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Jlpixanue ®  OKUCIHTeNbHOE (ocdopuiaupoBaHre B  PAKOBBIX  KIETKax
CYIIECTBEHHO OIPEEIISIIOTCSl HAIMYUEM JHEPreTUUSCKHX CyOCTpaTtoB M KHCIOpOJa, a
TaKkKe NPUCYIMIMMH UM MEXaHM3MaMH peryisinuu meradonmsma. llensio paborsl ObLIO
YCTaHOBUTHh MaKCHMaJIbHYI0 MHUTOXOHAPHAIBHYIO CIIOCOOHOCTH MHTAaKTHBIX KieTok NK/
Ly oxucnsate Hamboiiee BakKHBbIE JK30I'€HHBIE JHEPreTHYECKHe CyOCTparbl — IVIIOKO3Y,
miupyBar ¥ nDiryramuH. [locie 15-munHyTHOHM uHKyOarmum 10 MIIH KIETOK BHOCHIH B
nomnsiporpaduueckyro s4eiiky. Pacxom kuciopoma ompenersui  IoisiporpaduueckuM
METOJIOM C ITOMOIIIBIO YCTAaHOBKHM, COOpaHHOM Ha 6a3e anekTposa Kiapka npu temmeparype
37°C. MakcuMaibHyI0 OKHCIUTEIBHYIO CIIOCOOHOCTh MUTOXOHAPHI JTHUM(OMHBIX KJIETOK
NK/Ly wuccrenoBaiy, CTUMYIUPYSI HCHOJIB30BAaHUE KHCIOPOJA B KIIETKaX Pa3IMYHBIMU
KOHIIEHTPAMSAMH IIpoToHO(opa nuanua-4-(tpudiyopomerokcu)penmirugpasona (FCCP,
0,25-2 MKMOIIB/IT). YCTaHOBIICHO, YTO MaKCHMAIIBHYIO CTHMYIISIIIMIO JBIXaHHS BBI3BIBAIN
xoHneHrpaun FCCP 0,5 u 1 MKMONB/JI, B 3aBUCHMOCTH OT CyOCTpara OKHCIeHHs. B
IIpoliecce OKHMCJICHUS MUPYBaTa M IIIOKO3bI cKopocTh cTumyinpoBaHHoro FCCP npixanuns
JOCTOBEPHO M CYIIECTBEHHO BO3pacTaja IIpU KOHIEHTpauusx mnpororodopa 0,5-1,5
MKMOJIB/JI, @ B IPOLIECCe OKUCIICHUS IUpyBaTa — U MpU 2 MKMOJIb/J1. CKOPOCTh JBIXaHHS U
MaKCHUMaJIbHAasl OKUCIIMTEIbHAsI CHOCOOHOCTD IIPU OKHCIEHHN IIIyTaMHHA JOCTOBEPHO HE
OTIIMYAJIMCH OT KOHTPOJISL. [lomydeHHbIe pe3ynbTaThl CBHAETEIBCTBYIOT O TOM, YTO IIIIOK03a
1 IHpYyBaT MOTYT OBITh DHEPIeTUYSCKUM TOILIMBOM Ul MHTOXOHIpHi KieTok NK/Ly, B
OTJINYHE OT NIyTaMUHA, KOTOPBIH MPEIIOJIOKUTEIFHO MOJKET UCIIOIB30BaThCS KakK CyocTpar
JUIL CHHTETUYECKUX IIPOLIECCOB.

Kniouesvle cnosa: HHMq)OMa, MUTOXOHAPHUH, TJIIOKO3a, HNUPYBAT, IJIIyTaMUH,
MaKCHMaJIbHasl OKMCIIUTEIbHAS CIIOCOOHOCTb.



