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ANALYSIS OF GROWTH KINETICS AND PROLIFERATIVE
HETEROGENEITY OF LEWIS LUNG CARCINOMA CELLS GROWING
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Aim: To analyze the growth kinetics and proliferative heterogeneity of Lewis lung carcinoma (LLC) cells during their growth in
monolayer for 5 days without replacement of culture medium (unfed culture). Methods: Cell biology methods, sandwich enzyme-
linked immunosorbent assay for vascular endothelial growth factor (VEGF) detection (ELISA), enzymatic glucose-oxidase method
for glucose measurements, mathematical modeling. Results: Created mathematical model showed good fit to experimental data; that
allowed to determine kinetic (model) parameters of LLC cells and predict the changes in number of proliferating and quiescent cells
(proliferative heterogeneity) during their growth. It was shown that growth kinetics of viable LLC cells possesses non-monotonous
character — during first three days of growth the number of cells raised exponentially, with following decrease after the maximal
level was achieved. At the same time the decrease of number of viable cells/increase of number of dead cells has been observed upon
complete depletion of culture medium by glucose content. Glucose dependence of cell transition rate from proliferation to resting
state predicted by mathematical model possessed a pronounced two-phase character. At a wide range of relatively high glucose
concentrations (> 1.0 mg/ml) the transition rate was close to zero. At concentrations lower than 0.7 mg/ml, the rate of transition
swiftly increased resulting in sharp change in cellular composition. At an interval from 70 to 90 h, practically all proliferating cells
transited to a resting state. The rate of quiescent cell death was relatively low, and this was in part caused by too low level of glucose
consumption compared to proliferating cells. It was shown that during LLC cells growth VEGF production rate decreased monoto-
nously in spite of the fact that the level of VEGF in incubation medium increased monotonously. Observed monotonous decrease
of VEGF production rate could not be explained by VEGF degradation in incubation medium (our results displayed the stability
of VEGF molecule during investigations). Conclusions: Weak dependence of cell transition rate from proliferating to resting state
from glucose level (> 0.7 mg/ml) and low rate of cell death provided slow decrease of the pool of quiescent cells in the population,
thus significantly increasing their chance to survive upon nutritional deficiency.
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It is known also that microenvironment could influ-
ence significantly proliferative heterogeneity of tumor
cell population and its growth kinetics. Deficiency of
nutrient substrates (oxygen, glucose etc) could shift cell

It is known that tumor cells could differ practically
by all observed cell characteristics such as duration
of mitotic cycle, migration ability and reaction on the
action of endogenous and exogenous factors. Such

variability could be observed also in cell populations
derived from a single cell (clones), and one may ascribe
itto heterogeneity of cell population orin more common
sense to clonal heterogeneity [1, 2]. In all mentioned
cases, heterogeneity is caused by existence of cell
subpopulations with different properties (genotypic or
phenotypic heterogeneity) as well as variability of each
separate subpopulation composed from proliferating
and quiescent cells (proliferative heterogeneity).

Numerous studies have shown that upon cultivation
at equal conditions in vitro, cell population (or a clone)
is characterized by great variability of growth kinetic
curves [3, 4]. The analysis with the use of mathematical
model has revealed that such phenomenon is caused
by proliferative heterogeneity of population at initial
stage of its growth, in particular, by the number of
viable cells in the population and by the ratio between
dividing and quiescent cells [5].
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ratio toward elevated number of quiescent cells (G10 as
well as G20) and decreased fraction of viable cells [6,
71. Influence of mitogenic agents (growth factors etc.)
may lead to elevation of the pool of actively proliferating
cells and growth rate of the population. Cytoreductive
antitumor preparations (cycle-specific and phase-
specific ones) alter significantly composition of tumor
cell population [8]. Moreover, efficacy of their action
depends significantly on proliferative heterogeneity of
tumor cells, because the majority of anticancer drugs
possesses cycle-specific activity, i. e. are mainly effec-
tive against proliferating cells [9]. One should note that
antiangiogenic therapy belongs to arsenal of cytoreduc-
tive anticancer therapy, and its goal is to reduce the pool
of tumor cells via formation of metabolic stress (part of
which is deficiency of nutrient substrates) by inhibition
of tumor neovascularization.

Despite existence of numerous publications, the
problem of control of growth of heterogeneous cell
populations is far from being solved yet. At the same
time the analysis of growth kinetics of cell population
including characteristics of its proliferative hetero-
geneity could be useful for prediction of tumor pro-
gression and reaction of tumor to chemotherapy and
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irradiation [10-12]. It’s quite necessary to understand
the mechanisms that underlay diversification of kinetic
repertoire of tumor cells and providing their maximal
survival. To answer this question one should reveal
the characteristics of cell assembly that determine
changes in growth kinetics and composition of cell
population, and the only way to do it — is the applica-
tion of mathematical model [13, 14].

That’s why the aim of present work was analysis
of growth kinetics and proliferative heterogeneity of
Lewis lung carcinoma (LLC) cells during their growth
in monolayer for 5 days without replacement of culture
medium (unfed culture). One should note that the
conditions of tumor cells cultivation in unfed culture
that provide depletion of incubation medium from
energetic and plastic substrates as well as accumula-
tion of metabolic products of cells (elevation of lactate
content, decrease of pH, accumulation of different
growth factors produced by cells etc.) are modeling
tumor cell microenvironment in the regions of tumor
distant from blood vessels [4, 15]. Such regions are
characteristic for malignant tumors and develop due
to higher growth rate of tumor mass compared to that
of new vessels, or as a result of application of antivas-
cular or antiangiogenic therapy [16]. In this context,
kinetic characteristics of cell growth in the frame of
unfed culture model may reflect the degree of tumor
cell sensitivity to antiangiogenic therapy. This point is
important because there are no methods for prognosis
of sensitivity of tumor to such therapy and evaluation
of its efficacy [17], whilst high cost of antiangiogenic
therapy and the necessity of its prolonged administra-
tion (as arule, life-time one) dictates the necessity for
the development of new preparations [18, 19].

MATERIALS AND METHODS

Cancer cellline and culture conditions. Lewis lung
carcinoma (LLC, National Bank of Cell Lines and Cancer
Strains, IEPOR) cells were used in this work. Stock culture
was maintained in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS, Sigma), 2 mM L-glu-
tamine and 40 pug/ml gentamycine at 37 °C in incubator
with humidified atmosphere containing 5% CO,,.

All experiments were started from stock cultures
maintained in exponential growth. The experiments
were begun by seeding cells in 7 ml complete medium
supplemented with 15% FBS in 6-cm tissue culture
dishes. After 16 h of preincubation the culture medium
was replaced with fresh one. This point was considered
as starting time 0 h. After incubation at each time point,
the cells were harvested by scraping all attached cells
from culture dishes (with light microscope control)
using a scraper, collected by centrifugation, stained
with trypan blue and counted using a hemocytometer.
Concurrently the number and viability of un-attached
cells in supernatant were determined.

For “unfed” culture experiments the cells were in-
cubated during 5 days (initial density of viable cells at
starting time pointwas 0.15 £ 0.02 millions cells/dish).
In case of comparative “unfed/fed” culture study the

cells were incubated during 4 days (initial density of
viable cells at starting time point was 0.24 + 0.01 mil-
lions cells/dish) with the replacement of medium with
the fresh one every day.

All the experiments were performed in a duplicate.

The level of glucose in culture media was deter-
mined by enzymatic glucose-oxidase method with using
glucose assay kit (Sigma, cat. No GAGO-20) according to
manufacturer’s protocol. For that medium samples were
collected, centrifuged at 1000 g and stored at —20 °C until
glucose concentration was analyzed. Glucose concen-
tration in complete culture medium samples were also
measured before experiments in order to obtain starting
values. The experiments were performed at a glucose
concentration of 1.98 mg/ml (11 mM).

The level of VEGF was detected in cell culture
supernatants in all above indicated points of time of
the tumor cell growth by sandwich enzyme-linked im-
munosorbent assay (ELISA) with using mouse VEGF
kit (R & D System DuoSet ELISA Development kit, cat.
No DY493) according to the manufacturer’s protocol.

The rate of VEGF protein production (PR ..)
by LLC cells was calculated using the formula (2) by
numerical integration method.

V x AC
PR e (AL) ﬁ(wﬁ pg/h/108 cells, (2)
IN (t) x dt
t(i)
where PR . (At) —VEGF production rate (mean value)

in the range time from t(i)to t (i + 1); AC, .. — differ-
ences between VEGF concentration attime t(i+ 7) and
it concentration at time t (i); V — the culture medium
volume; N (t) — number of viable cells (X + Y) at time
point tin the range {t (i), t(i+ 1)}.

To analyze VEGF stability 3-day cell culture su-
pernatants was collected and incubated during 7 days
at 37 °C. Daily measurements of VEGF in supernatant
aliquots as described above showed that changes of its
level during 7 days was less than 5% of the initial one.

Mathematical modeling of growth kinetics of
cancer cells. The phenomenological model of the
growth kinetics of a proliferative heterogenic cancer
cell population detailed in [5, 20] is used as the basic
mathematical model. The main biological assumptions
underlying of the model are briefly as follows (Fig. 1):

e The cancer cell population consists of prolifera-
ting, quiescent and dead cells;

e Under depletion of nutritional substrates the cells
lose their ability to divide. In that case the cells transit
from the stage of proliferation to the resting stage;

e The rate of cell transition from proliferation to
quiescence depends upon the concentration of the
main energy substances in cell incubation medium
such as oxygen and glucose. Since oxygenation in
experimental conditions was constant, function of
cell transition from proliferative state to quiescence is
considered to depend upon solely the concentration
of glucose in cell incubation medium;

e Quiescent cells can be involved into proliferation
(under action of mitogenic factors) or may die;
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e Cells are growing in monolayer (two-dimensional
growth), which provide for all cells equal availability to
nutrient substances;

e Cells are not exposed to the exogenic cytotoxic

(cytostatic) agents and mitogenic factors.
P

Proliferating cells 46:> Resting (quiescent) cells
(X) (Y)
T | | m

Glucose Dead cells

() 2)

b~TC7
Fig. 1. Block-scheme of mathematical model for 2-D growth
kinetics of cancer cells

In the framework of such assumptions the growth
kinetics of cancer cell population can be described by
the following system of differential equations (1):

dX/dt=Db x X - P xX

dY/dt =P xX-mxY

dZ/dt=mxY (1)

dG/dt = —(a, xX+a,xY)/V

P, =k, xexp(-k,xG),
where X, Y, Z — the number of proliferating, resting
and dead cells at point of time t (i), correspondingly;
G — glucose concentration; b and m — proliferating and
deathrates, correspondingly; a,and a, — consumption
rate of glucose by proliferating and resting cells, cor-
respondingly; V — culture medium volume. It should
be mentioned that proliferating rate (parameter b) of
cancer cells in the framework of exponential stage of
monolayer growth is inversely proportional to the dura-
tion of the mitotic cycle (T,) with the constant of propor-
tionality close to 1.0. The function of cell transition from
proliferating to resting state (P,) is assumed to depend
on glucose concentrations. Parameter k, equals to the
maximum value of transition rate. Parameter k, reflects
the glucose sensitivity of transition rate.

In order to estimate the model parameters, reflec-
ting kinetic characteristics of cell growth and prolifera-
tive heterogeneity, a non-linear regression program,
which is based on the SLEXIPLEX procedure, has been
used. In the framework of the fitting algorithm for
every step of the sliding in the parameter space the
numerical solution of the system (1) has been calcu-
lated on the interval {0,t(N)} by Eiler method (where N
is a number of observed data) [5].

The statistical analysis of the results was car-
ried out using descriptive methods, t-test, correlation
analysis and nonlinear regressive analysis.

RESULTS AND DISCUSSION

The results of the study of growth kinetics of LLC
cells and dynamics of alteration of glucose level in
incubation medium of the cells grown as unfed cul-
ture for 5 days are presented on Fig. 2. The study has
shown that changes in the number of viable LLC cells
possesses non-monotonous character — during first
two-three days of growth the number of cells rose ex-
ponentially, with following decrease after the maximal
level was achieved. At the same time the decrease of

number of viable cells and increase of number of dead
cells has been observed upon complete depletion of
culture medium by glucose content; this result is in
agreement with hypothesis on an important role of
glucose for proliferative activity of LLC cells. Really,
apart from the fact that glucose as well as oxygenis the
main energetic substrate, itis also a basic plastic sub-
strate — more than 80% of all phosphorus-containing
cell metabolites are synthesized from glucose.
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Fig. 2. The growth kinetics of LLC cells (a) and changes of
glucose level (b) in incubation medium during cell growth in
unfed culture. Symbols — experimental data; lines — model
approximation obtained from the best fit of mathematical model
(1) to experimental data

The fact that observed growth inhibition of LLC
cellsisresulted from the substrate depletion of culture
medium (where glucose level may be considered at
least as a marker of this depletion) rather than from
cell density inhibition of cell proliferation is confirmed
by the results of the investigations of growth kinetics
of LLC cells growing in culture medium with nutrients
redundancy (“fed culture”). As it seen in Fig.3 in the
lack of nutrient deficiency LLC cells display expo-
nential growth amounting to 20 x 108 cells per dish
during 4 days of growth, that is about 2.5 times more
than confluent monolayer number (coming to about
6.5 x 108). In “unfed culture” LLC cells show growth
deceleration beginning from 48 h that is synchro-
nized with a decrease of glucose concentration lower
than physiological level (which is at close range to
0.9 mg/ml). It should be noted that during LLC growth
as “fed culture” (as well as “unfed culture”) overwhelm-
ing majority of cells grew on the plastic — number of
viable detached cells counted in culture medium was
less than 7% of the total viable cells per dish.

Obtained results completely correspond to pecu-
liarities of malignant cells. Really it is well known that
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deregulation of main cellular functions (proliferation,
differentiation and cell motility) is an attribute of ma-
lignant cells [21]. Intracellular mechanisms of normal
cells provide for both contact inhibition of cell motility
and inhibition of cell proliferation due to differentiation or
high cell density. In contrast to normal cell the malignant
oneis characterized by the absence of contactinhibition
of cell motility (moreover may display contact-activated
migration [22]) and the abnormalities of differentiation
processes. Furthermore from the set of intracellular
mechanisms resulting in high density inhibition of
normal cell proliferation including cohesion/contact
(substrate independent) mechanisms and substrate-
dependent (resulted from the decrease in availability of
cells to nutrient) mainly the latter is realized in cancer
cells [23]. That’s why cancer cells manifest exponential
3-D growth under the absence of substrate deficit.
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Fig. 3. Growth kinetics of LLC cells cultivated under deficit (“un-
fed” culture) or redundancy (“fed” culture) of nutrients

As one may see on Fig. 2, model (1) precisely de-
scribe growth kinetics of tumor cell population upon
their growth without replacement of culture medium;
which allowed to determine growth kinetic parameters
(model parameters) of LLC cells and to predict the
changes in proliferative heterogeneity. The rate of LLC
cell division (which is determined by ratio In (2)/b) is
equalto 14.85+ 1.5 h(Table 1). Glucose dependence of
celltransition rate from proliferation to resting state pos-
sesses a pronounced two-phase character (Fig. 4, a).
Atawide range of relatively high glucose concentrations
(> 0.7 mg/ml) the transition rate is quite small. At con-
centrations lower than 0.7 mg/ml, the rate of transition
swiftly increases (Fig. 4, b) resulting in sharp change
in cellular composition (Fig. 5). It should be mentioned
that Py reflects a fraction of dividing cells switching to
resting state. The real number of cells that pass to qui-
escent state for the day at glucose level G equals to the
product of transition rate and number of dividing cells
at the same glucose level. For instance when medium
glucose concentration is about 0.7 mg/mlthe transition
rate is higher than 10-° (day~') and number of quiescent
cells appeared for the day varies from 20 to 5000 (taking
into account the statistical errors of parameters k, and
k,). Glucose concentration about 1.0 mg/ml (at which
transition rate is less than 10-¢ day~') can be considered
as the threshold value for single cell reduction of which
stimulates the transition of cell from proliferating to
resting state.

Table 1. Growth kinetic parameters of LLC cells growing as unfed culture

Growth kinetic parameters Units Value (M = m)
b Day’ 1.12£0.12
k, Day! 9.7+42
k, (mg/ml)"! 19.8£8.7
a, mg/day/10° cells 41+0.6
a, mg/day/10° cells <0.1£0.06
m day’! 0.3+0.05

At an interval from 70 to 90 h, practically all pro-
liferating cells transit to a resting state. The rate of
quiescent cell death is relatively low, and this is in
part caused by too low level of glucose consumption
compared to proliferating cells. These two facts are
providing slow decrease of the pool of quiescent cells
in the population, thus significantly increasing their
chance to survive upon nutritional deficiency.
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Fig. 4. LLC transition rate from proliferating to resting state as
a function of growth time (a) and glucose level in incubation
medium (b) predicted by the mathematical model (1)
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Fig. 5. The changes of cellular composition during LLC growth
in unfed culture (model prediction)

It was shown that during LLC cells growth the level
of VEGF in incubation medium is increasing monoto-
nously (Fig. 6). Evaluation of VEGF production rate
(PRVEGF) has shown monotonous decrease of thisin-
dex (Fig. 7). Observed decrease of PR, ... could not be
explained by VEGF degradation in incubation medium
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(our results displayed the stability of VEGF molecule
during investigations). Decrease of VEGF production
rate, at least at first three days of LLC cells growth
could nor be explained by the changes in cell number
and cellular composition, because at this period eleva-
tion of the volume of LLC cell population is completely
determined by the growth of its actively proliferating
subpopulation at constant number of quiescent cells
and the absence of cell death. Fall of VEGF produc-
tion rate may result from either decrease in glycolysis
intensity (due to glucose level reduction) or inhibition
by VEGF itself (through allosteric mechanism). Intere-
stingly that our results showed that VEGF production
rate may depend on LLC cell seeding density. Asit seen
inTable 2 the PR, .. of LLC cells seeding at decreased
density (by 33%) in 24 hwas on 32% (p < 0.05) higher
than that of cells seeding at greater density. Such
inverse dependence is justified in the framework of
“growth strategy” of cancer cells, because VEGF was
shown to promote cancer cell survival and proliferative
activity via paracrine and/or autocrine mechanisms
[24, 25]. Meanwhile the mechanisms underlying this

phenomenon are not totally clear.
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Fig. 7. Changes of VEGF production rate during LLC growth in

unfed culture. Symbols — data calculated using formula (2);

line — straight line approximation

Table 2. Influence of LLC cell density at the beginning of the growth on

VEGF production rate

Number of viable cells (10°) VEGF VEGF production
concentrations rate pg/
0h 24h after 24 h pg/ml _ (10° cells X h)
0,110+ 0,005 0.24 +£0.005 37.4+£29 63.0+3.0
0,166 + 0,026 0,51 +0.052 54,3+4.2 474+73

It should be mentioned that growth of LLC cells
in unfed culture is accompanied by changes in a
wide spectrum of growth medium characteristics

(biochemical and chemical composition, physical
properties). Each of these factors can affect VEGF
production rate of LLC cells. For instance it is well
known that changes in pH level may alter VEGF pro-
duction rate through modulation of VEGF expression
[26-28]. However in a background of minor changesin
growth medium occurred during first 24 h it is difficult
to explain such significant and quite rapid changes
in production rate of LLC cells by modulation of gene
expression. Most likely it should be mediated through
posttranscriptional events. After three days of growth
a significant decrease of actively proliferating cells
upon slight changes of viable cell number contributes
for more progressive decrease of PR, ...

So, the carried out investigations showed that
elaborated mathematical model provided an adequate
qualitative and quantitative description of the behavior
of cancer cells growing as “unfed culture” and gave
the possibility to predict the influence of glucose level
on proliferative heterogeneity of cancer cell popula-
tions. Analysis of LLC growth kinetics by mathematical
model has shown that LLC cells possess high prolifera-
tive activity at wide concentration range of glucose in
culture medium. Significant inhibition of proliferation is
observed at glucose content lower than 0.3 mg/ml, i. e.
at concentrations 3-fold lower than physiologic one. At
mentioned low concentrations of glucose the rate of
cell death is quite small, providing high level of LLC cell
viability upon nutritional deficiency. Such dependence
between LLC cell survival (and proliferative heterogene-
ity) and glucose level may indicate a tolerance of LLC to
metabolic stress, originated in a background of tumor
angiogenic inhibition. This prediction is confirmed by
the results of the investigations of anticancer activity
of aconitine-containing agent BC1 with antiangiogenic
mechanism of action [29] that showed the low efficacy
of this agent against LLC [30].

It should be noted that the study of growth kinetics
and proliferative heterogeneity of cancer cells growing
as unfed culture could be considered as experimental
model for development of the methods for estimation
of sensitivity of tumor cell to antiangiogenic cancer
therapy.
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AHANN3 KWHETUKN POCTA U MPOJIMDEPATUBHOM
FETEPOFrEHHOCTU KJIETOK KAPLUMUHOMBI JIEFKOIo JIbIOUC,
PACTYLUUX BE3 CMEHbI MUTATEJIbHON CPEbI

I]eas: mpoBecTH aHAMM3 KHHETHKH POCTA W MPOH(ePATHBHON reTepOreHHOCTH KIeTOK KapuuHoMsl Jerkoro JIpionc (LLC) nmpu
HX POCTe B MOHOCJIOE HA MPOTSIKEHHH 5 CcyT 0e3 3aMeHbl KyJIsTypaibHoii cpenbl (unfed culture). Memodsi: ummyHodepMeHTHDII
MeTon onpenesienus ypoBHs nporykuyu VEGF omyxosieBbIME KJIeTKaMI; ITIOKO300KCHIA3HBII METOI ONpeIeieHNs] YPOBHS LIIOKO3bI
B Cpe/ie HHKYOaIuu; MaTeMaTHIecKoe MojieupoBanue. Pe3ysmamoi: peioxKeHHAS MATEMATHYECKASI MOJIeJTb XOPOLIO ONMHCHIBAET
JKCIePHUMeHTAIbHBIE TAHHBIE, UTO MO3BOJISIET ONpPEeIUTh KHHeTHIeCKHe napamMeTpsi pocta Kietok LLC u npeacka3aTs u3MeHeHUst
KOJIMYeCTBA MPoH(pepupyomux U NOKOIIMXCs KieTok (mpomdepaTuBHAs TeTepOreHHOCTh) B Mpoiecce ux pocra. Kunernka
pocra ki1eToK LL.C HoCUT HEeMOHOTOHHBII XapaKTep — B TeUeHHe MePBIX 3 CYT UX POCTA KOJIMIECTBO KJIETOK IKCTIOHEHINAIBHO
YBEJIMYUBAETCS U 1aJiee, 10 T0CTIKeHNH MAKCUMAJIbHOI INIOTHOCTH, CHIKaeTcs. B To ke BpeMsi yMeHbIIleHie KOJMIeCTBA KUBBIX
KJIETOK/yBeJINYeHne KOJIMIeCTBA MEPTBBIX KJIETOK TE€CHO CBSI3AHO C MCTOINEHHEM LIIOKO3bl B cpele WHKyOamuu. 3aBHCHMOCTD
CKOPOCTH Tepexoia KJIETOK M3 COCTOSIHUS Mpodepaniu B COCTOSIHIE MOKOSI OT CONEPIKAHNUS IIIOKO3bI B CpPelie MHKYOAIH
HMeeT BbIpaXKeHHbIi AByX(a3Hblii XapakTep. B mupokom quanazone OTHOCUTETLHO BRICOKIX KOHIIEHTPanuii rmoko3sl (> 1,0 mr/
MJI) CKOPOCTh Tepexona 0mi3Ka K Hymo. [Ipu konnenTpamusix < 0,7 Mr/mi CKOPOCTh Mepexoa CTPEMUTEIHHO BO3PACTAET, UTO
NPUBOINT K Pe3KHM W3MEHEeHHSIM KJIETOYHOTO COCTABA KJIeTOYHOIl momyisimun. B unrepsane ot 70 1o 90 4 mpakTHueckn Bce
nposmdepupyonie KIeTKA NepexoasT B cocTossHne moKosi. CKOpocTh rudesi NOKOSIIUXCs KJIeTOK OTHOCHTEIbHO HU3Kasl, YTo,
B YACTHOCTH, CBSI32HO C HU3KMM YPOBHEM NOTPedIeHHs IIOKO3bI ITUMH KJIETKAMH 110 CPABHEHHUIO C TAKOBBIM Ipodepupyomumu
KJIETKAMH. YCTaHOBJIEHO, 4TO B mpouecce pocta ckopocTh npoaykimd VEGF kierkamu LLC MOHOTOHHO CHIZKAETCs, HECMOTPS
HA TO, YTO B CpPe/ie MHKY0AMH €ro ypoBeHb MOHOTOHHO HApACTaeT. Bbi6odsi: HU3Kas 3aBUCUMOCTH CKOPOCTH Mepexoia KIeTOK
LLC u3 cocrosaus nposmdepanuy B COCTOSIHIE TIOKOS OT YPOBHS ITI0K03b1 (> 0,7 Mr/mir) B cpele HHKyOAIuM, a TAKKe HU3KHiA
YPOBEHb HX THOEH 00YCIOBIMBAET ME/JIEHHOE CHIKEHHE MMyJIa MOKOSIIUXCS KJIeTOK B MOMYJISIINAN, YTO 3HAYMTEIHHO MOBBIIIAET
WX IIAHCHI BBIKUTD B YCJIOBHSAX JAe(DUINTA MUTATETHHBIX CyOCTPATOB.

Karouesnie caosa: kapuunoma Jierkoro JIbionc, KHHETHKA POCTA, LTI0K03a, POoJH(epaTHBHAS TeTepOreHHOCTh, MATEMATHIECKOe
MO/IeJTMPOBAHNE.
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