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Introduction

Interleukin-7 (IL-7) is an important element in the functioning of the immune system. Therefore,
it would be appropriate to assess individual responses of the immune cells to IL-7. Aim. To
analyze ex vivo responses of the healthy adult individual T cells to increasing rhIL-7 concen-
trations. Methods. Isolation and cultivation of PBMCs and in vitro cytokine bioassay.
Quantitative determination of cell viability was performed by the metabolic MTT-uptake assay
in viable cells. ECs, was calculated by means of OriginPro7,5. Results. The dose-response
effect on T cell subsets of PBMCs for different concentrations of rhIL-7 in individuals in vit-
ro was evaluated. IL-7 bioassay revealed that the individual ECs, values ranged from 0.41 to
1.5 ng/ml. Inter-individual variability was high for ECs, values (CV5=38 %). Maximal per-
centage increase in cell viability among subjects demonstrated moderate variability (CVg=15 %).
Conclusions. The study revealed that responsiveness to IL-7 is various for the PBMCs origi-
nated from different individuals. Our research assumes that the personalized responsiveness
of human PBMC:s to IL-7 may be considered as valuable prognostic information about the
immune system state and the T cells response to IL-7-based therapies. The advantage of the
optimized bioassay for the detection sensitivity of PBMC response to IL-7 was shown.

Keywords: IL-7, PBMCs, inter-individual variability.

Interleukin-7 (IL-7) is an essential element in
the immune system functioning, specifically,
in lymphopoiesis and T cell development. The
cytokine was initially identified by Namen
et al. for its ability to stimulate B lymphopoi-
esis [1]. Now it has been shown that IL-7 plays
a critical role in modulating T-cell function in
vivo [2, 3]. Furthermore, numerous recent re-

searches have demonstrated that IL-7 might
serve as an effective adjuvant, which can mod-
ulate immune responses and strongly elicit
protective immunity [4, 5].

Regulation of the IL-7 action depends on
IL-7 receptors (IL-7R) on cells. The IL-7R
functioning has some peculiarities. First,
whereas the common gamma chain (y,) cyto-
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kine receptors are up-regulated following T
cell activation, the expression of IL-7R alpha
chain is lost on the effector cells, but then re-
expressed on the memory cells [6, 7]. Second,
it has been shown that differences in biological
responses may be associated not only with the
relative distribution of immune cells, but also
with the absolute amount of IL-7R molecules
on single cells, which can vary from 18452 to
61228 (mean value) in PBMCs from healthy
donors [8]. Third, the amount of IL-7 receptors
expressed on a cell is fine-tuned by receptor
internalization and suppressor of cytokine sig-
naling proteins. The half-life of IL-7Ra de-
creases from 24 hours to approximately 3
hours after IL-7 treatment [9, 10]. And finally,
IL-7 binds strongly to heparin sulfate proteo-
glycans in the extracellular matrix in vivo and
does not form a linear gradient from producing
cells [11]. Together, these data suggest that
IL-7/IL-7R signalling axis participates in many
functions of immune system, and perturbation
of this pathway is associated with immune
disorders.

IL-7 is currently undergoing a number of
clinical trials and the use of rhIL-7 has been
attempted. The persona characterization of
immune cells with respect to cytokine re-
sponsiveness and the variation of immune
responses among individuals can provide
valuable prognostic information for practical
use. To date, inter-individual differences in
the PBMC responsiveness to IL-7 have not
been studied systemically. Thus, the aim of
this pilot study was to assess in vitro the
personalized responsiveness of PBMCs to
increasing doses of rhIL-7 and inter-individ-
ual variability of the cell responses in healthy
individuals.

Materials and Methods

Peripheral blood cell isolation. Cell prep-
aration and culture. Venous peripheral blood
samples were obtained from 18 healthy age-
matched individuals (age range 24—50 years,
males) and processed within 2 h. Primary
PBMCs were isolated by Ficoll-Hypaque
(Ficoll-Hypaque Plus, GE Healthcare, Sweden)
density gradient centrifugation following the
manufacturer’s instructions and resuspended
in complete medium (RPMI 1640 supplement-
ed with 10 % FCS, 50 uM 2-B-Mercoptoethanol,
and penicillin/streptomycin). The viability of
mononuclear cells was assessed by the trypan
blue dye exclusion test, and it was always more
than 95 %.

IL-7 bioassay and assay optimization

The PBMC responsiveness to the action of
rhIL-7 was measured in MTT cell viability
assay using PHA-activated human peripheral
blood lymphocytes. Activated T lymphocytes
were obtained by cultivation of PBMCs at a
density of 1x10%/ml for 3, 5 and 6 days with
10 pg/ml PHA (Sigma HA-15) in 25-cm? flasks
at 37°C 5 % CO, in a humidified incubator.
Mitogen responses were terminated on days 3,
5, and 6. The PHA -activated cells in vitro were
harvested and washed three times in cytokine
free RPMI + 2 % FCS. 50 pl of the cell sus-
pension were] seeded in triplicates into the
wells of the flat-bottomed 96-wells plate
(1x10° per well). To assess cytokine-mediated
effects, the cells were subsequently treated
with varying concentrations of rhIL-7
(PeproTech, USA) for 72, 120, and 144 h. The
stock treatment IL.-7 solution was made up to
1 mg/ml in PBS with 0.1 % BSA. The solution
was then adjusted to the indicated concentra-
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tion, using culture medium. 50pl of each treat-
ment solution were then dispensed into each
well in triplicate. The final volume in each well
was 100 pl and the IL-7 concentration was
62.5, 125, 250, 500, 1000, 2000, 3000, 4000,
5000 and 6000 pg/ml. The plates were taken
out after incubation and MTT cell viability
assay was carried out [12]. All rhIL-7 samples
used in this study were from the same bulk
production lot.

Graphs and Statistical Analysis. The dose-
response curves were created for each PBMC
sample, using the photometric results for dif-
ferent indicated cytokine concentrations. Data
were presented as means =+ standard deviation
(SD). The results of cytokine-induced activa-
tion were expressed as cell wviability.
Quantitative determination of cell viability of
PBMCs was performed using metabolic MTT-
uptake assay and evaluated comparing cell
optical density at different IL-7 concentrations
with the same values after starting the cultiva-
tion without IL-7 taken as 100 % (OD,/
OD¢nirx100 %). Maximal percentage increase
in cell viability was expressed as (OD,,,,/
OD i) 100 %. Inter-individual variability
was expressed as a coefficient of variation CVg
(%)=(1 SD/mean)*x100 % using the overall
mean for each variable. The rhIL-7 ECs, was
defined as the effective concentration of cyto-
kine that elicits a 50 % increase in cell viabil-
ity in the bioassays. ECs,-data were calculated
by means of OriginPro 7,5 software using
sigmoidal dose-response curves.

Results

A number of assays are focused on exploring
effects of the agonists supplement on cellular
receptors. The cell functional assays are fre-
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quently used to measure cell survival that is a
result of downstream effects of the] IL-7R
activation. The present study was undertaken
to determine whether the individual PBMC
responsiveness to rhIL-7, measured as sur-
vival of mitogen-stimulated PBMCs in vitro,
might characterise individual functional status
of IL-7 receptors in bloodstream. As a result,
some questions emerge. First, what biological
variations exist in the PBMC responsiveness
among healthy individuals? For that a small-
scale age-marched random sample was
screened for IL-7 response ability. 18 healthy
individuals with normal range of circulating
white blood cell counts (4.0-10.0)x106 cells/
ml were enrolled in this study.

Second, for noticeable inter-individual dif-
ference some modifications of standard IL-7
bioassay were made. Supplementary experi-
ments were designed to establish optimal con-
ditions for getting a standard S-shaped or sig-
moid curve used to analyse cell responsiveness
to IL-7 since the obtained data on dose-re-
sponse measurements do not always meet the
requirements for the sigmoidality of the curve.
We established that the IL-7 dose range 62.5-
6000 pg/ml was optimal for the single dose-
response curve construction. The IL-7 dose in
the range of 0.5—-10 ng/ml resulted in the high
dose-response curve type but not in S-shaped
curve.

Next, the optimal periods between cell col-
lection and PHA response termination as well
as between the IL-7 administration and MTT-
testing were determined. According to litera-
ture, the optimal levels of T cell mitogen re-
sponsiveness to PHA in adult PBMCs were
after 5 days (optimal on the 6t day) [13]. The
time of PHA exposure was selected experi-
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mentally. PHA responses were terminated on
days 3, 5 and 6 followed by preparation of
cells for IL-7 treatment. Using PHA-activated
PBMCs which were cultured with PHA for 5
days allowed getting better results for the lo-
gistic non-linear curve fit. The time of IL-7
exposure was selected experimentally also. An
increase of cell viability was measured in the
presence of IL-7 for the same individual
PBMC:s after 72h and 144-h of IL-7 exposi-
tion. The responses of individual PBMCs are
shown on representative graphs from 2 ex-
periments (Fig. 1). The ECs, values in 144-h
culture compared with those in 72-h culture
revealed a dose-response shift of 0.943+0.117
to 0.643+0.055 ng/mL for the same PBMCs
and the cells became more sensitive to rhIL-7.
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Fig. 1. Comparative dose-response effects of rhIL-7 on
the identical individual cultured PBMCs in vitro fol-
lowing 72-h and 144-h IL-7 exposition period. Cells
were stimulated with 0.0625, 0.125, 0.5, 1, 2, 3, 4, 5,
and 6 ng/ml of IL-7. Survival data with fitted logistic
regression lines are illustrated. Each point represents
the mean (OD,/OD_,,)*100 % + SD. A log scale was
used for x-axis.

Since the duration of the analysis is important,
and the shift in the value of EC; is relatively
small, we decided to stay at the 72-h 1L-7
exposure. Thus, this assay allowed an assess-
ment of the personalized PBMC responsive-
ness in the cellular response to IL-7 and eva-
luation of inter-individual variability.

Personalized cell viability was determined
for each individual PBMC specimen and dose-
response curves were created. All graphs show
the sigmoid curves for rising doses of rhIL-7.
The IL-7 concentrations which lead to a 50 %
increase of cell survival (ECs,) were deter-
mined for each PBMC specimen and were in
the range of 4201540 pg/ml. The ECs, values
and maximal percentage increase in cell viabi-
lity are shown in Table 1.

PBMC responsiveness to IL-7 was hetero-
geneous between individuals. ECs, values
demonstrated high inter-individual variabil-
ity. CVg was 38 %. The difference in sensi-
tiveness to IL-7 among individuals was near-
ly 3 times, based on ECs, values. Although a
significant variation of PBMC responsiveness
to IL-7 was noted, several individual PBMCs
were closely approximated to each other ac-
cording to their functional IL-7 responsive-
ness that was demonstrated by the overlap-
ping of dose-response curves. Additionally,
comparable ECs, values were obtained, re-
spectively for specimens N1 and N3
(1.343+0.22 pg/ml and 1.337+0.125 pg/ml),
N9 and N17 (767£0.089 pg/ml and 767+0.042
pg/ml), N7 and N15 (1.028+0.213 pg/ml and
1.029+0.21 pg/ml). ECs, variability was in-
troduced in Fig. 2 and Table 1.

As for the response magnitude, the percent-
age increase in cell viability became maximal
after 72 h incubation at the IL-7 concentra-
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Ne specimen | EC5;=SD (ng/ml) | OD,;,,/OD¢nie X100 % Ne specimen | EC5i+SD (ng/ml) | OD,,,,,/OD,opir X100 %
1 1.343+0.22 125 10 0.735+0.096 123
2 1.108+0.123 127 11 0.642+0.071 135
3 1.337+0.125 139 12 0.943+0.117 149
4 1.54+0.2 179 13 0.506:+0.106 126
5 0.424+0.09 122 14 0.507+0.123 122
6 1.06+0.10 194 15 1.029+0.21 129
7 1.028+0.213 125 16 1.457+0.163 142
8 0.414+0.17 128 17 0.767+0.042 121
9 0.767+0.089 118 18 1.067+0.073 141

tions 3 ng/ml and more. The IL-7-mediated
cell survival of PBMCs was enhanced from
18 % to 94 % in comparison with the un-
treated cells. Maximal percentage increase in
cell viability under IL-7 treatment was not
significantly different among individual
PBMCs. CVg for the variable was moderate
at 15 %. Heterogeneity in the magnitude of T
cell responsiveness to IL-7 among different
individuals was presented in Fig. 2 and Table 1
as (OD ax/OD¢onir) 100 %.

Discussion. IL-7 is currently under exten-
sive investigation as a therapeutic agent in a
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variety of immune disorders. In this connec-
tion, the biomarkers concerning immune cell
responses to IL-7 are needed to monitor the
disease and immune status, individual phar-
macological responses to IL-7 treatment. The
blood is a typical sample obtained in a mini-
mally invasive manner for biomarkers.
Nevertheless, cytokines act in either a para-
crine or an autocrine manner as they are re-
leased and consumed locally, close to the site
where the immune reaction occurs. Therefore,
they are detectable in peripheral blood at low
levels (nearly 2-20 pg in health) [14]. Also,
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Fig. 2. Inter-individual variability of the PBMC responses to rhIL-7 in vitro (n = 18). (a) Percentages of maximal ef-
fects to rhIL-7 in PBMCs (CVg=15 %). (b) ECs, variability (CV5=38 %). Each symbol represents the mean+SD of

single individual PBMCs.
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some studies have demonstrated that there was
no significant correlation between serum levels
of IL-7 and clinical parameters in patients with
several diseases.

As a result, the first question that arises is,
“Can the responsiveness of PBMCs to IL-7 be
an indicator of the state of the immune system,
pharmacological responses to IL-7 treatment
on cell physiological level or availability of
IL-7 receptors?” It was reported that func-
tional activity of IL-7 receptors can be as-
sessed by the ability of exogenous IL-7 to
stimulate the viability (survival + and/or IL-7—
induced apoptosis inhibition + proliferation)
of freshly isolated immune cells. Such bioas-
says functionally assess the immediate cellular
response to cytokine. To our knowledge, acti-
vation of T lymphocytes occurs in lymphoid
tissue and generates functionally diverse sub-
sets of effector T cells with the capacity to
migrate to multiple tissue sites.

Unfortunately, in human, an assessment of
immune cells in tissue sites (lymphoid or in-
jured) is limited. Consequently, the next ques-
tion that arises is “What types of circulation
subsets of immune cells could respond to ex-
ogenous IL-7 in bioassay in vitro?” In general,
an analysis of the blood CD4* T and CD8* T
cells subsets as major responders to IL-7 re-
vealed that they contained naive, central mem-
ory (Tem), effector memory (Tem), and termi-
nally differentiated effector of T cell popula-
tions (Temra) [15].

It should nevertheless be noted that several
peripheral blood T cell subsets remain unre-
sponsive to IL-7 stimulation alone throughout
the culture period [2, 16]. For these reasons,
some ways exist to study cell responsiveness
to IL-7 using T cells. Some in vitro systems

could reproduce the in vivo models illustrating
IL-7-related modulation of peripheral T cell
homeostasis or even immune processes in lo-
cal sites with high IL-7 levels. According to
the literature two main types of study design
prevail to assess T cell responsiveness to IL-7.
On the one hand, because homeostatic sur-
vival and proliferation of T cells are dependent
on signalling from TCR as well as on the IL-
7R activation by IL-7, the so called one-step
costimulation assays with PHA plus IL-7 are
often presented in literature. Human cells were
co-stimulated with suboptimal concentrations
of mitogen Leucoagglutinin PHA-L to enable
proliferative responses to IL-7 [2, 17].

On the other hand, another stimulation
scheme exists to assess IL-7 effect. It is a step-
by-step approach. The first step is the PHA-
driven culture. Only a small part of peripheral
blood lymphocytes spontaneously divide in vi-
tro but the majority enter the cell cycle follo-
wing lectin stimulation. The PHA-activated
expanded T cells are washed by cytokine-free
medium and used for the second step of the
assay for IL-7-driven culture. Then the cells
are re-cultured in medium contained rhIL-7.
We chose the second stimulation scheme,
which allows us to use simultaneously the cells
of the first step of the assay for other assays.
Two parameters were found to be critical for
detection of sensitivity in two-step assay and
for inter-individual discrimination: prolonga-
tion of the time of the PHA-culture; and using
low IL-7 doses (62.5—-6000 pg/ml). There is an
experimental evidence that after 5 days of PHA
treatment some metabolic events lead to con-
traction of expanded T blasts. The expansion
of activated T cells is accompanied by an in-
creased sensitivity to apoptosis, which regu-
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lates proliferation and maintains lymphocyte
homeostasis [13, 18, 19]. On the basis of our
results we also hypothesize that some acti-
vated T cells after 5 days of PHA-driven cul-
ture would be maintained by exogenous IL-7
due to apoptosis regulation. The same cells
would be also more sensitive to low concentra-
tions of IL-7. High doses of IL-7 in vitro have
been demonstrated to stimulate T cell prolif-
eration whereas low doses - to maintain ho-
meostatic T cell survival. Noteworthy, rhIL-7
concentrations above 6 ng/ml did not improve
the survival of the tested PBMCs. Moreover,
in some cases, the cell survival at 5-6 ng/ml
was lower than at 4 ng/ml and lower values of
IL-7 concentration. This could be due to the
fact that prolonged cultivation of T cells at
high IL-7 concentrations results in the inter-
nalization of IL-7R on T cells.

There is significant heterogeneity in the im-
mune responses in humans but the extent of
variation is only starting to become clear [20,
21]. We tried to estimate inter-individual vari-
ability in PBMC responses to IL-7. The re-
sponses tended to vary markedly across indi-
viduals. There was substantial difference be-
tween healthy human subjects in the sensitiv-
ity to IL-7 according to values ECs,. CV for
the variance was 38 %. Furthermore, high inter-
individual variability is characteristic for other
parameters of the immune system. For exam-
ple, based on the desirable biological variation
database specifications www.westgard.com/
biodatabasel.htm, the variation coefficients
(CVg) of 35.3 %, 76.4 %, 47.3 % were re-
ported for the lymphocyte count, eosinophils
count and immunoglobulins M, respectively.
The magnitude of the response, expressed as
the percentage increase in cell viability, had
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less inter-individual variation (CVg = 15 %)
and was more appropriate for practical use.

Thus, the advantage of the optimized stim-
ulation scheme on the detection sensitivity of
PBMC responsiveness to rhIL-7 was shown.
The present study revealed that the responsive-
ness to IL-7 is different for PBMCs originated
from various individuals. The research sug-
gests that the personalized responsiveness of
human PBMNCs to IL-7 may be considered
as valuable prognostic information about the
immune system state and treatment response
in T cell subsets to IL-7-based therapies after
confirmation by further validation in large-
scale study.
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IlepconajizoBaHa BiaNoOBiAb MOHOHYKJICAPHUX
KJIITHH nepudepuuHoi kposi monuuu (MHIIK)
Ha i IL-7

M. B. KoBansuyxk, T. I1. Pyban, M. O. Ycenko,
B. A. Koparom

Iarepneiikin-7 (1JI-7) € BaxnuBUM eneMeHTOM (yHKIIIO-
HyBaHHS iMyHHOI cucTtemMu. Tomy Oyito O DOIUTEHO OITi-
HUTH iHAWBIITyalbHI peakmii iMyHHUX KiiTuH Ha 1J1-7.
Merta. [IpoananizyBaru ex vivo peakiii T-kmitaua MHITK
3JI0POBUX JTOPOCIHX IHAUBIIB IO 3pOCTAHHS KOHIICHTPA-
ii thIL-7. MeToau. Buninernns ta kynsruByBanas MHIIK
Ta aHali3 OloJNIOTiYHOT aKTUBHOCTI IUTOKIHIB in Vitro.
KinbkicHe BU3HAUCHHS )KUTTE3AATHOCTI KITITHH IIPOBO/THU-
1 3a gonomoroto MTT-tecty y »xwuBux xiituHax. ECsg
PO3paxOBYBaII BUKOPUCTOBYIOUH IPOTrPaMHE 3a0e31eueH-
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s OriginPro7,5. Pe3yabraru. Byno kinbkicHO omiHeHO
BIDIHB pi3HKUX KoHneHTpamiii thIL-7 ga T-xmiterrnn MHITK
in vitro y pi3HUX iHAWBiAIB. AHaIi3 Gl0IOTIYHO aKTHB-
HocTi IL-7 BusiBUB, Mmoo iHAMBiAyanbHI 3HadeHHS ECs)
3HaxomuKcs B Mexxax 0,41—1,5 ur/min. MibkiHIUBITyaIpHA
MIHJIMBICTh Oyja BHCOKOIO i1 3HaueHb ECs, 1JI-7
(CV5=38 %). MakcumaibHUH BiJICOTOK ITiJIBHIICHHS
JKUTTE3IATHOCTI KIIITHH cepel] CyO’€KTIB JeMOHCTPYBaB
noMipry MimmmBicte (CVg=15 %). BucHoBKH.
JlocipKeHHs! TToKa3allo, 1110 ICHY€E PI3HULS y BiATIOBII
MHIIK, orpumMaHuX Bin pisHUX iHmuMBiOiB, xo mii IJI-7.
Hami mociimkeHHs IpHITyCKaroTh, IO TIEpCOHATi30BaHa
igmoBigs MHIIK momnau go 1JI-7 Moxxe BBaxkaTtucs
KOPHCHOIO IIPOTHOCTUYHOIO 1H(OPMAIII€I0 ITPO CTaH IMyH-
HOT cHCTeMH Ta peakiiro T-KIITHH Ha JIIKyBaHHsI HA OCHO-
Bi penaparis 1JI-7. [TokazaHo nepeary onTUMiz0BaHOTO
METOJy 3a YYTIHMBICTIO JCTCKTYBaHHS IHIUBITYaTbHOT
Bignosixi MHIIK nmo 1J1-7.

KawuoBi caosa: IJI-7, MHIIK, mixinauBigyansHa
MIHJIUBICTE.

Ilepcona/IM3upPOBaHHBI 0TBET MOHOHYKJIEAPHBIX
KJIETOK NnepugepuuecKoii KPOBH YeI0BeKa
(MHIIK) na peiictue UJI-7

M. B. KoBansuyk, T. A. Pyban, M. A. Ycenxo,
B. A. Kopaiom

Wnrepneiikna-7 (UJI-7) spusercst BaKHBIM IEMEHTOM
(hYHKIIMOHMPOBAaHHS IMMYHHOU cucTeMbl. [ToaTomy ObL1O
OBl 11e71eCO000Pa3HO OIIEHUTh WHIIMBHIYAIbHBIC PEaKLIUH
UMMYHHBIX KileTok Ha WJI-7. Heas. [Ipoananu3znpoBars
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ex vivo peakuun T-kinerok MHIIK 310pOBbIX B3pOCIIBIX
WHANBUIOB K BO3pacTaHUIo KoHIeHTparuu rhll-7.
Mertoasl. Beinenenve u kynstusupoBanne MHIIK u
aHaan3 OMOJIOTMYECKON aKTUBHOCTH I[IUTOKHHOB i1 Vitro.
KomnmuecTBeHHOE OIpeieieHne KU3HECTIOCOOHOCTH KITe-
TOK IIpoBoawM ¢ niomompo MTT-Tecta B KUBBIX KIIET-
kaX. ECs, paccunThIBaI UCIIONB3Ys TPOrpaMMHOE 00e-
crieyeHue OriginPro7,5. Pesyawrarsl. beuio konniecTsen-
HO OLICHEHO BIMSIHUE Pa3iIMYHbIX KoHIeHTpauuii rhIL-7
Ha T-xnerku MHIIK in vitro y pa3HbIX MHIUBUIOB.
AHanmm3 6ronormdeckoit aktuBHOCTH MJI-7 0OHApYX) WL,
4YTO MHANBUAYaIbHEIEC 3HaYeHUs EC5) HaXomIich B mpe-
nenax 0,41-1,5 ur/mi. MexXUHAMBU/IyalbHasE W3MEHYH-
BOCTh Oblla BbICOKOW s 3HaueHut ECs, WJI-7
(CV5=38 %). MakcuMabHbIi IPOLIEHT MOBBIIEHHS JKH3-
HECTIOCOOHOCTH KJIETOK CPEAN CyObEKTOB JEMOHCTPHPO-
BaJI yMepeHHy0 m3MeHYnBoCTh (CV=15 %). BoiBoapI.
HccnenoBanue 1mmokasano, 4TO CYIIECTBYET pa3HHUIIA B
orBere MHIIK, nonmy4eHHBIX OT pa3HbIX MHAMBHJIOB, K
nerictuto MJI-7. Hamm uccieqoBaHus Npeanosaraor,
yTo nepcoHanusuposanHblii otBeT MHIIK uenoseka k
nevicteuto MJI-7 MoxkeT cuuTarbcest 1ojie3HOM MPOrHOCTH-
YECKOM HH(pOPMAIHEH O COCTOSIHUH UMMYHHOU CHCTEMBbI
U peakiyy T-KJIeTok Ha JieueHne, OCHOBaHHOE Ha Ipera-
parax WJI-7. Tloka3aHo npeuMyIiecTBO ONTUMU3UPOBAH-
HOr0 METoAa MO YyBCTBUTEJIBHOCTU JI€TEKTUPOBAHUS
uHauBuAyanbHoro orsera MHIIK x WJI-7.

KawueBbie caosa: NI-7, MHIIK, mexxunauBuLy-
aJIbHAsI N3SMCHYUBOCTD.
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