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The aim of the work was to investigate accumulation of endogenous Ap,, and cytokines (IL-1p, TNFa,
IL-6, IL-10) in mononuclear cells and their secretion into incubation medium under Af,,-aggregates’ toxic-
ity and anti-inflammatory effects of curcumin. Mononuclear cells were isolated in Ficoll-Urografin density
gradient from venous blood of healthy donors, resuspended and used for testing of homoaggregates of Ap,,
(15 nM), curcumin (54 pM) and their combinations on various timescales (0, 1, 2, 3, 6 and 24 hours). Endoge-
nous Ap,, and cytokines were detected in mononuclear cells and (separately) in incubation medium by ELISA.
We demonstrated for the first time that homoaggregates of Ap,, cause rapid accumulation of endogenous Ap,,
in mononuclear cells and accelerate its secretion into incubation medium. We found increased concentration
of TNFo. after 3 hours of incubation, and no changes in IL-1f concentration due to secretion of these pro-in-
flammatory factors into incubation medium. The concentrations of IL-6 in mononuclear cells were increased
under effects of Af,, homoaggregates, and it was being secreted profoundly into incubation medium. Af,, did
not affect 1L-10 secretion, yet caused an increase in its intracellular concentration after 1 hour of incubation,
which was subsequently suppressed. Curcumin prevented the increase in Af,, concentration in mononuclear
cells and significantly decreased its secretion resulting from Af,, toxicity. Curcumin negated the activating
effect of Ap,, on pro-inflammatory cytokines, starting immediately for IL-1B and on 3-6 hours for TNFa,
which resulted in decreased extracellular concentrations of these cytokines. The polyphenol also potentiated
replenishing of intracellular IL-6 and IL-10 concentrations and their secretion into incubation medium.

Key words: curcumin, B-amyloid peptides 40 and 42 (Ap,,, Ap,,), cytokines, secretion, human peripheral
blood mononuclear cells.

Izheimer’s disease is the primary cause of
A senile dementia associated with amyloid-3

peptides (AP), oligomers and aggregates
of which exert toxic and destructive effects upon
neural tissue [1-5]. Nevertheless, there is no clear
evidence of the agent that provokes increased syn-
thesis of amyloid-B precursor protein (ABPP) and
the switch in its processing towards amyloid path-
way followed by local accumulation of AB. AP is
generally considered to be a toxic molecular waste
product [6-8]. Yet recent studies have demonstrated
trophic [9] properties of ABPP (antimicrobial, in par-
ticular), that served as basis for its comparison with
other antimicrobial peptides (defensins, histatins,
and cathelicidins) and attribution to brain’s innate
immune system [10]. We have proved [11] the role
of chronic inflammation in initiation of amyloidosis,

and the involvement of cytokines and A in inflam-
matory response to toxic effects of AB-aggregates.
The variable dynamics of AB (AB,, and AB,))
in blood serum and cerebrospinal fluid of patients
with amyloidosis has been demonstrated [12, 13].
The AB-levels in peripheral blood flow were high-
ly increased during initial asymptomatic stages of
amyloid-associated pathology, on the other hand
AB,, and AB,, levels in patients during neurode-
generative stages of the Alzheimer’s disease were
within or even below normal margins [14, 15]. The
presence of these neuropeptides in biological fluids
was attributed to AP accumulation in certain parts
of brain (hippocampus, frontal cortex, and olfactory
bulbs) and to increased permeability of blood-brain
barrier due to inflammation [16, 17]. In contrast, we
have established [18] that ABPP expression and its
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amyloidogenic processing in human peripheral blood
mononuclear cells is activated in response to A,
effects and leads to ApB,, accumulation regardless of
neural tissue. One of the aims of the present work
was to establish the possibility of secretion of AR,
produced by peripheral mononuclear cells into sur-
rounding medium, which could be used as its indi-
cator in biological fluids of patients with Alzheimer
disease and of its function other than being an amy-
loidohenesis.

Another standing problem is finding approach-
es to eliminate causes for APPP overexpression
and amyloidogenic processing, and inhibiting the
inflammation resulting from AB-aggregate toxici-
ty. We have demonstrated curcumin efficiency as
a regulator of cytokine-dependent inflammation in
vivo and in vitro [18-20]. Therefore it was sensible
to investigate the effect of curcumin on accumula-
tion and secretion of endogenous AP, and cytokines
by mononuclear cells of human peripheral blood in
vitro under A, aggregates’ toxicity.

Materials and Methods

The experiments were conducted in accordance
with provisions of the Universal Declaration on Bio-
ethics and Human Rights (UNESCO, 2005).

Peripheral blood mononuclear cells were iso-
lated ex tempore in Ficoll-Urografin density gradi-
ent from venous blood samples of three healthy do-
nors (separately). The cells were washed thrice with
sterile normal saline at room temperature and resus-
pended in RPMI medium in aliquots of 2x10° cells/
ml. The resulting samples (n = 3) were subjected
to AB,, (15 nM), curcumin (54 pM) and their com-
bination (with the same concentrations) at various
timeframes. The ratio of volumes of effectors to cell
suspension was 1:100.

AB,,_Human (Human Amyloid B Protein Frag-
ment 1-42, Sigma-Aldrich, USA) was dissolved in
double-distilled water and aggregated for 24 h at
37 °C. Large crude AB,, agglomerates were disin-
tegrated by ultrasound and sterilized prior to appli-
cation.

As curcumin is water-insoluble, the primary
solution was first dissolved in 96% ethanol and then
diluted to 0.7 g/l immediately prior to addition to cell
suspension.

The effect of AB,, and 0.9% NaCl on mono-
nuclear cells was investigated in 0-, 1-, 2-, 3-, 6-,
and 24-hour incubation experiments at 37 °C and
600 rpm mix. The effects of curcumin alone and
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curcumin combined with AB,, were investigated in
2-, 3-, 6-, and 24-hour experiments under the same
conditions; curcumin was added after 1 hour in-
cubation with AB,, or normal saline (0.9% NaCl).
Cells were sampled at the mentioned time points
(2x10° cells/ml), sedimented by centrifugation and
disintegrated by ultrasound (MUSSON-1 ultrasound
inhalator, 3 min treatment at 2.64 MHz wavelength
and 0.25 W/cm? intensity) the samples were then
centrifuged at 6000 rpm for 20 min. Cell superna-
tant and incubation medium aliquots were used for
the enzyme-linked immunosorbent assay (ELISA).

Concentrations of endogenous A,  and cy-
tokines were estimated by ELISA in accordance
with kit manuals (Vektor-Best, Russia) for IL-1p,
IL-6, IL-10, and TNFo, and ELISA Kit Human Ap,,
(Invitrogen, USA). Absorptions were measured with
GBG STAT-FAX 2100 (USA) at 450 nm and correc-
tion at 630 nm. The results were calculated against
total protein concentration (ng/g of protein) measu-
red by Lowry method [21].

Mean values and standard deviations were
determined for the indicators of mononuclear cells
suspension. The statistical analysis was performed
with Student’s t-test, the differences were considered
significant at P < 0.05.

Results and Discussion

Study of AB,, and curcumin’s effects on in-
flammation dynamics in suspension of mononuclear
cells include in vitro determination of intracellular
accumulation of AB, and cytokines (IL-1B, TNFa,
IL-6, and 1L-10) and their secretion into incubation
medium. The results (Fig. 1) demonstrate a 2-fold
increase in endogenous A, concentration under
incubation of mononuclear cells with normal saline
or curcumin for 6 h, which is non-specific and may
be explained by a spontaneous flux in expression
or processing of APPP [18]. AB,, homoaggregates
caused 7.7-fold increase in AP, concentration in
mononuclear cells and activation of its secretion on
the 1% h of incubation. The described [18] early and
rapid activation of ABPP processing in mononuclear
cells under Ap,, toxicity led to notable increase of
intracellular AB,; levels as well as to forced secre-
tion of this mediator of inflammation into incubation
medium.

The intracellular AB,, concentration then
gradually decreased for 6-24 hours, but did not re-
cede to the starting levels (0 hour) or the levels in
mononuclear cells incubated with normal saline for
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24 h. Beginning at 6™ h of incubation with AB,,,
AB,, secretion was increased 2-fold and remained
elevated afterwards (Fig. 1).

Curcumin had no effect upon AB,, concentra-
tion in suspension of mononuclear cells in compari-
son with the dynamics displayed by cells incuba-
ted with normal saline. Nevertheless, it noticeably
inhibited the increase in AP, intracellular concen-
tration and secretion caused by AB,, (Fig. 1). The in-
hibiting effect of curcumin upon A, production is
due to its ability to downregulate GSK-3 mediated
activation of presenilin-1 (PS-1) [22]. PS-1 partici-
pates in y-secretase enzyme complex, which takes
part in ABPP processing, and is a GSK-3[3 substrate.
The latter modulates y-secretase activity through
phosphorylation of serine in PS-1 loop domain [23].
Curcumin has been demonstrated to increase the
proportion of inactivated (Ser9-phosphorylated)
GSK-3p form depending on concentration and dura-
tion of exposure, and also to inhibit expression of
PS1 and GSK-38 genes [22]. These factors lead to di-
minished A production. Our data are in accordance
with the results by others who investigate curcumin
effects on the model of AB-induced inflammation of
primary astrocytes [24] and mouse cortical neurons
culture [25].

Thus, AB,, homoaggregates induced accumula-
tion of endogenous AP,  in mononuclear cells and
stimulated secretion of this pro-inflammatory fac-
tor into incubation medium. Curcumin served to
substantially prevent the AB,, cellular concentration
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increase and significantly decreased its secretion as-
sociated with toxic effects of exogenous Af,,.

We observed a noticeable increase in TNFa
concentration in mononuclear cells and its secretion
under effect of mere normal saline, with the maxi-
mum effect on 6™ h of exposure (Fig. 2). Unlike the
TNFa dynamics, the levels of IL-1p under effects
of normal saline fluctuated somewhat close to the
baseline. The significant decrease was measured on
the 18t and 24" h in cells, and the secretion was regis-
tered beginning with the 3 h of exposure (Fig. 3).
We attribute these fluctuations in levels of cytokines
to spontaneous activation of mononuclear cells due
to isolation-associated stress.

Mononuclear cells are known to principally
bear the precursors of pro-inflammatory cytokines
(pro-IL-1B and pro-TNFa). The active form of IL-1p
is produced by caspase 1 [26], and the active form of
TNFa by tumor necrosis factor-alpha converting en-
zyme (TACE), and the products are rapidly secreted
into extracellular matrix. TACE also cleaves ABPP
within Af membrane domain, thus inhibiting pro-
duction of B-amyloid peptides [28]. The extracellular
IL-1PB that had not bound to its receptors (ILIR1 and
ILIR2) is degraded by matrix metalloproteinases
(MMPs): MMP-1, MMP-2, MMP-3, and MMP-9
[29]. The secreted TNFa binds to the corresponding
receptors (TNFR1 and TNFR?2) [30].

We noted an increase of TNFa concentration
in mononuclear cells (beginning with the 3 h of ex-
posure) and incubation medium (beginning with the
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Fig. 1. A, content in mononuclear cells and incubation medium under effect of normal saline, Ap

. curcu-

min, and their combination. * Denotes changes with P < 0.05 in comparison to normal saline effect; # denotes
changes with P < 0.05 in comparison to Ap,, effect; & denotes changes with P < 0.05 in comparison to the

preceding time point
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6" h of exposure) as a specific response to the effects
of AB,, homoaggregates (Fig. 2). Curcumin allevi-
ated this effect of AB,, within 3 to 6 hours. TNFa
levels in mononuclear cells exposed to curcumin
alone resembled those of normal saline-exposed
cells. These results confirm that curcumin inhibits
only the AB,,-induced accumulation of TNFa, and
does not affect its spontaneous production.

Curcumin effect on IL-1p concentration after
1-h incubation with AB,, was apparent on the 1* h of
the polyphenol’s effect (2 h, Fig. 3). Its total concen-
tration was 33% lower. During subsequent incuba-
tion of mononuclear cells with AB,, and curcumin
the IL-1P levels did not differ from the basic ones
(Fig. 3), which is probably due to the fact that cur-
cumin has no effect on caspase 1 [31].

We observed increased secretion of the pro-in-
flammatory cytokines in incubation medium for the
duration of incubation (up to 24 h) beginning from
the 1%t h of exposure for IL-1B and from the 3" h for
TNFa (Fig. 2 and 3) in response to all the effectors
and their combination.

Thus, in vitro incubation of mononuclear cells
with exogenous Ap,, leads to elevated intracellular
concentration of TNFa (on the 3" h of incubation),
but not to accumulation of IL-1p in cells, which
served to potentiate the release of these cytokines
into incubation medium. Curcumin addition alle-
viated this effect of AB,, upon cellular concentra-
tions of the pro-inflammatory cytokines, beginning

immediately for Il-1p and from 3 to 6 hours for
TNFa, which led to their diminished extracellular
concentrations.

The dynamics of IL-6 content in mononuclear
cells incubated with normal saline (Fig. 4) generally
follows that of TNFa, with the exception that intra-
cellular IL-6 level dropped 3.6-fold immediately and
then gradually increased towards starting values for
6-24 h, while TNFa content in mononuclear cells in-
creased twofold from the 1% h of incubation and was
4.8 times higher than the starting value after 6 hours.
IL-6 secretion into incubation medium was detected
at 6-24 h (Fig 4), which differs substantially from the
rapid excretion of the pro-inflammatory cytokines of
the initial wave of cytokine system: TNFa (begin-
ning with the 1** h) and IL-1p (beginning with the
3 h).

Exposure to Af,, homoaggregates, curcumin,
or both caused immediate decrease in intracellular
concentrations of IL-6 followed by restoration on the
3 h of incubation. Curcumin subsequently caused
gradual increase in accumulation and secretion of
the cytokine, and APB,, homoaggregates caused its
decreased accumulation and increased secretion
(Fig. 4). Therefore, we established increase in intra-
cellular levels of IL-6 and activation of its secretion
into incubation medium under influence of all the
tested effectors. The effect of curcumin was sub-
stantial on the 24" h of exposure. These data are not
in discrepancy with the evidence of the inhibitive
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Fig. 2. TNFo content in mononuclear cells and incubation medium under effect of normal saline, Af

0 CUT-

cumin, and their combination.* Denotes changes with P < 0.05 in comparison to normal saline effect; # de-
notes changes with P < 0.05 in comparison to Af,, effect; & denotes changes with P < 0.05 in comparison to

the preceding time point
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Fig. 3. IL-1f3 content in mononuclear cells and incubation medium under effect of normal saline, Ap,,, cur-
cumin, and their combination. * Denotes changes with P < 0.05 in comparison to normal saline effect; # de-
notes changes with P < 0.05 in comparison to Ap,, effect; & denotes changes with P < 0.05 in comparison to
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effects of curcumin on the activation of pro-inflam-
matory cytokines [32, 33].

ApB,, did not affect IL-10 secretion, yet caused
increase in its intracellular concentration after 1 h
exposure, with subsequent inhibition of accumula-
tion in cells (Fig. 5). Curcumin addition after 1-h
exposure to AP,, homoaggregates restored intra-
cellular levels of the anti-inflammatory interleukin
on 6-24 h of incubation in vitro. Curcumin alone

caused gradual elevation in intracellular IL-10 con-
tent (1-3 h) with increased excretion in incubation
medium on 6-24 h (Fig. 5).

These data corroborate our previous results
indicating that IL-10 expression is not induced in
mononuclear cells under effect of exogenous A,,,
and that concentration of iRNA of IL-10 is increased
under effect of curcumin [18]. Others have proven
the positive effects of curcumin upon IL-10 expres-
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Fig. 4. IL-6 content in mononuclear cells and incubation medium under effect of normal saline, Ap,,, curcu-

min, and their combination. * Denotes changes with P < 0.05 in comparison to normal saline effect; # denotes
changes with P < (.05 in comparison to Af,, effect; & denotes changes with P < 0.05 in comparison to the
preceding time point
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sion [34, 35], and attributed these in vivo effects to
inhibition of p38 activity through suppression of its
phosphorylation.

Therefore, we hereby establish the capability of
mononuclear cells to produce and secrete endoge-
nous Af,,, which indicates its peripheral origin if
detected in blood flow. We also demonstrate the
non-amyloidogenic function of AB,, as a pro-in-
flammatory messenger responsive to effects of AB,,
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homoaggregates. We observed for the first time that
curcumin prevented increase in AP, intracellular
concentrations and significantly decreased its secre-
tion under effects of exogenous Ap,,. We show the
particularities in dynamics of accumulation and se-
cretion by mononuclear cells of the investigated cy-
tokines (IL-1B, TNFa, IL-6, and IL-10) under toxic
effects of AB,, aggregates and anti-inflammatory
influence of curcumin.



V. V. Sokolik, S. M. Shulga

BILIUB KYPKYMIHY
HA HAKOITMYEHHS B
MOHOHYKJIEAPAX I HA CEKPELIIO
B IHKYBALIIMTHE CEPE/IOBHIIIE
AB,, TA IUTOKIHIB B YMOBAX
JOKAJIBHOT'O HA IJTUIIKY
TOMOATPETATIB A§,,
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MerToro gociiJkeHHs OyJo BUBYCHHS Ha-
KOMMYCHHS B MOHOHYKJeapax 1 cekpemii [0
IHKyOaIliifHOTO CcepeJioBUIlla CHJIOoreHHoro Af 0
i mutokiHiB (IL-1B, TNFa, IL-6, IL-10) B ymoBax
TOKCHYHOTO BILTUBY A3, -arperariB Ta aHTH3anab-
HOrO edekTy KypkyMmiHy. CycrneH3il0 MOHOHYKJIe-
apHUX KJIITHH, 130JIbOBAaHUX 3a JOMOMOTOI0 (piKOJI-
yporpadiHoBOro TpajiieHTa 31 3pa3KiB BEHO3HOI
KpOB1 370POBHX JOOPOBOJBILIIB, BHKOPHUCTOBYBA-
JIA JUISL JOCIIDKEHHST BIUTMBY ToMoarperariB Af3 w
(15 M), xkypkyminy (54 mM) Ta ix moemHaHIN il
B nuHamimni 4acy (0, 1, 2, 3, 6 i 24 rox). MeTtogom
IMyHOEH3UMHOI'O aHaJli3y BHUMIpIOBaJIM BMICT €H-
norenHoro Af,; i UMTOKiHIB OKPEMO B MOHOHY-
KJieapax i B iHKyOaIiiHoMy cepenopuiii. Brepiie
M0Ka3aHo, o romoarperatu Af,, 00yMOBIIOIOTh
IIBMJIKE HAKOMMYEHHS E€HAOreHHOro AB, B Mo-
HOHYyKJIeapaX Ta IPUCKOPIOIOTH HOro CEKpeLito
o iHKyOamifiHOro cepenoBuina. BcraHoBiIEHO
30inbiieHHst koHreHtpanii TNFa (uepe3 3 roj
iHKyOamii) i BigcyTHicTh HakomuyeHHs IL-1B B
KJTITHHAX 3aBISIKH ICTOTHIN CEKPEIIii NX 3amaIbHuX
MEeCEHKepiB 0 iHKyOamiitHoro cepenosuina. Bu-
SIBJICHO 301JIBIIICHHS] MOHOHYKJIeapHOTO 1myiny 1L-6 i
aKTHBAI[IF0 HOTO CeKpellii 10 iHKyOaIiifHOTO cepe-
nosuIua 3a 1ii AB,,-romoarperaris. AB,, He BIUIMBaB
Ha cekpertito 1L-10, ane 00yMOBIIIOBaB 301JIBIICHHS
HOro BHYTPIIIHHOKJIITUHHOI KOHIIGHTpalii de-
pe3 1 rox imkyOarii 3 HACTYIHUM MPUTHIYCHHIM
KJIITHHHOTO Hakonu4eHHs. JlonaBaHHS KypKyMiHY
3amo0irano 301IbHIEHHIO KOHUEHTpauii Af,, B
MOHOHYKJIeapax Ta BIpOTiAHO 3MEHLIYBalO HOTro
CEeKpelilo, 00YMOBJICHY TOKCHUYHUM BILIMBOM €K30-
rerHoro Af,, Ha kiituHu. KypkymiH 3HIMaB akTu-
Byrouni edexkr Af,, Ha MOHOHYKIICADHUH TIyJI 3a-
MaJbHUX IUTOKIHIB: 3 IepmuX ronuH aii aist [L-13
Ta B yacoBomy iHTepBaii 3—6 rox mist TNFa, mo

MO3HAYMIIOCS 3MEHIICHHSIM TO03aKJIITHHHOTO ITYITY
000x mwuTokiHiB. Llei momideHon Takoxk CHpHsB
BiJTHOBJICHHIO BHYTPIIIHBOKIITHHHOrO myny IL-6
i IL-10 Ta NO3UTHBHO BILUIMBAB HA 1X CEKPEIIiI0 JI0
IHKyOaIliifHOTO CepeIoBUIIIA.

Knarwo4goBi cioBa: KypkyMiH, B-aminoigHi
nentuam — 40142 (AB,,, AB,,), LMTOKiHM, CEKpelis,
MOHOHYKJIeapH mepuQepiitHoT KPOBi JTHOAMHH.

BJMSIHUE KYPKYMHUHA HA
HAKOIUIEHUE B MOHOHYKJIEAPAX
Y HA CEKPELIVIIO B
MHKYBALIMOHHYIO CPELY AB,,

Y IUTOKUHOB B YCJIOBUSIX
JIOKAJIBHOT'O U3BbITKA
TOMOATPETATOB AB,,

B. B. Coxonux®, C. M. ILlynvea®

T'Y «IHCTUTYT HEBPOJIOTHH, ICHXUATPUH
u Hapkosmorun HAMH VYkpawnnas», XappKos;
TV « MHCTUTYT MAIIEBO OGHOTEXHOIOTHH
u resoMuku HAH Ykpaunsn, Kues;
e-mail: sokolik67@rambler.ru

Lenbto wuccrienoBanus ObUIO H3y4YEHHE Ha-
KOIUJICHUSI B MOHOHYKJIeapaX M CEKPEI[UU U3 HUX B
MHKYOAIMOHHYIO0 Cpefy SHIoreHHoro AB, u nm-
tokuHoOB (IL-1B, TNFa, IL-6, IL-10) B ycnoBusix
TOKCHUYECKOTO nedcTBUs Af, -arperaroB W aHTH-
BocrajguTenbHoro 3¢ dexra kKypkymuna. CycrieH-
3MI0 MOHOHYKJICAPHBIX KJICTOK, H30JUPOBAHHBIX
C MOMOIIBI (UKOJIJI-ypOrpauHOBOIO TpaUcHTa
13 00pasiloB BEHO3HOH KPOBH 3JI0POBBIX J00pO-
BOJIBLIEB, HCIIOJIb30BAIM [JIs MCCIIENOBAaHUSA BIIHU-
suus romoarperatos Af,, (15 HM), KypkymuHa
(54 M) u uX COYETAaHHOTO NEHCTBHS BO BPEMCH-
ot qunamuke (0, 1, 2, 3, 6 u 24 4). MeTonoM UM-
MYHOSH3MMHOTO aHaJu3a HM3MEpSAIN COJepKaHue
SHJIOTEHHOTO AP, U IUTOKUHOB OT/ENBHO B MOHO-
HyKJIeapaXx KpOBH 4YeJIOBEKa M B HMHKYOAIlMOHHOHN
cpene. Briepseie mokasano, 4to romoarperatsl A,
00yCIIOBIMBAIOT OBICTPOE HAKOILJICHUE DHIOTCHHO-
ro AB,, B MOHOHYKJI€apax M YCKOPSIOT €ro CeKpe-
[IUI0 B MHKYOAIIMOHHYIO Cpely. YCTaHOBJICHO YBe-
JIMYEHUE BHYTPUKJIETOUHOU KOHUEeHTpauuu TNFo
(gepe3 3 9 uHKYOAIIMH) U OTCYTCTBHE HAKOIIJICHUS
IL-1p B kJeTkax BCIEACTBHE CYIISCTBCHHOW ce-
KPEHH STHUX BOCMAJIUTEIHHBIX MECCEHKEPOB B
WHKyOanmoHHyr cpeny. [lokazaHo yBenuueHue
MOHOHYKJIeapHOoTro Tyna IL-6 u akTuBanus ero ce-
KpellMd B MHKYOAIIMHHYIO Cpely TOj JICHCTBUEM

89



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 3

AB,,-romoarperatoB. Af,, He BJIMSJ Ha CEKPELHIO
IL-10, x0Tt 1 00yCIIOBINBAI yBEJIMUYCHHUE €TI0 BHY-
TPUKJIETOUYHOW KOHIIEHTpAnuu 4yepe3 1 4 HHKyOa-
LUU C TOCJIEAYIOIIMM YTHETCHUEM HAKOILJICHUS B
kyeTkax. JlobaBieHne KypKyMHUHA IPEA0TBPALLIAIIO
yBEIMYEHNE KOHIEHTpauu AP, B KJIETKax W J0-
CTOBEPHO YMEHBILIAJIO €ro CeKpeLnto, 00yCIOBIICH-
HYI0O TOKCHYECKMM JEHCTBUEM 5K30reHHOro Af,,.
Kypxkymun cHuman vaKTI/IBI/IponmI/Iﬁ spdexr AB,,
Ha MOHOHYKJIEAPHBIA IMyJI BOCHATUTENIBHBIX IIHTO-
KWHOB: C TIEPBBIX YacoB AcHcTBUS 1151 IL-1B 1 B mH-
TepBaie Bpemenu 3—6 u a1t TNFa, uTo oTpasuioch
Ha YMEHBILICHUH BHEKJIETOYHOTO IyJia 00OUX IH-
TOKHUHOB. DTOT MOJU(EHON TaKkKe CIocoOCTBOBAI
BOCCTaHOBJICHUIO BHYTpHKJETOYHOTro myia IL-6 u
IL-10 # TOJOXUTENBHO BIIHSI HAa WX CEKPEIHIO B
HMHKYOallMOHHYIO CPEeny.

KnrwoueBbre ciloBa: KYPKYMUH,
B-amunounaueie nentuanl 40 u 42 (AB, u AB,,), nu-
TOKHHBI, CEKpEIus, MOHOHYKJIeapsl nepudepude-
CKOH KPOBH Y€JIOBEKA.
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