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0c00eHHO 3¢ (EeKTUBHBIMHA OKa3aJIUCh PACTBOPHI Oaibh3amMa B KoHIeHTpamuu 10 n 15 MK — BX BBeneHUE
CHHU3WJIO BEIMYMHY BBIX01a remoryioobrnHa Ha 3,4 % u 3 % (pucyHOK 2).

Taxum 00pa3oM, OTUETIUBO MPOCIEKHUBACTCS NPOTEKTOPHBIN 3P PEKT UccaelyeMoro npemnapara in vitro
Ha COCTOSIHHE€ MeMOpaH 3pUTPOIMTOB CTYACHTOB; JKCIEPUMEHTAIbHbIE IaHHBIE CBHJETEIHCTBYIOT, UTO
Oamp3aM «Bo3pokieHne» MOMKET OKa3bIBaTh MOJOXKUTEIHFHOE BO3JCHCTBHE HA CTAOWMIM3AIUI0 MEMOpaH.
MexaHH3M 3aIUTHOTO JIeiicTBUS Oanb3ama «Bo3poxkaeHue» B OTHOMEHUH MeMOpaH, MO-BUIUMOMY, CBSI3aH
C ero crabWiIM3MPYIOIIMM BJIMSHHUEM Ha KJIETOYHBbIE MEMOpaHBl MOCPEICTBOM CHHEpPru3Ma ACUCTBHS
aCKOPOMHOBOM KHCIIOTBI M OPTraHWYECKOTO Moaa, BXOIAMMX B COCTaB Oamp3ama [6;7;8]. YpoBeHb
AQHTUOKCHUJAHTHBIX ~ CBOWCTB  Oamb3ama  «Bo3pokieHne» TO3BONAET PEKOMEHAOBATH  €ro  JUIs
OpopHUIAKTHYECKOTO NPUMEHEHHS IpPU CTPECCOPHBIX CHUTYallsIX, BBI3BIBAIOLUIMNX OKUCIUTEIBHOE
paspyuieare MeMOpaH IpH IeHCTBUH HEOMArONPUATHBIX (aKTOPOB, B YACTHOCTH, IIPU BO3MOXXHOM Pa3BUTHH
THUIIOKWHE3WH.

Takum 00pa3om, mpuMeHeHHWE OWOJOTMYECKH aKTUBHBIX IpernaparoB (Oanmbp3ama «BospoxneHue») —
MOBBIIIIAET PE3UCTEHTHOCTh MEMOpaHBl SPUTPOLUUTOB. AHANN3 TIOJYYCHHBIX Pe3yJbTaTOB ITO3BOJISIET
3aKJIIOYNTh, YTO YHHUKAJIBHBIA COCTaB HCCIEAYEMbIX TMPEnapaToB OOECIEeYMBAET MIMPOKHHA CHEKTP
NPOTEKTOPHBIX CBOWCTB U CIIOCOOCTBYET MOBBIMICHUIO PE3UCTEHTHOCTH OPraHU3Ma K JISHCTBHIO CTPECCOBBIX

(I)aKTOpOB, KOTOpHBIC HeU30€KHBI B )KU3HHA CTy,I[CH‘lGCKOfI MOJIOACKH.
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Phenotypic analysis of human peripheral blood cd4+cd25+ treg cells binding and non-binding high
molecular hyaluronan

Regulatory T cells (Treg), either natural or induced, suppress a variety of physiological and pathological immune
responses and have great therapeutic potential. It has been established that population of Treg cells is very heterogenic,
mechanism of their effect and participation in tumor progression, autoimmune or chronic inflammatory diseases is not
completely clear. One of the key issues for understanding the defects in Treg cell functions under pathological
processes is investigating the molecular basis of their functional state. Here we show a new approach to Treg cells
investigation, which can discriminate a potentially capable to adhesion subset of Treg cells. Using this approach we
characterized the population of freshly isolated hyaluronan-binding (HA+) CD4+CD25+ cells of peripheral blood of
healthy donors. We showed that there was lower number of FoxP3+ and CD39+ cells in HA+ CD4+CD25+ subset than
in HA- CD4+CD25+ one. The results suggest that in norm circulating natural Treg cells contain the subset capable to
bind high molecular hyaluronan and thereby to be ready to control possible immune autoreactivity.

Keywords: T regulatory cells, hyaluronan, flow cytometry.
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Ocramuyk E.O., [lepdunsera F0.B., KycroBa E.A., Ypazamuesa H.T., AGpamosa B.A.,
Ab6momna H., 3akupesosa I'.K., Benses H.H.
AJaMHBIH IeTKi allMaKTBIK KAHBIHIAFbI }KOFAPbI MOJIEKYJIAJIbI THAJyPAHAHMEH OaliJIaHBICYIIbI sKOHE
Oaiuianbicnaymsbl cd4+cd25+ treg :kacymanapabsin peHOTHNTIK TajJaaysl
T perrerim xacymanap (Treg) op Typii (PU30JIOTHSIIBIK JKOHE NATOJIOTHSUIBIK MMMYH/IBIK JKayarKa KaThICalbl
JKOHE JKOFaphl TEpanusUIbIK MOTEHUUsUIBI O0ap. Treg »kacymianapbl eTe IeTepOreH[li eKeHl aHbBIKTalfaH, Oipak OHBIH
ICIKTIH ecyiHJeTi, ayTOMMMYH/IBIK HEMECE XPOHUKAIIBIK KaObIHY aypybIHIIaFbl 9Cep MEXaHHM3iIMi TOJBIKTal aHBIK eMec.
[Maronorusneik mponeccreri  Treg skacymachbHBIH (YHKISICBIHAAFBI KEMICTIKTI TYCiHYIIH OipaeH Oip MyMKiHZITi
oJap/bIH (QYHKIMOHAIIBIK JICHTeHiHIH MOJIEKYJINIBIK HeTi3iH 3epTrey. by skepae 613 Treg xkacyrianapbIHbIH are3usra
KaOineTi  CyOmomyNsiysUIapHbIH alipMalIbUIBIFBIH 3€pPTEYAIH JKaHa 9[ICiH KepceTTik. bys omicTiH kemeriMeH cay
agaMIapAbIH MIeTKI aifMaKTHIK KaHBIHAH JKaHaJaH OeIiHIIl alblHFaH THanypaHaH Oainmaneicymsl (HA+) CD4+CD25+
JKacylIadapAblH CUNaTTaMachiH xkacanblk. CoHbiMeH Katap HA+ CD4+CD25+ cybmomymsmusitapeianarsl FoxP3+
wone CD39+ xacymanapeiaeiy canbl HA- CD4+CD25+cyOmomysmusiiapeiHaH a3 eKeHiH Oaifkanpik. by HoTmkenep
KaJbINThl aifHanbIMAarel Taburn Treg »kacyImanapbIHBIH KYPaMbIHAAFb! Oy CyONOMyIALMSAHBIH JKOFapbhl MOJIEKYJIabI
rHaypaHaHMeH Oaimacyra KaOUTETTUIIrH XoHE MMMYHJIBIK ayTOPEaKTHUBTUIKTI OacKapy MYMKiAiriHe we eKeHiH
KOPCETTI.
Tyitin co30ep: T perTerii xxacymaiap, THaTypaHaH , aFbIHAbI TUTO(MIyOMETpHs
Ocranuyk E.O., [Tepdunsena 10.B., Kycrosa E.A., Ypazanuesa H.T., Adopamosa B.A.,
Ao6momna H., 3akupesaosa I'.K., Benses H.H.
@enoTunuyeckuii ananaus cd4+cd25+ Tper-kierok nepugepnyeckoii KPoBU Yea0BEKAa, CBA3LIBAIOIINX U
HeCBSI3bIBAIOIINX BICOKOMOJICKYJISIPHBIH T'HAJTyPOHAH
Perynsaropusie T-xnetku (Tper), kak HaTypaibHBIC, TaKk W HHAYLHPOBaHHBIC, KOHTPOJHUPYIOT pPa3HOOOpa3HbIE
¢usnonornueckne W MaTO()U3NOIOTHYECKHE HMMMYHHBIE pPEaKIUH W 00JaJaloT BBICOKUM TEparneBTHIECCKUM
MIOTCHIIMAJIOM. Y CTAHOBJICHO, YTO TIOMYJISAIMS Tper-KJIeToK o4eHb reTepOreHHa, MEXaHW3M X JICHCTBUS U yJ4acTHe B
OITyXO0JIEBOM POCTE, Ay TOMMMYHHBIX 3a00JI€EBaHHSAX U B XPOHUYECKOM BOCHAJICHUH HE MOJTHOCTBIO M3y4eHbl. OHUM U3
KIIFOUEBBIX TOAXOAOB K M3y4CHHUIO 1e(eKTOB (PyHKIUHN Tper-KIeToK MpH MaTOJOTMYECKUX MpOoIeccax 3aKiIodaeTcs B
M3YyYCHUH MOJICKYJSIPHOM OCHOBBI HMX (DYHKIIMOHAIBLHOTO COCTOSIHUSI. B Hacrosimied paboTe Mbl MMOKa3ald HOBBIi
HOAXOJ] K MCCIIeIOBaHUIO Tper-KieTok, KOTOPbIi M03BOJISIET TUCKPUMHUHUPOBATh IIOTEHIIMAIBHYIO ClIOCOOHOCTh Tper-
KJIETOK K ajre3ud Ha BHEKJIETOYHOM Matpukce. Mcrmosip3ysi 3TOT MOAXOJA, MBI OXapaKTePH30BAJIHM IOIYJISIIUIO
CBEIKEH30JIMPOBaHHBIX THanmypoHaHcBs3biBaonmx (HA+) CD4+CD25+ xnetok nepuepnueckold KpOBU 370POBBIX
JOHOpoB. MBI mokazamu, yto B HA+CD4+CD25+ ¢pakuun T-mumMQonuToB CONEpKUTCS MEHbIIEe KOJIMYECTBO
FoxP3+CD39+ kierok, yem B HA- ¢pakuuu. IlomydeHHsle pe3ynabTaThl ITO3BOJSIOT HPEAINOIOXKUTh, YTO B HOpPME
LUPKYJTUPYIOINE HaTypaJibHbIE Tper-knerkn coJiepikaT CyOromnyJsuuio, CIIOCOOHYIO CBSI3BIBATh
BBICOKOMOJIEKYJISIPHBIN I'MATypOHAH U TEM CaMbIM KOHTPOJIMPOBATh BO3MOKHBIC Ay TOMMMYHHBIE PEAKIINH.
Knrouegvle cnosa: T-perynsaTopHble KIETKH, THATYPOHAH, IPOTOYHAS! IINTOMETPHSI.

T regulatory cells can be described as a T cell population that functionally suppresses the immune
response by influencing the activity of a range of effector cells and thereby contributes to the maintenance of
immune homeostasis. They are crucial for protection against autoimmunity and they also modulate immunity
to infections and in tumor [1]. Treg cells originally recognized by their constitutive expression of CD4 and
CD25 are further defined by expression of surface CD152 and low expression of CD127. The main marker
of Treg cells is Foxp3, a DNA-binding protein, which is necessary for Treg development and function. [2].
Treg cells mediate suppression in cell contact dependent manner. Tregs may kill responder T cells by a
granzyme-dependent or perforin dependent mechanism or deliver a negative signal to responder T cells via
up-regulating intracellular cyclic AMP, which leads to inhibition of T cell proliferation and IL-2 formation
[3]. Additionally, Tregs act by cell-to-cell contact via membrane-bound TGFf [4], IL-35 and IL-10 [5].

Adhesion of Treg cells and recruitment to sites of inflammation or tumor growth requires binding their
CD44 receptor with a component of extracellular matrix — hyaluronan (HA). While highly expressed, CD44
on resting lymphocytes is inactive and binds to HA only when conformationally activated. CD44 can be
activated from a low to high HA-binding affinity state on T cells by HA-binding itself, TCR engagement,
and responses to cytokines/chemokines [6-8]. Therefore, the ability of Treg cells to interact with HA is
intrinsically related to their activation state.

In vitro ligation of CD44 on activated Tregs promotes persistent expression of FoxP3, increased
production of IL-10 and also promoted cell surface TGF-p expression, which are necessary for
immunoregulatory activity. These functions of CD44 are shown to depend upon interactions with high
molecular weight forms of HA that are found in the absence of inflammatory responses. [9].
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The aim of our study was to develop a new method of purification of HA+ Treg cells from peripheral
blood mononuclear cells (PBMC) using immobilized high molecular weight hyaluronan and to assess their
phenotype related to specific suppressor activity.

Materials and Methods

Peripheral blood mononuclear cell isolation. Blood samples (20-30 ml) were obtained from 10 healthy
donors. Blood was drawn into sterile tubes with EDTA, mixed well and centrifuged on Histopaque
(SigmaAldrich) gradient with density of 1.077 g/mL. PBMC were washed with RPMI 1640 medium
(SigmaAldrich), counted in hemacytometer and immediately used for experiments.

Separation of hyaluronan-binding PBMC. 1,86 ng of biotinylated hyaluronan (SigmaAldrich) and 100 ul
of MACSiBeads (MiltenyiBiotec) were mixed in 100 pl solution containing phosphate buffer saline (PBS),
0.5% bovine serum albumin (BSA), and 2 mM EDTA and incubated 2 h at 4-8°C under gentle rotation. After
that HA-beads were washed in 1ml of buffer at 300 g for 15 min and resuspended in 100 pl of buffer. PBMC
suspension was mixed with HA-beads, incubated at 4-8°C for 20 min, then cells were magnetically separated
into 2 fractions (HA+ and HA-) using BD IMag Separator.

Antibodies. The following anti-human mAbs were used for flow cytometry: anti-CD4-PerCP, anti-CD25-
PE, anti-CD25-FITC, anti-FOXP3-PE, anti-CD39-PE, anti-CD45RO-PE, anti-CD45RA-FITC and anti-IL-
10-PE and their relevant control isotypes (BD).

Surface and Intracellular Staining. Cells were incubated with mAbs specific for surface markers (5 pl to
100 pl of cell suspension) for 10 min at 4-8°C in the dark and then fixed and permeabilized (up to 107 cells
in 500 pl) in Fixation/Permeabilization solution (BD), mixed well and incubate for 20 min in the dark at
room temperature. Then cells were centrifuged at 300 g for 15 min. Afterward cells were stained with mAbs
specific for intracellular markers (5 pl to 100 pul of cell suspension) for 10 min at 4°C in the dark. Cells were
washed with PBS, resuspended in flow solution, and immediately analyzed by flow cytometry. Appropriate
isotype controls were included for each sample.

Flow cytometry. FACSCalibur (BD) flow cytometer was used for cell analysis.

Statistical analysis. Data are expressed as median and diapason of 25% and 75% quartiles. Nonparametric
Wilcoxon matched pairs signed-rank test was used to determine significance.

Results and Discussion

T regulatory cells of healthy donors can bind hyaluronan. We have not identified any HA-binding cells in
freshly isolated CD4+ fraction using soluble biotinylated HA and strepatavidin-FITC conjugate. A. Ariel et
al. have shown that approximately 5% of freshly isolated T cells adhere to HA immobilized on plates [8], but
this method is not easy-to-use for further analysis of the cells. We have used a new approach to separation of
HA-binding cells that provides more quantitative assessment of them. We have isolated HA-binding cells by
magnetic separation using biotinylated hyaluronan linked with magnetic anti-biotin particles.

Median HA+ PBMC content in healthy donors was 17.7%. We identified that median of CD4+CD25+
Treg cells was almost equal in both HA+ and HA- fractions of freshly isolated PBMC (12.5% and 14.0%,
respectively) (Fig.1).

HA-binding Treg cells distinguish a population with decreased expression of suppressor markers.
Definition of Treg cells based on the level of CD25 expression has not been consistenly reported in
literature. While CD25 is also expressed on activated T conventional cells, FoxP3 expression has a central
role in Treg identification.

As a highly characterized marker of Treg subset, Foxp3 has been shown to be essential for suppressive
activity of CD4+CD25+ cells. Prior study (Siegelman M.H. ef al.) did not identify any visible differences in
Foxp3 expression between HA+ and HA- CD4+CD25+ populations after 3 day activation with Anti-CD3
and Anti-CD28 antibodies [10]. We hypothesized that FoxP3+Treg cells circulating in peripheral blood of
healthy man permanently contain hyaluronan binding fraction. Indeed, median of FoxP3+CD4+CD25+ T
cells was significantly higher in HA- than in HA+ fraction (80% and 26% respectively, p<0.05) (Fig. 2A).
Interestingly, the opposite tendency was observed in MFI of FoxP3+ that characterized density of marker
expression (Fig. 2B).

It has been recently shown that ectonucleotidase CD39 is expressed on various cell types, including Treg
cells. Their biologic importance of ectonucleotidase activity is supported by a recent finding that adenosine
is one of the major immunosuppressive factors utilized by Treg for regulating tolerance to tissue grafts or
cancer and preventing autoimmune diseases [1].
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Figure 1 - Hyaluronan-binding and non-binding CD4+CD25+ Treg cells of peripheral blood of healthy donors
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Figure 2 - Expression of FoxP3 by HA+ and HA- subsets of CD4+CD25+ cells
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Figure 3 - Expression of CD39 by HA+ and HA- CD4+CD25+ cells
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Figure 5 - Expression of CD45RA and CD45RO by HA+ and HA- Treg cells
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We have found that median content of CD39+ Treg cells was significantly decreased in HA+ fraction
compared with HA- subset (p<0.05), though higher density of CD39 expression was observed in HA+ subset
(p<0.05) (Fig. 3).

We did not identify any significant difference in number in of freshly isolated HA+ and HA-
CD4+CD25+ T cells with intracellular expression of IL-10 (0.8% and 1.5% respectively).Since
CD4+CD25+ population is known to show increased expression of effector/memory markers
(CD45RA/CD45RO), it was of interest to analyze these surface markers on Treg cells with different
expression of active isoforms of CD44. As it turned out, there were no differences between HA+ and HA-
subsets by these markers (Fig. 5, 6).0n the basis of our data we propose that in norm circulating natural Treg
cells contain the subset capable of binding high molecular hyaluronan, i.e. expressing an activated form of
CD44. Such cells are in a state of readiness to control possible emergence of immune autoreactivity. Though
HA+ subset contains less FoxP3+ Treg cells than HA- counterpart CD39 expression on them is higher, that
indicates their suppressor potential. Our approach to assessment of Treg cell activity could be useful for
studying autoimmune disease and cancer development.
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Cnoco0bl perucTpanuu 0COOEHHOCTEH IK30IUTO3a MPH 3aMyCKe CUTHAJTbHON TPaHCAYKIHT
HenocrarouHo uccnenoBaHHON CTajMel SK30LMTO3a SIBISIETCS aKT CIUSHUS TPAaHYISAPHBIX M IUIA3MaTHYECKUX
MeMOpaH C TOCIeIyIonMM BBIOPOCOM COJEP)KUMOT0 T'paHyJ BO BHEKJIETOYHOE MPOCTpaHCTBO. [lyisi mccienoBaHus
yKa3aHHOW IpoOieMbl ObUIM anpoOMPOBaHBI  Psii METOAMYECKUX TPHEMOB PErHCTpPAlMU IK30LMTO3a Ha KIIETKax
acuuTHOU KapuuHOMEI Dpinxa (AKD) u nepuToHeambHBIX MaKkpogarax MBIIICH.
Kntouesvie cnosa: acUTHOI KapIIMHOMBI, 3K30LIUTO3, CHTHAJIbHAS TPAHCIYKIHS

J.B. Sabyrbek, Kim J.A. Kim, S.T. Tuleuhanov
How to register the features of exocytosis at start signal transduction
Insufficiently investigated stage of exocytosis is the act of merging granular and plasma membrane with subsequent
release of granule contents into the extracellular space . To investigate this problem have been tried a number of
instructional techniques registration exocytosis on cells of Ehrlich ascites carcinoma (EAC ) and peritoneal
macrophages of mice.
Keywords: ascites , exocytosis , signal transduction

I/IsyquHe MCXaHHU3MOB JK30IIMTO3a B KOHTCKCTC yc.]'[OBPIfI, CHOCO6CTBYIOH_II/IX MaJIMTHU3alluH KJICTOK,
SIBIISACTCA aKTyaHBHOfI HpO6H€MOI71 OHKOJIOTHH. B cBs3H ¢ 4YeM, H3YUCHHEC CBA3U MEXAHU3MOB 3K301IMTO3a B
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