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beneopoockuii eocyoapcmeentsili HAYUOHAILHBIU UCCTI008AMENLCKULL YHUBEPCUMEN,
* anexmponnbitl aopec: evgenija-sladkova00@rambler.ru

C ucnonb3oBanueM ACM-TeXHOJIOTUH IOTy4EHbl HOBBIC JAAHHBIC O CTPYKTYype U CBOHCTBAX KIETOYHOH
noBepxHocTu JmMponuToB 6omsHbIX XJIJI, OJIJT u OJIJI-P. [Toka3zano, 4To, HECMOTpSI Ha IPUCYTCTBUE B KPO-
BOTOKE HEIO3pEBIINX TUMPOIUTOB Y 00mbHBIX Kak XJIJI, Tak u OJIJI, nX MexaHUYeCKue CBOICTBA 1 TEOMETPH-
4yeckne mapamerpsl pasnudaiorcs. Jiumponutsl 6oxpHbIX XJIJI XapakTepu3yroTcsl yBEIHUCHHBIM 00BEMOM U
MTOBBIIIEHHOW KECTKOCTBIO, B TO BpeMs Kak 1t 0ompHBIX OJIJI u OJIJI-P ycTaHOBIEHO CHIKEHHE KECTKOCTH,
YTO MO3BOJISAET KJIETKAM PACILUIaCTHIBATHCSA Ha MOAJIOKKE, B PE3yNIbTaTe YeTO UX 00BEM BO3PACTAET 3a CUET yBe-
JTMYECHUS TUHEHHBIX Pa3MepoB KIETOK MPU CHIDKCHHOU BBICOTE. Y CTAHOBJIEHHBIE CTPYKTYPHO-(YHKIIMOHATH-
HbIE 0COOCHHOCTH OEIBbIX KIETOK KPOBH OOITBHBIX JIEHKO30M MOTYT OBITh HCIIOT30BaHbI B KAU€CTBE MPOTHOC-

THYECKOTO KPUTEPHs MPHU Pa3BUTUH JIEHKOCTA30B.

KnrmoueBsie cioBa: numdpoOmacTHbIi neiiko3, Moxyns FOHra, MOBEpXHOCTHBIN MOTEHLHA, penbed mo-

BEPXHOCTHU, ATOMHO-CUJIOBass MUKPOCKOIIHA.

[Mpunasateie cokpamenus: ACM — aromHO-cuiioBas Mukpockomnusi, OJIJI — octpsiit mumdobdaact-
HBIH netiko3, OJIJI-P — octpsrii mumdobaacTHbIH eiiko3 B cTagun pemuccud, [111 — nmoBepXHOCTHBII MOTEH-
nuan, XJIJI — xpoHndeckuit 1uMQpoOIacTHBIH JIEHKO3.

Jlum¢oOmacTHBII JIeiiko3 mpeacTaBisieT codoi Heorulac-
THUYECKOE 3a00JIeBaHNe, KOTOPOE XapaKTEePU3yeTCsl ITaTOI0TU-
YECKUM POCTOM M M3MEHEHHEM YpOBHS AU PEepeHIIPOBaH-
Hoctu sumdormros (Ilnpdman, 2001). Hapymienus: B mpo-
Iecce Co3peBaHMsl OCNbIX KIETOK KPOBH  OKAa3bIBAIOT
CYIIECTBEHHOE BIIMSIHHE Ha WX MMMYHOJOTHYECKHE CBOWCT-
Ba. [loka3aHo, 4TO MpM Pa3TMYHBIX BapHaHTaX MMMYHHBIX
NIaTOJIOTHH B TIEPBYIO OUepPe/ib U3MEHSIIOTCSI CTPYKTYPHO-Me-
XaHUUYECKHEe CBOMcTBa MeMOpaH JUM(OLUTOB, YTO SIBISETCS
pPaHHUM, a MHOT/Ia U eIMHCTBEHHBIM TPH3HAKOM X (pyHKIIHU-
oHanmbpHBIX Hapymenuit (I'opio, 2000). Kpome Toro, ocoben-
HOCTH MOPQOJIOTHH M OIEHKA CTPYKTYpPHO-MEXaHHIECKUX
CBOHCTB OITyXOJIEBBIX KJIIETOK ITPEACTABIISICT HHTEPEC C TOUKU
3peHHs MPOrHo3a TeueHus 3adoneBanus (Tokapesa, 2004),
0COOCHHO MPY JIMarHOCTHKE TOJIHBIX U HETOJIHBIX PEMHUCCHIH,
MOCKOJIbKY XPOMOCOMHBIC aHOMAJIHU JIUM(OIUTOB, SIBISIIO-
Myecss MapKepoM JIEHKO30T€HE3a, BBIBISIOTCS M MPH IOJ-
HoM BBI3HOpoBIcHNH ([Inddman, 2001).

Pemmenne ganHoil MpoOIEMBI CTaIO BO3MOXKHBIM OJaro-
Jlapsi BHEPEHHUIO B OMOJIOTMYECKHE MCCIIEJOBAHHSI METOJIOB
ACM-ckaHUPOBaHUS, KOTOpPBIE MO3BOJSIOT M3y4daTh HATHB-
HbIE [IUTOJIOTUYECKUE CTPYKTYPbI U MEXaHU3MBbI X (PYHKIHO-
HUPOBAHMS IIyTEM OLEHKH (HU3MYECKHX CBOMCTB IMOBEPX-
HoctH (Ky3Henosa u ap., 2005). K HacTosmmeMy MOMEHTY Me-
tonoM ACM wuccrnenoBaHbl ynpyro3iaacTU4eCKUe CBOMCTBa
kierok muenonanor (HL60) u mumdonnnoit (Jurkat) omyxo-
neBbix JinHuid (Rosenbluth et al., 2006), a Taxke Tornorpadust
MOBEPXHOCTH T-TMM(OLUTOB Ha pa3HBIX HTalax aKTHBa-
mun (Yangzhe et al., 2009). OgHako JaHHBIE OTHOCHTEIHHO
CTPYKTYPHO-MEXaHWYECKUX OCOOCHHOCTEH KIJIETOUYHOH I10-
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BEPXHOCTH M 3JIEKTPHYECCKUX CBOHCTB JIMM(OIUTOB OOIBHBIX
OJUI, XJUI u OJUJI-P oTCYTCTBYIOT.

[enp HAacTOAILIETO MCCIEIOBAHUS 3aKII0YAIACh B U3yUe-
HUHM CTPYKTYPHO-(YHKIIHOHAJIBHBIX OCOOeHHOCTEH JuMpo-
IUTOB OOJBHBIX TUM(POOIACTHBIM JICHKO30M.

Marepuaj U MeTOAUKA

OO0BeKT uccieJoBaHUA — JUM(OUUTHI OOIBHBIX
OJUI, XJIJI u OJIJI-P (o 10 manueHToB B KaXA0W TpyIIe).
KonTtponewm cimyxunu kiaeTku 30 310pOBBIX JOHOPOB. DKCIIe-
PUMEHTANBHYIO pabOTy BEIMONHSIHN Ha 0a3e Kadenpsl aHaTo-
MUH U (HU3HOTOTHH JKUBBIX oprann3MoB HUY «benl V».

[TonroToBKY 00pa3moB MJISI MUKPOCKOMUPO-
BaHM s OCYNIECTBILSUIN IO cieayronieid cxeme. KpoBb 1eHT-
pudyruposaiu 10 mun npu 1500 06/mMuH, coOMpany HUX-
HIOIO YacTh IJIa3MBbl, OOTaTyro JEHKOIUTaMH, U JIEHKOIUTap-
Hoe koubno. IIpumecs spurpornutos paspymanu 0.83%-HbM
pacTBOPOM XJIOpHAa aMMOHUS. JICHKOIMTHI 1BaXK/Ib OTMBIBA-
JIM M30TOHUYECKUM Oy(epHbIM pacTBopoM (pacTBop Jlyiib-
oekko, pH 7.4). CycreH3uio KJICTOK KPOBH IOMEINAIMA Ha
00e3KUpeHHbIE CTeKIsIHHBIE nomoxku (MiniMed, Poccus).

ACM-ananu3 n1uMQOIUTOB BHITOJIHSIIA HA aTOM-
Ho-cmitoBoM mukpockonie MHTEI'PA Bura (xonburypamms
Ha Oa3e WHBEPTHPOBAHHOTO OITHYECKOTO MHKPOCKOIA
Olympus [X-71) (NT-MDT, Poccus). CkarupoBanue 15 xire-
TOK M3 KaXK10H NPOOBI OCYIIECTBIISIN B ITOJ)yKOHTAKTHOM pe-
JKUMe, UCToib3ys kanTmwieBepsl cepun NSG 03 (denoposa
u ap., 2009).
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B npoBeneHHOM HCCIIENOBaHMU NPU 0OpadOTKE TMOITY-
YCHHBIX CKAaHOB HCIIOJB30BaId CICAYIONIUE MNPOrpaMMHBIC
MPOIYKTHI: s pacdera BbIicOTHI (h, MKM) m aumamerpa
(d, mxm) kmetok — Nova (NT-MDT, Poccus), ams pacuera
wroman (S, Mmkm?) u oovema (V, Mrm3) kiietok — Gwyddion
(Gwyddion.net). Anroputm paboTBl NPOrpaMM COCTOHMT B
TOM, YTO MOJyYEHHBIH CKaH pa30MBaeTCsi Ha MHOXKECTBO OT-
JICJIbHBIX YYACTKOB M MIPOUCXOIUT 00pabOTKa KaKIOH 4acTu
MOJIY9EHHOTO M300paKeHHUs C y4eTOM MOP(OIOTHIEeCKIX 00-
pa3zoBaHUll NOBEPXHOCTH KieToK. [locie 3Toro noiayyeHHble
pe3yIbTaThl CYMMHPYIOTCS, W MPOrpamMMa BBIAAEeT OKOHYA-
TEJNBHBIA pe3yibpTaT. TakuM 00pa3oM, JaHHEIC, TOJTYYCHHBIC
HaMU C UCIIOJIb30BaHHEM IPOTPAMMHBIX ITPOAYKTOB, CYIIECT-
BCHHO pa3jinyaroTCd ¢ JaHHBIMH, KOTOPBIC MOYKHO ITOJIYYUTHh
MIPY UCTIOIB30BAaHUH CTAaHAAPTHBIX (OPMYIT I TeOMETpHYIe-
CKHX OOBEKTOB.

JUIss OLEHKH CTPYKTYPHBIX HEOIHOPOMHOCTEH KIETOY-
HOH MOBEPXHOCTH CTPOMJIM KpuBbIEe mpoduis O0KOBOro ce-
YEHUsI, Ha KOTOPBIX MOACUYUTBHIBAIN KOJIWYECTBO M U3MEPsI-
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Puc. 2. Pe3ynbTaTel CHIOBOH CHEKTPOCKOIHUH JIMM(OIHTA.

@ — NOJIyYeHHbIE CUIIOBBIC KPUBEIE; 110 Ocu abcyucc — BbICOTa OABO A (0TBOJIA) 30H A, MKM; 110 ocu opounam — ypoBeHb curaana DGL (oTHoIIeHHE BeJTnIH-
HBI OTPAKEHHOT'O CHTHAJIa JIa3epa MEX/ly BEpXHEH 1 HIKHE yacTaMu pOTOIeTEKTOpa ONTHYECKOI CUCTeMBbI CKaHUpYIo1eit rooBku ACM). 6 — TpexMepHoe
n3o0paxenue TUMQPOLUTA. 6 — U300paKeHUE JTUMPOIUTA U JIOKAIBHBIX TOYEK (yughpbl) CUIOBOTO BO3JCHCTBHSI HA €r0 MOBEPXHOCTb.
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Taonuma 1

I'eomerpuyeckne napameTpsbl, BeimunHbl Moy st FOnra u III sumdpounton
npH Jeiko3ax

ITapamerp 310pOBBIE IOHOPHI OJIJT XJIT OJIJI-P
[nomams, MKM? 785+1.2 134.0 £2.4° 122.8 £2.5%6 82.4+0.2%0
O6beM, MKM? 42.6+0.9 86.0+1.12 73.6 £0.5%0 55.2+0.7%6
Juamerp, MKM 6.3+0.5 10.6 £0.22 9.4+0.8 83+0.7*
Bricora, MM 0.9+0.1 0.5+0.02? 1.7+0.12 0.8+0.1
Monyine FOnra, mxlla 52+0.3 25+£0.12 11.2+£0.5% 1.8+0.22
I, mB -31.0+£0.7 -22.1+0.9%® -23.8+0.2%® -29.0+£0.5

IIpumeuanue. Pazmuuaus nocrosepus! npu P < 0.05 npu cpaBHEHHH ¢ TUM(OLIUTAMH 3T0POBBIX JOHOPOB
(®), ¢ mumdormramu Gomsrbx OJUI (%) u ¢ mumdbonuramu Gonpubx OJIJI-P ().

M JUHEHHBIE pa3Mepsl yriryOseHHH ¥ TIIOOYJISAPHBIX BBI-
CTYNOB Ha Y4YacTKe IUIa3MaJeMMBbl IDIOMAABI0 3X3 MKM
(puc. 1).

VYupyroasiacTuieckue CBOWCTBA JTUM(OLUTOB U3ydaid B
PEeKMME CHIIOBOM CHEKTPOCKOIUH C HUCIIOJIb30BAHUEM MOJIU-
(GUIMPOBAHHOTO 30HIA, M3TOTOBJIEHHOTO HA OCHOBE MOJH-
MEpHBIX MHUKpochep, MPUKPEIUIEHHBIX K THUIUIECCY CEpHH
CSG 11 (Cxopkuna u zp., 2011). Perucrpanus momyss FOnra
C MOMOIIBI0 MOAN(DHUIMPOBAHHOTO CEHCOPA TO3BOJISIET BO3-
JIeCTBOBATh Ha BCIO MOBEPXHOCTH JIUMQOILUTA OJHOBPEMEH-
HO C OJINHAKOBOW CHJION, B pe3yJIbTaTe uero mpeacTaBisieTcs
BO3MOXKHBIM TOJIy4aTh «CYyMMapHYIO» CHJIOBYIO KPUBYIO C
KaXI0HM KIETKH Kak ¢ ToMoreHHoro mMatepuaina (Dimitriadis
et al., 2002).

Jlnist u3ydeHuss MEXaHU4eCKHX CBOMCTB JIOKAIBHBIX yda-
CTKOB MOBEPXHOCTH JMM(OLUTOB OLEHNBAIN MOy b FOHra,
XapaKTepU3yIONIUI JKECTKOCTh Hcceayemoro oonrexTa (Butt,
Capella, 2005). Moxyns FOHTa H3Mepsin B pekKuMe CHIIOBOI
CHEKTPOCKOIHH C HCIOIb30BaHNEM CTaHIAPTHOTO 30HOBOTO
natunka cepun NSG 03 npu HalOXKE€HUM HArpy3Kd Ha Kie-
TOYHYIO ITOBEPXHOCTh B 25 Toukax (pwuc. 2, 6). [lomydyenusle
CHJIOBBIC KpUBBIC 00pabaThiBaid Ha OCHOBE Mojienu ['epiia B
monudukaimu Cuenona (Wojcikiewicz et al., 2004).

Jlns mccnemoBaHUs ANEKTPHUYSCKUX CBOWUCTB JTUMQOIH-
TOB U3MEPSUIH X ITOBEPXHOCTHBII MOTEHINAT B PEKUME 30H-
na KenpBUHA ¢ MCHIOJIB30BaHUEM KaHTHIIEBEPA C TOKOIIPOBO-
JISIIAM TUTaHOBBIM MOKpbITHEM cepun NSGO3/TiN.

CTaTHUCTUYCCKYH 00pabOTKY MOJYyUYCHHBIX pe-
3yJIbTATOB OCYLIECTBIISUIN C TOMOIIBIO #-KpuTeprst CThIO/ICH-
Ta. Pe3ynbTarel B TaONUIAX MPEICTABICHBI B BUJIE CPEAHETO
U €r0 CTaHJapTHOTO OTKJIOHEHHSI.

Pe3yabTarbl

Mopdonornueckue ocoOEHHOCTH JUMPO-
HUTOB NPpH JehKko3ax. B nepudepnueckoit Kpou 060I1b-
Heix OJIJI oOHapykeHbI OyacTHBIC (POPMBI KIETOK C HEIpa-
BIJIBHBIMHM KOHTYpPaMHM IMTOIUIA3MBI, SIPOM, 3aHMMAIOIIUM
OOJIBIITYI0 YacTh KJIETKH. BelnunHa miIomaan moBepXHOCTH,
obbema n maMerpa auMdorutos 6onbHbIX OJIJI Bo3pacrana
Ha 41, 51 u 41 % cootBerctBeHHO (P < 0.05), mpu 3TOM KX
BbICOTA CHIDKaAch Ha 45 % (P < 0.05) mo cpaBHeHHIO ¢ aud-
(epeHIMPOBaHHBIMUA  JIMM(OIMTAMU  3I0POBBIX JIOHOPOB
(tabm. 1). IToBepxHocTs KieToK OompHBIX OJIJI xapakrtepu-
30Bajlach YBEJIMYEHHEM BEIWYHMHBI TIIyOMHBI W IIHPHHBI
nHBarmHaMi MemOpansl Ha 54 u 39 % COOTBETCTBEHHO
(P<0.05) npu ymeHblieHMM uX KonndectBa Ha 47 %
(P <0.05) no cpaBHEHUIO ¢ JIUMQOIHUTAMU 310POBBIX JIOHO-
poB. BeicoTa 1 mmprHa rio0yIspHbIX BBICTYIIOB TIa3MajIeM-
MBI CHIBHIINCH Ha 85 1 78 % cootBercTBenHO (P < 0.05), mpu
9TOM HUX KOJMYECTBO yMeHbHIIIock Ha 57 % (P < 0.05)
(Tabm. 2).

B kpoBu Gompubix XJIJI mpucyrcTBOBANN JUMQOIHUTHI
OKPYTJION M HempaBwibHON (hopMbl. Benuuuna miomaiu mo-
BEPXHOCTH, 00beMa, THaMeTpa U BBICOTHI JUM(OLUTOB yBe-
nmuaninack Ha 36, 42, 33 u 47 % cootBerctBenHo (P < 0.05)
IO CPAaBHEHHIO CO 3IOPOBBIMHE JoHOpaMu (Tadim. 1). [myOuna
U IHMpUHA WHBAarMHANWN IUIa3MajieMMBbl KIJIETOK OOJBHBIX
XJIJI Bo3pocin Ha 85 m 50 % coorBerctBenHO (P < 0.05),
IIPY 9TOM 0011Iee KOJMYECTBO MHBAIMHALIMI YMEHBIIMIOCH Ha
67 % (P < 0.05). BricoTta u mmpuHa rI00yISIPHBIX BEICTYIIOB
1a3MageMMbl TuMdormToB 60apHBIX XJ1JI yMeHbIIanmces Ha
9 1 80 % cootBercTBeHHO (P < 0.05), a2 UX KOTUIECTBO CHU-

Tabnuma 2

MopdoJiorust nopepxHocTH JUM(POUnTOB

I'moOynsipHBIE BBICTYIIBI Yrayonenus
I'pynna
KOJIMYECTBO BBICOTA, HM mrMpuHa, HM KOJIN4YCCTBO FJ'Iy6I/IHa, HM mrMpuHa, HM
3/10pOBBIE JOHOPBI 7.0+£02 |46.0x25 15.0+0.9 9.0+£04 26.0+ 1.8 20£0.3
OJUI 3.0+0.1* | 7.0£0.5° 33+0.82 5.0+£0.52 56.6 +£3.22 3.4+0.22
XJ1 4.0+02% | 42.0+12%6 3.0+0.22 3.0+£0.1* | 1744+51%5 | 4.0+0.9°
OJUI-P 5.0+0.3% | 41.0+1.4%6 2.0+0.12 7.0+0.32 32.0+£3.4%6 | 10.0+0.8°

Ilpumeuanue. Paznuuus nocrosepHsl npu P < 0.05 npu cpaBHeHUH ¢ TUMQGOLHUTAMU 30POBBIX JOHOPOB (*) U C

sumdorutamu Gomsaex OJIT (9).
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Tabnuma 3

Pacnpe}leﬂeﬂne MOAYJIsA HOnra J'll/lM(l)Olll/ITOB 10 TOYKaM HAHOUACHTUPOBAHUA, milla

Touka 3710pOBBIC JIOHOPBI OJIJT XJ1 OJUII-P
6.0+0.3 3.1+0.12 13.1£0.4° 0.8+0.22
7 7.5+0.8 2.5+0.22 12.1 £0.92 1.3+0.12
13 6.4+0.8 29+0.32 123+0.72 0.30+0.012
14 5.6+£0.6 2.1+0.1%0 13.7+0.62 0.30+£0.01&6
18 75+0.7 2.6+0.12 11.1+0.72 0.50 £0.032
23 6.0+0.9 2.1+0.22 11.9 +0.6? 0.90 +£0.022
24 56+0.2 1.9+0.42 8.1+0.32 1.00+0.01%

IIpumeuanue. Pazmuuns nocrosepus! npu P < 0.05 npu cpaBHEHNH ¢ JIUM(POLUTAMHU 3T0POBEIX JIOHO-

poB (%) u ¢ mumdormramu 6ombHbIX XL (6).

3minock Ha 43 % (P < 0.05) 1o cpaBHEHHIO CO 3JOPOBBIMHU JI0-
HopamH (Tab. 2).

Jlmmporrer  GompHBIX  OJIJI-P mMmenn mpaBMIIBHYIO
OKpyTIyI0 Gopmy. BenmuuHa 1uromaan moBEpXHOCTH, 00be-
Ma U auamerpa JumdoruToB y 6oipHeIx OJIJI-P Bo3pocia
Ha 5, 23 u 11 % cootBercTBeHHO (P < 0.05) MO CcpaBHEHUIO
C KOHTpOJIeM, a BbicoTa cHu3miack Ha 22 % (P <0.05). Ha
MOBEPXHOCTH KJIeToK 601bpHBIX OJIJI-P Habmoganocs yBenu-
YEHUE BEIMYMHBI INTyOMHBI U IIUPUHBI MHBarMHALMH MeMO-
panbl coorBeTcTBeHHO Ha 19 1 80 % (P < 0.05) mpu ymeHsb-
ImIeHNH uX Kosmdectsa Ha 22 % (P < 0.05) mo cpaBHEeHHIO ¢
KOHTPOJILHOH Trpymmoit (Tadu. 2). Beicota n mupuna 1i100y-
JIIPHBIX BBICTYNOB KJIETOYHOI MOBEPXHOCTH CHU3WINCH CO-
orBeTcTBeHHO Ha 11 u 33 % (P < 0.05). KomugecTBO BBHICTY-
moB Ha MeMmOpane mumdonuToB 6ompHBIX OJIJI-P ymens-
mmnock Ha 29 % (P <0.05) mo cpaBHEHHIO CO 370POBBIMU
JIOHOpaMH.

B xpoBu GompubIX OJIJI 1upKyIMpoBaiM JTUMQOIHTHI
00BIINX pa3MEpPOB U C OoJiee CIIIaKEHHBIM peibeoM I1a3-
MajeMMbl 10 CpaBHEHHWIO ¢ KieTkaMu OonbHBIX XJIJI u
OJUI-P. BennunHa miomazy MOBEPXHOCTH H 00beMa KIETOK
6ompHbIX OJIJI yBenmumiack Ha 8 U 14 % COOTBETCTBEHHO
(P <0.05) mo cpaBuenuro ¢ mumdorramu 6ompHBIX XJIUT 1
Ha 39 u 36 % cootrBercTBeHHO (P < 0.05) MO CpaBHEHHIO C
muMponuramu 6obHBIX OJIJI-P. BeicoTa rioOysisipHBIX BbI-
cTynoB cHu3munack Ha 84 u 82 % (P < 0.05) mo cpaBHEHHIO C
mumporramu 60abHBIX XJIJI u OJUJI-P cooTBETCTBEHHO.
I'myOnHa MHBarnHaNWi KICTOYHOH MOBEPXHOCTH Y OOJTBHHBIX
OJIJI ymenbmmucs Ha 68 % (P <0.05) mo cpaBHEHHIO ¢
muMpormramu 60bHBIX XJIJI 1 Ha 44 % (P < 0.05) o cpas-
HEHHIO C KJIeTKaMu 00JbHBIX OJLJI-P (Tabdm. 2).

OyHKIMOHAIbHBIE OCOOCHHOCTHU JTUMQPOLH-
TOB mpu Neiko3ax. B rpymmnax 6onpabIx OJIJT 10 OJIJI-P
OBUTO yCTAHOBJICHO CHI)KEHHE BEJIMYMHBI MOTYJISI YIPYTOCTH
Ha 52 u 64 % coorBercTBeHHO (P < 0.05), a B rpynime 00ib-
HbIx XJIJI — yBenmuenue Ha 54 % (P < 0.05) o cpaBHECHUIO
¢ KoHTpoJieM (Tadi. 1).

YV 6onpaBIX OJIJI 1 OJIJI-P moka3aHo yMEeHbIIICHHUE BETH-
YUHBI YIIPYTOCTH M0 KPAFO IIUTOILIA3MBI JINM(POLIUTOB (pHC. 2,
8, mouxku 4, 23) B cpennem Ha 48 u 87 % COOTBETCTBEHHO
(P <0.05), B obmactu sippa (puc. 2, 8, mouxu 13, 14) — Ha 55
u 95 % cootBercTBeHHO (P < 0.05) 110 CpaBHCHHIO C KIIETKa-
MU 37I0pOBBIX JOHOPOB (Tabi. 3). Moaynb yrmpyroct Jmm-
(ouuroB dospHbIX XJIJI Bo3pactan no nepudepun KISTKH U
B MepUHYKJICapHOH 30HE (pHC. 2, 8, mouxu 4, 7, 24) B cpen-
HeM Ha 54 u 32 % cooTtBetcTBeHHO (P < 0.05) B cpaBHEHHH C
KOHTPOJBHOH Tpyrmmoi (Tadd. 3).

s mumdonuto 6obHbIx OJIJT 1 XJ1JT xapakTepHa He-
paBHOMEpHAas JKECTKOCTh KJIETOYHOM MOoBepXHOCTH. Pa3bpoc
3HadeHnit Moxynsa lOmra y GompubIx OJIJI cocraBmser oT
1.9+ 0.6 mo 3.1 £ 0.3 mxIla, y 6ompaBIX XJIJI — o1 8.1 + 1.2
mo 13.1 £ 1.5 mxIla. Haubosee skeCTKIE y4acTKU MTOBEPXHO-
CTH BBIABICHBI B oOiactu sigpa OonbHeIx XJIJI (puc. 2, s,
mouka 14), uro Ha 76 1 98 % (P < 0.05) Beie moyns KOura
sumdorutoB OosbHbIx OJIJI u OJIJI-P  cooTBeTCTBEHHO
(Tabm. 3).

MIT mumdoruroB 6ompHBIX OJIJI n XJIJI Ob1T MOBHIIICH
cootBeTcTBEeHHO Ha 29 u 23 % (P <0.05) mo cpaBHEHHIO ¢
KJIETKaMH 3JIOPOBBIX JOHOPOB. /Iyt TUMQOIHUTOB OGONBHBIX
OJUI-P Obuio xapakrepHo cHikenue [1I1 Ha 24 u 18 %
(P <0.05) mo cpasaennto ¢ OJUJI u XJIJI cooTBETCTBEHHO
(Tabm. 1).

Oocyxnenue

Metonom nonykoHTakTHOro ACM-CkaHUPOBaHUS MOITY-
4eHbI JJAHHBIE O BBICOTE U reoMeTpuieckor popme numdoru-
TOB OOJIBHBIX Jieliko30M. Jlst numdouutoB GosbHbix XJIJI
XapaKTepHO yBEJIMUeHHE 00bEeMa 1 MIIOMIA/IN TOBEPXHOCTH 32
CYEeT BO3pAcTaHMs BBICOTHI KJIeTOK. OtHaKo uist TMM(OonnToB
6ompabIX OJIJT n OJIJI-P xapakTepHO yBeIWYEeHHUE IUIOMIAIN
MIOBEPXHOCTH M 00beMa Ha (pOHE CHMIKEHHS CPEIHEH BBICOTHI
KJIETOK, YTO YKa3blBaeT Ha M3MEHEHHE HX MOPQOJIOTHH 3a
CYET pacIulacThIBaHUs Ha MOJIOKKe. [locTyiienue B nepu-
(beprgeckoe pycino TUMQOINTOB HEMPAaBWIBHOW (OPMBI MO-
KET OBITH CBSI3aHO C OCOOEHHOCTSIMH OpPTaHN3AINN B CHCTEME
MHUKpOTpyOouek. Tak, B OKpYIJIBIX KJIETKaX MHKPOTPYOOUKH
coOMparoTCsl B KPYIHBIE ITyYKH, B TO BPEMsI KaK B JTMM(QOILH-
Tax ¢ HENpaBHIbHOW (GopMoi TyOyIMHOBBIE (HPUOPHILIBI pac-
T10J1araloTCsl B BUJIE OT/IENIbHBIX HUTEH, CIOCOOCTBYS BBITSITH-
BAaHMIO KpaeBbIX yuacTkoB nurtoruiasMel (Felix, Strauli, 1990).

Tomorpadus moBepxHOCTH TUMQPOIUTOB 60MbHBIX XJ1JT
uMena SIPKO BBIPAKEHHBIH pH(IEHBIH XapakTep MO CpaBHe-
HUIO C JIMMQOIMTAMU 310POBBIX JOHOPOB. [loBepXHOCTH
mumdorutoB 60pHBIX OJLJT u OJIJI-P Tepsier yacts Mopgo-
JIOTMYECKUX 00pa30BaHUii, B Pe3yJIbTAaTe YEro YBEIHUUBAIOT-
Csl pa3Mepbl MHBArHMHAIMN, YMEHBIIAECTCSI BBICOTA IIOOYIIAp-
HBIX BBICTYNOB Ha ()OHE CHIDKEHHS MX OOIIEro KOJIMYECTBa,
YTO, BEPOSITHO, SIBIISICTCS CIICACTBHEM IEPECTPOEK AKTHHO-
BBIX CTPYKTyp murockeinera (Yamazaki et al., 2005). Criua-
KMBaHHE pesibepa MOBEpXHOCTH CONMPOBOXK/IACTCSI CHUKECHH-
eM xecTkocTu JuMmporuros OonbHbIx OJIJI n OJIJI-P ¢ npe-
obnaaHreM HAWMMEHBIIUX €€ 3HauyeHWud 1o nepudepun
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LUTOILIA3Mbl, YTO MOXKET CO3/]aBaTh YCJIOBHS JUIS (OpMH-
poBanusi samesuionouii (Small, 1998) u QoxanbHbIX KOH-
takToB (Morrison, 2007). s mumdorutoB 601pHBIX XJLJT
XapaKTEpPHO YBEIHMUYCHHUE JKECTKOCTH C MAaKCHMalIbHBIM
ee 3HaYeHHWEeM B OOJIaCTH S/Ipa, 4TO, 10 JIAHHBIM JIMTEpaTy-
PBI, MOKET OBITH CBSI3aHO C YMEHBIIICHUEM KOJIMUECTBA aKTH-
HoBbeIx HuTed (Cai etal., 2010) n HanM4YMeM CTPYKTYpPHBIX
aHOMaJIMH MPOMEXYTOUHBIX (uiamentoB (Zucker etal.,
1979).

VYeemmuenne I1I1 mumdponnTor Gompabrx OJIJI u XJIJI
TIOBBIIIACT AATE3HI0 KIETOK K COCYAMCTOI cTenke (Merytep,
1980) 1 co3maer ycioBus Al HAPYHICHHST MHKPOLMPKYJIS-
mun (Dong, 1998). KittoueByio poJib B IOBBIIICHUH MTOBEPX-
HOCTHOI'O TIOTCHIIHAIA JIUMGPOLUUTOB Tpu JTuMpomponudepa-
TUBHBIX 3a00JICBAaHUSAX MOXKET UIpaTh Kak Iepepacipesnerne-
HHE MOJIEKYJI XOJIeCTepoiia KICTOYHOH mMeMOpansl (Moores
et al., 2010), Tak 1 CHIKEHHE CKOPOCTH TpaHC(HOpMAaIH 1710~
OyJISIpHOrO aKTHHa B MOJMMEpPHYIO (OopMy, B pe3yjbraTe
akTUBUpYIOTCS MOHHBbIe KaHanbl (Negulyaev etal., 1996),
yu4acTByMIHEe B (OPMUPOBAHHU JIIEKTPUUECKOTO 3apsia
KJIETKH.

Taxum o0pa3om, ncnonp3oBanue ACM-HHCTpyMEHTapUs
MIO3BOJIMJIO YCTAHOBUTH M3MEHEHUS! yIbTPACTPYKTYpPBl M Me-
XaHUUYECKHX CBOWCTB KJIIETOYHOW IMOBEPXHOCTH JIMM(OIUTOB
OOJIBHBIX JIEHKO30M, KOTOPhIE MOTYT OBITH MCIIOJIb30BAaHBI B
Ka4yeCTBEe MHJMKATOPOB CTEHECHU BBIPAKEHHOCTH IATOJIOTH-
YECKUX MPOLECCOB MPH JEHKEMHUUECKUX MUKPOAHTHONATHSAX,
COIIPOBOXKJAIOUINXCS YBEINIECHUEM KaTHOpa BEHYI U CHIKE-
HHEM apTeproso-BeHyJsIpHOTO Kod(p¢uuuenta (Mosuraesa,
2003). HecMoTps Ha CXOXHH PHCYHOK peibeda riazMaiem-
MbI iuMpormutoB 6oibHbIX OJIJI, XJUT u OJIJI-P, usmeneHwust
MOP(]OJIOTHH HOCSAT pa3HOHANPABICHHBIH XapakTep U, CKopee
BCETO, 3aBUCST OT JKECTKOCTH KJIETOK. YBEIMYEHHE 00beMa
muMdoruToB 0ompHBIX XJIJI compoBoXmaeTcst CHIDKCHHEM
YIPYTrodJacTHYECKNX CBOWCTB KJIETOK, B TO BpeMs Kak y
6ombHBIX OJIJT 1 OJIJI-P 00bemM nmumdonuToB Bo3pacTaeT Ha
(oHEe CHMIKEHHSI )KECTKOCTH KIIETOK, YTO MO3BOJISICT UM y4a-
CTBOBATh B PEAKIMSIX PACIUIACTHIBAHUS Ha MOJJIOKKE. BhIsB-
JICHHBIE CTPYKTYPHO-(YHKIMOHAIbHbBIE OCOOCHHOCTH JIHM-
¢ounToB OONBHBIX JIEHKO30M HMEIOT 0co00e 3HAYCHHE B
MIPOTHO3€ TATOJIOTHYECKUX W3MEHEHHH, BO3HHMKAIOMINX B
MHUKPOLUPKYJISITOPHOM pyCJie IIPH Pa3BUTHH JICHKOCTA30B.

Pabota BeImonHeHa mpu (puHAHCOBOW TMOAmepkke Mu-
HUCTepcTBa 0Opa3zoBaHus 1 Hayku Poccuiickoit denepannny,
B pamKax (eaepanbHO# 1ieseBoil mporpammbl «HaydHbie 1
Hay4YHO-TIEarorHuecKie Kaapbl MHHOBAMOHHON Poccum»
Ha 2009—2013 rr. (cormamenue Ne 14.132.21.1320).
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STRUCTURAL AND FUNCTIONAL PECULIARITIES OF LYMPHOCYTES FROM PATIENTS
WITH LYMPHOBLASTIC LEUKEMIA

E. A. Sladkova,! M. Yu. Skorkina

Belgorod State National Research Uniersity;
I e-mail: evgenija-sladkova00@rambler.ru

New data on the structure and properties of the cell surface of lymphocytes from the blood of patients with
CLL, ALL and ALL at remission stage has been obtained using AFM technologies. It’s been shown that, despi-
te the presence of immature lymphocytes in the blood flow of patients with CLL and ALL, the mechanical pro-
perties and geometrical parameters of the cells are different. Lymphocytes of CLL patients had an increased vo-
lume and higher stiffness, while the cells from the blood of patients with ALL and ALL in remission had decre-
ased stiffness, which allowed the cells to spread on the substrate, thereby the volumes increased due to their
reduced height and increased diameter. Identified structural and functional peculiarities of white blood cells
from the patients with leukemia can be used for prognosis of the cancer progression.

Key words: lymphoblastic leukemia, Young’s modulus, surface charge, shape of the surface, atomic for-
ce microscopy.



