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['eHHas Teparus — MepCIeKTUBHBIN METO JICYEHUs pa3IMYHbIX 3a00JIeBaHUI MyTeM BBEICHUS TeparieB-
TUYECKUX HYKJIEMHOBBIX KUCJIOT, IJIs1 JOCTABKM KOTOPBIX IIUPOKOE PaCIIPOCTPAaHEHUE MOTYIMIIN KAaTUOH-
HbIe JTunocoMbl. ITokazaHa cIToCOOHOCTh KATUOHHBIX JIMITOCOM, COCTOSIIIIUX U3 TTOJUKATHOHHOTO JIUIMNIa
2X3  (1,26-6uc(xomecT-5-eH-3p-mmokcukapboHmwiaMuHo)-7,11,16,20-terpaasarekcako3aH TeTparniapo-
xygopua) u gununa-xeianepa DOPE (1,2-nguosieonn-sn-riuiiepo-3-docdosTaHoIaMrUH) NP pa3IMIHbIX
cootHomeHusix (2.5:1(L1),2:1(L2), 1.5: 1 (L3),1:1(L4),1:1.5(L5),1:2(L6)u1:2.5(L7)), obec-
neuuBaThb noctaBky miasmuaHoi JTHK (nJIHK) B kiietku HEK293 ¢ acdekTHBHOCTBIO BBIIIIE, YeM Y KOM-
Mepueckoro npenapata Jinmodekramua 2000. Mb1 00HapyKIIN, YTO TPAaHCGUILIMPYIOIIAS aKTUBHOCTD Ka-
TUOHHBIX JIUIIOCOM 3aBUCHUT KaK OT MX COCTaBa, TaK U OT COCTaBa KOMILIEKCOB, ()OPMUPYEMbIX KATUOHHBI-
mu aurocomamu 1 IMJHK (cootHomenue N/P). KatmoHHBIE TUITIOCOMBI HE IIPOSIBIISIOT TOKCHYIHBIX
CBOWCTB MO OTHOIIEHMIO K dyKapruoTuyeckuM KietkamM HEK?293 v npu cootHomenuu N/P > 6/1 okasa-
ek 3 dekruBHee JIunmodexkrammua 2000, mpu 3ToM Hanboabmast 3¢ OEeKTUBHOCTh JOCTUTASTCS IJIsl 00-
paszua L2. TIpu 6onee Huszkux 3HaueHusix N/P = 1/1, 2/1 u 4/1 nunocomsl L1 obecriedynBaloT aKTUBHbII
TPaHCTIOPT HYKJIEMHOBBIX KUCJIOT B KJIETKU. Takum 00pa3om, JIJist faTbHEHIINX 9KCTIEPUMEHTOB i1 Vivo BbI-
OpaHbl HETOKCUYHBIE M HeOOoJIbIIME 110 pa3Mepy JaunocoMbl L1 u L2, B KoTopsix coaepxkanue ambuduia
2X3 B 2 u 6oJree pa3 ImpeBocxonuT KomdecTBo mnuna-xeianepa DOPE. PazpaboranHbie KaTHOHHEIE JIH -
IMOCOMBI MOTYT YCIEIIHO MCIIOJIb30BaThCs B KauecTBe 3(P(PeKTUBHBIX TPAaHCHUIIUPYIOIINX aTEHTOB.

Kntouesuvie cnosa: kamuonnvie aunudst, mpancgexyus, aunocomst, niazmuonas JHK, Heeupychbie cucmemoi
docmaesku
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BBEAEHWE

HecMotpst Ha GOMBIIOE KOJWYECTBO MCCIIEIOBA-
HUU 110 TTOUCKY W ONTHUMM3AIINU CUCTEM TOCTaBKH
HykienHOBbIX KuciaoT (HK), nx nuskas adppexTun-
HOCTb TIO-TIPEXXHEMY OCTaeTCsl OOHUM M3 TJIAaBHBIX
¢dakTopoB, OrpaHUYMBAIOIINX Pa3BUTHE T'eHHON Te-

! Crarbs MmyOJaMKYyeTcsl Mo MaTepuasaM JI0KJIaaa, MpeacTaBiIeH-
Horo Ha KoHdepeHuun “Jlununer 2021”7 (Mocksa, 11—13 ok-
Ts6pst 2021 1.).

Cokpamenus: KA — karnonnbsle ampuduinsr; HK — Hykien-
HoBble kuciotel; nJIHK — mnasmunnas JHK; 9T — addek-
TUBHOCTH TpaHchekuun; DOPC — 1,2-nmmoneonn-sn-riauiepo-
3-dpochoxonun; DOPE — 1,2-nmuoneown-sn-raunepo-3-doc-
doaranomamuH; FBS — smOpuoHaibHast ObIUbSI CHIBOPOTKA;
HEK293 — kyetku noyku 3m6puoHa yenoseka; ICs) — KoH-
LIEHTpaLHsI TUTIOCOM, TIPU KOTOPOW MPOUCXOAUT MHIMOUPOBa-
Hue pocta 50% knetok; MTT — 3-(4,5-1MMeTUATHA30JT-2-1J1) -
2,5-nudenunrerpasonuit opomun; 2X3 — 1,26-6uc(xoect-5-
eH-3[B-mnokcukapboHuIaMmuHo)-7,11,16,20-rerpaazarekcako-
3aH TeTParuapoXJIOpuI.

#ABTop s cBsasu: (tena. +7 (916) 386-99-82; ai. moura:
mamaslov@mail.ru).

panuu. PazpaboTka TpaHCHOPTHOM CUCTEMBI, CIIO-
cobHoit adpdexkTuBHO repeHocuTh HK B KITeTkn-mm-
IIEHU C MUHUMaJIbHBIM PUCKOM BO3HUKHOBEHMUS TTO-
004YHBIX 3(P(dEKTOB y IalMeHTa, — KOHEYHas LeIb
HUCCeI0BaHU MO TpaHCHEKIIMU — Mpoliecca TpaHC-
dopMalM KIETOK 3yKapuoT 3K3oreHHbIMU HK.

HeBupychbie cuctembl moctaBkun HK obGmamaror
TaKUMH IIPEUMYIIECTBAMM, KaK IIPOCTOTa CHHTE3a,
OTCYTCTBHE OTpaHMYEHUI B pa3Mepe JOCTaBISIEMBbIX
HK, Bo3aMoOxXHOCTh MOAU(MUKAIIUM COCTaBa, HU3Kasl
LIUTOTOKCUYHOCTH [1, 2]. K HEBUpPYCHBIM cuUcTeMaM
JIOCTaBKM OTHOCSITCSI TOJIMMEDHI [3, 4], AeHapuMephl
[5, 6] 1 nunmocomsl [7, 8]. Haubonee sdpdekTBHBIE
cpeny HUX — KaTMOHHBIE TMITocoMEI [9, 10], cocTos-
mue u3 KatuoHHbIX amdudmioB (KA) [11-14].
C uenpo co3gaHust 0e30macHBIX U 3P (HEKTUBHBIX
JIUTIocoM CTpyKTypa KA monBepraercsi pa3inyHbIM
XUMMYECKUM MOIU(UKAILIMSIM, TaKUM KaK U3MEHE-
HUe KaTMOHHOM rpynmnsl [ 15—19], cneiicepa [20—23],
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Puc. 1. Crpoenne katnonHoro ambudmia 2X3, mununos-xeianepoB DOPE u DOPC.

ruapodoodHoro 3amectutens [24, 25], a Takke JIMH-
Kepa [26—30], 4To, B CBOIO o4Yepelb, IPUBOIUT K U3-
MeHeHuIo 3ddexkTuBHOCTU TpaHchekuu (DT) Kite-
ToK. HecMoTpsI Ha onpeneieHHbIE YCIIeXH B 00J1aCTU
pa3paboTKU JIUIIOCOMAJIbHBIX cucTeM JoctaBku HK,
YPOBEHb TpaHC(EKIUN 3YKAPUOTHUYECKUX KIIETOK,
HEOOXOIUMBII IJIsT TIPaKTUYECKOTO UCOIb30BaHMS,
MOKa He TOCTUTHYT. DTO CBSI3aHO C HEIOCTATOYHBLIM
MOHMMAaHUEM 3aKOHOMEPHOCTEH MO BIUSHUIO CO-
CTaBa KATUOHHBLIX JIMIIOCOM Ha MX (PU3UKO-XUMUYEC-
CKUe TapaMeTpbl U OMOJIOTUYECKYIO aKTUBHOCTb.

HamnbGomee mnepcnekTWBHBIE UIT TpaHCHOpTa
HK — KA Ha ocHOBe XoiecTepiHa 1 IIPUPOITHBIX ITO-
mmamMuHOB [15, 31—37]. Tak, IMIOCOMBI Ha OCHOBE
ambudura 2X3 (1,26-6uc(xonect-5-eH-3B-miokcu-
KapboHmIamMrHo)-7,11,16,20-TeTpaasarekcako3aH TeT-
parugpoxiopun, puc. 1), comepxaiiero CrepMuH,
IBA XOJECTEPMHOBBIX OCTaTkKa, KapOaMOWJIbLHBIN
JIMHKEP U TeKCaMEeTHJICHOBEIN crieiicep, TpaHCHUIIM-
pOBaJI 3yKapUOTUYECKIUE KIIETKU in Vitro 3 (PEKTUB-
Hee CBOMX aHAJIOTOB [32], He Tepsist CBOeil aKTUBHO-
CTU B TIPUCYTCTBUU 3MOPUOHAIBHOM OBIYLEN CHIBO-
potku (FBS).

B cocras nummocom momrmo KA Takske MOTYT BXO-
JIUTh JTUITUABLI-XEITIEPhl, KOTOpbIe yBeInunuBaoT DT.
Cpenu LUBUTTEP-UOHHBIX JUIIMAOB-XEJIIEPOB YacTO
HUCIIONB3YIOTCS  1,2-nuoJieonsi-sn-raunepo-3-goc-
¢oaranonamun (DOPE) [38, 39] u 1,2-nuoneoun-
sn-rmutiepo-3-gochoxomuH (DOPC) [40, 41] (puc. 1).

BUOOPTAHUYECKAA XUMMUA

Ucnonn3oBanme DOPE B cocTaBe 1Mmocom IIpuBoO-
muT K 3ddextuBHOM moctaBke HK 110 cpaBHEHMIO C
DOPC 6narogapst cmocooHoctu DOPE ¢dopmupo-
BaThb MHBEPTHUPOBAHHYIO TI'eKCcaroHajbHYyIO (a3y B
YCJIOBUSIX SHAOCOMaIbHOTO 3akucieHus [38]. Takke
ObLIO OOHApYXeHO, uTo ucroab3oBanue DOPE B ka-
YecTBe JUITUIA-XeJrepa CIIocoOCTByeT Ooee KOM-
nakTtHoi ynakoBke HK [29, 41—44]. B cocraBe kaTu-
oHHBIX tuItocoM DOPE MmoxeT ripeobiagaTh 1o co-
nepxanuto Hag KA (KA : DOPE, 1 : 4) [34] unu
HaxoauThcs B HegocTaTKe (KA : DOPE, 7 : 1) [45].
HaubGonee dyacTto uCHOIb3yeMOE COOTHOIIEHUE
Mmexnay KA : DOPE — coornomenue 1 :1[32, 33, 35,
41—43, 45].

Hpyroii BaxXHbII MapaMeTp, Bausoommii Ha DT, —
9TO COCTaB KOMILJIEKCOB, (pOPMUPYEMBIX JTUITOCOMA-
mn 1 HK, xoToprrii onpenensieTcsT COOTHOIIIEHUEM
KOJIMYECTBA TIOJIOXKUTEIBHO 3apsKEHHBIX aTOMOB
asora KA K Kom4ecTBy OTpUIATEIbHO 3apSKEHHBIX
dochatHbix rpynn HK (N/P). Tak, npu cooTHoIIIe-
Huu N/P = 1/1 kKaTHOHHBIE JIMIIOCOMBI HE TTOJTHO-
cThio KoMmakTu3upyotr HK, uro npuBomutr K HU3-
kot DT [46, 47]. YBenudueHue cootHomeHus N/P
yBeanuuBaeT DT 3a cueT (popMHUpOBaHUS KOMITAKT-
HBIX KOMIUIEKCOB C M30BITOYHBLIM MOJOXKUTEIILHBEIM
3apsiioM, OOeCNeYrBaOIINMM 3JIEKTPOCTaTUUEeCKOe
B3aMMOJIECHCTBUE C OTPUILIATEbHO 3apsIKCHHOM TT0-
BEPXHOCTbIO MeMOpaHbl 3YKapMOTHMYECKUX KIIETOK
[48, 49]. OmHako ¢ yBeaudeHUEM cooTHoIeHus1 N /P
Ne 5
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Tabauna 1. CoctaB KATUOHHBIX JIUTTIOCOM, MX (DUBMKO-XMMHUYECKHE TTapaMeTPhl M IMTOTOKCUYHOCTH st kiietok HEK293

COOTHOIIIEHE, MOJIBH. . Nunexc
Cpennnit E-TloTeHuMan|  MOJUIUC-
Jlunocomsbl pasmep 1Csy, MkM

X3 DOPE JIOCOM, HM nunocom, MB MEPCHOCTU
L1 2.5 1.0 7521 0.6 89 *+ 1.57 0.264 + 0.030 >80
L2 2.0 1.0 772+ 1.4 88 = 2.86 0.266 £ 0.010 >80
L3 1.5 1.0 86.2 £ 0.6 97 +2.46 0.259 £ 0.049 >80
L4 1.0 1.0 73.0t 1.2 99 £2.19 0.231 £0.076 >80
L5 1.0 1.5 67.41+0.6 100 £+ 2.99 0.290 + 0.006 >80
L6 1.0 2.0 101.6 + 1.2 100 £ 2.57 0.260 £ 0.008 >80
L7 1.0 2.5 130.6 £ 0.8 102 = 2.08 0.335 £ 0.015 >80

TaKXe YBEJIUUYMBACTCI IUTOTOKCUYHOCTH KOMILIECK-
coB [50], yTo TUKTYyeT HEOOXOIMMOCTh BEIOOpA ONITU-
MaJIbHOTO cooTHoleHus1 N/P, obecrieunBaroliero
pa3yMHBIN OanaHc Mexay DT u 6e30macHOCTBIO JIN-
TTOCOM.

C nenpo co3gaHust 3POEKTUBHBIX CHUCTEM IO-
CTaBKM HYKJIEUHOBBIX KMCJIOT HAaMU U3YYEHO BJIUSI-
HYE cOoCTaBa KaTMOHHbBIX JIUTIOCOM, C(hOPMUPOBAH-
HbIX Ha OcHOBe aMpuduaa 2X3 1 UBUTTEP-UOHHOTO
sununa DOPE, a Takxe cootHomenus N/P, Ha du-
3MKO-XMMHUUYECKHUE XapaKTEePUCTUKU JIUIIOCOM, MX
LUTOTOKCUYHOCTb U DT € LIeJIbIO BBISIBICHUST ONTU-
MaJIbHBIX ycnoBui mis TpaHcnopra nIHK B aykapu-
OTUYECKUE KIIETKMU in Vitro.

PE3VIJIBTATBI 1 OBCYXIEHHWE

ITonyyenne KATHOHHBIX JIMIIOCOM W HM3yYeHHe MX
(bu3NKO-XUMHYECKHX XapaKTepucTHK. KaTHMOHHBIE
mriocombl L1—-L7, coctosmmue n3 KA 2X3 u numm-
nma-xenmnepa DOPE (puc. 1) ripu pa3simyHOM COOTHO-
IIEHU1 KOMITOHEHTOB (Ta0J1. 1), ObI1M cchopMUpOBaHBI
C HCMOJIb30BAaHMEM MeToAa TUApaTaluy JIAMUIHON
IUIEHKA W TIOCJIeayIolIeil o0paboTKU YJIbTPa3ByKOM
[46, 47]. KomuyectBo DOPE B cocraBe nuirocom
MOXXET BapbUpOBaTbCI B IIMPOKOM JHara3oHe
3HaYeHuil [44, 45]. PaHee ObL1a IIpoaeMOHCTPUPO-
BaHa BhIcOKasl 3(dekTuBHOCTL moctaBku IJIHK u
siPHK numnocomamu 2X3-DOPE npu MoJIbHOM cO-
otHowennu 1: 1 (L4) [33,46,47]u1:2(L6)[51, 52],
OHAKO B OJJHOM 3KCIIEPUMEHTE JaHHbIE JTUTTOCOMBI
HUKOTJa He cpaBHUBalUCh. Kpome Toro, ¢ 1esnbio
MOoKcKa ONTUMAJIbHOIO COCTaBa KaTMOHHBIX JIUIIO-
COM ObLIIO BaXXHO MCCJIENOBaTh COOTHOIICHUSI KOM-
TMOHEHTOB.

IlepBbIii 3Tall NpU CO3TAaHUM CUCTEM ITOCTABKU
HK Ha ocHOBe JTUITIOCOM — U3y4eHHe UX GU3UKO-X1~-
MUYecKux TmapamMeTpoB. CTaOMIBHOCTh TaKMX CH-
CTeM MOXKET OBITh OLICHEHA IO 3HAYeHUSIM pa3Mepa 1

BUOOPTAHUYECKAS XMW
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MOBEPXHOCTHOTO MOTEHIIMAJIA YACTUL] METOIOM OV-
HaMHMUYECKOro cBeTopaccesiHus (TaodJ. 1).

luoponmHaMuYecKrii muaMeTp KaTMOHHBIX JIM-
nocoM L1—L7 Bapeupyet ot 75.2 no 130.6 am. He-
0OJIBIIIOE YBEIUUYCHUE pa3Mepa MOXET OBITh CBSI3aHO
¢ yBenuueHueM kojmuyectBa DOPE B mx cocraBe
(tabn. 1). Panee ObLIO MOKa3aHO, YTO yBEeJIUYEHUE
kosmyectBa DOPE B cocTaBe KaTMOHHBIX JIUTTOCOM C
ambdudmiom SPYRIT-7 mpuBomuT, HaA000pOT, K
yMeHbIIeHnIo nx pa3Mepa [20]. Takum obpaszom, pa3-
Mep JIUMOCOM 3aBUCUT HE TOJbKO OT KOJMYecTBa
DOPE, Ho Takcke ot ripuponbl KA. TToBepxHOCTHBII 3a-
psiA BCeX JIMTIOCOM OBUT MOJIOXUTETBHBIM (88—102 MB).
3HayeHne WHAEKCA ITOJUIMCIIEPCHOCTY KATMOHHBIX
smriocom L1—L7 yka3siBaiao Ha (popMHpOBaHIE€ OTHO-
POIHBIX IO pa3Mepy YaCTHII, 32 UCKITIOYESHUEM JINIIO-
coMm L7 (unnekc nonunucriepcHoctu 0.335).

IIMTOTOKCHYHOCTh KATHOHHBIX JmmocoMm. llurto-
TOKCUYHOCTh KaTUOHHBIX JinmocoMm L1—L7 (tabm. 1)
oueHuBaIn ¢ mnomolnblo MTT-Tecta, MCHoOAb3ys
KJIETKU mouyku 3MOproHa yenoeka (HEK?293) [46].
ITpolieHT rubdenun KJIeTOK 3aBUCUT OT KOHIIEHTpaILIUN
JurocoM. ITokaszaresib UX TOKCUYHOCTH — KOHIIEH-
Tpaius, Iipu KoTopoit BerkuBaeT 50% xietok (1Cs).
3HaueHust 1Csy, nonydyeHHsie ¢ momoubio MTT-Tte-
cta Ha kjetkax HEK293, He OblUIM JOCTUTHYTHI MPU
KoHUeHTpauusax unocom L1—-L7 ot 5 no 80 MkM.

DU3NKO-XUMHYECKHE XAPAKTEPUCTHKH KOMILIEK-
coB KaTHOHHBIX JunocoM U nJIHK. KomMmriiekcel KaTu-
oHHbIX JmnocoMm L1-L7 wu nJHK pGLuc
(0.5 Mmxr/Mi1) popMupoOBaIM IIPU Pa3IMYHBIX COOT-
nomenusix N/P (1/1, 2/1, 4/1, 6/1, 8/1, 10/1) myrem
CMEIIMBAHUSI SKBUBAJIEHTHBIX O0BEMOB PacTBOPOB
katnoHHBIX JIummocoM 1 mIHK B cpene DMEM. Pa-
Hee OBLIO IT0Ka3aHO, YTO HEOOJbIIME II0 pa3Mepy
(40—80 HM) KOMTIIJIEKCHI 00ecTieunBaloT 00Jiee BbICO-
Kyto OT B yclIOBUSIX in vivo, B TO BpeMsI KaK 4YaCTULIbI
¢ pasmepoMm 200—400 HM OoNTUMANBHBI IS TpaHC-
deKIIMn KIIEeTOK in vitro |53, 54].
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I1o cpaBHEHUIO C MHOANMBUAYaIbHBIMH JTAIIOCOMA-
mu (ta6xa. 1), mpu cootHomenussx N/P = 1/1 u 2/1
ruapoauHaMudecKuii nuameTp KomruiekcoB mJIHK ¢
JIMTIOCOMaMM, cofiepXalMu n3oeTok KA (2X3 > 1),
yBeanuuBaiicsa g0 3HadeHuit 200—300 uMm (puc. 2a).
B ciyyae numocoM ¢ COOTHOIIIEHHMEM KOMIIOHEHTOB
2X3/DOPE < 1 gmameTp KOMILIEKCOB IOCTUTANI
sHaueHuii 400—600 HM. JlanbHeiilnee yBeInueHE KO-
JinyectBa Junocom B Komriuiekcax (N/P = 4/1) nipu-
Boauiao K kommaktusauuu nJHK u obpa3zoBaHUIO
yactull pasmepom 100—280 um. Haumnas ¢ N/P =
= 6/1, pazaMep KOMIUIEKCOB MPaKTUYECKU HE U3Me-
Hsy1cs 1 He ripeBhIimair 200 HM.

Bce ucciiemyeMble KOMILIEKCHI KATUOHHBIX JIUATIO-
com ¢ iJIHK mipu cootHomenun N/P = 1/1 umenu
OTPULIATENILHBIN 3apsi, KOTOPbIi U3MEHSIICS Ha T10-
JIOXUTEIbHBII, HaunHasa ¢ N/P = 2/1 mist nurmocom
L1, L2, L4, L6, L7 uc N/P =4/1 nnsa nunocom L3 u
LS (puc. 26). AHajioruyHble 3aKOHOMEPHOCTU HaMU
HaOII0JaJINCh paHee KaK JJIs1 KATUOHHBIX JIUITOCOM
L6, Tak n 11 agpecHBIX JIMITOCOM Ha X OCHOBe [35].

Hocraska n/IHK kaTtuoHHbIMM JMmocoMamMu pas-
JgHoro coctana. C 1eJIbIo OlLleHKH 3(h(PEKTUBHOCTHU
noctaBku IIIHK pGLuc B saykapmoTndyeckmne KJIETKHA
HEK?293 ¢ momomibio KaTMOHHBIX unocoM L1—L7
onpelelisIi YPOBeHb 3KcIpeccuu mouudepasbl ¢
MOMOIIIBIO JIIOMUHECIIEHTHOTO aHajiu3a, OLleHUBast
CPeIHIOI MHTEHCUBHOCTh JIIOMUHECLIEHIIUN B KJIe-
TOYHOM TronyJyisiuuu. DT cpaBHUBaJIM C KOMMepYe-
cknM TipenapatoM Jlummodexkramua 2000, KoTopbIit
COCTOMT 13 CMECH NOJIUKATUOHHOTO JIuInaa 2,3-1m-
oJienaokcu-N-[2-(cnepMUHKapOOKCaAMUOO0 )3TUI| -
N,N-gumeTusi- 1 -nmponujiaMMOHU TpudTOpalleTa-
Ta 1 DOPE u cumrtaercd “30J0TBIM cTaHAApPTOM”
cpenm TpaHCUILIMPYIOIINX peareHToB in vitro [55].

st onipeneneHus1 cocTaBa KaTUOHHBIX JIMTIOCOM
11 KOMITJIEKCOB, ONTUMaJIbHBIX JUTs1 focTaBku IAHK,
MPOBOAWIN OLEHKY TpaHC(HUIIMPYIOIIE aKTUBHO-
CTH IIpU pa3HBIX cooTHomeHusx N/P (puc. 3). [1pu
cootHomeHun N/P = 1/1 wnm 2/1 nuskaa DT Ha-
Oomaiach IJisl Bcex ucciaeayeMbix unocoM. Creny-
€T OTMETUTD, UTO Npu cooTHoleHuu N/P = 2/1 katu-
oHHbIe unocoMbl L1 1 L2 ¢ cooTHOIIEHMEM KOMIIO-
HeHTOB 2X3/DOPE > 2 ¢opMupoBanu HeOOIbIINE 10
pa3Mepy KOMIUIEKCHI (puc. 2) u 6oiee 3h¢heKTUBHO T0-
crapsi AHK (puc. 3) oTHOCUTENBHO IPYTUX JIATIO-
coM. IIpu cootHolieHuu N/P = 4/1 Bce KOMILIEKCHI
KaTUOHHBIX JIMIIOCOM TIPUOOPETaTN TIOJOXKUTEIb-
Hblii 3apsi (C-noreHmman > 40 MB) 1 KOMITakTH30-
Bayi nJIHK 1o 80—160 HM (puc. 2), 4To criocoOCTBO-
Bajio Oonee a3ddekruBHOM moctaBke HK (puc. 3).
OIHaKO TOJILKO JIMIOCOMBI L2 TIpeBOCXONMIIM IO
3 dEKTUBHOCT KOMMepueckmii mpernapaT Jlumo-
dexramuu 2000. ITpu cootHomenussx N/P > 6/1 Bce
HUccenyeMble JIMTTOCOMBI ObIITN 3 dekTruBHee JIno-
¢dexramuna 2000: tak, ipu N/P = 8/1 unm 10/1 unH-

BUOOPTAHUYECKAA XUMMUA

TEHCUBHOCTb 3HAUYCHWM JIOMHUHECIEHINN ObUIA OT
1.3 mo 2 pa3 Beime, yem mrst JInmmodekramumua 2000.
HawuGosnplinre 3HaueHUsT HAOMI0AaIUCh IIPU COOTHO-
meHuu N/P = 10/1 qyst nuniocom L2 u L3, conepxka-
mux n30bITOK amduduna 2X3. Ilpu 3ToM ciemyeT
OTMETHTB, 9To Ist nnocoM L1, L6 n L7 yBenmuenue
cootHolreHuss N/P, HaunHas ¢ 6/1, He3HAUUTEITBHO
Biustio Ha OT.

CpaBHUTENbHYIO OlIeHKY DT KaTMOHHBIX JIMIO-
COM IMPOBOJWJIU MO OTHOIIEHUIO K paHEE U3YYEHHBIM
murnocoMaM L4 [33, 46, 47] (puc. 4a) u L6 [51, 52]
(puc. 46). bri1o 06HapyXeHO, YTO HAMOOJIBIIINE Pa3-
Juuust B DT oTMeuaroTcs pu COOTHOIIeHUsIX N/P =
=1/1,2/1u4/1 (puc. 4). I1pu 60siee BELICOKUX COOT-
HomeHusix N/P 9T uccnenyemsbix aumnocom L1—L7
Obl1a CTAaTUCTUYECKU HEPA3IMYMMON.

HauGosnbliee pazanuve HabIIOIIOCH TPU COOT-
HomieHun N/P = 2/1 nnst katmoHHBIX unocom L1
(2X3/DOPE = 2.5) ¢ MakcUMaJbHBIM CONEpP>KaHUEM
amdudwuna 2X3, onu okazanmuch B 10* pas apdpextus-
Hee yiunocom L4 (2X3/DOPE = 1) u L6 (2X3/DOPE =
=(.5). Panee Hamu OBLIO ITOKAa3aHO, YTO COOTHOIIIE-
Hue N/P = 2/1 — omHO 13 TJIaBHBIX YCJIOBUM IS aJl-
pecHoit nocraBku HK donar-comepxammmu KaTu-
OHHBLIMM JIMTTOCOMaMU Ha ocHoBe L6 [51], moaTomy
yBeJIMYEHUE KOJWYEeCTBA MOJUMKATUOHHOIO ampu-
¢duna 2X3 B cocTaBe afpeCHBIX JIMTTOCOM 110 2.5 MOJIb-
HbIX 9KBUBAJIEHTOB MOXET MPUBECTU K 3HAYUTEIb-
HOMY YCWJICHUIO 9KCIPecCUU Oesika U MOBBICUTD -
(bEeKTUBHOCTh HAMPaBJIEHHOU TOCTaBKU B OITyXOJIEBbIE
kj1eTku. Takxke clieayeT OTMEeTUTb, YTO MMEHHO JIUIO-
coMbl L1 dopmupyrot nipu cooTHoueHun N/P = 2/1
caMble MaJleHbKHe KOMILIEKCHI (~200 HM, puc. 2a) ¢ 3a-
psinoMm ~40 MB (puc. 26). JanbHeiiee yBeauueHUE KO-
JmdecTBa munocoM B Komruiekcax (N/P = 4/1) npuBo-
JIUT KaK K YMEHBIIEHUIO UX pa3Mepa, TaK 1 K yBeJIrue-
HUIO MX TIOBEPXHOCTHOTO 3apsijia, YTO HUBEIUPYET
paznuuue B DT Mexay ucciiefyeMbIMU JTUIIOCOMaMU
(puc. 4a, 40).

BSKCINEPUMEHTAJIbHAA YACTb

IMonyuyenue unocom. KatuoHHsiit ambpudun 2X3
(umcrota >95%) CUHTE3UPOBAIIU ITO OIMMCAHHOMN pa-
Hee metoguke [31]. B paboTe McCnojb30Ban LIBUT-
Tep-uoHHbIA hochonunua DOPE (Avanti Polar Li-
pids, CIIIA) m koMMep4YeCKM OOCTYITHBIN IIperrapar
Jlunodexramuu 2000 (Invitrogen, CIIIA).

Yucroty cuHTe3upoBaHHoro KA ompenensyin Ha
BBICOKOO((PEKTUBHOM XHMIKOCTHOM XpoMaTtorpade
Ultimate 3000, coenMHEHHOM C MaccC-CIIEKTPOMET-
poMm LCQ Fleet (Thermo Scientific, CILIA). XpomMarto-
rpadrpoBaHre OCYIIECTBISUIM Ha KoJloHKe Thermo
Scientific Hypersil Gold C-8 (50 X 2.1 MM, 1.9 MKM) B
pexXuMe TpagueHTHOIO BIIIoOMpoBaHus: da3za A —
0.1%-Hbl1ii pacTBOpP MypPaBbUHOI KUCIIOTHI B I€OHU-
Ne 5
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Puc. 2. TuaponuHamudeckuit muametp (a) u {-moteHIMan (6) KOMILIEKCOB KaTMOHHBIX Jmnocom L1-L7 u nIHK pGLuc,

c(hOpPMHUPOBAHHBIX MIPU PA3IMUYHBIX COOTHOIIEeHUsIX N/P.
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Puc. 3. JocraBka nIHK ¢ nmomMoibio KaTMoHHbIX JunocoM B Kietku HEK293. Kiietku MHKYOMpOBaIM C KOMIUIEKCAMU,
chopmupoBanubiMu pGLuc (0.5 MKT Ha TyHKY) ¥ KaTUOHHBIMU Jtntiocomamu L1—L7 npu paznuyHbix cooTHomeHusix N/P.
YpoBeHb cpeHe THTEHCUBHOCTY JIIOMUHECILICHIIMK KJIETOK U3MEPSIM METOIOM JIIOMUHECIIEHTHOTO aHaIr3a yepes 72 4 mo-
cJie THKYOalMK KJIETOK ¢ KoMILIeKcaMu. Pe3ynbTaThl 12 9KCepMMeHTOB IpeaCTaBIeHbI KaK CpeaHee TpeX MOBTOpoB. JlocTaB-
Ky pGLuc ¢ momomnisio JInmmopekrammua 2000 (Lf2000) ocyliecTBIsUIM B COOTBETCTBUM C IIPOTOKOJIOM (DMPMBI-TTPOM3BOIUTEIIS.
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Puc. 4. CpaBHUTeNIbHAS OlleHKa 3((HEKTUBHOCTU TpaHCHEKIINMY KaTUOHHBIX iniocoM L1—L3 u L5—L7 no oTHOIIeHWIO K JT1-
nocoMaMm L4 (a) u katmoHHBIX JIntocoM L1—L5 u L7 no oTHoleHuto K urocomaM L6 (6).

3upoBaHHOM Boze; ¢a3za B — 0.1%-Hblit pacTBOp My-
PaBBUHOM KUCIIOTHI B CMECH alleTOHUTPWII/M30TPO-
MWJIOBBIM criupT B cooTHotueHuu 80/20 (V/ V).

JI1s1 moJTydeHus JIMITOCOM K pacTBopy 2X3 B cH-
creme xjaopodopMm—meranon (5/1, V/V) nobasasuiu
pactBop DOPE B xmopodopMe 1ipn pasamaIHBIX CO-
OTHoOIIeHMX (Tabj. 1) 1 3aTeM OCTOPOXHO yIaIsId
pacTBOPUTENH IO BAKyyMOM Ha POTOPHOM HCTIapu-
tese. [TomydeHHYI0 TUIMUIHYIO TJICHKY CYIIIVIN B Ba-
Kyyme MaciastHoro Hacoca (0.01 Topp) B TeueHue 4 4,
TUAPaTUPOBAIN B Bome IsI MHbeKIuit (Solopharm,
Poccus) npu 50—60°C B reuenue 10 mun. JIunuaHsie
IHUCIIepCUY 00pabaTHIBAIM YIBTPAa3BYKOM B TeUCHUE
15 muH 1ipn 60—65°C B ynbTpa3BykoBoii 6aHe (Ban-
delin Sonorex Digitec DT 52H, I'epmanust) ¢ mmocie-
IyloluM  (UIBTPOBAaHUEM Uepe3  CTepWIbHBIN
dmnbTp (Chromafil CA-45/25 (S), Macherey-Nagel,

BUOOPTAHUYECKAA XUMMUA

I'epmanust) ¢ pasmepoM nop 450 uMm. IlonydeHHBIE
KaTuoHHble JmnocomMbl L1—L7 ¢ koHLeHTpauuei
1 MM 1o amduduny 2X3 xpanuiu npu 4°C B aTMO-
cepe aproHa.

HykieuHoBble KuCJIOTBI. B 3KkcnepuMeHTax mis
OLIEHKU (P PEKTUBHOCTU JOCTaBKM reHa GLuc wc-
noab3oBanu mwiasmuny psGLuc-N1 (4544 1.H.) 110-
nmyyeHHyto Ha ocHoBe pPEGFP-N1 (4733 m1.H.; Clon-
tech Laboratories, CIIIA, GenBank U55762) nytem
KJIOHMpOBaHUsl B Hee reHa GLuc w3 I1a3MuIbl
pNEBR-X1GLuc (4821 n.H.; New England BioLabs,
CLIA).

ITonyyenue KOMILIEKCOB KATHOHHBIX JIMIIOCOM C
nIHK. /1151 axcneprMeHTOB Mo TpaHC(EeKIIUU ObUTN
c(opMUPOBaHBI KOMILIEKCHI KATUOHHBIX JTUTIOCOM C
nJIHK B cpene DMEM (Invitrogen, CIIIA) 6e3 cbi-
BOPOTKM TIyTeM cMemmBanusg 50 MKJI pacTBopa
Ne 5
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nJIHK (0.5 mxr) 8 DMEM 1 50 MK pacTBOpa JIUAIIO-
com L1-L7 8 DMEM npu cootHomeHusax N/P =
=1/1,2/1,4/1,6/1,8/1, 10/1 ¢ mocnenytouieit UHKY-
Oanmeit B redeHre 20 MMH IpY KOMHATHOM TeMIiepa-
Type.

s usmepeHus (GHU3MKO-XMMUUYECKUX XapaKTe-
puctuk 50 MKJI IMIOCOM cMeluBaiy ¢ 950 MKJT au-
criyummpoBaHHoM Bombl (Milli-Q). [Iaa n3mepeHus
(GUBUKO-XUMUUYECKUX XapaKTePUCTUK KOMIIJIEKCOB
50 mxn1 nJIHK pGLuc B mucTWJUIMpOBaHHOI Boxde
(Milli-Q) cmemuBanu ¢ 50 MKJI KaTUOHHBIX TUTTOCOM
L1-L7 B nuctunnupoBaHHoil Boae (Milli-Q), nipu
COOTBETCTBYIOIIMX cooTHoueHusix N/P = 1/1, 2/1,
4/1, 6/1, 8/1 u 10/1, nHKYOMpOBaIM B TeUdeHUE
20 muH npu 25°C u gob6asisin 950 MKIT TUCTUILIM-
poBaHHOI1 Boabl (Milli-Q).

DuU3NKO0-XUMHUYECKHE XAPAKTEPUCTUKH JIMIIOCOM H
nx komiiekcos ¢ ni/IHK. Pasmep u &-moreHiuan iu-
rmocom u ux komruiekcon ¢ IJIHK n3Mepsiiiu Ha ripu-
0ope IMHAMUYECKOTO Ja3€PHOTO CBETOPACCEUBAHUS
Malvern Zetasizer Nano (Malvern Instruments Ltd.,
Benmuko6putanus; yron 173°, Bsaskocts 0.890 cIl,
teMmrepaTtypa 25°C, BpeMs1 paBHOBeCcHUS 2 MUH, ITOKA-
3aTeIu MpeJIOMJISHUST OJisl BoAbl U juriocoM 1.33 u
1.46 cootBeTcTBeHHO). CpenHUl rUapOIMHAMUYE-
cKuit nuametrp (HM) IO KOJUYECTBY YacTHUIL Perv-
CTPUPOBAIM KaK CpeHEee 3HAaUeHUE TPEeX U3MEPEHUA.

Kierounass mmmsa. Kinerounyio muauio HEK?293
(ATCC, CIIA) xynpruBupoBa B cpene DMEM B
npucyrctBum 10% FBS ¢ antu6bmornkom (5000 em. /Mot
neHuIrnHa 1 5000 MKT/MJT CTPENITOMULIMHA) B aT-
Mocdepe 5%-noro CO, ripu 37°C.

TecT Ha XKU3HECNOCOOHOCTh KieTokK. KieTku
HEK293 kynbTuBUpOBain B 96-TyHOYHBIX IUIAHIIIE-
Tax (IUIOTHOCTB TMocanku 2 X 10° KJIETOK Ha JIYHKY,
nHKybaius B atMocdepe 5%-Horo CO, nipu 37°C B
TedeHue 24 4). B geHb IpoBeaeHUST dKCHEepUMEHTa
kietoyHyto cpeny DMEM + 10% FBS ¢ aHtu6moTu-
KOM 3aMeHsIn pacTBopamu Juiocom L1—L7 ¢ KoH-
ueHtpauusmu 5, 10, 20, 40 u 80 MxM B DMEM (cym-
MapHbIit 00beM 150 MJ1 Ha JTyHKY) B otcyTcTBUe FBS
1 MHKyOupoBau B atmocdepe 5%-Horo CO, B Teue-
Hue 4 4 ipu 37°C, nociJie yero no6asiasuiu 16 mxi FBS
U JOIOJIHUTEIbHO MHKYyOupoBanu 20 4 mpu 37°C.

ITo okoOHYaHUM MHKYOALIMU K KJIETKaM 0e3 CMEHBI
cpensl mobasisiv 10 Mk pactBopa 3-(4,5-1uMe T~
THAa30J1-2-11)-2,5-mudeHunrerpasomitopomuna (MTT)
(Sigma, CIIIA) ¢ koHneHTpauueit 5 mr/mi. Yepe3 4 9
KyJIbTYpaJIbHYIO Cpelly YAQISUIU, KpUcTalibl hopma-
3aHa pacTBOpsIM B muMmeTwiacyiabdokcuae (AMCO,
200 MKJI Ha JIYHKY) ¥ OIIPEACIISUIA Pa3HUILy MEXIY
ONTUYECKOM MIOTHOCTHIO pu 620 1 570 uM (Multi-
scan RC, Labsystems, ®unnssHaus) [53]. Y3 akcne-
PUMEHTAIBHBIX JaHHBIX BhIYMCIsUIM 3HaYeHue 1Cs,.
Pesynprarsl ObIM BBIpaXXeHBI KaK CpeIHHE 3Haue-
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HUS VIS TpeX MapauieIbHBIX U3MEPEHU 1 OBIIHN
CTAaTUCTUYECKHN 0OpaboTaHBI C MCITOJIb30BaHHEM
t-xputepust CTbIOACHTA.

Tpancdekuus kiaerok. Knerku HEK293 kynbTu-
BUPOBAJIM B 24-JTyHOUHBIX IUIaHIIEeTax (MJIOTHOCTb
rmocanku 2 X 103 KJIeTOK Ha JIYHKY, MUHKYOALus B aT-
Mochepe 5%-Horo CO, npu 37°C B TeueHue 24 u).
Ilepen mpoBeaeHneM TpaHchEeKIINY B IJIaHIIIETaX 3a-
MEHSUIU KyabTypajibHylo cpeny DMEM + 10% FBS ¢
aHTuOnoTukoM Ha cpeny DMEM + 10% FBS 6e3 aH-
TnonoTnkKa. KOMIIEKCH KaTUOHHBIX JIUIIOCOM C
nJIHK oobemoM 100 MKJ1 mo0OaBIISIIM K KiteTKaMm. [1iist
pPaBHOMEPHOTro pacrhpeneeH!s pacTBOpa KOMILIEeK-
COB MO BCeMYy O0BbEeMY JIYHKM IUIAHIIET IMOMEIIaIn
IS TIepeMellIMBaHUsI Ha POTALMOHHBIA MMKCEp, a
3aTeM BblIepKuBaiu B TedeHue 4 4 ripu 37°C B aTMO-
cdepe ¢ 5% CO,. [lanee 3aMeHSITA Cpey Ha CBEXXYIO
DMEM + 10% FBS ¢ aHTUOMOTUKOM U OCTaBJISIJIA B
CO,-unKybarope Ha 68 u.

Jnsa onpeneneHnss DT McIonb30Baan JIOMHUHEC-
IICHTHBIM aHaAW3 Ha IUIAHIIETHOM JIIOMHUHOMETpPE
GloMax Multi plus (Promega, CIIIA) ¢ aBToMaTnde-
ckuM BBogoM 50 Mk cybeTtpaTta BioLLux Gaussia Lu-
ciferase (New England Biolabs, CIIIA), ycraHaBiu-
Basl ITapaMeTphl 110 MMPOTOKOJIY Mpou3BoauTess (5 ¢
WHTEeTpUpOBaHMs, 37 ¢ 3aepkKn). Bce akcnepumeH-
TaJlbHbIE TOYKH OBLIM M3MEPEHBI B TPEX MOBTOPAX
M CTaTUCTUYECKU 00pabOTaHEI C MCITOJIb30BaHUEM
t-xputepust CTbIOACHTA.

SAKJIIOYEHUE

B pesynbraTe nmpoBeneHHBIX UCCIIETOBAaHMI ObLIN
MOJIyYeHbl KaTMOHHbIe JunocoMmbl L1—L7 pasHoro
cocTaBa Ha ocHOBe amduduna 2X3 U IBUTTEP-UOH-
Horo junuaa DOPE, KoTopble oKa3ajJuch HE TOK-
CUYHBIMU B OTHOIIECHUU 3YKAPUOTUYECKMX KIIETOK
HEK?293, obmamany onTuMaaIbHBIMU (PU3NKO-XUMM-
YeCKMMU XapaKTepPUCTUKAMU U MOTYT OBbITh MCTIOJIb30-
BaHKbI B KauecTBe cucteM goctaBku HK. JI71st obecrieue-
Hus 6osiee acpdexkTuBHOM mocraBku MJIHK comepxka-
HUE MOoJUKaTUOHHOro ampuduiaa 2X3 m0KHO OBITh
oonbmie, yeM ymnuna-xearepa DOPE mirs Bcex nccie-
nyemblx cooTtHomeHuin N/P. Ilpu cootHOIIeHUM
N/P > 4/1 dopmupyiorcst HeOOJIbIINE IO pa3Mepy I0-
JIOXKUTEJILHO 3apsKeHHbIe KoMmIiuieKehl MJIHK ¢ katu-
OHHBIMU JIUIIOCOMaMU, KOTOpbIe 3 (eKTUBHEE KOM-
Mepueckoro mnpernapara Jlumogekramuu 2000. ITpu
aToM npu cootTHomeHussx N/P = 8/1 u 10/1 nunoco-
MBI L2, cogepxarme 2.0 MOJIBHBIX 9KBUBAJICHTA T10-
JIMKaTUOHHOTro amdudmiaa 2X3, obecrneyuBaioT
MaKCUMAaJIbHBIII ypOBEHb TpaHC(HEKLUUU KIIETOK.
IIpu cootHomrenun N/P = 2/1 nunocomsl L1, co-
nepxaiiude 2.5 MOJbHBIX 3KBHBaJieHTa amMdbuduia
2X3, oka3anuchk 3dpdexkTuBHee aumnocoMm L2—L7, uto
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MOXET OBITh HCIIOJb30BAaHO [JII HAIpPaBJIEHHOTO
TpaHcnopta JIHK.

Pa3paboTaHHble KaTMOHHBIE JIMIIOCOMBI MOTYT
YCIIEIITHO MCITOJIb30BaThCS B KauyecTBe 3P (PEeKTUBHBIX
TpaHCUIMPYIOIIMX areHTOB. JJ1s1 naqbHe X 3KC-
MEPUMEHTOB i# Vivo MOTYT ObITh BHIOpaHbl HETOKCHUY-
Hble, HeOoJIbIIKE MO pazMepy Jurocombl L1 u L2, B
KOTOPBIX coiepxaHue ambudumia 2X3 B 2 u OoJiee
pa3 MOpeBOCXOAUT KOJWYECTBO JIMIIUAA-XETepa
DOPE.

®OHIOBASA MOAAEPXKKA

Pa6ota BeinosiHeHa mpu (PUHAHCOBOM MoaAaepkke Mu-
HUCTEpPCTBAa HAYKU U BhICIIEro oopa3zoBaHusi Poccuiickoit
Denepannu (mpoekt Ne 0706-2020-0019) ¢ ucronb3oBa-
HUeM obopynoBaHus LleHTpa KOMIEKTUBHOTO I10Jb30Ba-
Hust MUPDA — Poccuiickoro TeXHOJIOTMYECKOTO YHUBEP-
cuTeTa.

COBIIOAEHNE 9TUYECKNX CTAHIAPTOB

Hacrosimmast ctaThst He cOmep>XUT OIMMCaHUS KaKNX-JIN-
00 ucciaenoBaHUI C yJacTHeM JIIOACH U MCIIOJIb30BaHUEM
KUBOTHBIX B Ka4eCTBE OOBEKTOB UCCJIEIOBAHUIA.
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Influence of Liposome Composition on Plasmid DNA Delivery to Eukaryotic Cells

A. A. Mikheev*, E. V. Shmendel**, G. V. Nazarov*, and M. A. Maslov**#
#Phone: +7 (916) 386-99-82; e-mail: mamaslov@mail.ru
*Federal State Unitary Enterprise “Scientific Center “Signal”, ul. Bolshaya Olenya 8, Moscow, 107014 Russia

** [ omonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University,
prosp. Vernadskogo 86, Moscow, 119571 Russia

Gene therapy is a promising method for the treatment of various diseases by introducing therapeutic nucleic
acids, for the delivery of which cationic liposomes are widely used. This work demonstrates the ability of ca-
tionic liposomes consisting of a polycationic lipid 2X3 (1,26-bis(cholest-5-en-3B-yloxycarbonylamino)-
7,11,16,20-tetraazagehexacosane tetrahydrochloride) and helper lipid DOPE (1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine) at various ratios (2.5: 1 (L1);2: 1 (L2); 1.5: 1 (L3); 1 : 1 (L4); 1: 1.5 (L5); 1: 2 (L6);
1:2.5 (L7)) mediate the delivery of plasmid DNA (pDNA) into HEK293 cells with an efficiency higher than
that of the commercial transfectant Lipofectamine 2000. We found that transfection activity of cationic lipo-
somes depends on their composition and lipoplex composition (N/P ratio).Cationic liposomes were non-
toxic into eukaryotic HEK293 cells and were more effective than Lipofectamine 2000 at the N/P ratios > 6/1.
In this case, the highest efficiency was achieved for liposomes L2. At lower N/P ratios = 1/1, 2/1 and 4/1 li-
posomes L1 can be used for provide targeted NA delivery into cells. Thus, for further in vivo experiments,
non-toxic and small-size liposomes L1 and L2 in which the amount of lipid 2X3 was 2 or more times higher
than that of lipid helper DOPE were selected.

Keywords: cationic lipids, transfection, liposomes, p DNA, non-viral delivery vehicles
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