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PE3IOME

BBEAEHUE. lMpu co3paHun OGUOTEXHONMOTMYECKMX JIeKapCTBEHHbIX MpenapaToB KJYeBoe
3HayeHMe MMeeT pa3paboTka BbICOKOMPOAYKTUBHBIX KNETOYHbIX NMHMA-NPOAYLEHTOB PEKOM-
6MHaHTHbIX 6enkoB. OTpaboTka NPOTOKONOB Cenekuun u Noaxonos Ans 3GdeKTUBHOro CKpu-
HWHra NMHWUIA-NPOAYLEHTOB LieneBbix 6enkoB — HeobX0AMMbII 3Tan pa3paboTkM TEXHONOTUK
Npou3BOACTBA PEKOMOMHAHTHbIX HENKOB C BbICOKMM BbIXOL0M LeNeBOro NpoaykKTa.

LLEJIb. MonyyeHne BbICOKONPOAYKTUBHBIX KNETOUYHbIX TMHUA-NPOAYLLEHTOB PEKOMOUHAHTHOIO
6enka neHocymaba Ha OCHOBE CYCMeH3MOHHOW KneTo4YHoi nnHumn CHO.

MATEPUANIbI U METOQMbI. Mcnonb3oBanacb cycneHsnoHHas kneTtoyHas nuHmg CHO-KI.
[ng KynsTMBMPOBAHMS MPUMEHSNUCH Cpefbl M MOAMUTKM 6€3 MCNoNb30BaHUS CbIBOPOTKM
WU APYTUX KOMIMOHEHTOB XXMBOTHOTO nponcxoxaenus. Knetku nuHum CHO TpaHchuumposanm
nnasmMmaamu, COAEPXKaLLMMU reHbl NETKOM U TSXXENOW Lenei geHocyMaba, C MCNob30BaHUEM
MeTo4a 3nekTponopauuu ¢ nomolpio cuctembl MaxCyte STX. Cenekuuto TpaHcHULMPOBaH-
HbIX KJeTOK NpoBoaunu c fobaBneHneM aHTMOUMOTUKOB (TMTPOMULMH, FeHeTULMH). MOHOKN0-
HaNbHble KNeTOYHble IMHUM MonyyYanu € ucnonb3osaHmem cuctemsl ClonePix FL. Mposoannu
nepuoAnYeckoe KynsTMBMpPOBaHME C LOOABNEHMEM NOLMUTKU U ONpefeneHne KOHLEeHTpauum
feHocymaba MeTonoM MMMyHodepmeHTHoro aHanusa (MMA) B KynbTypanbHOM XXMAKOCTM
LNS BbIABNEHUS NTNAEPHBIX MOHOKIOHAMbHBIX KNETOUYHBIX JIMHWIA.

PE3YNIbTATbI. OnTuManbHas KOHUEHTpaLna aHTUBUOTUKOB ANS CENEKLUU KNIETOUHBIX IMHUIA-
npoayLeHToB Ha ocHoBe kneTtok CHO coctaBuna 600 mr/n rurpomuumHa n 600 Mr/n reHeTULMHA.
Mocne npoBenexuns TpaHcdekumnm ns 1920 muuunynos cenekumio npowen 1041 (okono 54%).
OT60p MMHMNYNOB-NPOAYLIEHTOB AeHOCyMaba NpoBOAUAN NYTEM CKPUHMHIA NPO6 KynbTypanb-
HOM XMAKOCTK C ncnonb3oBaHmeM NOA us 96-, 24- n 6-nyHouHbIX nnaHweToB. OTo6paHHbIE
23 nuaepHbIX MUHMNYNA OblAM afanTMPOBaHbl K YC/IOBMAM LIEMKEPHOTO KY/NbTUBMPOBAHMS.
C yyeToM nokasaTtenei poCTOBbIX M NMPOAYKLMOHHBIX XapakTEPUCTUK MUHWUNYNOB OnpeaeneH
nuaepHbid MuHunyn (mp-19) ¢ npoaykTuBHocTblo 1,92 r/n (Ha 7 CyT NEpUMOAMYECKOrO KynbTH-
BMpOBaHus). Ha ocHoBe mp-19 nonyyeHbl MOHOKNOHa/bHbIE KNETOYHbIE TUHUM-NPOAYLEHTbI
feHocyMaba c NpoAyKTUBHOCTbIO [0 6,5 1/n Ha 9 CyT KyNbTUBMPOBaHMS C NOLAMUTKOW.
BbIBOAbI. MonyyeHbl BbICOKONPOAYKTUBHbIE MOHOK/IOHANIbHbIE KNETOYHbIE TMHUU-NPOAYLEH-
Tbl AeHocymaba. MMpennoXxeHHbI NOAXOL K CO3A4aHUI0 KIETOK-NPOAYLEHTOB MOXET ObITb Npu-
MeHeH A9 NONyYeHUs pasanyHbiX PEKOMOMHAHTHbLIX 6€1KOB, BKOYash MOHOKIOHANbHbIE aHTH-
Tena, GepMeHTbl, PakTOpbl CBEPTLIBAHUS KPOBU.

KntoueBblie cnosa:

KNEeTKM IMYHMUKA KMTackoro xomsauka; CHO; KneTouHble TMHUKU-NPOAYLEHTbI; pEKOMOMHAHTHbIN
6enok; neHocymab; MOA; TepaneBTUYECKME MOHOKJIOHANbHbIE aHTUTENA; BUOTEXHONOTUYECKUI
NleKapCTBEHHbIV npenapaT
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ABSTRACT INTRODUCTION. A key factor in the creation of biotechnological medicinal products is to estab-
lish cell lines for high-yield production of recombinant proteins. The development of selection
protocols and highly efficient screening approaches for cell lines producing target proteins is
a necessary step in the development of recombinant technology for high-yield target protein
production.

AIM. This study aimed to derive producer cell lines from a CHO suspension cell line for high-
yield production of the recombinant monoclonal antibody denosumab.

MATERIALS AND METHODS. A CHO-K1 suspension cell line was cultured using serum- and
animal component-free media and feeds. The cells were transfected with plasmids containing
light and heavy chains of denosumab by electroporation using a MaxCyte STX system. The
transfected cells were selected under antibiotic pressure (hygromycin and geneticin). Mono-
clonal cell lines were obtained using a ClonePix FL system. Leader monoclonal cell lines were
identified by determining denosumab concentrations by enzyme-linked immunosorbent assay
(ELISA) following fed-batch culture.

RESULTS. The optimum concentrations of antibiotics for the selection of CHO-derived de-
nosumab-producing cell lines were 600 mg/L for hygromycin and 600 mg/L for geneticin. The
selection process following transfection was successful in 1041 (about 54%) of 1920 minipools.
Denosumab-producing minipools were identified by screening culture fluid samples from 96-,
24-, and 6-well plates using ELISA. Then, 23 leader minipools were chosen and adapted to sus-
pension culture in shaker flasks. The growth and production characteristics of these 23 mini-
pools indicated the leader minipool for cloning (mp-19). This minipool provided a denosumab
yield of 1.92 g/L on day 7 of fed-batch culture. Using mp-19, the authors obtained monoclonal
cell lines providing up to 6.5 g/L denosumab yields on day 9 of fed-batch culture.
CONCLUSIONS. The authors obtained monoclonal cell lines for high-yield denosumab produc-
tion. The offered approach to producer cell line development can be applied to the production
of various recombinant proteins, including monoclonal antibodies, enzymes, and blood coagu-
lation factors.

Keywords: Chinese hamster ovary cells; CHO; producer cell lines; recombinant protein; denosumab; ELISA;
therapeutic monoclonal antibodies; biotechnological medicinal product
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BBEOAEHUE

Pa3paboTka BbICOKOMPOAYKTUBHBIX KJIETOYHbIX
JIMHUR-NPOAYLIEHTOB  PeKOMOWMHAHTHbIX  6enkoB
npeacTaBnseT cobom KA4eBOM 3Tan co3gaHng buo-
TEXHONOTMYECKMX NEeKApCTBEHHbIX mpenapaTtos [1].
[ng [DOCTUXKEHUS BbICOKOM 3KCMpPeccum pekomMbu-
HaHTHbIX 6e/IKOB MPUMEHSIOT pa3nyHble NOAXOAbI.

[ns ctabunbHoM MHTerpaunm yyxepoaHon AHK
B FEHOM KJIeTKM-X039MHa HeobxoamMmo nopobpaTb
ONTUMAsbHbIA 3KCMPECCUOHHBIA BEKTOP W BKJIO-
YATb OONONIHUTENbHbIEe TreHeTn4eCckne >3N1eMeHTbl,
TakKne KakK CcuctemMbl cenekumn, MexaHusMbl aM-
naMduKaumMm reHos, yyacTku, obecneumBarolime
TPAHCKPUNUUOHHYHO aKTUBHOCTb, a@ TaKXXe TEHbl,
perynupyrowme nponndepaunto (Hanpumep, bcl-2,
xiap, aven, mcl-1) [2, 3].

Bbibop KNETOYHOM NIMHMM SBNSETCS BaXKHbIM
3BEHOM B pa3paboTke BMOTEXHONOrMYECKOro npe-
napata. bonbWKMHCTBO MPOAYKTOB MPOWM3BOASATCS
C MCNONIb30BaHMNEM 3YKAPUOTUHECKMNX KNETOYHbIX
JIMHUIA: KNETKU SMUYHKUKA KuTarckoro xomauka (CHO),
knetku MbiwmHon muenombl (NSO n Sp2/0-Agl4),
KNeTku aMbpuoHanbHol noykm yenoseka (HEK 293),
KNeTKM noyku cupuickoro xomsadka (BHK). Boibop
KNeTOK 3YKApMOTMYECKOro MPOMUCXOXAEHUS 0Oy-
CNOBNEH UX CNOCOBHOCTbID CMHTE3MPOBATb Benku,
KOTOpble NO CBOEN CTPYKType U BUOXUMUYECKUM
cBOMCTBaM B6au3km 6enkam, BCTpeyaLwmMmcs B op-
raHusme yenoseka [4].

[Ona kpynHoMacwTabHOro KOMMep4eCckoro npo-
M3BOACTBA TPEOYHTCA KNETOYHbIE JIMHUU, CNOCOB-
Hble [O0CTUraTb BbICOKMX KOHLEHTPAUMM KU3-
HecnocobHbix knetok (viable cell density, VCD),
4yTo 0becneymBaeT BbICOKYH MPOU3BOAUTENBHOCTD
npouecca. BaxHyto ponb urpaet ontumMmsaumus po-
CTOBbIX Cpen U NoANUTOK ANA KOHKPETHbIX KNETOK-
NpOAYLEHTOB, MO3BOJNIAOWASA 3HAYUTENBHO MOBbI-
CUTb BbIXOA, npoaykTa [5-7]. MpumeHeHne pocTo-
BbIX cpes 1 fo6aBoK onpeneneHHOro XMMmU4Yeckoro
cocTaBa (6e3 Mcnosb3oBaHUs GENKOB XXMBOTHOMO
NPOUCXOXAEHMWS) [aeT BO3MOXHOCTb pPeryampo-
BaTb LeneBoM nNpoduab MNPOAYKTA, BKAKYas Co-
CTaB MKaHOB, BUONOrMYECKY aKTUBHOCTb U Ap.

OnTuMM3aumns ycnoBui KynbTMBMPOBAHUS KNETOK-
NPOAYLEHTOB MO pa3AM4HbIM napameTpam (npo-
LOJIKUTENbHOCTb, TEMNEPATYPHbIN pPeXxuMm, nojaya
rasos, KOHTposb pH u ap.) MMeeT kaKYeBoe 3Ha-
uenue [8, 9]. Koakcnpeccus pononHuTenbHbix ben-
KoB/pepMeHTOB MOXeT CnocobCcTBOBaTb yayulle-
HUIO BbIXxOAa Lienesoro npoaykra [10, 11].

ABTOpaMM [aHHOW CTaTbW paccMaTpuBaeTCs pe-
anusauma nNoaxona, HanpaBAEHHOro Ha Co3faHue
BbICOKOMNPOM3BOANUTENIbHbIX KNeTOYHbIX NIUHUN-
NPOAYLLEeHTOB peKOMOWHAHTHbIX TepaneBTUYeCKUX
6enkos Ha npumepe aeHocymaba, paspabaTbiBae-
mMoro B AO «TEHEPUYMs,

[eHocymab npepctasnget cobor yenoBeveckoe
MOHOKNOHaNbHOEe aHTUTeno knacca lgG2, cneunduy-
Hoe K uuTtokmHy RANKL — dakTopy anddepeHum-
POBKM M aKTUBALLMM OCTEOKNACTOB. MHrMbupoBaHue
RANKL nopaenseT npouecchl CO3peBaHUst U BbIXW-
BAaEMOCTM OCTEOK/IACTOB, TEM CaMbIM CHUXKAS MHTEH-
CMBHOCTb pe3opbunm koctu [12]. B HacToawee Bpe-
MS AOCTYMNHbI KOMMepYecKue npenapaTbl Ha OCHOBe
feHocyMaba, ogobpeHHble ANs Ne4YeHns NoCTMEHo-
naysHoro octeonoposa [13, 14] u neuexus onyxo-
neBblX 3a60/1€BaHMI (MMeNoMa, MeTacTasbl B KOCTH,
Hepe3ekTabeNbHas TMraHTOKIETOYHAsA OMyXosb KO-
CTW, JOBpoKayecTBeHHble onyxonu koctu) [15, 16].
ﬂposop,mcn AOKNUHUYeckne " KianHn4vyeckume wuc-
CNefoBaHus C npuMeHeHneM 6MoaHanoros opu-
TMHANbHOrO npenapaTta AeHocymabal. MonyyeHue
poccuiickoro 6uoaHanora geHocymaba noBbICUT Ao-
CTYMHOCTb NpenapaTa ANg nauMeHToB B Poccuickon
®depepaummn, yTo OyaeT B LESOM CNOCOBGCTBOBATb
peanusauuu rocynapcTBEHHOM MONUTUKM B cdhepe
pa3BuTHS hapMaLeBTUYECKOM NPOMBILWIEHHOCTH.

Llenb paboTbl — nonyvyeHuMe BbICOKONPOAYK-
TUBHbIX KJIETOYHbIX AUHWIA-NPOAYLEHTOB pPEKOM-
O6uHaHTHOro bGenka peHocymaba Ha OCHOBe Cyc-
NeH3MOHHOM KneTovHoM AnHumn CHO.

MATEPUAJIbl U METOADbI

Mamepuanei

Jnnuns knetok CHO-K1 (H-188) nonyyeHa us kon-
nekummn knetoyHbix kynstyp HUL, «KypuaTtoBckuin

! https://dhpp.hpfb-dgpsa.ca/review-documents/resource/RDS1710769045419

https://dhpp.hpfb-dgpsa.ca/review-documents/resource/RDS1710165579186
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nHCTUTYT», locHUWrenetuka, Poccus (nanee — nu-
Hus CHO) u apanTupoBaHa K CYCMEH3MOHHOMY
KYNbTUBMPOBAHMIO 6e3 MCMob30BaHUS CbIBOPOTKM
M NbbIX APYrMX KOMMOHEHTOB XXMBOTHOIO MpPOUC-
xoxaeHus. B pabote wcnonb3oBanu clepyrowme
peakTuBbl: cpefa Aas KynstueupoBaHusa BalanCD
CHO Growh A (BCD) (Fujifilm, Irvine Scientific, CLUA);
noanutka BalanCD CHO Feed 4 (Fujifilm, Irvine
Scientific, CLUA); nonyteeppas cpena ANS KAOHU-
poBaHus ClonaCell Flex (Stemcell, Kanaga); 6ydep
ona 3anektponopaumm (MaxCyte, CLUA); docdat-
Ho-coneson 6ydep, PBS («3koCepsucy», Poccuq);
Teun 20 (Panreac AppliChem, McnaHus); KOHTpOb-
HbI (pedepeHTHbIN) npenapat aeHocymaba ([Mponua,
AmpxeH Espona b.B., Hupepnangpl); anbbymuH
(Sigma-Aldrich, fAnoHuWs); KO3bW NONMK/IOHANbHbIE
aHTuTena npotue IgG uvenoseka (Sigma, AnoHus);
KO3bM MOMMK/OHANbHbIE aHTUTEeNa npotus IgG ue-
NoBeKa, KOHbIrMPOBaHHbIE C MEpOKCMAA30M Xpe-
Ha (Sigma, fAnoHuq); 3,3.5,5'-TeTpameTnnbeH3namnH
(Transgen Biotech, Kwurai); aumetuncynbdokcug,
(Sterile Filtered, Cell Culture Tested, CDH, NHaus).

Memoosi

Monyuerue 3kcnpeccuoHHbIX 8ekmopos. CUHTETU-
yeckue KOAOH-OMTMMM3MPOBAHHbIE MOCNef0Ba-
TEeNbHOCTU FeHOB NErkow U TAXKEeNOon Lenen OeHo-
cymaba KNOHMPOBANM B 3KCMPECCMOHHbIA BEKTOP
C CeneKTUBHbIM MapkepoM. [lonyyeHHble nnasmu-
Abl ¢ reHamu nerkon uenun (pGNR-FAB) u Tsxenow
uenn (pGNR-FC) B panbHeiwem wncnonb3oBanu
AN NpoBeAeHUs TpaHCeKuMu. JKcnpeccus re-
HOB Haxogunacb MNof KOHTpPoneM rubpuaHoro
CMVe/EFlalpha-npomoTopa. Cxema BekTOopa aHa-
NOrMYHa paHee onucaHHom asTopamu [11].

CycneH3uoHHoe KynbmusuposaHue kKaemok CHO.
MoceBHas KOHLEHTpaLMs >KM3HEeCrnoCobHbIX Khe-
Tok CHO cocTaBnana 0,5x10¢ knetok/mn. Knetku
KynbTuBupoBanu B cpene BalanCD CHO Growth A
npu 37 °Cwn 5% CO, c noanepxaHWeM NOCTOAHHOM
BNAXHOCTU He MeHee 75% u CKOpOCTblO nepeme-
wueannsa 100 06/MMH C NOMOLLBIO LIEHKepa-UHKY-
6atopa (Infors HT, Multitron, CLLA).

OnpedeneHue pocmoebiX U nNpoOyKUUOHHbIX Xa-
pakmepucmuk  Ky/Jemypel  KJemoK-npooyueHmos.
MNokasatens VCD onpenensinu ¢ UCnoib3oBaHWEM
0,1% pacTBOpa TPMNAHOBOrO CMHEro Ha aBTOMa-
TnyeckoMm cyetunke knetok Countess Il FL (Life
Technologies, CLUA). lNMokasatenu KymynsTuBHOM
KNeToyHon nnoTHocTM (cumulative cell density,
CCD) n npoAyKTUBHOCTM BblYMCASAAM NO HOPMynaMm,
npeacTaBieHHbIM B paboTtax asTopos [17, 18].

Tpancgpekuyusa knemok CHO memodom 3nekmpo-
nopayuu. TpaHchekunio NPOBOAUIN C NOMOLLbLIO
obopynoBaHus ANg 31eKTponopauuMuM U KloBe-
7ol OC-100 (MaxCyte, CLWA) ¢ ncnonb3oBaHuem

npotokona CHO. KneTku ocaxaanu ueHTpudyrm-
poBaHWeEM, NOCNe Yero 0CafokK pecycneHaMpoBa-
nn B bydepe gna sanekTponopauuu. lanee cyc-
NeH31 KNeToK cMewnBanm ¢ nnasmmaHon OHK
nerxkov n Taxenon uenen (pGNR-FAB n pGNR-FC)
B 3KBMMONSPHOM COOTHOWeEHMU. B cnyvae oTpu-
LLaTeNbHOro KOHTPONS NPOBOAMAM 3NeKTponopa-
LM B Tex e ycnosusax 6e3 pobasneHns nnas-
muaHon OHK.

MonyyeHue MuHunynos. TpaHCHUUMPOBAHHbIE
knetkm CHO BbiceBanu B NAOCKOAOHHble 96-ny-
HouHble nnaHwetbl (Greiner Bio-One, ABcTpus)
no 50 mkn B poctoBoy cpene BCD ¢ cenekTuBHbI-
MW QHTMOMOTMKAMKU U KynbTUBMpoBanu npu 37 °C,
5% CO, n 70% BnaxHOCTW. 3aTeM NpPOBOAM/IM
aHanu3 KyneTypanbHon xuakoctn (KX) n3 nyHok
C MUHUNYyNaMy, npoweawinMmn cenekumnto, MeTo40oM
MMMyHodepMeHTHOro aHanusa (M®A). Mununynel
C Hanbonee BbICOKOM MPOAYKTUBHOCTbIO NEPEHOCH-
1 B 24- 1 6-nyHouHble nnaHweTtbl (Greiner Bio-One,
ABCTpuS), a 3ateM — B Konbbl IpneHmeniepa (Corning,
CLUA) c nocnepytoulen agantaumMen K pocty B CycC-
neH3un npu NOCTOAHHOM nepemMeLlinBaHUN.

lMonyyeHue KnoHO8 6 noaymeepdoii cpede.
KneTkn nupepHoro MuHunyna-npoayueHTa Bbice-
Banu B 6-nyHo4YHble nnaHweTsbl (Greiner Bio-One,
Asctpus) B nonyTtBepnon cpepe ClonaCell Flex
M UMHKY6MpOBanM B CTALUMOHAPHbLIX YCIOBUAX
npu 37 °C, 5% CO, B CO,-uHkyBaTope (Sanyo,
SINOHMA) 1O MOMEHTa nosaBneHus KonoHu. OT6op
KJOHOB NPOBOAMIN CMTOMOLLLbI poBOTU3MPOBAHHOM
cuctembl ClonePix FL (Molecular Devices, CLUA).

lMepuoduueckoe Kynomusupogaxue. KynstuMpoBa-
HWe npoayueHToB nposoaunu B cpene BCD B MUHU-
6uopeaktopax TubeSpin Bioreactor (TPP Techno
Plastic Products AG, LlUBeruapus) ¢ noceBHOW
KoHUeHTpauuei knetok 0,5x10° kneTok/Mn.
B kauectBe nopanutku wucnonbszosanu BalanCD
CHO Feed 4. Ycnosusi KynbTMBMPOBAHMUSA: CO-
nepxanne CO, — 5%, BNaXHOCTb — He MeHee
70%, TemnepaTypHbii pexum — 37 °C, ckopoCTb
nepemewnsaHns — 100 o6/mMuH. OT60op Npob KX
n nopcyet nokasatener VCD M oueHKy >Ku3He-
CNOCOBHOCTU MPOBOAMAM KAXKAbIM LeHb HauMHas
C 3-4 cyT KyNbTUBMPOBAHMUSL.

UmmyHopepmernmHbiii ananus. Copbumio npoBo-
avnu B nnaHwetax MaxiSorb (Nunc, lanus) ¢ mc-
NoSb30BaHMEM KO3bUX MOJIMKIOHANbHBIX aHTUTEN
npotme IgG YenoBeka B KOHLEHTpauuu 4 MKr/mMn
(kapboHaTHO-6MkapboHaTHbIi  Bydep, pH 9,4)
npu 37 °C B TedyeHune 1 u. [lanee nyHKU NpoMbIBanu
PBS c nobasnenunem TeuH 20 (PBS-T) n nposoannm
6/10KMPOBKY pPacTBOPOM Obl4bero CbiIBOPOTOYHO-
ro anbbymmHa B PBS-T (PBS-Ta, Sigma-Aldrich,
sinoHus). Mccnepyemble o6pasubl, copepxaliue
[LleHocyMab, U KOHTPOJIbHbIN obpasel, (AeHocymab,
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MNponna) uHkybuposann 1 4 npu 37 °C Ha opbu-
TaZbHOM TepMocTaTupyemom werikepe ELMI ST-3L
(ELmi, NNatsusg) npu ckopoctn 300 06/muH. MNocne
npombiBaHMsa NyHok PBS-T nobasnanu petekTupyto-
LiMe KO3bM NOAUKIIOHANbHbIE aHTUTeNa npotus IgG
4yenoBeka, KOHbIIMPOBaHHble C MNEepoKCUAA30M
XpeHa, B KOHueHTpauuun 1 mkr/mn B PBS-Ta n uH-
Kybuposanu 1 u npu 37 °C Ha welikepe ELMI ST-3L
npu 300 06/MuH. Janee nyHku npombiBanu PBS-T
u pobaBnsnu pacTtBop TeTpameTunHeH3naMHa
(50 mkn). [lns OCTaHOBKM peakuuu MCnosb3oBa-
NI pacTBOp CepHOW KmcnoTtbl. ONTuyeckyw naoT-
HOCTb M3Mepanu npu aauHe sonHbl 450 1M (OD,)
c nomouwpbl cnektpodoTtomeTpa Benchmark Plus
(Bio-Rad, lepmanmsq).

KpuokoHcepeayus knemoyHbix Kynemyp. [1ns kpuo-
KOHCepBaLMW KyNbTyp KJIETOK (B lorapnudmuyeckon
da3e pocTa) UCNob30BaIM POCTOBYIO Cpeny 6e3 aH-
TMBbMOTHKa, copepxalyto 10% aumeTuncynbdokcu-
fa. KoHueHTpauus KneTok B amnyne cOCTaBnsna
5-10 MnH knetok/mn. lMocne MeaneHHOro oxnaxe-
HUA aMnyn C KNeTkaMm B MOPO3UJIbHUKE NpU TEM-
nepatype MuHyc 80 °C B KOHTEeMHepax Aas 3aMo-
paxusanusa (Mr. Frosty, Thermo Scientific) amnynbl
noMelLLanu B Napbl XXMAKOro a3oTa.

PE3YJIbTATbI

Ha pucyHke 1 npenctaBneHa cxema nosiyyeHus
NPOMBILIEHHOTO KJIOHA-NPOAYLEHTa TepanesTu-
4yeckoro pekoMOMHaHTHoro 6enka (Ha npumepe
feHocyMaba) Ha ocHoBe knetoyHon nunHum CHO,
B KOTOpOM BbIAENAIOT Cnefytolme 3Tansl:

- TpaHchekums knetok CHO;

— MOosyYyeHue MUHUMYNOB-NPOAYLIEHTOB (Cenekums
NPOAYLEHTOB, CKPUHWHI LN BbIABJEHUA Hau-
6onee NPoOAyKTUBHbLIX MHWUIA, OTOOP NUAEPHbIX
MWHUMYNOB);

— MosyYyeHue KNOHOB-NPOAYLEHTOB (MpoLecc Kio-
HUPOBAaHUA, CKPUHUHI MONTYYEHHbIX KJIOHOB, OT-
60p NMAepHbIX KJIOHOB-NPOAYLEHTOB);

— M3yyeHue CTabUNbHOCTM pOCTa KIOHOB U YPOBHSA
3KCNpeccun pekoMBUHAHTHbIX 6enkoB y nuaep-
HbIX K/IOHOB-MPOAYLEHTOB;

- ONTMMM3aLMa npouecca KynbTUBMPOBAHMUS CTa-
H6MNbHOro NMMAEPHOro KNOHA-NPOAYLEHT];

- nepepgaya KJIOHa-NpoAyLeHTa Ha NPOU3BOACTBO
W oanbHenwee MacwTabmMpoBaHme npouecca.

Mod6op KoOHUeHMpayuu ceNeKmMueHo20 azeHma
0/19 KJIeMOYHbIX JUHUL-NPooyyeHmos

Mpouecc noabopa KOHLEHTPALMM aHTUOMOTUKOB
reHeTULUMHA U TMIPOMULIMHA ANS CeNeKUUM KNeToK
CHO npepnctaBneH Ha pucyHke S1 (onybnukoBaH
Ha caiiTe xypHana?). [lokasaHo, YTo ONTUMabHbIMM
KOHLEHTPALMAMM aHTUOMOTUKOB A5 NPOBELEHMS

CcenekuMn KNeTok-npoayLeHTOB AeHocyMaba B-
naorca 600 mr/n rurpomuumHa m 600 Mmr/n reHe-
TMuMHA. [TpyM 3TUX KOHLLEHTPAUMAX XKM3HEeCcnocoob-
HOCTb K/JIE€TOK CHMXanacb OO0 HYNEBbIX 3HAYEHWUM
Ha 7 CyT KyNbTUBUPOBAHUS.

MonyyeHue MuHunynoe-npodyueHmos
pekoMb6UHaHMHozo Gesika 0eHocyMaba Ha ocHoge
Kknemok nuHuu CHO

TpaHcgpekyus knemok nunHuu CHO. Tlocne npo-
BeaeHus TpaHcdekumm knetok CHO onpepenanu
nokasatens VCD 1 XuM3HecnocobHOCTb TpaHCchu-
LMPOBAHHbIX KNeToK (mabs. 1) yepe3 24 u 48 u
AN9 KOHTPONS BbDKMBAEMOCTU KNieToK. Yepes 48 y
nocne TpaHCchEKUUM KNeTKM BOCCTAHOBMIW CBOIO
YXM3HECNOCOBHOCTb, ALOCTUIHYB YpOBHS 0Kono 90%.

TMonyyeHue muHunynoe-npodyueHmos. TpaHcdu-
LLMPOBAHHbIN NyN KNETOK pacceBasM Ha MUHUMNYNbI
B Cpefie C CEeNeKTUBHbIM areHToM B 96-lyHO4YHbIe
nnaHwertsl (Bcero 20 nnaHweTos). MHKybMpoBaHue
NpoBOAMAM B CTauMoHapHbIx ycnoeuax B CO,-
nHkybatope 0o goctuxeHus 70-90% KOHPNHOIHT-
HOro MoHocnos B poctoBow cpene BCD c cenek-
TUBHbIMU aHTMOMOTUKaMK (600 Mr/n rMrpoMuUmHa
1 600 Mr/n reHeTMLMHA), ONTUMANbHAsA KOHLEHTpa-
LUMs KOTopbix Bblna nogobpaHa 3apaHee (puc. SI).
M3 1920 muHunynos cenekumto npowen 1041 mu-
HWMYA, YTO COCTaBWUSIO MpUMeEPHO 54% oT obuein
BbIBOpPKMU.

CKpuHUH2 U OM6OP UOEPHBIX MUHUNY/I08-NPOOYUEH-
moe. Ha 10 cyT nHKybMpoBaHMS NPOBOANAN CKPUHWUHT
npo6 KX MUHMNynoB-npoayLeHToB U3 96-1yHOUHbIX
NNaHWeTOoB C Ucnonb3oBaHmeM MeToaa MDA (puc. 2A).
MakcuManbHas NpoOAYKTUBHOCTb MUHUMYNOB A0CTUT-
na 200 mr/n. Nanee 240 MUHWMNYNOB C MaKCMMaNbHON
NPOAYKTUBHOCTbIO (MAEPHbIE MUHUMYbI) NEPEHO-
c1An B 24-nyHouHble nnaHweTbl. CKpUHUMHT Npo6 KK
MWHUNYNOB M3 24-1yHOYHbIX MNaHWeToB (puc. 2B)
nokasan, 4To MaKCMManbHas NPOLYKTMBHOCTb CO-
ctasuna 90 mr/n. 3ateM 88 nuaepHbIX MUHUMYIOB
NepeHoCunn B 6-NyHOYHbIE MIAHLIETbl U KYJbTUBU-
poBanu B CTALMOHAPHBIX YCIOBUAX. AHaNN3 NpoayK-
TUBHOCTU MWUHUNYNOB U3 6-J'IyHOLIHbIX NnNaHLWeToB
(puc. 2C) N03BOIUA BbISBUTb 23 NMAEPHBIX MUHMNYNA,
KoTopble Bblnu nepeBefeHbl B YCI0BUS KYNbTUBMPO-
BaHWS C nepemelMBaHWEM B MUHU-BMOpeakTopax
ANS ajanTauMu pocTta M BOCCTAHOB/IEHUS KMU3He-
CNOCOBHOCTH KNETOK.

Takmum obpasom, u3 1041 mMuHunyna, npowesLie-
ro cenekumio, Nocae HecKosbKMX 3TANOB CKPUHWH-
ra 66110 0TO6paHO 23 MUHMMNYNA C NYYLUMMMU MOKa-
3aTensaMuM NpPOAYKTUBHOCTM AeHocyMmaba. [laHHble
MWHUMNYAbl MEPEeHOCUMAN B YCJIOBUS LUENKEPHOro
KYNbTMBMPOBAHUS A8 MNpoBeAeHUs ajanTtauuu
M nocnenyLein KPUOKOHCEPBALMM KYNBTYP KNETOK.

2 https://doi.org/10.30895/2221-996X-2025-553-fig-s1
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CrabunbHas TpaHcdekums knetok CHO PacceB Ha MUHMNYNbI Cenekuus
Stable transfection of CHO cells Minipool seeding Selection

<
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M3yuyeHne pocTa M NpoAYyKTUBHOCTU BoccTaHoBneHue CKpUHUHT B 96-, 12-
BO BPEMS$ KYNbTUBUPOBaHMUS POCTOBbIX XapaKTEPUCTUK M 6-NYHOYHBIX NNAHWeTax
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OnTumMuMsaums ycnosui MccnepoBaHue cTabuibHOCTH KIOHOB Bbibop KnoHa v nepepaya ero
KYNbTUBMPOBAHMS KIOHOB Clone stability testing Ha Npou3BOACTBO
Optimisation of clone Clone selection and transfer
culture conditions to production

PucyHOK noAroToBneH aBTopamu ¢ ucnonb3osaHueM wabnorHos biorender.com / This figure is prepared by the authors using the templates from biorender.com

Puc. 1. CxeMa nony4yeHUs KNeTOYHbIX TMHUA-NPOAYLEHTOB peKkoMOMHAHTHOro 6enka (Ha npumepe feHocyMaba) Ha OCHOBE Kile-

TOYHOW nunHmum CHO.

Fig. 1. Schematic representation of obtaining CHO-based cell lines producing recombinant proteins (based on the example of

denosumab).
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Tabnuua 1. )XnM3HecnocobHOCTb U KOHLLEHTpaLMs XU3HecnocobHbix knetok CHO nocne TpaHcdekLmu
Table 1. Viability and viable cell density of CHO cells after transfection

Bpems nocne TpaHchekumn, 4
Time after transfection, h

Mnasmuabi
Plasmids 24 il
VCD, x10° kneTok/mn YXusHecnocobHocTb, % VCD, x10°¢ kneTok/mMn XusHecnocobHocTb, %
VCD, x10¢ cells/mL Viability, % VCD, x10¢ cells/mL Viability, %

pGNR-FC

+ 11 68 1,83 89
pGNR-FAB
KoHTpose 1,2 95 1,55 92

Tabnuua cocTaBneHa aBTopamu no cobcTBeHHbIM AaHHbIM / The table is prepared by the authors using their own data

MpumeyaHue. VCD — KOHLEHTPaLMS XXMU3HECNOCOOHbIX KNeTOK.
Note. VCD, viable cell density.
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PucyHok nogrotoneH aBTopamu no cobcTeeHHbIM aaHHbiM / The figure is prepared by the authors using their own data

Puc. 2. Pacnpepenenme MMHMNYNOB-NPOAYLEHTOB MO KOHLEHTpauuu Lenesoro 6enka (4eHocymMab) B KynbTypanbHOM XUAKOCTH
npu KyNbTMBMPOBaHUM B NaHweTax: A — 96-nyHouHble nnaHweTbl (1041 Muuunyn); B — 24-nyHouHble nnaHweTsl (240 MMHMNYNOB);
C — 6-nyHOYHbIe NaaHwWweThl (88 MUHMNYNOB).

Fig. 2. Distribution of producer minipools according to the content of the target protein (denosumab) in culture fluid during plate
culture: A, 96-well plates (1041 minipools); B, 24-well plates (240 minipools); C, 6-well plates (88 minipools).
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UccnedosaHue pocmosbix u npodyKUUOHHbIX Xa-
pakmepucmuk MuHunynos. ns onpeneneHus Hau-
6onee nepcnekTUBHbIX KaHAMAATOB NPOBOAMAM
nepuogMyeckoe KynbTMBMPOBAHWE  MUHUMYNOB-
NpoAyLEeHTOB pAeHocymMaba B TeyeHue 7 cCyT
(puc. 3). Ins BCeX MWHWUMYNOB OTMEYanu BbICO-
Ky XM3HecnocobHocTb, npesblwatowyr 90%
(puc. 3A). MakcuMManbHOe 3HayeHue nokasare-
ns VCD (6onee 30x10° knetok/mn) Habnwoma-
M Ha 7 CyT ONS cnepyrlmx MUHUMNYNoB: mp-14
(36,3x10° knetok/mMn), mp-16 (34,5x10° knetok/mn),
mp-20 (33,8x10° kneTok/mMn) (puc. 3B). MokasaTenb
BontoMeTpuyeckon npoayktusHoctu (VCD) Bapb-
uposan ot 0,6 no 1,9 r/n cpean Bcel BbIGOPKM
npoayueHToB (puc. 3C). BbigBneHbl MUHUNYNbI-
NpOAYLEHTbl C HAaMBONbLUMM BbIXOLOM LENEBOro
6enka (6bonee 1,7 r/n) Ha 7 cyT: mp-19 (1,92 r/n),
mp-14 (1,82 r/n), mp-4 (1,75 r/n).

Takum  obpasom, onpeneneHbl  MUHWUMYAbI,
[LNg KOTOPbIX NPOAEMOHCTPUPOBAH BbICOKWMIA MoO-
Kasatenb KJETOYHOM NJOTHOCTM OLHOBPEMEHHO
C MaKCMMasbHbIM BbIXOLOM LENeBoro npoaykTa
neHocymaba: mp-14, mp-4, mp-19 (puc. 3D). Mocne
CPaBHUTENIBHOTO  UCCNefoBaHUS  QU3UKO-XUMMU-
YeCKMX CBOMCTB NOMYYEHHOro 6enka U KOHTPOJb-
HOro npenaparta, BKJYas u3yyeHue npoduns
rMUKO3UNMPOBAHMA (pe3ynbTaTbl He NpuUBeLEHbI),
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ANg [3anbHeWWwero KAOHMPOBaHMS Obln BbiBpaH
MWHUNYN-NpOAYLEeHT mp-19.

lMonyyerHue MOHOK/IOHAbHbIX K/IOHO8-NPOAYU,eHmMoe
pekoMBUHaHmMHoz0 6eska deHocymab

KnoHbl-npoayLeHTbl pekoMbuHaHTHoro 6enka
feHocymaba nonyvanu MeTOAOM  KJIOHMPOBAHUA
B MOMyTBepAyl cpefy C nocieaylwmm oTbopoMm
KJIOHOB C MOMOLLb0 POBOTU3MPOBAHHOM CUCTEMBI
ClonePix FL (B8 12- n 96-ny4HbIX nnaHweTax, BCcero
1056 konoHun). Ons onpeneneHuns nuaepHbIX KO-
HOB MpPOBOAMNIM Cepuio CKpuHUHroB KX KnoHoB-
npofyLeHToB aeHocymaba metomom MDA, B xope
CKPWMHUHIA OT6MPanu KNOHbI C MaKCMManbHOM npo-
LYKTUBHOCTbIO (pe3ynbTaTbl HE MpUBEAEHbI), B CO-
OTBETCTBUM C MPUHLMMNOM, NPeACTaBNEHHbIM Ha pu-
cyHke 1. BbibpaHHble nMaepHble KNOHbI-NPOAYLEHTbI
(24 knoHa) mepeHoCMAM B YC/IOBUS LIEMKEPHOrO
KYNbTMBMPOBAHUS A9 MNpOBeAeHUs ajanTtauuu
M nocnenyLein KPUOKOHCEPBALMM KYNBTYP KNETOK.

Onmumu3zayus KyabmueupoeaHusl K/10H08-
npodyueHmog deHocyMaba

KynbTMBMpOBaHME KJIOHOB-MPOAYLEHTOB Ae-
Hocymaba B HEMPEpPbLIBHOM pexuMe C NOANMUTKOM
NpoBOAMNM B Teyenue 9 CyT, uccneays pocTo-
Bble M MPOLYKLMOHHbIE XapaKTEPUCTUKU KYIbTYp
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PucyHOK NnoAroToBneH aBTopamm no cobcTBeHHbIM AaHHbIM / The figure is prepared by the authors using their own data

Puc. 3. XapakTepucTuka MUHMNYNOB-NPOAYLEHTOB AeHOCyMaba BO BpPeMS KyNbTMBUPOBAHUS B TeueHne 7 CyT: A — XM3Hecnocob-
HOCTb KNleToK; B — KoHLeHTpauus xum3HecnocobHbix knetok (VCD); C — npoAyKTUBHOCTb KNeToK; D — 3aBUCMMOCTb KYMYNATUBHOWM
KnetoyHou nnotHocTh (CCD) OT NpOAYKTUBHOCTU. MP — MUHWUMYNbI-NPOAYLEHTbI AeHoCyMaba.

Fig. 3. Characteristics of denosumab-producing minipools during 7 days of culture: A, cell viability; B, viable cell density (VCD);
C, cell productivity; D, cumulative cell density (CCD) vs cell productivity; mp, minipools of denosumab-producing cell lines.
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(puc. S2, onybnukoBaH Ha cailTe >XypHana®).
Xn3HecnocobHOCTb KNIOHOB K 9 CyT ocTaBanacb
6onee 80% (puc. S2A). MakcumanbHoe 3Haue-
Hue nokasaTens VCD (6onee 45x10° knetok/mn)
dukcMpoBanm Ha 6-8 CyT KynbTMBMPOBAHMUSA
AN cnefylolWmnX KNOHOB-NpoAyLeHToB: clone-12
(48,5x10¢ kneTtok/mn) u clone-23 (47,7x10° kneTok/mn)
(puc. S2B). NpoAyKTUBHOCTb KJIOHOB BapbMpoBana
ot 0,9 no 6,5 r/n (puc. S2C). BoipeneHsbl nuaepHble
KNOHbl C NPOAYKTMBHOCTbI AeHocyMaba 6onee
6r/n:clone-8 (6,58 r/n), clone-13 (6,52 r/n), clone-19
(6,04 r/n). OnpepeneHbl KNOHbI, AN KOTOPbIX
NpOAEMOHCTPUPOBAHbl OLHOBPEMEHHO BbICOKME
3HAYEHMUS MJOTHOCTU >KM3HECNOCOOHbIX KNEeToK
n BbiIxoga npoaykta: clone-13, clone-8, clone-11,
clone-6 (puc. S2D). MakcumanbHas cneuuduye-
CKag NpOAYKTMBHOCTb (Bblwe 35 nr/knetka/cyT)
nokasaHa pAgng cnepywwmx knoHos: clone-16
(38,5 nr/kneTtka/cyT), clone-5 (36,2 nr/kneTtka/cyT),
clone-19 (35,9 nr/kneTtka/cyT) (maba. 2).

Takum o6pasom, B pesynbTaTte MNpPOBELEHHO-
ro uccnepoBaHus Obina nonyyeHa naHenb KJo-
HOB-NPOAYLEHTOB pEeKOMOMHAHTHOrO Tepanes-
Tnyeckoro 6enka geHocymaba. JingepHble KOHbI
(6-8 knoHOB), xapakTepu3yLMecs ONTUMANbHbI-
MW napameTpamu, 6ol oTobpaHbl Ang nocnepy-
IOLLMX IKCMEPUMEHTOB, HamMpaBiEHHbIX Ha OLEH-
Ky CTabWNbHOCTM POCTOBbIX WM MPOAYKLMOHHBIX
CBOMCTB.

OBCYXXAEHUE

Kputuuecknum acnektoM pa3paboTku pekom-
HUHAHTHbBIX TepaneBTUYeCcKMX OenkoB sBnseTcs
BbIOOp KNETOYHOM NUHUK-NpoayLeHTa. Ana npous-
BOACTBA PEKOMOMHAHTHbIX 6enkoB B Ouodap-
MaLLeBTMYECKOM NpOM3BOACTBE Haubonee vacTo
MCNONb3YIOT JIMHUIO KNETOK SIMYHWMKA KWUTANCKOro
xomguka CHO [19]. Mmetowmincsa onbiT CO34aHMS
npenapaTtoB Ha OCHOBE 3TOM KJETOYHOM JMHUM
MOXET CYLLEeCTBEHHO COKPaTWUTb CPOKM M 3aTpa-
Tbl NpU pa3paboTke nekapcTBeHHbIX cpeacTs [20].
Knetkn CHO npurogHsl Ans KpynHOMACLWTabHbIX
NPOMBILWNEHHbIX  MPOLECCOB  KYNbTUBMPOBAHUS
B CYCMEH3MOHHbIX YCNoBuMaX 6narogaps cnocobHo-
CTW [OCTUraTbh BbICOKMX nokasatenen VCD n obec-
neynBaTb MakKCMManbHbIM BbiIxod 6enka [21-23].
BaxHbIM npenMyLLecTBOM sBAseTCs Npodunb ru-
KO3MNMPOBaHUS npoayuupyembix 6enkos, 61u3-
KW 4enoBeYeCKOMY, YTO MOBbLILLAET BEPOATHOCTb
COXpaHeHns 6MONOrMYeCcKOon aKTUBHOCTU PEKOM-
OGUHaHTHbIX 6E/IKOB B OpraHM3Me yenoBeka U obec-
neynsaeT 3dekTUBHOCTb Tepanuu [24]. Kynbtypa
knetok CHO xapakTepusyeTcs HW3KOW BOCMPUMUM-
YMBOCTbID K BMPYCaM 4YesioBeka, 0byC/0BNEHHOM

Tabnuua 2. Cneunduyeckas npoayKTUBHOCTb KJIOHOB-MPOAY-
LLeHTOB AeHocyMaba
Table 2. Specific productivity of clones producing denosumab

Cneuunduueckas npoayKTMBHOCTb, Nr/KneTka/cyT
Specific productivity, pg/cell/day

KnoH
Bpems KynbTMBMpOBaHUS, CyT
Clone .
Culture time, days
5 6 7 8 9
clone-1 11,6 14,4 5,4 23,0 16,9

clone-2 14,7 28,4 13,1 29,5 26,4
clone-3 2,8 8,8 9,8 10,2 17,6
clone-4 8,7 22,1 20,2 22,5 15,8
clone-5 11,3 27,5 14,6 26,1 36,2
clone-6 9,7 14,5 18,2 21,1 24,9
clone-7 10,6 18,3 14,6 17,7 22,6
clone-8 14,3 18,9 8,1 24,0 32,2
clone-9 8,5 16,1 91 22,6 19,7
clone-10 14,3 20,5 36,9 221 131
clone-11 9,1 16,8 6,6 13,5 28,4
clone-12 6,0 15,1 15,6 14,4 111
clone-13 12,6 23,0 14,0 20,7 32,5
clone-14 49 15,2 24,8 16,3 25,0
clone-15 10,7 19,2 20,4 219 31,9

clone-16 8,4 18,6 19,6 22,0 38,5
clone-17 0,0 5,2 13,7 13,7 11,2
clone-18 8,0 14,1 14,9 17,6 27,2
clone-19 8,9 18,4 16,5 21,5 35,9
clone-20 0,1 6,8 20,1 10,3 5,0
clone-21 5,6 13,4 16,1 12,0 20,3
clone-22 0,0 9,1 28,9 11,2 18,6
clone-23 3,2 9,2 17,5 9,5 19,2
clone-24 2,0 5,5 28,1 15,1 20,6

Tabnuua cocTaBneHa aBTopaMu no cobcTBeHHbIM faHHbIM / The table is prepared
by the authors using their own data

lpumeyaHue. Clone — MOHOKIOHANbHblE KNETOYHbIE NUHUK-
npoAyLeHTbl AeHocyMaba.
Note. Clone, monoclonal cell lines producing denosumab.

OTCYTCTBMEM 3KCMPECCUU MHOTMX YeNoBeYeCKUX
BMPYCHbIX F€HOB, YTO AenaeT 3Ty KJETOYHYK Niu-
HWIO NpeanoYTUTENbHOM C TOYKM 3peHus Buobes-
OMacHOCTM nNpu KOMMEpYeckoM MNpPOU3BOLCTBE
npenapatoB [25-27]. CnocoBHOCTb KNETOK IMHUK
CHO apantupoBaTbCa K uM3MeHeHuam pH, ypos-
HIO KMCNIOPOAQ, AaBNEHUI0 unu TemnepaTtype [28]

*  https://doi.org/10.30895/2221-996X-2025-553-fig-s2
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no3BoNiieT BapbMpoBaTb KpUTUYECKMe napamerT-
pbl KayecTBa KoHeuyHoro npoaykTta. Knetkn CHO
CNocobHbl K poCTy B HECCbIBOPOTOUYHbIX Cpepax,
YTO CHUXKaAET PUCK KOHTaMWHaUUN BUPpYCaMU U MPU-
OHamu, obecneunBas Buobe3onacHOCTb Tepanes-
TMYeCcKux 6enkoB. [pUMeHeHne Takux cpes Takxe
cnocobcTByeT BOCMPOM3BOAMMOCTM Npoduns Ka-
yecTBa 6enika, MOBbIWEHUID NPOAYKTUBHOCTU Kile-
TOYHOM JIMHUM U ONTUMU3ALUKN CTAAUN BblAENEHUS
M 0YnUCTKM Benka (3a CYeT CHWXKEHUs BenKoBbIX
npumecen) [29].

K HepocTtatkam nuHun CHO oTHocKTCS npucyT-
CTBME B TNIMKO3UIUPOBAHHbIX PEKOMOMHAHTHbBIX
benkax IMKAHOB (ranakTo3a-anbda-1,3-ranakrosa,
N-rankonunHenpammnHosas kucnota) [30, 31], yto
MOXeT noBbiWaTb UMMYHOreHHOCTb U M3MEHATb
dhapMakoKMHeTHKY TepaneBTuyeckoro 6enka [32].

OcHoBHble 3Tanbl npouecca pa3paboTku cTa-
OUNIbHBIX MOHOKJ/IOHANbHbIX KJETOYHbIX JIMHUIA-
npoayLeHToB pekoMbuHaHTHbIX Benkos (cell line
development) MOryT BapbMpoBaTb B 3aBUCMMOCTH
OT WCNONb3yeMbIX MOAUDULMPOBAHHBIX KEeTou-
HbIX JIMHWIA, IKCNPECCUOHHBIX BEKTOPOB, METOL0B
n 060pynoBaHUS.

JKCNpPEeCCUOHHbIN BEKTOP AOMKEH COAepXKaTb BCe
HeobXxo4MMble perynsaTopHble 3n1emMeHTbl Ans obec-
neyeHns 3bdeKTUBHOM 3KCNPeCccumn LLeNeBoro rexa,
BCTPOEHHOrO B FEHOM POAUTENBCKOM KNETOUYHOW Nin-
HuW. BekTop nopgbupaeTtca noa onpeneneHHbln TMN
Knetok u uenesor 6enok. OT LOMKHOIO KOHCTPYM-
POBaHWUS FeHHO-UHXEHEPHOM KOHCTPYKLMK 1 copep-
YXaHWS PETyNSTOPHbIX 3/1EMEHTOB 3aBUCUT NPOAYK-
ums uenesoro 6enka. B HacToswee BpemMs n3y4yeHbl
M anpobupoBaHbl pas/inyHble PerynsTopHble reHe-
TUYECKMe 3/1eMeHTbl, KOTopble CnocobCTBYOT yBe-
NMYeHuto BbIxoaa Lenesoro benka [33].

Tun cenekTMBHOro Mapkepa SBNSETCS Kiue-
BbIM (AKTOpPOM nMpu MNONYy4YeHUU MNPOAYLLEHTOB.
[lng cenekuuu NpooyLEHTOB TPAAULMOHHO NpUMe-
HSKOT BEKTOpbl, coAepaliue reHbl YCTOMYMBOCTH
K aHTMOMOTMKAM, TakuMe Kak reH nypoMuumH-N-
aueTunTpaHcdepasbl, MO3BONAOWMIA TpaHCHULM-
POBAHHbLIM KNeTKaM pacTu B NPUCYTCTBUM aHTUBMO-
Tvka. Ong addekTMBHOro npoBeaeHUs Cenekumu
1 0TOOpa BbICOKONPOAYKTUBHbBIX KIETOUYHbIX JIMHUIA
Ha npepBapuTeNbHOM 3Tane paboTt nopbupaetcs
onTuUMasbHAagd KOHUEHTpauua CENEKTUBHOINO aHTU-
6uotuka. Bblbop cucTeMbl cenekuuMn onpepens-
eTCs KOHKPETHOWM KNeTOYHOM NUHWER; Hanpumep,
CYLLECTBYKOT NIMHWUM, CUCTEMA CENeKLMM KOTOpPbIX
OCHOBaHa Ha MeXaHM3Max ayKcoTpoduu, Takue
kak CHO-DG44 [34], CHO-GS v ap. B nocnegHee
BpeMa aKTUBHO BHELPAKT MeTOAbl NOJTy4YEHUA HO-
BbIX K/JIETOYHbIX JIMHUI U yny4yweHuna KJeTo4yHoro
MeTabonmn3Ma CyWweCcTBYOWMUX IMHUIA C NMOMOLLbIO
CRISPR/Cas9 [35].

Ons TpaHcekumMm 3yKapMOTUYECKUX KNeTou-
HbIX JIMHUIA MPUMEHAIOTCS PA3/INYHbIE peareHThl
(nMnodekTaMuH, NOAUITUNEHUMUH), @ TaKXe dJekK-
Tponopartopsbl 1 ap. Hanbonee pacnpocTpaHeHHbIM
MeToLOM ANs CcTabunbHOM TpaHcheKkuun 3ykapumo-
TUYECKMX KNeTOoK sfiBngeTcs anekTponopauus [36].
MapameTpbl 3nekTponopauuu (HanpsxeHue, OAu-
TeNbHOCTb MMNYNbCA, YAcTOTa M Ap.) NoabupatoTCs
UHOMBWMAYANBbHO AN KAXKAOW KNETOYHOM NUHUMU,
obecneunBass  MakCUMManbHyt  3PEDEKTUBHOCTb
TpaHCcheKuMn U CTabuNbHY WMHTErpauuio rex-
HO-MHXXEHEPHOM KOHCTPYKLMU B TFEHOM KJIETOK
X039MHa.

Mcnonb3oBaHMe  MOHOK/IOHANbHOM  KNeTou-
HOM NUHUK ana npouvseoacTtea p8KOM6MHaHTHbIX
TepaneBTM4eckux 6enkoB aBnseTcs 0653aTeNbHbIM
perynaTopHoiM TpeboBaHWeM [ANs perucrpauum
NeKapCTBEHHbIX NpenapaToB. MOHOK/IOHANbHOCTb
KYNbTypbl UrpaeT K/oYeBy posb B obecneyeHunm
KayecTBa GMOTEXHONOrMYECKOro MPOAYKTa, NOAy-
YeHHOro C¢ nomMouwbk TexHosnornu DEKOM6MHaHT-
Hov JHK, u cTabunbHOCTM NpPOM3BOACTBEHHOIO
npouecca [37]. Npu pa3paboTke MOHOKIOHANbHbIX
KNEeTOYHbIX IMHUIA UCNONb3YIOT Pa3nyHble NOAXO-
[bl, B TOM Yncie MeToq NpefefbHOro pa3BefeHus,
a Takxe cneuuanusvpoBaHHoe 060pyAoOBaHUe,
npefHasHayeHHoe Ang obecneyeHUs MonyyveHus
KNeTOYHOM JNIMHWMM M3 OOHOM KNeTKu-npepLec-
TBEHHWLbI C BbICOKOW BEpPOSITHOCTbIO (403aTOpbl
eIMHUYHBIX KNeTOoK, copTepbl, pO6OTU3MPOBaHHbIE
CMCTEeMbl ANS NONYYEeHUS KJIOHOB, cucTeMbl (oTo-
[OKYMEHTMPOBaAHMSA NAaHWeToB M Ap.). B paHHOM
paboTe ANS NONYyYEHUS KIOHOB-MPOAYLEHTOB Ae-
Hocymaba 6biia ucnonb3oBaHa poboTU3MPOBAHHAA
cucteMa Clone Pix, ocywectenaiowas otbop Koso-
HWIA KNEeTOK M3 MoNyTBepAOM cpeabl B aBTOMAaTu-
4YeCcKOM pexuMe Mpu acenTuyecknx ycnosusax [38].

[na nonyyeHus BbICOKONPOAYKTUBHOIO Mpo-
AyueHTa Heobxoauma 6onblas BbIbOpka KneTou-
HbIX NMHWIA. B naHHon paboTe 13 1920 MuHUNynoB
cenekumio npowen 1041 muuunyn (okono 54%).
Cpean HUX Npu KynbTMBMPOBAHWMM B Mepuoauye-
CKOM pexuMme B TeyeHue 7 CyT OblI0 BbISIBAEHO
4 MuHUNYNa C NpoAyKTUMBHOCTbIO 6Gonee 1,5 r/n
(0,2%). 3aTeM nMAEpHbIA MUHUAYA C NPOAYKTUBHO-
CTblO OKONO 2 r/n BblN KNOHMPOBAH, B pe3ynbraTte
yero nonyyeHo 1056 MoHoknoHoB. pu KynbTUBK-
poOBaHUKU cpeam HUX OblIo BbIIBNEHO 3 MOHOKJIOHA
C NpoAyKTMBHOCTbIO 6onee 6 r/n (0,3%). Taknm 06-
pa3oM, Ha OCHOBE UMEILLENCS BbIDOPKM MUHUMY-
JIOB M KJIOHOB yAaN0Ch BbISBUTb MOHOKJIOHbI, 06ec-
neynBaroLLme TUTp Lenesoro 6enka Ha 9 cyT 6onee
6 r/n. DTOT NOAXOL MNO3BONSET MPOrHO3MPOBATH
HeobxoaMMOe KONMMYeCcTBO MCCNenyeMblX KNeTou-
HbIX JIMHWUI ANg [OCTUXeHus TpebyeMoro ypos-
HS BbIX0oAa uenesoro 6enka. B HacToswee Bpema
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AKTMBHO MpPUMEHSETCS MaTeMaTU4YeCcKoe Moaenu-
poBaHue npu oTbope Haubonee npesnoyTUTENb-
HbIX KJIOHOB NO pasHbIM nokasatenam [39].

Mopoxon K pa3paboTke MOHOK/IOHANbHbIX Kile-
TOYHbIX NUHWUA-NPOAYLEHTOB MOXET 3HAUYMTENbHO
pasnnMuyaTbhCs B 3aBUMCMMOCTHM OT BbiIBOpa poanTenb-
CKOM KNIETOYHOM JIMHUM, SKCMPECCUOHHbIX BEKTO-
pOB, UCMOJNIb3yEMbIX MaTepManoB, METOLOB aHA/K-
3a M 060pyAOBaAHMA HA pa3HbIX 3Tanax pa3paboTku.
[locTuKeHWe BbICOKMX TUTPOB LENIEBOTO PEKOM-
OUHaHTHOro 6enka cTano BO3MOXHbIM Bnaroaaps
Komnnekcy paboT, HanpaBneHHbIX Ha YCOBEpLUEH-
CTBOBaHME BEKTOPOB 3KCMPEeccum; BbiIbopa KNeTok-
X0351eB, METOLL0B CKPUHWMHIA, NPOAYLIEHTOB, BbICO-
KOTEXHONOrMYHOro 0bopyLoBaHMs; ONTUMU3ALMIO
cpen U NOAMUTOK OnpefeNieHHOro XMMKUYEeCKoro
COCTaBa, a TakxXe 6narogaps NPUMEHEHUID MHHO-
BALMOHHbBIX peLleHnit B 3Ton 06nacTu.

PocT cnpoca Ha 6uoTepaneBTMYeckue npena-
paTbl CTUMynMpyeT HeobXOAMMOCTb COKPaLLeHUs
BpEMEHM M 3aTpaT Ha pa3paboTKy KNETOYHbIX K-
HUI. DTO cnocobCTBYeT COBEPLUIEHCTBOBAHUIO Me-
TO[OB, peakTMBOB M 060pYLOBaHMS LNF MONYYEHUS
KNOHOB-NPOAYLEHTOB.

ABTOPbI f@aHHOM paboTbl NpeaCcTaBUIM COOCTBEH-
HbI MOAXOA M ONMCaNM OCHOBHbIE 3Tarbl NpoLecca
pa3paboTKM CTAaBUNbHbIX MOHOKJ/IOHANbHBIX Kie-
TOYHbIX ﬂMHMVI-I‘IpO,EI,yLI,EHTOB DEKOMGMHaHTHbIX
6eNKoB Ha OCHOBE CYCMEH3UMOHHOM KJIeTOYHOM
nvHmm CHO Ha npumepe nosiyyeHus NpoayLeHToB
fLeHocyMaba.

BbiBOAbI

1. OtpaboTtaHa cxeMa MOAYYEHMS BbICOKOMPOAYK-
TUBHbIX KJIETOYHbIX TMHUA-NPOAYLEHTOB PEKOM-
O6MHAHTHbIX 6eNKOB HA OCHOBE CYCMEH3UMOHHOM
knetouHon nuumum CHO.

2. lMonyyeHbl  BbICOKOMPOAYKTUBHbIE ~ MOHOKJO-
HaNbHble K/JEeTOYHble JIMHUU-NPOAYLEHTbI pe-
KOMBWHAHTHOro TepaneBTM4eckoro 6enka aeHo-
cymab c BbIxoaoM Lenesoro benka 6onee 6 r/n.

3. MNpennoxeHHbIM NOAXOL K CO34AHWUI0 KNeTou-
HbIX JIMHUIA-NPOAYLEHTOB MOXET ObITb MCMOJIb-
30BaH A5 MOAYYEHUS WMPOKOro CrekTpa KoM-
MepYeCKM 3HAYNMbIX peKOMBMHAHTHbIX 6ENKOB,
BKJIOYAs MOHOKJ/OHA/bHble aHTMUTena, oep-
MEeHTbl, PaKTOpbl CBEPTbIBAHUS KPOBU U Apyrue
6enku.
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