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Abstract. Despite many advances in target therapies, survival of patients with rALL remains dismal,
particularly among adults. Nonetheless, adoptive transfer of T-cells expressing chimeric antigen receptors
(CARs) specific for the surface B cell molecule CDI19 has been shown to be highly successful, as 50-90% of
rALL patients receiving this therapy have achieved spectacular and durable remissions. This has inspired
several research groups to develop CARs recognizing alternative B-cell targets, such as CD20, CD22, and
BCMA, so as to use them in patients with other B-cell malignancies or help the patients that are unlikely to
respond to CDI9CAR T-cell therapy. Currently, there are two CD20-specific CARs in clinical trials. These
CARs are based on the sequences of murine monoclonal antibodies Leul6 and 1F5 and use distinct hinge,
transmembrane and signaling modules. Although both of these CARs appear to work, their side-by-side
comparisons or structural optimization have never been performed in vitro or in vivo. The goal of our project
was to design a CD20-specific CAR based on the human monoclonal antibody 2F2 (ofatumumab) and to
compare this CAR to Leul 6- and 1F5-based CARs in a unified context.

BBenenue. Bo Bcem Mupe cutyanus ¢ TSXKEIBIMA OHKOTEMAaTOIOTHIECKUMH 3a00JIeBaHUSMH, TAKIMHA KaK
PEIUIUBUPYIONIMA WA PE3UCTECHTHBIA OCTPBIA JIMM(GOOIACTHBIA JIeiiko3 W B-KieTOYHbIE HEXOIKUHCKHE
TIM(OMBI, TO-TIPEKHEMY OCTaeTCcsd JOCTATOYHO CEPhe3HOH. OTH 3a00JeBaHMS IMOPAKAIOT MAMEHTOB BCEX
BO3PACTOB, M €CIH Y JAETeil BEPOATHOCTH OJATONPHATHOTO HWCXOJAa IOCTATOYHO BBICOKA JaXKe ITOCIE OTHOTO
peLuanBa, TO Yy B3POCIBIX IIAHCOB Ha BBI3NOPOBJIEHHE TOpa3fo MeHblle. B mocienHue roapl ¢ pa3BUTHEM
afonTHBHOW T-KIETOYHOW Tepanuu B OOJACTH IeMAaTOOHKOJIOTHH IMPOU3OIIE] HACTOSIIMKA HPOpsB: oT 50 1o
90% NanMeHTOB C PELMIMBHUPYIOUIMMU M YCTOWYMBHIMU (popMaMu B-KIE€TOYHBIX HEOIIa3Wd, MOIYyYUBILIHUE

tepanuio CD19 cneundpuunsivu CAR T-kieTkamu, TMONHOCTBIO M3JI€YMBAIOTCS. MHOTHMMHU TPYIIIAMH BEIETCS



paspadorka CAR (XMMEpHBIX aHTUTEHHBIX PELENTOPOB), Y3HAIONIMX albTEPHATHBHBIC B-KiIeTOYHbIE MUILCHH,
Harpumep, CD20, CD22, BCMA — kax Juis Tepaniu Apyrux oHKo3a0boseBaHui B-kieTouHOro renesa, Tak u Juis
nmoMony TeM manueHTtaM, komy BBeneHne CD19CAR T-kierok He moka3aHo. B 9acTHOCTH, B KIMHHUYECKHX
ucnbITaHuAX ceitgac Haxoxsrcs nBa CD20-CAR, ocHOBaHHBIX Ha MOCIEIOBATENBHOCTSX MBIIIMHBIX aHTHTEI
Leul6 u 1F5 u oTiMYarOmuXcs CTPYKTYpOH HCIONB3YeMBIX Mopayiei. Tem He MeHee, TOKa HE TPOBEICHO
CHUCTEeMATHUYECKUX HCCIICIOBAHHUM, KOTOpPbhIE OBl TO3BOJISIM CYIUTh 00 OTHOCHUTEIHHON 3(P(EKTHUBHOCTH ITHX
CD20-CAR, nin Obutn OBl HaNIpaBJIEHbl HA UX CTPYKTYPHYIO ONTUMH3ALHIO.

Henpto nmanHO#t paboTel Obulo coszmanue CD20-cnerudpuunoro CAR Ha OCHOBE YEIOBEYECKOTO
MOHOKJIOHaJIbHOTO aHTHTena odarymymad (2F2) m cpaBHenue sddextuBHOCTH in vitro storo CAR u
onyosmkoBanHbIX CD20CAR (Leul6 u 1F5).

JKcnepUMeHTAJNbHAsA YacTh. /i1 TOTO 4YTOOBI KOPPEKTHO CpaBHUBATh 3(PPEKTUBHOCTh Pa3TUIHBIX
CD20-cnierupmansix CAR, ObU10 HEOOXOJUMO MONYYIHUTh JICHTUBUPYCHBIE KOHCTPYKINH, Konupytomue CAR,
OTIIMYAIOIINECS JIMIIh AHTUTCHPACIIO3HAIOIIUMHI MOAYISIMH. B KadecTBE OCHOBBI [UIS TIONYYEHHUS TaKHX
KOHCTPYKLMI ObLI MCHoNb30BaH JeHTHBUpYcHBIH BekTop pCDH (CD530, SystemBio, CIIIA). Ha ero ocnose
HaMu OBUIM MOJy4YEHBI 6 JICHTUBUPYCHBIX KOHCTPYKIMH, KOIUPYIOMHKX TpH pasdnuuublx CD20-cneruduunbix
CAR “nepBoro” u “BTOporo” MOKOJEHUH (OTIMYAIOIIUXCS HAIMYUEM IOMOJHUTEIbHONW KOCTUMYIUPYIOLIEH
MOCJIE/IOBATENILbHOCTH). B KadecTBe aHTUIEHPACIO3HAIOIMX MOJAYJeH B OTHX KOHCTPYKLIUSX ObLIH
WCTIOJIb30BaHbI TIOCTIEIOBATENBHOCTH SCFV, 3anMcTBOBaHHBIC OT YenoBeueckoro anturena 2F2 (oparymymad), a
Taxkxe MBIUHBIX antuten 1F5 u Leul6.

Jus mpoBepku (pyHKIIMOHAIBHOCTH TOIXy4eHHBIX CAR MBI HCIONB30BaNM /IBE KICTOYHBIC MOMIEIH:
yenosedeckyto T-kinerognyto nuauio Jurkat n NK-xiretounyto quamio YT. BEIOOp 3THX KIETOYHBIX JTHHUAN OBLI
00YCIIOBJIEH TIPEXK/E BCEro TeM, 4TO 00€ 3TH JIMHUM JIETKO TpaHcayuupytorcs. Jlunuio Jurkat TpaguuuoHHO
UCIIOJIB3YIOT JUISl IEPBUYHON BHIOPaKOBKH 3aBeoMO HeyHKunoHabHbIX CAR, MMOCKOJIBKY KJIETKH 3TOH JIMHUM
KpaliHe YyBCTBHUTENbHBI K crienuduueckoil n Hecriennpuyeckoit akruBauuu. OJHAKO 3TH KIETKH, B OTIMYHE OT
nepBUYHbIX T-Kki1eTok uiau NK-KJIeTOUHbIX JTUHHI, HE MPOSBIAIOT 3HAUUMON IUTOTOKCUYHOCTH. [ToaToMy st
MOSTAITHON XapakTepu3anu noaydeHHBIX CAR-KOHCTpYKIHiT OBUTO perIeHo MPOBECTH aHAJIH3 aKTUBAIIMOHHBIX
cBoiictB CAR nHa mozenu Jurkat, a HIUTOTOKCHYECKUX CBOMCTB — Ha MOJIENH KJIETOK JIMHUNA Y T.

[TomyueHHbIE JTEHTHBHPYCHBIE KOHCTPYKIMH, Komupyronme CAR «mepBoro» m «BTOPOTO» MOKOJICHUH,
obuTH KO-TpanchuupoBansl B kieTku Jinaun HEK 293T BmecTe co BcmoMoraTenpHbIME Tiazmugamu pMD2.G
u psPAX2. B pesynbraTe HaMu ObUIM NOJIYYSHBI 6 MPENapaToB JEHTUBUPYCHBIX YaCTHUL], TICEBIOTUIINPOBAHHBIX
VSV-G. Orumn npenapatamu ObutM TpancayuupoBanbl kieTku nuHuu Jurkat (CAR mepBoro nokonenus) u
muann YT (CAR Broporo mnokonenusi). OO0 3ddexTHBHOCTH 3apakeHHUST MBI CYIMJIM 10 OSKCHPECCUU
¢yopecuentaoro penoprepa copGFP u ona coctaBmina >90% (Jurkat) m ~30% (YT). 3aTem MBI yOenunuces B
ToM, uto momydeHHble CAR BeIxomar Ha moBepxHOCTh KieToK Jurkat m YT: mms 3TOro MBI MpoBeNH HX
OKpaInBaHHEe KOHBIOTATAMH IPOTHB C-MYC, IOCKOJBKY O3TOT SIHUTOI IPHCYTCTBYET B CTPYKTYpe BCEX
tectupyemMbix CAR.

Bbu1 mpoBenieH aKTHBAIlMOHHBIA TECT: B HEM OBLI M3MEPEH YPOBEHb JKCIIPECCHM PaHHEro Mapkepa
akTuBanu, oenxa CD69, na nosepxHoctn CD20-cnenmpuunsix CAR-Jurkat kiieTok 10 ¥ nociie HHKyOaIuu ¢
CD20+ knerxkamu Jmuun Raji. Kak u oxunanoce, kierku Jurkat, mecymme CAR Ha cBoell MOBEpXHOCTH

yCneuiHo u CHeHI/I(l)I/I‘-IeCKI/I AKTUBUPOBAINCD.



Jis  TOoro 4TOOBI BBISICHHTH, MPOSABISIOT Ju  noiydeHHble CAR-YT KIeTKH CHEeHUpHYECKYIO
MUTOTOKCUYECKYI0 aKTUBHOCTh, 3TH KJICTKH OBLTM CMEIIAHBI ¢ KiIeTKaMu-muiicHsMu (Raji) B pa3iu4HBIX
cootHomeHusX. [locie 4-dacoBoil coBMecTHOW WHKyOarmuu mpu momonin FACS-ananm3a ObUT yCTaHOBIIEH
MIPOIICHT THOETH KICTOK-MHIICHEH.

PesyabTaThl. boutn momydeHbl 6 JEHTHBHPYCHBIX KOHCTPYKLWH, KOIWPYIOIIMX BCE KOMOWHAIMH
moayneir CAR: tpu pasnuaasix CD20-cnenmuduunbix scFv 1 1Ba BapuanTa CUTHAIBHBIX MTOCIIE0BATEILHOCTEH.
Hcnonp3ys 3T KOHCTPYKIIMH, TIOJTYYCHBI JICHTUBUPYCHBIC YaCTUIIBI U MIPOBEJCHA TPAHCAYKIUS T-KIETOK JIMHUH
Jurkat u NK-knerok smanu YT. B mpucyrerBun CD20+ kinerok-mumieHei, Ho He CD20- ki1eTok, npoucxoauia
cnenupuueckas akruparms kietok CD20CAR Jurkat. Bomee toro, CD20CAR-YT kieTku crnenugpuuecku
JM3UPOBATH KIICTKU-MHAIICHH.

3akiaroyenue. JlaHHBIE OSKCIEPUMEHTBHI CBUICTEILCTBYIOT O TOM, 4YTO Bce monydeHHble CD20-
cnerupuaeckne CAR ¢dynknmonamsHel. TeM He MeHee, HeoOXomumo oTMmeTHTh, uto 2F2(CD20)-CAR -
CO3/IaHHBII HAMH BIIEPBBIC — XapaKTepU3yeTcsl HanboJee yIauHbIM COOTHOIICHHEM yPOBHEH crieruuaecKoil u
HECTICU(PUYCCKON aKTHBALMK 1IN Vitro, 4TO Jelaer ero 0Ooiee MNPEeNNOYTHTEIBHBIM KaHAUIATOM IS

LlaﬂbHeﬁHIHX HCHOBITAHUH Ha MBIIITHHBIX MOACIAX.



