nepcuctennuy CAR T-kmetok cocraBmuma 60 cyrtok (13-
90). Y Bcex peLMIMEHTOB ¢ OTMedeHHOlI akcnancuein CAR
T-xeTok Habmoganach B-KiaeTodHas arviasusA. Peakiumio
CRS nabmopam y 77% peLMIIMeHTOB: CTelleHb 1 — y 7 ma-
LIMIEHTOB, CTeNeHb 2 — B 1 ciy4vae, cTeneHb 3 — y 2 MmanueH-
ToB. HeltpoTokcuuHOCTp Habmofamy y 46% peLyunmueHToB:
1-i1 cTenieHN — y 5 MaLIMEHTOB, 3-€Ji CTeneHu — y 1 nanuenra.

[Tonublit oTBeT O6bUT 3adUKCUPOBAH A/ 6 U3 8 MAIVIEeHTOB
¢ B-nmunertapim OJIJI. OguH manyeHT He OTBETU/I HA MpoO-
BopuMmyto CAR T-Tepammio u BIOC/IECTBUM YMEpP OT IIPO-
rpeccupoBaHNMs, ONMH ManueHT ymep ot ocnoxxaennit (CRS
+ CEICUC) A0 MOCTUYKEHMsA KAMHUYIECKOTo oTBeTa. Y 3 U3 6
BBILIEAIINX B PEMICCUIO MAlMEHTOB ObUI 3aduKCHpOBaH
peunaus crycta 4, 5 1 18 mecaAues nocne nposenenns CAR
T-Tepammn, cooTBeTcTBEHHO. MeyaHa IpOLO/DKUTETbHO-
CTM peMUCCHUM B JAHHOI IPyIIe cocTaBuia 9 Mecsues (4-
18). B rpynme u3 5 nanmeHTOB ¢ B-K1eTouHbIMY TUM$OMaMu
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HOMHBIN OTBET OBUT 3apUKCUPOBAH I 3, YaCTUYHBI —
mna 1 manyenra, u 1 manyeHT yMmep ot ocnoxHeHuit (CRS
+ CeIICUC) [0 MOCTVDKEHUs KAMHUYECKOro orBeTa. Ilaru-
€HTBI C IIOTHBIM OTBETOM HaxXoAsATCs B pemuccun 1, 6 u 10
MecCSI[eB COOTBETCTBEHHO. [TalllieHT ¢ YaCTUYHBIM OTBETOM
TOTOBUTCA K ayTOJIOTMYHON TPAaHCIUIAHTALUY T'€MOIIO3THU-
YeCKOil CTBOMIOBON KiaeTKu. OOIuil UCX0: B XKUBBIX — 9
HaLVEeHTOB, YMepJIo — 4, MefyaHa IPOLO/DKUTEIbHOCT Ha-
6mogenusa cocrasuiaa 6 mec. (1-20).

BoiBop,

JlaHHDIT METOJ, BOCITPOM3BOAMM B KIMHIYECKMX YCIOBUAX
11, TIO pe3y/IbTaTaM TeKyIUX Hab/oleH i, o6asjaeT JocTa-
TOYHOI 9 exTuBHOCTDIO B mevenuy OJIJI.

KnioueBble cnoBa

CAR T-knerounas repamms, B-OJUJI, B-knerounas mumdo-
Ma.
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Introduction

Primary resistance to CAR T-cell therapy occurs in 10-20%
of pediatric B-ALL cases [PA Atilla, 2022]. Impaired func-
tional activity of CAR T-cells and biological properties of
leukemic cells are among the causes of described phenome-
non. Anti-CD19 CAR T-cell therapy was carried out at Bela-
rusian Research Center for Pediatric Oncology, Hematology
and Immunology (BRCPOHI) for 8 B-ALL patients with one
case proven to have primary resistance to the given therapy.

Materials and methods

A 7-year old boy was diagnosed with B-ALL, positive for
MLL (KMT2A) gene rearrangement (MLL-AF9), BIIl immu-
nophenotype positive for NG2, CD33, CD65 and CD15 ex-
pression. Short-term remission was achieved after treatment
according to ALL-MB-2015 protocol with subsequent isolat-
ed bone marrow (BM) early relapse I. Leukemic cells were
still positive for MLL-AF9, but immunophenotype changed
to BI with CD33 and CD15 expression. Anti-relapse treat-
ment failed to induce remission. Moreover, leukemic clone
acquired multi-drug resistance to chemotherapy. The deci-
sion was made to perform anti-CD19 CAR T-cell therapy.
Taking into account high tumor burden (93% of blast cells in
BM) and patient general condition, final dose of CAR-T-cells
(1x10° cells/kg) was given as fractionated infusions of 10%
and 90% over 7 days. Inmune monitoring did not reveal sig-
nificant CAR T-cell expansion in recipient BM or peripher-
al blood (PB). Peak concentration of CAR T-cells in patient
PB was 0.05 cells/pl, while median value in group of 7 pa-
tients with noticed expansion was 17 cells/pl [range 1.7-224].
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Despite carried out immunotherapy, growth of leukemic
blasts’ count was observed in PB and BM. Immunopheno-
typing of leukemic cells at this stage revealed mixed pheno-
type (B/My). Patient died of the disease progression 30 days
after the last injection of CAR-T-cells.

Results

It is well known that efficiency of CAR T-cell therapy de-
pends dramatically on cell product characteristics. High
content of exhausted and terminally differentiated T-cells
significantly reduce their potential for expansion and per-
sistence in vivo. In described case number of CCR7-positive
CD4 and CD8 T-cells in final product was 84% and 90%
correspondingly. Moreover, CAR-T-cells demonstrated high
in vitro cytotoxicity against model cell line and recipient
leukemic blasts. It was previously reported that multi-line-
age phenotype (CD19, CD20, CD33, CD34) is frequent in
CAR T-cell therapy non-responders [KE Masih, 2022]. It
must be noticed, that B/My phenotype was also observed in
described patient. Another one mechanism of primary re-
sistance to CAR-T-cell therapy is CD58 gene mutations or
loss of corresponding protein expression on tumor cells [RG
Majzner, 2020, Xin Yan, 2022]. CD58 protein is a ligand for
T-cell costimulatory receptor CD2. Disruption of CD58 in-
teraction with its partner CD2 leads to formation of subop-
timal immunological synapse, which results in impairment
of CAR T-cell functional activity and loss of its expansion
potential. Normalized to healthy lymphocytes, coefficient of
CD58 expression on the surface of given patient blasts was
0.95. Whereas median value for the same parameter in group
of CAR T-therapy responders was 2.46 (rangel.2-6.56).

@ cttjournal.com



I GENE AND CELLULAR THERAPY

Conclusions

We suppose that the described case of primary resistance of
B-ALL to anti-CD19 CAR T-cell therapy can be explained
by patient’s leukemic cells properties: mixed immunopheno-
type and rearrangement of MLL gene, decreased expression/
loss of surface CD58 antigen.

Keywords

Total body irradiation, allo-HSCT, children, hemoblastoses,
radiation therapy.
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Beepenue

[TepBuuHas pesucteHTHOCTb K CAR T-K1eTouHOI Tepanumn
y fieTelt ¢ B-nuHeitHpIM 0CTpbIM TMM(OOIaCTHBIM TeIKO30M
(B-OJIJI) HabmopaeTcs ¢ yactoroit 1o 20% cnydaes [Atilla
PA, 2022]. ITpyunHOit JAHHOTO SIBJICHUS MOXKET OBITh, KaK
CHIDKeHHas GyHKUMOHaNIbHasg akTuBHOCT CAR-T-KjeToK,
TaK 1 OMONOrnyYecKyie 0COOEHHOCTY OIIyX0IeBOr0O K/IOHA. B
IleHTpe meTCKOI OHKOIOT MM, TeMATOIOT M M IMMYHOJIOTUY
(PHIIIOOI'N) antn-CD19 CAR T-tepanus 6blra mpose-
neHa ina 8 manyuenTos ¢ B-OJIJI, y ofHOTO 13 KOTOPBIX Ha-
O/mofay pesUCTeHTHOCTD K JAaHHOVI Tepalmnu.

Martepuansl n metofbl

Manpuyuk B Bospacte 7 et noctymun B PHIIIJOIN, roe
6b11 ycTanoBeH fuarno3 B-OJIJI ¢ Hanmuduem mepecTpoii-
ku MLL (KMT2A) rena (MLL-AF9), BIII nmmyHOopeHOTHI
¢ monoxxuTenbHo akcpeccueit NG2, CD33, CD65 n CD15.
ITocne mpoBefeHMA Tepanmmuy COITIACHO HpOTOKony ALL-
MB-2015 6bpUTa JOCTUTHYTA HEIPOJO/KUTEIbHAS PeMIC-
Cus, 3a KOTOPOJM IOC/IefoBan paHHUN I mM301MpoBaHHBIN
(KM) peunpus. I1pn penynyBe omyxoseBble KI€TKY COXpa-
HAm MLL-AF9 niepecTpoiiKy, HO COOTBeTCTBOBaMM Bl nMm-
MyHoperoTHITY C 9Kcrpeccueit CD33 u CD15. ITocne kypca
MIPOTUBOPEIVANBHON Tepanuy ManeHT He JOCTUT PEeMUC-
Cuy, Pa3BIUJI XMMIOPE3UCTEHTHOCTb, BCIEACTBYIE Y€T0 OBIIO
NIPUHATO perleHne o nposefeHnn aHTU-CD19 CAR-T-Te-
panuu. Y4UThIBasA BBICOKYIO OITyXOJIEBYIO HArpysky (93%
O/71aCTHBIX KJIETOK B KOCTHOM MO3Te) U 0Obliee COCTOSHME
manyenta, CAR T-kneTkn BBOAWIN SPOOHO B KOMMIECTBE
10% 1 90% ot pacdeTHOI K035l (1x10° KIETOK/KT) C MHTEP-
BaJioM 7 CYTOK. VIMMYHOMOHUTOPMHI He BBIABU/I 3HA4M-
Moit akcmaHcuy CAR-T-KeTok B OpraHmsMe pelunneHTa.
ITukoBoe comepxanne CAR T-xrerok B mepudepudeckon
xpoBu cocTaBuwio 0,05 K71eTOK/MKJI, TOrfja KaK 3HaueHIe Me-
myaHbl mukosoro yposHs CAR T-kmeTok s ocTanbHbIX 7
naryeHToB coctaBuio 17 (1,7-224) xnerok/mkn. Hecmorps
Ha [IPOBEeHHYIO NIMMYHOTePaNuio Hab/IIOa/I POCT COAep-
JKaHMs OTACTHBIX KJIETOK B KOCTHOM MO3Te U Tepudepide-
ckoit kpoBu. ITpu MMMYHO(EHOTUINPOBAHUY HA CTALUN
mporpeccut ObUT BBUIB/IEH CMelIaHHbin ¢enorun (B/My)
nelikeMndyecKux kineTok. Crycta 30 cyToK 1mocre mocuegHe-
ro BeefieHNs CAR T-K/eTok manyeHT yMep OT Iporpeccu-
POBaHIA OCHOBHOTO 3a00/IeBaHNA.

Pe3synbtatbl

VsBectHO, uTO ocobenHocT CAR T-KmeToyHOro mpo-
IyKTa BIMAIOT Ha 9¢Q(eKTUBHOCTh Tepamuu. Tak, BBICO-
KOe CofepXKaHue TepMUHATIbHO ~Au¢depeHINpOBaHHBIX,
UCTOLEHHBIX T-KIeTOK B KOHEYHOM IPORYKTE CHIDKAET
UX CIOCOOHOCTb K 9KCIIaHCUM/TIepCUCTeHIMu. B KreTou-
HOM IIPOAYKTe, HOTYYeHHOM JJIA OIMChIBAEMOro HaIlJeHTa,
copepxanne CCR7-IOSUTUBHBIX KIETOK COCTaBUIO 84%
1 90% pmns CD4 u CD8 CAR T-k/1eTOK COOTBETCTBEHHO.
Taxoke ObUTIa HOATBEpP)KAEHA BBICOKAs IMTOTOKCHYECKAs
akTuBHOCTh CAR T-KJI€TOK malmeHTa B TeCTe in vitro, Kak
B OTHOIIEHUM MOJENIbHOI KAE€TOYHON JIMHUM, TaK U COO-
CTBEHHBIX OIIYXOJIEBBIX K/IETOK penumueHTta. CormacHo
JINTEPATYPHBIM ITaHHBIM CMELIAHHbI (EeHOTUII JIeliKeMu-
yeckux knetok (CD19, CD20, CD33, CD34), HabnromaeMblii
U B ONMCBIBAEMOM C/Ty4ae, C BLICOKOJ 9aCcTOTOJ BCTpedaeT-
Cs Cpefy MaLlMeHToB, He oTBevaromnx Ha CAR T-tepammio
[KE Masih, 2022]. Eute ogHuM 13 ONMCaHHBIX paHee Mexa-
HI3MOB IIEPBIYHON Pe3VICTEHTHOCTY ABJIAETCS BO3ZHMKHO-
BeHJe MyTaluil B reHe, KogupyoieM 6enox CD58, mubo
CHJVDKEHME eTo SKCIPeCccUy Ha IOBEPXHOCTM OITyXOJIeBBIX
k1etok [RG Majzner, 2020, Xin Yan, 2022]. CD58 saBnsercs
JIMTaHJOM JJIA KOCTUMY/IATOPHOI MoneKynsl CD2, n Hapy-
IIeHMe VX B3aVMOJEVICTBYA IPUBOFUT K GOPMUPOBAHMIO
HeaEeKTMBHOTO VMMYHOIOIMYECKOTO CMHAICA MEX[IY
CAR T-nmumdonntoM u OIyxoneBoil KJIETKOI 13-3a 4ero
cHmKaeTcs QyHKUMOHanbHas akTuBHOCTL CAR T-xmetTox
Y MX CIIOCOOHOCTD K 9KcIancun. HopManusoBaHHBI OTHO-
CUTENBHO 3T0POBBIX TMMOLUTOB K03 ULIMEHT SKCIpec-
cvyt CD58 Ha OBEPXHOCTH OITyXOJIEBBIX KIeTOK ITal[eHTa
coctaswi 0,95. IIpu aToM, MeiMaHHOE 3HaYeHNe i1 aHAJIO-
TMYHOTO [TOKa3aTelsA B IPYIIe NMaleHTOB ¢ 9 PeKTUBHOM
sxcnancueit CAR T-kneTok cocrasmio 2,46 (1,2-6,56).

BbiBop

Takum 06pasoM, ONMCAHHBIN Clydall pPe3UCTEHTHOCTHU
B-OJIJT x autu-CD19 CAR T-Tepanuy MOXXHO OOBACHUTD
BBIAB/ICHHBIMU OCOOCHHOCTAMM JIEVIKEMUYECKUX KIIeTOK
HalyieHTa: CMellaHHbIl MMyHOdeHoTu (B/My), Hamirdne
NepeCTPONKM C yyacTueM rena MLL, CHU>KEHHBINI YPOBEHb
(oTcyrcTBue) axcpeccuy CD58.

KnioueBble cnoBa

CAR T-xmerounas tepamus, B-OJIJI, mepBudHas pesuc-
TeHTHOCTb, CD58.
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