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CAR-T fHlaDESKICEIS T D7 T T L—Y ADU V) \EREFT

BEH EEEY bR Y aoF BEY B RV il B
JNESEmR"  HH Rk )l BEY ki MY

F X P ZAMA (Chimeric antigen receptor : CAR) T Mifa o #E21d, BHOHILEkE CD3+ T Mifa % $RIL
T 57H%, ML oMK ERIL 7256 Td —E0H & TRERR E 22 5. AWIZEIE, #ERRICHEE T2 T
HL 3t 2 H i1 2020 4F 7 H ~2022 4E 9 12 Tisagenlecleucel #5E 2 HIYICHMEK 7 7 = L — ¥ A &2 Ejiti L 7z 32
ENRE L, ) Y SEROFRR Y —H —B X OYES~ —F — 20T L7z, EY > 7 v, SRS iR
PRAE L 72 Mtk & €, it A filuzs, FKii~—7—(CD45, 3, 4, 8), JEHk~—7—(PD-1, CTLA4, TIMS,
LAG3) 22w T7u—H%4 b XA =% —TllliE L7z, BRI, 294 (906%), K3 (94%) TH DY,
BB RIIRE L R C oI, K~ — 57— CD4+ T HIBOAICHEFE (p=002) Zild, JEHE~—1—IC
BHEBEZRD G o 7. KEOMNH RS, 8RBT CDA+ T ABABIR L Tw A REEAVRIZ S

72, L L, JEBIEDSD RO W DAL ETH 5.

F+—7J— R : Tisagenlecleucel, CAR-T #ia, CAR-T MilailEsel, 77— A, CDA+T Kl

IEC &I

EMAER BT, [LERER L BAE OIS
LB MREOBZHITFHRVARTH 525, EHE, Hiik
ZIGHE L U THINBRIERETH 5 F X T HURZ A
(Chimeric antigen receptor : CAR)-T #llfa i 2%5E H
SNTW5. CART MEO/FRIE, BF»S6T7 72 L —
ALY THIRBEZRILL, Y4 VAR ¥ =%
THETZEATSHZ LT, CAR LTI 2 455k 7 72
AMECHEEZHRBSES.

CD19 PuE % 4R R I1Z585% 5 % CD19-CART Tdh %
Tisagenlecleucel (tisa-cel) O FEFSZ fitii% 3 [ 55 11 A2k
Brcix, MR- BEOBR, #RaTE B MRESEY ¥
INFEERYEE  (B-acute lymphoblastic leukemia : B-
ALL) #x}5 & L7z ELIANA #BV 2B W T, 2w
i (CR) B X CIERELE DA 53 2 5228 ff (CRD)
1%, 81.3% L ¥is SNz, B, HETEO E AMEHIRL
B BN Y > 8 (Diffuse large B-cell lymphoma :
DLBCL) #xf4t& L7 JULIET B2 I2BWTdH, &
A 531% TH Y, B-ALL B X O DLBCL L5
WG ST 5.

2017 4E120E, FFE, #EWEE B-ALL B8 X U8 DLBCL
EXRPEEBE L7 tisa-cel AUCKE AN EENF (Food

and Drug Administration : FDA) ®#&FE % 1% CKET
OSSNz, EINICBWTIE, 2019 4E 3 H i
KEFEO N RB BT L, tisa-cel 23HIEFTTARE
N, 5 FICIZEAEG @S & Rd i HiEEr 4 I 4
V] PRE SR EE R M T e RSN T
WBY F72, 2022 4E 8 XSS, HERTEIEIED ~
23 (Follicular lymphoma : FL) 2535 B2 BIn S
WM ShTWwa.

tisa-cel WED 72027 7 = L — ¥ A FEW) & BERT~
A3 5 ik 1d, ORARMNIEEL 2.0 X 10°cells DL I, @
CD3+ T fia% 1.0 x10°cells LLE, @CD3+ T Ailig ool
E3% Lo 3 5% T RThii7e v LB H 5.

EFE R ClE, Mmoo 2 gk L,
FEITHAT S % 25, CAR #Efn T8 AZ DM A B
HECLY, —ERTEERRAEAEL TS, Bl
KWL 7o 7285100 BROENRL HIMIRDOTET 7 =
L=V ADVRELRGE o720, BEIZESTIEA
HER5.

AWFFETI, W95 T MleE & A ZHIMERIZO W
T, 792—% A b X —% — (Flow Cytometer : FCM) %
HWTER~Y— 7 —B X OER~—h — 2L, &
FERM L DA BTG Lo Tt 5.

1) MER B R PR 23R b I MK 5 PR B - M Nk 28

2) MR B R PR 2 SR PR S5 ML 5

WAGEALE - PR =B, E-mail : yfuruta@juntendo.ac.jp
(ZAH :20234E 11 H 22 1, ¥EH :20244:2 A 11 H)
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Table 1 FCM X %Y ¥ /35R&EK~ — /7 — O ik

T NE
1. ol 37°C OIEGEATY » TN % LA HIRH T 5.
2. Wi FU TN EFEROVRELE A, OS2,
3. Ml R L 10,000cells/ul FEEEIC 7 B & 9 12 PBS TS 2179 .
4. ARG Ay & 2AHEML, OCD45, 3, 4, 8, @CD45, 3, PD-1, CTLA4, TIM3, LAG3 #4{¥7 5.
5. HrTNANE 3 THBLAY YTV E 100w TOEL, KT 20 4G X 5.
6. AL WA GEIL7 Y '=vA) & 2ml $OHEL, BP0 0SS5,
7. ki I TN EELTES L, PBS IR &4 T FCM TllET 5.
vl & RIEIrOT) Y A—N—T 7 I =BT LIS v

1. NREBEESLVEEFE

2020 4 7 A ~2022 4F 9 F F TR BRAEEE 25
JENER BRI BT, tisa-cel Wik 72D A IMER T
7 L=V ARFERL-BECTREME Nz 32 4%
SR T MR OFM % FhE L 7z, RWFZEIL, RETE
SR ZE A B H £ 0 7KGEE (E21-0057) % 524 T H it
L7

FUERT 7 = L — ¥ APEYE, MIdi# L%, &
%3y 7' B X O Quality Control (QC) ZRERH /A 7 v
WZEL, MRS 5. RUIZEORNES » TV,
i L 725% 0D @ QC 3B N4 7 v & W CTffT L7z

BETRL, T, 5, IRES, s % Viability,
I U 7= 3RSl o A M Ra % & OF CD3+ T Atk
22T, BLUERIITEE L OVRBIE IS8 L THERFL
7z.

2. FCM & AW -BIEFIES S OB A%

WY~ 7oL, WEREFETTRIELTVS
QC B N1 7 Vv % 37C O EIY CRERH L, &
HIZELTEE R 1T - 72, 2 MOPREH%, FIMEREE
10,000cells/ul \ZAHGERE L CllEy > 7 e L, il
EC AR % e U7 & i R & L7z e >~
T, PudkERIE & T T 20 0 Bn S 728, TEIIHE
ZEML, KA 10 43500 2872, Bk 0oz
T, ) R (PBS) (217 & &llE L7z (Ta-
ble1). HEREHZ, 2 L —¥—6 7 5 —DHEH T hE
72 FCM (Navios™, Xv» 7= v » 2— ) ¥ — &1,
KED) ZMEHL, MENEHE — X % w7z Single
platform (SP) #5142 X 2 #fix} %4 (cells/ul) THIM L7z,

3. FCM COAIEIEE

WoEid, PukRsE (X7 by -7 v F Y B
ot RE) ZHWIS VT T — TR ER L 7.
WsE L7 CD HUs (BB ) 13, BimEk@Ebis <&
% CD45 (PE-CF594), B3 T YV ¥ /R ER$LE © CD3
(PE-Cy™7) »3 itk oMifatER % 7 —7 4 > 7L C
fRHT L 72

TV YREER~—H—L LT, ¥7+ty b ThH5
CD4 (PE-Cy™5) B XUCD8 (FITC) #=illEL, CD
4/CD8 ILIiZBWTHHB L 72,

NRZETHY, ¥~ —H—L LTHSN5DOPD1
(FITC) @CTLA-4 (PE) ®TIM3 (PerCP-Cy™55) @
LAG3(Alexa Fluor 647) 2l L 72. JE#c~— 7 —13,
WEF v 7R Y PZHEETHY, BENZT AV
A EGE R B O b2 7 S X ) BIBEIEHL,
M OIHEALAME T $ % 2 & TRIEMHIRE & 72 5.

4. RETEEAR

T MILEFAMG % 47 5 72 32 12D T, B it & ¢
BB L CIT L7z, #ETRATY 7 M, Graph-
Pad Prism8 % Jfl \» T Student ® t M E 12 & % H & 7%
(p)ZHEIL, pEO KiEAHEE LA T/, M
N DI, Pearson OFEFEMBARE (r) ZHML
TR L 72

B R

1. BERBHERMBORES R

T ML EFli 2 47 2 72 32 th o N, B3 e Dy Ak 29 174
(90.6%), ZEHeBE3 T (94%) TH Y, KWBEDT T
A DLBCL Tdh -7z, HwER ORI, B-ALL 3 fF
DLBCL 29 f#T& V) FL iZ%& 4> 72

PR IIRE & KRB O BEERIE, BBV TK
EGM0IE4R L, iy (PUufE) TR IR 65 % &
B BE 35 I CRMBEIC B W CEAEMIN THh o 7275 A
EAERRDLHEB I Do 72 Y T NRER D % Vi-
ability X, WM 90% LI ETH 0 sfisRAEIREE 1Y
R 7o 72 Bk FT A~ L7 AR B L OV CD
3+ T M i, Bk IhHE & el c o iy ke %
7-LCBY, MBEDLFEHEETH -7 (Table2).

2. FCM ([CLBREV—H— B LVEREY—H—DH
ERER

K~ —H —OFENTIE, FCM 2 72 SP#EIc X %
HMixtEL (cells/ul) CTHERMNT L7z, BE A ILETH
% CD3+ T Mila ¥ Bt et & RWEE O I B »
THEEE (p=098) ZRDLh -7z T YRR T
v N TH5H CDA+T MIfaEE L 08 CD8+ T iz
BT 2 B & BB O IR T, CD4+ T M %k
THE (p=002) il 7275, CD8+ T HilzE <k
HEAE (p=028) =il o7z, 72, CD4/CD8
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Table 2 HIMEKT7 72 L — Y A &% L2 BH ST

BB LI p fi
% 29 3
A (HpH) 65 (6~ 78) 35 (35~ 44) 0.08
TR 5 /% 19/10 1/2
#H 0 ALL/DLBCL 3/26 0/3
% viability 90.9 96.4 0.62
H A A% R (% 10° cells/ul) 56 5.0 0.70
A CD3T Al Ek (<107 cells/ul) 3.1 32 0.93
B e (M~ K fil) T
A
150'000
n.s. * n.s
1 1 1
|
= 100000 &
e
= .
[&]
L ]
Se
50°000 L] ! e *e
a3 R : —
See . A o
$.08 4 se3s .
) —pa— 333433
BERY  MERM WERD)  WERM,  MERD  WEXK
CD3 CD4 CD8
B
n.s.
1
6
L]
1]
e
-
s 47
@ L ]
8
~ oo
E 2 ...
o oogo‘
0 L .l. ' =¢—_

BRI SE R

Fig. 1 SSohie & 8aERMIEIC B 5 ) ¥ /8 BREKlI~ — & — I
777 ORI 2R, * p<0.05

IkcidaEE (p=014) 2#DLhr -7z (Fig.1). K
MECTH S TV v SEROIEVEEE % F#-Mi 5 % 72 PD-1,
CTLA-4, TIM3, LAG3 #ll%E L7225, $XT Ok
X — A —CTHEELZRD%R»-> 7 (Fig. 2).

3. CD3+T Hfa% & cp4 LU cps+T HHEEDE
£

CD3+ T Mifa i i I L #e T h 5 70, T Mgy

Ty NTHAHCD4 B LU CD8+T Hillakk & OFHEIRY
£ % M@0 L 72 (Fig. 3). CD4+ T MilakTid, MR
3 r=0299 TH Y, 55 HEETH > 7z. CD8+ T Mifla %k
T, MBRED r=0919 TH V), sRHEZ D 7.
4. CD4+T A% &~ —H—DHEE
CD4+ T A8 ¥, Bk ohie & KRR O THE
EEROZEHTH 72720, JFEH~—H— DY
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I 1 I I 1 1
20'000}f &
.
®e
1 15000 9
=
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BERLY) SEER BLERD) RLUEAR BLEMTD) BLEEM BiEpkh BUSXERL
1 . J1 JL J J
PD1 CTLA4 TIM3 LAG3
Fig. 2 SRR & BERMHIC B 5 ) B kEdR~ — ) — g
75 7 ORIt A R T

PDI1 : Programmed death receptor-1, CTLA4 : Cytotoxic T-lymphocyte associated an-
tigen-4, TIM3 : T-cell immunoglobulin and mucin containing protein-3, LAG3 : lym-

phocyte activation gene-3

ZIRHT L7225, TRTONEHE~ —H — THWHETH -
7> (Fig.4).

z =

BHEHEHO T %A% CAR-T Miants:ig, ¥/
HAEREE L TEH SR TWADS, A7 7L —
AN SBE R TR HEOBEE 5. L
L, FISHEIR IS0 B sk i g S~ > iR IR & 1
L, BBOBBMBHKTHEHIN TS, HILEKT
Tzl =Y A% A — &35 CAR-T gk, /b
FHLEE AT L CTHh O OMIB R, BEO Mk
PO WEAEIE, HILERT 7 = L — ¥ AR 2SR
M &y BE~NOBMPMWINT 2. D720, ®FEWH
WCHEEMR R A R 5 Z L ASEE L 22 B,

tisa-cel O #ERAIRICIE, FAEM YL o /AL
LU CD3+THIlEx BEHEPHLT 72— AT 54k
B B, B EED EoMsz 7 7 2 L —
AL THREDPRME % BIEBD D 5.

tisa-cel OEEIZE T % i T, BLEICH W Sl
HICHIROBAD L W6, BERFEIMET LD
WER DD 5. Tz, HERORA % WA S & 7- Mkt
& CD3TELZvar LizMfa#co CAR-T #iic
DV, MR T AR MBI DS FIFREE T B - 72 i
B 5. tisa-cel TIZ CD3/CD28 i ¥ — X % W TH
ERBRZ: 24T o 7o Mifa i 2 A L CEE 4T - TV 75,
BUILIRBIDS T~8% Fsk L =i %Y. LarL,
BB B L ORI B S % s i A7 < Rl 2
JFRIZDWTUE, R E LCAHLERD 5.
AREFFEICB VT H BERBIE 3 F (94%) Hb, &

FOHER & FAREIRAE LT, sk ms,
NP EEARTH ), BEIZHWS T Aok
RS EE DT RIS L TWbDTIE R nh e
Eih.

tisa-cel DL, CD3+ T MIfE~NT A NV AXRS & —
T CAR #fn T2 A L 724 0Nl A E 2 2 T2
THb. ~v8—THIKETH S CDA+ T g 513,
MBI T-Ch 5 IL2 B A SN D 720, #iEIZIE
HHHED CDA+ T MRS ULELE 2 5. KFFFED
RATAE R 51, BEOWRIZ CD4+T MK THE
2R 722%, CD4/CD8 ILTIXABAZROT, AT
gl B ok E oz BHEMEIZEEDN S DS, B
SERMBIDS 3B & ATz, BIERIALE L Eb
5. THIlEY 7y b TH5HCDLBLCD8+T
Ml B, M Akl L, BEETIE CD4+ T Mg
BosiAd3 5 2 G SN TBY, CD4+ T Mgk
BEZYY 7T 5HZED CAR-T MllEHEEDOIFEEIC L
ErEz 5Nz L L, CD3+ T A EAs 3 H i 2
#THAH720, THEY 72y b THSB CD4BLUCD
8+ T Mifa%k & Oz L8R3 2 B I BRI T4 7%
WZ EATMEI NS, AWFFETIE, CD8+ T Ml i i
SRR % 3R 7275 CD4+ T #la sk & 1359\ T -
722 &5, CD3+ T Mifgk72 Tid CD4+ T Al
DFRATELRWAERE 2o 7.

Tomoyasu 5%, F5§ - #iiG M DLBCL OiR# & L
THwHNS, PUEVERER [N T AXF V] O
NRLFGIZL D, CD4/CD8 L DK FIC & A #5E S
DY AT HBMT 2HEEX L TW5.

CD4+ T #ifigix, Thl, Th2, Thl7, Teu®¥% 727 5
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AHEAEL, Thl DIFNyRIL2 A X B~ o a7 7 —
DR RE M T MO - B556, Th2 OWMHER
FENOM LG, Th17 DIIEET A b A A VEARESE
ERMEHAPMSN TS, EHME T ML (T 25
A5 5 TL-21 1, MBI A2 EEE I IE SN T
B, CDA+ T ML, S0EFEREOIGTE - Hagm il %
IV hE—LTREIFHEEZ LN TS, il
OFHIZIE, TL-2 2RI L 72 FEN— N & 2 -
T3 25, IL-2 B CoR MR L, IL-21 &
RARARICLD, X5 MR AsHERL < & 723k
IR HBEIENS, 1DODT 77 ¥ —731FTid A<M
ARG 2 LI X AT R AR NG 2 B 2B
WL EZ SNE. TRIZIZ, FEA RBEREOYA b
A V% 5WT % CDA+ T MR ORI TH 5 &
Bbihs.

CD4+ T MRaEA TR TEIGETD, T Ml
DD HEST L TV B AR, EETEAREOMK
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80,000
cD3 (cells/ uL)

100,000 120,000

g. 3 CD3+TMifa%i& CD4+ 5 L0 CD8+ T Ml f & DAHEI

TRUMARNEET L2 2 PR L72A%, TR R
PHIFTRTCOWESR~Y — 7 —CTHEEZRDT, CD4+
THINEE DM DEINZ A5, T MIEOREEIRIED
BLEDOWRICAMNRHF TIZ AW EHENT 5.
AWFFETHNT L 728072, Whd 77— 0%
MPLETH L EEZER LD, SHROEELE L THIMLEK
T7 2L =Y AEPIZBITS CDA+T MDY 71y
MENT 24T & T, L0 REREET RO FHNCE
BT ENHEING.

w =B

BRI O A1E, CD3 B X O°CD8+ T #ifa k=1t
FRE R EICE D) VRO TIER L, CD4+T
MIRBEATEI G- L C v B Rk R S 7z, 72, CD
3+ T ek L CD4+ T MK AHRI &2 RO 2 2 & A
5, CD3+ T MBaEUT N2 T CD4+ T Mt % 1 Bk
77—y AFNIHET 5 2 T, #EiEonh e
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WS EHETFERD, tisacel DOOHIMERT 7 = L —
VAEROFIWICHH E Bbh.
EHO COL /R © RESCH RN L CTIFICHER L
AESEOMNEEALEE 71 Il H A - AR SR 2 (2023
OREA L) CBWTRELE 7

6) Nasha Elavia, Sandhya R. Panch, Andrew McManus, et
al: Effects of starting cellular material composition on
chimeric antigen receptor T-cell expansion and charac-

teristics. TRANSFUSION, 59: 1755—1764, 2019.

~

Elsa Noaks, Carlotta Peticone, Ekaterini Kotsopoulou, et
al: Enriching leukaheresis improves T cell activation
X @

1) Maude SL, Laetsch TW, Buechner J, et al: Tisagenle-

and transduction efficiency during CAR T processing.

Molecular Therapy, 20: 675—687, 2021.

=

cleucel in children and young adults with B-cell lym- 8) Ilias Pessach, Arnon Nagler: Leukapheresis for CAR-T

phoblastic leukemia. N Engl ] Med, 378: 439—448, 2018. cell production and therapy. Transfusion and Apheresis

2) Schuster SJ, Bishop MR, Tam CS, et al: Tisagenlecleucel Science, 62: 103828, 2023.
in adult relapsed or refractory diffuse large B-cell lym- 9) D Sommermeyer, M Hudecek, PL Kosasih, etal: Chi-
phoma. N Engl ] Med, 380: 45—56, 2019, meric antigen receptor-modified T cells derived from

3) (@RS A 54 ] SMITESH (54 defined CD&+ and CD4+ subsets confer superior antitu-
A8 —ERET). AN, 2021 mor reactivity in vivo. Leukemia, 30: 492—500, 2016.

4) Muna Qayed, Joseph P. McGuirk, G. Doug Myers, et al: 10) Tomoyasu Jo, Satoshi Yoshihara, Yoshiki Okuyama, et
Leukapheresis guidance and best practices for optimal al: Risk factors for CAR-T cell manufacturing failure
chimeric antigen receptor T-cell manufacturing. Cy- among DLBCL patients: A nationwide survey in Japan.
totherapy, 24: 869—878, 2022. Br J Haematol, 202: 256—266, 2023.

5) HEEZA © CART S E: 0 ILRE & 215 o B i I 1. 11) Norihiro Watanabe, Feiyan Mo, Mary Kathryn

HAHI - MR &, 65 851—857, 2019.

McKenna: Impact of Manufacturing Procedures on

CAR T Cell Functionality. Immunology, 13: 876339, 2022.
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LYMPHOCYTE ANALYSIS OF APHERESIS PRODUCTS INVOLVED IN CAR-T CELL
MANUFACTURING FAILURE

Yoshiaki Furuta", Yuki Nakamura", Shuhei Ishii", Fumika Mariko", Keisuke Yamada”,
Miyuki Kawakami", Miku Sanada", Miki Ando” and Jun Ando"”

"Department of Transfusion Medicine and Cell Therapy, Juntendo University Hospital, Juntendo University School of
Medicine

“Department of Hematology, Juntendo University School of Medicine

Abstract:

For manufacture of chimeric antigen receptor (CAR) T cells, mononuclear cells and CD3+ T cells are collected
from the patient, Even with sufficient cell collection, however, manufacturing failure occurs at a constant rate. In this
study, to evaluate characteristics of T cells that may lead to CAR-T cell manufacturing failure, 32 cases which under-
went tisagenlecleucel production between July 2020 and September 2022 were selected and their lymphocytic sur-
face markers and exhaustion markers were analyzed. The evaluated samples were cryopreserved as apheresis prod-
ucts and after defrosting, their cell viability, surface markers (CD45, 3, 4, 8) and exhaustion markers (PD-1, CTLA4,
TIM3, LAG3) were analyzed by flow cytometry. Manufacturing was successful in 29 cases (90.6%) and failed in 3 (9.4%).
The only significant difference between the 2 groups was in the number of CD4+ cells with surface markers (p=0.02).
In contrast, no differences were seen with regard to exhaustion markers. These findings may suggest that CD4+ cell
number is related to manufacturing failure. However, sample size in this study was small, and further investigation

with increased case studies is required.

Keywords:
Tisagenlecleucel, CAR-T cells, CAR-T cell manufacturing failure, Apheresis, CD4+T cells
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