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Preparation Method and Preliminary Functional Characterization
of Chimeric Antigen Receptor V61T Cells Targeting CD19 Antigen
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Abstract This study aims to investigate the preparation methods of CD19-targeting CAR-VSIT cells and
evaluate their antitumor effects against B cell-derived tumor cells both in vitro and in vivo. Leveraging the prin-
ciples of CAR-T cell engineering, CD19-CAR-V31T cells targeting CD19 were designed. aAPCs (artificial antigen-
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presenting cells) were utilized for in vitro expansion and activation of CD19-CAR-V31T cells. Cytotoxic activity
and anti-inflammatory cytokine secretion against CD19 antigen-positive cell lines separately were quantified using
Annexin V/7-AAD apoptosis assays and CBA (cytometric bead array). Flow cytometry was employed to validate
the cytotoxic activity and anti-inflammatory cytokine secretion of CD19-CAR-V3IT cells. Additionally, in vivo
efficacy and toxicity were assessed in tumor-bearing immunodeficient mice through regular bioluminescence imag-
ing, body mass monitoring, and survival observation. Expansion results showed that CD19-CAR-V31T cells were
successfully generated in vitro using aAPCs, with an average expansion fold of V51T cells exceeding 10 000-fold.
In vitro cytotoxicity assays demonstrated that CD19-CAR-VSI1T cells exhibited significant antigen-specific cytotox-
icity and sustained anti-tumor activity against CD19-positive tumor cells compared with the control group. In vitro
anti-inflammatory cytokine secretion assays showed that CD19-CAR-V3IT cells displayed robust antigen-specific
cytokine secretion in response to CD19-positive tumor cells compared with the control group. Furthermore, in vivo
pharmacodynamic and toxicological studies in tumor-bearing immunodeficient mice revealed that CD19-CAR-
VOIT cell treatment not only significantly prolonged the survival of tumor-bearing mice, but also demonstrated a
favorable safety profile compared with the control group. Overall, CD19-CAR-VJIT cells demonstrate therapeutic

potential for the treatment of B cell-derived malignancies.
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CD19-CARZ: 1A 45(5 5 Ik (signal peptide, SP).
AJEL CD19-ScFv. 1gG4 FeBaEX . CD28#E R [X
ML 538 o rb SPYR A4 R — W 40 £ 7
5244 (granulocyte-macrophage colony-stimulating fac-
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Fig.1 Schematic diagram of the CD19-CAR
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APCHOGIR A IS EHUARICD194I A 43
1.7 RNAPAARKN TIEZHUVIITHR, S
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PerCPH B ILF E 12 min. )5, KA A4
I FITC. APCY PerCPIBIE 5% A5 5. SE4H
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5% CO,\ 37 °CEEFRA T HIMIFF 18~24 h, Ml AR
Po N ST AT
1.9 CBAE#MCD19-CAR-V1 TZRARASIN 45
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zyme B, IL-2FIIFN-y[ 73 & .
1.10 Burkitt;# = J8 (Raji) o8 G BRBa/ N R AR
Ml

CD19-CAR-V1 T4 i 71 i 25 485h /) 2% S5
TE25 0K (Day 0)X 4 H /)y BRUE I 2 7 ik e e 1< 10°
ANHEAT 92 E i -GFP(Luci-GFP) ) RajiZfiffl, 553K
(Day 3)0f/INEREEATREAL 741, 0 Bl 32 (BR 4 5 A /1



1390

CBRE T
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DA FRA T SERL, HE%A TS s a A H 2 i
S HARAEIE S S-ACU24-0098).
112 ZitEF4aliE
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i) 22 5 LR F B IR 3R A 06, 2 4L ) 22 S bR
FHBALIR &R 7 2293 T (One-Way ANOVA), LL**P<0.01,
% P< (0,001 B F**P<0.000 1878 2 4 Giit24 5 o

P1/P2/P3/P6
1 0.01%T
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2 #R
2.1 aAPCYpEZREHAICD64, CD86X CDI137LE
=EIE
T A AAG M 25 B R, aAPCER T 1) CD64
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I KS6241 1, CD19FL )5 ) L ARk (0.36%, El3A);
CD19-K56241 il K HICD193 TR K IE K 196.04%(F3B).
2.3 CD19-CAR-V1 THRAZEARSNRT SEEN S 154 1
4 CD19-CARGL%E 180 B Ja 7 5 V1 T4 Y,
T Day 7H1Day 1453 BN 26550 (1 aAPCHE/ 7Y 1,
MIEFER TR N 19~21 d(F4A). A E R, CD19-
CAR-VS1 THI I 15 5 N 40%~80%, “F-H)H S%F N
57.46%+8.40%(F4B). £ i 4 45 R (K14C~E 4E)
7R VI THH T340 99.20%+0.49%, 4HE T4H
i 1246 2 [Tu(naive T cell), CD27°CD45RA & EL A
68.79%+0.80%, oS TAH A FE %4 0.073%+0.025%; 4fl
ML HOE 1.2x10"AN A E, P39 1 5 %50>10 00045
AP BT AR AL - V1T o4l =>80%. CAR
HRMEZ20% HMIRTER=70%. of THI R H %
<1%, UL RBAEY RN G (R D
2.4 CD19-CAR-Va1T4AERTCD19BH M BEE 4HAE A
BEENMESF R M S T RIFARMAEN
Annexin V/7-AADFE &5 8 7R, CD19-CAR-
V31T Xt Raji(Bd 5A). Nalm-6(/& 5B)F1CD19-
K562(K3B) ¥ BA Bam R i R . AR
PERE AN T - AR EE A 1:1 19 Rajigl(B] 5C), CD19-
CAR-VI1 THH A% F 15 80.38%+4.95%, i3 =

©
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-1 610" 10 T
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-1 010" 10 10* 10*
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“1 0100 100 10° 10
CD64-APC-A

0
10° ~10 10
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A: CD64# FI{I3RIA 7, B: CD86HT AT, C: CDI3TLER FIRIAFR . TR ITA 40N (6 5 i 4N AN JEZRIE) % I ) % 8 L RIE =, #0R

TN AR I 25 8 RIS

A: expression rate of CD64 proteins; B: expression rate of CD86 proteins; C: expression rate of CD137L proteins. T represents the percentage of cell surface pro-

tein expression in the total cell population (including both live and dead cells), and # represents the percentage of cell surface protein expression in live cells.

E2 aAPCHERZRAIME
Fig.2 Construction of aAPC cell line
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A: expression rate of CD19 antigen on the surface of K562 cells; B: expression rate of CD19 antigen on the surface of CD19-K562 cells. T represents the percentage of
cell surface CD19 expression in the total cell population (including both live and dead cells), and # represents the percentage of cell surface CD19 expression in live cells.

El3 FEMERECDIMRRIER

Fig.3 Expression rates of CD19 antigen on the surface of tumor cells
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A: schematic diagram of manufacturing allogeneic CD19-CAR-VSIT cells in vitro; B: expression rate of CD19-CAR (n=5); C: the number of V51T cells during
the culture (n=5); D: the phenotypes of CD19-CAR-V3IT cells (n=5); E: fold expansion of VSIT cells at the end of the expansion protocol (7=5). T represents

the percentage of cell surface protein expression in the total cell population (including both live and dead cells), and # represents the percentage of cell surface
protein expression in live cells.

El4 CD19-CAR-VIT4HAERIE S 1
Fig.4 Large-scale expansion of CD19-CAR-V41T cells
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Table 1 Release specifications for CD19-CAR-V1T cells

fer i H JRAT b bkl k2 L3 kx4 fILixs
Test items Release criteria Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Cell viability =70% 86% 96% 94% 88% 96%
CAR transduction efficiency =20.00% 60.34% 45.08% 56.06% 68.46% 57.35%
V31T cell purity =80.00% 99.80% 99.30% 99.52% 98.87% 98.57%
apT cell residual rate <1.00% 0.06% 0.07% 0.04% 0.10% 0.10%
aAPC residual <1.00% 0.02% 0.01% 0.01% 0.02% 0.04%
CAR gene copy number <5.0 copies/CAR" cell 22 2.3 1.8 2.0 22
IFN-y release =2 000 pg/mL 9670 9625 15623 10 892 16 012
Sterility test Sterility Sterility Sterility Sterility Sterility Sterility
Mycoplasma test Negative Negative Negative Negative Negative Negative
Bacterial endotoxin test <5.0 EU/mL <2.5 <2.5 <2.5 <2.5 <2.5
Replication-competent lentivirus Negative Negative Negative Negative Negative Negative
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**P<0.01, ***P<0.001,

A: Raji cells; B: Nalm-6 cells; C: the killing effect of CD19-CAR-V31T cells toward Raji cells detected by flow cytometry; D: the killing effect of CD19-CAR-VSIT
cells toward Nalm-6 cells detected by flow cytometry; E: the killing effect of CD19-CAR-VSIT cells toward CD19-K562 cells detected by flow cytometry; F: com-
pared the antitumor durability of CD19-CAR-VSI1T group with V31T group in the antigen-repeated stimulation assay (five times); G: the absolute number of CD19-
CAR-VSIT cells after each antigen-repeated stimulation. **P<0.01, ***P<0.001, ****P<(.000 1, ns: not significant. T represents the percentage of cell surface
CD19 expression in the total cell population (including both live and dead cells), and # represents the percentage of cell surface CD19 expression in live cells.
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Fig.5 The killing effect of CD19-CAR-VOIT cells towards target cells
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A: IL-2 production in the supernatant of CD19-CAR-V3IT cells after coincubation with target cells (E:T=1:1); B: granzyme B production in the super-
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Fig.6 The cytokine secretion by CD19-CAR-VIT cells after target cell killing

2.6 CD19-CAR-V31THHRE T ZBE(K A Burkittith
E2 B8 (Raji) for 88 5 & SR B/ ) BR B AR S fer

N7 B F CD19-CAR-VS1T4H il % B4 g e
TR IR BIR T T 1 BB AE R, AP A E T A
Burkittibk L8 (Raji)faf I8 G J2 BB A5 2 (14 7 AR
8A), CD19-CAR-V31 TN LS 2 5 75 fur 8 /N BR 4 A
MR 2 E AR 56 7], T Day 2814 2|
1B (£975%), B J53B 8 T B 5 10 V1T M B b i
U R AT B2 R SR 31 VO 1 T4 g B B i 4
(K1 7B), 3+ H CD19-CAR-VS1 TR 4 24 )5 /N fH R
B 3 PRI (BT 7C R 7D B TESE SRR, R
BT 2H /I SRR 5T = e R A e K 2 R R EA T
CD19-CAR-VSITHIMIIG ST J5 /) B A 5T S AH X B
K 7F4E REIR, 590 AAOR Vo1 T I 20 A b
22 CD19-CAR-VI1TAH MR T J5 f 83 /)y BRL 1) A2 A7
WEEK, KB R IEIR, CD19-CAR-VII T4l I
SRR A L, A B A (AR L) e
=25 UG ANV AT I AL AE 8 R nl DL BRI, H

) A S 3 )9 O ), i — A 2N B
() &4 B AT H SR B A A (HEG (), 45 R oK,
MR AP ZE /N BRI S PRI R AN 2845 ey 24
W3R , 11 CD19-CAR-V 1T g 2H v ok W0 2 7
M (K18C). LA ESE AR H, CD19-CAR-VS1 T4/
T % 35 PR 98 77 1) [ B R 0 R 4 1) 22 A ek o

3 itie

48 H A CAR-TIT V200 B 10 (8 op T, &
WO R R U S B4, BT GVHD UK. AN %2
MHCRH SR SR, ZITIEAAAE B R : &
H ARG (N TETE TR 2 3E AT« AN AR R 2% )5
Wi ye 7 m AT 1 4 A IR 4~6 /8], 2 i iR A fEYR
JTAFHL; H E & CAR-TIT LR EAMA L S BN A R
e, PR AT S VEZ PR . PRI, e FH B 6 28 (off-
the-shelf)4H il 7= & LASE s 697l SRR, Bk
SR AT A A R ) R

ySTHH M A MHCHEA A1 R 51 (K GVHD XU



1394 CHEARE

(A) (B) ©

Cell freezing medium, V31T »n=5

00

ell freezi i 0.
CDI19-CAR-VSIT n=5 - ~o- Cell freezing medium ?3 10°
< %0 < V3IT cells Z 5100
i = \ -+ CD19-CAR-V3IT cells 2
iv.1.5410" CD19-CAR/ g 60 g 2x10' o Cell freezing medium
Raji-Luci-GFP V31T or 3.68+10" total 3 40 2 5101 © V3IT cells
v, 1x10° V81T = [ z “* CDI19-CAR-V3IT cells
(-\P\ l 1’ I’V[onllor body mass § 20. 5 1x10"
‘. Survival monitoring 0 = 5x107
NPG mice Day 0 Day 3 L 2 7 13 21 28 42 47 0 =
In vivo imaging Days after the Ist dosing 0 7 13 21 28 42
Days after the 1st dosing
Cell freezmg medium VBIT cells CD19-CAR-V3IT cells 26

Lummcsccuu. intensity

Day 7 ’ /p< om st
L

224
2 ) '
Day 0 ‘ a £ T o Cell freezing medium
»22 {/%% 1 o VBIT cells
éa 20 - CD19-CAR-V3IT cells

Day 13

L o e e M L S
13 7 11131821 25283235394246
109 Days after the 1st dosing

- NN AR (YY) |
- INERN HAAEE 2000 |
|| ||| pheeag

0 T T T T ; 1
0 7 14 21 28 35 42 49
Day 47 Time /d

A: NPGH /N SRAA P 5286 B T Ho 5 5 B: ASTFI IR 1] A5, #MJE ifiL i CD19-CAR-VS 1 T4 [FI K C: Rajifaf BNPG /IS R GHR EE I ST 04T D
Rajifaf FINPG/M R IR Y AR ; E: Rajifa BINPG/N LA BT K8 12 43 4T F: Rajist INPG/N K AEAZ 507 . PB: AMA L.
A: scheme of the in vivo tumor-bearing NPG mouse experiment design; B: the detection of CD19-CAR-V31T cells in the peripheral blood at different

100 == Cell freezing medium
== V3IT cells
== CDI19-CAR-V3IT cells

Survival /%
93
S

points; C: statistical analysis of fluorescence intensity in Raji NPG mice; D: in vivo imaging of Raji NPG mice; E: statistical analysis of body mass in
Raji NPG mice; F: survival analysis of Raji NPG mice. PB: peripheral blood.
[El7 CD19-CAR-V&1THE7EBLA AL IR IR 5 72 ERBE/N AR EY R fO 4 BB S 3R
Fig.7 The antitumor efficacy of CD19-CAR-VJ1T cells in NPG mice bearing B-cell-derived tumors
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Fig.8 CD19-CAR-VdI1T cells exhibited good safety in NPG mice bearing B-cell-derived tumors
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