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Abstract As CAR-T (chimeric antigen receptor T) cells are continually modified to enhance their anti-tu-
mor efficacy, attention must also be paid to the cytokine profiles secreted by activated CAR-T cells. These cytokines
are important factors in causing the CRS (cytokine release syndrome), which is closely related to the clinical safety
of CAR-T. Regnase-1 is a ribonuclease that negatively regulates the immune response. Using CRISPR/Cas9 gene
editing technology, Regnase-1-deficient CAR-T cells derived from CB (cord blood) were successfully prepared. It
was found that although the specific killing ability of Regnase-1"CAR-T cells was significantly stronger than that
of CAR-T cells, the secretion of pro-inflammatory cytokines by Regnase-1"CAR-T cells was also significantly in-
creased, indicating that Regnase-1"CAR-T cells were potentially risky in terms of clinical safety.
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# B PURSZ AR T (chimeric antigen receptor T, CAR-
T)gi i id i CAR 7T 1) scFv H R S M SR 8 1
B A O AT B B TAIMY , AR 7 P R
MAIVER . HET, CAR-THI S 7E MR MR G I7
Ui 7 W38 TR B 20234 6 H SE[E & S 24 i HE
J&(Food and Drug Administration, FDA) CLtL#E 1 67K H
PRCAR-TARRZ = i, Herp2AN 7 i B HE UV BAH R
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CD19. {HCAR-TZHNLIG YT HoAth S A48 (197 ROAVEED ),
T /& CAR-THH A Wy 43t 368 1o J5 A& 1 B8 61 R £
IETH 2 A SG s FL R R A e 0 P, SR T R (IR
Nt 0 52 51 CAR-THH LIS A0 J5 2370 Wb 22 A4t [R5,
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2 98 e 7 AR AEAS DS 1]

Regnase-11 H B A ZEZREFENE, 72
B fi# 2 Bl mRNA, 1172 5 ] TZH M1 M55 %
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FTE R AR VR ZH HiF 3UR) H JBF IfL (cord blood, CB)
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1.1 #8
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H 3 [ Addgene/A Al . 141 % 7(interleukin-7, IL-7)F7
41 15(interleukin-15, TL-15)3)1 [ 9% [F Pepertech A
F]. HiFi Cas9 Nuclease 3NLSI [ 32 [ Integrated DNA
TechnologiesA @] . Alexa Fluor® 700512 [1)/N AT
CD4H.471. APC/Cyanine7Fric (/)N BT A TNF-o 5471
PE/Dazzle™ 594FriC K1/ B A GM-CSF #1473t Bril-
liant Violet 785™Fric f/IN Bt A\ IFN-y .47 Brilliant
Violet 510™R1C I N ZEFLER . PerCPHRICHI/NRITA
IL-2 547 Al LEGENDplex ™3t X £ 5 43 # il 551) & 5
J[H BioLegendA @ . BUV39SHRC IIARC /N R T
A CD8H 4t PE-Cy™7Hn1c (/N BBt N\ B Wk 48 fitd ¢
%85 1-1B(macrophage inflammatory protein-1pB, MIP-
1B)¥4t. BD Horizon™ BV711¥xic K FBPTA IL-13
B4, BV6SObRICHI KB HTAIL-10547. PE-Cy™S5
Fric 7N RPN CD107a B3 1M1 GolgiStop s H 4% iz 4111
#7505 EEBDA A . /NRITATNFBHHTFAPCIE
Fl 3% [EeBioscience /A ) o
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F Regnase-1 CAR-TZH 355 72 /£ & 5 ng/mL IL-7.
5 ng/mL IL-15. 10% FBS[¥] PRMI-1640%% 7%+
Nalm-6/1 NamlwaZi il /£ 10% FBS[)5¢ 4 RPMI-
164035 R B EAT B 5% o
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¥R F CAR-THH i/ 4 Regnase-1 CAR-T [ 41 1]
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1.2.6 AXAAN CAR-T@FGITHIRAZS
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1.2.7 #AXCBA(cytometric beads array)i 4|
CAR-T@ o545 Bt ikt BB TR E 5 Reg-
nase-1 CAR-T4H#. CAR-TZH /L4 %155 Nalm-6. Na-
malwaf# 13858 LR 4, 37 °C. 5% CO, R HE 24 h
S H A i35 5% 35 W, % LEGENDplex ™ % #.4)
A7) 2 U BH A543 B RRORE 25 4 B R b o AR
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B EAAMC EE R S5 R (SA-PE), iR & 30 min, /il
A200 pL¥EH, 300 xg % i B500 10 minfg, ZFLEIMA
150 pLe, P At A ASoer I 25 FLAE it ) 240 B IR 1
W

1.2.8 XA A A 4 fm i B F & P b 2m e bk 4]
4 Regnase-1 CAR-TZHAI. CAR-TZHAE 4375 Nalm-
6~ Namalwai% 1: 330 LR A, 24 hiN BN s, 3047

TN P G e, oA PN 5 BTN 4 A BRL 5 14 B A4
BT/

129 HBAEB G F oM rARRHEES
R, SEBHYE ] GraphPad Prism 7.08HT 4t 1T AL, 45
V48 RS RTE 22 (es) s AL LLBOR £
Kok, P<0.05Fm% RS2 L

2 R
2.1 N EAEEFMTLHE

FH VbR EEL 0T 25 B I 23 5 3R A5 I I T4
i, A A % B th CD3 T i Ee 51 N 74% (B 1A,
CD3'CD4 T4 g Lb 1 53%, CD3*CDS T4 ffd Lk 451
N18%. 335 Hanti-CD4/CD8H Bk 43 % 46 A fiF i T
YA, AR B, 4tk S5 CD3 T4 Lk b7 &
90%, CD3"CD4 T4l &7 54.02%, CD3"CD8 T4 fifd (5
30.01%(El 1B)o 522546 BT FH A5 1ML T40 Jf 40 5 ik
F190%LA .
2.2 Regnase-1R5BRZME

X} Regnase- 175 2H 4H M 5 A% i 5 5o HE 2EL 248
HEAT I 7, aE 3 sk (http://shinyapps.datacurators.
nl/tide/) %t > 51| i 47 7F 2 TIDE(Tracking of Indels by
Decomposition) 7> #1. 45 R 27, Regnase- 17 [ 3%
HN341%(E 2A), w2 5% RE2H () 7 # s 2=
S BT 4 SR LI 2B
2.3 CD19.CARFHMZmAEEL 11

7 HL G 40 THH B AN HL %% 2H Regnase-1 T4 45 71
YT EECD19.CAR, 37 °C+ 5% CO,IF & 96 hJ5 i
MCARS T HIRIE R, S5 R BoR: AN CAR-T
Y B2l E N 65.67%, HLFEZH ¥ Regnase-1 CAR-T4H
N4 65.09% (K 3), 5 LAAEFRATT S50 S 45 2R
Regnase-1 RS R AN F2IMCAR FI R IE N —2
2.4 Regnase-15{PRITCAR-TH B T M R 1A 8E
Lol

2615 CD191#) Nalm-6£1 Namalwa #8 41 i 73 51
EjRegnase-1 CAR-T. CAR-T. TZHfI3% AR 1%L
SEE (3:1 LIATL3) IR A, W F 24 hjg H i R4 %)
THECE AT I % LI R A, TR R &
IR ERGEELE N 1230, #4111 Nalm-6 74415 40
Regnase-1" CAR-TZH LR A% 2 (79.740.9)%, &3 &
T CAR-TZH I ZH [(64.7+5.4)%, P<0.05, K 4A]; fEHH
[ ZHE LT, %840 B NamalwaZll HH Regnase-1 CAR-T
S ) A A0 R (25.042.6)%, 53 & T CAR-T4H i
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A: the proportions of cell subsets in cord blood T cells isolated by lymphocyte separation medium. B: the proportions of cell subsets in cord blood T
cells purified by anti-CD4/CD8 beads.
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Fig.1 The proportions of cell subsets in T cells isolated from cord blood
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A: insertion-deletion spectrum (indel spectrum) of Regnase-1 knockout T cells and T cells. B: aberrant sequence signals of test sample (Regnase-1
knockout T cells) and control sample (T cells). The blue dotted line indicates the CRISPR/Cas9 cleavage site.
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Fig.2 The efficacy of Regnase-1 knockout by CRISPR-Cas9 genome editing
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Fig.3 The percentages of CAR positive T cells in Regnase-1 knockout group and the unknockout control group
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A: Regnase-1"CAR-THE [1]Nalm-6 [/ 573 1 5% . B: Regnase-1"CAR-TH#E 7] Namalwa )55 7 /5. n=3, *P>0.05.
A: specific cytotoxicity of Regnase-1"CAR-T targeting Nalm-6. B: specific cytotoxicity of Regnase-1"CAR-T targeting Namalwa. n=3, *P>0.05.
[Zl4 Regnase-1 CAR-TZABEHIHF SRS ER
Fig.4 Specific cytotoxicity of Regnase-1"CAR-T cells
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A: Regnase- 17§43 CAR-TH I 7235 CD107af 1540 . B: Regnase- 1754 CAR-TZH M 1k T FLE AU . n=3, ™P>0.05, **P<0.005, ****P<0.000 1.
A: effect of Regnase-1 knockout on CD107a expression in CAR-T cells. B: effect of Regnase-1 knockout on perforin expression in CAR-T cells. n=3,
“P>0.05, **P<0.005, ****P<0.000 1.

&5 Regnase-15F&%tCAR-TAHREZRIACD107aFN FFL Z R0
Fig.5 Effect of Regnase-1 knockout on CD107a and perforin expression in CAR-T cells
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Table 1 Effect of Regnase-1 knockout on cytokine profile secreted by CAR-T cells

Nalm-6 Namalwa

Regnase-1"CAR-TZH Regnase-1"CAR-TZ

4 R o CAR-T41/pg-mL™" s .
. /pg'mL /pg'mL CAR-T#/pg-mL

Cytokines B CAR-T group P _ 4

Regnase-1"CAR-T group N Regnase-1"CAR-T CAR-T /pg'mL

i /pg-mL B

/pg-mL /pgmL
1L-2 23377.3£1015.8 36 487.71 744.2 0.001 0 24 178.3£1 694.7 33 119.0+681.6 0.005 6
1L-4 57.7£1.5 60.3+6.5 0.554 7 58.0+2.0 47.7£1.5 0.002 7
IL-5 717.0£22.7 572.3+18.7 0.001 2 351.749.1 172.7£37.7 0.0110
1L-6 154.7+£20.0 153.0+17.1 09180 134.7£9.6 103.7£5.5 0.0100
1L-9 124.0+7.2 108.0+5.0 0.040 2 114.7£2.5 89.7+8.4 0.027 3
IL-13 16 397.34915.9 30 768.7+167.4 0.001 0 16 329.0+455.9 20 634.3+822.5 0.003 6
IL-17A 8.0+2.0 2.3+0.6 0.0300 9.0+1.0 2.0+0.0 0.007 0
IL-17F 25.7£5.7 5.7£1.5 0.020 0 39.3+0.6 4.3+1.2 <0.000 1
1L-22 738.0+22.6 760.3+19.4 0.265 6 692.3+13.0 586.0+37.5 <0.000 1
IFN-y 326 792.3+5 314.0 288 321.0+6 017.1 0.001 0 500 420.7+£32 471.0 397 762.0£9 513.8  0.020 0
TNF-a 12 109.7+630.4 18 912.7+£527.0 0.000 2 16 172.0+826.1 17 444.3+876.5 0.140 0

SO i A Nalm6id /& Namalwa, Regnase- 1[5 45 0] i
Z BERCAR-THH L 433 FTL-2( 6 A) A Th2 7Y 4 it [K]
T IL-137KF (] 6F), [R5 3 42 7 CAR-T4HE %>

W 2 A7 IL-5(B 6C)« IL-9(& 6E). IL-17A(/¥
6G) IL-17F (K 6H)FITFN-y(& 61)/KF-o T 35411
IL-4. IL-6F1IL-2243 WA /K-F- 22 57, AN 4 B0 Y Na-
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Fig.7 Effect of Regnase-1 knockout on the percentage of CAR-T cells containing pro-inflammatory cytokines
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