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Culture of NK Cells in Umbilical Cord Blood after Cryopreservation
and Preliminary Study on the Function of CAR-NK
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Abstract This study was to optimize the culture conditions of cord blood NK cells after cryopreservation,
construct CD19-targeting CAR-NK cells, and explore the killing effect of CD19-CAR-NK on CD19" B-cell lym-
phoma. First, the cryopreserved umbilical cord blood mononuclear cells were recovered and allowed to stand for 18 h,
NK cells were purified by CD56 magnetic beads, and the proportion of NK cells in CBMC increased from 13.8%
to 96.6% after purification by magnetic beads. And then the effects of different cytokines and their combinations
on NK proliferation, differentiation, apoptosis and function were compared, both IL-2 and IL-15 could activate NK
cells, but NK cells proliferated better when cultured with IL-2 compared with IL-15 (P<0.05). NK cells under IL-
2+15 accounted for the largest proportion of CD56dim (74.33+5.03)%, the least apoptosis (4.6+0.14)%, and the
cumulative proliferation was (62.6743.21) times, which was significantly better than other cytokine combinations
(P<0.05). In this study, the PDK1 inhibitor BX795 was used to improve the transduction efficiency of CAR-19
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lentiviral vector on NK cells, 6 umol/L BX795 could increase the viral transduction efficiency of NK cells by 3.6

times, and the transduction efficiency (36.4+1.91)% was the highest at this concentration. Finally this study veri-
fied the killing ability of CD19-CAR-NK on CD19" tumor cells in vitro. CD19-CAR-NK could enhance the killing
effect of NK cells on Nalm6, but did not affect the killing of Nalm6-CD19KO. In conclusion, this study concluded

that IL-2+15 was the best cytokine combination for umbilical cord blood NK cells after cryopreservation. NK cells

modified by CAR can specifically recognize CD19 antigen and kill CD19" tumor cells.
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Table 1 Cytokines and their functions on NK cells

iR Dige

Cytokines Functions

1L-1 Synergy with IL-2 or interferon can enhance NK cell activity

1L-2 It is the most commonly used cytokine for NK expansion in vitro, which can activate NK cells and induce their
proliferation

1L-7 CD56bright NK proliferation is promoted and cytotoxic effect is enhanced

1L-12 NK cell proliferation is promoted in vitro and the combination with IL-2 enhances the expansion of NK cells

IL-15 Promote NK cell differentiation, development and maintain survival in vitro

IL-18 It can enhance the killing activity of NK cells and activate NK cells when combined with IL-2

IL-21 It promotes the proliferation of human NK cells and regulates the expression of surface receptors

1L-27 It can prevent tissue damage induced by excessive inflammation and promote the anti-tumor effect of NK cells
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Fig.1 MACS sorting of NK cells
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Fig.2 NK cells cultured in a cytokine for five days

3D), H &% ZHNKZH K S6240 i i A A5 7E FH 2 B A
i (P>0.05)(KI3E). [ I, IL-2+154 ¥ 47 5 JiF I
K1 ) B A T DR 4L
2.3 FRINHECD19-CAR-NKZHAAf

F WG S [FIMOUDKGCAR-195: (R % & &8 O 15 383 K%
INKAH AL, 72 b/ A0 M AR I CAR- 19 FH 4 5%
(Kl4A). &5 3 5 oR, NKYH I 1)9% 55 5% 5 80R BEMOI
B B, EED A ZEMOLA 100F, NKZH A 95 7
B G RORAN A 12%, PICASREAUE I 3 ITMODR 2
JREE R FRCR . [ EMOLNS0)E, i 8 5% F /130 min
JE N BX7954H NK I HL 2EMLA, K BX7951]
PREHE SRR (K 4B). 24BX795WE A6 umol/L I,
1295 8 7 3 ORI |, N(G6.4+1.91)%, & E T
4 umol/LI (4% S 20% (26.03+1.21)%(P<0.05). 4
BX795¥ & it 6 pmol/LJi, AR #ENKH; T 1 250%
FAAR, U6 BABX 7955 B ITNK A A 17 85 5 SRR
FIEARBPEE R . BRI, 6 umol/L BX795T] 44
NK 1 SRR 3665 . [FR, LLEBX795A K
FEE TN NKH A 0 38 GE A O, A B9 R A 1R 1S B G 7 S
(P>0.05)(4C), iXH27n— & Wk FEJa [ i A FHBX795
XINKA A A B E I .
2.4 CAR{EHNKERMRACD19 MELHAR

95 UE CAR-NKRE 75 FF 5 14 5% 45 CD 19" i
JRE M A, i i CRISPR/Cas9% Nalm6H CD193E K]
bR, R CD19 g 4ifh, 15 %] Nalm6-CD19KO
0 (B SA). 7E1:9. 1:3. 1:1fREELL N, CAR-
NK X Nalm6 B 545 2 50 5l 8 0 (55.67+4.04)%
(73.67£5.03)%- (91.33+4.04)%, T NKX} Nalmé6 )

FMTFRHIN : (43.67£4.04)%. (55.00+4.36)%-
(58.67+6.43)%, CAR-NKX Nalm6 [¥) 7 15 & 3%
. F NK(P<0.05); fE1:9. 1:3. 1:1BEEHE T,
CAR-NK X} Nalm6-CD19K O i) 15 % 7 7l )y -
(56.67£4.16)%- (72.33%5.86)%- (82.00£8.19)%, NK
X Nalm6-CD 19K O] 445 #8537l 4 (52.33+3.21)%-
(71.33+4.16)%- (78.00+3.00)%, % A 52 (P>0.05)
(EI5B). Wi 247 o A M s 37 B3, SR FHCBAKS
IFN-y. Granzyme BAllPerforin B i, CAR-NK
43 WAIFN-y. Granzyme B. Perforinf &) . & & T
NK4H i (P<0.05)(E50).

3 g

B2 i Jbk EL 98 A2 20 P b LR o o AL I I B
RHEARA K & B BT I R RN DUR AR
M=, CD192&BAH itk 98 i b PR, 72K
oy % B L. BUBZH L. IE W BAH AR L PR R
DCH#IA AT e Rk . (K, CD19/& A7 B4 &%
R84 ER AR FRUT

T NK 40 38 A B g Be 21, ARk
vl B HE PR 244, R 5] GVHDIWRE /1A
PR . Bt i 24 i 1 o B AN R IE CARPLIR,, NK 4
AT5 ] H R T 524K (W NKG2D+ NKp46. NKpd4.
NKp30. DNAM-1)BER G A Mg 41 i, Xl
RE ik /b 2 T 98 41 i CAR BT iR 5 4k BT 3501 0 % 36
U I H, 5T 2 s U4 R, NKZH A T 78
BANME REMHLFIEIR, BIECAR-NK ] F]3ik
CAR-TICVE AL E . S5 CAR-THILL, CAR-



5K A B4 URAT )5 F INK 400 9 55 97 S CAR-NK I Dh BERI A

1921

I(A) (B)
80
* 1204 " =2 CD56bright
; 100 — Em CD56dim
2 S
] T L 80—
8 £
o :dl’ (5]
= (%27 o
%% =
222
722 20
& o
: -
% YN O SR A
B Yy RPN o
AR\ NN NN
© IL-2
< . IL-2+1 ) IL-2+12 IL-2+15
=| 21 2] S s . 2%
EE EE S S 4 .
2 E 2 5
21 EE £ . ]
F NI NN LYY 8%| 2 9% 2] 5%
| — G T T royreyry = T TrT T T =+ TeT T T
-10*1 0 10° 107 10° st 0 105 107 108 Lygst o 105 107 10° Lot 0 105 107 10
IL-2+18 IL-2+21 1L-2+27
=g e 3% 2 1%] =9 3%
=S S Ti’}
s = =
s = S
ES 10%| & 9%| &
L1os 0 105 107 10° —10' 0 10° 107 10° —10% 0 105 107 10°
Annexin V
(D) (E)
2 120 =
=8
ST ns
5 100
=~ 227,
B %
(247
S %%
BN %99
g IL-2+12 ® %%
N £%%
is| 244
(997
o %%
F 447,
204
(927,
(247,
(927
(927
S 559
939
004,
£%%
i 224,
—10% -10010* 10%3 1
CD107a N
A
NN

A: NKZHAD ) B850 1% 5 B: NKAH A IERE; C: NKYHM A T 155, D: NKAH I A K 562 CD107af) 43, E: NKAHMIXSK 562 55 1E H

n=3; *P<0.05; ns: P>0.05.

A: cumulative multiplication fold of NK cells; B: subpopulations of NK cells; C: apoptosis of NK cells; D: CD107a secretion during NK cell killing of

K562; E: NK cell killing effect on K562. n=3; *P<0.05; ns: P>0.05.
[E3 NKAAREEAMMEETFFIEFRISK
Fig.3 NK cells were cultured in two cytokines for 15 days
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Fig.4 NK cells transduced by CAR-19 lentivirus
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