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CAR-NK-92MI and CAR-CD19-T cells targeting CD19 antigen exhibit significant
in vitro Killing activity on mantle cell ymphoma

ZHAO Songbo, HAN Zhichao, AN Gangli, MENG Huimin, YANG Lin (The Cyrus Tang Hematology Center, Soochow University,
Suzhou, 215000, Jiangsu, China)

[Abstract] Objective: To investigate the in vitro cytotoxicity of the chimeric antigen receptor-modified T cells and NK-92MI cells
(CAR-NK-92MI cells) and CAR-CD19-T cells against mantle cell lymphoma (MCL). Methods: CAR-T cell technology, successfully
obtained in clinical trial of B-lineage acute lymphoblastic leukemia (B-ALL) treatment, was used in this study. In the case of high ex-
pression of CD19 antigen in MCL, CAR- CD19-T cells and CAR- CD19-NK-92MI cells targeting CD19 antigen were generated, re-
spectively. Then, their cytotoxicity against MCL cell lines was detected by LDH release assay and the results were verified by flow cy-
tometry. Results: Compared with control group, both CAR-NK-92MI and CAR-CD19-T cells exhibited prominent killing effect against
MCL cells(all P<0.01); in addition, the two CAR cells exhibited high cytotoxicity against K562-CD19 cells but not on K562 cells(all P
<0.01). The death rate of MCL cells from CAR-NK-92MI group was 30%-40% more than that of control group, and the death rate of
MCL from CAR-CD19-T group was 40%-50% more than that of control group. Conclusion: Both CAR-NK-92MI and CAR-CD19-T
cells exhibited potent cytotoxicity against MCL cells in vitro.
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Fig. 1 Construction of CAR-NK-92MI and CAR-CD19-T cells
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Fig. 2 Expression rates of CD19 antigen on the surface of tumor cells

2.3 CAR-NK-92MI %@ it 3+ MCL % it 7 AR 3% 84 4% 7
P A% A

LDH B il v 46 I &5 5 (K 3) & 7~ , CAR-NK-
92MI % MAVER-1 48 il (1) 5% 4% 68 77 22 01 2. 58 T~ NK-
92MI 4H . R #0 LA 0.25: 1 B , CAR-NK-92MI 41
MAVER-1 4l 8 (1156 T2 K & NK-92MI 41 [1) 2 £ ; 5%
BE 201 I, <2 56 2H 41 40 R FX 0 T2 28 B NK-92MI 4 15
30% A A (E:T=0.25:1:1=5.54,P<0.01;E:T=0.5:1:¢
=4.50,P<0.01;E:T=1:1: =4.86,P<0.05;:E:T=2:1: =
4.28,P<0.01; B 3A). CAR-NK-92MI %} JeKo-1 4H ffl
() 2% 45 7 B 0 7 T NK-92MI 4 (E: T=0.25:1: =
4.98,P<0.01;E:T=0.5:1:=4.22,P<0.01,P<0.01;E:
T=1:1:1=6.76, P<0.01; E: T=2:1: =423, P<0.01;
3B). CAR-NK-92MI 1 NK-92MI 41 fits %+ K562 41 it
A A D1 2= I giit 2 & L (E 3D) s CAR-NK-
92MI 4H ifd it 51 40 ffl K562-CD19 41 g (1) 7% 155 20 % &
25 T NK-92MI 4 i1 (B T=0.25:1:=3.21, P<0.05;
E: T=0.5: 1: =2.98, P<0.05; E: T=1: 1: =3.06, P<
0.05; E: T=2:1:=3.53, P<0.05; &1 3D) . 45 % i ¥
CAR-NK-92MI 41 g % £ 18 CD19 $1 )5 1) MCL 41 fig
BAR MR
24 LDH 4 M £ 7~ CAR-CD19-T m f2 3 MCL %®
fo B MR GG 4 A B RE )

28 1ok X6k % 475 1 1] i $R R, CAR-CD19-T 41 g 5
MCL 15 i i) %2 9 18 ho  LDH B i 45 5 (& 4A) it
7R, CAR-CDI19-T 40 /i %f MAVER-1 &M E = T T
41 i e B 2H L G S KR B N 0.25:1 B, CAR-T X
MAVER-1 [ A5 805 A2 0 BRALI 5 £i5 (E1T=0.25:1:¢
=16.54, P<0.01; E:T=0.5:1:r=13.72, P<0.01; E:T=1:

1:/=14.57,P<0.01;E:T=2:1:1=7.85,P<0.01; F 4A).
CAR-CDI19-T 4l i 4 JeKo-1 (I 5% R B T T
00T REH, P an R B 20 1 B, CAR-CD19-T 41
o 2H JeKo-1 A1 2 15 80%, i T 41 fi 41 JeKo-1
YT M 1) % 455 280 3R AN 3] 40% (B T=0.25:1: 1=3.13, P<
0.01;E:T=0.5:1:/=3.78,P<0.01; E:T=1:1:/=3.92, P<
0.01;E:T=2:1:+=7.82,P<0.01; K 4B).

CAR-CDI19-T 4 g X} K562 41 i {1t 5 P A1 %o 1 41
ER TG 1= L (P>0.05,E 4D),CAR-CDI19-T 41
KX K562-CD19 4 B 11 55 7 e 77 B B T T 40
X B8 ZH (E:T=0.25:1:1=8.55, P<0.01; E:T=0.5.1: =
18.0, P<0.01; E:T=1:1:=6.70, P<0.01, E:T=2:1: =
4.69,P<0.01; K 4C) . 455 %], CAR-CD19-T 41
%f 2 3A4 CD19 $t J& B9 MCL 40 i B A5 45 5 4 5% 7 g
VP
2.5 A K fm e KA M GE % CAR-CDI19-T 4@ g &f
MCL % s B 77 5% &t

K] 5A.5B 7 il 7& CAR-CD19-T 4H i %} MAVER-
1 F1 JeKo-1 f1 %15 1 Fil i) CFSE/7-AAD it 241 i R
T, FJERNTanfxt 4L, 7 )28 CAR-CD19-T 41
Mo s 5G4 .

T A PR ARG 45 R 7R, CAR-CD19-T 4l xof
MAVER-1 ¥ 475 & 7132 2t 58 T & /B A& i 11 T 40 g
(E:T=0.25:1:=106.75,P<0.01;E:T=0.5:1:/=104.93,P<
0.01;E:T=1:1: ~=13.8, P<0.01; E: T=2: 1: =7.3, P<
0.01; B 5C) ; CAR-CD19-T 4 Jfa [7] £ 5 %} JeKo-1 £
AAEHE BN, HEm T XA (E T=025:1:=
5.87,P<0.01;E:T=0.5:1:16.53,P<0.05;E:T=1:1:¢
=20.95,P<0.01;E:T=2:1:+12.98,P<0.01; % 5D).

are



- 459 -

BOPAHA,ES B CD19 H1J5 ) CAR-NK-92MI F1 CAR-CD19-T 4 i %ok 2 4 o vbk B4 983 (1) 44 4 A5

JeKo-1

100 NK-92MI

MAVAR-1

- NK-92MI

X CAR-NK-92MI

---------------------------------

....... TSI
Fote®etete et et

LR
BOOOOOOOOOO
aterateratetetatetels

oooooooo

-

L
(=3 (=3 (=4 (=3 o
[=3<]

(%) L1o1x01014)

RO RO RO R
OO

R SO
Y

[EX] CAR-NK-92MI

------------

100

1 L L
(=3 (=4 (=4
0 =] <

(%) Ao1%01038D

20+
0

'

1

1

0.5

025:1

11

0.5

025:1

K562

K562-CD19

wleTetatetels

2 _

“ |\ W72z
2 RN
= & 2|
= A,
S
M <
Zz O Rt
|
7 - 4
7)) 77
(== (=) o= S (=] (=]
(=] o0 O <t [g\!
S
(%) £&orx01014)
| TEERSEERSRAS
W .....................
=
SBY]
&=
A
£3 _ Sereraratatetete?
"
70}
L I L 1
(=] (=] (=) (=] [=] (=)
w o0 =} <t N

(%) Korxo1014)

1

11 2:

05:1

0.25:1

1

2:
"P<0.05,"P<0.01 vs NK-92MI cells

A: MAVAR-1 cells; B: JeKo-1 cells; C: K562-CD19 cells; D:K562 cells

01

05:1 1

0.25:1

3 CAR-NK-92MI ZH I3 ¥B 20 B Y - 45515
Fig. 3 The killing effect of CAR-NK-92MI cells towards target cells

JeKo-1

MAVAR-1

<

EST

o %

100 1 g CAR-CDIO-T

(%) L11X01034)

......... ....o..:.'.o..;
OOCOOOOOBOBOOOO0
_ ptetetetetete et tetate et et te et

tttttttttttttt

* — IOI.IQ.I'I.I..‘IOI.I' e e e,
*
L/
A,
T_*_ sl
a =
) 77
%
=5 ettt ettt
A * ’,
2 B 7,
L 1 1 1 1
() o S (=] (e} [w=]
w o0 O < N

(%) £o1x0301£)

1

1

0.5:

025:1

@)

K562

K562-CD19

11

1

—
&= A .
= 0
ja) =}
9
= —
= O .-
')
[/
28 o
=}
o o o 2
S o © 5
= 5]
s
(%) Aro1x01014) =
—
<
=)
Vv
&
w
<
QRN IRIKRIRHRARR] — O
*_ .................. .. \
* o~ aN

1

*E
1:

= lteretatetetereteteteterere
w NM— ............................ .ﬂ.,.
8 =
= J -
)
7 B 8
(=)
(=2 [=} (=3 (= (=} (=}
(=} o0 \O <t N
=
(%) Arorxo1014)

A: MAVAR-1 cells; B: JeKo-1 cells; C: K562-CD19 cells; D:K562 cells

4 CAR-CDI19-T 4B T#ELRAA R IG 1R R

Fig. 4 The killing effect of CAR-CD19-T cells towards target cells



- 460 -

F [ R AR IR 9T AR K, 2018, 25(5)

s T

100 gx CAR-CD19-T ..

80.

60

SSC

40
20

Cytotoxicity (%)

(<8 =8 NE N&
025:1 05:1 1:1 2:1

T
100 [ & CAR-CD19-T

SSC

Cytotoxicity (%)

'P<0.05,"P<0.01 vs T cells
A: MAVER-1 cells; B: JeKo-1 cells
5 RN CAR-CD19-T 4HAE T SR L4BARHY R 1515
Fig. 5 The killing effect of CAR- CD19-T cells toward target cells detected by flow cytometry

3 % it

MCL J& — Flt B 20 i 2 JJ58 1 05 1 oL 0 P g, v 3
X CD19HUFE . BTk, A #4287 #8175 CD19
LR I CAR-NK-92MI fIl CAR-CD19-T 4H Jfd,, ££ 44 4
X P A MCL 41 s &2 MAVER-1 Al JeKo-1 #E4T 24477 %
iIE, 45 5 2R P R CAR 5% MCL 20 ff B A5 A5 i 1t
AARE ST, U BAHIE FL I BBE B R X CD19 $L i A
e IR T

B AT R 020 & XF [/ — Bl 4 5 ) CAR-NK-
92MI F1 CAR-CD19-T 7 #F 78 (1 4R 38 , A BF 72 & %
MCL K #4 % % F CAR (CAR-NK-92MI A1 CAR-CD9-
T, I HITERANIAT T R S8, KA 45 AR
FE A . MAVER-1 40 fi CD19 91 J& 1 £ & K T
JeKo-1 41 g, ft LA £ /& CAR-NK-92MI if 4 CAR-
CD19-T 41 f, 7EAH R 26 FF R, B AR R T I T2
mTEH.

A58 2H FT I A CAR-NK-92MI 1) 55 17
] [B) 5 32 6 b, S5 BT A 2 AR 2R R, A3 I 8] N
8 h i, CAR-NK-92MI %} #E4H fifd () A8 473 R0 e A A
$Ei . CAR-CDI19-T 4 g % 14 I 23 e i 22 Fh B 14 40
L ERL T Bl 2 FL 3R Uk 45 , X S 41 A ] 1 X
AR ARG RERSERENEM. TR TR

i, CAR-CD19-T 4H fifg %+ MCL 4H ffa 1) % 173 s} 1] Ky 24
h, [7 20 hAHEE , BCHEEE 201 F0 121 41 iy 4 A o 7 36
ANFE T T HE 2 R A A O T R gk S Rl
W4 XTI [R] 72 2 18 T B 3 o s 450 U AS - B

PG 5 ) T 40 B /& CD3 BHAPE ), bt 32 25 %
1ifE FH ) CD8 T 40, CD4" T 4i il B 5hBhEH
[ NK-92MI 4 f AH L , T 41 B A4 704 38 A0 %o &2 4 ,
B R A8, {H )& CAR-T Bl 4 15 £k AR & 5]
GVHD, EAA N3 18 26 B8 TR A, H B e 8L ()
Ao NK-92MI 4 i {4 4358 B ol e e, 7 38 Ik 72 17 2
A AR5 , (5 /2 CAR-NK-92MI 41 fid [m] 444 P 2>
SH MR, AN AR, BTl CAR-T
A1 CAR-NK -92MI # A 1t ik £, A B 52 £E 44 41 XF
CAR-NK-92MI #1 CAR-CD19-T ¥k 47 {3 11 S 565,
PR 0T MCL 41 8 5 R SR R RE T -

N T % 3E CAR-NK-92MI Al CAR-CD19-T 44 fif
B X CD19 $T it 19 45 5 P AR SI2 56 X6 K562 4 i A1
K562-CD19 2 fitd [7] i i 1 %15 S5« % - K562 4H
ffl , CAR-T/NK92MI 2 51 41 ffg 4 T & A0 6f fR 4 %
53 2 5, 1 CAR-T/NK-92MI % K562-CD 19 4H ifd £
A AR H B R, U B T A S50 4 4 1Y) CAR-T/NK-
92MI 21 ffaxF CD19 Hi i B AR etk [FIN N 1 581k
CAR-T 41 fa % MCL 4t i 1) 25 £ , & F CFSE/7-AAD

are



b

AR5 HEI CD19 75 1) CAR-NK-92MI A1 CAR-CD19-T £ % 41 Lk CUJRe ) P 41 7% A . 461

1 9 =X 4 M AR A I 75 3k AT T SIE , R R
LDH R sk M 77 =0 —#%, & LAt B CAR-CD19-T 4
Hxf MCL 41 jd B A7 SR H s A ife /1. AREF I —
AR VA AT R ARG, AN I AT A R T
4717 CAR-T/NK-92MI % MCL [AR 4R 31551856, Al
PR 3697 MCL &4 TR UF (25 145

(& % xx #]

[1] O’CONNOR O A. Mantle cell lymphoma: identifying novel molecu-
lar targets in growth and survival pathways[J/OL]. Hematology Am
Soc Hematol Educ Program, 2007, 2007: 270-276[2017-12-05].
http://asheducationbook.hematologylibrary.org/content/2007/1/270.
long. DOI: 10. 1182/asheducation-2007.1.270.

DREYLING M, HIDDEMANN W. Current treatment standards and

—
NS}
—

emerging strategies in mantle cell lymphoma[J/OL]. Hematology
Am Soc Hematol Educ Program, 2009, 2009: 542-551[2017-12-
05]. http://asheducationbook.hematologylibrary.org/content/2009/1/
542.long. DOI: 10.1093/annonc/mdn193.

JARES P, COLOMER D, CAMPO E. Genetic and molecular patho-

—_
w2
—

genesis of mantle cell lymphoma: perspectives for new targeted
therapeutics[J]. Nat Rev Cancer, 2007, 7(10): 750-762. DOI: 10.
1038/nrc2230.

[4] CHANDRAN R, GARDINER S K, SIMON M,et al. Survival trends
inmantle cell lymphoma in the United States over 16 years 1992-
2007[J]. Leuk Lymphoma, 2012, 53(8): 1488-1493. DOI. 10.3109/
10428194.2012.656628.

[5] RUELLA M, KENDERIAN S S, SHRSTOVA O, et al. The addition
of the BTK inhibitor ibrutinib to anti -CD19 chimeric antigen recep-
tor T cells (CART19) improves responses against mantle cell lym-
phomal[J]. Clin Cancer Res, 2016, 22(11): 2684-2696. DOI: 10.
1158/1078-0432. CCR-15-1527. DOI: 110.1158/1078-0432. CCR-
15-1527.

[6] ESHHAR Z, WAKS T, BENDAVID A, et al. Functional expression
of chimeric receptor genes in human T-cells[J]. J Immunol Meth-
ods, 2001, 248(1/2): 67-76. DOI: 10.1016/S0022-1759(00)00343-4.

[71 HEGDE M, CORDER A, CHOW K K, et al. Combinational target-
ing offsets antigen escape and enhances effector functions of adop-
tively transferred T-cells in glioblastoma[J]. Mol Ther, 2013, 21
(11): 2087-2101. DOI: 10.1038/mt.2013.185.

[8] IRVING B A, WEISS A. The cytoplasmic domain of the T cell recep-
tor zeta chain is sufficient to couple to receptor-associated signal
transduction pathways[J]. Cell, 1991, 64(65): 891-901. DOI: 10.
1016/0092-8674.

[9] BROCKER T, KARJALAINEN K. Signals through T cell receptor-zeta

chain alone are in sufficient to prime resting T lymphocytes[J]. J Exp
Med, 1995, 181(5): 1653-1659. DOI: 10.1084/jem.181.5.1653.

[10] URBANSKA K, LANITIS E, POUSSIN M, et al. A universal strate-
gy for adoptive immunotherapy of cancer through use of a novel T-
cell antigen receptor[J]. Cancer Res, 2012, 72(7): 1844-1852. DOL:
10.1158/0008-5472.

[11] TAMADA K, GENG D, SAKODAYY, et al. Redirecting gene-modi-
fied T-cells toward various cancer types using tagged antibodies[J].
Clin Cancer Res, 2012, 18(23): 6436-6445. DOI: 10.1158/1078-
0432.CCR-12-1449.

[12] GRADA Z, HEGDE M, BYRD T, et al. TanCAR: a novel bispecific
chimeric antigen receptor for cancer immunotherapy[J/OL]. Mol Ther
Nucleic Acids, 2013, 2: €105[2017-12-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3731887/. DOI: 10.1038/mtna. 2013. 32.

[13] DAVILA M L, RIVIERE I, WANG X, et al. Efficacy and toxicity
management of 19-28z CAR T cell therapy in B cell acute lympho-
blastic leukemia[J/OL]. Sci Transl Med, 2016, 6(224): 224ra25
[2017-12-05]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC468
4949/. DOL: 10.1126/scitranslmed.3008226.

[14] LEE D W, BARRETT D M, MACKALL C, et al. The future is now:
chimeric antigen receptors as new targeted therapies for childhood
cancer[J]. Clin Cancer Res, 2012, 18(10): 2780-2790. DOI:
10.1158/1078-0432.CCR-11-1920.

[15] VIVIER E, RAULET D H, MORETTA A, et al. Innate or adaptive
immunity? The example of natural killer cells[J]. Science, 2011, 331
(6013): 44-49. DOIL: 10.1126/science.1198687.

[16] TONN T, BECKER S, ESSER R, et al. Cellular immunotherapy of
malignancies using the clonal natural killer cell line NK-92[J]. J He-
matother Stem Cell Res, 2001, 10(4): 535-544. DOI: 10.1089 /
15258160152509145.

[17] FAVORS S E, CURD L M, GREGG R K. Use of the antiinflamma-
tory cytokine interleukin-11 to reverse HIV-1 gp120 repression of a
natural killer cell line[J]. Cell Immunol, 2012, 276(1/2): 1-5. DOI:
10.1016/j.cellimm.2012.02.011.

[18] CHEN Y, YOU F T, YANG L, et al. Gene-modified NK-92MI cells
expressing a chimeric CD16-BB-{ or CD64-BB-( receptor exhibit
enhanced cancer-killing ability in combination with therapeutic anti-
body[J]. Oncotarget, 2017, 8(23): 37128-37139. DOI: 10.18632/on-
cotarget.16201.

[19] BRENTJENS R J, LATOUCHE J B, SANTOS E, et al. Eradication
of systemic B-cell tumors by genetically targeted human T lympho-
cytes co-stimulated by CD80 and interleukin-15[J]. Nat Med, 2003,
9(3): 279-286. DOL: 10.1038/nm827.

[YFsHHEA] 2018-01-16 [f&E HHA]  2018-03-16
[(Axx4wi8] kil



