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Nanocarrier-mediated PiggyBac transposon system for preparation of CAR-NK
cells
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[Abstract] Objective: To explore the gene transduction method of chimeric antigen receptor (CAR) mediated by novel cationic
polymer nanocarrier mPEG-P (Asp-AED-g-HFB) (PAEF) and PigyBac transposon system to modify natural killer (NK) cells, providing
a new strategy for immunotherapy of cancer cells. Methods: PAEF/DNA (transposasettransposon) complex were prepared. The
particle size distribution and surface potential of PAEF/DNA complexes were measured with Nano-ZSE Dynamic Light Scattering
System (Malvern Instruments). The DNA encapsulation rate, release and stability of PAEF were evaluated by DNA gel electrophoresis,
and then by combining with particle size and surface potential to determine the preferential N/P ratio to enter NK cells. The cell cytotoxicity
of PAEF/DNA complexes under different N/P ratios was analyzed by CCK-8 cytotoxicity test. Transduction efficiency of NK cells was
evaluated by Fluorescence microscopy and Flow cytometry, and the feasibility of PAEF gene transfection vectors was assessed.
Results: PAEF could encapsulate DNA to form nano-complexes with the diameter of 100-150 nm, which was suitable to mediate DNA
entering into cells. PAEF could completely encapsulate DNA with N/P ratio of 20. In the presence of reducing agent dithiothreitol
(DTT), PAEF had a good ability to release DNA. NK-92 cells transfected with PAEF/DNA complex, which was formed at the N/P
ratio of 80, attained a significantly higher cell viability than cells of lipofectamine transfection group [(72.50+3.9)% vs (64.03+1.8)%,
P<0.05]; Fluorescence microscopic observation showed more fluorescence and higher fluorescence intensity in cells of PAEF/DNA

group; Flow cytometry showed the highest transfection efficiency of 83.4%. Conclusions: Nanocarrier PAEF can encapsulate DNA
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well by electrostatic adsorption, and has good biocompatibility and high efficiency for gene transduction. It provides a good experimen-

tal basis for adoptive immunotherapy.

[Key words] nanocarrier; PiggyBac transposon; chimeric antigen receptor (CAR); NK cell; tumor immunotherapy
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W B 5 H A DA SR R 2, AR P 45 o
1.4 PAEF/pDNA £ &4 %) %

I pDNA 500 ng/% & T Eppendorf & H , $% A [F]
N/P {8 (N/P {8 72 45 44 K #4 8L b () NH," 5 pDNA
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Fig.1 The particle size and zeta potential of PAEF/DNA com-
plexes at different N/P ratios
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M7 R 2R R . 75 N/P HEA 100 1, 41 A7 35
#9(69.4+2.2)% , W 5 = Tl A4 1) (64.03+1.8)%
ZRH G5 L (P<0.05) . 45 BT N/PAE N T
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31 B 2 WA M 2 45 L (81 4) 7R , PAEF/DNA
HAEW5NK-92 41 i 4L ¥ & 24 h J5 , N/P {4 80
9% e B H(RFP) RIEE £ K Nk E K,
P2 15 I N/P {H 45 14 F , PAEF /1 5 /) DNA #% 5 %%

R R (P<0.05) o =40 M ARAE I &5 5 (B 5) TR,
N/P {H 4 80 B ] ik £ v 4 GL %6 (83.4%) , W & 1y T
N/P {& 7 20. 40. 60. 100 i} ] # 4 %% % (20.3%-
31.5%-59.7%- 83.4%-78.0%, %) P<0.05) . 1%ALkE5%
10 d, RFP 3 RE LR R E R IA

N/P ratio of C

] N/P ratio of PAEF/DNA digested .
N/P ratio PAEF/DNA by Xbol and BamHI N/P ratio

pDNA 25 5 75 10 15 20

pDNA 10 15 20 10 15 20 pDNA 20 20 (+DTT)

A: PAEF enfolded DNA; B: Under the condition of N/P value of 20, the nano material can completely encapsulate the target DNA,

preventing the DNA from being digested by restriction endonuclease Xbal and BamHI;
C: Reducing agent DTT treatment releases DNA from PAEF/DNA complex
2 T [EIN/P{ET PAEF/DNA § &Y ELIKEER
Fig.2 Gel electrophoresis results of PAEF/DNA complexes with different N/P ratios
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Fig.3 Cell viability of NK-92 cells transfected with
PAEF/DNA complexes under different N/P ratios
detected by CCK-8 assay
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NK-92 41 g, (4855 9% 10 d J5 1 e AR 45 5 %) ah A6 il
(83.4%) FHALL I £t 5 3Rk , Ui BH iz Joe 300 2 MU
BERMRR e RIE

AW 5t % B, PAEF/DNA & &% NK 48 i (1) =

I L%, fR 0L T BT 4K BRI PiggyBac % B
T T NK G0 R e 53 SR T R 2 A
B 3R, IR L 4k G e iR T SR D AR A T
K -

A: Observation under light microscope; B: Observation under a fluorescence microscope;
1-5: PAEF/DNA complexes with N/P ratios of 20, 40, 60, 80 and 100 respectively
B4 7[EN/P{EE T PAEF/DNA Xt NK-92 40 A% 405 (x10)
Fig.4 Transfection efficiency of PAEF/DNA at various N/P ratios into NK-92 cells (x10)
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A: Blank control; B-F: PAEF/DNA complexes with N/P ratios of 20, 40, 60, 80 and 100 respectively
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Fig.5 Transfection efficiency of PAEF/DNA at various N/P ratios into NK-92 cells by Flow cytometry

(& £ xx #]

[1] BAIR S M, PORTER D L. Accelerating chimeric antigen receptor
therapy in chronic lymphocytic leukemia: the development and
challenges of chimeric antigen receptor T-cell therapy for chronic
lymphocytic leukemia[J]. Am J Hematol, 2019, 94(S1): S10-S17.
DOI:10.1002/ajh.25457.

[2] RHODES J M, SCHUSTER S J. Chimeric antigen receptor T cells in
chronic lymphocytic leukemia: are we any closer to a cure?[J]. Cancer
1, 2019, 25(6): 436-441. DOI:10.1097/PP0O.0000000000000409.

[3] BROWER V. First chimeric antigen receptor T-cell therapy approved
[J]. J Natl Cancer Inst, 2017, 109(11): djx251[2019-08-27]. DOI:
10.1093/jnci/djx251.

[4] A 33, S 0CED . pRJR 5T 40 i 988 CAR-T S v 7 (KT 7L itk g 1.
rF B bR AR R T 2% &L 2018, 25(4): 321-328. DOI: 10.3872/j.
issn.1007-385x.2018.04.001.

[5] ZHAO S, JIANG E Z, CHEN S S, et al. PiggyBac transposon vectors:
the tools of the human gene encoding[J]. Transl Lung Cancer Res,
2016, 5(1): 120-125. DOI:10.3978/j.issn.2218-6751.2016.01.05.

[6] JUNE C H, SADELAIN M. Chimeric antigen receptor therapy[J]. N
Engl J Med, 2018, 379(1): 64-73. DOI:10.1056/nejmral 706169.

[71 YING Z T, HUANG X F, XIANG XY, et al. A safe and potent anti-
CD19 CAR T cell therapy[J]. Nat Med, 2019, 25(6): 947-953. DOI:
10.1038/s41591-019-0421-7.

[8] OLSON J A, LEVESON-GOWER D B, GILL S, et al. NK cells me-
diate reduction of GVHD by inhibiting activated, alloreactive T



114

rh R AE IR T 2R &, 2020, 27(2)

cells while retaining GVT effects[J]. Blood, 2010, 115(21): 4293-
4301. DOI:10.1182/blood-2009-05-222190.

[9] SHAFFER B C, HSU K C. How important is NK alloreactivity and
KIR in allogeneic transplantation?[J]. Best Pract Res Clin Haema-
tol, 2016, 29(4): 351-358. DOI:10.1016/j.beha.2016.10.010.

[10] 2235, 2R WUBE, AOMERN, 45 . HT CD19 R4 52 A2 1 NK-92 41 g
AR K FEX6 CD 19 FHA: AR 2E = < ibk LR A (35 A £ HI (0. vh
bR AL Wik T 2% &, 2018, 25(8): 767-771. DOL: 10.3872/j.
issn.1007-385X.2018.08.003.

[11] CHU Y'Y, YAHR A, HUANG B, et al. Romidepsin alone or in com-
bination with anti-CD20 chimeric antigen receptor expanded natural
killer cells targeting Burkitt lymphoma in vitro and in immunodeficient
mice[J/OL]. Oncoimmunology, 2017, 6(9): ¢1341031[2019-08-27].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC5599075/. DOI:
10.1080/2162402X.2017.1341031.

[12] HAN J F, CHU J H, KEUNG CHAN W, et al. Car-engineered NK
cells targeting wild-type EGFR and EGFRVIII enhance killing of
glioblastoma and patient-derived glioblastoma stem cells[J/OL]. Sci
Rep, 2015, 5: 11483[2019-08-28]. https://www. ncbi. nlm. nih. gov/
pmc/articles/PMC4496728/. DOI:10.1038/srep11483.

[13] WANG W X, JIANG J T, WU C P. Car-NK for tumor immunothera-
py: clinical transformation and future prospects[J/OL]. Cancer Lett,
2019: S0304-S3835(19)30588-9[2019-08-28].  https://www. ncbi.
nlm.nih.gov/pubmed/31790761. DOI:10.1016/j.canlet.2019.11.033.

[14] SMITH T T, STEPHAN S B, MOFFETT H F, et al. In situ pro-
gramming of leukaemia-specific T cells using synthetic DNA
nanocarriers[J]. Nat Nanotechnol, 2017, 12(8): 813-820. DOI: 10.
1038/nnano.2017.57.

[15] PANYAM J, ZHOU W Z, PRABHA S, et al. Rapid endo-lysosomal
escape of poly(DL-lactide-co-glycolide) nanoparticles: implications
for drug and gene delivery[J]. FASEB J, 2002, 16(10): 1217-1226.
DOI:10.1096/17.02-0088com.

[16] HACEIN-BEY-ABINA S, VON KALLE C, SCHMIDT M, et al.
LMO2-associated clonal T cell proliferation in two patients after
gene therapy for SCID-X1[J]. Science, 2003, 302(5644): 415-419.
DOI:10.1126/science.1088547.

[17] KAJT K, NORRBY K, PACA A, et al. Virus-free induction of pluri-
potency and subsequent excision of reprogramming factors[J]. Nature,
2009, 458(7239): 771-775. DOI:10.1038/nature07864.

[18] GRABUNDZIJA I, IRGANG M, MATES L, et al. Comparative
analysis of transposable element vector systems in human cells[J].
Mol Ther, 2010, 18(6): 1200-1209. DOI:10.1038/mt.2010.47.

[19] NAKAZAWA Y, HUYE L E, DOTTI G, et al. Optimization of the
PiggyBac transposon system for the sustained genetic modification
of human T lymphocytes[J]. J Immunother, 2009, 32(8): 826-836.
DOI: 10.1097/CJ1.0b013e3181ad762b.

[20] WANG J, LUPO K B, CHAMBERS A M, et al. Purinergic targeting
enhances immunotherapy of CD73" solid tumors with piggyBac-en-
gineered chimeric antigen receptor natural killer cells[J/OL]. J
Immunother Cancer, 2018, 6(1): 136[2019-08-28]. https://www.ncbi.
nlm.nih. gov/pmc/articles/PMC6278070/. DOI:10.1186/s40425-018-
0441-8.

[FsBHEA]  2019-08-29 (= HHA]  2020-02-10
[(Axx4wig]  Fiia



