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Abstract

Objective: To verify to expand human NK cells ex vivo by using a novel and unreported method and
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to detect its Killing activity. Methods: Mononuclear cells were isolated from 6 samples of peri-
pheral blood from six healthy donors. Natural Killer cell induction culture kit was used to culture
NK cells from each sample separately for 14 days. The proportion of NK cells was detected by flow
cytometry. The K562 and THP-1 cells were used as the targeting cells and the expanded NK cells
were added at an effect target ratio of 2:1, and the apoptosis of AML cells was detected by flow cy-
tometry. Results: After 14 days of cell culture, the number of NK cells obtained by natural killer
cell induction culture kit for NK cells expanded by 300 times and the ratio of NK cells was about
50.00%. The results of cytotoxicity experiment in vitro showed that the killing ability of NK cells
cultured could reach more than 40% when co-cultured with target cells for 4 h. Conclusion: New
NK cell culture method using natural Killer cell induction culture Kit can expand NK cells efficient-
ly and the operation is simple, low cost, high safety and reliability.
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1. 5|8

H TV 2 e 7 EAR B TERG 5 NK 4RI IR Go PR s A 22 PEPE F (1] S R O 248
7 1 NK 207 224 VAT v A fifRg 808 J7 THI PR 2 & %5, BT LA NK 4RI A2 CAR 121 T (CAR-T)
R EAI[2], FTRIT LR R GO s IS8 . H RTAAEVF 2 NK 2035 72 070E(3] [4] [5],
FHAG RS, B S BE MEER I VR LR BT & A 1 NK 48 /i0(CD3~/CDS6-+) H il 4 B H, - P4 A G i
TER TGRS BRI + 102 XEH AR MR e 7d 38 NK 2000 SEFh 75D 1910 NK 4 Al iz
B, AHSE R E = HAR s g MBS AR, BT DA 2% NK AR i R4 A BAR . 5346, FIH
T PEREERXT NK AU 3R 4, 165% =, R 55 ZRFIR I 2 CE , 8145 NK 40 BxfE LATE IR R AR S 6] 3T 1,
VP2 W AR A AR A0 AT 38 8 2% NK 400, [RIRDRE KS62 472 . (Ha2 K562 4 A
M4 —Ff, ZERTIN NK 20 83 vE e o FPESR A0, JFH, K562 4Hffr 7 i #ERe s S50
TEH (36 LA R A AR [ 7] BT A, 4 K562 AR AR TR )2, BEAS I RS FH (1) 5 R PRt i A2 22 4 1) R,
R KA 22 A VA BRI B IRIIE . H RTOFFUIR 2 (0 0BG Al (Rl 7155 54, % IL-2, IL-15, IL-12,
IL-21, IL-18 4R 7R in 2 85959 1 NK g0t fe 2 vp, R, iG585k mAs e EEL 8], W
T AMEZE 7 S8 SR R, TEA B RS B 2SR BARHE o BT DA ] SRA5 v 4t B AR v 175 2 R KRS
PR 2% NK 40, BN LA NK 20 A R0l e Sa i va 7 i i £ RS [9]. 7EUL, FRATDA —FRg L. LA
A TR P AR AR A JEAR NK 40 38 AN 2% 7 iR AT T URE, PRV Y 1Y NK 240 i e

2. MR
2.1, EERFISE

H AR A5 S 55 72 R L P B RS NK 41 TE s 5 77 28 . NK A0S 771 . NK 40 7S e FA R
s I, REAALR, REF), Ficoll 7 EWKALL, &EHKE). PN CD3 Hiff(3EH BioLegend),
YL CD56 Hifk(3[E BioLegend), HAIML, PE-Annexin V/7AA PAT-#R77 & (35 E BioLegend). 1
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R EE B O ML (Thermo 3£ ), /K 4%(Fisher 3£ [H), @1 TIE & (P EE/R), Hi4lfi{% (Becton-Dickinson,
USA), Jt2%% 245 (Olympus Jpan), 4HEE% 7546 (Thermo Germany).

2.2. SEHXR

IEEUGE T R B B B b TAEMME GRS 6 N, 4FIh 20~26 & (PR 23 %), 2 15 &
B, 40l ZERE, NGNS EE T IR RN M 20 ml, PrEEE S8R, TR T
PEBEWEE T GBRZEDR) » EANEMREZ G 4 IR IHEATRES . FEALE IR 1 M bR A
MALFEIFIRAG — PO B SEIR 25, I TR AR R B A0 B 25 D1 22 A iE (Y HL2018FZD004)

2.3. ShEIM EAZLRREEY 5

TR 75% PR T B S BT SRR A BB AN, R DU R RS B 1 R AR 30
min FIEFERIEG A, IS0 ml E0%, K 10 ml #RELLHH > BN ZE 50 ml E0E N, 50 ml 25080
REL) 307, B A1 LG RN AR 0N, A58 41 o I fe 68 1 7 bk T 40 B 2 B v PR 2 T 5 17 LB DR Sl B R
A I VR AR B B VRTR A o SEIR R 2500 rpm, B0 15 20d, BRI, WLLE MR B0
M2 4 )7 N EBITF A3 BIRECREEAMZA000) . S S Z LA BE, %R
B DR GO 2K T80 15 ml LR eSO N, B ORET, 56°CKITER P KIE 30 7340, 1000
g B0 10 2B LTS IS IR 1 B ILIR o BE S5 R 2 /N Co TR BT IR T 1 B0 N . FETC I
PN PBS K4k 2 ¥, 3000 rpm, 5 min.

2.4. NK 4AfaRY3 s FE

W B oy B0 5 > 100 A AL AN ML B P 45 T25 B5 3% P, BE R N 6 mL NK 41 ey 385 22 56O
A NK H3EA ), 600 wl #ACKIE B AR LR (T & Ll R 52 B R 1 10%), BRI 12 pl NK 4%
TERICEE ml Br 72 2 pl WEE ). AR IR N GRN 37°C, 5% COL) TR 7R

3K, BB SRR, FAROIGEEROCRER, AT SEARFAMNE(6 ml NK 4193 s
FrHk, 600 pl HOKIEEARIMA). DS KL, RFHRIAT | JORETHE,  ARYE 40 i 10 25 B2 (% NK 28 25
JEAE ml 1.0~1.5 x 10 NP #MIN NK iy 85 97 56 10 &, R i 323K B aT p 2 5%. D7 K2 e, Fr
T 5 N B FAORGE B A LR BE P AR 1%, 14 RN 1 AMEEFR A

2.5. #&0 NK ZpapbaifE

TEZE 0. 5. 7+ 11, 14 KAOBIREMET 1.5 ml EP & W, @it i N4 Eudil CD3. CD56 #r &Y.
B R 4R MR AT B 0. PBS eI S, FH 100 pl PBS K B8, JEEIRIERZE, BE/E A 3 ul CD3.
CD56 fifk, BRMWATIZ 78RS, 4 COKFINEBEITE 30 min. AT E BUARS, (A1 5 2080585
SO, (AP RESE 78/ Bl . 30 min J5, 7] EP & PN 200 ul PBS. 1 J& A 7 40 a4
BEATREI, YR 43T 20,000 N4HA, 4788 NK 41 A9 40 55T CD3— CDS6+AT & AL 41 L 3]

2.6. ¥ NK AR R1A8EH

BRETE 14 K NK P EAE AR 4000, K562, THP-1 40 S L4 . 14 5618 FH 96 6 4kl CFSE
SRR AREATARE, 1640 £53%W(10% GIBCO ML) K ik B HE % 6 x 10°/mL. 4 HRXLHEEL 2:1 0
AR B 20 () NK 40 AN LIS E T HIFR 3 NE L, E T 37°C, 5% CO, K7 NI T 4 /I
4 /NIFEERZ JE, A A ERUSCEE , BS540 PBS Y ), Al 100 ul Binding Buffer Z 24, ifi f5 % 3 ul Annexin
V DL 7-AAD INEFE Y, EiR FEROGIFE 15 75080, W8 45K 5 A NI 200 pl Binding Buffer,
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TE NK 4HH A 755 75 55 72 i R P UScEE i i, R R SR R 347 20 b o S5 SRR, RAMRE 9% 14 RIS
NK i EL A AT A 50.12% + 6.05%, 4Hffi%E 5 x 108 MEE 1.0~3.0 x 10° 4>, §HI25 300 %, His
5~11 K, NK bl e, 3F BN R 553 A2 S8 CD3 P T 40P 3, [Fe 40 O/ A7
FHRIFMAEFRSE. LA 1-3,

pbmc4: ALL Events NK# 19177 585K 2:P1
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Figure 1. Changes in NK cell proportions
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Figure 2. The proportion of NK cells changes
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Figure 3. NK cell morphology (light microscopy 10x)
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T NK ZUMR SN S TR 55 14 %, K AR A5 68 7 o 305 70 20 A 2 4 7T LAAS 8 SR B S 201 I,
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Figure 4. The killing ability of amplified NK cells to target cells
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BT RN, AFEINAE 22BN (F s y SRR 51 K562 41i0), R AR
FMNESN AR -, 1 14 RREFE, 4H MRS EORT DR F 2 300 £5 1091, NK 4 194052 AT I8 50%
Feti o ARGRZITVER g Eh Z HoR e AR L0 SCHEAE A, BT DR NK 40 M i 38 A5 400 T 40 i [F
T ST E ATV ST T NK AR 5 i fRE R DR 2 AR 1) 200 2 el 3 AR
B A0 & AT AR B A Z A AT IR A 55 95, WA T A 204 NK 4IRS 3 08, i85
HARAIRAS . 2) NK At —Fpp b Be Birdif, HBIFREK, HER R 3 REiE S 5 R4
MU ARTE e b A1, N EUR AR AT BRI, HS ARG R 9 38 mT 5 I

TEARWE S RIS 24 7 S /PR 3 NK 007k, R0 R 2 IR 2k, BAE T
& K562-41-BBL-IL-15 ZH it 7 )2, 1 H 1640 5577515 10% Gibeo MLiF), &M RIEATHBEIFMA 200
TU/L ) TL-2, e 2447 18 ) NK 20 2 b 1] ¢ i AN 7.00% 25 A5 (45 5 R B 7 A6 45 30, NK 4 g 5 46 EL 5 1.00%
FEAT)o AT BRI SCHR[ 1074 DR BE e ] LA 58 NK U, Fh T 35 38 ORI 0 BT e 1R M S g A
N TFZD, BT CATRATMEE SRR B e . 2238 38 0 T INON 22 43 B35 ) B/ A AT 35 R N AT I, 45 SR A
o TSR T8 B M T 5 22 3 2 I NK 4R I ROCRBE N B35, 55 9E 14 K NK A d 389 1 e 8l R AR mTak 7.00%
AR A BRZER, NK AEEGEEH] 1.00%4E4), #H3EE& FAE T e NK g4I 31, (22
HTRATMBEAZL, HAEARAR, RERAPIT.

g bATA, RA NK 405 SRR &Y 1 NK 40857k, BARERA NK IR 158 5 50+ A
AR, (HEERIEM R, 0K, atem, wIEEMESR, T LU RIS SR AR — Rl iy 3 7 ik

E&WE

R4 B AR 4 (ZR2021MH320).

SE

[1] Shimasaki, N., Jain, A. and Campana, D. (2020) NK Cells for Cancer Immunotherapy. Nature Reviews Drug Discov-
ery, 19, 200-218. https://doi.org/10.1038/s41573-019-0052-1

[2] Terme, M., Ullrich, E., Delahaye, N.F., et al. (2008) Natural Killer Cell-Directed Therapies: Moving from Unexpected
Results to Successful Strategies. Nature Immunology, 9, 486-494. https://doi.org/10.1038/ni1580

[3] Blunt, M.D. and Khakoo, S.I. (2020) Activating Killer Cell Immunoglobulin-Like Receptors: Detection, Function and
Therapeutic Use. International Journal of Immunogenetics, 47, 1-12. https://doi.org/10.1111/iji.12461

[4] Becker-Hapak, M.K., Shrestha, N., McClain, E., Dee, M.J., Chaturvedi, P., Leclerc, G.M., et al. (2021) A Fusion Pro-
tein Complex That Combines IL12, IL15, and IL18 Signaling to Induce Memory-Like NK Cells for Cancer Immuno-
therapy. Cancer Immunology Research, 9, 1071-1087. https://doi.org/10.1158/2326-6066.CIR-20-1002

[S] Carlsten, M. and Jéras, M. (2019) Natural Killer Cells in Myeloid Malignancies: Immune Surveillance, NK Cell Dys-
function, and Pharmacological Opportunities to Bolster the Endogenous NK Cells. Frontiers in Immunology, 10, 2357.
https://doi.org/10.3389/fimmu.2019.02357

[6] Fujisaki, H., Kakuda, H., Shimasaki, N., et al. (2009) Expansion of Highly Cytotoxic Human Natural Killer Cells for
Cancer Cell Therapy. Cancer Research, 69, 4010-4017. https://doi.org/10.1158/0008-5472.CAN-08-3712

[71 Raimondo, S., Corrado, C., Raimondi, L., et al. (2015) Role of Exlracellular Vesicles in Hematological Malignancies.
BioMed Research International, 2015, Article ID: 821613. https://doi.org/10.1155/2015/821613

[8] Romee, R., Leong, J.W. and Fehniger, T.A. (2014) Utilizing Cytokines to Function-Enable Human NK Cells for the
Immunotherapy of Cancer. Scientifica, 2014, Article ID: 205796. https://doi.org/10.1155/2014/205796

[9] Hodgins, J.J., Khan, S.T., Park, M.M., et al. (2019) Killers 2.0: NK Cell Therapies at the Forefront of Cancer Control.
The Journal of Clinical Investigation, 129, 3499-3510. https://doi.org/10.1172/JCI129338

[10] Hideshima, T., Ogiya, D., Liu, J., et al. (2021) Immunomodulatory Drugs Activate NK Cells via Both Zap-70 and Cereb-
lon-Dependent Pathways. Leukemia, 35, 177-188. https://doi.org/10.1038/s41375-020-0809-x

DOI: 10.12677/acm.2022.12101310 9064 I IR = =23t e


https://doi.org/10.12677/acm.2022.12101310
https://doi.org/10.1038/s41573-019-0052-1
https://doi.org/10.1038/ni1580
https://doi.org/10.1111/iji.12461
https://doi.org/10.1158/2326-6066.CIR-20-1002
https://doi.org/10.3389/fimmu.2019.02357
https://doi.org/10.1158/0008-5472.CAN-08-3712
https://doi.org/10.1155/2015/821613
https://doi.org/10.1155/2014/205796
https://doi.org/10.1172/JCI129338
https://doi.org/10.1038/s41375-020-0809-x

	一种体外扩增NK细胞的新方法
	摘  要
	关键词
	A Novel Method for Expanding NK Cells in Vitro
	Abstract
	Keywords
	1. 引言
	2. 材料和方法
	2.1. 主要试剂与仪器
	2.2. 实验对象
	2.3. 外周血单核细胞的分离
	2.4. NK细胞的扩增和培养
	2.5. 检测NK细胞的纯度
	2.6. 检测NK细胞的杀伤能力

	3. 结果
	3.1. NK细胞生长增殖情况
	3.2. NK细胞体外杀伤能力的检测

	4. 讨论
	基金项目
	参考文献

