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HE . B REMEEREIEEH QI A LN mIL (PBMCs) #47 B R 5145 émﬂ’v (NK) #
YRR, BRI IL-2. IL-12, IL-15. IL-18 AR BB RF F Xifdn, IERIRIER
NK 28 fe e aa J B T AR d b Ae oy R, ik RIBWILR T A6 F Ry X9 R E,H NK :‘%%‘%\7@ 34,
A% IL-2+IL—15 40, B 48 : IL—2+IL—12+IL—15+IL—18 48, C 4 : IL—12+IL—15+IL—18 77 4 ¥ /IL-2 A,
BRI E 7 RAH 14 Ry R BRI & A0l T35 506 et le 4T, R A X s Je e nl NK 4a e,
R @H-F A ;B NK @il K562 a3z, X5 ELISA M2 NK 2849 IFN v #3%5 %, CSFE/7-AAD %
Hoeml NK ey A4 %0k, ER 3 AFRRRAFT AT @ I8 27 LA FEL, MARRE G
¥ hm NK 48 JitL 6 Yo p] 3% 7 b3 2818 NK 28 i s ts) £ 5 gt 5 % (P >0.05 ). NK 28 it & & CD25( [L-2R o )
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BB ABEA Aty F RILER, 1% R AL B 2 80E NK 00069 45 &k,
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Pretreatment with cytokines promotes cytotoxic activity of NK cells*

Chong-yang Shen', Yi-fan Xing®, Xiao-hu Tan’, Yong-jun Chen’
(1. School of Basic Medical Sciences, Chengdu University of Traditional Chinese Medicine, Chengdu,
Sichuan 611137, China; 2. Chengdu Konjin Co., Ltd, Chengdu, Sichuan 611130, China)

Abstract: Objective To obtain the peripheral blood mononuclear cells (PBMCs) from healthy donors
and tumor patients and culture natural killer (NK) cells with addition of IL-2, IL-12, IL-15 and IL-18 in various
combinations and different ways so as to explore a more effective method for the in vitro expansion of NK cells.
Methods Three groups of cytokine combinations and treatment patterns were established for expansion of NK
cells from PBMCs, including the group A (IL-2+IL-15), the group B (IL-2+IL-12+IL-15+IL-18), and the group C
(pretreatment with IL-12+IL-15+IL-18 followed by IL-2 treatment). The total cell expansion fold and proportion of
NK subsets were detected on the 7th and 14th day. Meanwhile, the CD25 expression of NK cells was examined by
flow cytometry. Then the IFN-y production and cytotoxicity of NK cells were determined by ELISA and CFSE/7-
AAD staining respectively. Results The expansion fold had no significant difference among the 3 groups. The
proportion of NK cells was increasing during the expansion process, which showed a similar pattern among the 3
groups (P > 0.05). However, a progressive increase of CD25" NK cells was observed in the groups C compared to
the group A and the group B (P < 0.05). The pretreatment with 1L-12, IL-15 and IL-18 for 16 h in cultures clearly
stimulated more IFN-y secretion by NK cells and enhanced NK-mediated cytotoxicity. In addition, NK cells of the
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tumor patients could also be efficiently expanded using pretreatment method (the proportion of NK cells was over

50%). Conclusions Cytokine pretreatment method can induce highly proliferative responses and enhance NK-

mediated cytotoxicity compared with the classical protocols
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20%, FESAGAESMEML . WRELs . . BREh, ]
DLt Z R VR FERS BB . NK 4]
DA TR 9 RN R pT st 2R, 16 ER MHC-1
53 B4 1% e 6 200 L DL R s B R O A L, PRIk
NK 20 0 32 7 1 g Jiev g S e 1y 7 s g B, R T4
GG ON S A B S K E  /N TT:5 7  S V4]
NK i f A HM 38 T-Be, 520 NK 4 7 e 1o 2k 40
S IR YT IR TRICR . Bt TS S Jr
A e NK A e B2 P I DR 2 e AR g T 7

A Y NK 40 AR Sb 4738 05 X0 ] 2 Fh
IR T RS R HARE R Cinterleukin, 1)
IL-2+IL-15 AR5 R P R M 1 NK 46 1 i %
Ji %, 1L-15 AT LLAERE NK 4 A4 2tk Ay 58, Skt
IL-2 A 5 1 NK 40 = ™70 1L-2 A LR 3 NK A
PG HFT NK B2V LAY AR, 38 NK 20 ff 2 WA 1
I 6L i T T A B, M OR NK 2B B EEME Y A,
TL-12 1 TL-18 4% FH T+ NK 41 i 1k 4h 55 3% . ANl
FIL-2 R IL-15, 1L-12 82 (2 3F NK 40 g B T4k
= v (interferon gamma, IFN--~y ) FIREIRSE R F o
( tumor necrosis factor alpha, TNF- o ), Mk 2
Jed M8 AE DA S Ao B IR BB PR A DG U 7215 R e A4
( tumor necrosis factor related apoptosis inducing ligand,
TRAIL ) 140 I8 5 1= & F B 4K (fas ligand, FasL)
A5 b 96 20 MR T R ROR 5 IL-18 R R A b
NK 4 ] 3 187 1L-12 3Z {& (1L-12 receptor, IL-12R )
Mk, HERR IL-12 2CR 7. SR Anful f fho 4t e R+
AT GSINET T] S N AS NK 20800 (o 5
BRSO, A BFFORRE — 8 dsie Y, A
W IL-2, 1L-12, IL-15 F1 IL-18 4 Fh4 K+
1 3 ORI ZH G AAS I =X, X il el B sl g 28
F AN E A0 (peripheral blood mononuclear
cells, PBMCs ) BEAPIRSNTIIR, FF00HT T4 NK 41y
PIERE . AR LR IR AN B R, D
B —Fh A 300 NK 40IARSME IR T % .

1 #MEERE

i F
RPMI 1640 5 52 e FUiR 4 0% (FBS) 19 H &

1.1

Thermo Fisher 2% 7, ALySS05NK-AC. ALyS505NK-EX
REFRILFN CD16 Hriki [ H AR 24t A0 Rl 5%
JF, thIL-2. rthIL-12. rthiL-15. rthiL-18 Il [ 3% Pepro
Tech 7% #, Vi 2 #i #4 CD3-FITC. CD25-PE. CD45-
PerCP., CD56-PE Il [ 32 [E BD Biosciences 2], CFSE
W H OH A [ A 0F 58 BT, 7-AAD I 3€ [ Bio
Legend A F], bk E 406 53 B 1 R TR VE2E )
a B A IR IR AR, b 4 bk K562 W [ i
FBHEAH AL , ELISA 1277 & H 55 [E] eBioscience 23 Hl
1.2 {RRELESE

fEERIEHE SH, Fik26 ~ 35, EFEiH
BB R 2 B, AR A3 N 46 5 F1 59 %, SREESIE
1M 50 ml, {5 TR U 4 A 53 125 9 5325 PBMCs. i NK
PR TR RS TR R, A sy = - A 4
(IL-2+HL-15 BEA N ), 55 1 K, H CD16 ikt pk
(1 T25 JE MR SR, A 7 ml NK 40 0] 4555 5%
(& 10% KGN EHARIM GG 9 ALyS505NK-AC 15 77
B, IFMA rhIL=2 1 000 u/ml., rhIL~15 20 ng/ml ) ;
3RANE, 514 K, WEEANM I TR SL R AT RE S
o B4l (TL-2+11-12+11~15+1L-18 LA s im ), Hifth
PRV RS A ZHARIR], rhIL-12 #ANHEE A 10 ng/ml,
thIL-18 %% i ¥ BE 4 50 ng/ml., C 4 (IL-12+11-15+
1118 FARHE /1L-2 ): Sefl AN rhIL-12 (10 ng/
ml ) +rhIL-18 (50 ng/ml ) +rhIL-15 (1 ng/ml) Tkt
16 h, #RJ5 PBS YEik 2 Ik, ZJEFHEIRYS A 41HIRr
Jr TR 2SR, HUS thIL-2 (1000 u/ml ).

il 922 410 B bk K562 FH 45 10% i 48 1L 1Y 1640 55
IR, T 37°C, 5% — 5 Abhk CO, K FeffirhiiFs
1.3 HilAppmERE

WCHESE SR 7 R0 14 d (9252 NK 401, 5 20 ik 2
PR 1% 10" /ml, FRa&sEHiAR CD3-FITC, CD45-
PerCP. CD56-PE, £ 2Hi% AR [oG FAMEXTIR, 4°CiEE
P¥E 30 min J5, PBS VL 2 K, SRJE R4
PEATRIN 04T, X T CD25 BYAGI, 40 CD25-
PE JOHA, Jrikla L.
1.4 ELISA #&ill IFN-y B9RERL

BURSR 14 d J5 1Y NK A0 0E R0y 40, K562 4
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HIEERH, &% AN IA 74 BEXT RSN 4 NK 20 PRy 52

R HRL, #2208 10 = 1 AYERBITE 96 FLARH EF TS
7%, R NK 4 3 2L, kiR 24 h U dER:
I 1, He B & Ul W] B E A A TR
1.5 NK{&5h 51 K562 BhiE 40 pasEis

NK 4035 255 14 Kk, WEEANUEFT CFSE
FRice EZEBAMELTRIT - e NK 4080714, (F
FH CFSE bricZZ ol ( AEFEER/K +1% FBS) P 11K,
FEE RN 4B 1% 10" 4 /ml s HILA CFSE( %
WA 200 nmol ), BT 37°CHNMEE: =46 15min,
A BRER K VR 2 Uk, FEH NK 40 i 5% 55 3 2 A0 i
76 6 FLA A 0.5 ml K562 4L (1x10° 4>/ 4L ),
SRIGHEIH) (5 ¢ 1. 10 © 1FI20 = 1) fIARRICH
B NK 4008 (AT 1 ml), [RIF3E JA NK 2
o% K562 4t AL, B FHERA R 4 he

WA S 55 SR A A0 B, ] 7-AAD By £ 25 4G T
K562 MAEAYFET R, FEEEIEMT « BOoWEM,
1, A 100 ] G 28wyl ER A0, SRE A
5 wl 7-AAD IRA), EIREHEHUE 15 min, [FIRFZE
AN T-AAD HIFPEXTIE . SRIGIIA 400 ] Ge(m 2z uf
L T s vt YB3 i
1.6 SHit=FH*E

BT R SPSS 19.0 Gei 4, HHRGERIIYY
B+ brifEE (xxs) Fom, A HBCRRH R 2
SN, ESES AR, FoRA LSD—
KO HEAT P LR, P <0.05 NEFAGITFE X,

2 #HR

2.1 AAEEFFALIEXT NK ZBAaY 1AL 118 2400
53 5 TE A K 75 L R R AR 7 RS 14 KL

B, BLFEEWE, AGE R PBS HE T A i 40 4k

Motg, TG IHES R LI 1A B, FE58 7 KA,

150 =
- AH
- B4

1004 =& C 4

PR

50 4

AL B, CHTHMEY BRI (25726 £5.057 ),
(26.156 +6.106 ) F1 (29.471 +7.616), #4E%FT
GiiterE L (F =0313, P=0.743), %5 14 K}, 34
YA AR R (92,637 £10.522), (104.939 +
12.414) F1 (114361 + 15.825 ), BIR C ARYZNIEY 1%
Bk T A R B 4l (R R 2= R g L (F =
2.073, P =0.207 ). HFIA K NK RSN 3 T7 245
SN REBR T NK LLAh, 847 — 7 $0i i T 48 A
NKT 418, P (5 P 3 =X 4 B4y A D AR i v
CD3 il CD56 W FRIXIH AL, X HH NK 42 (CD3
CD56") FLfliEAT T 4eit2# oA, 455 R Rl 4 B R
[ RE , 40353707 20 NK 4t He it A s i,
55 7 RIS NK 20 M L A5 43 590 oy (31.048 +4.428 ) %
(37.965 +2.560 ) % Fl (40277 +5.229) %, 5 14 K}
NK 20§ Lo 45143 51~ (54375 +6.803 ) % (57.033 +
6.773 ) % FI (62.697+6.232) % ( WLIE 1B), {HJE44H
) NK 40 L 22 S o ge it X(F =3.879 Fi 1.241,
P =0.083 F10.354 ), DA F25HREM, 40 7 Hiab i
s (CAl) BRI 3E NK 41, S84
B3l (A F B 41) B9 BaBe A,
2.2 MAEEFHRAEYT NK 24858 E 1R 8200

FESS 7 R IORE HEAT i =X 40 e ASCAs I, 290 i A
T B )5 2 C A AT AR 5 €D25 (IL-2R o ) Y
Pk (PHMER N 69.1% ), i A Fl B 411555 7 XLF
AHes R CD25 ik (WLIE 2A ), ELISA Kl NK
0 M SR AN (K562) SRS i IFN y AR
BB, 25 5 7R 45 2 40 M7 TN y B i 4330l
(432+8.7), (63.4+10.3) F (137.4+17.5) ng/ml, £
PN 27 2500 AT A LRI 25 A Gei o L F =32.490,
P =0.001 ), #E—LWPLAGRY], 5 A F B 414,
C2H v 4l L TFN y B i it 38 2 (1 =6.982 Fil 5.151,
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P =0.002 £10.007 ), 1fij A Fll B ZH40MiE]) IFN v Bl
T BARME (1=2.609, P =0.060) ( VL& 2B ).

2.3 AnEFHAMEXT NK 4003588 152200
SR ARSI A5 52 56 1 — 25 TE 52 NK 40 1% 7 4
4, i CFSE ARic U 4 ( Effector, E ), 2555
7 200 nmol ) CFSE A LIARAFAYFRIC NK 4HA6E ( A
FH >99% ), FHHILTASENE NK =tk (0
B 3A), SRJ5, Fhricid iy NK 405 8040 i K562
(Target, T HEIE5 1,10 = 1H120 : 1Ay LL@IHLEE 3%,
JFiE L 7-AAD B0 1 K562 4T3,
C £ NK 200540 KS62 20 it 4 370 2 200 i ARG ) 235
RULE 3B (E @ T=5 @ 1) XJ 4414076 A [ Eb i)

TR R TGIE T, BRI =1 2]
200 I
B4
150 C 4l
ylgi
=100
g
50
0 v T T T L2 {2
10° 10' 10° 10° 10°
CD25 tam i

A

() NK 4iM ) AR 1 il , 45 el T A 254728 53 51
F3(27.967 +9.434 )% ( 65.233 £ 9.069 )% F1( 82.967 +
6.804) %, FEEAE 10 : 1 F120 = 1 AYLLBIRS, 4540
YRRz W 22 A g R X (F =8.416 F19.191,
P =0.018 F10.015) ( WL 3C ).
2.4 PEEE NK i ER

M2 151 8 AT 4 ik LR AR Y A R I gy
PBMCs, $& 5 1 FH 4 M D Tt b 3 9 7 vk 26 T NK 48
IR 3R FR, 14 d GBS Hr NK 4ERE A3,
A A A & R B (LR 4), 2 41 i o
PBMCs ¥JRER Y 1 NK 408 (CD3CD56"), HBAPE
AR 62.63% F1 50.24%, THAMZHAE (T 4 F0
NKT ZHfE ) A H ik

200
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£ 1501
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1004
=
o
g
- 50-
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0
A B4 CH
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2.44 101 62.63% 10.62%
2.0
—~ 1.8 3
ERE = - 107
5 S s i
gz = < 104
< I o "
Q N Q
#o. 71 0.6 R .
£ 3¢ 107 cpa-coss- - - CD3+CD56-
! 3 = 0.0 & o 12.35% . 14.40%
0.1 1 2 3 4 46 100 100 100 100 10° 10% 10" 100 10" 10° 10° 10° 10
FSC-H ( x 10%) CD45 PerCP-H CD3 FITC-H
oo | CD3-CDS6+ CD3+CDS56+
’ o | 50.24% 17.21%
2.0 _ :
o, E
a S 1.5 x EI
¥ ox - =
- oy
W — 0 - ©
= &) 8
1 r 7
&) A o
Z 05
0.5 . . . -
0.1 1 2 3 4 46 10 10 100 10° 10*
FSC-H ( x 10") CD45 PerCP-H CD3 FITC-H
4 PhEEE NK AR R
3 ittt M IL-2R /B /1y B, KK FE NK X T 20

IL-12, IL-15, TL-18 %540 i A F X NK 40 fE 1Y
e A EE M. 16 NK 40055 55 B vh ds A
ARSI AP 7, DA & R th 2R 3Rk " R
[Fi] 1% 200 J PR 245 R R i AR AN ], s iy =X
HONRFEAN N . TEARSN 1 5o AR R R LTS in 4 i PRl
AMEREINT KR, i E i IL-12 40k
RO N RN, PR R TL-12 78 NK 41 ks
Freid R R DA R, AR R, 1L
12, 1L-15 i IL-18 Al fig &l i i i#F IFN-y mRNA 4
G LA B T 2R IR S 5 NK 40 M1 1 28 1
%, PSS B NK AR A K SIS PR LR . AR
R0 R AL B R R i, Jefli i 1L-12.
IL-15 F1IL-18 3 F P 74l 16 h, K5 (1 2 Es i
IL-2 W3R B T 5. 5 R oK IL-12, 1L-15 A1l
1L-18 FiAh B A 35 5 0 Wk REAR 4 M ™ 38 NK 4, 4
L4 SGAEEORN NK 4 B LE A5 55 12 58 iR 2275 i 48 7 P
T B 1G5 07 M M. NK 40 59 A4 KAR# T T2 {5
S, M IL-2 RSB TE TS
T, LRI IR NK 4 s BE s . A
R KB, 1L-12, TL-15 Fl 1L-18 HiAbBEAE [ &40
M CD25 (IL-2R o ) FY3RIA, MM NK 4 i 5% 1 m]

PR R ) SR, RIS T AR R . (AR
TR, PP AYREE07 AR50 NK 4 A 5 7
(IFN y (R FIR AP 2845 KS62 I 4 e i g 1 )
WEIRE . AN, IL-12+10-15+10-18 TiAb By 35 35
TR RES AT R HE b £ F B NK 2. Rt
FEXS FAR G327 =0 NP 19 NK 4, i 1L-12.
IL-15 I IL-18 i kb $4 i) 5% 5% 77 3045 2 19 NK 40 78
I R BT 3R
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