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(X 1A

Y3 B R XS B M 48 A NKG2D BLfisRix
B NK 20 B 2R A S R S RO 250

AWESE, KA, R, B, ABEF, T4, FRF
(27 TR B B i R 9B, iR =1 572000)

BH: PRIE VDT BE e X 11 il 40 ML 19 5K % 00 40 L A2 3% 1 32 /K D (natural killer cell group 2 member
D, NKG2D)PEL/RZIE K H AR i 4 (natural killer, NK)AVIHUEIERNL M, 7% BOTHUE
M L 40 B RRHL-60 . KS6240 ML, LAAS[R) Mk B2 V0 F B2 i A 48 b, I 58 A 28 V0 R J3 i b
PR A0 M X IR 2L, SR AN 40 SE 58 (cell counting kit-8, CCK-8)F I ¥b Fl| B Jiie T 20 A i) 2= 41
il ¥¢ B (half-inhibitory concentration, 1C50), S 9 RE B B A Bl 4% 2V (real-time fluorescence
quantitative polymerase chain reaction, RT-PCR)FIi = 24 My A A I 41 fENK G2 D BL /4 [MH C-12 55 A1
K7 F A(major histocompatibility complex class I chain-related protein A, MICA). MICB] X A 4
Jf 5 # UL 1685 A 194545 % A (UL16-binding proteins, ULBPs: ULBP1, ULBP2. ULBP3)]#iAfH
W, FLIR Bt S (lactate dehydrogenase, LDH ) B 46 I b 1] 2 Jiig X NK -9 2 MIZH it 118 % 405 3502
R WHEMTHHL-60. Ks6241Md, 1C504351430.06. 31.95 pg/mL, H Fifi % V0 ) B e vk B2
B9 TEE, IR R XSRS, YR A MICB . ULBP1, ULBP2A:FImRNAZK V-
T+ (P<0.05), {HMICAFIULBP3 mRNAJK-JCH WAL (P>0.05); SR i, VOH B e
MICB. ULBP1. ULBP2% kM & T} (P<0.05), {HMICAMIULBP3 % ik JCHH B 281k (P>0.05); %%
BOLE A0 0 1:1 . s:1, 10:10F, S0 M2 LA, v0 R B il ZH NTK-9 2 MK 400 JiED 19 A% £ 5805 ) A T o
(P<0.05). £5it: VDI ] el i 2 RINKG2DEC/AMICB . ULBP1, ULBP23kik, #HHL-60.
K S 6241 g X NK-92 MI 1) 75 4 flt et

VR 2RI s ARG ; NKG2DRACH ; A0 stk

Effects of thalidomide on expression of NKG2D ligands in
leukemia cells and cytotoxicity sensitivity of NK cells

Abstract
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Objective: To explore the effects of thalidomide on the expression of natural-killer group 2 member D (NKG2D)
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ligands in leukemia cells and cytotoxicity sensitivity of natural killer cell (NK). Methods: The leukemia cell lines
HL-60 and K562 cells in logarithmic growth phase were collected and treated with different concentrations of
thalidomide for 48 h. The cells without thalidomide treatment were collected as control group. The half-inhibitory
concentration (ICS0) of thalidomide on cells was detected by cell counting kit-8 (CCK-8). The expressions of
NKG2D ligands [major histocompatibility complex class I chain-related protein A (MICA), MICB], UL16-
binding proteins (ULBPs: ULBP1, ULBP2, ULBP3) were detected by real-time fluorescence quantitative
polymerase chain reaction (RT-PCR) and flow cytometry. The cytotoxicity efficiency of thalidomide on NK-92MI
cells was detected by lactate dehydrogenase (LDH) release method. Results: ICS0 values for HL-60 and K562
cells were 30.06 and 31.95 pg/mL, respectively. With the increase of thalidomide concentration, the inhibitory
effects were more significant. Compared with the control group, mRNA levels of MICB, ULBPI and ULBP2 genes
were significantly increased in the thalidomide group (P<0.0S), but there was no significant change in mRNA
levels of MICA and ULBP3 (P>0.05). Compared with the control group, expressions of MICB, ULBP1 and
ULBP2 were significantly increased in the thalidomide group (P<0.05), but there was no significant change in the
expression of MICA and ULBP3 (P>0.05). Themultiplicity of infection values were 1:1, 5:1 and 10:1, respectively.
Compared with the control group, cytotoxicity efficiency of NK-92MI on cells was significantly increased in
thalidomide group (P<0.05). Conclusion: Thalidomide may improve the cytotoxicity sensitivity of HL-60 and
K562 cells to NK-92MI by increasing the expressions of NKG2D ligands (MICB, ULBP1, ULBP2).

Keywords

SUPE FI I SR T 2 B A o M e B M R
W, REIATE ST . R T 40 T R
Wrk fg, BEEWARSE, HAERZR
WP RN AR SR, Bl X I s & LA
WSS RIR A, SRBEIRIT 4 BR H e 6 7 1Y iiF
GG, TR E RN R B . AR
A (natural killer, NK)4IM & RERE RS
1) S R A, R MR BT PR
P RV R AR C A0 I i 55— B R . NKAH AL
AT T Wb g 0 o 4k e e 3B 7, T HLE FT AR S T A
ML/ B RERS AR R B BT R, T TIHBR AR, i
BRI SR A5 40 M 3 1 I AL R SZ KD (natural
killer cell group 2 member D, NKGZD)}%NK?H}H@
P TG ACESZ AR, T R ] R A i 3R
f 2% 35 M BCAAR 23, 3 17T 900 5 ] i 38 e 92 4K
JO7 A, NI A 44 ke g 4 B v R MR L 1
I e W) w2z AR R 250, I PR e | kS iy
MaMiAE, BEJGRFSE 7 R B U0 e LA s
P P A B T 4 M AR, AT T
RGBT o ABLYD I EE Rl 2 A5 AT 3 Aok N K2 4 95 iy
BeamAr, PN e A G R A RE . ARSI
FEVD I e T 11 10995 240 M N K G 2D e 44 3% 18 S Xf
N K 4 A 25 1 B0 PR I 52 ), Sy (] ol S A N 4
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1 RS i

1.1 ZREE SR
F1 M6 20 B BR HL -60 . KS6240 Al Kz N K4 g A%
NK-92MI4H M F Hp = Bl 2 g 1 765 40 o )2

1.2 AmE5EERKA

U A BE R W T M 25T AR A A
T H32026129; JAF UG o 3% T 4E -0 v
20 W 9E T (Roswell Park Memorial Institute,
RPMI) 164085 573 . & A1 Earle’s V- £5 1 e 1%
%\%?i%?%‘?&(Eagle’s minimum essential medium
with Earle’s balanced salts, MEM—EBSS):PEL?%
FEW T 2 H Gibecoy A 3 TRIzolid 5 W T 3 [
Sigma/A H) s SR R & L SE Ok E R
%ﬁﬁ[ﬁ%fi@(real—time fluorescence quantitative
polymerase chain reaction, RT—PCR)iﬁﬁUﬁWQ
T % EInvitrogen/A Al ; HTMHC 124 AH CH M
A(major histocompatibility complex class I chain-
related protein A, MICA)PUIA ., HIMHC 12%E A
K H FB(major histocompatibility complex class I
chain-related protein B, MICB)JUiA ., HLUL16%5 5
#HH1(UL16-binding proteinl, ULBPL)HLIL. T
ULBP2JLIK . HTULBP3HLIAN T EBDA .
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1.3 At
1.3.1 @il hapa 2

B 06 40 I REHL-60 . KS6240 i1 DL &4 10%
A= 17 B RPMI164015 57 5L, NK-92MI4H g LA
MEM-EBSS¥i 3, 435l T37 C. S%CO, KM
NEiFE, Franal & 0%l E i, MEATAEARES
F#. PAS. 10, 15, 20, 25, 30, 50, 100 pg/mL
VDI B Bl A R AL, T 18 R 28 VD ) B R Ak 3 Y
AN X IR
1.3.2 20 A3t 2% 9% B Aa ) 4m e 3 74

OO B A A T Al L 2 Fh o6 fL AR, VD R e
AhBRAN 48 h, BEFLIINA20 uL CCK-8IF, 4k
L2WFE 4 h, T450 nm i T E 25 LWL BE(E
(ATH), &40 ssh 2, T8 v R B e T 40 it
B2 410 i e B (1C50) . AN R =[ (A m—Agg)/
Ay ]x100%
1.3.3 RT-PCR ;:# 0 NKG2D Btk K -F

WK HAM, W INTRIzolik 7 24 i 41
M, ZE0i-FNERRERARNA, LK
BR R & A W cDNASE, LItk B4R 4T RT-
PCR, SIWFHI W F1, W& 95 CHiAS P
S min, 95 CAME1S s, 60 CiEk30s, 40
PG IR o DL =B R - H i 1 i %L (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) N
%, W2 AR, A NKG2DE/AMICA |
MICB, ULBP1, ULBP2, ULBP3}* A mRNA
K

F1EESI M7

Table 1 Primer sequences of genes

HEp ElkZ 2]
MICA 1E[i]: CCACACAGCTCGGATIITCAG

Sl : TITGCAGCCTCCAACAACAA
MICB 1EM: CAGGATGTGGGCAAACTCAC
JZ[i]: GGTGAAGAAGGAGTCAGCT
ULBPI1 1EM: GCCTGTCTACTCACCACTGA
JZ 1] TCTCCCATTAGCACCGACAA
ULBP2 1E . TGAGGACTTCTTGATGGGCA
JZ 17 : AGACAGAAGGGCGGAGIIG
ULBP3 1E[F : CGTGGATCITGGCAGTIICAG
Sl : AGCCTCGGAITCCTGTGCAT
GAPDH 1E[f]: ACGACCACITGGTCAAGCTC
Jf: GTGAGGAGGGGAGATICAG

1.3.4 AR A% NKG2D feik £ ik

AR A AL g, A BTk (BtMICc AT
& . PUMICBHLIA . FLULBP1FHIIA . HLULBP2#%
& . HLULBP3PLIK), 7E4 CFEOLHFHE 30 min, L
T AN o B BE A gk, TR E
1.3.5 SUBR WL EUBa R 20k A 45 2 &

W AE 45 AN I FE Rl T o6 fL M, DLAS [a] 5504 L
(1:1, 5:1, 10:1) 05 A RO 20 fENK-92M1, Fif
BEE AN [ R B . R B AL . R IR AT
SAL R RS, dRZLiE R4 h, BSOS /DO
W TR AR i, AR, =T G
H30 min, T°450 nm&&*ﬁ{ﬂ‘ﬂ%ﬂ@b‘tfﬁ{ﬁ, 1A
NK-92MIXTHL-60 . KS62 41 i it - 5350 %

1.4 Grits4bE

K HISPSS 1804k 443 M 8 . 4 DL ¥ %+
FrRfE 25 (xts) TR, PIAI BB R G K . DU
P<0.0S HESAGIFE XL,

2 /R

2.1 W H ERRIT HL-60. K562 2 ff i 58 #9520

CCK-8K Il Vb ) B i + HL-60 . KS6241 il )5
G A HE BRI O, At Sk L O BRI, 1CSs0
I3 JE29.69 . 31.59 ug/mL, H Bl Y FI B i vk
AT, SRR R R S (3R 2) o 1k EUS £2 5L 5R 5
S pg/mL.

R2F ERRITHL-60. KS6248 M8 7E A #500
Table 2 Effects of thalidomide on the proliferation of
HL-60 and K562 cells

- A 1%/ %
HL-60411 i K624 i

X HRZH 0.00 = 0.00 0.00 + 0.00

R 2
S ug/mL 16.12 225 14.86 + 1.85
10 pg/mL 26.74 + 4.21 25.11 321
15 pg/mL 39.25 + 5.38 37.84 + 4.60
20 pg/mL 48.32 + 4.94 46.20 + 4.23
25 pg/mL 64.78 + 5.83 63.37 +5.37
30 pg/mL 69.62 + 5.54 69.15 + 5.62
50 pg/mL 80.26 +7.36 78.42 + 6.28
100 pg/mL 94.20 + 7.85 90.27 + 6.68
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2.2 b E 3T NKG2D Ft{f mRNA 7K B0

RT-P CRAG I 70 F1] i g %F NK G 2D it Rk mRNA K
Frysgm, g5 R HXTRA R, VR
4AMICB ., ULBP1, ULBP2}:H mRNAZK B & Ff
= (HL-6041 il : t=8.980. 4.364. 6.713, P<0.05;
KS62400ifl: t=6.775. 4.190. 7.492, P<0.05), {H
MICAFIULBP3 mRNAZKF-JCHH i A fk (P>0.05; &
1, #3),

2.3 b F EREXT NKG2D Bk RiZRIZ N
I 2 A0 i A G 0 b ) B e ok 41 i 2R TRINK G 2D
iR AR, RN, SXBHALLK, v

) BE e 4HMICB . ULBP1. ULBP2E AW BT &
(HL-6041}fd: t=7.629. 7.281, 7.859, P<0.0S;
KS6240Jfl: t=7.980. 9.856. 7.241, P<0.05), {H
MICAMIULBP3# 5 JE I A5 fk(P>0.05, #4).

2.4 A ERTAMRGURNEMm

LD H R 0 Ao DN 0 ) B8 R %o &4 L % 403 550 1Y
R, 5RO S B A1, 5:1, 10:1
B, SXTRA L, VR R NK-92MIX] 2
i B4 A% 45 CR B S8 T 5 (HL-60 40 il . t=6.377 .
6.664. 4.278, P<0.05; KS624ilifd: t=5.777.
5.853. 5.011, P<0.05, #5),

0.20 4

dF/dT

1 MICA PCRj= 411 il i £k [l
Figure 1 Dissolution curves of MICA PCR products

R3 I F R ITNKG2D B mRNAZK T B 221

Table 3 Effects of thalidomide on mRNA levels of NKG2D ligand

HL-60ZJil it KS624 fif

NKG2DJ {4 -

X HR 20 VO BE R 20 Yo HE 20 VORI BE R 2l
MICA 0.73 = 0.19 0.81+0.22 0.65 + 0.16 0.70 = 0.18
MICB 0.78 £ 0.17 2.13 + 0.29* 0.71 +0.20 1.68 + 0.25*
ULBPI 1.63 +0.32 2.57 + 0.36* 1.37 £0.27 229 + 0.41*
ULBP2 0.52 +0.11 1.34 +0.25* 0.63 £ 0.15 1.55 +0.23*
ULBP3 122 021 1.43 +0.27 1.16 +0.17 1.32 +0.24

XTI LA, *P<0.0S.
Compared with the control group, *P<0.05.
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R4 W FI BE BRI NKG2DEL i 5% B 5411
Table 4 Effects of thalidomide on expressions of NKG2D ligand

HL-60ZJil it KS624 fif

NKG2Dfitf# - -

X 20 VO B 2H Ko HE 20 UDFIEE 2]
MICA 2234025 2.51 +0.28 2.54 022 2.62 +0.26
MICB 3.27 +0.32 7.54 £ 121* 3.18 +0.35 7.13 + 1.05*
ULBPI 4.56 £ 0.40 9.27 + 1.39* 4.67 £0.43 10.58 + 1.27*
ULBP2 5.48 + 0.49 12.24 + 1.86* 5.52 +0.45 11.34 + 1.74*
ULBP3 3.62 +0.34 3.93 +0.46 3.49 +0.32 3.85+0.41

SXPHRALEEL, *P<0.05.
Compared with the control group, *P<0.05.

3RS T B R MR R R AR

Table S Effects of thalidomide on cytotoxicity efficiency

HL-60Z il 5% {154 % /%

K562 40 B AR AR58R /%

HIELE i YOI i Y
1:1 4.32 +0.52 11.24 +2.37* 4.15 +£0.55 9.36 + 1.94*
S:1 18.12 +2.61 42.18 + 7.64* 16.84 +2.83 39.57 + 8.21*
10:1 36.75 + 5.49 67.76 + 15.25* 32.93 +4.74 62.41 + 12.27*

XTI LS, *P<0.0S.
Compared with the control group, *P<0.05.

3 iHip

PERBU MR G RER R, 75 bR A% A bR 2 i,
S HE— 25 R RS R T A EE R, b
IR G s ) 2R — T Bl 2k —— AR RE R s, B
B EIRYT IR ST R T NI M LA TG B e Bt R
Fr S AT MHE C R M e 5, 1 S AR W0IR T OB
T BEM R B 7 B S, A ] 2 v N4 i AR R
SR B % TR ) e S R S i e

N K 21 il ) B8 09 A& ¥ i 20 it 3% T TS A
o N R v Ny T b SR = S i B2 A e
NKG2DRE &k F A MNKY M F AL, 76 & 52
P AR M CDS” TN . ySTANM UL i b 2 N
YSTHNM . WHibry B MM R A Rk, W
MICA. MICB. ULBPI, ULBP2., ULBP3"", &k
HAFIE I . NKG2D -5 H it A i) 28 B 7 ik
NKAME A 40 dvE, B0 ENKG2D AR RY
FAK K ILT-th 5 T HLAR NK 41 0 G0 58 37 25 114 5
55, MR R IMHEC 280 Frr w6
P P2 AR, SRS S R, K

N K A A 38005 PR A TR 5 AR R A A AR
B4 fib 9 40 B B e A MHCIZE 2r 1, Al gENK
YR, X N R B R AANKG2D LA,
BOENKA A R BRI TIEE, B Lk R g i
g Ik, B R A0 IR NKG 2D B i
1) 50 5 9 B R A RS MILAA T I JRE G 2 I 1 1)
HE I A Mccarthy%[ls]ﬂ%ﬂ%: WL
Al ENKG2DELAR R I, &1 s 6 17 36 v .
Chen VR IE /R . B B FF 111 0] RE 8 4 -4
N K2 i 0 G 28 28 R AR PO AE T, X 545
NKG2DFL & & T Ry £ ik H %,

H Al E A K& 5 T Vb R B e S H 2l 4 1
B g A IS8 3R58 , Guo % U7V i S F A% il /N
RS S B ) BE e T 0 o A i A A PR O
R B AR, I BEL LA Y R R Y Tk
Wang 25 US00e %k K01 4T 140 M VE A LR IR 7 4 4R
AFLIR SR AR S5 OR . VD e T > M2
TR g A G I 200 i 1 3R A RN L AT B EL
T R A AT ST R . Y e AT
11 S N KA ) A A, DA 0 e 200 ) i A
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% o AE VDRI BE e 2 A5 T A N A Y e R B A
T, P s A R A R E . A5 v A
JBE BT 1 105 2 AR HL-60 . KS62 241 i 34 A 41 i
I, B2 V0 I BE B AE Il s o A FE BT /R
K JHHL-60. Ks624il 5NK-92MIZH it 5 5%, WL
LY g b BRET S5 NK-92MIXF HL-60 . KS6241 Jifd
AR A AL, & PRSI B e vl 380 N K 41 Xt
HL-60. KS62AMM A vsidde, Mg, #F—
A5 K60 20 i I NKG2DBEC AR Rk g ol , 453 BoR
VO B e AT AR #EHL-60 . KS6240 il h NKG2D Bt {4
MICB. ULBP1, ULBP2[JFik, fEiNKG2D 5L
IRGEL DT 184 55 N KA I A8 £ 928 13 255

Zi LTk, VA R R FT B A I NKG2D
it AMICB. ULBP1. ULBP23 kK4 S HL-60 .
K562 21 i X NK-92 ML R A5 U, 3 ] B2 V0
) 8 R 410 ) ML 9 200 B A A AL, R R D
) B e 2 L6 RO TS FE IR YT 25, ELUD R B e 2
IR HAMAER B7, A FRFRADT
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