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NK cells againest human hepatocellular carcinoma
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[ Abstract ] There are no standard effective systemic therapies for patients with hepatocellular carcinoma diagnosed at
advanced stage, who have poor prognosis. It has been shown that Multi-target tyrosine kinase inhibitors ( MTKIs ) and
adoptive NK cell immunotherapy have synergistic effect on hepatocellular carcinoma cells. In addition to blocking cell pro-
liferation and angiogenesis signal pathway in tumor tissue to promote apoptosis, MTKIs also induce the expression of natu-
ral killer group 2 member D ligands ( NKG2DLs ) on tumor cells, which interact with NKG2D on NK cells to activate their
antitumor activity. It is evident that MTKIs act on signaling molecules involved in DNA damage response, leading to acti-
vation of the alternative NF-kB complex that consists of NF-kB2 and RelB, which in turn increases the transcription of
NKG2DLs. These results provided a mechanistic rationale for therapy using MTKIs together with adoptive NK cell transfer
in the treatment of advanced hepatocellular carcinoma.

[ Key words ] hepatocellular carcinoma; multi-target tyrosine kinase inhibitor ( MTKI ); DNA damage repair signal mol-
ecule; NF-kB family member; natural killer ( NK ) cell; natural killer group 2 member D ligand( NKG2DL )
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A& T 75 M NKG2DL, 3% 4 4 & NK 4 J0 & b &
NKG2D %1, % 2 NK 40 ff & #f %038 %, A T 3% &
Bk A 4, 4n T o R G B L B B R
ko, B9 G ST 40 A St R 4 R A TE MR
¥ R B e MR R T SR a0 ML TE o M R R
ik, AT 3 B8 . 5 2% BT 4t B 2 YR A e R
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WG N E R RIEZ —,
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NK %1 il & 4% 2 17 o % & # L & HLA( human
leukocyte antigen HLLA )-KIR( killer cell immunoglobu-
lin-like receptor,KIR )45 e &y 2t b, [&] B, 37 %] &
gt AR B TR E T NK 40 3h fk A 5
5 ., NKG2D-NKG2DL # NK %1 i &= Z 8 7% b =
BB, xTE NK Aty A5 EREXEES
NKG2D 7 NK 4 fii oy 38 fb M % &, R Bt T NK 41 g
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MICA/B)fn A E 41 i 5 & # & & ULl6 & & & A
( UL16-binding protein, ULBP ), ‘B A1 2 %1 i F A % 6
B fk p21.31 1 p24.2 ~25.3 %) NKG2DL &
—AENEERE, EFALEMD KA, SHEATE
Me#E Ak 2 B R R R R 4 48 B, NKG2DLs 7 5% 3£
WG NK @80, (3t 2 7= & % N 4 F, i
IFN-y Bt B A0 5 31 & %, 36 3% NK 40 i %t it 5 40
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SFE B X R 2] NK 400 80350 By 8 78 VT IE 44
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40 HEL T B TR R e K A e ka0, W
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Inherent function of MTKIs:
specially imerruption.
induce apoptosis

Mechanisms of MTKIs
up-regulate expression NKG2DLs?

. ' y .
GER- ] P G Y RET
I SR T (T {T

El1 MTKIB& NK @R GEHEHRTEER
Fig .1 Synergistic anti-hepatoma effect reached
by MTKIs combined with NK cells

MTKIs combing with NK cells reach the synergistic
antitumor effect, after the tumor cells treated by MTKIs, on one
side, the pathway of tumor cells proliferation ( Ras/Raf/MEK/
ERK-PI3K/Akt/mTOR ) is inhibited, on the other side, the multi-
molecular target agents would induce the tumor cells to express
NK cells activating ligands, which would then activate the NK cells

to express the corresponding activating receptors, result in
secretion of IFN-vy/granzyme/perforin by NK cells to enhance

the immune eradication and kill the tumor cells

ERHLH AR R F A LB MTKI B 4 NK
2 L i B R 0 R R B 2 F AL (BB B R IE T
FWERKALAAT EWERRE, RANEEFAE
AR MTKI 8% & NK 47 4 52 30 b 18] 5% 0 16 L B9 2 F
HLF| 2 T 4, 11 H % 4L 5 B 7 4, ) 4 : MTKIL &
{6 % M 3% 7E ¥ 49 i NKG2DLs b R 3k By (8 1
TR HEREET ST I L%
BT & Fn ¥k, Xkl 32-33 1E B4 &, MTKI % &
820 fig % 3k NKG2DLs B #L#| & W, (27 8 5 Pb /3 40

J DNA 15 % & & f % & ( ATM. ATR, CHKI .
CHK2 \AP-1) .41 il ) 1= X 15 5 % & % F NF-«B( nu-
clear factor-xB )Z Bl 4 BAE H B % . B4, E# &
RETRA R 3 ¥ 40 & 3k NKG2DLs 8y 77 # T 1F
B & H, NF-xB 7 8 5 MTKI % 5 B J4 40 j %k 3K
NKG2DLs 814 F W4 H % (e KA 7 o L h 4 F
EERERENAE L HELR—FIEH,

5 MTKI 3= BFE 48 it NKG2DLs 3R i% 4 F L%l
HRFIRE

NK 40 ffl 0 7% b Rk £ & H o~ k%,
NKG2DLs 5% £ — 41 & B/, 78 1 B #58 fn £ [7]
HEFRERAT, BREEN L AL TFEEL
], 3 B B9 A TR 42 20 9 303 RO A o R T 1E
Flo £ HEETUYH NKG2DLs th 5k 5 Kk, X
S g v [ 2 B3 40 e B A A R 2 Ao
T TR AEARERAL ARET £OF
ZF YRR ESR AKRET R ZEHF ) DNA
Hi5% 18 X T 4 5 NKG2DLs % 3t 4 F
WL 175 77 4 % R B0 o % o

K& A By UM R 8 , 7% 5 AT % 40 8 NKG2DLs
KL WHH 9 H =%, % — £ % DNA #4566 & K5
( DNA damage repair response , DDR )% F #L#] , o H
P44 Stephan % !B % & Ity DNA #1715 4 K
J2( DNA damage repair response DDR ) ¥ & 1 3 it &
20 i % 35 NKG2DLs, 7 1K 2 5 7 & 1 5 2 4y o ] 3%
T, 48 o 09 DNA 45 R BL ¥ #7E 5 5 #% 3 2 F, 4o
15 3 kMR A E KO FE B R R R( ataxia tel-
angiectasia mutated, ATM )23z 3 & i & £ 40 fn &
¥ EKE £ E R A K F Rad3 A %k #£ B ( ATM- and
Rad3-related gene, ATR ),3X 2 A # B3t — F & L T
T A A e ( checkpoint kinases, CHK1 )1 .2 Fu
NF-kB % {5 5 # A X 2F , T 7% & NKG2DLs #y
%Kik, Lam £ P, B F B A FH FAT
DDR & ## iy STING( stimulator of interferon gene V&
R 275 % NKG2DLs #y b iF % 15, F H DNA &
B %% B 4 F TBKI1( TANK-binding kinase-1 ) #1
IRF3( interferon regulatory factor-3 )% 5§ 7 NKG2DLs
mRNA # % F 3 # . Weizman 43, #%0E & &
1( active protein-1,AP-1 ) Bk & DNA #15 X v, £
¥ NKG2DLs #y % ik . Tang %[37]%&ﬁ,ﬂfﬁﬁf\%‘ﬂ€
7% S K& 48 4k HepG2 %k ik MICA/MICB, £
%5 ¥ E DNA Hi45 & £ % F ATM f2 ATR # %
Cerboni 2" 15\ 4, b4 40 i DNA R 15 5 2 38 % =
_FE NKG2DLs f DNAM-1 #y #£ [7] 38 B, 3x H o . 4



BTN, F R BRI RS NK A AT £ TR . 681 -

HCC % /i, .

% Z K NF-kB # Xl % % %k L #l. Eagle
SIS0 NKG2DLs 49 & 20 F 2 B F 7| # A NF-«B
By 45 AL, 1% B 45 A i 4§ NKG2DLs By % 15
KEEEWIER, NKG2DLs W v Wy B 5 + B &
% AW, X E B F B 75 b X NKG2DLs 8y % 35 & %
F % . NKG2DLs B 5 7 & H & L 4% F H ¥ 6( ac-
tivation transcription factor 6, ATF6 ) #i# 4 K F F 1
( heat shock transcription factor 1, HSF1 ), fif # & F
E F 1 ( myeloid zinc finger 1, MZF1 ) %% & # & A
( basonuclin,BNC ), X ®6 2 &L & & A B A T 7
5 NF-«B Z ik ) 1 Bl i R 45 4, 7 NKG2DLs #) %
%) Molinero 253K % DNA 4515 14 & K B2 7T DL
I HE T UFH NF-xB 15 5 £ 40,8 % NKG2DLs
ik,

% = KALH KG9 AT K. Molfetta 4 4§
#,NKG2DLs th k£ 5 Z F W B A X, WAl 2 %
B c-Chl 8 4 W > NKG2DLs 9 48 i i v 1 A
#0384 Jm MICA # % i . Fionda %' */5\ 4 ,NKG2DLs
ki EmmiET SRR N ELKAHL, MHE
J& 4 B % B 3( glycogen synthase kinase 3, GSK3 )
W E Tyr7105 BEER LA MICA thfz 5 # 8 & 8 5
HE BT, M H MICA B9 B &k

% %t 4% %" NKG2DLs B %k 3k , X 4,4
BHEFMEREHER, EREEEY, WHE A0
ER A 5 NKG2DLs Rk A4 H %, &
T 2B B B R I e R R RS A K R
Hoo PR i £ B 2 2 E( K-ras c-mye 2
H Akt +c-myc R, WHENBEEEZ @B AR
£ ( Raf-MAPK/MEK/PI3K # % HER2/HER3/PI3K/
AKT )=, fr B i 3% % £ F % P53 4 PI9Af %
HiE s, X EE R SESEEAL LB DNA #
17168 % %8 4% M8 48 il NKG2DLs #y % 3£ , £ 2
TRty AR Ak AR Y B2, IH X B
K 6 5T B M 1] 3R 45 NKG2DLs % 34 #y 4 F HL#| &
NF-kB 7& 3 o 8y =48 o AP 4, B N 3T NF-«B
5 NKG2DLs Xk A EW X R, FEH* —F T #
NF-kB # 58 45 09 4 1 o

NF-xB # F i % th % # t£ 5 & NKG2DLs %k &
P R R NF-kB 2 — N A Kok, B35 DA R
RelA ( p65 ). RelB. c-Rel, p105-p50 ( NF-kB1 ) f#
p100-p52( NF-kB2 ), BT 8 DA # ¥ % B 6 JE 3t %
RE_REHBRLEER ., NF-xB M4 E G
7 IkB( 44 IkBaIkBB f7 IkBe ), #% & & & 4 IKK
AW S A, B IKKa  IKKB #2 IKKy 41, 17

FlEaMBEEEARANBEZ S SR ZEH
L REENE B E# TP NFkB T £
Mg B R MR RHE, A ET HERRET
(TNF).fle Z #E( LPS )% Rl B K 7] 1L & #8 7
Wik NF-«B, 254 40 j0 Bl F A & B AT T R L 3
2 13 12 WOE NF-xB ', E #, MTKI 3 3t 46 & #
12 % & NF-B 17 K W # .

NF-kB 2 —MZHMBE TN ZE T, 2
55T SRR, U E R AR
FERBE M HIE, X NK i . T @ NELE . 2
b B ol 66 4 37 kM E Bl o Pascal 2 143 52,
NF-kB p50/ p65 % & 30 /N . NK 40 i & b AL % 1K
Ly49 2L B iy 4 F b &2 F = F1E 5 4 K, Guilard
ZUST50 % NF-xB ¥ DLiE 45 NK %0 #8474 1 % K
HLA-G By k3R A5 B4 % x %. B , NF-kB
TG B B R AL AR A M R R
ETRGERAER AT, ENFHATREY
W,NF-kB &N RE A RS LR A&
H#H % ( 40 Bel-xL X-IAP . IAPI IAP2 \IEX-1L . Bfi-1
), MEACEAETES LRRATCEEH X1
P53 \Bax . Bak % )*), 4 NF-xB 8% 2% 15 A 7
T, Miller 25 050 20| 42 % W 40 ik 25 4 2 o
H 18 Fi 25 4 & I 4| NF-«B By 7 % 1 K 1515
A LT 19 2G4 i 3 % E NF-«B B9 7E T R 15
B R, 3 6 24 4 41,45 b 97 %5 Fn MTKI,

4% ,NF-«B & & 1% IE 1 ¥ 5 16 F 3 6 i 3 5
ER EBE R TA R R BEEAL R, B A
NF-«kB % # X HFFELE G H AR E T4 8 LA
HEAEMW, BRXEFRERILRNGER G LS
AHEAEEFAR, MAEBLELEEF L NF-kB
EERMFRAMEES, N ERHEEHE™, ¥
NF-«B # MTKI & )5 , % 5 % 40 ff & 35 0 fy K A
ZHAEEHE & AWAERETH X, XHZ NF-«B
HEAPEEN S E %,

NF-xB ] # 7 8 ¥ I¥ /8 40} NKG2DLs - %
RHy kLR F E A MTKI % 5 kg 4k &
NKG2DLs #y 2 & Fu /K -F 1 &, NKG2DLs 5% ik #y %
MR E T EENF W L W, NF-kB 3 FREE W
%ML A NKG2DLs Rk E WA R, £F R
3R SO S DNA 45 5 8 KR 4 F( ATM
ATR.CHKI1 ., CHK2 ). % = % F( P53, Bax, PUMA ,
NOXA ). NF-kB # [H K jk 1€ #y #F % 98 4% NKG2DLs
ZEDTFHHE AR EHMHF R L LA,
b AT 25 R 8 4B R 24 T 40 32, RT-PCR T #
¥ 3 M NF-kB # mRNA K #, 3f £ ATR,CHKI ##



© 682 -

rf [ s A AT 4 2015 4E 12 H,22(6)

CHK2 = # DNA #1754 & K% % F #ymRNA & ik &
BREKMEFRERALEZ R Y NF-kB 1
mRNA ,DNA #i 1% 4 & K . % F( ATM/ATR )mRNA
Fk T, EL WA B8 40 M 6y 5 A NKG2DLs( MICA .
MICB.ULBP1 ., ULBP2 . ULBP3 ) th % ik & # ¥ & F+
B MIEN, FRERAERBEARZ B, £
DNA #1514 & K i 6 2 F( ATM/ATR ) % 3k 3 7%,
T fE 7 b B E M NF-kB 2 B, NF-«B 2 B 5k i
REARE FRENEENES TES, BLREM
Y& Ji , {2 ¥t NKG2DLs mRNA & & JF #1F & & &, %
S Bk 98 40l NKG2DLs bR &3k .

4 ERTR, Tt 2 R M E & H LM DNA Hi45
BE R R, &R MAES 2T, AT ik #E T NF-kB
A KL F BE T 5 58 ¥, (8 NF-«B 2 &
MEBLBANTHEE TR X B2 FTF R
NKG2DLs mRNA Wy 3 Ffn & G kA R E# . 4
AH R Al R R B, £ H AR M NF-«B A &
Jik 78 48 % 35 NKG2DLs [ 8 AL #] 40 T : MTKI 1E A
TG M, T M E AR TR R
( VEGFR .PDGFR .c-Kit \RET ) #n 41 1 3% 78 12 & # %
[ Ras/Raf-MAPK ,PI3K-AKT-mTOR( & 3iE 52 ) 1:( 1)
7 B 1 2 F( P53, Bax . PUMA \NOXA );( 2 )# /&
DNA #1151 & K I #0 Ji % R BL 2 F( ATM/ATR Fo
AP-1);( 3 )& ¢ it K A B f# IKK & & %8 &2 61K
ek, I % E NF-kB £ H X %k & R & &
NKG2DLs DNA % L & & 1% DNA 4 4 7& M1 f 78
# FE B (4 )42 NKG2DLs mRNA # Ffu & B %
ik, (EXARAERH BB, T 7o =B BRI
W8T R4 BibERF FRNBIE EREI

6 % i&

U4 K, 45 9% 28l %k 35 NKG2DLs 8 2 F
ML & NK 20 ff#F 55 4703 B9 3 1) R, 2 1T A
I AR P — AL e 4 E £ #E B NKG2DLs %
KA R, i NF-«B 2 FH Rk R0 R E
M % BT B 45 4 NKG2DLs % 3k ¥ #5 09 4 5.
“NF-«B ¥ & /2 ¥ ¥ I 7% 40 i NKG2DLs _F i % ik
MXBER" WX —BTEATHREEHRN, £4T
JEth Z 7\ HF R LA MTKI 47 B4 B % 5 1F 40 Ji 0 % ik
NKG2DLs 7 3 &t , 3 1 48 i+ DNA 47 15 & K N 2
F( ATM,ATR ,CHK1 ,CHK2 AP -1 #1 GSK3B ) 5
JA 1 # B ( P53 ,Bax .NOXA ,PUMA ) #2 NF-xB # [
F K H R ( NF-KB1 ,NF-KB2 . RelA ,RelB, C-Rel ) =
HZ BB X R, BAEE T MTKI # & L
NF-«B % # i 12 8 # I 20 fi & & 3£ NKG2DLs By 2

FAHLF , T AT 40 Ji & % 3k B9 NKG2DLs 3 58 7 NK
20 L H R AT BUR M. PR 45 R 8 MTKI Bk A NK
26T IR R B AR T LR AR, T AEIE T
“DFEE-TAERE AN LT R NERTAT
M MZEANLR 2GRN AT ERR, FE
FHNHE—FBEAERE A

[ % X ]

[1] Deng GL, Zeng S, Shen H. Chemotherapy and target therapy for
hepatocellular carcinoma: new advances and challenges [T
World J Hepatol, 2015, 7(5): 787-798.

[2] Bupathi M, Kaseb A, Meric-Bernstam F, et al. Hepatocellular
carcinoma: where there is unmet need [ J . Mol Oncol, 2015,
7891(15): 19.

[3] BT, oon. MR AYRGYT BB —3 - 46 1 40
Mataeifeyr [0 b MO R B3R yT 26 35, 2010, 17(3):
243-249.

[4] Abdel-Rahman O. Systemic therapy for hepatocellular carcinoma
( HCC): from bench to bedside [ J 1. J Eqypt Can Inst, 2013, 25
(4):165-171.

[5] Lim KC, Chow PK, Allen JC, et al. Systematic review of out-
comes of liver resection for early hepatocellular carcinoma within
the Milan criteria[ J ]. BrJ Surg, 2012, 99( 12 ):1622-1629.

[6] Auwa MH, El-Etreby SA. Guide for diagnosis and treatment of
hepatocellular carcinoma [ J ]. World J Hepatol, 2015, 7( 12 ):
1632-1651.

[7] Ng KK, Poon RT. Current treatment strategy for hepatocellular
carcinoma [ J ]. Saudi Med J, 2007, 28( 9 ): 1330-1338.

[ 8] Miura JT, Gamblin TC. Transarterial chemoembolization for pri-
mary liver malignancies and colorectal liver metastasis [ Surg
Oncol Clin N Am, 2015, 24( 1 ): 149-166.

[9] Wang YX, De Baere T, Idée JM, et al. Transcatheter emboliza-
tion therapy in liver cancer: an update of clinical evidences [ ] J.
Clin J Cancer Res, 2015, 27(2): 96-121.

[ 10 ] Finn RS. Development of molecularly targeted therapies in hepato-
cellular carcinoma: Where do we go now? [ J]. Clin Cancer Res,
2010, 16(2): 390-397.

[ 11 ] Lacaze L, Scotté M. Surgical treatment of intra hepatic recurrence
of hepatocellular carcinoma [ J . World J Hepatol,, 2015, 7( 13 ):
1755-1760.

[ 12 ] Santoni M, Conti A, Massari F, et al. Treatment-related fatigue
with sorafenib, sunitinib and pazopanib in patients with advanced
solid tumors: an up-to-date review and meta-analysis of clinical tri-
als[ J]. Int J Cancer, 2015, 136( 1): 1-10.

[ 13 ] Sulkes A. Novel multitargeted anticancer oral therapies: sunitinib
and sorafenib as a paradigm [ J]. Isr Med Assol, 2010, 12( 10 ):
628-632.

[ 14 ] Huynh H. Molecularly targeted therapy in hepatocellular carcinoma
[ J]. Biochem Pharmacol, 2010, 80( 5 ): 550-560.

[15] Huynh H. Tyrosine kinase inhibitors to treat liver cancer | J ]. Ex-
pert Opin Emerg Drugs, 2010, 15(1): 13-26.

[ 16 ] Aedo V, Cristina V, Ravmond E, et al. Advanced hepatocellular
carcinoma importance of clinical trials [ J ]. Rev Med Suisse,
2015, 11( 475 ): 1149-1151.

[ 17 ] Di Marco V, De Vita F, Koskinas J, et al. Sorafenib: from litera-



BT, A A RN BRI £ NK LA R PR 5 T 683 -

ture to clinical practice [ J]. Ann Oncol, 2013, 24(2): 1130-
1137.

[ 18 ] Choi KJ, Baik IH, Ye SK, et al. Molecular targeted therapy for
hepatocellular carcinoma: present status and future directions [ J J.
Biol Pharm Bull, 2015, 38(7): 986-910.

[ 19 ] Zhu AX, Sahani DV, Duda DG, et al. Efficacy, safety, and po-
tential biomarkers of sunitinib monotherapy in advanced hepatocel-
lular carcinoma: a phase I study [ J]. J Clin Oncol, 2009, 27
(18): 3027-3035.

[20 ] Barone C, Basso M, Biolato M, et al. A phase II study of
sunitinib in advanced hepatocellular carcinoma [ J ]. Dig Liver
Dis, 2013, 45( 8 ): 692-698.

[21 ] Sun C, Sun HY, Xiao WH, et al. Natural killer cell dysfunction in
hepatocellular carcinoma and NK cell based immunotherapy [ J ].
Acta Pharmacol Sin, 2015, 36( 10 ): 1191-1199.

[22 ] Lim O, Jung MY, Hwang YK, et al. Present and future of alloge-
neic natural killer cell therapy [ J]. Front Immunol, 2015, 6
(286): 1-8.

[23]Cai L, Zhang 7, Zhou L, et al. Functional impairment in circulat-
ing and intrahepatic NK cells and relative mechanism in hepatocel-
lular carcinoma patients [ J J. Clin Immunol, 2008, 29( 3 ): 428-
437.

[ 24 ] Sconocchia G, Eppenberger S, Spagnoli GC, et al. NK cells and T
cells cooperate during the clinical course of colorectal cancer [ J 1.
Oncoimmunology, 2014, 3(8): 428-437.

[ 25 ] Pietra G, Vitale C, Pende D, et al. Human natural killer cells:
news in the therapy of solid tumors and high-risk leukemias [ J 1.
Cancer Immunol Immunother, 2015 [ Epub ahead of print ].

[26] Domogala A, Madrigal JA, Saudemont A. Natural killer cell im-
munotherapy: from bench to bedside [ J]. Front Immunol, 2015,
6(264): 19.

[ 27 ] Nakamura K, Nakayama M, Kawano M, et al. Fratricide of natural
killer cells dressed with tumor-derived NKG2D ligand [ J ]. Proc
Natl Acad Sci, 2013,110( 23 ): 9421-9426.

[ 28 ] Zhang J, Basher F, Wu JD. NKG2D ligands in tumor immunity:
two sides of a cion [ J ]. Front Immunol, 2015, 6( 97 ): 1-7.

[ 29 ] Sentman CL, Meehan KR. NKG2D CARs as cell therapy for canc-
er[ J]. Cancer J, 2014, 20( 2 ): 156-159.

[ 30 ] Kumar V, Yi Lo PH, Sawai H, et al. Soluble MICA and a MICA
variation as possible prognostic biomarkers for HBV-induced hepa-
tocellular carcinoma [ J ]. PLoS ONE, 2012, 7(9): 1-6.

[ 31 ] Morissaki T, Onishi H, Katano M. Cancer immunotherapy using
NKG2D and DNAM-1 systems [ J ]. Anticancer Res, 2012, 32
(6): 22412247,

[ 32 ] Sabatel H, Pirlot C, Piette J, et al. Importance of PIKKs in NF-
kB activation by genotoxic stress [ J ]. Biochem Pharmacol, 2011,
82( 10 ): 1371-1383.

[ 33 ] Cerboni C, Fionda C, Soriani A, et al. The DNA damage re-
sponse: a common pathway in the regulation of NKG2D and
DNAM-1 ligand expression in normal, infected, and cancer cells
[ J]. Front Immunol, 2014, 7( 508 ): 1-7.

[ 34 ] Gasser S, Raulet DH. The DNA damage response arouses the im-
mune system [ J]. Cancer Res, 2006, 66( 8 ): 3959-3962.

[ 35] Lam AR, Le Bert N, Ho SS, et al. RAEI ligands for the NKG2D

receptor are regulated by STING-dependent DNA sensor pathways
in lymphoma [ J]. Cancer Res, 2014, 74( 8 ): 2193-2203.

[ 36 ] Weizman N, Shiloh Y, Barzilai A. Contribution of the Atm protein
to maintaining cellular homeostasis evidenced by continuous activa-
tion of the AP-1 pathway in Atm-deficient brains[ J ]. J Biol
Chem, 2003, 278(9 ): 6741-6747.

[ 37 ] Tang KF, He CX, Zeng GL, et al. Induction of MHC class [ -re-
lated chain B ( MICB ) by 5-aza-2’ -deoxycytidine [ J]. Biochem
Biophys Res Commun, 2008, 370( 4 ): 578-583.

[ 38 ] Eagle RA, Traherne JA, Ashiru O, et al. Regulation of NKG2D
ligand gene expression[ J]. Hum Immunol, 2006, 67( 3 ): 159-
169.

[ 39 ] Burgess SJ, Maasho K, Masilamani M, et al. The NKG2D recep-
tor: immunobiology and clinical implications [ J]. Immunol Res,
2008, 40( 1): 18-34.

[ 40 ] Molinero LL, Fuertes MB, Girart MV, et al. NF-kappa B regulates
expression of the MHC class 1 -related chain A gene in activated T
lymphocytes [ J ]. J Immunol, 2004, 173(9 ): 5583-5590.

[ 41 ] Molfetta R, Quatrini L, Capuano C, et al. ¢-Cbl regulates MICA-
but not ULBP2-induced NKG2D down-modulation in human NK
cells[ J ]. EurJ Immunol, 2014, 44( 9 ). 2761-2770.

[ 42 ] Fionda C, Malgarini G, Soriani A, et al. Inhibition of glycogen
synthase kinase-3 increases NKG2D ligand MICA expression and
sensitivity to NK cell-mediated cytotoxicity in multiple myeloma
cells: role of STAT3 [ J . J Immunol, 2013, 190( 12 ): 6662-
6672.

[ 43 ] Huergo-Zapico L, Acebes-Huerta A, Lopez-Soto A, et al. Molecu-
lar bases for the regulation of NKG2D ligands in cancer[ J ]. Front
Immunol, 2014, 5( 106 ): 1-7.

[ 44 ] Baldwin AS. Regulation of cell death and autophagy by IKK and
NF-kB: critical mechanisms in immune function and cancer [ J ].
Immunol Rev, 2012, 246( 1 ): 327-345.

[ 45 ] Hayden MS, Ghosh S. Regulation of NK-KB by TNF family cyto-
kines [ J J. Semin Immunol, 2014, 26( 3 ): 253-266.

[ 46 ] Miller SC, Huang R, Sakamuru S, et al. Identification of known
drugs that act as inhibitors of NF-kappaB signaling and their mech-
anism of action [ ] ]. Biochem Pharmacol, 2010, 79( 9 ): 1272-
1280.

[ 47 ] Pascal V, Nathan NR, Claudio E, et al. NF-kappa B p50/p65 af-
fects the frequency of Ly49 gene expression by NK cells[ J |. J Im-
munol, 2007, 179( 3 ): 1751-1759.

[ 48 | Guillard C, Zidi I, Marcou C, et al. Role of HLA-G in innate im-
munity through direct activation of NF-kB in natural killer cells
[ J]. Mol Immunol, 2008, 45(2 ): 419-427.

[49] Campbell KJ, Rocha S, Perkins ND. Active repression of anti-
apoptotic gene expression by RelA ( p65 ) NF-kappa B[ ] ]. Mol
Cell, 2004, 13( 6 ): 853-865.

[ 50 ] Lan W, Petznick A, Heryati S, et al. Nuclear Factor-kB: central
regulator in ocular surface inflammation and diseases [J]. Ocul

Surf, 2012, 10( 3 ): 137-148.

[ R EE] 2015 -08 -06
[ AXmE] #HEHA

[ f&EIHHEE ] 2015 -11-06



