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Sunitinib enhances inhibitory effect of NK cells against xenografts in nude mice
by up-regulating NKG2DLs expressions in multidrug resistant nasopharyngeal
carcinoma cells

HUANG Yu-xian', WANG Yangz, LI Yu-hua', SONG Chao—yangl, CHEN Tu-zhen', ZHOU Xuan', TU San-fangl,
HE Ying-zhi', GUO Kun-yuan'( 1. Department of Hematology, Zhujiang Hospital, Southern Medical University, Guang-
zhou 510282, Guangdong, China; 2. Lung Cancer Institute, Guangdong General Hospital, Guangzhou 510080, Guang-
dong, China)

[ Abstract ] Objective: To investigate the effect of sunitinib on NKG2D ligands ( NKG2DLs ) expressions and its influ-
ences on anti-tumor effect of NK cells. Methods: ABCG2"*"CNE2/DDP- and ABCG2""CNE2/DDP cell-implanted mouse
tumor models were established and were divided into the following 8 groups. A, E: inoculated with ABCG2"*"CNE2/DDP
or ABCG2"" CNE2/DDP cells; B, F: inoculated with sunitinib-stimulated ABCG2"#" CNE2/DDP cells or ABCG2""
CNE2/DDP cells; C, G: inoculated with ABCG2""CNE2/DDP cells or ABCG2""CNE2/DDP cells and NK cells; and D,
H: inoculated with sunitinib-stimulated ABCG2"*'CNE2/DDP cells or ABCG2""CNE2/DDP cells and NK cells. Tumor
formation times and rates, tumor volumes, and tumor inhibitory rates were observed in different groups. NKG2DLs expres-

sions in implanted tumor tissues were examined by immunohistochemistry assay. Results: Tumor formation times in A, B,
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C,D, E, F, G, and H groups were ( 5.43 +1.00 ), (8.50+0.35), (11.10 £1.25), (13.56 £1.23), (9.00 =
1.00), (12.30+0.78 ), (14.50 £0.50 ), and ( 17.25 £0.77 ) d, respectively, with those in sunitinib and NK cell
combination groups( D and H groups ) being the longest ones ( P <0.01 ). Tumor masses in A, B, C, D, E, F, G, and
H groups were (2.63 £0.89 ), (1.00+0.03 ), (0.65+0.08 ), (0.21 £0.27), (2.79 £0.83 ), (1.18 £0.77 ),
(0.96 £0.50 ), and (0.86 +0.82 ) g, respectively, with those in sunitinib and NK cell combination groups ( D and H
groups ) being the lightest ones ( P <0.01 ); the tumor inhibitory rates in sunitinib and NK cell combination groups ( D
and H groups ) were 62% and 69% . Sunitinib up-regulated NKG2DLs expressions in implanted tumor tissues, with those
in ABCG2"' CNE2/DDP cells higher than those in ABCG2" CNE2/DDP cells. Conclusion: Sunitinib can up-regulate
NKG2DLs expressions in CNE2/DDP cell-implanted tumor tissues in vivo and enhance anti-tumor effect of NK cells.

[ Key words ] sunitinib; natural killer cell; natural killer group 2 member D ligand ( NKG2DL ); nasopharyngeal

neoplasmas ; xenograft in nude mice
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Tab.1 Tumor formation times, volumes and masses of implanted tumors in nude mice of different groups

Group Time( t/d ) Volume( V/mm’ ) Mass( m/g )
A 5.43 +1.00° 2 625.93 +415.37 2.63 +0.89
B 8.50 +0.35 1218.87 £223.36"% 1.00 £0.03"%
C 11.10 £1.90" 2 512.71 £394.36* % 0.65 +0.08" %
D 13.56 £1.23"* 169.91 £218.20"* 0.21 £0.27"
E 9.00+1.00" 2 740.50 +967.29 2.79 £0.83
F 12.30 £0.78 "4 1591.50 £1 077.39"% 1.18£0.77*%
G 14.50 £0.50"* 866. 16 +250.93* 4 0.96 +0.50**
H 17.25 £0.77"% 576.27 £91.54"% 0.86+0.82°%

*P<0.05us A; “P<0.05 vs E
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Fig.1 Effect of sunitinib combined with NK cells on malignant grade of implanted tumor tissues in nude mice ( x 100 )
A: ABCG2"*"CNE2/DDP cells; B: ABCG2"*"CNE2/DDP cells + sunitinib; C: ABCG2"#"CNE2/DDP cells + NK cells;
D: ABCG2"#"CNE2/DDP cells + sunitinib + NK cells; E: ABCG2"*CNE2/DDP cells; F: ABCG2"*CNE2/DDP cells + sunitinib;
G: ABCG2""CNE2/DDP cells + NK cells; H: ABCG2"" CNE2/DDP cells + sunitinib + NK cells,

2.3 A RA L5 NK M8 A x5 CNE2/DDP 49 76
A% A 4L 23 MICA \ULBP2 & iA 69 % 7%

NKG2DLs I B AL 45 15 26 7> 1, Hop — 2608
MHC- T & #1543 F A 5 B( MHC class [ -related
chain molecules A/B, MICA/B ), MICA J& HiL % )
MHC- T $EMIC5 F , 7RG BRAL GV AR s S kil
FH— N E 40 i 2 W5 8 1 ULLe 455 A
( UL16-binding proteins, ULBPs ), H: /X & 70 F H
ULBP2, H 3k % F H Al ULBPs 43770 UL,

AHIFSE B 28 21 AL BEHX MICA . ULBP2 A5 g #6100 15
Fro SEH( £ 2)ER, A A C AR AL P MI-
CA .ULBP2 255 HM:3R1K; B 1 D 4 #4H 9% 41 21
MICA \ULBP2 2 H & FH M sl o BH 2635 E F1 G 4
AR LA 4 MICA \ULBP2 255 fHPEZ 35 F Al H
HALHEIRE 20 21 b MICA \ULBP2 5 PH A% 5 B8 BH A
ik, RN, &R R T LIE CNE2/DDP 4 fifg
MR 21 MICA \ULBP2 f%3k .

®2 AEAEHEBEBEELH MICA 1 ULBP2 K& ik
Tab.2 MICA and ULBP2 expressions in implanted tumor tissues of different treatment groups

Different treatment groups
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ULBP2 + + + H + + ~+ + +H




rp [ R A AT 24 75,2010 42 6 H,17(3)

- 266 -
s TE/N R AR A T rp ) S [ Ak PR i X % AL IR
3 3 i

Ji9gE i Ay 22 3 R 9 A8 BT B, B i [ 27 1 25 57
S IR IR T RO . R 43 I e A R X L AT
AR AR A XoF it 225 e 200 e A s s
FREIE I ROCR A IR AN, BT AR X B
EEARGN R R WA BER. Ft, M
(YR TT ANOCEL AR X Jeg 38 S5 A K 1 b 8 4, 38 3
EExt BB A 2 S YE T RE I 3K AL, Al s AL Pk ek
A5 P FR G0 A B AR | R T A B RN AN B R
SR S AR S 16T MR TR T AT R
() £ B et = ) s S i B S AL Y B
REN 2B ARG REIRAS | 28003 I8 4 i e 335 Bk ok
/NER R AL RIS B B AL EY, R M IR T A
KTy 1) AH H A TETT RO LATEASG AU BORA 5
SR

ABCG2"*"CNE2/DDP 4l Jitd 2 — Filt 155 & i} 24 ANl
FLAT SP” FRAIE 1) 2 245 T 24 55 W 9 2400 L, b ke L AR o7
ANGURE o X T X2 s A AR 0 SR BT R O [
IT AP RIRTT 5 %8, A A Al BE RIS 54T (3R
JPRCRTS S BRI R AL YA, A gk v A0 i g
JEVRTT(ALHE NK AU 1R YT ) ol 45 i An i R A
IR RE HIRYT MR T AT AL %) B 1
Ky J1SRIR A el B ML AR XoF ek R 40 B G 58 T Ik E
1L IR T B AR A3 U R s 0 A T
JoT i RN A IR AR A S R] ER: 30 i A X i
JEIRITIY 3 RALGIRIT I 2 FAR ALI7 o7 )i
B LR R AR A TR R B4 A b
SR, OIS AT 2R A TR 25, B
S LT B S48 ) 25 M) R BE 15 R A i 2R ik
NKG2DLs , 45 it 8 21 i X NK 4 fitg 3% 105 B 0%k
3 —F 50 ) 250 10 W] S OE NK 2530 TFN-y >k
BAGE NK 40100 R 16 k. 9340, SRk 0 RaE 2y
TR R SR e G IER R (R B R ) Al
T P TR AT P 245, 38 5 P8 400 R X6 Ak T A AR
o TERNIE IS T, 2 58 ) 25 4 02 15 X i
e A JHL R B 328 2550 200 ELAT R R80T, (EARAIF 9 o

AW LS R F W], BALB/c # L3R ABCG2"#
CNE2/DDP #iifffi 5 ABCG2"" CNE2/DDP 4H itd)5 , fix
FLI IR MR ()2 ABCG2"" CNE2/DDP 4 Jifd ; {EL |
LI E] 4% , ABCG2 CNE2/DDP 41 Jifd B4 A 98 1)
AFHURN 5 68 5F ABCG2"™" CNE2/DDP 41 fit . fit 98
AR N A R A5 B SRS B AR KRR S, B R R 38
ABCG2 11 fit 96 210 Jf0 2 — b bR 30 A= < B 48 j, i
ABCG2'" CNE2/DDPZH Jfu I J& 18 & 1 4 i 7%

Az R AR RECRAS 5], 30060 1 FH 5 B S8 1 2 s 240
e gt e B e AL B s , FEH NK 4 jEiaYT , &7 e &
JeBEA NK 4003497 %) ABCG2"" CNE2/DDP 4 fifg
Fl ABCG2' CNE2/DDP 41 it % #8983 1) A 4 10 1 2%
439K 92% 1 69% , I H A HE IR 412 rp i BLEH S8 1)
WHEk: . A 4N, 7E ABCG2" CNE2/DDP 4 il 45 4b B
g, S AT I PR AR B = /N F ABCG2" CNE2/
DDP 41 g 45 4b BR 20, 1 Bb R A K 3 R OK T
ABCG2"" CNE2/DDPZ fifl £5 Ab B2, 1 BH &7 e & Je
BCA NK 4 9 36 97 3% 0 78 ABCG2™*" CNE2/DDP
i 7E ABCG2' CNE2/DDP 41 ifg b () 45 FH B
o RSN SEER IR B, £ JE B Je 4b B, ABCG2"
CNE2/DDP 4ififif#) NKG2DLs 283k % & T ABCG2"™
CNE2/DDP #ii il A58 1A PN 52 56 19 45 5L [R) A
N, BF e B e AL FLS () ABCG2" CNE2/DDP 4 fifi #%
M LH 2%, NKG2DLs( MICA , ULBP2 ) i) £ 15 3 &
5 T ABCG2"™ CNE2/ DD P4t il # 97

PRI, FEAR N R 22085 T, e TR I 259 ml 5 5
CNE2/DDP M 24 e %6 15 NKG2DLs, H4 5% NK 2
JfiX} CNE2/DDP 20 48 K T B A g i 400 il 4 FH
Ay TR ) 25 M B A 3t 24k 1 4 0 8 A T ( NK 40 i
BT )T RE A I A 2 L 52k 0 s SR R A T A
T8, R T — s T 0 A YA T T 6 Y
SEPRBE T SRR

[ % X )

[1] LiuL, CaoY, ChenC, Zhang X, Mc Nabola A, Wilkie D, et al.
Sorafenib blocks the Raf/MEK/ERK pathway, inhibits tumor an-
glogenesis, and induces tumor cell apoptosis in hepatocellular car-
cinoma model PLC/PRF/5 [ ] ]. Cancer Res, 2006, 66( 24 ):
11851-11858.

[2] Nakamura Y, Oka M, Soda H, Shiozawa K, Yoshikawa M, Itoh
A, et al. Gefitinib, an epidermal growth factor receptor tyrosine
kinase inhibitor, reverses breast cancer resistance protein/ABCG2-
mediated drug resistance [ J ]. Cancer Res, 2005, 65( 4 ): 1541-
1546.

[3] Azzalini L, Ferrer E, Ramalho LN, Moreno M, Dominguez M,
Colmenero J, et al. Smoking exacerbates nonalcoholic fatty liver
disease in obese rats [ J ]. Hepatology, 2010, 51( 5 ): 1567-
1576.

[4] Choy MK, Phipps ME. MICA polymorphism: Biology and impor-
tance in immunity and disease [ J]. Trends Mol Med, 2010, 16
(3):97-106.

[5] McGilvray RW, Eagle RA, Rolland P, Jafferji I, Trowsdale J,
Durrant LG. ULBP2 and RAETI1E NKG2D ligands are independ-
ent predictors of poor prognosis in ovarian cancer patients [ J ]. Int

J Cancer, 2010, 1(6): 19.



BT EFJE RSN T R 24 S R R R 1k NKG2DLs J5i NK 240 it f) #1988 1 ] . 267 -

(6] WaH. MEmAYRT S TmasT (1] PRELLTE,
2007, 4( 61 ): 51-52.

[7] Wu C, Alman BA. Side population cells in human cancers [ J .
Cancer Lett, 2008, 268( 1): 1-9.

[8] Kondo T. Stem cell-like cancer cells in cancer cell lines [ J J.
Cancer Biomark, 2007, 3(4/5): 245-250.

[91 Copier J, Dalgleish AG, Britten CM, Finke LH, Gaudernack G,
Gnjatic S. Improving the efficacy of cancer immunotherapy [ J J.
Eur J Cancer, 2009, 45( 8 ): 1424-1431.

[ 10 ] Franceschetti M, Pievani A, Borleri G, Vago L, Fleischhauer K,
Golay J, et al. Cytokine-induced killer are terminally differentiated
activated CD8 cytotoxic T-EMRA lymphocytes [ J J. Exp Hematol,
2009, 37( 3 ): 616-628.

[ 11 ] Linn YC, Lau SK, Liu BH, Ng LH, Yong HX, Hui KM. Charac-
terization of the recognition and functional heterogeneity exhibited
by cytokine-induced killer cell subsets against acute myeloid leuke-
mia target cell [ J ]. Immunology, 2009, 126( 3 ): 423435.

[ 12 ] Ayello J, Van de Ven C, Fortino W, Wade-Harris C, Satwani P,
Baxi L, et al. Characterization of cord blood natural killer and lym-
phokine activated killer lymphocytes following ex vivo cellular engi-
neering[ J ]. Biol Blood Marrow Transplant, 2006, 12( 6 ): 608-
622.

[ 13 ] Jordanides NE, Jorgensen HG, Holyoake TL, Mountford JC.
Functional ABCG2 is overpressed on primary CML CD34 * cells
and is inhibited by imatinib mesylate [ 7. Blood, 2006, 108( 4 ):

1370-1373.

[ 14 ] Rahmani M, Nguyen TK, Dent P, Grant S. The multikinase inhib-
itor soraffenib induces apoptosis in highly imatinib mesylate-resist-
ant ber/abl* human leukemia cells association with signal trans-
ducer and activator of transcription 5 inhibition and myeloid cell
leukemia-1 down-regulation [ J ]. Mol Pharmacol, 2007, 72( 3 ):
788-795.

[ 15 ] Sundvall M, Karrila A, Nordberg J, Grenman R, Elenius K,
et al. EGFR targeting drugs in the treatment of head and neck squa-
mous cell carcinoma [ J ]. Expert Opin Emerg Drugs, 2010, 23
(6):324-332.

[ 16 ] Cassell A, Grandis JR. Investigational EGFR-targeted therapy in
head and neck squamous cell carcinoma [ J ]. Expert Opin Emerg
Drugs, 2010, 23( 8 ): 132-140.

(17 18T, £ f7, FBEH, o0, & GRS =B 45
BRI GGG 2 1 N S M 3 i 245 200 0 A= 0 22 e

FRUBETT [T ] B AR, 2008, 33(8): 987-991.

[ 18 ] Patrawala L, Calhoun T, Schneider-Broussard R, Zhou J, Clay-
pool K, Tang DG. Side population is ehriched in tumorigenic stem-
like cells, whereas ABCG2* and ABCG2 ~ cancer cells are simi-
larly tumorigenic [ J]. Cancer Res, 2005, 65( 14 ): 6207-6219.

[ YR EH] 2009 -12-12 [f&£EIB# ] 2010 -01 -28

[ AXHE] RN

< <

( H E MR EWE T 2RE )X THHIZE

< <

<Gl e AEE - BE .

ARATHIT AR

HR LR T U PR S0 R AT L B T RUET BB A U T AR R A RLE R AR T R AR

A F . SR, AT AEA BRI B B T 02 54 8T | Dhies B BUORdE e BB 4

— T Z B ARA AT Ry, R TR

TR AT AR, 2 VR MO e 7 B 28 4 i SR AR w2 o vl B o A 0 16 7 20 s )t v [ g A= i

O — IR B AR T, — PR R 2R E L B —
ZORTE T AR T A 7|<?f' ASFREAELUT A

1 AR B BRI AU W R F 2 AR AT A A

2. FF e A R R AR IR R R
ARAIAT A IR

ARANISCHRAG DN 2R 5™, 38

"IN PR A AR AN AT, 85 T AP R A . SR

Ao TR Ak ] AL AR AR SRR 1 4 SCEEX , X A A 1A 727

3.0 FeAIE A b AR AR SCHR 45 R 2 VI BR A AR AN S SCRR R BE ™, % R GE BB TN 2 &2 298 U2 AR AN A T

TTEmEN .

4. BRBRMIEIL—LEIA ARG N, A TS RIIER , 55—

R[] FPER AR 7 B, 26 113208 SCTE A AR DG H A L SCH

JE B IR BRAS K2R o (RN SR 0 R B 2 VR LT A B 5 S 3 P 1 B A A ST S 30 T TR] 3
e 2 AENASTIATIEA B2 MR F A2 AR SHUEACEIRAEE )44 I AR {F 28 2 A 45

(AT AL )



