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Abstract Objective: To explore the effect of paclitaxel (PTX) and cisplatin (DDP) on the expression of NKG2D ligands of hu-
man esophagus carcinoma cell EC9706 and on the cytotoxicity of cytokine-induced killer (CIK) cells, as well as to discuss its molecu-
lar mechanisms. Methods: The half maximal inhibitory concentration (ICs) values of PTX and DDP against EC9706 cells for 24 h
were measured by MTT assay. The expression levels of NKG2D ligands (MICA, MICB, ULBP1, ULBP2, and ULBP3) on the EC9706
cell surface before and after 24 h culture with 1/2 ICs, of PTX or DDP were assayed by flow cytometry. Cytotoxicity of CIK cells
against EC9706 cells before and after 24 h culture with 1/2 ICs, PTX or DDP was analyzed by lactate dehydrogenase release assay at an
effector to target cell ratio (E:T) of 20:1 and 30:1, respectively. The expression levels of DNA damage repair genes (ATM, ATR, CHK1,
CHK2, and p53) of EC9706 cells before and after 24 h incubation with 1/2 ICs, PTX or DDP were detected by quantitative fluorescent
PCR. Results: The ICs, values of PTX and DDP were 10 and 5 pg/mL, respectively. MICB, ULBP2, and ULBP3 on EC9706 cells were
upregulated after 24 h culture with 1/2 1Cs, PTX (P<0.05), and the expression levels of MICA, MICB, ULBP2, and ULBP3 were higher
after 24 h culture with 1/2 ICs, DDP (P<0.05). Cytotoxicity of CIK cells against EC9706 cells cultured with 1/2 ICs, of PTX or DDP at
E:T of 20:1 and 30:1 was significantly enhanced compared with those untreated (P<0.05). The expression levels of DNA damage repair
genes did not significantly increase after 24 h treatment with 1/2 IC5, PTX (£>0.05), whereas ATM, ATR, CHK1, and CHK2 were over-
expressed after 24 h treatment with 1/2 ICs, DDP (P<0.05). Conclusion: PTX or DDP can enhance the susceptibility of EC9706 cells to
CIK cell-mediated lysis by upregulating the expression of NKG2D ligands through activating DNA damage repair genes.
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H LAk NKG2D (natural—killer group 2, member D)
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R R RALT IR & CIK 4347 i) e s R A
WIS IR
1 #MREEE
1.1 #rk

RPMI 1640 (3£ [H Gibeo 23 Al ) ; CD3 HLyr (DL 451
ProSpec—Tany TechnoGene /A F] ) ; FITC—CD4/PE-CD8/
PerCP- CD3 ., FITC- CD56 . PE- NKG2D ., FITC-IgG1 .
PE- TIgG1. i $iL A MICA. MICB, ULBP1, ULBP2,
ULBP3 M350 fl FITC bR ic 1h 40 B 1eG1 4T (£ H
R&D AT s FEFEH A AN R 2(0L-2, L T4
BEAYH SN ; TR -y (IFN-y, LG5
B 26 ) v B AR AT BR S W) ) 5 7 U 4 A 3 B2 9 (R B T
TP A ) AT BR A B ) s RNA 42 B0 570 6 (18 ]
QIAGEN A 7] ) ; 5t it PCRIRXF £ (3 [ Life tech-
nologies 23 A ) 3 LDH B i 55 128 5 £ ( 32 [E] Promega
N BRI (I R R AR B 1 25 b I A BRZA
A A (=R A YRS b2 A FD) s NB S
It EC9706 AR (AR LI R RAF) . AT EABLR
PR e ER
1.2 Hik
1.2.1 51¥it 54 M Primer Express 3.0 4K
Wi DNA #1405 18 &2 JE K (ATM ,ATR . CHK1,CHK2
P53) e B-actin FEHFE 5191 (R 1) , &L E E A AEY)
HARAE BB R 22 BLAST 503 J5 , i [ 1 e 4

#=1 DNAIMAIEEEE K B-actin EES 455

Tablel  Primer sequences of DNA damage repair genes and B-actin

122 CIK 4HRE A5 %% BEAR BE VA 43 5 il e A\ S
JoL I EAASZ 2A0 BL , 200 L 200 B 0 B R s, AR
ERIKBEEARAT A MR AZ A . RPMI 1640
JA 2 AL LR 5.0x10%mL, HILA 1000 U/mL [ IFN—y,
HUE 37°C, 5% CO IR F0 5 5% 24 h JG N AV BE R
50 ng/mL ) CD3mAb, 500 U/mL ¥ IL-2, LL54E2~3 d
TRINIL-2 M52 500 U/mL O el gk, 595 14 d,
ot = At L AR A I CIK 79 3% 28 3 2 CD37>90% . CD3”
CD8 *>70% . CD3 * CD56 >30% . CD3 * CD4 *<30% .
NKG2D>80% T35

1.2.3 EC9706 4iffuds3% MG FRE N & 10%)6 4
I35 . 100 w/mL 7 % £ F1 100 pg/mL 5575 Z i RPMI
1640,

1.2.4  MTT K PTX  DDPEEAM IR A (16s) B
XTEA R £ECO706 4 AL A B 22 5x10"/mL, £
T 96 FLAR , L. 200 WL, AP 2Pk BEA 3 AT 1L,
LS IR, 5537 24 WS, A3 B ARSI R BE R B 1Y
PTX .DDP(£2), 5% 24 h)5 , BLAIA MTT(5 mg/mL)
20 L, REERE TR 4 b W2 B3E A DMSO 150 wL.
FEHRA (P 490 nm ) K A 1B, THEEAIHIR, 43515
tF PTX .DDP (1) 24 h P HIE B (1C5)"

1.2.5 PTX.DDP %} EC9706 4 Jifd NKG2D [t {4 1) 5% i
K %8R K EC9706 i, LA 5% 10%/mL ik B
FERNT 24100 mL 3G TR 5558 24 hm 405l A
PTX DDP, {ifi HAk B2 S i -k BEAH S T 1/2 1Cs0,
DI ZG A0 R, 1557 24 h s, W4 PTX . DDP 4k
FEFT 5 A9 EC9706 41 S, PBS PEVE , 84, 1345 .
21 wg/10° 40 it 3 5 53 51 in A MICA (MICB ., ULBP1
ULBP2 . ULBP3 Hi457 , 4°CAE [ 30 min, PBS L35 F- 0
FITCFRiC A L FHT B IgG1 — T, 4°CH¥H 30 min, PBS
PevE e EAL, LIRS TG 1 Hik i B I . i =X
RS A3 BT 1 10* 4 B Hh BH P 40 B 55, 1153 4%
IR ZE B SR 3 IR

Gene Primer sequence Fragment size (bp)

ATM 5~GGTGGACATTATGAGAGCTTCTCAG-3" 139
5~GCAGCTTCCAACAGCCTCTAGA-3"

ATR 5~GAATGGAGTGCATGCTAACAGGT-3" 147
5~CCCAGTCTGACACTCCATGTTGT-3"

CHK1 5~-TGCTCCTCTAGCTCTGCTGCAT-3" 147
5-TCTGACACACCACCTGAAGTGACT-3"

CHK2 5-AGAGGCAGACCCAGCTCTCA-3" 158

5=CCACCACTTTGTCAAACAGCTCT-3"
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1 DNAMRMAIEEEE K B-actin BEIMIFS (8L 1)

Tablel  Primer sequences of DNA damage repair genes and B—actin

Gene Primer sequence Fragment size (bp)

P53 5-TCACACTGGAAGACTCCAGTGGT-3" 163
5-GGCAGTGCTCGCTTAGTGCT-3"

B-actin 5-TCCTTCCTGGGCATGGAGT-3" 162

5-AGTGATCTCCTTCTGCATCCTGT-3"

%2 [EIRE PTX.DDP Xt EC9706 4R A4 5E A HNHI 22 541
Table 2 Paclitaxel and cisplatin decreased the viability of EC97065 cell line
PTX (pg/mL) Inhibition rate (%) DDP (wg/mL) Inhibition rate (%)

0.2 6.74+1.05 0.2 4.77+0.68
2.0 13.42+1.72 1.0 14.36+3.96
10.0 50.64+3.54 5.0 52.39+3.47
20.0 79.92+3.03 25.0 87.87+£2.27
1.2.6  CIKIMEARAIETENET SR 4 h ZLER I S

TR 7% , Z: 8 Cytotox96 Non—Radioactive Cytotoxocity
Assay SCHPIR . BOSE AR I ECI706 4i At O
P2 2x10°/mL, $EF0 T 96 FLAR , AL 50 L. BEERHE
FeR20:1.30:1, LAKESE 14 d B4 CIK 200 50 4,
AAIRIHEE CIK 40 50 L, ¥ FEIH &b e, 174 h
LRI SRS . B RSEIN OD fR (1< 490 nm)
A3l HE CTK 4R 1/2 1Cs ¢ PTX . DDPAEFH 24 hiij |
JEHITECO706 AR A5G . RGE LR 20 : 16, R
PUNKG2D e BH KT CIK 4L 18 NKG2D 5244, [A]idsk
tH CIK ZHfI%T 1/2 1Cs PTX . 1/2DDPAER] 24 h 5 HYEC9706
LA TSR S A 3K
1.2.7 56 & PCR AN DNA 40518 52 3 H e ik
fifiFH RNA S50 63 IR 172 1C W EERY PTX . DDP
YEFH 24 h S ECO706 4HIAY RNA , S48 G HAS:
URA I i KT RNA B 58 ¢ DNA . 99GE B
PCR JZWifAZ 4 :SYBR Green PCR Master Mix(2x)10 L,
WS4 (10 mmol/L) 0.4 L, F #5147 (10 mmol/L)
0.4 WL, cDNABEHT 1 WL, MK 2 AR 20 WL, Bk
PCR SR 25044 : 95 CHAEE 10 min, 95°CAEME 10 5,60°C
AR K/AEA T min, 2E50MEFR . SR FHARRTE AL AL
P&, LhB=actin HNZ:,Z=2", HirP ACI=Ct isaem—Clp wino
1.3 Seile#oadr

SEHGHIE R FH SPSS 10.0 GeiH Akt 41504 . %L
Pt LA wves TR, AL EOREZ (A1 FLBERH ¢ K256, DA P<
0.05 hERAGIHE X,
2 H#R
2.1 CIK 4R

WE 1R, B35 14 d s, i A 2 45 51
g : CD3*>90% . CD3*CD8*>80% . CD3*CD56>30% .

CD3*CD4'<25% NKG2D>80% , i &2 CIK 2 Jitd fit) < 74!
2.2 PTX.DDP X} EC9706 4 il fit) 2} 454 i e j&

W 2 fros, A [\ vk B2 ) PTX . DDP AR H T
EC9706 41 /ifd 24 h, Fifi 5 4 BE A9 34, XS e 4 i A
TR 2 658 , PTX . DDP Xf EC9706 A ff1f¢) 24 h
PEAMHNRE (1C50) 53510 105 pg/ml.

2.3 PTX.DDPYEHIHT . J5 EC9706 41 it 2 fi NKG2D
(RSN VA

WK 2 .23 [, PTX . DDP 4 H Fij EC9706 4 iy
NKG2D Bk 7o (it th Ze AR R B0 FE BT,
A FRRIF K GR) : MICA(27.54+0.90) % MICB(3.77+
0.90)% ULBP1(3.18+1.56)% .ULBP2(42.78+0.34) % .
ULBP3(4.82+0.49)%. 1/21Cs, PTX (B (1ih1£E) 5 EC9706
ML 24 h 5, EC9706 4 itd % 15l MICB . ULBP2 .
ULBP3 k84 E AT S4855 (P<0.05) ,MICA ,ULBP1
TJo AR 5 1/2 1Cs, DDP(£R AR ) 15 EC9706 41 i
L E 24 h J5 , EC9706 4l il % fif MICA MICB .ULBP2
ULBP3 &3k 1 i 3458 (P<0.05) , ULBP1 JC i ZPEAE 1k
2.4 PTX.DDPYEMIHT . J5 EC9706 4% CIK 4 it i
AU

R4 PR R L S10 20: 1,30 1, 1/2 1Cs i
JER PTX . DDPVEHIEEAEHIRTAH L, CIK 4HAXT EC9706
A A DTS PR L , H2E R A R E L
(P<0.05). AL 20: 1,40 NKG2D FR4TFH BT CIK il
0 NKG2D 22145 , CIK 4Hig X} 1/2 1Cs PTX  1/2DDPFE
FHJE ) EC9706 4t LA A1 1 43501 R (11.98+1.72) %
(11.2621.19) %, SYERATA 2= A Gt L (P<
0.05) , Jt NKG2D FAfiRHIKT CIK 41 NKG2D 2445
CIK 4Hffu X} 172 IC e 19 PTX . DDPAE 5 1Y EC9706
YA AT PR ] LA 25 S R G L (P>0.05) o
2.5 PTX.DDP X} DNA 5 45i1& 5 SLPH F 18 11 52 )

W5 FR, 12 10 ¥ BE B A 4E FH 24 h )5,
EC9706 41 il /) ATM \ATR ,CHK 1 ,CHK2 3£ [H 153
A 34 i (P<0.05) , P53 5k P 3 3k TG W 3 A8 b (P>
0.05) 5 1/2 1Cs ¥ FE 1Y 2 A2 BEAE HH 24 h /5, EC9706 4
MIF) ATM  ATR . CHK 1, CHK2 . P53 3£ [H 2 15 24 )G 1A
AR (P>0.05) .
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Figure 2 Expression of NKG2D ligands on EC9706 cells before and after treatment with PTX or DDP

3 1/2 105 PTX.DDP¥}EC9706 £MARNKG2D ELIAFRIAIEINE (%)

Table 3 Expression of NKG2D ligands on EC9706 cells before and after treatment with 1/2 1Csy PTX or DDP

Ttem MICA MICB ULBP1 ULBP2 ULBP3
Control 27.54+0.90 3.77+0.90 3.18+1.56 42.78+0.34 4.82+0.49
DDP 36.61+1.32% 19.91+1.32% 4.47+0.23 48.33+0.12* 16.06+1.00*
PTX 26.90+0.39 39.59+3.18* 4.34+0.15 52.80+0.44* 12.45+0.99*

#*P<0.05 vs. control
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%4 PTX. DDP{EFIH. /5 EC9706 4R A% CIK 40 A Y 3 15 8%
REMEELER  (was, %)

Table 4  Cytotoxicity of CIK cells against EC9706 cells before and after
treatment with PTX or DDP (xzs,%)

Item 20:1 30:1
Control 37.08+0.62 44.84+1.06
DDP 59.33+2.10% 68.11+0.86*
PTX 57.65+0.60* 68.21+1.01*

#P<0.05 vs. control

%5 PTX.DDP X} & &% EC9706 40 DNA 151445 18 B B E R X
GOEATD)

Table 5 Expression of DNA damage repair genes of EC9706 cells before
and after treatment with PTX or DDP

Gene Control DDp PTX

AT™ 3.82E-03£1.47E-04  6.36E-03£5.23E-04* 3.07E-03+8.02E-04
ATR 4.87E-03£6.34E-04  7.78E-03+2.44E-04* 4.04E-03x3.51E-04
CHK1  4.03E-03+7.53E-04  8.28E-03+1.66E-03* 4.45E-03+4.57E-04
CHK2  3.54E-03+5.22E-04  5.85E-034.14E-04* 3.01E-03+1.14E-04
P53 3.37E-04£7.63E-05  4.73E-04+9.49E-05  4.31E-04+7.09E-05

#P<0.05 vs. control

3 1Tt

A7 FISE [ 367 VR Ay B 0 g S5 3 R 2R T 7
e, LB 0 2 T 5 SR B . SR Ak T R
1Y TT XA G 2E 22 5 119 52 i) B 6t 2 A L o e g
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REZ VA ™, B TR TR IR YT 12 b 40 i 1 s A
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NKG2D-NKG2D BL A5 538 B 7E Bt g S e o
KA AR, NKG2D 235 78 NK 41 ifd . vST 41 it #1
CD8"T 2t i R 18T , 2 ML G2 4 Mt e 14 3 23 Ak
PESZRT . NKG2D BeiR WK™ : MHC-1 285
F 5T A 8% B(MHC class 1 chain—related molecule
A or B:MICA ,MICB) }2 UL16 %54 % 4 (UL16 binding
proteins: ULBP1, ULBP2, ULBP3) , NKG2D Fitfk) 1z
IR T8 240 b 1, D28 40 B 1T NKG2D 32 1k 5

i 927 24 i 3R T NKG2D FCAR 25 G, W & Bt i ieg 4 9
N
CIK 4t fa & NS I oA~ A% 20 B AE AR Sh 22 2 /b

20 it PR - [ 4% 2 — BE I 8] 5 3R A5 9 57 J03 400 LR

T RER 4 I T 934 NKG2D 3244 . CIK 28 it xof fihogg

Y JEL R 55 1 A 5 NKG2D 32 14 il i 922 44 it 5 T

NKG2D FCARSS &, BTk 2 FL R FSURL I A2 $5 40 b e

FEAI™ . NKG2D FCiR IR T Igd 4 i 22 1m , 2 CIK

24 L T E ) e g 24 L %) S, 3 0 NKG2D Pie i 5k

TR 2 Y5 CTK A 0T e 4 L %) 5 A T P

ifF 5% 2 W DNA $i 4 [ 1 fig i 2l DNA #1018 2 R4t

I 7% DNA $5 15 & &2 AH 3¢ £ [ (ATM, ATR , CHK1 .

CHK2 . P53) 4535k , 111175 5 /i 88 24 Jfd 35 17 NKG2D

oAk , BT G0 A0 AP e v

107 2 W B B R i R RIR T T B, PTX

DDP ARSI B HE AR EIRITY T 5 o ANBF5E

IE 52 PTX ., DDP 1E Fi§ EC9706 41 il J , CIK 41 Jifd Xf

EC9706 41 i i A8 47535 PR B B 2 5 , 2B PTX . DDP $2

1= T EC9706 21 L%} CIK 20 il A8 05 B BUske: o b —2b

Xt PTX . DDP 2 =5 EC9706 4 g %F CIK £ ity 7% 455 Uk

PERIHLEI AT T RESE, 453 R PTX  DDP 4 RE 2 &

EC9706 4 it % i NKG2D Bl iR 35, DDP &l it

DNA #1453 5 i | 7% ATM . ATR .CHK1,CHK2 %k 'k

FEVEFR 10 PTX 9% NKG2D FeAR 2234 7E ] 5 DNA #i

PO TEG , AT R SR A2 I A A7 22 43 2400 i 571

ANHE FL 4218 1L DNA #5050 OC , MO o LA f itk

— 5T o

Il A Z2 I UESE , AP G A K CIK A A
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