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[ Abstract ] Background and objective Lung cancer is the leading cause of cancer-related deaths worldwide. Ap-
proximately 15% of all histological types consist of small cell lung cancer (SCLC). Chemotherapy is one of the major treatment
method. Though the current first-line standard chemotherapy regimen for SCLC is active in most SCLC cases, however the
disease recurs shortly after the first successful treatment with multi-drug resistance (MDR) phenotype. Our previously study
showed that SPHK1 was associated with MDR in SCLC. The aim of this study is to investigate the role of sphingosine kinase 1
(SPHK1) showed in small cell lung multi-drug resistance. Methods Firstly, the analysis of QRT-PCR and Western blot were
used to study differential expression of SPHK1 from mRNA and protein levels in both the H69 and H69AR cell lines. Then,
Downregulation of SPHK1 by transfection with siRNA in H69AR. Moreover, the sensitivities of cells to chemotherapy drugs
such as ADM, DDP, VP-16 were detected by CCK8 assay. The change of cell cycle and apoptosis rate were detected by flow
cytometry. Meanwhile, expression of SPHK1 in clinical specimens were detected by QT-PCR and immunohistochemistry. Re-
lation of SPHK1 expression with clinicopathological features and prognosis of patients was studied. Results The expression
of SPHK1 was significantly decreased in H69AR cells that in the H69 cells. The sensitivities of H69AR cells to chemotherapy
drugs were increased when up-regulated the expression of SPHKI, enforced SPHK1 expression increased cell apoptosis and
the cell cycle arrest in G,/G, phase in H69AR cells, the expression of SPHK1 was not associated with gender, age, but signifi-
cantly correlated with clinical stage, chemosensitivity and overall survival (P<0.05). Conclusion Our results suggest that
SPHK1 is involved in the regulation of small cell lung cancer multi-drug resistance, SPHK1 may be as potentialtarget gene to
evaluate the chemosensitivity and clinical prognostic for SCLC.
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/N (small cell lung cancer, SCLC ) B4 i
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A -1 ( sphingosine kinase-1, SPHK1 ) —Fh
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K, AHXS 375 49,000, HATC LB, 1EAZEFI/N
SR 2 £ 76 SphKUFI Sphk2 i A S A i . A 254
SphkERIAL T 175 4 @ fA, Sphlkafi, F195 4 fafk, Sphkl
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JEPTa e B R ) 400, R DextraniITFE7L | ARUERY
o 85 8 B .0 1 ) 1540 B SCLC L Wb A oA A% A
HAGPBRUNT - i HJCTR R M B S CLCHR J& i ik i %
FAERIME (FEDTABLEE ) 1, A0 Z— &R
6% DextranT-500/0.9% NaCIZZ @ Hi{FIVR 5], 37 CARIBITIE
30 min-45 min, FFIIFESEANG, /N0 B2 G AE
L, 2,500 rpm/mingf.030 ming £ B, IREREIRTT
UE, JIMATrizol 1 mLFS A XRNARBFHIEPE H, Jil-80 °CLR
fro 760 EEHZEP 7% [ it (VP 16) MiisH
(DDP) | fbJ7, AMRAEATCIZ B oHtfE, irf
BEEBMERE . B 2i7ef g HbiE
By, BEDT OIS REY I AT, BTN S
—MAEDL . R IREEIR MO R . BV SRR 2 H
W1, RIRFEVTE 201448 1 31H , Fh 7 Bl R] 2924
M, BREVIEUEH , RIRAEAE340], FET4201, Jok
Vil

1.2 FEH] RPMI-164085 55 ( Gibeo ) 5 R4 IMLTE
(Gibco ) ; opti-MEM ( Gibco ) ; Lipofectamine 2000;
JEERG (0.02%EDTA ) ; A . Bu%: 2 AUKFLIA I A %
Bzl CCK8 M TRl iRl & F 38 < KA
Trizol RNAIRG & . RTIH & . Taqfiff . PCRIAH| &4
Fl Invitrogen/A 1), 45 155 cDNAG MU &l A Rk 54
AN E REPUN RS ESTARSPHK1I [ 22 [ESanta Cruz
ol BURIgGhil AR ( B ) AYABR A,
1.3 B2y B TAES, MR, SR RE O
Bl AR BRI 2t E mPCRIL (Eco) ;
FAC-Sort U7 s e ( Becton Dicksongon/A ] )

L4 YiffI R ASCLCHUSAMIK (H69 ) Kot fn e Zift 24
HI AR (H69AR ) il H £ EATCCAH .

1.5 ik

L.5.1 USSR ALAC 1 HIRPMI-16408% 77 BL A 40 fu 4™ 1
IR EL, HOOAMubRE SR I 5 15% 0 2F I, HE9ARA Y
MREEFR LB 200 020 L3R o HEFRA51F: 7237 °C. 5%CO, 4
JHLREFEHE

1.5.2 SEH G E TR PCRAMT SPHK 1 A mRNAZ 15 [ Trizol
RNAGH 2 HGE9 . HOOARZN gtk Hh SRNA, #fffE
HRUEH P T D S RNAYKIE , B ug RNAFZ I 5)
G ORI E VLS U cDNA, SR 5 LLiZ cDNA AR
PCRAY 14 4 2 L SCLCAH g Hh I RNAZEA T 5% 58, SR
SYBR Green L HAA 7 S22 E S PCR, SPHKI M N2 i
GAPDHI G WP AN W3R 1, 5% 55 2 v S PCRY 3 2 IR
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% 1 SPHK1 R M5 FGAPDHRIS 411551
Tab 1 Primer sequence of SPHK1 and GAPDH

Gene Primer
SPHK1 5" -ATGATCCTCTTGCAACACG-3’

5" -CTGCAAGAGGCAAGGAAG-3’
GAPDH 5" -GGAAGGACTCATGACCACAGTCC-3"

5" -TCGCTGTGAAGTCAGAGGAGACC-3’

WA ST T, LASPHKIFEN ) E TS 40 7PCR
i, PCRI W AESERT B B PCRIWAL EEFT; [ 4k
. 95°C30s, (95°C55,60°C30s) *40 cycles, 4°C,
LN G5 TR 5 fifiiAReal Time PCRFY 3 iy £ g fge ith 26 |
HEATPCRIE I IVERR LR . FEIR i ik F=2,
T T S SR AR S B A A :URQ=2 Y ik alk
158 . A Act= CREAE S B A JE K Ceig 24 {H -
FRNEEA B ZIE R CFEIE ) - (XTREFES I E
) 2 EAL 18 C i) - SA{H - %o BEAE AR 19 7 5 58 R i) ~F- 1
H) .

1.5.3 JEFIAAN FsiRNAF YL H69ARY L ¥
A E R TSPHKIB SiRNA ( RNAi#1:
GGCTGAAATCCCTTCACG; RNAi#2:
GGGCAAGGCCTTGCAGCTC ) E A% ¥R ¥ 41 S BV
XTHRFES (NC) , Y AH6OARZNM , HYLpfi— K,
W5 385 224 200 i e B A H6 9 AR it B Y 42 il - 7S FL % F W
t, HigR24 b, (AN AR KR IK60% /5 4 . ¥ siRNA-
lipofectamine 2000747 ( 500 uL/FL ) IIA A 4 2 1.5
mL/fLOpti- MEMIEFRIK 3G Fetirf, RHRe, 2R
Go HEAE T37 °C. S%COME A #5574 h-6 h5 it
BRI S YT 24 WG L SRIA R 281k, 48 hiEH:
M RIA

1.5.4 Western blot/}fiTSPHK1E 13815 $EEUAHIE B
(P eE ARG &) |, BCAREME R, H&H
VKEERE, BALTPAESO ugdE I, Z:10%SDS-PAGESS, Hi
¥ 2PVDFEL, 1S glitEYI4/100 mL TBST 14} 4] ik
HE B A2 h TBSTEEME3UK, HEKS min, AIARATA
SPHKIHL i (1:200) §¥H, 4°Cilf. TBSTEEPE3IX,
FCS min, ] HRPFRICH bt lIgG ( 1:5,000 ) W7, 37
°C, 45min, TBSTIEPE3K, FHRSmin, MAREGH, W
‘FE610s-10min, T2,

1.5.5 CCKSVEAGIN 24 W) HUStt: X504 K I i i i 5
x10°4>/FLEEFPF o6 LG IR b, 1R PN REAL . $59R24
hig, BRI 25 n ARG SR B IR A T AT LU R, AN

[l B2 43 S & B9 AL, IR $ g PR X B
fL, AW S axF AL, PEPEXT AL S
AL, AMMAE S 2R Ak b SR 24 hE , I ACCK8J )i
W, 1E37 °C. S%CO}EFRAH HE 971 h-4 hF TERGHR Y I
WMI450 nmMOEREE . WA (B2 EE A ODIH -1
{H-25 FALEME ) /A 25 BHAE XS BEZH P S48 R oy
B B N AR AFIG 2. B SR, MRS
iV BEA AR 2, MRt 4.

1.5.6 A TR XA KA 4n i Ll 4x10°/FLEERD
Teflfir; 37 °CHigr48 hy WUEEANM, PBSUEFR2IK;

2 {0 52 F100 pL % Annexin V-FITCHI 0.5 pg PIfY45 & 2%
M (10 mM HEPES pH 7.4, 0.15 M NaCl, $ mM KCl, 1 mM
MgCl, 1.8 mM CaCl, ) H1; JEZEIRBFE 15 min; fil A400 uL
G AL BT

1.5.7 2 A LSO I BOGT B R A L, H10.25% B i
FIiEF10.02%EDTATH AL AL, PBSPE2IK, FH75% L BEUK
Wl E24 h, SR I 19BSARPBS FE R AT kA2, PI
Y5 AT AN A 5 T Cell Quest 3R A4 73Hr 4% 2H
I BRI TE 200 MR 19925 s AR A A B A

1.6 SiitF )ik I Se i A Rk HISPSS 13.054t 114k
AT 50T, R AR5 5% One-way ANOVA T L 74811
53HT, DiMeantSD3RIR ., SPHKIMYFRIE S &Il RS
B 8] 1 56 Z A8 1 Chi-Squaret 3, A= 4753 Hr H Kaplan-
Meierit:, P G845 A LIP<0.05 K 25 F HA G ¥
X

2 HR

2.1 SPHKIFENGIRA LA L Sy 8k E ik
M SPHK17£ 76 (51| SCLCZH R A K Ja 55 1 4L () 2k
Hrb BE3sH, ka1 BFEAEWRI0L-75%, T
HEWES0%, SO LUTT BF41], S0% KL FHE#E3sH);
JRBR A 340, iz A4 . XAk UG 2841, %)
feyvit 2548, 25 RN HRssagiis (E1A)
SPHK17ESCLCZ 2 H B M3k A7 T 4t i i e A e (&1
1B) , TESCLCZHZIH FHMERIE%H69.74% (53/76)
TEFR S H AP BIYERIBAN8.70% (4/46) , ERHAA
it L (P<0.01)

2.2 SPHKI{ESCLCZ S iy ik S I 5 11 R BRARAIE
OCFR SPHKITE J % /B 35 i FH P R ik 26 4 74.29%
(26/35) , TELMHEHFPAHAMRIEFEH65.85%
(27/41) , WiHMSPHKI MR IXEE R LG EE
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X (x=0.636, P=0.425) . SPHKIZEA#ALS0% il 3 v
BHEF IR 470.73% (29/41) , 7ESOZ DL I35 FH
PERIXZN68.57% (24/35) , Wi HISPHKIFHMEFR A
IG5 L (x'=0.042, P=0.838 ) . SPHKI7E =R ]
(LD) BEP R PHIPERB R HRS52.94% (18/34) , {E]
2 (ED) BE iy FIvE#RIk%483.33% (35/42)
WHEMSPHKIMAM REFE R HAFRIT¥E X
(x’=8.224, P=0.004 ) ., SPHKI7ELI AU F v i B
TR K 46.43% (13/28) , TEALIT 25 F8 3 v 0 BH P
FIKFNB83.33% (40/48) , Wi (Y SPHKI FHM:F ik %
S HA G #E X (’=11.412, P=0.001), SPHKI{Eff
B E PRy BAPER IR AN 47.06% (16/34) , TEFLT MR
Hrh iy AYE A% 488.10% (37/42) , Wi AYSPHKI
PHPE A %22 5 HAA it X (x'=14.993, P<0.001)
(#£2) .
2.3 SPHKI7ESCLCHH Ak K I i A A Hh (1 ik anf&l
2Af 7%, QRT-PCRZE L i /R H69ARAN fif b H SPHK 1 /1Y
mRNAFREKHOOAN B BT 55, 257 BG4 E X
( P=0.001) ., Western blotZ 3t T/~ 2R 25 B H69AR
H Y SPHK AR [ 1) 5 B UR MR H69 T 7 ( P=0.007 )

% 2 SPHK1HYPRERIA S B E IRRFFERIX R
Tab 2 Association of SPHK1 with clinical parameters

(E2B) ; QRT-PCREGHAE/RALI T 24 He 3 il i br A
SPHKI1 )X & TR R E, 25 A%
2R (P<0.001) ([E2C) .

2.4 T ESPHKIMY A 5 41 i XAk o7 25 4 o vk (7 22
1 183 SiIRNA R JHH69ARAN i bk HH SPHK 1Ay 3k, il
1 QRT-PCRAGNSi-SPHK 1A T4 ACK,, WIEBAFIR,
HG69ARN %% YL SPHK1 /N THERNAJS , 525 %) I
H69AR J [ %t BEH69AR-NC [ %, H69AR-Si-SPHK1
i g P SPHK 1 323k T F476.3%, %S5 HASIT¥E X
(P<0.001) , CCK8FM LT 25 W URPER 2L, 45
/8 T JHSPHKI RS, difuxifbyr 259 DDP, ADM
JeVP-16 [ UM E R B30, AR/ TE R RRAL, 2R H
At L (P<0.01) (EB3B-EIB3D)

2.5 NIESPHKIAY A 5 4 s B AN T/ 28 4 Ji=la
JH A A A0 A4t e SR B A5k, R A HE9ARAH Jifd i SPHK 1
fZ23K )5, H69AR-Si-SPHK1Z 4 il J& WA G,/ G J 48 Jf
H69ARY] Jt H69AR-Si-NCA B 34 £, SHAAN iy B {2 ik
o BERARIRTT JH SPHK I 4 i J& 19 & A= Go/ G 9 BHLHi
( Kl4A, P<0.001) . @3 SiRNAF; AR T HHG69ARA JIET
P SPHKI1AY 1A fFH69AR-Si-SPHK 1 2H 41 fifd i) I T 3% Ay

Patients characteristics SPHK1 expression X2 P*
Low High*

All cases (n=76) 23 53

Age 0.042 0.838
<50 12 29
=50 1 24

Gender 0.636 0.425
Male 9 26
Female 14 27

Disease stage 8.224 0.004
Limited disease (LD) 16 18
Extensive-stage disease (ED) 7 35

Response to chemotherapy 11.412 0.001
Response 15 13
Refractory 8 40

Survival state (3 mo-38 mo) 14.993 <0.001
Survival 18 16
Death 5 37

*The median expression level was used as the cutoff. Low expression of SPHK1 in 23 patients was classified as values of 2-2<t below 1.0.High

SPHK1 expression in 53 patients was classified as values of 2-24<t above 1.0. *For analysis of correlation between of SPHK1 levels and clinical

features, Chi-square Test were used. Results were considered statistically significant at P<0.05.
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1 REFALZEERNSPHKIZE SCLCESEALR (A) REHLAF (B) %
i% (X400)

Fig 1 The expression of SPHK1 was presented in the para-carcinoma
tissues (A)and carcinoma tissues (B) (X400)
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B 2 QRT-PCR#Western blotZEmRNAZKE (A) FFEHKTE (B) #MH69
RH69ARHHARSPHKI#IZRIE ; C: LIT M 25 B & 5T BURM B E MRAR
ZAHSPHKIHZ R RIE, **5H694LE, P<0.01.

Fig 2 The expression of SPHK1 mRNA (A) and protein (B) were
detected in H69 and H69AR by QRT-PCR and Western blot; C: The
differential expression of SPHK1 in chemosensitivity and drug

resistance patients. **compare with H69, P<0.01.

(24.329%%0.406% ) i 15 F25 [ X BEH69AR ((S.14%+
0.067,2% ) J B XT HEH69AR-NC ( 6.07%+0.087,6% ) £H4
M, ZSHAG L (K4B, P<0.01) , &R T
SPHKI1 [} ZRiA e AL HE T HOOARAM LA IH T .

2.6 SCLCREE LA MG Hr K HKaplan-Meier7k ATt
SBE A AR]85 0 AR I AR A I ] ) R A
W ITCHOCHE, ZR TGt E L (P>0.05) 5 BIEHI5r
W1, BE RS AR N SPHK 12635 5 B E 1 A A%
FTRIAHOG o oy BRI A8 3 A A A I RIS T 2 iR
S HAGH 5 L (=7.796, P=0.005, KISA) ; Xf
fRI7 USRE I AR K T 25 8 %, 25 a5
275 Y (’=8.985, P=0.003, [K[SB) ; SPHKIfkZikH
TR K TRREESR, ZEREAGITFEX
(x’=27.385, P<0.001, [5C) .

Cox [l I 43 H7 F 3 B ME R . A0 . B 43 9 .
97 U ME M SPHKIM R IX 5B EWFHXR, K
P 43 3 N SPHK 1 RJ A S k57 iy Tl s XL, 0 1
7 R ) A X A B FE 2,261, 95 % AH X A i B 1 AT {35 X i)
H(1.225-4.172) , ZRHASIFE L (W=6.813,
P=0.009 ) ; SPHKI = # ik ARG 45.431, 95%4H
XoF G BE (AT AE X E) Ry (2.484-11.875) , S HASIT
#E N (W=17.976,P<0.001) (3) .

3 g

Jit i 2 22 4 X N 288 Mt £ T e R ) S e
Z—, R ML ARIGRRE, ZECEFE T 2T
58 HOGHE P TEIE /Nt ( non-small cell lung cancer,
NSCLC) 497 |, MiSCLCHILIGRIRRIEK, T
R ST E R BE U AR MR+, 2407 T i
RS, SCLCHIAIT LA & B by7 &, BEAHUT T
ARKFEELOST T BTG R EARST — MR BBy Ak
TR 250567 5 48, IR SCLC IR Wby U
AR Bt B MD RT3 B0y 7 00 R, fnfaf 5g
NRSCLCHyT 254, , BRI IR FiRY 7 SCLC K 4% i e # 4E
TG TR SER A A7 I [R] 20575 il D B2 ] . SCLCHY
ML RS 2, BAZMERS5HT), Ak
BN 25U 4G . ORA SMERAE TR IABC
FIGEHL A P-HE ] ( P-glycoprotein, P-gp ) . Jifiifi 24 25
(lungresistance-related protein, LRP ) 251 fE %1k, @4f
MU RS S, RN SFAEG . A Bk iRIG S5 O
BT T RS sR, BT T AR Bel-2 . emycSE ] B
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% 3 CoxEARHERMINSTE. SPHKIBRIEKFEENSCLCEETRHX R

Tab 3 Cox regression analysis on relationship between disease stage, expression levels of SPHK1 and prognostic of NSCLC patients

Variable B SE Wald P RR (95%Cl)

Disease stage 0.816 0.313 6.813 0.009 2.261(1.225-4.172)
Age -0.181 0.419 0.185 0.667 0.835 (0.367-1.899)
Gender -0.218 0.426 0.262 0.609 0.804 (0.349-1.854)
Chemosensitivity 0.282 0.425 0.440 0.507 1.326 (0.576-3.051)
Expression of SPHK1 1.692 0.399 17.976 <0.001 5.431 (2.484-11.875)

NSCLC: non-small cell lung cancer.
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B 3 TASPHK1HIR LR ML T 25Uk, AL HB 2 SPHKIEISIRNATE, ZEMRNAKE M EFHIE, H6OARAZHXTH ; HE9AR-NCH
FAETER s H69AR-Si-SPHK1 4454 SPHK1 A H69AR4R MR SPHK 1A% ; CCK8H& M TRIH69ARF SPHK #ZR % &, 4R B x4 77 Z54ADM  (B) , DDP (Q)
KVP-16 (D) HIBURIERIE (L. **5H69ARKH69AR-NCRELER, P<0.01. DDP : A ; ADM : B E% ; VP-16 : fRIEiATE.

Fig 3 The sensitivities of cells to chemotherapy drugs were measured after H69AR cells transfected with Si-SPHK1. A: Expression of SPHK1 after
transfection of SPHK1 siRNA in H69AR cells. The sensitivities of cells to chemotherapy drugs ADM (B), DDP (C) and VP-16 (D) were measured
after H69AR cells transfected with Si-SPHK1 or mock by CCK-8 assay. **compare with H69AR and H69AR-NC, P<0.01. DDP: Cis-platinum; ADM:

Adriamycin; VP-16: Etoposide.
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Fig 4 The cell cycle (A) and apoptosis rate (B) was detected by flow cytometric analysis after transfected with Si-SPHK1
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Fig 5 The relationship of survival time with disease stage (A), chemosensitivity (B) and expression of SPHK1 (C) by Kaplan-Meier assay. LD:

Limited disease; ED: Extensive-stage disease.

AT — 2 W IER A& (KRR T SCLCHSPHK 1Y
Fak, (AL AS I T X Ao BBOER RN i 24 AR IV bR A
SPHKI1f) 2 R 3kik, 45 58— . FfiJ5 i1 SiRNA
FIESPHKI IR, & BRAN B X ALTT 259 i B0k i
WG, T UHSPHKL P IA J5 A TR B3, A
SR K A Go/ G B A, SPHK1MY A 5 B A5
IR TOM M, ZR G FE L, SREMLITH
VI B BUBAE B R AR R TR OG, 2R EA
Giitap i L, AW R SCLCIITH 25 HLH i B gE it 1
— 3 [ S FE Al RN AR (5T J7 1] o {HMDRAY & AE AL
HlAER 24, Z R TER T 5 734 ) X SPHK1
R, HrhamEn, wammsEn. Hik

HRERE

SPHK17£SCLCIl 24 i ity EAKYE FHLE , w4 75 ok — 2 F
GEIMULE B

2 £ XM

1 Flahaut M, Meier R, Coulon A, et al. The Wnt receptor FZD1 mediates
chemoresistance in neuroblastoma through activation of the Wnt/beta-
catenin pathway. Oncogene, 2009, 28(23): 2245-2256.

2 FangS$,ZengX, Zhu W, et al. Zinc finger E-box-binding homeobox 2 (ZEB2)
regulated by miR-200b contributes to multi-drug resistance of small cell
lung cancer. Exp Mol Pathol, 2014, 96(3): 438-444.

3 Nagahashi M, Hait NC, Maceyka M, et al. Sphingosine-1-phosphate in
chronic intestinal inflammation and cancer. Adv Biol Regul, 2014, 54:

112-120.

HRERE

www.lungca.org



Hp i A 20 144F 11 A 17555 11

Chin J Lung Cancer, November 2014, Vol.17, No.11

* 777 ¢

4

10

11

12

Akao Y, Banno Y, Nakagawa Y, et al. High expression of sphingosine kinase 1
and S1P receptors in chemotherapy-resistant prostate cancer PC3 cells and
their camptothecin-induced up-regulation. Biochem Biophys Res Commun,
2006, 342(4): 1284-1290.

Sobue S, Nemoto S, Murakami M, et al. Implications of sphingosine kinase 1
expression level for the cellular sphingolipid rheostat: relevance as a marker
for daunorubicin sensitivity of leukemia cells. Int ] Hematol, 2008, 87(3):
266-275.

Guo L, Liu Y, Bai Y, et al. Gene expression profiling of drug-resistant small
cell lung cancer cells by combining microRNA and ¢cDNA expression
analysis. Eur J Cancer, 2010, 46(9): 1692-1702.

Xiao F, Bai Y, Chen Z, et al. Downregulation of HOXAI gene affects small
cell lung cancer cell survival and chemoresistance under the regulation of
miR-100. Eur J Cancer, 2014, S0(8): 1541-1554.

Li D, Zhang Y, Xie Y, et al. Enhanced tumor suppression by adenoviral
PTEN gene therapy combined with cisplatin chemotherapy in small-cell
lung cancer. Cancer Gene Ther, 2013,20(4): 251-259.

Olszewski U, Deally A, Tacke M, et al. Alterations of phosphoproteins in
NCI-H526 small cell lung cancer cells involved in cytotoxicity of cisplatin
and titanocene Y. Neoplasia, 2012, 14(9): 813-822.

Michaelsen SR, Christensen CL, Sehested M, et al. Single agent- and
combination treatment with two targeted suicide gene therapy systems is
effective in chemoresistant small cell lung cancer cells. ] Gene Med, 2012,
14(7): 445-458.

JiL, Li H, Gao P, et al. Nrf2 pathway regulates multidrug-resistance-
associated protein 1 in small cell lung cancer. PLoS One, 2013, 8(5):
e63404.

Wallington-Beddoe CT, Bradstock KF, Bendall L]. Oncogenic properties of

13

14

15

16

17

18

19

sphingosine kinases in haematological malignancies. Br ] Haematol, 2013,

161(5): 623-638.

Kalari S, Moolky N, Pendyala S, et al. Sphingosine kinase 1 is required for

mesothelioma cell proliferation: role of histone acetylation. PLoS One,

2012, 7(9): e45330.

Tan SS, Khin LW, Wong L, et al. Sphingosine kinase 1 promotes malignant

progression in colon cancer and independently predicts survival of patients

with colon cancer by competing risk approach in South asian population.

Clin Transl Gastroenterol, 2014, 5: eS1.

Meng XD, Zhou ZS, Qiu JH, et al. Increased SPHKI1 expression is associated

with poor prognosis in bladder cancer. Tumour Biol, 2014, 35(3):

2075-2080.

Malavaud B, Pchejetski D, Mazerolles C, et al. Sphingosine kinase-1 activity

and expression in human prostate cancer resection specimens. Eur J Cancer,

2010,46(18): 3417-3424.

Beckham TH, Cheng JC, Lu P, et al. Acid ceramidase induces sphingosine

kinase 1/S1P receptor 2-mediated activation of oncogenic Akt signaling.

Oncogenesis, 2013, 2: e49.

Qin Z, Dai L, Trillo-Tinoco J, et al. Targeting sphingosine kinase induces

apoptosis and tumor regression for KSHV-associated primary effusion

lymphoma. Mol Cancer Ther, 2014, 13(1): 154-164.

Rosa R, Marciano R, Malapelle U, et al. Sphingosine kinase 1 overexpression

contributes to cetuximab resistance in human colorectal cancer models. Clin

Cancer Res, 2013, 19(1): 138-147.

(Wi : 2014-03-25 f&[A]: 2014-05-01)

(ASCHE MR )

Cite this article as: Yang L, Hu HL, Deng Y, et al. Role of SPHK1 Regulates Multi-drug Resistance of Small Cell Lung Cancer and
Its Clinical Significance. Zhongguo Fei Ai Za Zhi, 2014, 17(11): 769-777. [#2%, BAULbK, A F, 4. SPHKILEN /N it i 22
225 PR VER. rhE 24k, 2014, 17(11): 769-777.] doi: 10.3779/j.issn.1009-3419.2014.11.01

HRERERERERE
www.lungca.org





