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Abstract

AIM: To investigate the effect of sphingosine
kinase 1 (SphK1) on the proliferation, apoptosis
and migration of colon cancer cells and to ex-
plore the molecular mechanisms involved.

METHODS: Cultured lovo cells were divided
into three groups: PMA group, DMS group and
control group. Cells of the PMA group were
treated with 100 nmol/L of phorbol 12-myristate
13-acetate (PMA). The DMS group was treated
with 50 pmol/L N, N-dimethylsphingosine

(DMS), while the control group was treated with
equal volume of culture medium. After treatment,
cell proliferation was determined by MTT assay
and colony formation assay, and cell apoptosis
was detected by flow cytometry. Cell migration
was assessed using Transwell chamber assays.
RT-PCR and Western blot were used to evaluate
the mRNA and protein expression of Sphkl and
FAK, respectively.

RESULTS: PMA significantly enhanced cell
proliferation and migration but suppressed cell
apoptosis, whereas DMS suppressed cell prolif-
eration and migration but enhanced cell apopto-
sis. Cell viability, colony formation rate, apopto-
sis rate and number of migrated cells for the con-
trol group, PMA group and DMS group were as
follows: cell viability: 0.71 + 0.03, 1.05 + 0.05 and
0.46 = 0.04; colony formation rate: 1.32% + 0.26%,
2.17% £0.17% and 0.73% * 0.13%; apoptosis rate:
16.25%, 9.15% and 32.58%; number of migrated
cells: 72.19 £ 3.36 vs 98.46 + 6.25 vs 40.48 + 4.27 (all
P < 0.05 vs the control group). PMA significantly
up-regulated the expression and activity of focal
adhesion kinase (FAK), while DMS down-reg-
ulated the expression and activity of FAK (FAK
mRNA: 0.151 + 0.008 vs 0.212 + 0.014 vs 0.114 +
0.021; FAK protein: 0.332 + 0.022 vs 0.374 + 0.029
vs 0.296 % 0.018; phosphor-FAK protein: 0.186 +
0.032 v5 0.234 £ 0.017 vs 0.112 + 0.023; all P < 0.05
vs the control group).

CONCLUSION: SphK1 enhances cell prolifera-
tion and migration and suppresses cell apoptosis
in human colon cancer cell line lovo possibly by
activating FAK.

Key Words: Sphingosine kinase 1; Focal adhesion
kinase; Proliferation; Apoptosis; Migration
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ik BARAL M Elovola Ik, %5340
R4, PMAZEA=DMS4E. PMAZA Ae AN ik
B5-12- 2 R Bs-13- LB BS(PMA, 100 nmol/
L), DMS#Lm AN, N-— W & 3} kB2 (DMS,
50 umol/L), X R mANFFo3E ik, XA
MT Tk Ae 51T ax, 55 BaAa ] 2m AL A K 3% 78 6%
T AL, AR 48 i KA 28 i B T, Tranwell
= AR LK 4 AL AT A5 A 89 AL, RT-PCR
M mRNA & & ik, Western blot# | & & &)
Fik.

R PMAR S Rutwmipneyresh, E45F
Fph) 2m A 69 A T, DM S 2 -7 k) 2m B vy 38
7., AL R B (AT R4, PMAZ
FaDMSZL 69 20 Je ¥ 3575 772 0.71+0.03 vs 1.05
+0.05 vs 0.46+0.04; L& mE: 1.32%+
0.26% vs 2.17%+0.17% vs 0.73%+0.13%;
TF: 16.25% vs 9.15% vs 32.58%; it £ tm it
#:72.19+3.36 vs 98.46+6.25 vs 40.48+4.27;
¥#1P<0.05). PMA 2 #1 i# b 5 #8885 (FAK) %9
E P Ae kA, AR DMS I A FAK 8 7 P An
FAE[AT A, PMAAADMSZFAK mRNA
#9 KL T&E: 0.15120.008 vs 0.212+0.014 vs
0.114+0.021; & &: 0.3324+0.022 vs 0.374+
0.029 vs 0.296+0.018; # B2 ALFAK(p-FAK Tyr
397)% &: 0.1861+0.032 vs 0.234+0.017 vs
0.1124-0.023; 35P<0.05].

4518 SphK 1 T2 8t lovosm it il 38 74 Fe it A5 4k
Jy 3t ¥ 2w e OB =, HALA] T AR LA T E
FAK:# ¥4 & ARAE 7.

SCHETR]: B EURE e 1; 2 E PEIMEE; R, AT B

PEVS, BARL, WHN, {IEE, 5. SphK14ESizElovo
MIROVIBE. TRABCOFIN. BRENBHRE 2012;
20(4): 276-281
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A B 1 (sphingosine kinase 1, SphK1)/MY
T 2E A0 I P Y A 1) PR, T 2
VA A0 B A A i B i AR, A
Ly B A2 Tl 1 1 W e 2 s 1 - ol 1 4 28 I (s p him-
gosine 1-phosphate, S1P). #F57 & B SphK1/S1P
(ERER LN SRR R YT NS = % 1 L C AN ] )
V) P10 2 fis R 85 B DA S Mg AR L e B (1) T i
S EHAERPLEI AR S T BB
M (focal adhesion kinase, FAK) & —Fh S
G930, 25 MRS IG5 %
SHBE I CREAL s WO AR TR B R 4
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SphKI1HiE 1, MELSphK X 45 i lovodll B ik
(RSGHE T SO R A5 A W 2 AT R 5% i e
XTFAKZRIE ISR, LUYTT il SphK 14 H] B St
o iINil

1 RIASE

1.1 #4 N 7iElovodl sk H m B P34
WIRHER AT B w5 A i - 12- 25t PR IR - 13-
ZIRTEFN B BT N SphK 15 7 [ Bk i A 2 [
Sigma-AldrichA 7]; Pt AFAK S v BE ST
H 3£ [E Cell Signaling Technology /A #l; Pt A
p-FAK(Tyr 397)H v FEHUAAIE A J: [ Abcam A
]; B-actinfll — I [13€H Santa CruzA#]; N,
N-Z UL Z B (DMS) A #&[H Merck-Calbio-
chemZ#; PUSMEE(MTT) A b5t KR
Hif PR w08 SR A I BE & N (RT-PCR)IR
U H 3£ E Promega /A @] ; DMEM( bl ) 55 57
H. BEARYAEZEGibcoA T ; A TR
Matrigelly) H 3¢ [E BD Biosciences A A].

12 7 ik

1.2.1 @mp3zde: N4 Elovodl Mk H %100
mL/LJR 4 M35 (DMEME; 77 3%, 7650 mL/L
CO,. 37 CIEEFRAA R IR, WO HAE K141 i
ik, LLSX 107 /FLIERAE6FLAR .

1.2.2 PMAFDMSFAKASphKImRNA & i&
#9% e 455 i A 100 nmol/LI¥JPMA(PMA
ZH)F50 umol/LIYDMS(DMS4L), LLA:#
IKARZG W o HEAH, AR5 9724 h, SRELAN I
BRNA, FIMMLV ¥ Sl e DNA. [ H]
Primer5. 04X F % 1FPCRY 3454, SphK1: i
51415'-ATGCACGAGGTGGTGAACG-3', N
51%15-GGAGGCAGGTGTCTTGGAAC-3'",
4 BOKBE 426 bp; FAK: B35 1415'-ACCT-
CAGCTAGTGACGTATGG-3', Fif5l14)5'-CG-
GAGTCCCAGGACACTGTG-3", ¥ '# H Bk
%4319 bp; B-actin LiF514)h5'-AGCCATG-
TACGTAGCCATCC-3', Niif5|# A5 -CTCT-
CAGCTGTGGTGGTGAA-3'", ¥ 14 Fi B 4228
bp. EXPCRF=HHL vk, HEM HL ik R R G40 1,
FHZR 23 BT A RO G FE (A)ME, BAH 4571 A
fH/B-actingk A (AL 7R 40 2 FmRN A AH
R IE K-

1.2.3 PMAFDMSFAK®E & &k W% %41
M EEFR24 WG IR, TR NI IR
UK IS 5, B0 Wk B AT B P41, n—4i4 CHR
DiEE IS, T AR A AR A T P

WA B A 08

AAFHEA,
SphK1#=FAK3
T i it MAPK &
NF-kB4z 5 i %
# v Bt B e 4g
A A, AR
ey A, A2
AR ERR
8 % AE A AUH

ik
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mUkAL 37O RSSO R 12 ,
H ERE L e T a
A, (RO EO R, R RGN, B o)
ERKI2A 455 (@ /i Rl A, 2R ARG FOA A = i o |
i# 3§ 7% NF - . € 0.8
«B, M dpklm S A{EH/B-actin A{H. = T
H@/}‘ﬂ'f: %él*ﬂ‘f%‘ > (f\‘. 2 B4 YD ‘; g e '@ 0.6 - a
KK msphK 1 MTT\%M/BI'J MG I J: O R lovo 2 2
W ki wooe AU, WOMECE KN, BRTO6ILIL, 12 b5 & 041
COX-2/PGE2#= 4 e /\H
ERIPIS MAark  HIREEE, 535 A 100 nmol/L PMA 50 pmol/ 02 L
frgas, i L DMS, % FOR AL 2100 mL/L I i
BIERNTCRED e i 3 e S 9, 4% 1 1L To 25 1 WA A sl

M3E IR, TN AL, ®igR24 b, fALn
AN20 puL(5 g/L)MIMTTH W, 4k8:559%4 h, 37
i, JMADMSO 150 pL##e V15 minf&, FE
IR A AT A AE 490 nimip KR %5 LA, %
W41 ¥ ).

1.2.5 F% 5T 5 3o A ) 4w 038 75 76 e 54
M43 R FR, BRI, F1 X 10740 /AL
FeRhTofLR, B3I, U5 iR
6L, 1405y, E37 'C. 50 mL/L
CO,MMBEFER T, il RE 777 A28 /S FLBR H B AR
Al IR 5 B, PBSYR/INCNEER AN 20, H ] 5
5 min, Z5 MR YL {015 min, M/KZEIS MR 2 G2 (00,
AT, B R NS L B, KT ER
T 500 M TE S — AN SE BE, JE VTS SO T
R, IR = (ve B RBP4 MU 20 X 100%.
1.2.6 #X g i KA m) 4m i 8 = & BUGNEUE K
WG, 41X 107440 i/ FLEE Rl o FLAR, B4l
FEAN3AL, A7 40 B W B 5 2 S 56 43 21T YA
DA R K AR 254 0 X A, PMAAAT I N 243k
J¥ 4100 nmol/L PMA, DMSZH N A 44k i 450
umol/L DMS, 7124 h/ii FH A S EDTA I B
AR Y, 4% J5 FHPBSYEIA 41 fd24 (2 000 r/min
205 min), JEES X 10°40 2, IIAS500 pL Bind-
ing Buffer& V740 HL, A5 uL Annexin V-FITCii
A1), MMAS pL Propidium Todide, Y%, il #E
JE V10 min, 1 h Ay BEAT 3240 H AR 5 A
RLI. A8 R 808 T2 3 A N A R AL
S0 AT 9 AME T Y 2 Bl B S R e T
FIIALE.

1.2.7 oot 4 25 4T FilE b, BREG 1L
A1, I 1% 00 B LS B I LD e Al i 2 7, 16l
240 B, TR AR AN M B 25X 10°/mL. Tran-
swell %1200 pL4i il &, Transwell I %
N600 pL40 IR AL, 37 CHEE24 h, Mk
Transwell L= [WAEIEFE 40U, 5 2 Transwell, {5
HHT, 37 CF0.1%45 5 4 430 minf5 I,
PBSIHUE, AHZE BB M a I, & FF bl

B 1 BAMEEEEEM. 'P<0.05 v WAL

MU AN WL BT OO R 4 i, 1 5P 341E,
DL AR Tk 6t B, 20 b s

it 4b38 R HSPSS13.0fImage Lab4t
THRAFEAT G2 ir. L RSB A 30K,
B8 25 B Dlmean + SDK N, K HAG 36 F1 LA
F T EIHT, P<0.05 K 25747 Goit2# 3 L.

2 BR

2.1 PMAF=DMS*flovosa fidg 3 & H 49 %5 vm 1
F124 h, PMA B A 3 45 1l 40 o (1) 4 58, DMS
DU A0 400 B F B B (P 1), 6 IR 4L . PMAAALRT
DM SA ¥ B v B 26 43 3l 9 (1.32% £0.26% -
2.17%%+0.17%- 0.73%=+0.13%), PMAZ ) v [
TE R H B B T X R 4L(P<0.05), HLow B AR
BR, MM A ANI R S, TIDMS4L) 5
B TE B H B R T4 B 41(P<0.05), Hooe bk
IR (K2).

2.2 PMAF=DMSsFlovoZa i /A % PMA i
AR &5 g A0 I K T (P<0.01), TiDMSHI &
P &5 e 40 B IR T2 (P<0.01). X HR4L. PMA
2. DMSZH 4 M T2 53 5l 2 16.25%, 9.15%A1
32.58%(K3).

2.3 PMAFDMS*tlovosm itLit 4% #t 7/ 49 % @
S . PMAZLRIDM S (13T # 40 i 55>
72.194+3.36. 98.46+6.25H140.48 +4.27.
Ext AL L, PMAYLE RS 4N i 40 & W) ) 4
%2 (P<0.01), DM S4LIT# 40 o Bom e >
(P<0.01, [€]4).

2.4 PMA#2DMS*FAK mRNA %A 49 % v PMA
Al LA %5 3 SphK1 mRNARIA T HFAK
mRNAFZik; A, DMSIHIHSphK1 mRNA
)33k 3 FIHFAK mRNAK X (KS). 6
41, PMAZIAIDM S FJFAK mRNAKIA 3 /E
I35 40.151£0.008. 0.212+0.014, 0.114+
0.021(P<0.05).
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4 YRIEITFRBAS NV L (LSRR LR x 400). A: AFIEZH; B: PMAZH; C: DMSZH.

SHHEZH PMAZH DMS#H

Marker

400 bp — SphK1 426 bp

400 bp

FAK 319 bp

400 bp
B-actin 228 bp

5 SphKIFIFAK mRNABIZRIAISR.

2.5 PMAFADMSAFAKA#p-FAK® & % i 69 %
v WTIEZH . PMAZIFIDMSZHFAK MUK 1254
FRIE 3 240.3324£0.022 0.374+0.029410.296
+0.018, p-FAK(Tyr 397)%& [1 )31 5 & 1) 43 31
70.186+£0.032. 0.234+0.017. 0.11240.023,
PMA & # ([ BEFFAK Flp-FAK 2 (1 /1381, 1ITDMS
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6 SphKl, FAKFIp—FAK(Tyr 397)EBEHIRIXIE .

) B S AR FAK Rllp-FAK [ 374 (¥)P<0.05, 146).

3 e
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Wi R %, ATk R 1R 2 SRR 1 SphK14N AT E L S ERK /2 FINF-« BM i {2 2 lovo 4l

SphK1#&4LFAK
12 5 i % T Ak
Z SphK 14 3 45
9% lovo 4m it 38
74, A SF I )
2m i, R = 64 AL R
Z —. #74)SphK1
49 7 M R T A
FeLoE 25 B S 09 2
A AR

TR B 0 T e i R 40 R 4 A KM, SRRk i
FIBR AN R T, R SphK ] B 21
Sh K5 T 9ga 4 Ha 32 2 R 2847 % 1) 40 PR R T B2 A
(A G st R AEAE . SIP S AL & )5, ol
PLBGEMAPK . PI-3K. Akt2%(5 53812, i if
RENSEZEN TSRS VR O A i 1E /AN
M /NCRER . IR IT R 5, e il AE AR P R 4
PRI 1S TR S I AT A T B 2
FVEGF" "L &M 50K HPMAFIDM Sk i 15
SphK 1 [1¥% AR Ik, A BLAN M (3535 )y e
W TE R DA K 4 T AT A% fie ) BES ph K 1 IR0 1T
S vEr, BESphK Al i B AIC; AH S, 4 )E 1%
BHSphK 1S 1~ F%, BESphK ¥4 il i 7 =,
Ut I SphK 1 W % 45 g lov o 4H L () S8 58 .
TR

FAKE—Fh{E 52 (4 2 i S R sy, 2N 2
A S Im E A A, WS R A S
R A AR A KL SRR AR AR A T,
FAK/Z — RIS e 5L 8, 7oibs . B e
S PP AL G IR A R rp s A, G
TR IS i FAK R R ik, It iR 4
PP AR 28 06 s . 20 i S5 v 3 INFAK R 1 mT
fRUEH Mz 2 38040 M= 28 7 56 40 i A=)
AR 3 S FRNK (— A Py 5k (I FAK AT AR B 1)
e, Retg se 4 JHAMRIFAK IR V)i e
ETTIEHIFAK IR S5, mT LA S04 i 19 5
TR FIR 22 1AM HIPY. Tyr 397 £ FAKH 3 21
H E R AT R, JCBERR AL 5 P AL FAK IR JL
At P 2 2 9 PR A A7 A L R AR R 4K, FFAK
SEAEOED, IMEFAKSS 5 SIS, B3
N UEAH R A R A AR A A AR R B R
Tyr 397 B RRAC /K- ] S B4 i N FAK RS AL,
RIS AT G RIS phK 1 HITEPEAMH HFAK
mRNA 1M H 5FAK R E A Mp-FAKK %
IEIEARSE. RIEAElovodil R, SphKI1 MG A
{H 5 FAKZRIE T H 5 FAK G A %,

HWFR R, WHILKIFAK-RAS-MAPKJE it
TN T B AN B ) 5 T FAKS 1k
PI3K/AKTMMAPK/ERK 1 /247345 5 10 1% G i
THNF-«B, i Wicaspase-3Z4 5k s v, MM
4 M g T, 48 I SphK 12 IA AT COX-2/
PGE2HRIERK/P38 MARKA{E 5 1H 4, MIifiHsamis
SEIRFCREB KNF-«BiE £, SphK1 [ 434S 1P
AR FIRMERK/2FIPK CRALIE IR AR ML-1
M AE AR B2 AR IR, SphKl

JH0 1) A A 14 5 55 4R 28 ST A 2 B R T DALt
SphK 1VEFAKAS 5 18 % 23 M BH ERK 1/2 4
NF-«Bf5 5@ i, T fgLSphKI{EHE 4 afElovo
A RIGTE . ITAS, A0 B TR 2 —.
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