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Role of PIBK/AKT signaling pathway in cell proliferation and differentiation

in neuroblastoma
Lei Lulu,Wang Shan,Liv Miao ,Feng Ruihua
(Department of Surgical Oncology ,the Children’s Hospital of Chongqing Medical University ,Ministry of
Education Key Laboratory of Child Development and Disorders ,Chongqing Key Laboratory of Pediatrics)

[ Abstract ] Objectives . To investigate the effects of phosphatidylinositol 3 kinase(PI3K) /protein kinaseB(AKT) signal pathway on cell
proliferation and differentiation in human neuroblastoma SK-N-SH. Methods :1.ogarithimic phase SK-N-SH cells were subcultured into
96-well plates. The cells in 96-well plates were divided into inhibitor .Y294002 group(A),agonist IGF-1 group(B),DMSO group(C),
ddH,0 group(D),blank group(E) and serum group (F). After 24 h,different concentrations of inhibitor 1LY294002 were added into
group A and the final concentrations were 20,40,50,60, 100 pmol/L,respectively. Group B was continued to be cultured with serum—
free DMEM for 12 h,then treated with different concentrations (25,50, 100,150,200 ng/ml) of agonist IGF-1(which final concentra—
tions were 25,50,100, 150,200 ng/ml). The negative control group was added with DMSO or ddH,O with the same concentration
of 1.Y294002 or IGF-1. The blank group was only added with medium(100 pwl/well). All cells were cultured in appropriate media at 37
°C in humidified , 5%CO, incubator. The effects of specific inhibitors LY294002 and PI3K/AKT agonist IGF-1 on cell proliferation
were detected by MTT assay. Morphological changes were observed under inverted phase contrast microscope. mRNA expression of
TrkA in SK-N-SH cells were detected using fluorescence quantitative polymerase chain reaction(FQ-PCR). Results . (DMTT assay
showed that the growth of SK-N—-SH cells was dramatically inhibited by LY294002. Cell proliferation ability in 1.Y294002 group
(0.39 £0.17) was lower than that in negative control DMSO group (0.78 + 0.21) (¥=3.395,P=0.018). The growth of SK-N-SH cells
was promoted by insulin-like growth factors—1(IGF-1). Cell proliferation ability in IGF-1 group(0.72 +0.14) was higher than that in
blank ddH,O group (0.43 +0.08)(F=9.480,P=0.004). @There was no significant difference in cell differentiation morphology change
between L.Y294002 group and IGF-1 group by microscope observations. @FQ—-PCR results showed that the expression of TrkA mRNA
in LY294002 group(0.78 + 0.05) was lower than that in negative control group(1.56 + 0.02) and blank group(1.66 +0.15)(F=81.89,
P=0.000). There were no statistical difference in the TrkA mRNA expression between negative control group and blank group(P=
0.224). And there were no statistical difference in the TrkA mRNA expression among IGF-1 group,ddH,0 negative control group and
blank group (F=0.27,P=0.770). Conclusion : PI3K/AKT signal pathway may be involved in cell proliferation and differentiation of
human neuroblastoma SK-N-SH cells. These findings propose the key gene of PI3K/AKT pathway as an expected molecular target for
the therapy of human neuroblastoma.

[Key words Jhuman neuroblastoma SK-N-SH cells ; phosphatidylinositol 3 kinase/protein kinase B;proliferation ; differentiation
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AR G AW KT i 1238 I E R 2 20 MR8 18 RN 434k
WHIRMEAILEE 3 30 (phosphatidylinositol 3 kinase, TR
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DMEM) ; — F P AR (dimethyl sulfoxide, DMSO) , P4 F B4 4
M (MTT) 20 55 PR BILIL 2N R H AL ; PI3K/AKT {35538 41 1k
1 1.Y294002 14 [ Selleck 2 7 ; PI3K/AKT 15 53 1 ## sh 57
IGF-1 I [ PEPROTECH /A ] ; RNA #2BGAF & { b atH
Fr AT RNA 35 S & 9O Yk SYBR® Premix Ex
Taq™ Il (TaKaRa)lg H FAEY T RIGEHRAF,

12 Fi

12,1 #iME;3%  SK-N-SH 4IAEH & 10% )16 4 13 i
DMEM }; 373, BT 37 °C, & 5%CO, BIWH P55, 4 2 d
P01 VR W R AT A AU RIS 80% LA LI 0.25% K 2K 14
I AL AR

122 SEEsrA BOMEUE K] SK-N-SH 41, 0.25%)9 8
FIRGE A B O, AT BUS B E K (1~5) x 105 ~/ml B4 i
B, HEFPT 96 FL(100 wI/AL) B FRA, K B TR b i 4n i o3
A NI 1Y294002 21 B 41437 IGF-1 41 ,C 41DMSO
2H (LY294002 BAPEXTREZH) D £H ddH,0 4 (IGF-1 Bt g
H)FE LA EF A OEFREN) ik 5 MESL, B T37C,
TH 5%CO, ANEIFFE T IEE 24 h;24 h J5 A AUNARRE
P AIHIF 1Y294002, 28346k 20,40,50.,60,100 wmol/L,
B 414 TG ML DMEM 482235 5% 12 h J5 I AR RV B # sh
FIGF-1, &4 E 2l 25.50,100,150,200 ng/ml , B4 i 1 20
SFHIMACS LY294002 Fl IGF-1 AH[R)Hk R DMSO FlddH,0,
AN 100 wlALERFREE, BT 37 °C,5%CO, MWFFE R,
1.2.3  MTT : 40 SK-N-SH 4 fa3asite 17 A gz
LY294002 £ .C £ DMSO £H (LY294002 B 1%} 20 ) ke 25
G 5% 24 48 h ) B IR IGF-1 40 D 41 ddH,0 41
(IGF=1 BT IR ) Fe 28 4T 12,24 h i, BFLINA 50 pl
MTT, 4RZ205F 4 h, 5% L3, BALIA 150 pl B DMSO, {Ki#
PEIRAZ % 10 min, BRSO L K 550 nm AL ARG RE
AMH, WHIE 5 ADEAL, QARG R %= (YOGS A B/
FFI P X BRZH IR S A {H)x100% .,

124 HOIBEENEE HPEMBIT T B AL (1~5)x10°
Al RBEFERD T 6 FLE IR, 2 ml/AL, BT 37 °C, &H 5%
CO, (20 AR P F R 24 h, 24 h J5 A 4LIIA 50 wmol/L 1)
0I5 1.Y294002, B A TC IS DMEM 48228555 12 h J5
JIA 100 ng/ml #BH5) IGF-1, 7EREAE 009055 12,48 h &
18] R 22 W0 T SR TE AL IMTEAS 2% .

1.2.5 POGEBRARHER N (FQ-PCR)KM  SK-N-SH 41
Jid Trk A mRNA AUZEIRAAAELL(1~5) x 106 >ml HeERFDT 6 1L
Me,2 mlAL, BT 37 °C, &4 5%CO, KIANMAE F 524 h,
24 hJ5 A 4UinA 50 pmol/L FIHIHIF] 1.Y294002, B £ #: FH
JCILTE DMEM 4R25555% 12 h JEHIA 100 ng/ml #8hF) 1GF-1,
C #IMA S LY294002 AH IR EE () DMSO, D 4 iMA 5 1GF-1
AHIEHR L) ddH0, A (C K25 HALEMFR IS 48 h,B.D &
25 HUIFEMA P E 12 h JE RIS AN RNA, S (%
g 7 B A AE RNA VR JIE 300 5% S IR R 8 42 RNA YR —
B, MR IR S i) G R U AT 1 e SRR, B HR
g BIOLIGO 7~ IR L i A T8 /& R, 373 51 551 an

T :GAPDH [¥}f#:5"~ATCAAGAAGGTGGTGAAGCAGGC-3" ,
GAPDH Fij#:5-TCAAAGGTGGAGGAGTGGGTGTC-3"  TrkA
3.5’ -TGCAGTGTCATGGGCAAG=3" , TrkA T if:5"-GA-
GAAGGGGATGCACCAGT-3", PCR JZ WA Z K 25 ul, [
ZF 095 °C,30 s WS, 9748 95 °C,5 5,60 CiEk 30 s,
40 MEI

13 %itssi&

ST AR SPSS 20.0, BE A LASSEL + prifE2E (x =
s)Fe7N , 11 I o R LU 3R A A2 i Y 25008, 2
2H ) 22 Sk LR FHELIR R 5 255307, 21 I ST REAS TR 1L
BORF LSD ¥, Mgk a=0.05,

2.1 MTT #ml 44 %) 1Y294002 *F SK-N-SH &0 Jé 5 78 7% b
RG]

ARV FE 1.Y294002 1EFH SK-N-SH 4 g A [a] 15 fia] 2 5
FE A {E284k, 55 DMSO BT B2 A H B B RAAIG , 22 A 4
P28 L (P<0.05), i LY294002 Wa] 254k v B84 1, 1
JEEE A HIZ TR (GR 1),

£1 MTTRVARERE LY294002 £ SK-N-SH 4 24 h,
48 h G &AM E AE (x £5,n=25)
Tab.1 Absorbance value in each group at 24 h and 48 h after
treatment of different concentrations of LY294002 in SK-N-SH
cells detected by MTT ( x +5,n=25)

o LY294002¢ & Ry ]
( pmol/L) 24 h 48 h

20° 0.61+0.03 0.6+0.06

40 0.50+0.05 0.37 £0.08

AZH (1.Y294002 41) 50 047+0.07 0.23+0.11
60° 042+0.05 0.16+0.03

100¢ 0.28+0.09 0.09 +0.01
20° 0.83+0.06 0.90+0.09
40 0.78 £0.07 0.81+0.12
CH (DMSO 4) 50 0.79+£0.09 0.76 £0.29
60° 0.73+0.08 0.70 £0.1
100° 0.64+0.10 0.74+0.16

TE I 10 (F=5.857, P=0.02) ; IS 1] x 7} 24U (F=6.615,P=0.014) 5
TR e BE ARV (F=3.395, P=0.018) s, F/R M4 IN R A i T2 22 57
(F=196.39,P=0.000) ; b, F/5 W JE I 2 41 et 92 5 (F=17.11,P=
0.000) ¢, HeEZ IR PP EL AL P<0.05

UNMLAFTE H6 (% )= (SR O A (E/B X BRAL IO
JE A ) x 100%, LA 1.Y294002 3% B ARl 7750 o0 g0,
I AIAETE R4 . 24 48 h 5 1Y294002 Xif 4 471 %
Wit 247 9 ik FEE 356 1im B A FETESE T %) S 2R 1 6, 78 50 mol/LL
20 1 PR A HLFRPEA /N, R 50 wmol/L R N — 2B A1
FHAEE (K 1)
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1 ARERE . FEEE LY294002 3t SK-N-SH #iifEiE R
(%,n=25)
Fig.1 Changes of cell survival rate treated by LY294002 on

SK-N-SH cell at different concentrations and time ( %,n=25 )

22 MTT #ml#t3h 7 IGF-1 3% SK-N-SH 2m i3 74 7% P 49
B

AT A FE 1 IGF -1 /E H SK-N—-SH 41 Jitd A ] s} a1 )&
IGF-1 MR A AT ddH,0 MIHEXS RZH I &, ZRa5
P2EE L (P<0.05) (2 2),

F2 MTTEKNAREIERIRE IGF-1 /EfA SK-N-SH Z8Aa 12,
24 h FEABMBAEE AE(x+s,n=25)
Tab.2 Absorbance value in each group at 12 h and 12,24 h
after treatment of different concentrations of IGF-1 in SK-N-SH
cells detected by MTT ( x +5,n=25)

e IGF-13kJZ o al
(ng/ml)
25 0.55+0.07 0.68 +0.07
50° 0.59+007 0.74+0.10
BZH (IGF-1 41) 100 0.62+0.08 0.77 £0.08
150 0.67+0.06 0.82+0.07
2001 0.68+008 0.85£0.15
25° 040005 0.48+0.04
50° 0.38+0.06 0.48 +0.05
DZH (ddH,0 #1) 100 0.38+0.05 0.50+0.08
150 0.41 £0.08 0.47£0.08
200° 042001 047 £0.07

1 - IS IA] %007 (F=87.918 , P=0.000) ; I} [8] x 43 2H %50 (F=9.480 , P=
0.004) ;a, FRH N FEA Gt #2257 (F=366.62, P=0.000) ; b, &R
W BE AT G122 5 (F=5.95, P=0.000) ; ¢ , ¢ 715 1k 85 6] 9 793 Fb 4
P<0.05

MABAATE R (%) =( LI O A {E/BA M IR MO
FE AE) x 100%, L IGF-1 ¥R B Rl A7 05 2R A8 i, 4
HlAMAEAETE 2R M LR, th B A, 4 100 ng/ml B IGF-1 %} SK-
N-SH 204 S HAaEPEE /N, BEHL 100 ng/ml 2 F—25 11
VEHIHRE (181 2)

O 12 h 775 %
190 1 F190 — i)
24 h fEIG%
Ot
1801 L180 —pyscs
1701 L170
=
1601 H60 3
E
150 1 L150
1401 L140
130 ] L130
0 50 100 150 200

2R S (ng/ml)
T E P ELAR A 2 3 AU R LA SRR
2 ARERKE AERE IGF-1 X SK-N-SH 4iafFEE =
(%,n=25)
Fig.2 Changes of cell survival rate treated by IGF-1 on
SK-N-SH cell at different concentrations and time ( %,n=25 )
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BLISIP TR I i W B ok | 0kt S e v B 11 2 DR NI
I 2 A5 LA, AT HIWA fh 2R AN AR o h . AR S0
LRI GXF IR A, 1Y294002 AbFH 48 h IGF-1 43 12 h
J&i , SK-N-SH 4 Jitd 2 30 A 20 Mo 25 B 0/ R 2 R4 )
R 1) SK-N-SH A IIEZR2E Lkt (B 3 B 4)
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Fig.3 SK-N-SH morphology after 48 hours

(linverted microscope, 400 x )
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Fig.4 SK-N-SH morphology after 48 hours

(inverted microscope, 400 x )

24 RAEFRAEHHHR T (FQ-PCR) M TrkA mRNA 49
Fik

TR LY294002 £H . DMSO [ it R 41 A2 1 20 85 55
48 h Ji ,FQ-PCR 253 /% : LY294002 4 TrkA mRNA f) 3
SEAR T BAYE X R A4 FIEH (P<0.05) , Tl B X R 26 5545 1
MR TG 255 (P>0.05) , W4 3,

IGF-1 £ . ddH20 It B FIZs F2E 3% 12 h ), 4
[ (%) TrkA mRNA (3RAACF-IEH W Se 222 5, W3R 3,

% 3 FQ-PCR#&illl 12,48 h J54HAE TrkA mRNA FJEXtFRILE
(x+s,n=25)
Tab.3 Relative expression of TrkA mRNA in cells at 12,48 h
after detection by FQ-PCR( x +5,n=25 )

215 48 h TrkA 12 h TrkA
AZH (1Y29400 41 ) 0.78 + 0.06" 1.65 +0.09
BZH (IGF-141) 1.53 £ 0.06¢ 1.59£0.13
CZH (DMSO 41 ) 1.55+0.12 1.51+0.10
FAG 81.89 0.270
PAH 0.000 0.770

1 a, 5 DMSO 41 (BAPEXTRRZ ) He#, P=0.000;b, 575 4Lt , P=
0.000;d, 575 4 HL#E, P=0.224

PI3K J&— 2 Ak 40 A o Bl s i i AL i B
Tt PI3K frc 22 A2 AKT B, 117 AKT i
ity PI K15 51 2 T A AE R ML ] (mammalian target

of rapamycin,mTOR) , FEZ AR FE A (gene of phos—
phate and tension homology deleted on chromsome ten,
PTEN) 2 PI3K 1% £ 15 A7, PI3K/AKT 15538 i
55 22 Pl IR (R T 1 B & e S s VIR O, e
e 4 6 P 30 i HLA R G S AL Sl
TE) F 58 SRR 2] T Al AR S, AE 2RSS Bh
JALH L PI3K/AKT/mTOR 14 538 S 85 BT ml it
P2 ARH LS, H5 R iEAY TSC1/2 .mTOR FT 4L Al
(G5 E S S TS5 2R AT Re R IRy ik
AR P 3X— 15 5 -5 AN Y oAkt B A S,

IGF—1 J&—Ffml {85 240 3 5 11 22 T R 4 R
T, RS IGF-1R 256 B AV FEAY, Par-
rizas SO K B, 45T 18 YK 0 IGF-1 BEFH 1R
FBRILIE S A PC12 4HHJE T, 110 P13K 4051
L.Y294002 Al #0i] IGF-1 MBTMT-VER , 11 IGF-1
it PI3K AF SR H 40 T, LY294002 if it
YEHF PI3K MIHELLIEEE p110, A LAFIH] Hep—2 4
UL O T A A R T 5 | RS AR R P R R A
MMP-2/-9 i FEFRIE , NIMTFEIL R (.29 MDA-MB-
435 R iR 22RE I,

AR S5 3 MTT 3246 00 [R] 6 & PIBK/AKT
{5 S PR AR 1Y294002 FIELEh7) 1IGF-1 VEH
SK-N-SH 2 g A [] ] A (B AR fk & B, 1.Y294002
AT A0 SK-N-SH 4 i3858 (48 h 4, ¥ E 100
pmol/L PIAEEE ) IGF-1 W] fi¢ i SK-N-SH il fifg 384
i, LY294002 K IGF—1 X441 4 it Je 43 4 i) 1
FH AT RE 2 38 o 0SB PI3K, AT 51 AKT 1Y
W B e o 2 M A, 4k o ok 989 s T U A
TSC1/2 LI K Al ) £ 30 B AR, 383 3 4 B4
RS U T A DA S PR A A AR AR A i
SR A P B R e 20 M G T

TrkA EAZA K F (nerve growth factor, NGF)
MIIREsZIR, 5 NGF 45 & e BA R SR AR E L
Fb A W24 T, AT N 2 B 40 R oAk R b s
PRI, P B 240 R A0 L v 20 TR Trk A SRR 12,
ARSI AN SZ ] 1.Y294002 F IGF-1 43 BIFE
FH SK-N-SH 4l i J , {5 B AH 22 5 0 Be T A Wigg 2|
5 B o AR T AR 22 2022 s it — 2D A TrkA mRNA
FEIRIKT- K B, 1LY 294002 B X} B 4 DMSO 41 Al %3
FI4H TrkA (9 3RB KRR, IGF-1 41 ddH,0 BT
Xof BEALANZS (141 3 4L Y TrkA Fak/K 00 B 48
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TEAR 2 BE I AR F A TrkA =5 3634 NB 21
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