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Abstract

Objective: To observe the effect of salinomycin on the proliferation and apoptosis of human gliob-
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lastoma U87 cells, and to detect the effect of salinomycin on the expression of apoptosis-related
genes to explore the mechanism of inhibition on U87 cells. Methods: U87 cells were treated with
high concentration (SH, 4 umol/L) and low concentration salinomycin (SL, 2 pmol/L), and divided
into NC group, SH group, and SL group. After 48 hours, observe the effect of salinomycin on the co-
lony forming ability of U87 cells through the colony formation experiment. RT-PCR was used to
detect the RNA expression level of 33 apoptosis-related down-regulated genes such as SENP2. Re-
sults: The results of MTT and colony formation experiments showed that both SH and SL groups
could inhibit the proliferation of U87 in a concentration-dependent manner (P < 0.05). Flow cyto-
metry results showed that the apoptosis rate in SH group increased. PCR results showed that the
expression of 33 apoptosis-related genes such as SENP2 was down-regulated. Conclusion: Salino-
mycin can significantly inhibit the proliferation of U87 cells and promote cell apoptosis.
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1. 5|18

A RN, FHAIE RGUGME R IE DL 1%~2% 38 KRB ELY, TLLEFENTEZ W[1]. kR
RESH AR 2 i LI PR 2 R G0 JRUR IR, BRI /. TG 2. IRATHSF SRR R, BRFURTE 43
XA RGP 5 ER 27%,  TESEE R R EERTIA 80% [2]. WHO (T A ZH 4K I R 43 N
I~V USRS, Horp T 0R0 TV Gt 22, FROAm 0058 (high grade gliomas, HGG), HH IV 2%
2 J5R 968 76 S A i Frb R vh 5 LG 45.2%, PSR 64 (3], BEAFSZiERRUEAIATT, BT RS S 8 samfii
FG AT, HoA A RO 12~18 N H[4].

#h %5 7 (Salinomycin, Sal), X AWFIER, LEMBIE—IuRMYUER, 2L 8B ik fUE
(25— B Py RHA I 7R B DA R 8 2 i, S il BRI A 651 2009 4F, & ERFEN R 5 —
ORI = B A YU, BN, hERIEBRMER AL IE MR T, HZAR02 RPN
Eh B F AR AR TL IS T A AR L), H7E AR PR A R AR (6], IR R R (7], 1E 2013
FECEHR T R RIGIT LIV R TR I IR RRIG 8] BhAt, B FCIE B 2h 8 R T-#P % R G0 R [ FE
BARAG HIER . Suiirse EEE R ER R, R $h 8 Fo m o SR e R 7L . I CE
S h B FO A o R A PR R SR R R AR A 1 D, R SRS M R TR T, T HLBLS S R [9].
{RVIRA SCHR A9 6 75 2 0T e o REAH R EL AR HARE A BR, AL MR e . S TIA R FBX T
JRE IR IR YR 9T R R BR A, SR NI 0 3k 5 3 R o 400 M R 3 6 1 2R 0 A A FA LA, P R BN S IR S R v
ST ISR B B o A S0 W 82 2h 55 N TR UST AR oA KR4I M/, R IIA DGR R 7 £ B
FIEH TIRIESAE,

2. HRER*
2.1. #%

BRI T Sigma A F]; DMEM #5753 . PBS ¥ T~k 5% Hyclon A 7] ; il & A B T 32 [ Invitrogen
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ANFEs BRAE IS . FHEEE R NWT Gibeo AT Millex-HVO 45 um PVDF AL 22 KGR &6 T
2 [H Millipore A & ; MTT 7 &0 B Bl R RHE A R A 7 RS Tt 7 20 A R
NHE; %L RHBWEHILEEREVHEARERAF; Amersham Imager 600 Ht/i A% 7T R4 T=[EH
General Electric A #]; OlympusBH2 A 49)025% B4ss H AR BARE B4 ] MultiskanGO 24 B A3 W -3 [
Thermo Scientific A ] .

22. A&

22.1. BhBRAYEH. RERER

SIS FHBIM SR AN R, A 98%, /T 751 F EhE R B RE A VA R ) % R
10 pmol/L ¥ BRI, fRAFAE 4°CUKAR . JE2RIRI0 10 umol/L [1)RER A FH 85 77 4% LU S e o 4k &
TAETR B 58 Jo S S2 56 1 S U6 2H 35 55 2V 2 43 1) 2 umol/L T 4 pmol/L (i % B 2H (SL) Al = ik 2 4H (SHY))
FRA MTT 745 540 e 55 7R 0 [0 A4 48 ho

2.2.2. MBEIESE

1) UM 75 $RATHES LT 37°CoKIaA, FTTFBE &, DU A7 DORERE P O K B8, 2
SEAN AL LI SRR s K A BRI B 550 T PR AN R T S SR JS , VAT 1000 rpm &0 5 min: FF L,
NGB B SRR ATIR S G, #Eh T REFRIN, TN 37°C, 5% CO, 4Uius =535, AR 40 s BE 17
W 2) IR YK IR 70%~80% 0, FEIHREFEIE, F PBS #h¥EM ik, b 1 ml JERE,
JRNEEFRAE A B FF 2 min, 76BN LS AH M 1A] B B 5 L 4 S D ARET, N 1 ml B5 3R B2 RV A (T
PUREIAITAMAEEF), 1000 rpm B0 5 mins FF IHEF IR 0N B K155 F- BEETIR S 4080, $FH&1R0(
1:2. 1:4 8 1:8 £54R), 4~6 /N WIEEMERENS Bl 3) AR : BOSEAEKIAANM, M, i an s,
WA E AN 5 x 10%ml, IIARAET(20% DMSO + 10% FBS + 70%4H M35 3500 70355 S Ae e o, $t
FHbRId, BMABEGRAERS, B RBONEATETIRAE. 4) 0H0THEG RN EEA BRI 10 )5 ] g B &
W, BT BN R B, 10 pl B VRERLE 56 3 AT H Ao 2 (I — R 4 i 2, A i
4 AN KITRGHI %, A% (A /ml) = PO 40 5 5/4 > 10%,

2.2.3. SEER ML

VAR O, FEIREEFREE, KR 2R ) S B, S ST A Y AT ok, A
BT EOBGEAT A BT 5, AR A0 1 G GE R B AR AR M, B S AT 1 DU A AR SRR SR I, A s A 4
THEEFRILN, 3Z IG5 N2, ¥i9% 48 h ), FFIAREFRIE, H PBS Yewiik, 4HM il J5 4k B2 B AE 37°C
5% CO, B FRAARETE 7~10 K, WIRMRIERE 7R A . MG RN IR R o] ILAR P I, 28 kR 3%,
FIHEEFREE, PBS Sttt 2 k)5, H 4% 2 P EME 15 min 5, @B, AR T+ 50
ANHEEZK YL 10 min J5, ERKMEEF LK, FHILETEHE. 84 R.

2.2.4. Real Time PCR 32I§ 1%

1) $2HCE RNA: B 1 ml ) Trizol JUAZHMLIE TR ML, 7EIRTEIR G 45 1 E % 20 sec, #1E 12,000 rpm,
B0 10 ming WX EIETHI 1.5 ml E0EF, &4 200 pl, 4°CELGAL 12,000 rpm, 10 ming B EIEH
I ESARR R A EE T 1.5 ml B0, FEEMA 1 ml 75%FEF, 4°C, 7500 rpm, 5 min 53 LiF, &
02 EIE: BN 1 ml 75% PR E S ITIE, 7 B3, T4 10 min 5N 1 ml DEPC 7K¥# RNA, B T-80C
{#4F. 2) cDNA 5 —BEM Ak IR ZE S RNA H1(#) DNA 1 DNADNasel, F#HT RS, 3) A
HATY Y.
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2.2.5. MTT ;AL ST

H AR R %) U B 4 i FH TR T 9 A 5 WA TR S | e A 4 M B, LAREAL 5000 /M2FT 96 i,
Franf ik HMSEEJS , 425086404, kBRI 1. 2. 3. 4. 5. 6 KJG, (iR 48 h (1) 96
LB, 48 h JE AT, FEFLIN MTT ¥ 20 pl, RS0 E 4 R & ERFE, AR IL AT
AN, s BEFLAII 150 pl DMSO, A4S fi4 78 4 b A AE 5 K E 5 10 min. ZEBEARAXK 490 nm
A 52 B FLOCIRC R, P IR P A8 5 & B 6 2 256 200 P 1 e 0 ol 2 IR FE AR E Y, fE 48 h 24
LYEE/ags

2.2.6. GHHEFESH
FT A S A =R, KM SPSS 21.0 Gt AT Gt 04, LA + WEE(X +SD)ER, Ja
KRR Z 00 RN ik B EVE, IR « K5 W 4R Ie) 2 R 8 5k .

3. 58
3.1. 2B FANBIR REAEE Us7 AR SEER R EE

PR CRE T RS R RoR, Eh A R AL P A V8 T IRE D RIS, AHARTEAS AN, SH 20 $e
/T SLO ARG REA, U PRSI A B S R AR BRI . 22 R AT Gt S (P < 0.05, K 1),

Clone formation number

NC SL SH
B

Figure 1. Effects of salinomycin on the proliferation of U87 cells

1. B R US7 HAAEIETERE I HIFMR

3.2. BERMNATHAXERRIEANFR

wiE 2 s, BB EROEX RZAE T @A EEEA, @I e X LI B AT K PR T AR S R R
RE, 1R 1 AN T s BIRRREA N ARRE, FRiE LIRPEEE Fas. FOXO03. GATA6 %5, KA T
JHIERA CAT. PIK3CA. VEGFA %,
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Olfactory transduction - Homo sapiens (human) -
Neuroactive ligand-receptor interaction - Homo sapiens (hurnan) -
FoxO signaling pathway - Homo sapiens (hurnan) -
Insulin signaling pathway - Homo sapiens (human) -
Spliceosome - Homo sapiens (hurnan) -
Viral carcinogenesis - Homo sapiens (human) -
Pathways in cancer - Homo sapiens (human) -
Bladder cancer - Homo sapiens (human) -
Small cell lung cancer - Homo sapiens (human) -
Hippo signaling pathway - Homo sapiens (hurnan) -
Circadian rhythm - Homo sapiens (hurnan) -
ECM-receptor interaction - Homo sapiens (hurman) -
Renal cell carcinoma - Homo sapiens (hurnan) -
Cell cycle - Homo sapiens (human) -
Facal adhesion - Homo sapiens (human) -
PI3K-Akt signaling pathway - Homo sapiens (hurnan) -
Glioma - Homo sapiens (human) -
TNF signaling pathway - Homo sapiens (human) -
AMPK signaling pathway - Homo sapiens (huran) -
Chronic myeloid leukemia - Homo sapiens (human) -
Adherens junction - Homo sapiens (human) -
Non-small cell lung cancer - Homo sapiens (human) -
Endometrial cancer - Homo sapiens (human) -
Biosynthesis of unsaturated fatty acids - Homo sapiens (hurnan) -
Thyroid hormone signaling pathway - Horno sapiens (human) -
Fatty acid metabolism - Homo sapiens (hurnan) -
Endocrine and other factor-regulated calcium reabsorption - Homo sapie etc
Neurotrophin signaling pathway - Homo sapiens (hurnan) -
Prostate cancer - Homo sapiens (hurnan) -
TGF-beta signaling pathway - Homo sapiens (hurnan) -
Hepatitis B - Homo sapiens (human) -
HTLV-I infection - Homo sapiens (hurnan) -
Prolactin signaling pathway - Homo sapiens (human) -
Influenza A - Homo sapiens (humnan) -
wnt signaling pathway - Homo sapiens (human) -
Herpes simplex infection - Homo sapiens (human) -
Acute myeloid leukernia - Homo sapiens (hurnan) -
Pancreatic cancer - Homo sapiens (hurnan) -
Axon guidance - Homo sapiens (hurman) -
RNA polymerase - Homo sapiens (human) -

Term names

B VS_A_fc2 KEGG_enrichment

-

Figure 2. The activating effect of salinomycin on signal pathway

2. BERENESBENMEER

Table 1. Partial gene expression regulation

F 1. BOEEREFHER

20

Gene Result Gene Result
Fas Up CER Down
TGF Up CAT Down
NF2 Up CD44 Down
AKTI1 Up FASN Down
FUS Up FADS2 Down
FOXO03 Up VEGFA Down
ATF3 Up CDK2 Down
GATA6 Up Akt2 Down
CDC20 Up PIK3R3 Down
MED17 Up PDK3 Down
CCL2 Up CASP1 Down
CSTF2 Up PIK3CD Down
APC Up DAPK3 Down
WRAPS3 Up PIK3CA Down
WRAPS3 Up CAMK2D Down
RBM4 Up MAP2K2 Down
MAP3K1 Up SMAD2 Down
BCL2L11 Up BCL-2L13 Down
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3.3. PCR ¥ AT HXERERIEKFE
FRAT A EL RIS F AR N R R AT, G H GeneCards U4 EE TR ToAH O FUigRE R, %k H

AR B SHHE AR — 300 33 MR AR, @i PCR &M T ADCY7 SEHF R IEKE,
B 3 RIS AT 3 2 FIR(CT = 27247, Hrf CD47. ADCY7. PPP2R5C. SENP2 #:[RFRIA Fif A
T4, T SPSS21.0 AT t KIS H] P<0.05, EASGIFHESN, FHMERELIE 3).
Table 2. Gene expression measured by PCR
%< 2. PCRMISEERZEE
Gene GI CT {8 Gene GI CT 4
CD47 68,223,312 4.479486416 SMAD3 223029439 1.362887677
ADCY7 554,506,569 4.237852377 ZAK 82880647 1.334839854
PPP2R5C 240,849,352 4.189176491 IGFIR 629266060 1.289370308
SENP2 1,370,484,865 4.06477761 ITGA6 937834184 1.277508892
PPKCA 47,157,319 3.723518864 KCNMAL1 408358006 1.228303149
STEAP3 56,549,146 2.948538435 KAT2B 156071487 1.183724489
WNTSA 371,502,086 2.821899614 NRP1 182508168 1.081724666
ST3GAL1 213,418,067 2.639015822 KIF11 197304797 1.066832243
TMX1 151,101,291 2.555017785 PLDI1 345091014 0.735433432
SREBF1 256,665,250 2.183536529 PIK3CD 1176461143 0.708742434
MTHFR 167,466,197 2 UTRN 110611227 0.449585268
COLA42 1,041,215,070 1.931872658 SCD 53759150 0.374576769
CAV2 332,164,661 1.918528239 FGFR3 254028235 0.343091828
UBE2Z 302,191,680 1.815038311 ULK1 225637564 0.332982
ATF6 343,168,761 1.591072963 CUL7 270265834 0.190342109
SRI 379,317,144 1.414213562 MAVS 330688442 0.175555609
RNASEL 340,545,530 1.410949807
54
8 31
s
04

Figure 3. Apoptosis-related gene expression level

& 3. BT A X EERAKT
4. T1ig

i 89T T Bt T i 988 e G S 125 0 e S R I 7 R TR, B AR AT R, B
FEZRATBRIRAG, DRI TF R IR T 2 B TRk 7

B ZLE 1974 £ Miyazaki MR A ESEREHRE[10], AR ZME 2 KEEEMBERS
BR AR AIMER, B A APUER R 2590l F X & TRNAS INFRI[ 1] Mitani Z5AfF 70 & I 585 2% 1T LLOKR 40 i 4
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FHES T NGB A, RO 4 0 JE R 2R AR P A0 B8 148, R . PUERIRERI[12]. 4% Lavine
SARIE, RE R LR L kiR DNA B EE TeMSH-1, & 5K R4uiE i S Wi, SR HEkRh
[13]e IEFERMNTKIHE A WEGUm IR, 8 Z BB H T NREEA B85 75/ NI
o BLRE A Sk AR M, FUMm AN ORI B, B WIS A g . Lo, et
P AR TR BE [ 14], 0 SCHRIE S5 2687 2 AT DAS| RS P S A0 M i R T A k[ 15]. SR R B i R4t
TR, MAEFE XS R BUR BV E F o ISR B IR A AL, R AT e B AR S B AL
H: HRERBAYEA L CBACEEIHITIRE L 5E elF20a BERRIL, J8/> McL-1 FIALLKIKES mTOR Al
p70s6K Rk, H5EXT GBM ZHMI 15 /116]: hEF R AERE IR TRAIL (FHRYRAE 1405 T2 S )
SRR OB TR ER . AN SEERIESS SAL 5 TRAIL BXA B S 1R ST 40 e R 5 B2
MIREAEK[17]; ShE R ps3 HRIEANLRME, MEHSRTER D MEAGRESK. WEEEKKS
AR IB I M AL T, IR TR 18].

AR SEZBG 43 9 FH R B (SH) R IRBE (SLYRIZS X BRZH(NC)ALHE UST 4ifig, ] LAWLEZ $] SH 4 U87 4H
MRESET:, BRI E NC HAM AN, Pk, 55 MEE. 7 TE S50 s 24 i 18 5 B 4
o UFBH £h 8 2 AE B AN G MR A A A 3 5, H R IR B AR

FHIRSCHR R IE 55 2% P ae 3% 1 30 0 155 00 T 7 4700 1) JB B 98 4 B ) A [ 197, AR Sz bt W 82 38 3
F R AT UST MIRARTETE LRe JIFEAIC, AHMEAAMN, H 2R . NIRRT T
S AL, FRATIR B T 805 Sl AT R I, A B AKT1.FOXO03 2508 15 A <3 K FRA 1 &5 i, CAT.
CAMK2D ZFT- 06 IE K FRIE N, 3B PCR X308 1A IR M Rk K kATl o CD47.
ADCY7. PPP2R5C. SENP2 J:[K ik N &,

B A5 T #h 8 0 SR I B g 7 BB ST 3RS T 0 BR N o 456 STHRARE DA S A SEER BIF 7 45 SR
ATRIN, 5% F I R e 1 105 2 IR 4B A TR R FE UM (R, H AT AT A 21 35 5% 31 HL A& X 6
ST R R T Re g, i AR SR i AN AT . AR SEEG T SR F I UM AR Rl T WIE R AT,
SO UE 1 #h 8 20 R R A B Ak S AR e R TR A o B RIALE A TR SRR .

ELmEB
TR AR AR XA AR ZR 0 H (NXCX2018144).
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