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Mechanism of combined blockade of mammalian target of rapamycin signaling pathway and its bypass
activation pathway inhibiting glioma cell growth
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[ Abstract ]| Objective To screen up-regulated genes and signaling pathways in glioma cells after knockdown
of mammalian target of rapamycin (mTOR) gene, and to explore the efficacy of simultaneously blocking mTOR signaling
pathway and its bypass activation pathways in inhibiting the growth of glioma cells. Methods Five human glioma cell lines
U87, U251, U373, T98, and LN229 were selected to verify the protein expression of mTOR by Western blotting. U87 cells
stably transfected with short hairpin RNA targeting mTOR gene were constructed, and the most significantly up-regulated
genes and signaling pathways were screened in glioma cells after knockdown of mTOR gene by high-throughput sequencing.
The pathway inhibitor with the highest inhibition rate was screened by cell drug sensitivity test. The cell activity was analyzed
by cell counting kit 8. Results High mTOR expression cell line U87 was screened out, and the mTOR gene knockdown
glioma cell model was successfully constructed. A total of 24 528 new transcripts and 1 906 differentially expressed genes
were screened out by high-throughput sequencing. The top 12 up-regulated genes with high log,|fold change| value were
located in 9 bypass activation pathways. The inhibitor of signal transducers and activators of transcription 3 (STAT3) pathway
with the highest inhibitory activity was screened out by drug sensitivity test. /n vitro experiments showed that the STAT3
pathway inhibitor could increase the inhibition effect of mTOR gene knockdown on the proliferation of U87 cells (P<<0.05).
Conclusion Knockdown of mTOR gene in human glioma cells can activate the bypass signaling pathways. The inhibition
effect can be effectively enhanced by combined use of inhibitors of bypass activation pathways.

[ Key words ]| mammalian target of rapamycin; glioma; signal transducers and activators of transcription 3; high
throughput sequencing
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J T 98 2 e L B kAP iR, H Rk
SERTT A BOR N 30%~40% " o R T IR BT i
JeE, 3% [ 1 G0 i F 9 U R B RN S D At o
JIt T 2006 4F-38 18 H PR 2H A b FR 2 T I BB 24 B g
T 3G IR E R, BV Aky i FL Y
M % % # #5 [ ( mammalian target of rapamycin,
mTOR ) 5538 . P R BE 240 A I8 15 5 38 1
P53 iz 404 8% . mTOR 3 4 o 50 7T 5 40
Jifl N FK506 45 4 & 12 ( FK506-binding protein
12, FKBP12) %54 B mTOR & 41K 1 (mTOR
complex 1, mTORC1) , M i # # mTOR 15 = i
B . mTOR 15538 B 0 70042 48 55 ) © 90 T
BITRTRY BAE R T AR, RS R 24 %
DL, R A PRI A [0 8 A SIE K fR S 118 TS A= A7 3 A
BT L ST LT R SR L 1A BT
ZAF T IEIT IR R, AR T 20 ki S
RF R A Y L A i v i A
24 ) OB R 56 PRI B BELBT mTOR {538 fi S 5%
SO A 3 S AT o g IR A K AL

1 #EFFE

11 PR Rgamae 2 HEES Fhd A0 5
AN £ UST. U251, U373, T98. LN229 (¥
KRB AN R ARAEIE AR AL ) | R R AR A
JEPRBCER T, FH AR BT BRI A A mTOR 4
FIRIKF-, RS 3R, B 5 £S5 T i
% . mTOR Ml B-actin ( WS ) bt N F s REhi i4
Sl =Efr bR [ 3 E CST Al

1.2 mTOR 3 P 308 2n AR A 69 22 5 A 18 0%
4 FUGW JFURr iK1, SR J5 %% 4k U8T Al U251 4
LKA EE mTOR R iy 40 M A 7R, ARG e i Jie I
JEANE R XT BEZH . FUGW Bk Al |4 (b
) YRR AR,

12,1 &t 54Kk 5 4 MRAEEE Sigma A A1)
T AR B Pk 1S mTOR & 300 45,
¥ %1 K 5'-CCGTCCCTACATGGATGAAAT-3" (/)5
fl, mTOR, NM020009 ) . 7F 3" vl A2k Fr Bt
TTTTTT, W55 53 51 m A BR &l 3 D) il Age T F
EcoR 1 WYRGYINL »S FhVEA I, H A loop 3£,
A TAY TR (R BhA RA A 2 X
& J& RNA ( short hairpin RNA, shRNA ) #475IE,
shRNA 5| #5541 F . shRNA-1 | {iF51 4 5'-GA-
TCCCCGCAAAGATCTCATGGGCTTTTCAAG-
AG-3', FiiF5]14¥ 5-CTAGAAAAAGCAAAGATC-
TCATGGGCTTTCTCTTGAAAAGCCCATGAGAT-

CTTTGCGGG-3'; shRNA-2 [ iif 5] ¥ 5'-GATCC-
CCCCAGCCAATCATTCGCATTTTCAAGAGAA-
ATGCGAATGATTGGCTGGTTTTT-3', T i 51 ¥
5'-CTAGAAAAACCAGCCAATCATTCGCATTTCT-
CTTGAAAATGCGAATGATTGGCTGGGGG-3', FH
PEXTIR (R Yeie i = Bz A5 i ) L BIPEREXT R
(KR BAR RS FORE DNA HEFT RS2 25 20 o s e $52
1E) AT AY TR (L) Bedrf A R,
122 FUGW JFUpr sk R B9 K& FUGW Jikifd
KI5 H R 1.5 mL & F EP SN LR F L
W, K BARTTIE B T 150 pL #iv2 Y Tris-EDTA 2%
MR N, SIERCE 10 ming fITA 200 pL B,
H VB R IR A, UK BRCE S ming LA 150 pL
IRV, VKISHCE 15 min J5 8.0, ¥ F IR
25— TN EPE N MASERFAE / EA 5
R, ¥ ERKARES % 25— EPE .
A 2 ERFR A F0A TCK B, FoK FACE 10 min 5
B, Fk LI, A1 mL A 70% £
JE L, Fik BIHW, B DNA ULER T 20 pL Tris-
EDTA Z& 0P . 2 J5 FAAH R A B i 9 YD il 1 7
WYY, 37 CEEYI 1 ho FEEED =9 1T B N H e
WEEL K, eI, I T
123 FMRHEKS EHOFKZMEE RHPCRY
HHEM B, 37T 37 CREYIH LA L) 3 he e
AR B 0 R B B, R HREA - B R B=
1o (3~10) BYEE/R T3 8RR B 0 7 BT
FIARFL, o FUGW Jiokigk &S H W BofE 22 Cife
3% 60 min,
124 BRECRSAMELRREE BURZ
BAEMAIG A 10 pL #E R =9), 225157 0K
JICE 30 min, ZJEECEI TN 42 °C IR K B
G 90 s, P EP B R B UK TR A 2~
3 min., BN 900 puL i # A % ( Luria-Bertani,
LB) Kigdt (P& ) , 37 CRIKIRE 1 hfif
TR T HGE AL RIR A T LB Bl is 5%
FEHEATHUMESE IR . PRk 10 A SEREIEA T i PCR )
e, R R N PR AR AL Bk 2 S TERE R
WA R AT 28502 o 20 BIAE UST Al U251 4 fifg
i, Xt GFP # YRR AT LA
1.3 US87 #2 U251 40l mTOR 3 B SR AR L
48 hJ&, 43l B mTOR K& A s Y UST F1 U251 41
it K o B AR (R B9 mTOR LR A Bk 4 )
P B 240 L S PO 1, R P B B A
mTOR 2 [ % 1k K, H %8 shRNA il mTOR 3k
MIRCR . EA S0 4 1K
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W TEE R 20214E 6 H LA 42 3%

14 ZHEFN 6k 24 REXER N TRIzol
243 0 H B mTOR J PR @98 U8T 4t ifd e Xof HE 241 fi
( mTOR FH AR UST 400 ) 16 RNA, FHH]
DNA iy | 71k DNA. fifi JH 36 [ 2 $E 48 20 7] 2100
TUA= W) A {SURG I RNA R L RNA SE3%1E ( RNA
integrity number, RIN) . 28S/18S #1 j Bt K J&,
DLBA 2 RNA 528, Rl &5 Sikbr e, A
Oligo (dT) MYREERE 5 HAZ ALY mRNA, A
R 2% ol K mRNA FT TR B, DL mRNA h
Biti, FHZSHREEREDLG WG A 1 %% cDNA 5, %4
JE M AZE vhik . ANTP. RNA Jii H il DNA 5 4 i
I & 5 2 5% cDNA 55, Ffalifb Xk cDNA, FX)
afi {65 RS cDNA 17 R um e & . n A i i%
BNk, Bait T PCRY G, P SCF R 5
BUE, 5 2100 A1 A 4 43 B ASOG SCE B4 A R B
YO L EAT R, i 52 [E] Applied Biosystems 23 F)
[ — 2L SR 2 f SR A il S Y ( StepOnePlus
Real-Time PCR System ) X 3¢ (14 BE #5474 i,
JE KA KI5, (55 [ Tlumina 23 7] GA2000 %k
LM T G A T o DU b i AR R LR
FBHEA FRA R 5E o
1.5 25 4 B R X 36 A ) 43 5 38 387 k) ) e dop )
R UST 4 M & R B 4 4k 10% FBS 1Y
DMEM K; #3, F 37 C. KBS %H 5% CO,.
TR RE J5 A T i RS %, 5 2 d RS IR AL 1 IR,
Y MRl B2 TR 80% A AL AR, 4 T B K Y
US7 #ii i i 5 1 X 10°/mL /) 40 it B i, To 25 b5 9%
24 h JE A 100 pmol/L {55 ' R it s i 1Al
-3 ( signal transducers and activators of transcription
3, STAT3) it B&Hp il fl &k, 4k2e35% 30 h
ZEA AR
1.6 CCK-8 S:3eteim)sm o3 st &+ ffi F CCK-8 £
MR & (LR AR A R\ ) #l us?
YIS, BB 2S 4 (STAT3 38 il 77 S Ak
Y. FigRER CCK-8 150 ) . BT EZH (U8T7 4H
M. BEFEEERN CCK-815 ) S mTOR FPH A b2 |
mTOR FEHER 4] . mTOR KR &+ A S e
72 h 4, AL S AR FL. UST iAAESL 1X10° 4~
4L, 100 puL FEFRT 96 fLAR, JFE 6~48 h 4fiffIliEE
JE A 10 pL CCK-8 i, #5537 1~4 h, fRFiAs N
Rt 96 LAk, FEEHR RN 450 nm AL
N (D) i, IR s (%) =
(L D —=S LD ) / (X IRFL D H—25 1
fLDAE) X100%.
1.7 it ar® KA SPSS 20.0 A4 i12#

GiHTe THERBORIL X £5 FoR, ZH ] LR AR
RITEMNT; BT 2557 AL L BCR F IS AR A ¢
K, A5 05 ZAFERHAES BRI S . KK e
(a) 4 0.05,

2 # R

2.1 fHikiEA mTOR AR SR w2 HIAR
B 2 4G 25 SR (& 1) 7R, mTOR 7£ US7
U251 40 i i 8 1 263k 7K SF- 3 1 U373, T98 il
LN229 4fi §fd (43 J 4 1.054£0.02, 0.93£0.01.
0.49+0.01, 0.3940.03. 0.29+0.01) , [ ifij & #
U87 Fl U251 4AfE#HA 7522555 .

U87 T98 LN229 U251 U373 M (X10%)

— —ﬂl_ 289
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1 ZEBRENEEEN S Fh AR REHARRE S
mTOR K EBFRIXKFE

Fig1 Protein expression of mTOR in 5 human glioma

cell lines detected by Western blotting

mTOR: Mammalian target of rapamycin.

2.2 GFP 4 # % FUGW Jft 42 U87 #= U251 4m e, ¥
8 kik W3 UST FIU251 4HMIE S oe ik, S4t
OB CEM LIRS &, LB TR YL i 2, P
I IR AUAZE R AT RE (B 2)

Fluoroscope

White light

U7

U251 &

o s
B2 FBRAFBAEFERE FUGW BRI ARGE
4R ZR UST #0 U251 AREHEIRIE (200X)
Fig 2 Expression of green fluorescent protein in human
glioma cell lines U87 and U251 transfected with
FUGW plasmid (200 X)

2.3 US7 #= U251 2ot mTOR 2 AU R HH
FRELE R 2 R (K 3) Won, 7F UST #1U251
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4 H9 Hr, K shRNA-1 F1 shRNA-2 & )il mTOR %
A %1k J5, mTOR & [ #1k K V-4 % FE 4 F [
(US7 4iiffl: 0.3240.02. 0.49+0.01 vs 0.840.01;
U251 4iifl: 0.5640.01. 0.72+0.01 vs 0.99+0.01 ),

SWESITEE L (PH<001) . G558 T
LSS 1 20 i A K I, B Kk B A KR S 3 i
H. mTOR F& [F i 9 5550 A 58 4 1Y UST 4l M #E 47 J5 42

ShRNA-1  shRNA-2 M:(X10%)

shRNA-2 M:(X107) shNC
mTOR—[~ MTOR —| S S s 059

B-actin —[—-{— 42 “+ 42
B

B3 FAREEEGNARREMSABME US7 (A) #1 U251 (B) HAEA) mTOR EREFIRR
Fig3 Knockdown efficiency of mTOR gene in human glioma cell lines U87 (A) and U251 (B) detected by Western blotting
shNC: Normal control cells; shRNA-1/2: The cells that mTOR gene was knocked down by shRNA-1 or shRNA-2. mTOR:

shNC shRNA-1

-~ ————-]— 289

B-actin

Mammalian target of rapamycin; shRNA: Short hairpin RNA.

24 EFERARGHRERIE B9 4 U8T
YHIAEA (USTMG-shRNA-1_1,U87MG-shRNA-1 2.,
US7MG-shRNA-1_3, US7MG-shRNA-2 1, US7MG-
shRNA-2 2. US7MG-shRNA-2 3. US7MG-shNC 1,
US7MG-shNC 2, US7MG-shNC 3 ) k47 = 18 5 ]
J7, it 24 528 ASEEE AT 1 906 /> 2 Rkt
R K] (T4 ) Al b F 45 {1 208 T i R A 150 1
2 FEE S T A FGA RIS R OR, DA PR
W12 S a2 L R 8 Y 2 S SR R DLl ]
8 AERSER D RRGAER, EAr R
TR R FGAE, BEA SRR RN,
REME (F5) hassRERARAE S, #4718
FAIRIAYIE ;BB ARBE R i h Y 2Rk
i, Bilog, (FPKM+1) , H:H FPKM £ 75 & T4
BB P2 i i 71 T WSS IR e BB ( fragmeents per
kilobase of exon model per million mapped fragments,
FPKM ) .

log,(FPKM+1)

ShNC._1
ShNC 2
shNC 3

shRNA-1 1
shRNA-2 1
shRNA-2 2
shRNA-2 3
shRNA-1 2
shRNA-1 3

B 5 mTOR EFEEUR US7 AfhERRIAEFBELEMNE

FigS Clustering heatmap of differentially expressed
= Up-regulated gene & & P v exp

100 - =Down-regulated gene
=No differentially expressed gene

genes in mTOR-knockdown U87 cells
shNC: Normal control cells; shRNA-1/2: The cells that mTOR
gene was knocked down by shRNA-1 or shRNA-2. 1, 2 and
60 - 3 represent different samples. mTOR: Mammalian target of
rapamycin; shRNA: Short hairpin RNA; FPKM: Fragments per

kilobase of exon model per million mapped fragments.

80+

_lg(P mu)

a0}
20|
gqRT-PCR Kz Z5 5 (& 6) Wi, 7E mTOR K
% W J5 Bk %) 3L K (Notch gene, NOTCH ) 3.,
1% AL T 41 i #% Al F c4 (nulcear factor of activated
T cells ¢4, NFATC4) . Ifi /Al P AR K752
& B ( platelet-derived growth factor receptor beta,
PDGFRB) HIC-C 4k /7 & 1k I it /& 20 (C-C
motif chemokine ligand 20, CCL20) ) mRNA ik
AEE R A S (P 17<<0.05) .

0

2 —1 0 1 2 3
log,|FC|

B4 mTOR EEFEIR UST A= RRIZEENILE
Fig4 Volcano map of differentially expressed genes
in mTOR-knockdown U87 cells

mTOR: Mammalian target of rapamycin; P,q: P value adjusted
for multiple testing using Benjamini-Hochberg to estimate the

false discovery rate; FC: Fold change.
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Relative mRNA expression
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56w o
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6 qRT-PCR #&illl mTOR ERE &R US7 iR AR EH mRNA FKikKFE
Fig 6 mRNA expression of up-regulated genes in mTOR-knockdown U87 cells detected by qRT-PCR

shNC: Normal control cells; sStIRNA-1/2: The cells that mTOR gene was knocked down by shRNA-1 or shRNA-2. "P<<0.05 vs sShNC
group. n=4, xts. qRT-PCR: Quantitative real-time polymerase chain reaction; mTOR: Mammalian target of rapamycin; sShRNA:
Short hairpin RNA; NOTCH3: Notch gene 3; LFNG: Lunatic fringe; NOTCH4: Notch gene 4; NFATC4: Nuclear factor of activated
T cells ¢4; CAMK2A: Calcium/calmodulin-dependent protein kinase Il alpha; ANGPT1: Angiopoietin 1; RRAS: Recombinant human
related Ras; PLA2G6: Phospholipase A2 group VI; PDGFRB: Platelet-derived growth factor receptor beta; IL-11RA: Interleukin 11
receptor alpha; IL-6: Interleukin 6; CSF2: Colony-stimulating factor 2; SOCS1: Suppressor of cytokine signaling 1; MYL9: Myosin
light chain 9; PTGER2: Prostaglandin E receptor 2; ICAM1: Intercellular cell adhesion molecule 1; IL-1p: Interleukin 1 beta; CCL20:
C-C motif chemokine ligand 20; ALDOC: Aldolase C; MMP3: Matrix metalloproteinase 3.

2.5 o BE R B Ap ) A 8 0F ik AE R ]
Jp 1 16 H 9 24 528 S HT G SRASHT 1906 A2 53k
ik, 3k B log,|FC| [FC N 22 5 % %% (fold
change ) | HEFE FT 12 {37 1) mTOR % [ 3 9 UST 21
J b ek b Y S PR R AT B b, A5 R R
AL T 9 A5 55 O il o 12 D 2 WNTI i
54> W F5 H 2 ( WNT1-induced secreted protein 2,
WISP2 ) . NOTCH3. CCL20. M ¥ IR #E + a
75 % 5 H 2 (tumor necrosis factor alpha-inducible
protein 2, TNFAIP2) . PDGFRB. NFATC4, # %
A FH 5¢ Ras 3 [ ( recombinant human related Ras,
RRAS) . Epstein-Barr J} 73175 53K 3 ( Epstein-Barr
virus induced gene 3, EBI3) . 6- BRI -2- Jfi /
Wb -2,6- — W% 'R B 4 ( 6-phosphofructo-2-kinase/
fructose-2,6-biphosphatase 4, PFKFB4) . N-myc |
e 98 95 2 B 1 (N-myc downstream regulation gene
1, NDRGI) . S ¥f — % TR % 47 Wl C (fructose-
bisphosphate aldolase C, ALDOC) . [FEHEHEM 3
(pentraxin 3, PTX3) , log,[FC| 4>+ %l & 2.111,
1.689., 1.664. 1.636. 1.609, 1.567., 1.545, 1.484.
1310, 1300, 1.267. 1201, 43 %I {i F WNT,

NOTCH, TNF-o. WNT. Ras. WNT. Ras. Janus ¥
fiti ( Janus kinase, JAK ) /STAT3. MAPK. WNT.
B 415 5 I 1 1 (hypoxia-inducible factor 1, HIF-1)
CAMP 5% % 1% i [, Il A A R SOk, JE 3R #)
45 FUEEXT DL L 9 2% 5% B U0 8 I A 4kl 3R, HE
HIF-1 1 cAMP i #% I i 3 18 3 [H 1 log,|FC| %%
%, DA e Hof 7 Al s R AT SR SRR, 7 Ah
36 % 0 ) 70 % 25 0 R 0 T A 4 A ] e 4
1 FioR, 7 100 pmol/L ¥k & if, Ras. STAT3 Al
WNT 38 2% 417 1] 570 X%F mTOR % P &5 W6k U7 48 i (1)
P 22 Lt mTOR J& PR A w08 40 i =5, 177 MAPK
TNF-a., JAK. NOTCH i i #1j0 il 51 % 25 S ) A1
S H1F STAT3 i f# il 551 100 pmol/L ¥ £ (1) 41
A d g, DR 6% STAT3 i B& 415 100 pmol/L
AT .

2.6 mTOR 3k B 3, B& 4 STAT3 i@ 3% 7 4] 7 2
US7 sa 3§ si g% s  mTOR ILAEINIG 1~4 d,
U87 4 M A 5 16 PE 4 R B (P 31<<0.05) , TMiHK
A i I STAT3 38 #4155 1~ 10 5 U87 4 i 11 3%
g R (P1<0.05) o W 7,



S5 oM wE A, A I RELITR 7L Sl T A AR 1A T30 B B B S O I B A A K B R BIL

* 601 -

F1 7 FERAEIFIS mTOR BEERURN KRB US7 ARRMZG M RGRIE GHIZ)
Tab 1 Sensitivity test of 7 pathway inhibitors in mTOR-knockdown and -unknockdown U87 cells (inhibition rate)

%

mTOR-knockdown

mTOR-unknockdown

Inhibitor Pathway

100 pmoleL ' 10 umoleL™' 1 pumolL™" 100 umolsL™' 10 pmol.L ™' 1 pmoleL ™'
E7820 MAPK 74.68 17.58 0.10 91.42 3231 16.22
Kobe2602 Ras 90.23 7.77 —12.94 74.30 19.15 —15.91
Mollugin JAK 94.35 58.48 —43.19 95.73 23.77 6.30
R-7050 TNF-a 85.00 —4.61 —8.35 88.51 —14.21 —1.88
Hydrochloride STAT3 105.00 46.10 —9.45 95.68 54.46 17.81
KYA1797K WNT 84.61 39.06 —22.42 55.08 —31.23 —14.52
IMR-1 NOTCH 68.03 54.68 —12.68 92.29 59.75 —22.49

mTOR: Mammalian target of rapamycin; MAPK: Mitogen-activated protein kinase; JAK: Janus kinase; TNF-o: Tumor necrosis

factor alpha; STAT3: Signal transducers and activators of transcription 3; NOTCH: Notch gene.

4 mTOR unknockdown

—a— mTOR knockdown
- mTOR knockdown+STAT3 inhibitor

Time/d
B 7 CCK-8 £ mTOR EFRURELE STAT3 &
HIFIFIF xS UST LA A tEsE A &2 0m
Fig 7 Effect of mTOR knockdown combined with
STAT3 pathway inhibitor intervention on U87 cell
proliferation detected by CCK-8

"P<<0.05 vs mTOR unknockdown group at same time point;
£P<<0.05 vs mTOR knockdown group at same time point. n=4,
x+s. CCK-8: Cell counting kit 8; mTOR: Mammalian target
of rapamycin; STAT3: Signal transducers and activators of

transcription 3.
3 it

P22 i TR LA v B AR 28, IR BB B
SR 3 H, RJEHBIEULT P R K
A E 12~16 A, HRRAR KM A% T
IR BT 250, R 53 R R g N R B S o
1B S W B QPR il b e i R ] N R W S R 2 o
T [ A7 B IEF,  AifrIe 20 A P 38 e 2 8 At R P
WO HAL 5 54 Sl e ks '

AR 2 AR 22 R 9T T 24 1 AR B 1E A BH

W7 mTOR 3 5 J H: 527 [ 80 106 3 1 vk /> Wik 245 1 1)
Al 17 M, 4 ¥ Clinical Trails B 77 ™ 3k (heps://
clinicaltrials.gov) " B % ic i) 36 Tl {fi F§ mTOR
0] R0 A A 5 ] (ol R RS B S ] ) B
£ At 388 65 0 8 700 96 7 R SR 4 I ARG 56,
NCT00515086. NCT00387400. NCT00085566 .
NCT00107237. NCT01434602 ", % B{ £ % B 15
AT RE, SR SERIE ST MG R f IR S T A
BHLIKT mTOR 38 45 B H 52 et 3 5 7 e S e )
Bk

H i w8 J6 ¢ T i a8 12 P 48 mTOR 3 [H] i
W LRI M5 il B G, (HA R 2+
BT RE T B4 BH BT mTOR 15 510 #% K 52 3% i 16 1
e (R LT A R SE Y . Miyata % BFST & B
STAT?3 i #% 3 i) 7¢ Z il -3 A1 -1 (chitinase-
3-like-1 protein, YKL-40) JH7 FUi#AY mTOR 155
i, YRS STAT3 il B 57 STX-0119 Al
mTOR 3 i 1 5 351 5 Y2 2% 70 A 55 o 0 s i
24 1) 16 980 200 M 1 5 . Shi 45 ') 5 1k MAPK i
AR R B AR A S R A AR T 1 il [i] AR
e/ e R 0 R F R 1 AR B T A5 iy Olmez 4517
HEA {6l FH 55 [ FDA St v 1 /140 e J 209 8 (1 4
PEV G 4/6 701 FIA S )2 (palbociclib ) K 4E
SLENATT TR, & mTOR #EBHWTE Ras #8754
- ERK 2853005, i o Je v LA BELIST ERK 1M
SR BRI T Asby 25 6 IE P JE
mTOR 8 B0 ]2 75 2 5 w) i 2 5 [ VR i o AR
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IRTATR JSC P 40 A A AN R 8 20 S S0 A3

ZE L RTA, AT UGE i v 1 e e 6 R
BT 22 2505 58 B IR 7 I SO B9 AT AT, O HAT
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