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Multi-components from Pulsatilla Chinensis saponins synergistically inhibit
proliferation of NCI-H460 cells based on tumor glycolysis mechanism
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Abstract: Objective The study was designed to investigate the antitumor effect of Pulsatilla chinensis saponins components and the
synergistic effect of its effect components on tumor glycolysis. Methods NCI-H460 cell lines were cultured in vitro, MTT assay was
used to detect the inhibitory rate of various components of Pulsatilla chinensis saponins. The compatibility and synergistic antitumor
effect of different effect components were studied by Calcusyn 3.0 software. Biochemical assay and Elisa assay were used to detect the
glycolysis related metabolites (pyruvate, lactic acid, and glucose) and enzymes (GLUT1, HK, PKM2, and LDHA). Energy metabolism
related gene members from KEGG pathway database and key protein (ERK1/2, Ras, GLUT1, MCT4) were detected by qRT-PCR and
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Western blotting. Results The antitumor results in vitro showed that PSD, R13 and PSA in Pulsatilla chinensis saponins had the
strongest antitumor activity for human lung cancer NCI-H460 cells and the ICso were 5.2, 4.6, and 7.9 pg/mL, respectively. Using
Calcusyn 3.0 software to confirm the distribution ratio of three effective monomers in Pulsatilla chinensis saponins and determine the
synergistic antitumor effect after compatibility. The results of biochemical and Elisa assay showed that the content of pyruvate, lacate,
glucose, HK, PKM2 and LDHA were significantly decreased and the GLUT1 content was significantly increased compared with the
blank group (P < 0.05),; Compared with each monomer group, the content of pyruvic acid, lactic acid, glucose, HK, PKM2 and LDHA
in the combined group were significantly decreased and the content of GLUT1 was significantly increased (P < 0.05). Real-time PCR
results show that the combinations group has the most nodes in the network diagram, and its target was more than each monomer group.
Western blotting results showed that compared with the blank group, the combinations group significantly decreased the expression of
ERK1/2, Ras, GLUT1, and MCT4 protein (P < 0.05). Conclusion The combination of effect components of Pulsatilla chinensis
saponins has synergistic antitumor effect on NCI-H460 cells and the antitumor mechanism may be associated with the regulation of
glycolysis.
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23

Chinese Traditional and Herbal Drugs %5 50 % %5 213§ 20194 11 A

° 5291 -

IgG, MWTALE 2R EEMEARAR AF; B-actin
pifk, £E CST AF; GLUTI. HRRFEIEk 4
(MCT4). Ras HifEH0 T3 E Abcam A w]; 4HI
AMBAT R I 1/2 (ERK1/2) $ifk, £ Thermo
Fisher A ).
1.3 {UZE

W) 4skE (36 Thermo Fisher A F]); CO;,
FFR88 (HA SANYO AF]D; SpectraMax 13 2 1)
REREARX (ZEE MD A F]); ZOGLEIE B (1
LEICA AF]); Real-time PCR 1% (E[E Applied
Biosystems /A #]); 5810R il AR B0l (fE[EH
Eppendorf A #)); &R K4 74t (3£ H Bio-Rad A ],
2 7
2.1 YHREEEFE

NCI-H460 41 i H & 10% /i 4 3% () RPMI
1640 B98I E T 37 C. 5% COL B3R F R %, Ik
H¥t, 3~4 d AR, B A g0 i T 5256 .
2.2 MTT AN AEIEE

TR BURE B NCI-H460 20 iR A7 %, ik
BT 37 CHEIREKB R, 1000 r/min 2> 5 min,
FBRRALW, AN SECHI S 10% 864 5 1)
RPMI 1640 ¥: 723, WRITH425) 3588 2 415 7500
H, 37 C. 5% CO, [PEAIE B R 75 70 Hh i B 8%
7%, L3RG, BOTECERK AN, RSN 4X
10 ~/mL, HFL 100 puL #FiT 96 FLARH, 4k88s
7% 24 h Ja, KA T8 A3 4. PSD 4. B4
ZH. R13 4. PSA 4. HC 41. HD 41. HY 4. Jii
HI4H, 2y BIInNEEFREE 100 pL, fHAFHZ5Y4 R &
WEYYN 3,125, 625, 12.5. 25, 50 pg/mL, ik
S HE AL OIS 254016 RPMI 1640 5537 100 pl)
AHAZA Mg 2 n RPMI 1640 ¥5723E 100
ul), ZiMHEHYIBE 5 MR, SIRAAEEH
BB 3 ANESL. ¥ 96 FLIRE 37 'C, 5% CO;,
R gRAR S 9% 48 h, I 5 mg/L MTT 20 uL, Zk4ER:
Ft4h 5, i, I DMSO 150 L, &% %%
10 min, BEFRXT 490 nm AN & & FLROEEAE (4D
B, HEESLE 3 K. BOLETHE ARG 2 A
A BANHIAREE (ICs0)

PHZE=1—(4 w5—A w=)/(A wr—A =)
2.3 Y EMERIEN

B B0 K1) NCI-H460 Jrgg 4, %
FEA 4X10* N /mL, &EfL 100 uL 8T 96 FLHR 1,
dkel¥EFE 24 hG, Kdifesr v PSD 41, R13 4.

PSA 4. PSD+RI3+PSA 4, H&XEA G
ANELIH 1640 £537%E 100 uL) AHAZEL A0
4 A 0 RPMI 1640 55753 100 uL), ¥4 R41
B 5 ANEAL, S R4 T AR H % 3 M AL,
FR i SR 259 (1) 1Cso 1H., i2 H Calcusyn FAFALEE 1S
i PSD.R13 1 PSA HJH A B (Dm) 43714 6.54+
5.53. 7.88 ug/mL, i€ Dm NZGYIBEH L, B
R A ZH DA 5k Dm {E 2 FO R EE, FREL 1.5
R LL Bl T RS, 1EFT NCI-H460 40, @it
MTT Vi3G5 HI %, 3 HARYE Chou-Talalay H
XEHE, K Calcusyn 3.0 - HHE B #0H| R -BE A
FRE (Fa-CD LIS € 87K N354T i T
B ASKES S AR CLE, W&o
YA AR & (CI<1, WZGHFEIER, Cl=
1, PIZiHIIMPER], CI>1, PigifsHifER) 73,
24 FEEE. AMRFZLEESSEN

HUe 2 K NCI-H460 20, RAE3E TN
10°A~/mL, #FL 3 mL #MT 6 fLIK+, T 37 C.
5% CO, IR FEAE 15 9% 24 h J&, MR¥E Calcusyn 3.0
BAFHEAS H PSD. R13 Al PSA ¥ RIECARL I,
X RREAT 7 N5 24, 43 )08 PSD 4H (& &k
JEN 5.5 pg/mL) R13 (L &K E N 4.6 ug/mL).
PSA ZH (& i mikE N 6.8 pg/mL).PSD+R13+PSA
BAd (KREIREN 5.5 ng/mL+4.6 ug/mL+6.8
ug/mL) FIXFHRA CMA SRR IR, AR
3IANEIL, 7£37 C 5% CO, HIRGFEA h 4k 4l 1 37
48 h J&, Ik HE T, RS HiE T 08, 2 000
r/min 250> 10 min, [7] R UCEEGH P, X5 4m o dE 471148,
Fo R G Ul B B A AT s . AR A LR & =k
ATIME o
2.5 HEREARAESKERK AR

BT B4 K 160 NCI-H460 240, 1% “2.47 T
TNHERR . rH KRGV, 3 I, PBS B4l
M2 Wk, FHIREE S A US4 M T 2505, 2 000
r/min B0 5 min, FHTA ) PBS Wik 2 W, s
A& & PBS H 24, FH—E DhE M5 KA A B4
P 22V, A5 440 i s e 42 R U B P56 GLUT L
HK. PKM2. LDHA /K- F-#EATH o
2.6 SERFCHEE PCR (qRT-PCR) #&N¥EELAR
MR EERIZKFE

Bt H A K9 NCI-H460 40, % “2.47 T
NI, BN PSD A (&SRR N
5.5 pg/mL). RI3H (AJREKEN 4.6 pg/mL).
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PSA 4 (AR EWRE N 6.8 ug/mL). PSD+RI13 4
(AR FEWREN 5.5 ng/mL+4.6 ug/mL). PSD+PSA
H (A FEWRE N 5.5 pg/mL+6.8 pg/mL). R13+PSA
M (AFEWRE N 4.6 ng/mL+6.8 pg/mL) J2 PSD-+
R13+PSA BAAH (AJREWEAN 5.5 pg/mL+4.6
pg/mL+6.8 pg/mL), 55X B4 CIMA SRR
1), FAWE 3 ANEFL. £ 37 C. 5% COy 5
FRAAP kAR IR 24 h JE, &abER3E, 3BT, PBS
TBEIAAIAE 2 YR, RH Trizol — L3R ELE RNA. &
M EEUE S RNA S61E, J1F 1% RS A e
PR VKOO EL SE B M, S RNA IRIREEZE 600
ng/uL, U1 pL FHBHESRON cDNA. WHsRAR R
PCR 9 $44 22 S S5 B 2% A 34 2 a1 e b i i B
WE o [ — RS R, 1 3 NE R, ABI 7500 Softwarev
2.0.4 BHATEHEAG A LT, DL GAPDH NN ZHLIE,
1145 fold change (=2 NFIL W FIFEEN, <054
FIREE T REEED, R H 5 E RIS RIE K
2.7 Western blotting N FEEZfZHE X E B HIRIA
BUG 804 K W1 NCI-H460 40, % “2.67 T
NIEREFR. rH kGG, FF LG, PBS B4
Ml 2 %, I PMSF [ RIPA 402, VK I
2% 30 min, A BN, 12 000 t/min 4 C &0
10 min, HUCEIEW, 1M B R e i) & i
PMEEAKRE. BSHAEAKRERESKRE, 5
— £ & loading buffer VE21J5, TH/K - In# 10 min
R AR, B B U AE T SDS-PAGE Hijk, A5,
5% Mifa Wk 1 h f5, §%—PHi Ras (1210000,
ERK1/2 (1:2000). GLUTI (1 : 100 000). MCT4

(1:1000). B-actin (1:1000), 4 CEKIFEIL
W, F TBST ¥l 3 ¥k, 4K 10 min, AOABRAR IS
EALYIBEARIC —HICL 2 8000, FIRIEKIEE 1.5 h,
TBST FRXPEME 3 K, HIK 10 min, HIA ECL TAE
W, RAA HAMGF R ICHUER R Gu0 B H ST
B, USAHEAGEN 1, MNEHEA SR
17 AT
2.8 ZitFENR

KH SPSS 19.0 it % ¥ AFi##4T One-way
ANOVA J5 2537, SEEEHELL X 5 £IR.
3 #R
31 BBEEHSRIXT NCI-H460 4HA1E5ER
A

MTT S4B IR, PSD. R13 il PSA X
NCI-H460 203458 HA B REEN, JFHE
IRF TR0 B ARG, LA A FH A S v - LAt 25 B
ARGy, BT B H) 1Cso 398 (5.240.3),
(4.640.1). (7.940.5) pg/mL, HEA BT HH M
JEvETE, W 1 A 1.
3.2 PSD.R13 1 PSA X NCI-H460 At/ [E] 31
H5EER

I IE FH MTT 0 H RS 5% & Caleusyn 3.0
WA CUAE, 2R ER, S3H%>0.55 K, H
CI<l1, FRJiMHIZFE>0.55 i, PSD+RI3+PSA
U EIYER . PSD+RI3+PSA 1) Dm=1.86, /T
BB RSy Dm A, HHZER r=0.944 51, sk
RIS, # W PSD+RI13+PSA HA WA, W
* 2.

x1 BAHFEHERDNEREREX NCI-H460 4IREIHIHIER (X £s,n=3)

Table 1 Inhibition rate of each concentration of Pulsatilla chinensis saponin component in NCI-H460 tumor cells (X *s,n=3)

5%y p/(ugmL™")  HIHIR /% 5%y pl(ugmL™)  HHIZE/ % D% p/(ugmL™)  HHIZ/%
A3 3.125 -5.0%+ 3.7 R13 3.125 37.6+8.4 HD 3.125 7.1+ 2.9
6.250 -58+ 2.5 6.250 575443 6.250 151+ 3.1
12.500 -324 63 12.500 99.4+0.1 12.500 25.2+24.1
25.000 -8.1+ 0.3 25.000 99.7+0.1 25.000 162+ 1.6
50.000 3.5+ 4.1 50.000 99.3+0.8 50.000 115+ 45
PSD 3.125 263+ 144 PSA 3.125 25.9+6.2 HY 3.125 144+ 15
6.250 59.1+ 3.5 6.250 40.8+1.5 6.250 140+ 42
12.500 913+ 6.7 12.500 4954438 12.500 217+ 2.8
25.000 99.7+ 0.0 25.000 99.6+0.1 25.000 547+ 3.7
50.000 99.7+ 0.1 50.000 99.5+0.2 50.000 98.1+ 0.1
B4 3.125 -1.7+ 5.1 HC 3.125 18.8+5.5 I 3.125 722+ 1.8
6.250 2.6+ 6.5 6.250 15.6+£5.7 6.250 81.7+ 1.2
12.500 20+ 8.1 12.500 17.6+£2.6 12.500 96.4+ 0.2
25.000 1.7+ 5.8 25.000 16.4+6.5 25.000 98.0+ 0.3
50.000 3.6+ 3.0 50.000 94415 50.000 98.8+ 0.4
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1 BB EEHSMS T NCI-H460 FR0HIE5E HIFI{E
(X £s,n=3)

Fig. 1 Inhibitory effects of saponins from P. chinensis on
NCI-H460 cells (X x5, n=3)

%2 PSD. R13 71 PSA % NCI-H460 £RpftE581E A fUBA &
WL

Table 2 Combined effects of PSD, R13, and PSA on
proliferation of NCI-H460 cells

PSD/ R13/ PSA/ NCI-H460
(ngmL™)  (ugmL™) (ug'mL™) Fa CI
3.29 3.23 461 0.2 8.75
4.30 3.98 5.67 0.3 4.06
5.35 473 6.73 0.4 2.17
6.54 5.53 7.88 0.5 1.23
8.00 6.47 9.21 0.6 0.70
9.96 7.67 10.93 0.7 0.38
13.00 9.45 13.46 0.8 0.18

3.3 PSD. R13. PSA MB{KBAXEEE. A
ER AN FLER A 20

FFAEALER I PSD. R13. PSA FIFRECA
YEFJG HCI-H460 2 - iE 8 &0 . A B R A LR
K, GERRE, SRR, K45 254 AT B
BF AR PFRA IR AR K. 5%
FAAAIE LT, PR IR A ZEL 40 R A R KT S 3 T
AWK B EHFK (P<<0.01); 5 PSD Al R13 411
B, SRR A R TR R R K B E T (P<
0.05), L% 3.
3.4 PSD. RI13. PSA FIE{AEL &% NCI-H460 £
BEIiERE A7 AE X Bk S RO S2 00

% H ELSIA £l PSD. R13. PSA RS
X WE R RR AR OGRS 52, 45K, SXTRA
FLfs, BB A 414130 GLUT1. HK. PKM2. LDHA
KB K (P<0.05. 0.01); 5 PSA 41Eb#,
FRBEA HA GLUTT /KB FFK (P<0.01);
5 R13 LA, HARECA 40 HK Al PKM2 7K
BERK (P<0.05. 0.01); 5 PSD. R13 fil PSA 4
Eds, HARBEAHAM LDHA /KPR ERK (P<
0.01), W& 4.
3.5 PSD. RI13. PSA FIE{KEX&%F NCI-H460 ZH
BapER: iR X B E RIX K F RIS

K qRT-PCR #:Jl] PSD. R13. PSA Al {KRE
A 0] IR R R AR AR G 41 N EERIRIE B2, 45 R

#3 PSD. R13. PSA FEAEE X NCI-H460 HAEENE. REIERFIZLEK TR (X £5,n=3)
Table 3 Effect of PSD, R13, PSA, and combination on content of glucose, pyruvate, and lactate levels in NCI-H460 cells (X xs, n=3)

i BN L RS B /nmol
45 p/(ugmL™) ‘ - 71
712 bl P EH R BN

pagit — 1.33£0.16 0.41£0.00 14.11+1.69
PSD 5.5 7.8940.52"## 0.324+0.01" 10.65+0.18%#
R13 4.6 11.54+0.42%"# 0.3440.01"# 8.59+0.06"
PSA 6.8 12.6441.12"# 0.2740.01™ 8.9440.19"#
PSD+R13+PSA 5.54+4.6+6.8 63.314+0.12" 0.2540.00" 4.2540.06™

Hxtieal b "P<0.05 "P<0.01; 5 PSD+RI3+PSA Lb#:: *P<0.05 #P<<0.01, & 4. 5A

"P<0.05 "P<0.01 vs control group; P <0.05 #P <0.01 vs PSD + R13 + PSA group, same as Tables 4 and 5

B, IRIESHAY S EFRIEZ MR R, BT
Cytoscape AT NI By 2L FUI IR 2578,
Hor PSD 4H. R13 4H. PSA HAMIEAREE S 2H ML
A 41 HH, Ho PSD HEERBEAH 11 4, RI3
HEERNBUHH 8 4, PSA HENBUHE 4 4,

PSD-+R13 4HFERARECH 2 4, PSD+PSA 415K

AHEA 74, RI13+PSA HIERBIEAH 19 14,
PSD+R13+PSA ZHIEKBEA 22 /.
PSD+RI3+PSA HIEFRTUHEZ, 1EML
IR %, RUFBIREA AR R AR
FHOREE DR AN BOR o AN R IE R R, X R
T2 ZRFMR S WK 2. 3.
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# 4 PSD. R13. PSA FHKEEE X NCI-H460 LRRPEEZ AR A X ER/K PHIZN (X £5,n=3)
Table 4 Effect of PSD, R13, PSA and combination on relative enzymes of glycolysis in NCI-H460 cells (X *s, n =3)

0 4 AR SR
ZH 73 p/(ugmL™)

GLUT1/nmol HK/pmol PKM2/nmol LDHA/nmol
payit — 16.6912.21 4.5310.36 761.32+£22.51 1.77£0.02
PSD 5.5 10.88+2.90" 3.2740.04" 217.40+15.71" 1.56+0.07"
R13 4.6 8.42+2.28" 4.47+0.11% 708.05+21.35™ 1.72+0.15"
PSA 6.8 14.45+5.65"# 3.67+0.35" 635.45+23.57" 1.67+0.03%
PSD+R13+PSA 5.5+4.6+6.8 4.63+0.61" 3.1440.14" 649.32+ 4.88" 0.504+0.05"

5
PSD+RI13+PSA

R13+PSA

PSD+PSA

PSD+RI13

PSA
R13
PSD ~
e S 224
5B g 2585
<S8 = [ s
Ss ~ dmmm
ZLAAREE LIRER, GHEARER IR
Red-colored clusters represent up-regulated genes, and green colored clusters represent down-regulated genes
2 N NEREFERIKRIRE
Fig. 2 Heatmap of expression levels of 41 dysregulated genes
PDK MET
o PGM
GCK
sirs eo® ® g
. 7 . GLUT1 A PSD
> - RI3
-e- PSA
o PSD +RI13
—a- PSD + PSA
<& R13 + PSA
-e PSD + R13+ PSA
o JE ]
HH

SLC1A5

LDHA

3 BXBETERT-ZEE-ZEAMSE

Fig.3 Multi-component and mluti-gene and multi-protein network model of Pulsatilla chinensis saponin
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3.6 PSD. R13. PSA FIE{KELA X NCI-H460 41
RaPERE iR AE X B B RIA K F RIS

K H Western blotting £l PSD. R13. PSA F
BRI R NCI-H460 4t M b B fd AH OC B R IA 1Y
s, R, 5XTH4LLLE, PSD+RI13 4.
PSD+R13 4. PSD+PSA Z Ml PSD+RI13+PSA
ZHZH 0 ERK1/2+ Ras. GLUT1 & A £ XK1 5%
A% (P<<0.05. 0.01), PSD 4. R13 4. PSA 4
PSD+R13 4. PSD+PSA 4l PSD+R13+PSA
H MCT4 EEHERIERZFC (P<0.05. 0.01). H
H1 PSD+R13+PSA 4 7] B i f#K ERK1/2. Ras.
GLUT1. MCT4 HHRIE/KF, 5 PSD 41, R13 4.
PSA It EREZE (P<0.05). WK 4 fk 5.

EPK1/2 (42X 10%) W S S S = s
Ras (1.8 X 10%

R — —— -

B-actin (45X 104) T, — — N — — —

GLUTL (5.4 X 10%) s s s S W o s st

MCT4 (4.9 X 10%)  w— v — —

B-actin (4.5X10%) - e o= - g S —_ —
A B C D E F G H

A-XfH#  B-PSD C-R13 D-PSA E-PSD+RI3 F-PSD+PSA
G-R13+PSA H-PSD+RI13+PSA

A-control group B-PSD group C-R13 group D-PSA group
E-PSD + R13 group F-PSD + PSA group G-R13 + PSA group
H-PSD + R13 + PSA group

4 PSD. R13. PSA FEB{AEKEIT NCI-H460 4HAf
ERK1/2. Ras. GLUT1. MCT4 EHRIAHFN

Fig. 4 Effect of PSD, R13, PSA and combination on protein
expression of ERK1/2, Ras, GLUT1, and MCT4 in
NCI-H460 cells

4 g

Jiiged 2 29 A BRI AT IR RO R A R A
e . ERET, IEPR e Va7 AT 254 2L
N AR AR IS 2 gl
BRI LT VA AE vy S T — i, H
BE AR, G A 25 M AT 2 R il e
BT EZERE . B, A2 3R
PUBAWR LS 2R BT TIREN s, Bk
BUEET (FRARTEL), FIRIEIE SR ERMN
B, R, ZBimibfE. &9, KR CEERER”
A DASE AT IR S iR, X R E & PR
SLEWH TR R . IEERIAE R R, Ak
FET RN B IR s
AV g g AU, JTEARR Fi R B, kSR
BARGHRPtMIgEER, 5cikikE—s, A
REI, FLHFEBIEF PSD. R13. PSA KIL2pL
3% NCI-H460 41 1Cso 518 5.2 4.61 7.9
ug/mL, fE7xH PSD. R13 F1 PSA ) HA K 4FHI#0
il e 84 L ¥ 12k

N T Ak S B PSD. RI13 A1 PSA3 A4S
AR RSy e A5 B[R] K Pt NCI-H460 2 i 14 78 1F
M, mEERZFHR—FOSRE AR TR &
B 2R 5. HAET, PR 2R AR ELAE
FH R ) 30 Bl O B — e B | AR
MG 7 EU16, Caleusyn BAF2E T Chou-
Talalay £ 7 FIEC# A, B I N SR — 2540
CH 25 ) B S B T U545 Dmy my CI
{8} Fa-ClL, X &-20# AT @ YA « R4 CIE AT LA
FIWr e & 25 A BAE R . AHIIMEH Cadditive
effect, CI=1). th[E{ER (synergism, 0.7<CI<I

£ 5 PSD. R13. PSA FE{KEEE X NCI-H460 Al ERK1/2. Ras. GLUT1. MCT4 ERFRERENE (X £s,n=3)
Table 5 Effect of PSD, R13, PSA and combination on protein expression of ERK1/2, Ras, GLUT1, MCT4 (X *£s, n =3)

151 T EEAMA Rk
ERK1/2 Ras GLUT1 MCT4

pagis — 1.00 1.00 1.00 1.00
PSD 5.5 0.8440.12% 0.60£0.08"# 0.85+0.04% 0.831+0.07"%
R13 4.6 0.9140.15% 0.8310.17% 0.8940.03% 1.26+0.16™
PSA 6.8 0.90+£0.07% 0.93+£0.20% 0.80+£0.02% 1.2240.10™
PSD+R13 5.5+4.6 0.44£0.12" 0.50£0.18" 0.72£0.05™ 0.78+0.08"
PSD+PSA 55+6.8 0.72£0.18" 0.62£0.17" 0.61£0.02" 0.96£0.09
R13+PSA 4.6+6.8 0.32£0.02" 0.29+0.15™ 0.67+£0.13" 0.25+0.04™
PSD+RI13+PSA 5.54+4.6+6.8 0.51£0.13" 0.39£0.08" 0.7010.06" 0.3340.04"™
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NI FEIER, 0.3<CI<0.7 NiMFEMEH, C1<0.3
REEERD LA AESUER (antagonism, CI>1).
AL, Caleusyn 3R AL 25 805 THE M LIRAE
AT A AEVEM 3P R AR BAE L, JCH AR MR
i Eis A )z AT Yim 07iE
Chou-Talalay JEFRY 5-90 R NE MED — &G,
RILZFBA @ PR T 2 R R R AR B 1R,
) S A M ) A . AT AL S I8 ) Caleusyn
AT E A RO B A 2 I BT L, R I
G W& B 23 iAT B G AR T I 4a e, AR
P MTT 250 3R15 1 & - 208 S 85 fiz F Calcusyn
BRA S0 25 A AR AT 8 1 SOE iR . 85K
W, G RO AL RIVE T I da iy, 156G 2
Dm {EI/NT& AR ZY), T HY Fa>0.55 i, H
CI<1, Brr 7 FRE B HA 2 s v R P
1 AR

1E 5 40 A = R A A R A 3R Y e = 4 R4
F ) IE A, T R A i R AU T N R, H
JH S A6 i) <3 1) FH A SR P A R SR L 4 T 14 5 A A A7
PR ae s, Rk, MR mFHAKRSE, ¥
HH L 2 W TR I vy T T I AN LR HEAR B
%), GLUT1. HK. PKM2. LDHA /2 E 2% 5
PR AR IR AT IR D B, 0o R4 e T A ik 2B R AN B A
HHERIEERAR, ALREGERER, BRFEHER
A BRI G AR i 4 37 9 e 25 4 5 B
SFE, LR TR RN R OGRS GLUTI .
HK. PKM2. LDHA fI& & HE K, S Ak
ENLERE W SR §n an e el kiAo s A
YHpE KA, HERGIER G, THMEgni
AT R R 2 . N T BRI Sk S A AL
853 TCATLJ %o e 24H R T A A DG A ) s il 2 75
HAEDFEEM, 4% KEGG Pathway #dfs e 1)
central carbon metabolism in cancer {5 ‘5K, %k
PEREEEARA ORI 41 N RN bR, f0ill 1 B k5 2
HA RS LI BREAE R Ja R B bR IER 52 m . 45
L], i A R B IR A S R R AR
R R 22 5, W T Sk 2 BLor -2 TR P 4 A
B, ORI T B RS RO AR SR A A I 88 4
W T Ao T B2 i) P R G 25 BRS80S o 2 IR B R
R, EEPFUKE EEB T ELKGREZ NS 25
ERI70 i 96 1 (B4 PR 15

B Sk 5 B A RO S A AR T e 4
RO T i A DG R R R (1) 45 R A\ TPA. (Ingenuity

Pathway Analysis) #4417 5041, 4R BN, H
SLEA RS BRE AR S 5 L5 0 88 240 B T A
) Ras/MAPK/ERK1/2 & 5 il #% . Ras/MAPK/
ERK1/2 {5 5@ H LT R AR AR E
Hi#% (RTKs) -Ras & FH-MAPKKK (Raf) -MAPKK
(MEK) -MAPK (ERK) -c-Myc #3%[KF-DNA &
%o Ras #% RTKs #uf /5, HAEMMIKA Raf-1 -
TR IR AEE EANM i b, Raf JEEHERR L MAPK #
i (MAPKK, B MEK), MAPKK #7% MAPK (H[!
ERK). MAPK #E¥UE G, 240 Mokx N B H80E
RN, BRI FRI c-Mye . JRIEIER
c-Myc ¥ 375 F¥IE GLS. SLCIAS. GLUTI/
GLUT2. PGM & H M FAEIER, ik, AHF
FTiRHL T Ras. ERK1/2. GLUT1. MCT4 &H, %t
HHMTEARIEKFRIEIE. s R EH, Ak
P A RS BAR R IR 5 Y REAN [F) R B2 1) 52 0
Ras. ERK1/2. GLUT1. MCT4 EHRIKIL, HA
B AR B B L ERIA KT BRI R B3
MWEEEK it —BESE T Rk 2 E 2 I 2
B P [F 0 e R R PR R
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