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B HK | PK B35 P, IF 95 A% 40 it 36 235 40 004 6 4 &% SLIR I ATP A9 £ i & (P<0.05, P<0.01) . Western blot 45 % .7~ , CuB (100,
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[ Abstract] Objective: To explore the mechanism of cucurbitacin B (CuB) in inhibiting cell
proliferation and glycolysis. Method: Cell counting kit-8 (CCK-8) was applied to investigate the effect of
different concentrations of CuB (0, 40, 80, 120, 160, 200, 400, and 800 nmol-L™") on the proliferation of
HuCCT]1 cells. The effect of different concentrations of CuB (50, 100, and 200 nmol-L™") on the colony
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formation ability of HuCCT1 cells was detected by plate cloning assay. The effect of different concentrations of
CuB (50, 100, 200 nmol-L™"') on the HuCCTI1 cell cycle was analyzed by flow cytometry. Visible
spectrophotometry was employed to detect the activity of key glycolytic enzymes hexokinase (HK) and pyruvate
kinase (PK) ) and changes in glucose consumption, lactate production, and adenosine triphosphate (ATP)
production in HuCCT1 cells after administration of different concentrations of CuB (50, 100, 200 nmol-L™").
Western blotting was used to assay the effect of CuB on the expression of cell cycle-related proteins,
proliferation-related proteins, key glycolytic proteins, and Akt/mammalian target of rapamycin (mTOR)
pathway-related proteins. Result: As compared with the blank group, CuB at dose of 160-800 nmol-L™" after
24 h administration and CuB at dose of 80-800 nmol-L™" after 48 h administration inhibited the proliferation of
HuCCT1 cells in a time- and dose-dependent manner (P<0.05, P<0.01) , and the median inhibitory
concentration was 200 nmol-L™" 48 h after administration. CuB can restrain the colony formation ability of
HuCCT]1 cells in a dose-dependent manner (P<0.01), and block HuCCT1 cell cycle in G, phase (P<0.05, P<
0.01). CuB (100 and 200 nmol-L™') can suppress the activities of HK and PK and reduce cell glucose
consumption and production of lactate and ATP (P<0.05, P<0.01). Western blot results showed that CuB (100
and 200 nmol-L™") can inhibit the protein levels of cycle-related protein Cyclin B,, proliferating cell nuclear
antigen (PCNA) , HKI1, HK2, PKMI1, PKM2, phosphorylated Akt (p-Akt) , phosphorylated mTOR
(p-mTOR) , and phosphorylated ribosomal protein S6 (p-RPS6) (P<0.05, P<0.01). Conclusion: CuB can
inhibit aerobic glycolysis in HuCCT1 cells via the Akt/mTOR pathway, thereby affecting cell proliferation.
[Keywords] cucurbitacin B; intrahepatic cholangiocarcinoma; Akt/mammalian target of rapamycin

(mTOR) pathway; glycolysis; HuCCT]1 cell proliferation
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w7\ BCA # H & & 2l & \ECL i B fb 7 & O
( 2% E Thermo Fisher Scientific 2 & , #it 5 70 % M
V1311347 . S1251119 . VF304274) , 4 I8 B i 1k il 3L
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PAGE ) %t it i 77 £ ( 3¢ [® EpiZyme Scientific 2% A ,
#t5 18D250) .
1.3 Y2 MCO-15AC 4 CO, 4 M 35 32 4 ( H A
Sanyo /Al ) , VCX750 KU 7 I i 3 {% ( 3¢ [ Sonics
vw] ), CKX31 BUR B I 55 . TC20 BY 4 jg i1 5 %
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K I Yk T ER B 6 FLA R I S, W K Ay
B AR AT B SR AR AL VR 1 K BUIE L, U T 8K
1 em® 1E 75 4% P9 40 i 4 V% B0 (B 2 7 — B 1 24> 4
ML SAE Z A I M E B RECT B RN
T3 LA BRI L % TR ED A R % 40 A A VR B

2.4 i A A R RS I 40 R IBORE AR K Y
JF P9 B4 9 40 B, B2 Al T 5 om %5 5% 0L 40 M 43 41
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2.7 H R ED L 75 (Western blot) £ Il Akt/
mTOR JWEEE MR AHOCEE (I RE A0 IR R ff U 72
o3 S8 A0 M, BRI B 1, #E SDS SR TR M Ik e 5 i
HHL UKk, PVDF B3 B, 5% B9 i % 7 8 5 B A 55 2
PEUR S, I —$t ($2 1:1 000) ,4 °CHEF 24 h, il A
RN ZH(1:17) , ERWEE 2 h, A ALK .
B &G 200 WL IR 5] J5 W5 s A s vk &0, DA
B-actin(1:6 000) KNS, H & 5 NS &4 HE
Fon H B AR R A

2.8 it 4t ffi H Graphpad Prism 7.0 841
BIIEG o, i A L R 3R, TF & R L
X £ s, WAL ) Y BOR H R 56 3, Z2 4 3 5K 1)
K Jl One-way ANOVA K 46 . P<0.05 4 2 % Gi it
3 BR

3.1 CuB Xt HuCCT1 4il il 3§ J8 (5 1 CuB 45 24
24 h.48 hJ5 %F HuCCT1 40 Jd (1) 410 i % bifi %5 45 24 v
JEE 1 T, LB 4 2 B TR) E K X 4
JHL A0 B0 B . 54 AL, 45 25 24 h, 160~
800 nmol-L'CuB #H 40 Mg 4= & 36 7 B 8 40 ) (P<
0.05, P<0.01), %245 48 h,80~800 nmol-L"'CuB 4 ifJ
A KIS I A (P<0.05, P<0.01) . i it Grapad
Prism7.0 %% 118 13 HuCCT1 40 Jfl 24 .48 h Y IC,,
43 3124 440,200 nmol-L". J5 £ 905 ¥ A 50,100,
200 nmol- L' CuB#f7. W 1.

F1 CuBX HuCCTI4MAEKMEN (X+£s5,n=3)

Table 1 Effect of CuB on HuCCT1 cell (x+s,n=3) %
51 RE S hmaE 48 b5
/nmol* L

2 A4 0.00+0.85 0.00+1.68
CuB 4l 40 5.64+1.15 6.78+4.26

80 7.42+3.12 10.13+0.97"

120 10.16+2.45 23.10+3.24%

160 17.66+1.95> 29.60+3.612%

200 39.06+3.96" 52.18+4.12%

400 52.43+4.127 69.90+7.84"

800 57.36+2.21% 81.39+2.07%

1 525 A4 8V P<0.05,2P<0.01(F 2-F 6 7))

3.2 CuB X% HuCCTI1 40 it & 7% T il € F1 /9 52 i
Wifi 5 25 25 Wk B 18 hn , HuC C T 1 48 i 48 75 T L3004

WikEAL . 525 F 4l %, 50,100,200 nmol-L"'CuB
211 S B TR LR 2 BRI (P<0.01) , R W] CuB REf%
il HuCCT1 40 B 45 V& JF A RE ) B 4t M iy 38 . DL
K142,

€ D
s A% 4l B~D. CuB 41 (50,100,200 nmol-L™) ( & 2-

K 4n)
BEl1 CuB¥ HuCCT1ZHR &% M A E 1 B9 R M (I 3l L < 10)
Fig. 1 Effect of CuB on colony formation of HuCCTI1 cells

(microscope, x10)

®2 CuBX HuCCT1HMTERMMEMHI (F+s,n=3)
Table 2 Effect of CuB on colony formation rate of HuCCT1 cells

(x+s,n=3)
21 541 e J /mmol - L' TR LR /%
k| 100.00+0.00
CuB 4l 50 13.39+4.26”
100 5.36+4.34%
200 0.82+0.44

3.3 CuBXf HuCCT1#4 A M T G, Em 5
25 AL 3, CuB 45 24 5 HuCCT1 41 i G, 39 41 i 4%
H B 1S 2 H BE G 45 25 Wk B 09 35 0 G, 390 200 o v
4 %2 (P<0.05, P<0.01), & W] CuB ¥ HuCCT1 4fi Jf
JE I BH T G, . JF B Western blot 5 3£ 7~ , G,
191 RR OC 19 4 S MR ) AR A Cyclin B, #3525 H
PCNA 3R IA 5 A ML S AT . S A4t
B, CuB 4525 1 3 AR T G, B AH ¢ 09 45 5 0 R i 2R
[ Cyclin B, F134 5 75 11 PCNA [ £ ik (P<0.01) ., UL
Kl2.%3.%4,
3.4 CuB il HUCCT1 40 Jitg 4 7 45 8 3 #E B &
ATP FIFLIR WA Ly 2 e 525 4 I, CuB 45
25 , HuCCT1 20 Jifd 7 %5 W5 14 #E & L ATP R FLIR (9 A=
S e S T B (P<0.05, P<0.01) . WL 5.
3.5 CuB X} HuCCT1 4 Jitd rf M % £ AH OC il (1 3% 38
MmN 55 A4lhE,CuBAY)E
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£3 CuBX HuCCT1EABHIHM (3+s5,7=3)
Table 3 Effect of CuB on cell cycle of HuCCT1 cells (x+s,n=3)

415 v mmol- L' G, /%
EIEE 17.33+1.53
CuB 4 50 22.67+1.53"

100 32.33+2.52%
200 52.67+2.89%

o N -~

PCNA S S s o 36 kDa

.
pin P >

A B C D
El2 CuB#5Z5/5 HuCCT1 4l Cyclin B, 1 PCNA & B RiA R ik
Fig. 2 Electrophoresis of Cyclin B, and PCNA protein expression
in HuCCT1 cells after CuB administration

%4 CuB3¥ HuCCT1#AHfl Cyclin B, 1 PCNA E A RIZ KM I
(X+s,n=3)
Table 4 Effect of CuB on expression of Cyclin B, and PCNA

proteins in HuCCT1 cells (x+5,n=3)

215 # ¥ /mmol-L"  CyclinB,/B-actin ~ PCNA/B-actin
k] 0.98+0.08 0.46+0.02
CuB 50 0.36:£0.04% 0.35+0.01”

100 0.26:0.08% 0.19+0.02>
200 0.160.02% 0.10+0.01>

HuCCT1 2 Ju v 4 9% f% OC #8 i HK 1 HK2 . PKM1,
PKM?2 i % ik 2 B 5 [ A (P<0.05, P<0.01),3 1
CuB ] LI il HuCCT 1 48 W % A AH OC Bl 1 2R 34 .
T A T i 2 R AN S5 i 0% % 2 O, s 5 g 1) 0%
A, R — A8 T CuB X} HuCCT1 2 it b /i
fift SRR TG S . SRR, 5 A4,
HK . PK 3% /1 B3 & F % (P<0.05, P<0.01), Jf & ¥
FEAR M. WK K6,

®5 CuBX HuCCTIHHAMERE ATPHMABEREHNEMN (3+s5,2=3)
Table 5 Effect of CuB on glucose consumption, ATP and lactate production in HuCCT1 cells (x£s,n=3)

2 ) e B /nmol- L7 7 FE B /mmol - (10° cell)! ATP 4 i i /mmol- (10 cell)™! FLR 4 B /mmol- (10* cell)™!
ki) 16.07+0.30 2.02+0.13 8.03+0.09
CuB4l 50 13.71x0.26” 1.86+0.13 6.57+0.58
100 12.7440.23% 1.55+0.07" 5.37+0.36%
200 9.19+0.15% 0.92+0.17% 0.19+0.18%
N
HKI M W o o 102kDa 4 g
245 4 %oF ek 92 2 i 34 1 1 R B i R 2 ) F
HK2 | SR S 102 kDa

PKM] Gy e @ s 60kDa

.
PKM2 s enuse S

e I

A B C D
El3 CuB%AZ5/E HuCCT1 40 A 5 B R 5 S B 3R 3% FR 3K
Fig. 3 Electrophoresis of CuB on expression of key glycolysis

58 kDa

enzymes in HuCCT1 cells

3.6 CuB X} HuCCT1 4 i ' Akt/mTOR 15 5 i #% 19
WAL w52 [ 4l B, CuB 4l p-Akt.
p-mTOR .p-RPS6 & [ KA K P B EEAL, 225 B
H 453 2F 3 X (P<0.05, P<0.01),t-Akt ,RPS6 7K F-
ZRHGEITFRE L LB RERW, CuBIH T
HUCCTI1 41 ig HF Akt/mTOR {55 5 18 # 19 1%tk . W

#7.H4,
.78.

R FE Al T R 0 38 B e AR R B o) 2 Y A AR
Bk hy 40 B JE 359 . CuB Xt 22 i i Jge 4 it 34 5 2L AT 4
G RN I o= A o AR | I - R N i
CCK-8 HI - #z 3a B 45 2R £ W], CuB ] L 40 4l
HuCCT!1 4 L 3% 5, [W] B 3 =2 20 B A3 45 5 A Western
blot £ 5 & 7% CuB 1 LUK HuCCT1 21 it J& 159 BHL ¥ T
G,

JIeb 968 24 i 1 5 S e R A A g A i g AR L DA
G K 16 0 A A= 9 R R A A B T oK, T 0 A
JeA 240 0 284 B RN A 36 T ) R B AR A
FEVE 22 N 0 e v mT LSO 43¢ 300 0 R Ao 2oL
TP W A 0T A I T T R i A
WARBURG 25 $i tH 1F 40 it i) A K 35 SR 5 a1k
A TR Ak, e R 400 2 K ) B e o R A B e
A AR A5 o BRI R v 2R B ATP % i Ik T 41
Tl 12 Ak S I, {FL e 48 v ) T T A K 0 T
TEH AN . TR ES TR 0 At 2 S Ao o o 2 A
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%6 CuBXt HuCCT1 4/ HK.PK KA R iFHERI I (x+s,n=3)
Table 6 Effect of CuB on expression and activity of HK and PK in HuCCT1 cells (x+s,n=3)
a5 e i EHKIL it 15 1
/nmol-L" HK1/B-actin HK2/B-actin PKM1/B-actin PKM2/B-actin HK/U/10* cell PK/ U/10* cell
25 H4l 0.58+0.05 0.39+0.01 0.70+0.10 0.24+0.01 0.67+0.04 3.4+0.39
CuB 41 50 0.56+0.07 0.46+0.04" 0.62+0.08" 0.23+0.02 0.49+0.03> 2.79+0.56"
100 0.19+0.03” 0.27+0.01% 0.39+0.09” 0.15+0.01” 0.36+0.02” 2.42+0.26”
200 0.11£0.02% 0.26+0.02> 0.25+0.03 0.12+0.01” 0.16+0.02” 1.87+0.3%

%7 CuBX HuCCT14Hfis Akt/mTORESEHEXEARIEMTI (i+s,n=3)
Table 7 Effect of CuB on expression of Akt/mTOR signaling pathway related proteins in HuCCT]1 cells (x+s,n=3)

2151 e BF /nmol - L p-Akt/B-actin t-Akt/B-actin p-RPS6/B-actin p-mTOR/B-actin RPS6/B-actin
= EEl 0.29+0.01 0.34+0.01 2.58+0.03 0.30£0.01 0.30+0.01
CuB#4l 50 0.30+0.02" 0.40+0.03 2.57+0.11 0.25+0.02" 0.36+0.04

100 0.22+0.02" 0.41+0.03 1.79+0.02" 0.13+0.01% 0.30+0.02
200 0.13+0.01? 0.37+0.01 1.66+0.05” 0.10+0.01% 0.29+0.03

p-Akt sw—— gw— s s 60 kDa

FAKL S - - o 09 kD2

P-MTOR e e s . 289 kDa

p-RPS6 WD @B Wma » % 32kDa

s AT o
- S 1 4
practn S D 0

A B C D
B4 CuB%4 %5 HuCCTI A H Ak/mTORESBEHIEXER
FRiLBik
Fig. 4 Electrophoresis of Akt/mTOR signaling pathway-related

protein expression in HuCCT1 cells after CuB administration
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W R, CuB fE4% #1 il HuCCT1 4i fd Akt/mTOR i
. 4 b, ARBFSEIESE CuB Al fE S i+ Akt/mTOR i
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