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Abstract: Objective To investigate the effect and mechanism of icaritin on proliferation of human intrahepatic cholangiocarcinoma
HuCCT1 cells. Methods CCK-8 method was used to detect the effect of icaritin on proliferation activity of HuCCT1 cells. Plate
cloning method was used to detect the effect of icaritin on colony formation ability of HuCCT]1 cells. Flow cytometry was used to

detect the effect of icaritin on cell cycle of HuCCT1 cells. Spectrophotometric method was used to detect the effect of icaritin on
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glucose uptake, lactate production and adenosine triphosphate (ATP) production of HuCCT]1 cells and activities of hexokinase (HK)
and pyruvate kinase (PK) in cells. Western blotting was used to detect the effect of icaritin on expression levels of proliferation-related
proteins, protein kinase B (Akt)/mammalian target of rapamycin (mTOR) pathway and glycolysis-related proteins in HuCCT1 cells.
Western blotting was used to detect the effect of icaritin on expression levels of Akt/mTOR and glycolysis-related proteins in HuCCT1
cells transiently transfected with Ak¢ plasmids. Results Icaritin significantly inhibited the viability of HuCCT]1 cells in a time-and
dose-dependent manner. Icaritin significantly inhibited the colony formation of HuCCT1 cells in a dose-dependent manner (P <0.001).
Icaritin blocked cell cycle of HuCCT1 in G1 phase, and significantly reduced the expression levels of proliferation-related proteins
(P < 0.05). Icaritin significantly reduced glucose uptake, lactate production and ATP production in HuCCT]1 cells (P < 0.05, 0.01,
0.001). Icaritin significantly inhibited the activities of glycolysis-related enzymes and protein expression levels (P < 0.05, 0.01, 0.001).
Icaritin significantly reduced the expression levels of phosphorylated Akt (p-Akt), phosphorylated mTOR (p-mTOR) and
phosphorylated ribosomal protein S6 (p-RPS6) (P < 0.05, 0.01). Icaritin significantly reduced the expression levels of p-Akt p-mTOR,
p-RPS6, HK1, HK2, PKM1 and PKM2 in HuCCT1 cells over-expressing Akt gene (P < 0.05, 0.01, 0.001). Conclusion Icaritin can
inhibit the proliferation of HuCCT]1 cells, and its mechanism may be related to Akt/mTOR-mediated glycolysis pathway.
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P IHA Y (intrahepatic cholangiocarcinoma,
ICC) 2GR T P IE A b R 248 i 1 52 A e o e
B, Sk T4 AEJE (hepatocellular carcinoma, HCC)
ZIEE 2 W UL R, o5 R R I )
10%~15%U1. ImpR - EZ LAY N, w5
TRERA SRR TRYT 1CC B — 2Rk #, (Ha{fdE
HIA R Ria = A 25 1R PRtk SR
B ZPIXTIEIR EiGYT 1ICC B HE & L.

R B A QT P S 7 038 2 e 400 L 1) 3 AR IR 2
=, IXPP AU R A AR A2 A0 S R A SE N e A
ARe Bl AHEFURE,  H0 R b R AR A1 AT A
A AN R 2R A, R R R R K MR 4
(IAE FHA, R, BfF F00E 5L 8 30 B (protein kinase
B, Akt) /AN EMERLEH (mammalian
target of rapamycin, mTOR) AJ L2 3E 0 B figtid 12
KRG RIZRAL, T EUM R 20 B IR A B S B A
PRI MR AT 2 VR, Y INRE LR, (R 3 R 4
MG PRIGFEBT, DL EZ5 SRR, Akt/mTOR 1553
B S PR AR VIR, AL, 4] Akt/mTOR 155
108 R U 45 PR BRI R A, FRALC g 2 P 1) i AR b
Al LARCRIRTT 1CC A 0K RS .

EFERZNP L NEERHEYE 8 815
B MR A . SRR, EFER
CIRYSGibunz A=Al R S ERG e sia il ok wer 17 TN
F-IRU R AR OCAT S Eg  Ha) I 5 AR R S AR
A FLIRE . Bl A2 I A 2 M R )
PR 8121, Li SRS 55 R I =38 2% nT DA
A P2 5 9 L R BB TREAAE el 20 I P 81 267 R Y
SMIFLIR A RS, T A ) e e 2 B ) 3G . HE

H RGOS TR 2E 8 26 ICC R F oA WL ARIE .
DRI, ASHIFU T s b A i, DA IR
Jie HuCCT1 ZH M AW AN G, BRI EE =X
HuCCT1 20358 i s S HAE ML, ARG R
RIGIT ICC MMt 5%
1 #
1.1 ZHpERE

HuCCT!1 40l 5 FigEH AR AA R A A
1.2 @5

R JREHDH=98%, LS PS001091)
W) E R R AR I A BR A ] s Akt R
( pT3-EFla-HA-myr-AKT1 ) H 3% [® i M K 24
Chenxin 3256 = M %; Neofect #Yeik7 (it 5
D210102) 14 5 b F & A A HE ARG R A A
RPMI 1640 55753 (b5 AG29546226) . 0.25%i#i 5
Hlg (fk'5 J200033). HEAEMEFRER (S
J120017) Wy E 3 HE Hyclone /2] ; PBS Zei (it
5 MA0015-Jul-29G) 1 H KIERAEMHARA R 2~
"l R (S 2059461RP) 6 135 H Gibeo A
Al; CCK-8 ikl & (b5 KQ749) W H H ARk
SR diahE (A5 SLBP0250V) JH H & H
Sigma A w]; AAME ARG (5 EG20201109)
W B TN EEAE BT A R A BR A =] s i 2 s A
MR A& (S 2021A1GE1011) 1 H A6 50538
FERFE ARG IR AT — AN (dimethyl sulfoxide,
DMSO, #t5 710N0317). FLEL & BT & (it
5 20200612) =BEERIRTF (adenosine triphosphate,
ATP) FERNEFIE S 20211215). OB
(hexokinase, HKO y& A & (k5 20211116



FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

* 3063 »

EH RS (pyruvate kinase, PK) ¥ A A &
(iS5 202106100 W H LR ZEFEEVMEH AR A
Al ; M-PERTM W 7309 & B # 2l 7) (dts
VI311347). BCA #H H & &EiA7f& (5 S1251119),
ECL #ib2% R G (5 VF304274) 30 5 3£
Thermo Fisher Scientific A #]); & FEEHIHIF] (L5
06021 BEEREGHNHIF (it 07121) W H BN H:
ARHEA A A RIFERBER 1L mTOR (phosphorylated
mTOR, p-mTOR) HrifEHifk (5 abl09268).
GIFAZHEA 4 S6 (ribosomal protein S6, RPS6)
BTTRERUR (LS ab225676) 06 [ P E Abcam 2
Al IR Akt ZaBERUA (IS 10176-2-AP) . A HA
HEH E1(Cyclin ED e EHIA (5 11554-1-AP).
IR B-actin FERESIA (LS HRP-60008) T H
Proteintech AW]; HIsffER I Akt (phosphorylated
Akt, p-Akt) HIEREHUA (S 13038). IR
1k, RPS6 (phosphorylated RPS6, p-RPS6) Hiow [
G5 4858) . Huili HK1 B ma IR (H1L'S 2024).
Tl HK2 Fs PR (S 2867). %l PKM1 H
FEREPUMAR (it 7067 %I PKM2 BT REHTIA (it
5 4053). UG EM AL PUER (proliferation cell
nuclear antigen, PCNA) HIgEHiiA (Ht5 13110,
#li CyclinD1 B refEdifA (k5 2978). HRP Frid
Ml Edife 1gG =Pt (k'S5 7074). HRP Fric il
EPIR 1gG Pt G5 7076) W EEE CST A,
- T R B - SR A T M e R N (S
18D250) W [ 2 [# EpiZyme Scientific A% ; HAR
TN, KB TFK.

1.3 {42&

MCO-15AC % CO, 4l 374 ( H A Sanyo 2
A]D; VCX750 BLE 75 YA (32 Sonics A F]D;
CKX31 {8 B Bi%i. TC20 B4gnfuit$ss (HA
Olympus A &) ); Trans-Blot Turbo™ M 4= 58 U 5 [ %
84X« Power Pac Basic 1 FE¥kAX . xMark 4= K
Mg hniX (3% [ Bio-Rad A#]); Centrifuge 5424R 1Y
AR BOHL (FEE Eppendorf A ); XB220A
BT RSP (Hfi -t Precisa A #)); G-BOX Y pif% 7
MT 24 (3[E Syngene 3 7] ); Vortex-Genie2 Ui
RAE7s (32 Scientific Industries A & ); NovoCyte
D2060R i A CUBRAEMRHARA A,
2 Rk
2.1 EFERTRAECH

FEZE PRI £ E R 3.68 mg T 2 mL DMSO

BRI N S mmol/L IR E ZER, 4 0.22
pm FASLIEEEE, EOLIRET 4 C, AR R
FRHERGFE -
2.2 YHREEESE

HuCCT1 4B & 10%/64- fiiE « 100 U/mL 7
&z 100 ng/mL FE 55 F 1 RPMI 1640 H5375:, T
37 C. 5% CO, ¥EFRAEH R
2.3 EFEEX HuCCT1 EaTEE RSN

AR 54 B4 K HuCCT1 40/, L 5000
ANALEERT 96 LB, WEZMA. WIRAH OF
FHYD M AH (RESAsRL . TRREAT
B E, AN — RV FERS
7, SFIRAUIMAN SRR R 773, . AFIER 6 MR
FLlo 3 AIKEFE 24, 48 h 5, &FFLIIA 10 uL CCK-8
W, MEEE 20 5, RABEARONE 450 nm 4k
IR (D B, THE A5, JRiHEEE
REY) 24 48 h HIREEHNHIR EE (50% concentration
of inhibition, ICso) fEH, MR 1Cso {1 & f5 255
MLEZRE, WEMK. B &3 ME.

MMIAFTE R = (A vs— A we)/(A e — A 201
24 GEFEZEY HuCCT1 SR AR RIS

BT #0431 HuCCT1 410, L 1000
AR T 6 FLBRH, 35F% 24h. WEXRA Ch
INZ54) A . R (12,54 25.04 50.0 pmol/L)
U, MHRE 3 NESL. B 14d, 2 R
W, BRERWIRAT LMETRE. 7kl
i, F PBS iE¥E 3 Ik, H 4%% EHEER %2 15 min,
F 0.5%%5 & S 042, 15 min, SIS, NS A S
THPETRIRETE 6 LR RIS, Witk 5 . AL
Bl BALAETE I REUE L, TR N2 1 em?
IEJ7 R N A AR VA 50 (BIETE—IR M 2 /M s 5
TEZAS, WA EAECE, BEAEH), FakLd
T AL THIAR DAL 1 40 B S VR 2L
2.5 SEFEEZEX HuCCTI1 HBEE HRHI SN0

BUAL -5 # A4 KW HuCCT1 400, #fh T H
R 5 om WIREFRILA, TREFRM TR RrdifE
K2 60%~70%M, WFFIHREFREE, A PBS iE¥t
2 K. WEMNBA Ny Ffk. F. &l
(12.5. 25.0. 50.0 pmol/L) 432440, FHWHE 34
FAl. 42524 h JFUSCEEAIM, N 1 mL VKB T4
(1] PBS B &, BOUEMME, 7% . A 1mL
1E 4 CUKIBTHAK] 70%LFEES400, T 4 CIH
SEYIML 2he BROUTEMM, 75 Ol A



* 3064

FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

A 0.5 mL ML AnE gt ik, IR D EEMME.
BEaa s BP HRDE, T 37 CHFE 30 min J5K
FH It X SR o
2.6 SEFEZEX HuCCT1 AMREEVEEREN. A8
EREUR ATP £ EMFMN

YHMRE TR LI H DL AR 2R IR [R] “2.57 T
Tk 4545 240 JE ARG, HUD R4 R T
YA i E A . B0 S R, %R
WA IR, RABEARA S HITE 555 nm (i %]
). 570nm (FLER). 340nm (ATP) ALHGI A {4,
THE R R e . FLERAE AN ATP 2Bl .
2.7 EFEEX HuCCT1 406 HK 1 PK SEMRY
Al

YU RE TR LI DL AR 2R S IR] “2.57 T
Tk 4545 240 JE AR, HUD B4R T
YA s i E A . O SEM R E EP
i, 3 G IR SRR, SRR
I 340 nm Abf A, 5 HK R PK 35
28 EFXFERNEBRMNERE A EERNY
HuCCT1 ZHiE PEE#fRE X T B RIZRIFZN

BURE T3 8 KR HuCCT1 480, #EFhT
10 cm BiFRILAF, WEXTIRAL, BRI AL EE R
ik, . EE (1250 25.0. 50.0 pmol/L) 4. £%
MK R 60%IT, BTSN Ake FE A
TR 5 AN ML Y RPMI 1640 15 95 MR IF 7570 18
5], FEFRIFRBER PN Neofect #5447 (K577
R D EYUAFI=1mL : 1pg: 1pl), BRRIE
A1, HiREE 15~30 min. KLY E SN
Braedhrh, BERS], KPR 24h RHATAY .
2.9 EFEEX HuCCT1 s Akt/mTOR 55
iR HRREHEA. EFEAREREEXERNERE

M E S EE, RA BCA EEA
WA BT EE IR . B 30 png |MAMME Tk
BRI AN - R NGBk B )5, #% % PVDF i
by A S%BiEAETE A 1 h f5, 2RI Cyclin
DI1. CyclinEl. PCNA. p-Akt. Akt. p-mTOR. p-
RPS6. RPS6. HK1. HK2. PKM1. PKM2 #i B-actin
Pk B0 AR5 TBST Syt 3 K,
£% 10 min, FEiRWE P01 h g, H TBST &b
TRWUEYE 3 %, FHK 10min. ] ECL 4b2 K6
B, FET G-BOX Bulg 7t #4345 & H Sy Eid
K. KFH Image J BT EEET 404, LA B-actin
HNNZ, DAY IR R B AR R E R .

210 BitERE
KH GraphPad Prism 7.0 #f4x #8347 e it
T, HERRLIX £sFoR, MARECRA K
R, ZHEIECK A One-Way ANOVA K5
3 #R
3.1 EFEEZEX HuCCT1 MR E RSN
WE 1R, SXTRAE, HEER 40,
60~ 80 umol/L) #1 24. 48 h [FI4H A7 3% 2 45 0 &5 %
iX, JFEmFEAGFIEME M, H ICs Hy 50.48
pumol/L. ZHELL ELR, #fiE 12.5. 25.0. 50.0
umol/L 1E N EE R MG AR, HERMEM 24h
VEREEERE R NG Y%A

1507 - 24h

—_

(=1

S
1

AT %
2

5.0 10.0 20.0 40.0 60.0 80.0
TR R/ (Lmol L)

El1 ZFFERN HuCCT1 WREEFERNFNE (X+5,n=3)
Fig. 1 Effect of icaritin on survival rate of HuCCT1 cells
(Xxs,n=3)

3.2 RFEZNE HuCCT1 MBS LA AE

WE 2 for, S5, EEER (12.5.
25.0. 50.0 wmol/L) ZH 2 Jfa o & JE2 il 350 ol 3 P A1
(P<<0.001), HEFIEARM, RUFEFEREY
i HuCCT1 40 A (1 4 98 % B RE 77, B 40 41
HuCCT1 4036 5E
3.3 EFEZIS HuCCTI MaE ARG T G 28

AR P I 278 A BN 24 h 5, R4
Mo s R an & 3 B, HxTREA LR, B
FRERWRERNIM, 4&F G 1 HuCCT1 414k
BREEWN (P<0.05. 0.01), RHREERAE
HuCCT1 405 IR T Gy . BRI T G
Fir P #AEE H Cyclin D1+ Cyclin E1 A 3658
B H PCNA [FRIA/K, MECT XA, HFEER
HAHAEH Cyclin D1, Cyclin E1 1 PCNA f#iA7K
FEIE PTG, HEfEE A RE (P<0.05).
3.4 EFEZIE HuCCT1 MR EEFEER.
FERERELIR ATP £ E

WK 4 fiow, SxRAMLL, ErEREE

0 25



FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

* 3065 »

4007
€ 3001
ﬁ ek
E._\S 200 1 ==
4 = 1004 Hokeok
.- 0 e
T 123 0 0.0 X 125 250 500
VEAE R/ (umol- L) AR/ (umol L)
HXHRALE: "P<0.05 P<0.01 "*P<0.001, K& 3~6[F
P<0.05 "P<0.01 "P<0.001 vs control group, same as Fig. 3—6
2 EFEFRI HuCCT1 HREERRRIZM (X+s,n=23)
Fig.2 Effect of icaritin on colony formation of HuCCT1 cells (X £ s, n =3)
A pagiist TEFEFEE 12.5 umol L PEFFEE 25.0 pmol- L' PEFEFEF 50.0 pmol - L7
Gt G2 -1} G2 G2 G G2
60 G1:41.39% 60 % G1:45.52% 60 1 G1:51.64 % G1:64.8%
50 $:38.36% 50 $:29.28% $:30.06 % 60 $:23.15%
ﬁ \ G2:19.86 % G2:24.79% ~ G2:18.27% \ G2:12.06 %
B 40 s | L w0 § A
= 30 30 i
\ ‘ \
20 , 4 20 »\‘ 20{ M 20
10 / | ‘\'!\'fi\)"ﬂ”\!‘\n 10 l‘ \Mﬁ: ﬁ(JAI‘\\’.-I / (A ""w A J '\“‘ ez
0 i Aan, 0 L Wr g, 0 | e Way 0l AR ey W,
45 8 12 16 213 45 8 12 16 213 45 8 12 16 213 45 8 12 16 213
PE-A/(X 10%)
80 el ? bl W23 3 25.0 pmol L
2 b 12.5 pmol-L™! MRS PR 2 25.0 pmol-
g © i?f’; %0 ﬁﬂgl _ . I TELAER 12,5 pmol- L+ 24 % 50.0 pmol L™
0 R 9 4
3 60 ¢ 50.0 ymol-L! CyclinDI Mz.ex 10 I
T 4 Cyclin E 1 [0 e |47 10 33 |-
i PONA| v e e e [3.6X 10° 2
§ 20 B-actin [ e emw em=|43X10° = 05
SN A 12.5 25.050.0 R
S O s -1
Gy S G P (umol L) Cyclin DI CyclinEl  PCNA
E3 EFERI HuCCT1 HIEFEHEA (A) FAMEEARRMEXERRIE B) WFEM (Xts,n=3)
Fig. 3 Effects of icaritin on cycle (A) and cell cycle-related protein expressions (B) of HuCCT1 cells (X £ s, n =3)
0.0207 0.037 0.020
~ 2 0.015 % \2 = 0.015
8 5 _E | = 0.
1@@8 B s @08 0.02 B
sz 0,010 a HS =% 0.010
23 &35 0011 ek #=
©2 0005 wmE T £2 0005
®E g <E
O T T O - ~ 0
X 125 250 500 X iR ]2 125 250 50.0 50 0 i R 12 125 250  50.0 50 0
VB E/ (umol- L) FEEE R/ (umol L) FEEE /(umol L)
4 EFEERI HuCCT1 MREIENERI. ABERELUIR ATP £EHEMNFM (Xts,n=3)

il HuCCT1 210 1 3 26 BE B . LR A= il DA %

Fig. 4 Effect of icaritin on glucose uptake, lactate production and ATP production in HuCCT1 cells (X £ s,n=3)
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Fig. 5 Effect of icaritin on protein expressions (A) and activities (B) of HK and PK in HuCCT1 cells (X £ s, n=3)
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Fig. 6 Effect of icaritin on expressions of Akt/mTOR signaling pathway related proteins in HuCCT1 cells (X £s,n=3)
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Fig. 7 Effect of icaritin on expressions of glycolysis-related proteins in HuCCT1 cells transiently transfected with Akz gene

plasmid (X £s,n=3)
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