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Study on the Mechanism of Autophagy of HeLa Cells in Human Cervical Cancer Induced by Fucoxanthin
LIAO Zheng-bang', YU Wu-bei’, ZHAO Hui’ (1.The Fifth People’ s Hospital of Dongguan, Guangdong Dong-
guan 523900, China;2.Institute of Chemical Biology, Pharmaceutical College of Henan University, Henan Kai-
feng 475004, China)

ABSTRACT OBJECTIVE: To study the mechanism of autophagy of HeLa cell in human cervical cancer induced by fucoxanthin.
METHODS: MTT was adopted to determine the cell activity and calculate the inhibition rate after HeLa cells were cultured by 1,
10, 20, 40 and 80 pmol/L of fucoxanthin for 48 h. Flow cytometry was used to determine the cell cycle and apoptosis rate after
HeLa cells were cultured by 0 (blank control), 10,20 and 40 pumol/L of fucoxanthin for 48 h; acridine orange staining, LysoTrack-
er Red staining, HeLa-GFP-LC3 method and fluorescence microscope were used to observe the autophagy state; Western blot was
used to determine the expressions of proteins related to autophagy. RESULTS: The cells had obvious inhibition effect on the cell
growth after being cultured by 0, 10, 20, 40 and 80 pmol/L of fucoxanthin. The cell was blocked in Gi/G, stage after being cul-
tured by 10, 20 and 40 umol/L of fucoxanthin, and had no obvious effect on the apoptosis rate; autophagy degree was increased af-
ter the cells were cultured by 40 pmol/L fucoxanthin for 48 h. Compared with blank control, 40 umol/L fucoxanthin could promote
LC3 I transferring into LC3 Il and the expressions of Beclin-1, PTEN, p21; and inhibit the phosphorylation of p-Akt, p-p70S6K
and p-mTOR. The pre-treatment by autophagy inhibitor 3-methyladenine (5 mmol/L) could reverse the autophagy of HeLa cells in-
duced by fucoxanthin; U0126 could partly reverse the autophagy of HeLa cells induced by fucoxanthin. CONCLUSIONS: Fucoxan-
thin can induce the authphagy of HeLa cells by inhibiting Akt signaling pathway and activating MEK/ERK signaling pathway.
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1.2 HRE5EA

JBE A 11 i RPMI1640 15 720 iR 4= 1L i (€ [ Gibeo 22
H) PR (AU :98.0% ) KRR Al(Baf A1, 4:98.0%) |
B R (L >98% ) AL E (NHL.C) \MTT A% A% IR 1
(RNase) A MY BERE | 3- FF BL R BEIS (3-MA, £l : 98.0% ) .
U0126( 415 :98.0% ) MALPINE . —HiX Il 5 [ Sigma 24w ;
I i 27 R ) & Lyso-Tracker Red . Hoechst33342 . Annexin
V -FITC F T2 & Y0 T [ 38 KA ARG BR A A
Akt—¥i . phospho-Akt(p-Akt) —HT .p21 —HT .CDK2 —$t .Cy-
clin DI — 31 . Phospho-p70S6 kinase (p-p70S6K, Thr389) —
Pt \PTEN —#T . Phospho-mTOR (p-mTOR) —#H1 ¥J1H F- 3 [+
Cell Signaling Technology /i ; Beclin-1.,LC3 M AH N —Hi¥g0
F 5% [# Santa Cruz /3 .
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HeLa 4G T RN B AN 05T .
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2.1 ZHRERYEEFRE"

NIZRAL WS VET I RPMI1640 35 3% W 5 2 AN T i
ZANMUEE I, B 37 °C 5% COBEFAH %
2.2 ZHAEINEIENE

O K AR, AL AR 1 R 5x10° ml ' FF4%Fh
T 96 FLEE M, 555 12 h 4w aE . 1L 1,10.20.40,80
pwmol/L # % 2, 1,10,20, 40,80 pmol/L ¥ i % +3-MA (5
mmol/L) KFFEAMNEL 48 h, THIZ 17T 4 h BFLIMA MTT (5
mg/ml) 10 ul, 37 CNKLEFF 4 h )5, b5 R . BALMAZ
FH LMV AR 100 pl, 37 °C 4R 30 min )& , LLEFFRL T 570 nm
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2.3 HRFEESATNE

IO H A A T A AN AL, R A0 28 R 5% 10° ml ! 2R
F 96 FLEFFRAR, Ki % 12 h HANMGEE . Lo (45 (XD (10,
20,40 pmol/L # ¥ K Br 54148 h, [ —WREEL 3 7L, ¥
FRANEE FT LA 70 9% vKv& 2 7 37, RNase A (50 pg/ml)
Ab PR RLAL T BE (100 g/ml) kG H €, LA A I 53 4 i
JEUR A 5 B 7 A A 435 o )5 42 BB Annexin V-FITC 8 746132,
FEr B A BRATA , LA A A T2,
24 YA EMENE (B :3-MA)
241 WYREREY L BOSECE I AR, LL5 000 4~/L4H
BRI T 6 FLA, DL 40 pmol/L 48 3 2 1 - 41 i 48 h, Fre b 4%
o A —WEER 3L, MY IERE (1 mg/ml) #EEYL A 15 min,
NG AT IR FEH R, 24 200 A P TR 2 /N 348 22 s v e
H R O AR LT AN, H ERD PR I8 A A g
I 3-MA (5 mmol/L) ¥EFR40 2 h /5 , FEANA 40 pmol/L 435
HKEEFRANNE 48 h, 7 BB IR Yoo ik [F BV gk (A
XF B8 (0 umol/L)
2.4.2  Lyso-Tracker Red J& (a3 JOW £ A= 0 1) 41 L, LA
5 000 4~/FL AN M2l T 6 FLA, LA 40 pumol/L #5382 45 37 41 i
48 h, F KGR . A —WEEEZ 3 L. A Lyso-Tracker
Red (50 nmol/L) 37 °C Yt YL {4 45 min, Hoechst 33342 (1
pmol/L) & Y% 15 min, 26 BB AR IR, ¥ B (A St 1
TIVEE 2T €0, 5 e 1G98 o 1 g o0 ol 5 DU A A o) )
3-MA (5 mmol/L) 55 F# 40 i1 2 h Ji5 A0 A 40 pmol/L #5  £5 5%
FEAAE A8 h, T AR SR AL e AR YL e A o IR
(0 umol/L)
2.4.3 FaiE YL HeLa-GFP-LC3 4 il vE4xd B K
HAAIAE A B WA 5] 3-MA (5 mmol/L) 5555410 2 h, #E47
pGFP-LC3 Jit ki %% Jv , F 80 5 % 0 16 40 M 5 B o W3R
HeLa-GFP-LC3 il A 5 000 4~/FLEEFIF 6 £l , 40 pmol/L 45
FERRFRANE A8 h 5 , R ELZZ vk (PBS) Uk 31K, 2Ot B
BEWEIFATIRE A0 AR PR 2 I Bt AR A W8 B At i i 2
A, I 2 S RHUTE SR o X A WP ] a6 A i
A H BE 5] 3-MA (5 mmol/L) 55 35 40 il 2 h J5 A 40
mol/L 4 R FEFRAMA 48 h, F¢ L RE AL Qe 0 ) vk W] B ik
I5152 25 0 (0 pmol/L) .
2.5 YA EEHEXEENUE

DL Western blot 70 85 138 . BOW B4 K ARG 40 By
PR AN B A 5% 10" ml ™ IR RhF 96 FLEE R M, 15 9% 12 h
{40 G BE | BAp AN 40 pwmol/L 48 3 2 B S A B mi
71 3-MA (5 mmol/L) 8§, U0126 (10 pmol/L) 1% 324 g 2 h J5 7
FIA 40 pmol/L #3325, Ak 25 55 F 20 Ml 48 h )5 , PBS Bk 31K, L)
B02EA2 8 13.5 em. 1 000 r/min 5.0 5 min Ji 2 if0 2 vk 24
A, [ — RS 37, BIE RS 50 ng B ITIMA F
FEGE w95 C7AEME 10 min, 8% B INME M- T — be KL IR
i (SDS) B HLIK , LR SERMIRET 4 R NR L, 5% MR Wk
PRI AFR LY B —HU R — Bt , E M H 2 h, TBST & vhifk
PR 5K, BRI 10 min, BEAS AR RS HTANIGE B AR DS 2R
s, IR As AT (0 pmol/L) o
2.6 BERENE
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O EAE A A AT AL, 82 20 i 88 B R 5% 10° ml ! R4 Fp
F 96 FLEF IR, 5557 12 h (4RI BE . Bl i A 10 pmol/L
MR B A W7 Baf A1 B NH.CL5 , B A 10
pmol/L #8328 , kL5 IR 4N 48 h, € LC-3 1 \LC-3 I .p62
FkKE . KT IEEEA N Cathepsin D A&, I 23 5100 A 10,
20,40 pmol/L #&# 2 K5 R4 48 h )5 , PBS ¥k 3 WK, LB 02
%9 13.5 cm. 1 000 r/min 250> 5 min, 40 AL 2567 W 2% 20
Jii , M %E Cathepsin D 35K [Fl—iREELZ 3fL, HAE
HF 50 pg B FUMA _EFEE M, 95 CZE M 10 min, 8% %
DAL -SDS BE M LUk , LR AL ZE A IR 2T 2 2 10 I, 5% I Ig
Bk Bt P AR O AR R B —P0 A — B, EIRMFE 2 h, TBST
SRR 5K, BFIK 10 min, BRI MR RS0 Hr R 1 46T
I 2S X IR (0 pmol/L) o
2.7 HITFEFE

K SPSS 12.0 {4 4b BRI B0 HiH o 45 2B 3 g 1o
TERL, LUX £ s TR R BT 0T, P<0.05 M5
PR
3 #HR
3.1 M RNELER

1,10.20 40,80 pmol/L #3E X B5 240l 48 h i , X 4R AR A=
R EAT B S IHIVE A, BRI SE R 1CH N (55.1 £7.6)
pmol/L o Al M 25 R W2 1,

F1 ARIMFIRUELER (X +5,n=3)

Tab 1 Determination results of cell inhibition rate (¥ +s,n=

3)
Ei) W A, %
WEE | pmol/L 52403
[EE ¥ 10 wmol/L 135+16
W 20 pmol/L 269+3.1
R 40 pmol/L 468+5.1
EE 80 pmol/L 759467
HWEZ+3-MA 1 wmol/L+5 mmol/L 1.1+0.2
HEE+3-MA 10 pmol/L+5 mmol/L 34104
1BHE+3-MA 20 pmol/L+5 mmol/L 47106
BB ZE+3-MA 40 pwmol/L+5 mmol/L 64105
HEZ+3-MA 80 p mol/L+5 mmol/L 9.8+0.8

3.2 WREFAMSATIELER
523 (IR R L8, 10,20 .40 pmol/L # ¥ K %352 411 48 h
AT 50 e AR 1 e BEL A M I T Go/GL 300, {8 %o 40 i o 1~ T
M. ARHE A S TR T E A R L 2,
R2 HMARSATIELER

Tab 2 Determination results of cell cycle and apoptosis

Ja
&

2 W, pmol/L  MTHE, % G/GL% G/M,%  S,%
Bz 0¥ 42405 513429 196121 29.1£23
iz 10 47405  668+51%  184%19  148+16%
BE 20 63407  716%76™  173+14  11.1£09°
WE 40 8108  768%6.1°*  166%15  66%07"

A A I AR, *P<<0.05, **P<0.01
Note: vs. blank control, *P<<0.05, **P<<0.01
3.3 ZHREBEENELER
WY A e 25 LRI 22 40 pmol/L 6 3 R AL 48 h
HeLa 21 i P 21 (0,58 6 BH 3450, 527 40 9 19 R 1k /N 7 3
% ; Lyso-Tracker Red 4t {25 Sk — A /s 46 18 28 1T 75 SR Tl
PRBG 1S 22 B S PR IS5 s HeLa-GFP-LC3 4 A sk Sk 62
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Bl a5 HEXEANELSR(x20)

A, W BEREYL{n; B. LysoTracker Red 447 ; C. HeLa-GFP-LC3 Zll Al
#;D. Beclin-1 fl LC3 [ \LC Il %35 E. p-Akt .p-mTOR ,p-p70S6K .Cy-
clin D1,CDK2 PTEN ,p21 ik

Fig 1 Determination results of autophagy and related pro-

teins(x20)

A. acridine orange staining; B. LysoTracker Red staining; C. HeLa-GFP-
LC3 cell method; D. Beclin-1 and LC3 I ,LC Il expression; E. p-Akt,
p-mTOR, p-p70S6K, Cyclin D1,CDK2,PTEN, p21 expression

34 HEBEHEXEANNELSR

40 pmol/L 4 #E 2 AT W4 3 5 W AR 45 M 26 1 Beclin-1 [ 3
i, AR LCS [R5 LC3 1T R EE S 4 & T
A, 525 X B ELER, 40 umol/L #8 E Z/E T4 i 48 h &,
p-Akt F H T e 11 p70S6K Al p-mTOR 357855 , i Akt &
22 3R TG B U8 5 Ak {5 530 I 1 £ % 25 11 PTEN 23K
o, 4R ¥ 2 1 AK/mTOR 15 518 f$175 5 HeLa 411 it &
ET AN, Az U BB L, 40 pmol/L 4835 & Al ik CDK2 .
Cyclin D1 & 1335, 3450 p2l BREAFRIE . AWERIHIF 3-MA JL
- 52 G 3l B Al 3 R HeLa AN A A9 A= R I I VR, (L6 200 A o)
TG R, RN M i 2 B AR K B R BOR F H R &
Mo BEAN, 3-MA 4 390 7 A i 2 B A O 2 11 2R 3k 1 R
oo AT W AR G B 1 A 2 5 5 C W) < 3-MAD) LI 1.
3.5 HEBEEREMNELSER

H WY & A — N SR A Bh AL R, I BOAS T A
Szt Baf Al 4% H' ATPases 45 SR 1] , w41k
BRPEV BEHAD H A/ AR BT . 45 2R Baf AL TR
MR EIESFHLCS T HEAMZRL . NHCLE 0 75
PR AL o] LRI [ R 0 A R AR, 45 % S /R NHLCLIA S b 1
WIERIF T p62 FisFK. ILIM, 1B W IR EIIA S
A TEG A N Cathepsin D #35_F iR AT H W i 2 45
HOE W Baf A1 B{NH,CD) WL 2,

34 YHEBEEHEXEANELR(BEF:U0126)

i BRI AT, AW R AR A L I 2R A S
W, T 3-MA IEASTE P il # X AKT/mTOR {5538
PR SCEE R R BRI RE A LS S g S Sl R
VT ROUNIE A . 2Rl TRk, 2B 5 & PG i 205 /b MEK/ERK
{2538 4, T MEK 157 U0126 AL AT LA MEK/ERK {5
I BRI AL, T EL AT LR i 25 S 1Y Beclin-1 305
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. -actin
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Fig 2 Determination results of autophagy flow of cells (au-
tophagy agent: Baf A1l or NH,CI)
A. fucoidan+Baf A1l; B. fucoxanthint+NH,Cl; C. fucoxanthin

Wk K LC3 T #7485 ALC3 1T, #278 MEK/ERK {5553 [ th 2

5THwEBRIFESIML AW 408 B WA SCHE e 858
(AW . U0126) LK 3,

73 IR W M 3 +U0126
LC31I

E3 HiaEEEXERNESR (BT U0126)
Fig 3 Determination results of autophagy related proteins
(autophagy agent: U0126)
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H W e e AT =R VR B AT A 52 4 e BT, s An
W kA A WEAS DU XL Y TR R R I B ]
DAGE SR 20 L T, 10— ST R0 24 43 2o 75 5 B R A0 i & A
W T = AR AT AR Y, AN ST I, 4 88 R (W HT HeLa 2
MRS FEVE LT 58 4 0 F Wil 77 3-MA 3% 15 BH L Hi s
FEF R A=A 0, BLAh, BRI AT HeLa dll ik
AT, X 5 LT A IF S S5 SRR TR « 48 32 R 5 S AN HepG2
AR e A E W R T, A MR T DL R
7 M B 28 R S R A AL P AR R VR, EL A B AN
RSk

H WY & A R — A B AS BE S B T AR ) 5 1R U2
AL BE T B F AR, B S5 5 TR AR & R T A WV T 1A
VS TR DAY 1 D P 7K o 8 11 7K i 15 2 A 4 T S A3 ] 0
o, AT SE B T G R R . 4 3 K B 1S HeLa 4 Py Y
WERE (2T €6, 98 S Al Lyso-Tracker Red AL {6 2¢ Ja1455 , JE R 16
WEIFET HeLadiifi k4 T HWE, JLAM, Beclin-1 k3,
LC3 1 %75 LC3 1T F1 HeLa-GFP-LC3 % 4t 41 i 3 3 24 1 —
HAESE RS HeLa 2R 4 T AW

AktmTOR {5 53l B FEFE S 5 4l i A W i & 2B o
SEREH] M A W] B AKY/mTOR 553 i rh— e e
[, Un Akt.mTOR . p70S6K A2 1k L f I3 PTEN (Akt/
mTOR {5538 1) AT ) AR5, FR B £ AT HeLa
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R SCHEEE TR, SR W] REAT HALAE Sl Bk S SRR
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ERK 1/2 82 b M 1T i 7k MEK/ERK {5 53 8, F— 2 F 95 3%

I MEK #1551 U0126 AL AT L] MEK/ERK {5538 #% ) 1%

b, i 5 AT DL 43 30 %% 45 35 R 75 5 19 Beclin-1 3% 35 15 I %

LC3 [ #5750 LC3 1, #&R8 MEK/ERK i 5 . 5 15 1 #a ik

5 AN A W R 5 S A ) AKT/mTOR {553

FIEE MEK/ERK {5 5 i B3[R4 5 T HeLa A9 A MR 1L

B 48 F R 3 4 ] p53.CDK2 , Cyclin D1 46 3% A K fie

p21 IR T 55 HeLa 411 R IABHAG T Go/G . SE302%

SRR AR T SR HeLa 2010 & A= [ W5 R 248 At J&

FELHE T Go/Gy 9], EL IR 5 S A M 0 o 0080 1 W 00 o 5]

3-MA G, #BERPURFENE B0 SR B R T HeLa 211

IV FHIRT F E , E— 2P IS 3 I ot 2 i i 4] Ake (5

5 % DA ST MEK/ERK {55 18 %175 5 HeLa 410 11 15 .
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