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A E: ROMKRPTTRE 82 ( Onchidium reevesii polysaccharides, OSP) FIG IR s b 116 15 98 15 41 i 22
# (Sulfated Onchidium reevesii polysaccharides, S-OSP) X A\E #iJw Hela 20 i A= K A0 52 , 31 LA BH M 25 9 40
(0.5.0.75.1.5 pg/mL) fERX R, K AR BT RE R BE (50,75 150 wg/mL) fY) OSP F1 S-OSP 1§ i T Hela i1,
FH CCK-8 4347 Hela 40ARIAE 1224 (48 F1 72 h (13545 50 , FH iR U0 ML AL o3 B 40 B J 39, JF: 07 JH qRT-PCR 46z
WAE PR TIE B Fek 784k, 55920, OSP HI S-OSP M REREAI Hela 20 A 15 £ 31175 S 8 -, T L S-0SP [t
OSP FAE B 2 4 Hela 41 SRS 5815 14 , A GRBR TR AL A i UL T 245 JE T 82w 2 W0 s vs 1. VEH
48 hJ5 3 BT e OSP 24 Hela 20t A (AN 253551 60% 67% Hl 71% 5S-OSP 24 Hela 4 Il 4: <4 i
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SFIRGEAER . CAUIIGE, IR Z
Wi E 6% 70 ) Hela 40 ™ | V4 i 5 ( Mactra
antiquata ) fE % 10 il N\ B4 9 40 EC-9706 14
G SR AR S AR R A 2 W
MIREEES . AL AMADRE T A2 S B+ &
HL25 I 5005 91X — 3, 20 A 5 £ i 2
(OSP) il & P {2 Wi e 14 983 15 A1 b 22 Bl ( S-
OSP) XA S5 77 9 B 2500 20 il (Hela) 76 12,
24 A8 172 h FYSEFE T D0 AN 20 L F S Y, A
ARSI T3 PR A 2k A2 A, TR S i B AL Jm
(o908 T 1 1 22 Bl X Hela 40 it 1 26 A< 00 41 4 F J2:
BA FTeE, LUy OSP i 25 I (BT & S At
AR R — PSR AE 1 R IR Z L5 P i)
TR s R S

U RPR ik

1.1 FZE##

AT A TR AR TR B ) B i S 5, &
BRI HECR B LIRS A7 - 80 CUkHifE . R
AR 22 1A BRI T R0 DG4 AR AUbR ™ 1) A
FEPRUARAF T 1T, A5 2 20 5 1 h89. 6%

NE 39 (Hela) Bk i b BB} 27 B 11 44 i
FERRAE
1.2 FZEi{H

DMEM 35 3% 5 | it 2F 1l 35 e & 1 il -EDTA
THALW (0.25% , 5 el) PBS(pH =7.2 ~7.4) |
HHHRIEAW(100 x ) ,CCK-8 7 & 4w Al
SRS GR & 4 — F EL AR ( DMSO) (SYBR
premix Ex TaqTM I 7] 6 5 Hh 2 T AR 3Rt
1.3 XWHZE
1.3, 1 wRERER IR A fits 2 0 i &

Pk ™ B 7.5 mL WBRER A 2. 5 mL
IET T =8, ke, %A 12.5 mL
WBLRR , VKK Z 0 °C 218 IMA 0.5 g JA
ATEZ B R, T 0 °C i 30 min J5, il A
N A E pH 2 7.0 ~ 7.5, B0 Ja FHZE 18
JKIBHT 24 h, W4 £ 20 mL 2245, A 75%
CBEGS W, 0 Ao 0 S5 W AR DL TE , PR D UE P
TBAK P EEN 24 h, BTRER G TGS
IR Z 1), i 3 2H°F-47 (S-OSP1 ., S-OSP2 |
S-OSP3) .,

1.3.2  BPERER IR 75 A B 20 & e

KA E-H R, R 0.2.,0.3.,0. 4,
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0.5.0.6.,0.7.0.8 1 0.9 mL %% Bt UE B R G
FRIKANE R 1.0 mL, DA 1.0 mL Z818/KAE A
FLLIMA T mL 5% BB A S mL R , %
A))G , Z R EHE 20 min, BEARY 490 nm RIS
J o DA BT i T B DA R A A, WO S A
brgzlbrieti 2 . HIBEPR G & OB
1.3.3  GiBR R A 5 A R 224 i B QR e
FREC 108 mg K,SO,, FH 1 mol/L. HCl B K IA
fi#IFEZS 2 100 mL, BPFSER ELAR W o 43 51| L
K,SO, #riEER 0. 08.0. 16 .0. 24 0. 32 £1 0. 40
mL( & 3 M F47) , Hl 1 mol/L HCI %p & &
0.4 mL,LL0.4 mL ) HCl B AE e H, 7.6
mL 3% =5 LR M 2 mL 0. 5% AL -H R,
RS fE Z R E 15 min, BRI 360 nm i
JEA . T 0.5% Wi AREr 0. 5% 11 &AL HI-
WISV, 4% 138 20 BRIAT , AR Y 360 nm T~ il
WS EE A, o DABRER AR 1Y &5 2 Bl A bR, P AL A
(A-A,) 2R 2
Wy = Cx V/Wx100 (1)
P cwgop WA 55, % 5 C e i o i
WEE , wg/mL; VRS, mL; W o HR R
FE BT, mg
PRI FR R I8 15 A B 2 W oK 20 mg T4
FHM A 2 mL 1 mol/L HCL ¥, Wi /K 7 T4
1 h,H20.2 mL [ B HAT 500, 42 BEBR HE T 22 1Y
Dy H O EE Ao AR AR o it 275 31Uk
H SO;™ WY E &L 41 () R AR R R 1L 1
A Z U EE (DS) o
Wy =32 Xwg,./96 (2)
Dy=1.62 xw/(32-1.02 xwy) (3)
KD ALY S 0B R UK 5 w0
R PR AR B T o K
1.3.4  Z59icHil
T A Z A (OSP) (i IR AL I8 5 A1 fitk 22 0
(S-OSP) FBHYE 25 W0 53 A 7E 25 2451 F} DMEM
R B A 50 .75 . 150 wg/mL( OSP Fil S-OSP)
F10.5.0.75 1.5 wg/mL(JF%A) 255, JC 1 40
e i Ao 0 o
1.3.5 Cell Counting Kit-8 ( CCK-8) f&:ill] Hela 4
JHE0 8 B A1 ) 4= P
OB A K0 Hela 4006, LA 5 x 10* mL™!
(100 pL ZHAEEGR ) #6001 96 fLikHr, TR 546
i 24 h IS ea 0B AL S pl 259, R S
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AEATEL, 24U A 100 wL DMEM K 3% 3% Al
10 pL CCK-8 % ¥, % HA L0 100 wL 5 40 g 1)
DMEM B 72/ 1 10 wl. CCK-8 7, 550 41 43 5
TA R E A 50,75 150 we/mL (254, 1% 3%
24 h )5, I A 10 pL CCK-8 VW, A 3R 12,
24 48 72 h J5 FBEFRYAE 450 nm £ 5 OD fH,
HE A7
C,=[(A,-A,)/(A,-A,)] x100 (4)

Krp:Cy NHMAETE 2, % A, kL (A4
JfEG 5 35 CCK-8 . 244)) OD {ii; A, 4%} HEAL
(FA IR FRIE CCK-8 BEAZ54)) OD {54,
ML (R &AM 259 . 54 CCK-8) 0D
fli.
1.3.6 NI Hela 200 1 J5 39143 A

B HA: K 30 1 Hela 400, LS x 10* 4~/mL
PR T 12 FLAR  BEFLIA | mL 20 E R, T4
FEFARGESE 24 h J5 5 2500 3, AL A 100 pL 25
Py, % RERLUINA 100 L A Hela 41155590,

REF291E ] 24 h J5,500 x g B0 10 min, /N0
W VST, TR R PBS JE VR 2 Wk, NDIR L
T, ARG A 1L 70% Z. BT - 20 °C [# 5 18
h DL E, T 500 x g B0 10 min 53 [ 2 )5 40
MLTUE , T 1 PBS PR A0 M 2 IR, e A
0.5 mL RNaseA/PI YL 5 JiE 4z 77 150 40 Jf 0 15
37 C #EYGEG 3% 30 min, T 4 CHEGE: 37 30
min, 0B 4 P09 5o 0 , e SRS
1.3.7 gRT-PCR K:IUJH T AHOCHEA mRNA [y3635
B KRS BT 19 Hela ZHHILL 5 x 10° 4~/
mL $E 70T 6 fLAkH, BAL A 2 mL 40 508,
TAMUE SRR h k257 24 h JR 2525031, FAL
B 200 pL 254,24 h J5 ] Trizol ¥ 48 B 34
RNA, [ 5% it cDNA F - 20 CORAEE . AR
NCBI Gene {48 JZEH Caspase-3 Bcl-2  Bel-xL [ 5
RS A Primer 5.0 #5315 |95 2 LA
TAY) TREARMRS ARG, W1,

x1 5|¥F5

Tab.1 The primer sequences

FIH Gene

Em5I4¥ (5'-3") Forward primer (5'-3")

JZ a5 |9 (5'-3") Reverse primer (5'-3")

Caspase-3 GGGAGGAAGAGGCAATGGAAGAAGA
Bcl-2 CGCAATTGGATCACGAGCCACAA
Bel-xL GCCCAGTCCTGCAGCAGCATA
B-actin GTCCACCGCAAGTGCTTCT

TGGAAGACAGACACAATGGCCTGA
ACCCTCTTCCTAGCCGCCCAT
AACGATGTACGTGGATAATGAGTTGCG
CGGTCGTGGTTGTTTCATT

VA B-actin ;NS FEA i SYBR premix Ex
Tag™ i 7] & (Vazyme Biotech, F§5T) £ ABI
Q6 {4 b i#4T qRT-PCR, S WM& & Ry 20 pl:
Premix Ex TaqTM (2x) 10 uL. 5|94 0.8 uL,
ddH,0 6.4 pL cDNA 47 2 L, iZ 2 7%
THE AL mRNA AHXF %55, iz ] SPSS 22.0
AT 22 5 W E RS, FI ] One-way ANOVA FiI
MSEREA T KB VE AT 22 3 BE R, P <
0.05% 7R 22 ¢ B3, A5 R UCP BME = brifE 22 3%
Do

2 %

2.1 mEECESOESENSENRKE
AR i Bl 22 st KON AR B, WO BE D A A A

2 HbRERIZE (& 1) AR y = 10. 973 Ox —

0.059 9,R* =0. 996, LA R 5L o 7t Mk Ji S o A
b, OGRS A brs il pnifE 2 (18] 2) , 45 815
JAEA y=0.022 16 —0. 168 4,R* =0. 993 6, H
FREEMISE R 2,

1.0
0.8
0.6

0.4

[&%}EODIBO

0.2

% 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
2 B B

Glucose mass concentration/(mg/mL)

E1 FEERE K

Fig.1 Standard curve of glucose
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444 Eo il W R % % 2%
08 48 h B, OSP Bk i g 150 pg/ml i 40 A7 3%
o % FFEA29. 14% ,S-0SP Ak FE g 150 pg/mL
g 0.5 B2 LA 32 R B 2 16. 16% , i BH 7 25 49 i 41
§ g'g B W BZ O 1.5 wg/mL 40 A7 16 &R BE =
0.2 10.76% ,S-OSP i) il 4 B 2 85 T OSP; 724
0.1p e YIVER 48 h Ji5 , Hela 20 A7 35 A Fir 2 i , B 9]
%510 15 20 25 30 35 40 OSP #1 S-OSP By HAEAE AT a] /& 48 h N,
TR AL R BIR
Mass concentration of sulfate group/(ug/mL) %2 BEBENESERSESE BRRESSMEE
2 BEEREHS Tab. 2 Conten.t of sulfated O. reevesii
. polysaccharides, sulfate content
Fig.2 Sulfate group standard curve and degree of substitution of sulfate group
5 2L B Ik HOfL g
2.2 %%%gﬂxq Hela zmﬂ@ﬁiﬁ% ; $2 I]['IJ'] S:i;?es pol\i(:(l’,tcil;rities/ sul?ezztle:;tr:lfp/ Degree of
I CCK-8 il 45 254 410 Hela 40 (1) o % subsitution
SR, DL WIRE 2 IR X B S5 R0 SO e s 0w
3,4 BRIIE FIOZEP Hela MUBRIAMBIE  T000 Wl s oo
AR TS . 5-08P3 43.16 30.30 0.75

- H Y AEEZ Y Onchidium reevesii polysaccharides
- HBILEE AL Sulfate of Onchidium reevesii polysaccharides

=+ i Cisplatin

150 150
=
~
>
100 5 100
&3
27
50 F_ 50
)
&)
0 0
12 h 24 h 48 h 72 h 12 h 24 h 48 h 72 h
2525 Rh BB R] 25 25 K BRI [
Dosing processing time/h Dosing processing time/h
(a) % REIREE (50 pg/mL) (b) A REWE (75 pg/mL)
Mass concentration (50 pg/mL) Mass concentration (75 ug/mL)
150
=
<
=
M2 100
i
&g
27
§_ 50
>
&)
0
12 h 24 h 48 h 72 h
25 25 Ah B ]
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Dosing processing time/h

(c) AZPEWE (150 pg/mL)
Mass concentration (150 pug/mL)

3 ZYEAXT Hela HTES R0

Fig.3 Effects of medicine groups on survival rate of Hela cells
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2.3 &£Z5¥A YT Hela 400 EHAS % B9 8200
PR5¢ OSP Fi1 S-OSP 4nfe] 52 1) Hela 4 it (1) A=
e, R It A Bl A I A ) o A 3 Ah B 4%
T Hela 4 0 40 6L 5 30 3 A 1 00, W3R 3. Fifi
HYIT R B RIE N, 204 GL B L4
RS B0 LN B b . R TS A R

Xt Hela 24 G1 JIA0 S JIY 1= HE 19 AR AR
3 BRI P A A T i R 15 1 Bl 2R Hela 24
JE R G1 AN S J1YE T Le i B 2. ey T oA b B 96
AR 22 W 2L, S A P 24 0 I B ) 40 ) 2
o ULHA S-OSP fifi Hela 4l LB AE G1 3 7]
FE A A ) 210 P04 KR e P E ) A D A

X3 Hela i E ATk

Tab.3 Changes of Hela cell cycle %
SEHORE DNA & B i) DNA £ 849 DNA &85
Samples DNA Presynthetic phase DNA Synthesis phase DNA Postsynthetic phase
JETS AT 2 OSP(50 we/mL) 43.51 42.16 14.33
SIS 2 OSP(75 pg/mL) 46.37 41.82 11.81
TS Al 8% OSP(150 pg/mL) 56.07 32.47 11.46
T BRI LR 5 A1 i 24 S-OSP(50 pg/ml) 45.32 40.57 14.11
T R R LR 5 A1 i 224 S-OSP(75 pg/ml) 54.68 36.74 8.61
TRERER LIS Tk £ S-0SP(150 pg/ml) 59.49 30.38 10.13
Jiii%f Cisplatin (0.5 wg/mL) 40.03 45.44 14.53
Jiii%A Cisplatin(0.75 wg/mL) 56.13 34.52 9.35
5i4H Cisplatin(1.5 pg/mlL) 62.05 28.28 9.67
2.4 ZHYEX Hela AAT-EE 0 w0 pg/mL =50 pg/ml. =75 ug/ml. 150 pg/mL
qRT-PCR 4355 OSP #1 S-OSP % Hela 4 20r
NN . N 15} ™
JHOIR T A D3 A ) 5 i 45 SR DL IRT 4 AR S A2 0
T Caspase-3 42 5 257 91 10 8 tor =

N, #E OSP BT bk By 150 e/ mL B AH X
FiA B EFE K 8.27(P <0.05) ,7F S-OSP Ji
VRN 150 pe/mL AN IR R 15,6, %k
R TR (P <0.01) 5 4T -3 K Bel-xL
Al Bel-2 BiiA7 OSPH A1 S-OSP [ 7t ¢ B 1 9
LR

w0 pg/ml =50 pg/ml. =75 pg/ml 150 pg/mL
= 10
e
o T
R
HE
®Ke 6
2
e
Ko
g2
: L_L_l
—
(]
2 - -
9 Bel—xL Bcl-2 Caspase—3

B4 OSP HFTEEKFKIE
Fig.4 Expression of apoptotic genes in OSP group

3 ik

R R S 8 7 vk B O TR IR 7 256
FEMEFZ " XN R
AU BRI PTG Z5 ), T H 20 A A

HRERRER
Relative gene expression

Bcl-2

Bcl-xL
E 5 S-OSPAFETHERARRIE

Fig.5 Expression of apoptotic genes
in S-OSP group

ESR/INBRIAE P . DRI, Y PR AT A B 25 9 4 T
RBIHR S R 2 A SR R
VPN EZEAEY RS T EY, HEA ZF 4
W, e B ORI A 2 6 1Y . ZHANG
A2 AL SRR S B RE R MR Beap37 FLARIE 40
it SW1990 [t I % 40 it 1 HeLa ‘2 350988 400 it £
Ko AR PWE RN EER, AT E
FEH B B Hela 40 g LAY, % B OSP REHD
il Hela 203 9384 52, 11 ELBEZ OSP Jit & ¥k 1 I
Ft, Hela 20 Jfd 47 1% % 52 57 & MO8 T B, ui B
OSP 411 T N e B Hela ZHAAILE K, BERBAT AL
B R AE BT 0 M, B0k T H 2 A . AT
FE 7 KB, NG BR R AE M C-1.2 3 4 5K 6
FRIEAL T A, TT BE 25 5 B0 W 4 26 W 3% 1 434
S T L, BRI JE 1 22 98 200 L 1) 1 B AT

Caspase—3
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Shr BRI VR FE 81 A0 B R TR AL S 1 7 I 2 h
X B 2 A A B R et
A5 K B R T ARG 1 ) 988 7 1 B 2 W g
i Hela 20 i (3458, 1M ELBEE S-OSP Ji i ik JE
T, Hela 21 Jifd 77 176 256 522 0] S A A8 12 T B, 3 1dd
H] S-OSP #; OSP i 5 Hela 4008 T fiE )1 5.3
PR

YRR T A P AR AT I — Ty EE B
T 3, 7E EAZ AN DA AT Ao — 4~ B B Hh 7 #40
2 RELAS3E 1 24 A2 ], DR1 0k 240 i ) B0 iy o080 4 o) 9
REL N Sy [T 0= A Sl & 1 A O e
S PR A A0 PR T 25 4 B S A 4 i P 2
SHEIEHIE B 22 Z RN E  Z Y R SRS &
HEH Annexin V 5 EERE A FIG, AdE— 0
OSP 71 S-OSP %} Hela #fi {75 7 52 M it 75 55 40 il
PATAHOC, FRATIHH Annexin V / PL FRic A, I
e 2 S0 7 24 e LY J 440, % B OSP4
RV AN FE R, Hela 409 G1 39] e 451 BA (5
BT S WAL, WA, b 3 R T VR Y S-
OSP Kb3#ET, Hela 41 it 8 #A 34 & A4 B 3 A8 4k, Gl
ST e S ) AR 3 i, S B 1% 440 L 2 R A
FPE D . 4553 OSP ‘32 Hela 2 i NGBS
il 3% 451 1) DNA, 5 3 4 il £ GO/ G1 3] 5 BHL ¥ o
i LB FR AL 18 1 J5 119 OSP BHLA: Hela 21 it JE 57 1)
fiE 1 58, RONG 451 fF 5% 2 W £ 106 3 22 W o
aob {58 200 B O A5 A G2/ M . BIE %5177 &
I, RAW264. 7 HifflfE G2/M B 243 i BT , I
2o AR AT A L 0 i R R R RO AR
AHFFE AR LSR5 LA ARG S0, Ud B R 5 A
ZA AT LA Hela 20 i J& 30 LA 78 DNA & i
NN BELLE Hela 200 it i) JG PR3 58 38 B VE

AT IR — o 20T 2 B TR R A Y
SN I e o e (SN E - 3PS B P [
FE AR TR A, Caspase-3 J& Caspase Kk
WA PP T 3L, Bel-2 JER ot i1z 1 3
P, A5 % B OSP 4b ¥ Hela Zi fiflf5 , f2 1=
LA Caspase-3 1135 35 LA S5 2 e AR 119 Ty =X
B E T, S-OSP 4 Hela 40 J5 , £ 97 1= 3 A
Caspase-3 1335 LA J5 1 ¥R BE AR M 1) )y =X 4 #
W B THE, LA T3 Bel-2 F1 Bel-xL 1) 3535
I E AL, AL IR A TS
Sy E R —Fhrh 28 R T HT-29 AT DU4E S e
JAT-FE P Bax (1 35 JF M FEARHU I - 56 B Bel-2
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RIS A ML c Bk 240 b, S 3%
Caspase-9 ¥ 1% 5] & Caspase ZHE ]2 [ ik 1l
S0 S PR A 48 T 22 1 AT 0 ) B-catenin 11
Caspase-3 ) 23k, il 1o {1 ] Wnt/B-catenin {55
T [ AH DI R i 3k K B R R UERY Bax 13
K2 E HepG2 A A A I T2, X B 45 AR K
W Z2 Wl e 10 38 2o 52 A MRS 1 i A A2 AR 1 1Y)
SO TR AR A b e 240 L 0 1, S A e R 45 R R
ML IR

25 IR IR A it 22 W R R I AR A
fii Z W WA Hela 4L T-09/ERT, T B2
FAE M T30 OSP 25 44 i A8 38 8 1 R0 8 A i 2
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Inhibitory effect of Onchidium reevesii polysaccharides on Hela cells in vitro

JIA Jingjing'*?, TU Zhihan'* | LIAN Yingkang'”"*, YU Dongchen'* | SHEN Heding'*"

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean University,
Shanghai 201306, China; 2. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean
University ,Shanghai 201306, China; 3. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of
Agriculture and Rural Affairs, Shanghai Ocean University ,Shanghai 201306, China)

Abstract; In vitro experiments were conducted to study the effects of Onchidium reevesii polysaccharides and
sulfated Onchidium reevesii polysaccharides on the growth of Hela human cervical cancer cells, and with
positive drug cisplatin (0.5, 0.75, 1.5 pug/mL) as control. Different mass concentrations (50, 75, 150
pg/mL) of OSP and S-OSP were applied to Hela cells, and we used CCK-8 method to analyze the
proliferation of Hela cells at 12, 24, 48 and 72 h, and analyzed the cell cycle with flow cytometry, and used
qRT-PCR to detect the expression changes of related apoptosis genes. The results show that both OSP and S-
OSP can reduce the viability of Hela cells and induce their apoptosis, moreover, S-OSP can more significantly
inhibit the proliferation activity of Hela cells than OSP, It shows that the sulfation modification changes the
structure of the polysaccharide and affects the anti-tumor activity of the polysaccharide. After 48 hours of
treatment, the growth inhibition rates of Hela cells in the three concentrations of OSP group were 60% , 67% ,
and 71% , respectively; the growth inhibition rates of Hela cells in the S-OSP group were 74% , 77% , and
84% , respectively; the growth inhibition rates of Hela cells in the cisplatin group were 82% , 86% , and
90% , respectively. Flow cytometry showed that after OSP and S-OSP had acted for 24 h, the ratio of early
and late apoptosis of cells was significant, and increased proportion of cells in GO/G1 phase, and the
proportion of S-phase cells continued to decrease; Real-time fluorescence quantification showed that the
expression of pro-apoptotic gene Caspase-3 increased significantly with the increase of drug mass
concentration, and the expression of anti-apoptotic genes Bcl-2 and Bel-xL did not change significantly with
the increase of drug mass concentration. It shows that OSP and S-OSP can induce Hela cell apoptosis by
regulating the Caspase signaling pathway.

Key words: Onchidium reevesii polysaccharide; sulfated modification; Hela cell; cell apoptosis; qRT-PCR
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