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 OE: B HFURRMAEUKEEZH (WSPCE) Hili@E M i iER. Ak KH MTT %80 WSPCF X A i
AS549 AN AR E K IEIVE R, ST IER CSTBL/GT /1N BB B 40 A48 5 116 52 1 0T HEE bk B 40 5 g A PR e 1 P F s i
AR LD LG R WSPCE X CSTBL/6T /N UM L4l 5 Wi L 52 s Rl WSPCF % Lewis il far 88 /s OB A= K
JOGR I R 6 ) 00 5 SR ] ELIS A VA4Sl a8 /> BRI 40 B S i IR 1 48br o 8558 WSPCF Uik FE a1 1 000 pg/mL I, % A549
A IEIER, 500 pg/mL B GE b 2 34 50k 0 40 M GE R S AT B A S 2 (P<<0.05), 3R IR AR St
TR ZHAH LG, WSPCF X A 98 /> BRI FIRT 2600501 49 39% 42%, 72 AT B vl 223 L (P<<0.05), faf J8 /I B LY 7 1) #0328 R 7+ TL-1B
IL-2, IL-6+ IL-10 IL-12. IL-18. IFN-y. FAS-L KF¥BER R (P<0.05). £5i® WSPCF 7EM4M5t A il A549 41 i
B AMEER, BeEm /N B4R o T S N KPR N WU Lewis Jfidiaardfd /N BUK S D) B, i odpLA4
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Antitumor activity of water-soluble polysaccharides from Codium fragile and its
immunomodulation
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Abstract: Objective To investigate the anti-lung cancer activity and immunomodulation of water-soluble polysaccharides from
Codium fragile (WSPCF). Methods Inhibitory rate of WSPCF on A549 cell line, the C57BL/6]J mice spleen lymphocyte
proliferation, antitumor effect of spleen macrophages and lymphocytes were assessed by MTT assay. The effect of WSPCF on
phagocytosis of C57BL/6J mice spleen macrophages was studied by neutral red colormetric method. The effect of WSPCF on the level
of cytokine secretion, tumor growth, and the spleen and thymus of the Lewis lung cancer-bearing mice was detected by ELISA method
and statistical analysis. Results /n vitro, WSPCF, when the concentration was higher than 1 000 ug/mL, could inhibit the growth of
A549 cells, while 500 pg/mL, it could significantly enhance the lymphocyte proliferation and phagocyte activity of macrophages (P <
0.05), so as to improve their anti-tumor effects. /n vivo, tumor inhibitory rates in WSPCF group were 39% and 42%, compared with the
control group, the difference being statistically significant (P < 0.05), the levels of IL-1, IL-2, IL-6, IL-10, IL-12, IL-18, IFN-y, and
FAS-L in tumor-bearing mice serum, compared with the control group, were obviously improved (P < 0.05). Conclusion WSPCF,
has an in vitro inhibitory effect on human lung cancer A549 cells and could improve the level of cellular and molecular immune
response. Also it could significantly improve the immune function of Lewis lung cancer-bearing mice and achieve the effective
anti-lung cancer activity and immunoregulation through activating the immune system of the organism.
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BE ( water-soluble polysaccharides from Codium
fragile, WSPCF) {E Jy RIFASEIERIEEY T, Bk
2 B o

1T 50 Aok, A& E R TRk E K,
i 1) 93 2R R AL 1) R T HEad, Bk
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WSPCF & DL # K 4 - Sl 4y BT E %,
Sephadex G-100 #E /i €4 1%y KA 3 (2009 4F 4 H
K EKIE BRI, 200 IR T B %
€ 4 Codium fragile (Sur.) Hariot. ] H14y 27338, DL
HIATHE R BRE S, PRI B RV 15 0 OB 1 Tt 40
O 65.8%, BRI LL ik 5B R AR 1) 0 1 43 2
1 17.3%, LA DMEM/F-12 (1 : 1) 553800, &
AR, 4 CIREEH.

DMEM/F-12 (1 : 1) ¥55R%F. RPM 1 1640 5555
. 0.25% i85 (A BF-EDTA . PR Ik il . 0 s 5
(MTT). ~HIFEHK (DMSO). JJH & (Con A).
MENEZ M (LPS), E[H Sigma A+]; /NEIMLE,
PO Z=5 2E 4 TR R s St IL-1B IL-2.
IL-6. IL-10, IL-12. IL-18. y T3t & (IFN-y). FAS
Btk (FAS-L) ZwilEfifk, JbathiZa&mdEms
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KIEBERLK 2R AF . C5TBL/6T /N, 6~8 Jii,
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CO, W4  BEFR1XL, Thermo Election Corporation
A {RE BB, HA Nikon A+ HIF TIES,
RS IR A R ST ) s FD—1 HAR R
TN, b B B AR A R A F .
2 HE
2.1 MTT AN AaIE5E
2.1.1 6 AS49 0 sEsE A S 10%/ I
1) DMEM/F-12 B985 9% AS49 41 =5 %k
K, 0.25%E ARG Ik, kR 11X
10°/mL, 80T 2 He 96 fLH, £E4L 100 pL, £540
MO EE f5, Bont BRAL, FABEMER (100 pg/mL) BHE
X4, WSPCF (10, 100, 500 1000 pg/mL) %3
M, B3 ANEAL, SRR 24, 48 he HEFR4;
WHT 4 h, &FLIN 5 mg/mL () MTT 15 pL, PR¥GE
A, MREFH 4h, 3 B, A DMSO 150 pL,
P& 10 min, FEEFROGH 492 nm AWOERE (4D 1H,
THEAIR

IR =1—5U0 20 4 (/X A A
2.1.2 NP/ RO A M A R R e R T VR
K IEH C5TBL/6J /N RUBIA L4 e, H 10 %2k
I35 AP RPMI 1640 5% 57 550 5 40 o i 5
1X10"/mL, FEIIA 96 LI, AEFL 100 uLo Bt
M40, WSPCF (250, 500. 1000 pug/mL) 452541,
Con A (5 pg/mL) F1LPS (10 pg/mL) BHM:*F A,
LARRUA Ny 200 ul, F41 3 NEAL, B5E 48 h, MTT
15D 492 nm Ab A, THEARX G A
2.2 FEEPMLENE R E M E N

W B4 E B CSTBL/GT /N BRI L 41 i,
LA RPMI 1640 5577 3E 5 4540 a5 5 1< 10%4L,
A 96 FLBH, 5L 100 pL (1X10° M) . #ER)
TEZH A WSPCF (250, 500 1000 pg/mL) 252444,
A 3 NEAL, BARFARESL 200 pL. ZH 1555 48 h,
R 7 B3 100 pL, AR ELLE AL 100
pL, 4R4:557% 30 min, 1500 r/min &> 10 min, 37
3, PBS Pk 3 4k, BEFLIN 200 pL R (LEE-
BEER 10 1) S, 1 589 nm U 4 {H, HHF
%

LER =520 A {H /R 4 8
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SIS €227 T, HRL B A
C57BL/6J /N itk L4t o A W B, 29 il N
96 FLIR, 2X 10°/9L; #%%. $EHL 20 & 1 A%
KR/ H22 40 1 X 10%4L, 4% 3 MR
fL, #5597 68 h Ja, MTT ylAE Aoy (B, THEARIE,

MR =1— (Aysn—Ax) /A
2.4 (AR
241 BRI LR AR UM 14d. EKR
UFH) LLC 4, oK N LAEBE R KRR R 1 X
10"/mL 41 IR, BflT CSTBL/6T /Bl A I
T, B 0.2 mL, 3 min W, 24 h J5¥K /Bl
HLroh 5 4, BEDXEIR4], WSPCF K. &7 (100,
200 mg/kg) 4, IMEMEIE (30 mg/ kg) BHHEXT R4,
WSPCF (100 mg/kg) SHENLIE (30 mg/kg) Bo
B, 418 N, MEMERF. W LRI R KAE
N, BER ip 4525 1k, TESHIESHA 0.2 mL,
L2y 21d, XA TAEEK. KRIRG AR
24 h, FR/ANEAR TR, IREREUML, $l# Mg, —20 C
TRAT A o STAEIBE FI AR BE/IN B, SR HOME T
(S e ) 211 = o N = = G g
FaE Ml BRI 2

R = ORI IRZHIRE i — SR AR T /0 IR i

JUE 2% 8 E = Wi 2% e/ U T =
2.4.2  ELISA VAN BUMLE s o0 7K i
9247 A /NS, —20 CHRAT, 4% ELISA
VERIN /N B S AR IL-1B IL-2. IL-6+ IL-10 IL-12.
IL-18. FAS-L F1 IFN-y AR 4
2.5 HuEALE

N G245 F SPSS11.5 AT i HE47 48
THEEAREE, 5Ll X £5 RoR, A2 R ¢ /5%,

% 4 A5 LU RCR FH R R 07 22 00 AT
3 #R
3.1 X ARHARTEZAARD AS49 HETE RSN

WSPCF JJis K /N1 500 pg/mL B, X} A549
I f AR A E A S (P>0.05); Mk
&5 1 000 pg/mL, 1EFH 24, 48 h M4 5K
16.7%- 21.0%, Sxf AR ZE 5 5% (P<0.05).
A IS

60 1 m24n
il 48 h *x
2 40 A *k
£ 20 E:
=
T
0
payist 10 100 500 1000 FAREFAE
WSPCF / (ug'mL™)

720 -
EXH4 . "P<0.05 TP<0.01; &3 [A

"P<0.05 "P<0.01 vs control group; Fig. 3 is same

1 WSPCF *f ABBRZELAAE AS49 BYIEIEHNHI1ER
(xts,n=3)
Fig. 1 Inhibition of WSPCF on A549 cell proliferation
(xts,n=3)

3.2 ¥s)n R RS Hk F 40 B 15 5 D S Mk 4 B A A SR 1
=pp=A 0]

R AHAH L, WSPCF ZH /)N B obk B 4 i 43
WS TR, e WSPCF 500, 1 000 pg/mL 4H ()
M EZ (P<0.05. 0.01), 15 LPS 4041 Con A
I ZE TG L (P>0.05). WSPCF XJ /)M il
J IR A0 A v AT R EAE T, 3P 5000 1000
pg/mL 50 AL ZE R B3 (P<0.01). 4%
W 1,

%1 WSPCF Xt CS7BL/6J /)N AR i B4R A& TE AN E AR B I E MR (x+5,n=3)
Table 1 Effects of WSPCF on proliferation of spleen lymphocyte and phagocytic activity

of macrophage in C57BL/6J mice (x*s,n=23)

AMom p/(pgml™) WO 4  WREGIMEEEER /% DRAIAENTETE @) EWRAREEE /%
Xif HRL 0.979+0.018 100.0 0.67410.056 100.0
WSPCF 250 1.05140.078% 107.4 0.76740.037 113.9
500 1.3414£0.054" 137.0 1.07640.089™ 159.7
1000 1.2254+0.099" 125.1 1.10140.043™ 163.4
LPS 10 1.28940.044" 131.7 — -
Con A 5 1.376+0.038™ 140.6 - -

G ALLE: "P<0.05 TP<0.01; 5 LPS 8K Con A 4Lt “P<0.05
'P<0.05 ""P<0.01 vs control group; 4P<0.05 vs LPS or Con A group
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3.3 XN B 4HRRFN B A Ra N E M A 22N
Eixf A EE, WSPCF Ji i 5 ol 250 ug/mL
INF, 0TV 2 40 LR M 4 g 3 12 ) S e AN Yk 2%
(P>0.05); IMi{E 500, 1 000 pg/mL I, ¥REL4100
MEEA AR S AR EREE (P<
0.05. 0.01). g5 WK 2.
%2 WSPCF xiith B4R A0 5 R 4M AR JB S5 1 A0 32 0
(xxs,n=3)
Table 2 Effects of WSPCF on antitumor activities of

lymphocyte and macrophage (x+5,n=3)

45 p/(ngmL") IREAIETRA /% EREANATRA /%

X i — 18.6+4.5 36.41+4.6
WSPCF 250 239425 43.1+4.1
500 32.9+04" 51.1+1.6"
1000 40.5+4.6" 58.5+22"

XA P<0.05 TP<0.01; FER
"P<0.05 ""P<0.01 vs control group; same as below

3.4 IR Lewis FhiEE KHIR IR

Lt AL AL, WSPCF 100, 200 mg/kg Xt
Lewis fuf J87 /N B8 A2 KA 0 BHIHIER (P<
0.05); WSPCF 5kl k45 45 25 20 i 40 50
99.06%, XA bz RAER 2% (P<0.01),
MBI A il 2 (R e W3 2= 5, R W
PG A D AR E s a5 R LK 3.
3.5 XErENRBERE. BAE. FhAEE IR

F* WSPCF 200 mg/kg 71 & 41 Lewis fafJ /) fil )
AT FR A S X AU L 22 S 3 (P<<0.05) 4F,
WSPCF X far e /N BB FRE. B TFR 2. i +a
oA/ WSPCF 55 BRI Ik A5 4 25 41 Aor
/R R R, AR, RIS
R St i R AL . 45 3 LI 2.
3.6 MEERMERER TR

WSPCF figfie it Lewis fif I8 /) BRI H 16 He e

110 _
100
90 4
80 A
70 A

SRR T /%

60
50

40 -
IL-1B IL-2

%3 WSPCF ¥ Lewis &/ NRASHIEIER (x+s,n=8)
Table 3 Antitumor effects of WSPCF on Lewis

tumor-bearing mice (xts,n=8)

a5 MR g g TR
(mg'kg ) %
pagic — 3.605040.126 1 0
WSPCF 100 2.3350+0.0847" 3951
200  2.1360+0.1014"  44.67
ANl 30 0.049040.0032" 98.72

WSPCF+H Bl 100+30 0.036 0+0.001 6 99.06

IL-6 IL-10 IL-12

25 - m 2
WSPCF 100 mg-kg ™'

2.0 | # WSPCF 200 mgkg '
3 w B
9z 1.5 ¢ FBEBLIZ + WSPCF
b
=10 ] (T 2]

I Ik i

SN TP<0.05
"P<0.05 vs control group
2 WSPCF xifarf@/ MR ARAE. BAE. FhAEIEE0AS20m
(xts,n=8)
Fig. 2 Effect of WSPCF on indexes of spleen, kidney, and

lung of tumor-bearing mice (x + 5 ,n=8)

717K, s FIRERNER . SR mbiE
KA, I IR T 3 R S B AT AR AR
o 5555 IR A AH EE, WSPCF [77)44 100 mg/kg Ff,
IL-1B+ IL-10. IL-18+ FAS-L Z5/K V7t (P<0.05),
IL-6+ IL-12+ IFN-y 7K FI & R B2 (P<0.01);
FHEh 200 mg/kg I, IL-2 HIKETHE (P<<0.05),
1M IL-1B KT s RS W2 (P<<0.01); WSPCF
IR TR B A 2 2 2L 7 S e DR /KT Y B 3
T (P<<0.01). 453 3.

XA

BWSPCF 100 mgkg ™
Z'WSPCF 200 mg-kg '
BN
BN + WSPCF

FAS-L

IL-18 IFN-y

B3 WSPCF 3 Lewis f8/ R EEFAFHEME (x£5,n=8)
Fig.3 Effect of WSPCF on immune-response level of Lewis tumor-bearing mice (x + 5,7 =8)
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Sl 7 WA E S PR IO S EPNEZ 1
FERT 2 EBA AT 7 T s, s B R
SRR T OSSR R4 e T
BE 11 A BN R R B O A0t g T
Hom NK 40 His P, 753 B4 s 4k 2 g - WSPCF
REAT 2V i J6 4t 6L LR e g () S A, ] IREE AL
A PE T bk E 40 PR 0 4 i, 4 v NK 40 P vk
BBEPTAME AN A SR R A st
53R W], WSPCF JIis K % K 1000 pg/mL i,
P N e A549 40 A HERIER (P<<0.05);
500 pg/mL I RJ AR A AR 3 5% ) JL bk (2 40 i
48 AR T AT 9 T R AR A P e
ARG . PRNSEEE 7R, WSPCFE REW] 401
Lewis il B AHIR AR, s ars /N AR
WA RN AT, BT B R
PP RYEE B 3 B (acute protein inducing
factors), [MiEH IL-1p. IL-2. IL-6. IFN-y (fi Lk
W) NF-xB 75D 7K-FTbEr, IL-2 3640 T 40, 42
WA HE IL-18 fEN I Z M dh Rl -1~ 53k, 1 IL-18
SOAT St B B ) v P, {2 Fas/Fas-L 413
(1) NK 40 M (1) 40 B 234 FH A 28 FL 2051 NK 40 i
SR M PR A A R RO, R TL-64 TL-12 AEBOE
JAK/STAT {5 '5il, ¥0rfs o2 % di,
;74 IFN-y. FAS-L %, /35 S M ghE A K
VEZ e A I 7 A R st 25 ik k),
WSPCF {35 4 i far J87 /) B3 7 IL-1B8 IL-2,
IL-6.1L-12, IL-18. IFN-y Al FAS-L /K°F-, HEA M
HALTT 2R TE JFe 0] £ 988 /) Bl S B 2 B A
251 IR 3G A

Zx Pk, WSPCF ) AJififlises A549 41 A=
HEZAEIER, XF Lewis i fir 8 /1> B I s A=
KA W] AR s i e e 5 VE R, AR —
R TTH], JodE. s W T
AR, AR AEAFIRANEFERNTT K A 2 ) 5205
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