R EARMLRL®
wcjd@wijgnet.com

(44

TR
Jaishideng®

HFRUE A SHLAYE 201152H388; 19(4): 344-348
ISSN 1009-3079 (print) ISSN 2219-2859 (online)

5hEEE & HEXT IR & 5 2 4 A S sE Ry {2 2 1E

migE, B—8, pk e, RERI, BBRE, X T

[ L S

B 3E S E TR
oA M E K,
B A7 22 B 5 4 A1
R BRALE AW
BT P, REH
BB, 2ER
BF 9 ALH) R
¥, A GAR
Y g R
W 2R, THRE
5 & 3% % R
AR A %

mEFERE
Rk, @)%, b
HBRABKFESR
TR B A E T
S AR, &)
ZAEEIF, LT
%AARERE
ShH

RERE, FF—B, M, AR, BBRR, XT, #d4AKE
&S b i e W 570311

ﬁif‘;-%, BIEEEIN E2MEEEIBIERINGISBIT S
EBVAR.

& RS INRADHBESIT T, HFRIEHITT
X, BB DTEBIE—88. M. MERIRIBKZ W, 16X SIE
BhBESXTTRN.

BIREE: XT, 570311, BEaE0MH, BEe ARERSI
A liuning1232002@163.com

RS EEE: 2010-10-21 {BOBEHR: 2010-12-14

ESEEE: 2010-12-21 AR BHA: 2011-02-08

Lentinan enhances cisplatin-
mediated inhibition of cell
proliferation in human gastric
cancer cell line SGC-7901

Hai-Ying Wu, Yi-Ming Chen, Long Lin, You-Gang Lin,
Qing-An Qiu, Ning Liu

Hai-Ying Wu, Yi-Ming Chen, Long Lin, You-Gang Lin,
Qing-An Qiu, Ning Liu, Department of General Surgery,
Hainan Provincial People’s Hospital, Haikou 570311, Hain-
an Province, China

Correspondence to: Ning Liu, Department of General Sur-
gery, Hainan Provincial People’s Hospital, Haikou 570311,
Hainan Province, China. liuning1232002@163.com
Received: 2010-10-21 Revised: 2010-12-14

Accepted: 2010-12-21 Published online: 2011-02-08

Abstract

AIM: To investigate whether lentinan enhances
cisplatin-mediated inhibition of cell proliferation
in human gastric cancer cell line SGC-7901 and
to explore its effect on the expression of multi-
drug resistance genes.

METHODS: SGC-7901 cells were divided into
four groups: untreated cells (control group),
those treated with lentinan alone (lentinan
group), those treated with cisplatin alone (cispl-
atin group), and those treated with both lentinan
and cisplatin (lentinan + cisplatin group). RT-
PCR was applied to detect the mRNA expression
of MDR1, MRP1, and LRP in SGC-7901 cells. The
proliferation of SGC-7901 cells was detected us-
ing the Cell Counting Kit-8.

RESULTS: High expression of multidrug re-
sistance genes MDR1, MRP1 and LRP was de-
tected in untreated SGC-7901 cells. Treatment

with lentinan significantly decreased the mRNA
expression of multidrug resistance genes but
had no effect on cell proliferation (P > 0.05).
Cisplatin treatment lessened cell proliferation
and promoted the expression of multidrug resis-
tance genes. Treatment with lentinan + cisplatin
completely suppressed the mRNA expression
of MDR1 and MRP1 and significantly decreased
LRP expression and cell proliferation compared
with the control group, lentinan group, and cis-
platin group (10 d: 0.54 vs 1.90, 1.88, 0.92, all P <
0.05).

CONCLUSION: Lentinan combined with cis-
platin can significantly inhibit the expression of
multidrug resistance genes and strongly enhance
cisplatin-mediated inhibition of the proliferation
of SGC-7901 cells.

Key Words: Lentinan; Cisplatin; Gastric cancer;
Multidrug resistance gene; Cell proliferation
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BHE): AFARINE2E % #(Lentinan)*t % 25 4
2h K R R A 09 %) e Ae A SE IR A8 37 ) B R 48 R
Y egVE R

Fik: oA RR44(Cisplatin). F3% % 4=
IRAATE S35 5 A2 SGC-7901 § J& 2a e,
F o hasn: PB4 (Consl), &3 S 454
(LenZ), Wi4A40(Cisth)Folf 455 A A 36 % 43
20(L+C)4. B JART-PCR#&M % 25425 X B
MDRI1. MRPIALRP*, FmRNA%ik; & F
CCK-83K 7 &4 M Consi fo 25 4 &L 32 2B 3T J&
o) B S m 3G iR A

R EFSGC-7901 F e % tharzh ik
EMDRI1. MRPI#2LRP#) £ A mRNA, &%
% ¥Rt B E AR % 25wt 25 K B Rk v a de e
378 TR B R e 4EIA R34 hatdh KA
KA, Bt #ph) 48 3E FA(P<0.05);, A4 % HEER
L4 A J&, MDR14A=MRP1A B & & T4 %
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& T ConZl. Len##AeCistl, £ FEA %t
Z3L(10 d: 0.54 vs 1.90, 1.88, 0.92, 39P<0.05).
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7 4% 2 Bl (Lentinan) 4 157 & A< 1 H < B RHEF
T TR B T 2 P TR AT ROy, R A A
FEEH K, A 2 bl o3 F 5 b s R R 2
Tk 2 WA B Sl it a
JigRs H AT R IR R, R AR B g R A L
BITH, AE R KR E ARG I ). H A 4
ZRE MR AL v ARTE 2, U 5T
IO A S VR FH ARG, A4 N A1 35 e did 2k 4 il
HETHEE 41 g (cytotoxic T lymphocyte, CTL)f 7=
A, P CTLAN A 0, 195 S D e T (e adk
UM E Al BV Y, [ R W & i 2
B A 1 it e 40 P 100 P9 2 AR K R - (vascular
endothelial growth factor, VEGF)Z ik, yif/b>Jiyg
AT 1= S SO S s G R et 0B
BN RIE AR Y i RE 4 S o Rk 2 i 25 0
DAL, g i HAT AR A D RE IR B 10, R gk s
S PR AT 24 0 AN T b 5 L A i T 7 A e 244
JAUHL AR SO 4 2 B AT (Cisplating b
SGC-7901 15 Jie: 4 )L 2 24T 245 PRI 3R 0K (R 52 0,
TR 0T 5 e 40 JH 14 5 )V ), PR Fr i 2 W
SR BT 25 PR AR IR AT R RLA.

1 #ERSA

1.1 A SGC-7901 1 9 41 136 [H bk R4
i R LN (AT CC); RPMI 16400 i 2F 1L 375 I
T Hyclone/A A]; CCK-8IRFAN G T = KA H];
RN A$2 BUR 7 £ IR T-PCRAR ) £ 6 T R AR 2
Hl; A 2 R T R R 2 IR F A
T 22 B R TR SR ORHLIR) s U ) - W iy 2 w5
1Y A T A R A R

12 7

1.2.1 tmfe3EdcAnth 4L 22 SGC-7901 1 J 41 i
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SEAR SRR A 100 mL/LIG A M5 . 89% RPMI
1640F11% X Pt, KiF#E37 'C. 50 mL/L CO,fH
WG FEAN T, SIS IO ECE K. B2
B TR 7R A B K R B 1 mmo /L JiE
AR, TR A R R K 5200 mg/LiKk 4 A+
BV, A8 FH IS I N 58 4 5 55 5 10 0 4an T 94 8 Ak
PV : LenH (H A0 15 2 0, 249K J%0.05 umol/L),
CisdL(FAMNTEA, Z9K %2 mg/L), L+HCY(F 1%
BEAEA, 28 FE 53511 20.05 pmol/LAI2 mg/L).
HXZ60%71 75 FE 1t $i A8 4 300 7 9 40 B 43 1
A3YLAE FE(ConZH UM 58 42 15 78 He ATy it
1), 29324 h, PBSIE VLG 58 Hopt e 1 R 3,
073 200 o 40k 8 5 5 A B 3 S G, 340 4N
FERNAHEATRT-PCR.
1.2.2 RT-PCRA&M] % 25 &t 25 A B &34 L IRNA
FEEGAF & IR ELSGC-7901 5 JE 41 i ELRNA,
PAGAPDH{E N NS IIATRT-PCRY 1, 5147
HI W21, PCRI N 24 94 “C 1A PES min, 94 °C
AT min, LD MR KR FEIR k458, 72 C
FEAH45 s, FLISAMFIR, f5Ja—4572 CHEMI10
min, PCRF=4) 2520 g/LEx B st s reL vk S Ao
1.2.3 CCK-8#mISGC-7901 § J& 4w i1 32 78: Len.
CisHIL+CZy WAL L K ConZl [ISGC-7901 ¥
20w LLEE L1 000> 48 1 1) %35 2 b T 96 FL Ak,
FFALIMAL0 pL CCK-8% M, LA ks 5=
WFNC C K-8 AR BEAT I N 4 BRI LA 25 [ 6T
W, AR EAN L. AR A N A
1 hJ&, 450 nmZc NI E OB, AR [R]— ) [H)
A5 U 240 RO B (A, SESEAT I 10 d. REFLAN MY
AiHTAME = FELAME-25 (I LA E, BSR40 e
RVPBAME = (FEFLLXTAH 4R FLAXTA
fH)/5, PAs 5t LA R A REAA AR . A A AR KR
K FHExcel 20102 41 i 384 5 i 2&.

it # AT K HSPSS12.08H T HE Ab 3L
Giil o3, FFSGC-7901 H 9 41 fuA (34T Fried-
manf 5, K5 Ko = 0.05, P<0.051A 0 %5 A
CENIES-9'8

2 B8

2.1 RT-PCR#&M 45 £ ConZHSGC-7901 5 i 41 ity
Al KM FIMDR1. MRPIFILRPIHEAImMRNA I,
PR 1 2 M AL PR JS, MDR1. MRPIFILRPAE
PRImRNAKIA 1825 B, SUER A ] BE 2 2%
P2 A 255 IMDR1. MRPIFILRPHIX;
AT A i 4 22 WA FH S, SGC-7901 5 9 4 i
MDRI1. MRPIFILRPIE K ik 5 FR (A2 %
SEAZ B HNH, f5 A E BRAR), BARS LA

| BN
PR
IR 48 R SN AE BB
JEgm e, WR AT
B % % at
R B & A Fetm
f3g 7 6y ¥ee, 48
=T A% S A
Fdphl % At g
A B &k m R
T 89V R AL,
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SGC-7901 § & %8
Rk % thatzh
R, sa T 5
Rk ¥ e, A 3E
EX 3 R
%At AR A
ik, T 438 1 )
3 harth A E A
ik i B 5O 44 69
TR FBAE .

EE S|¥E=5 BNRE(C) PCR=41<E (bp)

MDR1 Sense: GTCATTGTGGAGAAAGGAAATCATG 64 479
Antisense: ATTCCAAGGGCTAGAAACAATAGTG

MRP1 Sense: CTGTTTTGTTTTCGGGTTCC 62 498
Antisense: CCAAGGCCTTCCAAATCTC

LRP Sense: GAGGATAAAGATGGAGACAA 58 467

Antisense: GAGAATCACGCAGTAGTTGTGG

ConZH LenZH CisZH L+CZH

MDR1

GAPDH

B 1 MDRIEEMRNA RT-PCRAGMILESR.

ConZH LenZH Cis?H L+CZH

MRP1

GAPDH

2 MRPIEREMRNA RT-PCRIGMILER.

1-3.
2.2 Mg IE AR FAISGC-7901 5 JE 41 i
TR R EIE IR A, BRI 2 22 BT g Al
48 58 JC W S S (P>0.05); AR BE 1 S 471
et 0 M 24 G, 200 L SR 0 SR ARG, 22
AT G524 L(P<0.05); MARTRE A 7 1 2 A
FHG, 55 90 20 P i BRI, 4 s 5
LRARST- 2%, AN M B AR T A3 AL, =
SHEA G R L(P<0.05, &2, K4).

3 1WiE

A7 & H g IR e I8 R vk —, WKk
FERZALTT IR S 0 1 IR B IR 2 AT I AT
P 2410 BT AR 2 B e A T s, H
HU A A 5 MR 4t B SR AR I 24 L) = 2R 2 24
i) 245 [N i ik A o, 2 2y 2 A OGN =
PFAFEMDRI1. MRPIFILRP, 7E [ i 245 4156
rhopy i A €6, MIDR 1S DA 2 B 1 7 P- W 2
P MR A, 1 281N LR R 24
56 A AH [F) IR AR 1, RS BRI A 615 S X

LRP

. =

B 3 LRPEEmMRNA RT-PCRIGNLESR.

207 o ConZH
1.81 —=— Len?
Le| = G
14 oA
1.2

2 1.0

N 0.8

0.6
0.4
0.2
0.0~

4 SGC-7901 Bi=MiRILiathsk.

A ATPES A AL A, 5 58 DA D4y Je 3 A 1 T
PYEeIs, MATPES 507 R RERPENAT R, fE
S5 S 88 24500 0 AR T DA L P 5 e A i AR,
MR P13 D5 5 55 1) 2 24T 2440 G 22 11 1 5 JE
P E, B ATPRBCR AR, BERE T S A i)
2y 0y TR IR B A A, el A A 25)
WS, FHUMRE 25 5 Az, I8 w] 38 1 o5z 4 i
RS AR A (R p HAEL, A 241 BIIA A #B A (1) 2
AL IR LIRS, T A R T 25, F HAR S
L5 R (R RS AN SR PO LRP) 2 AT T IEH
AL, FHLIE DLRRA h R0 o 1) 2 ) e e 38 it
, JEREHE AL 1 25 W) s Bl fa e, i
bR 254 1, JF LUKt 10y 75 sCHE R A, AT
R TESEE T

MR/ T35 4 L FIDN A, A 2R Bl etk
FRUXU REHE AT A5 L, 7T LR 240 i P £ i &5
7, TEDNAZ 1~ 5E P ABE R A SCREIER, 2k & g
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1 2 3 4 6 7 8 9 10
ConzH 0.050 0.120 0.190 0.280 0.400 0.520 0.630 0.810 1.200 1.900
LenZH 0.050 0.118 0.187 0.270 0.390 0.510 0.610 0.800 1.170 1.880
Cis#H 0.050 0.085 0.130 0.179 0.280 0.360 0.480 0.580 0.740 0.920%
L+CH 0.050 0.054 0.080 0.110 0.140 0.210 0.280 0.360 0.450 0.540%

°P<0.05 vs Con#H; °P<0.05 vs LenZH.

MANRES B, i 5 I B REFIHIR N A K 2R 11
(G B0 ARAF TR WIS GC-7901 1 i 4Nl i %
L2 20 255 IMDR1. MRP1AILRP, Hpii
HWER G, 300 2 24 24 38 R Rk 3438, mT g &
SGC-7901 15 ¥ 40 M 22 s WL 01 i, 52 i 5 5
PEFIEIGIN. AW, ARSI 5 )
5 R A R T A AR 52 1) S g A R
ZING NI Re Y 2 2 24 55 R 3 P e A IR ML )
A7 R g 22 B xS i 40 P 8 4 W R
HRE b PR AIK 22 25T 24 2L DR R0k, ik 3] 58
AAPHPRAS, BCA IR IE FE IS, SGC-7901'H
Jis 21 W 22 2T 2 R TR SR 2 B, SARERIA
BUERIDRE, g M TE 1, H9E M 2L 1 2%,
LWL AT BE S 7 i 2 Bl 1 22 24 2 5 DN 3Rk
M3 BB e MR VR FH 3G i 0 T as 2 B
fIC 2 2 245 B DR Ak i AR B B AT SR ANTE
G S i R i 2 ML 2 1 R N S L N
WA i 22 K e W2 G IR A e gy 254
(i 2576, $E b sT a8, A ImIR &%
B AT 25909697 IR S A T BRI .

4 SEXH

1 SHEE JUEE KIEE BEE 2R,
HHLARA41 2009; 21: 183-188

2 SKERE, fLik, TG SR K EGUR IR
MRk RE. Z2Efall Rl 2008; 36: 13697-13699

3 Yoshino S, Watanabe S, Imano M, Suga T, Naka-
zawa S, Hazama S, Oka M. Improvement of QOL
and prognosis by treatment of superfine dispersed
lentinan in patients with advanced gastric cancer.
Hepatogastroenterology 2010; 57: 172-177

4 Oba K, Kobayashi M, Matsui T, Kodera Y, Saka-
moto J. Individual patient based meta-analysis of
lentinan for unresectable/recurrent gastric cancer.
Anticancer Res 2009; 29: 2739-2745

5 R, SRZSEE, SRosk, ERER. AN BmiE

2008; 28: 147-148

6 Ng ML, Yap AT. Inhibition of human colon car-
cinoma development by lentinan from shiitake
mushrooms (Lentinus edodes). | Altern Complement
Med 2002; 8: 581-589

www. wjgnet.com

10

11

12

13

14

15

16

17

18

Matsusaki K, Hirose N, Yamada T, Morita M, Oka-
moto F, Kawano T, Miura O, Okazaki Y, Toda T,
Minamisono Y, Nagasaki S. [Case of gastric cancer
with recurrence of carcinomatous lymphangiosis
of the lung 7.6 years after surgery and successfully
treated with S-1/low-dose CDDP/Lentinan com-
bination therapy]. Gan To Kagaku Ryoho 2008; 35:
995-997

Hamuro J. [Anticancer immunotherapy with per-
orally effective lentinan]. Gan To Kagaku Ryoho 2005;
32:1209-1215

PEEAR, 308, XSS, AT DCHRA &S L HEEE
TILARS M INRFRET . | PEERRIIC 2441 2009;
26:909-911

okMe, BEE XFE. &2 Lewisifig/ N
VEGF#IA N MVDIFI. B BFBE74l 2008; 30:
87-88

Liu FS. Mechanisms of chemotherapeutic drug re-
sistance in cancer therapy--a quick review. Taiwan |
Obstet Gynecol 2009; 48: 239-244

Habibollahi P, Ghahremani MH, Azizi E, Ostad SN.
Multi Drug Resistance-1 (MDR1) Expression in Re-
sponse to Chronic Diazinon Exposure: An In vitro
Study on Caco-2 Cells. Bull Environ Contam Toxicol
2011; 86: 105-109

Li Y, Revalde JL, Reid G, Paxton JW. Modulatory
effects of curcumin on multi-drug resistance-associ-
ated protein 5 in pancreatic cancer cells. Cancer Che-
mother Pharmacol 2010 Nov 30. [Epub ahead of print]
Hoffmann K, Franz C, Xiao Z, Mohr E, Serba S,
Biichler MW, Schemmer P. Sorafenib modulates the
gene expression of multi-drug resistance mediat-
ing ATP-binding cassette proteins in experimental
hepatocellular carcinoma. Anticancer Res 2010; 30:
4503-4508

BBZT, TO758, REEE, TR, Fhnid, oo, B
GHIEFEOCUM-2M/ VP16 7 N it 2L,
FHE NI E%E 2009; 17: 1809-1814

Zhang WX, Chen B, Chen H, Cai Q, Cai WM. Co-
regulation of mRNA level of UDP glucuronosyl-
transferase 1A9 and multi-drug resistance protein
2 in Chinese human liver. Clin Chim Acta 2010; 411:
119-121

Tanaka M, Okazaki T, Suzuki H, Abbruzzese JL, Li
D. Association of multi-drug resistance gene poly-
morphisms with pancreatic cancer outcome. Cancer
2010 Oct 4. [Epub ahead of print]

Smith MG, Jordan D, Chapman TA, Chin JJ, Barton
MD, Do TN, Fahy VA, Fairbrother JM, Trott DJ. An-
timicrobial resistance and virulence gene profiles
in multi-drug resistant enterotoxigenic Escherichia
coli isolated from pigs with post-weaning diar-
rhoea. Vet Microbiol 2010; 145: 299-307

AR,
HB BT, 3 5
o W 8 % 57 AE R
AT TR



348

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HRE N EHZE 201192888

$£19%5 ZFH4H

19

20

21

22

23

24

25

Kimura Y, Morita SY, Matsuo M, Ueda K. Mecha-
nism of multidrug recognition by MDR1/ABCB1.
Cancer Sci 2007; 98: 1303-1310

Kugawa F, Suzuki T, Miyata M, Tomono K, Ta-
manoi F. Construction of a model cell line for the
assay of MDR1 (multi drug resistance gene-1) sub-
strates/inhibitors using HeLa cells. Pharmazie 2009;
64: 296-300

Cole SP, Deeley RG. Transport of glutathione and
glutathione conjugates by MRP1. Trends Pharmacol
Sci 2006; 27: 438-446

Leslie EM, Deeley RG, Cole SP. Multidrug resis-
tance proteins: role of P-glycoprotein, MRP1, MRP2,
and BCRP (ABCG?2) in tissue defense. Toxicol Appl
Pharmacol 2005; 204: 216-237

Fischer S, Pietsch M, Schirmer K, Luckenbach T.
Identification of multi-drug resistance associated
proteins MRP1 (ABCC1) and MRP3 (ABCC3) from
rainbow trout (Oncorhynchus mykiss). Mar Environ
Res 2010; 69 Suppl: S7-S10

Colabufo NA, Berardi F, Perrone MG, Cantore M,
Contino M, Inglese C, Niso M, Perrone R. Multi-
drug-resistance-reverting agents: 2-aryloxazole and
2-arylthiazole derivatives as potent BCRP or MRP1
inhibitors. ChemMedChem 2009; 4: 188-195
Matsunaga S, Asano T, Tsutsuda-Asano A, Fuku-
naga Y. Indomethacin overcomes doxorubicin resis-
tance with inhibiting multi-drug resistance protein 1
(MRP1). Cancer Chemother Pharmacol 2006; 58: 348-353

26

27

28

29

30

31

32

33

Friedrich RE, Punke C, Reymann A. Expression
of multi-drug resistance genes (mdrl, mrpl, berp)
in primary oral squamous cell carcinoma. In Vivo
2004; 18: 133-147

Langlois B, Emonard H, Martiny L, Dedieu S. [Mul-
tiple involvements of LRP-1 receptor in tumor pro-
gression]. Pathol Biol (Paris) 2009; 57: 548-554

Valera ET, Scrideli CA, Queiroz RG, Mori BM, Tone
LG. Multiple drug resistance protein (MDR-1), mul-
tidrug resistance-related protein (MRP) and lung
resistance protein (LRP) gene expression in child-
hood acute lymphoblastic leukemia. Sao Paulo Med |
2004; 122: 166-171

Boulikas T. Clinical overview on Lipoplatin: a suc-
cessful liposomal formulation of cisplatin. Expert
Opin Investig Drugs 2009; 18: 1197-1218

Tsang RY, Al-Fayea T, Au HJ. Cisplatin overdose: tox-
icities and management. Drug Saf 2009; 32: 1109-1122
TERUED, SRALET, MERP, FRIELE, k. AN BRI
MNZ52AEIE A AR, A ENTEEAE 2007; 15:
2009-2013

SKEE ZE03H, e, THER, SiEE. LAmdrls
[FINERAISIRN AT R 25 IMDRAT AR it
FHENTHIEAEE 2009; 17: 3387-3393

Leonhardt K, Gebhardt R, Mossner ], Lutsenko S,
Huster D. Functional interactions of Cu-ATPase
ATP7B with cisplatin and the role of ATP7B in the
resistance of cells to the drug. | Biol Chem 2009; 284:
7793-7802

mE Fh w4 RS

ISSN 1009-3079 (print) ISSN 2219-2859 (online) CN 14-1260/R 201 1ERRA Y H A4 N A A% &

(HRFAREL) NE(FDFAMARNMETRLE -
RCCSE ® & . # s MAMTH L5HEH)

TR

CRE 2 AR TP OFFUR S -RCCSER S . B ITIHHMT B S 51 drh EARRE M OFFT 0. o5l

DUR 2B A5 PR AN RV B2 BB S I, SR P S s VAN I M 23 BT A 5 5 1K) ik, 0 38R 38 ) 8030
RS R TS, A3 T 65 AR TIHEATRS, Jorh (A NV E ) A7 Ja 3961l A = 2 1 1) 4
4507 . (SRR AT 224 5T 2010-01-08)

www. wjgnet.com



