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Effect and Mechanism of Low-Molecular-Weight Citrus
Pectin on Non-Small Cell ' Lung Cancer

ZHANG Wen-jun' ,TU Ling-lan*, WU Li‘mei' , GAO Hai-feng’,
HUANG Ping-ping’ ,ZHENG Xiao=liang' , WANG Xiao-ju'*
" Center for Molecular Medicine , Zhejiang Academy of Medical Sciences ,Hangzhou 310013, China;
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Abstract: To observe the therapeutic effect of low-molecular-weight citrus pectin (LCP) on non-small cell lung cancer
(NSCLC) and to explore its mechanism in vitro and in. vivo. Viability of NSCLC PC-9 cell treated with LCP for 72h was
measured by MTS assay,and cell apoptosis rate was determined by flow cytometric analysis. The inhibitory effect of LCP
on tumor growth was observed by xenograft model of PC-9 cells. The expression level of Ki67 was detected by immuno-
histochemistry and the apoptosis of tumor cells was detected by TUNEL assay. LCP (1.5-3 mg/mL) can inhibit the pro-
liferation of PC-9 cells jand the apoptotic rate was significantly higher than that of the control group in vitro. LCP (56.25
mg/kg) can inhibit the tumor growth of NSCLC,and tumor cells apoptosis rate were significantly increased in vivo. LCP
can significantly. inhibit tumor growth of NSCLC, which may be related to the inhibition of tumor cell proliferation and in-
duction of apoptosis.
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W28 AT T8 24 il 0 DRI, B0 R R AP ARUER | 1 1L
IR, /Ny T BE (Low-molecular-weight citrus
pectin, LCP) J&:— A PR A7 4 Hh ELHE £ U 17K
EYEZHE, A Z R ARSI . AR SOWEE h 2 2%
RSy LCP 75 5 VR 20 il 7K - b R R sl A 78
X /INEAR A 8 1) 36 9 7V O 90 20 R R AR L
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1 HR5H®

1.1 Z5&

ANy F SR R BTN 2% 38 A R A RS W 4
A A5 5 (GBS :20 mg/ ) 5546 i 2548 R
AL
1.2 Rtk RIEFRSH

NAE/IN LT 38 PC-O 20 i i F 55 AR G 7
Y817 JZE ( American type culture collection, ATCCY',
FHE 10% G4 13 100 U/L 525 % Fl 100 mg/L 4%
T RPMI 1640 #5359, T 37 °C 5% CO, Flff
FIREEE (15 R4 AL AU 3%, BOR Sl AR A 2 i
T
1.3 Y RIAFEH

BALB/c( nu/nu ) # /] EHE 1, SPF 2%.,4 ~ 6
Jil IAHE 20 £2 g, [ FHEPY REIR - L SL 5 Sh AT
BN F), 525 3l ) A 77 17 B IR : SCXK (3) 2013-
0016, %358 6 HUAE T )5 b 2GR 77 % il B 20 ~ 25
C, FXHR EE40% ~ T0%- Hh Jez3 8 42 i XL 10 ~
20 /b OEHRT2 ho L 12 h B SEEG S VR AT
i SYXK ( #7) 2014-0008
1. 47 20 RaiE R

BN B4 PC-O 4 i, 14 20 R B Wk B2y
1 x10°/ml., &L 100 L. 41 R FD T 96 FLAT A
Bt s 1M E 4525 (100 pL/fL) , 709 e s H
HEZH ARRR XS RRAT LA S 5 AR B A2 i 2 Wy b B 24
ARZEREFR 72 h )5 PBS PRI M, LA 1: 10 #
41 CellTiter 96® AQueous One Solution Reagent i,
| ( Promega 22 F] ) 110 wL,37 CHEEHEFE 2 h, £ T
REREEPR X ( Biotek 22 H]) P 7E 490 nm AW SERE 31454
SZARZG YR PC-O 40 i 11 3 58 9 1) %, If- Lk Graph-
Pad Prism software ( GraphPad™ Software Inc. ) i

BUFEFP-400 - 40 ol ot 2 T 580 32 12X 0 X Ik 9 240 L 38 5
(72 h) fyEEEm e (1C5, ) o
1.5 X 2mAa A iy

SBUGT B0 A< 300 e 200 ., )40 8 4 L BV
fL 3 mL 40 B R T 6 LA MG SRR v, B b
24 h 225 (3 mL/AL) , 23 5 5 40 X IR 40 e A )
WL S22 AL B, AR SEI% 97 T2 b JE AR i,
2000 rpm x 5 min B, 1% I8 TR R (28 =K
IS ) FRECRY S 56 U AR AR, LA A 2% vk R
L, 3 A0 A YRR 3 R 1 % 10°/mL, 100 L. 41 fifd
A Annexin V TAEW 5 Loy PI TAEW 15 pl,
FIRIEE 15 min, FIIA 400 WL 45552 PR 534
2)Ja EHLCBD 23w ) A6
1.6 {&kK P&l 216

WO E AR AR /N A it PC-9 2R, 94
BN B BE 1 X 107/ mL, JCBE 4 B R i
BTN BUHCE 0. 2 mL/ L, SPF 2% 4 FiLAR) 5% 5
d S BEALA2H 3 I e g A ) BRZH LA 0 L |3
ANZIRP AL IR B2 DI A 2 A
SIS 24 T MK HE 525 5 T, B4R 2 5
JUBFI XS BRZH T2 25 565 O R e P B iR A 2 50
mm® DL EJE PRI s T G 45 2, R IR . LR AR
R EERGIAEER, B 3 ~4 d P 1R, AR 2
SR IE i A RRRIAE T b g AR R, i AR AR ( tumor
volume , TV) ,TV = /6 xa x b’ (HHr a b 451 K5
KRB 542) 5 486 i ygg & FH ( relative tumor vol-
ume, RTV) ,RTV = V,/V, (i V, H4h41% 250
dO 52 A g AR, V, Sk R I S B e g
FO) o 156 25 0I5 Ab L Bh W), fife 75 %1 0 B, PR
i, AR PR S AR bR A R R b AR K
AR = [ OB 8YXF BE A - 2498 B3R 07 411 24 98
) /RN B - S ] x 100%  fiff ) Je U
JUE, PR B, B A% 4 R, UE 2% 95 0 = IE AR IR
(g)/#REE(g) x1000,
1.7 SEAK

W R IREAEA A 4% Z2 58 F 0 R v 28 ik T
12 h DA b, a0 BEY) e, 0 e J 42 928 2H A 1251
& (SantaCruz 23 7)) G 52 50 i AR 24, LA 30%
H,0, 5HEE 1250 B4 W % IR 10 min DLK TS
PR PRI A, SR J5 28 1R /K bR VE 3 WS T i
THE W, 2R B SO0 1 b, 25 2 A WA I TR
T8 H MR Ki67 — T (SantaCruz 2 7)) ,4 °C
7%, PBS(pH7.2 ~7.6) Uk 3 R TR AN AB B,
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ZEIRIFE 30 min, PBS(pH7.2 ~7.6) ¥k 3 KGN
DAB 1 (377, & i 0 5 5 min, ZR 1R K P85 & AL
KB R R B
1.8 TUNEL %

iy 28 2955 BEUT) R 8 e J e €, TUNEL 2
LR T ARSI ) 6 (38 s R | ) BRI S 0 i AR
AR, 0 20 we/mL AR5 DNase (35 1§ K,37 °C
YEH 30 min, PBS P34 3 IRJG7E 3% H,0, il =
MRIBEE 20 min, DLIE YT 5 Y 3 4 A6 ) il , PBS
VeV 3 JETH N 50 wL TUNEL £33 ,37 °C ikE i
A 60 min, PBS PE¥% 3 WG HIPUGVE KB il f
G 9 AR LSS, YR IR A 450 ~ 500
nm, K SFHATEE R 515 ~ 565 nm (£ EA5) .
1.9 HiESZitHHh

A T B Y 3R s S R = bR 2=, R
SPSS Statistics 17. 0 A5 134 , 4118 LL R
FHEAIH 25057 25007, LA P <0.05 NS4S H
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2 IWAER

2.1 LCPHIERDFESHHH

FIEAE 45 IRk E A TR BEHE , A 2 40 ~ 50 C,,
P35 pH &= 3.5 ~4.5 R 3 ~5 h; BIRJF R RAA,
2ot UEUE AR, BOE Y A AR BURE I AT W
AR 5 IR LIS AW A BRCHE , IO AU, 6T T
T TSR AR, ZE U A BRI AR PR
PR3 T JIE s B e A BRSO 1 R, 2K B
WHR A H 4y A LCP (R # A LCP [ JR Rk 282k
FEUE S5 K TF50 KDa 431 (0 e AN 2% I 5 6
4 kDa 43 S REUE S BRI 4 A U8 T U8 S 1 U8
W, #535) LCP . GPC BB 15 (i oAt LCP 43
T (R D,

x1 ICPHFERT

Table 1  Molecular weight distribution of LCP

LCP 4 Rt
Molecular weight
range of LCP

J3Ai
Distribution (% )

4 ~7 kDa 29.03
7 ~10 kDa 16.47
10 ~20 kDa 39.45
20 ~50 kDa 10. 64
50 ~ 150 kDa 3.69
150 ~350 kDa 1.02

2.2 LCP {f4MiEl NSCLG PC-O ZH Bt 5a

Seuerh LCP 4425 vk i R 0118750, 375,075,
1.5 F13.0 mg/mL( L EFLBERERR 1) , 4525 72 h /5
LCP 1.5 ~3.0 mg/mL nf4g 2 #I] NSCLC PC9 41
Ji 3 (1), 72/h LCP XiF PC-9 4 Jfa ity > K04 i i
& (1€ ) fHH 1281 mg/mlL,

1257
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Fig. 1  Effects of different concentrations of LCP on the via-
bility of NSCLC PC-9 cells

2.3 LCP{&k4MES PCO WA T 1ER

AN[EVEEE LCP(0.75.1.5 i1 3.0 mg/mL) 4b 3§
NSCLC PC-9 4ififd 72h J5 , i S U & A B &M T,
JFEAREEHCITE (£ 2) .

%2 LCP &I NSCLC PCO ZRA 72 h FEAMBET-R(n = 3,x 5 )
Table 2 Apoptosis rate of NSCLC PC-9 cells treated with LCP for 72 h (n = 3, X £ )

25 {33 RUA T R S BT
Group Concentration ( mg/mL) Early apoptotic rate (% ) Late apoptotic rate (% ) Total apoptotic rate (% )
25 1% HR Control - 2.17+1.15 1.70 +0.09 3.87+1.97
LCP {5 & LCP-L 0.75 3.28+1.18 5.25 +3.46 8.53 +4.32
LCP 5|4 LCP-M 1.50 6.34+2.51" 9.32+4.31" 15.66 +7.76 * *
LCP %575 LCP-H 3.00 12.24 £4.41** 19.57 £9.76* * * 31.81 +11.28***

T 525 XA A, * P <0.05;°* P<0.01; ** * P<0.001,
Note ; Compared with control, * P <0.05; * * P <0.01; *** P <0.001.
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2.4 LCP ¥t NSCLC PCY #HiiR/NRBEEEK
HIHHI4E F

B¢ MR NSCLC PC-O 4 il iR/ B IEZE 35 d
HEH 2457 LCP &) 6 (56. 25 mg/kg) , X il ied AR K
HA B EMHIE (P <0.05) 9Pl 3R1k 53.9% ; 4
T LCP whil it (28. 13 mg/kg) , % g A= T 1 3%
THEER (P >0.05) , Mk 25 23.3% ; 45 7 LCP
iRl (14. 06 mg/kg) , X B Jeg A= < T I 35 4 il 4
(P >0.05) 415K 5.0% (K 2. K3 FEK3),
2.5 LCP 3t NSCLC PC9 R/ NR i tamay
Ki67 3Rk 7K 3 B 40 A 1= B 22 Al

/NS B 45T LCP(14.06 ~56.25 mg/

25 (1R
1600 ] 7 FIXIE Control
0 Jf
1400 L1 Cisplatin
~-LCP{ /) #t LCP-L
= 1200
1. CPe ) it
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o -&-L.CP&E ¥ LCP-H
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B2 LCPESLEBRHS ARNRBEBEKHEE
Fig.2  Growth curve of transplanted tumor in nude mice for
5 weeks treated with LCP
52 AXHRA AR, © P <0.05; " * P<0.01; " * * P.<0.001
Note: Compared with control, * P <0, 05;* P <0.01;*** P <
0. 001

B3 LCP ESERRHES AER/IRETHER

Fig. 3  Subcutaneously transplanted tumor in nude mice for 5 weeks treated with LCP

#3  LCP Xt NSCLC PC-9 fAR#R/NRAS M EKMIMEIER (n = 6,2 +5)

Table-3 Inhibitory effect of LCP on the growth of transplanted tumor in nude mice (n = 6, Xt )

4151 FriliTS -y ElERS
Group Dose (mg/kg) Mean tumor weight (g) Inhibition rate (% )
25 (1% B Control - 1.23 +0.07 -
Wi4HZH Cisplatin 3.00 0.18+0.04" "~ 85.2
LCP {i53 4 LCP-L 14.06 1.17 £0.19 5.0
LCP 5 LCP-M 28.13 0.94 +0.17 23.3
LCP 5 i LCP-H 56.25 0.57£0.20" 53.9
58 xR A, * P <0.05; " * P<0.01; *** P<0.001,

Note : Compared with control, * P <0.05; " * P <0.01; " ** P <0.001.



Vol. 30

RSB AL/ N3 T SRIBATT AR/ M R A ] L 5 579

kg)35 d Ji, FUHUMR AT SR A ARG, 45 5R R
LCP AbHZH Ki67 PH 20 1 %% sk /b, 1 TUNEL £
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Fig:4. Effects of LCP on expression level of Ki67 and apoptosis in NSCLC PC-9 nude mice Xenografts
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R4 LCP MEEBRNREENEM(n = 6, v +5)
Table 4  Effect of LCP on body weight of nude mice (n = 6, xxs )

215 23 N IR U 2 LCP fi 7] & LCP rhfl & LCP w7 &
Group Control Cisplatin LCP-L LCP-M LCP-H
i Dose (mg/kg) - 3 14.06 28.13 56.25
1A Body weight (g) do 20.9 0.2 20.3 0.4 21.4+0.3 20.9 +0.4 20.4 £0.2
d3 22.8£0.4 22.9£0.2 23.8+0.4 22.2+0.3 23.1+0.5
d7 23.5£0.5 23.7+0.3 24.1+0.3 22.9+0.4 23.5+0.5
d10 23.8+0.4 23.8+0.4 24.3 +0.3 23.0+0.4 23.1+0.3
d14 23.6 £0.5 22.5+0.3 23.8+0.3 22.8+0.4 22.1+0.5
d17 23.7+0.4 19.5+0.4""" 24.2+0.4 23.2 £0./4 23.0 0.5
d21 25.3+0.6 20.7+£0.7* " 25.5+0.4 23.9+0.3 24.4 +0.5
d24 24.1 0.6 20.0 0.6 "~ 24.8 0.4 23.5+0.4 24.0+0.5
d28 25.2+0.6 20.9+0.6" " " 25.8.+0.4 24.3+0.4 24.8 £0.5
d31 25.6 0.6 21.2+0.7*"" 26.1+0.5 24.8 +0.4 24.8 0.5
d35 26.2 0.6 21.0+0.5* "~ 26.8 £0.4 25.5+0.5 25.4+0.5

g xR s, * P<0.05; " * P<0.01; ** * P<0.001,
Note : Compared with control, * P <0.05; " * P <0.01; " ** P <0.001.

®5 LCP MEBENRIBAEEENEME(n = 6, +5)
Table 5 Effects of LCP on spléen index of nude mice (n = 6, x s )

4151 5 JUE i 5K
Group Dose (‘mg/kg) Spleen index
%3 1%} & Control { 0.48 £0.09
Ji%A2E Cisplatin 3.00 0.51 +0.08
LCP &5 LCP-L 14.06 0.45 +0.06
LCP i3t LCP-M 28.13 0.46 +0.04
LCP &34t LCP-H 56.25 0.49 +0.03

T 5E EAXRAE L, * P<0.05; " 2P <0.01;* * * P <0.001,
Note ; Compared with controlg.* P <0.055 * * P <0.01; ** * P <0.001.
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K g SW-480 2 i 2, I Ge i FE K galectin-
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TT7 245 5- 3R Mg N 6 4 FH 24 % ¥ U IR AE T, Rl AR
S —7f S Mg 38 PR R L R IR T AR e L B
FEIENFSE L 90 % Daniel Sliva S5 B9 A& 1 SR ARk
J& LCP ANBE L4z 52 ) FL A 6 FI 0 51) B 98 40 Ae 1) 26
FRFRE T, (0 SR 0 R VR () Ak 5 B 5 FH 24 B T g
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