533 BH 6 )
20174 6 A

00D & MACHINERY

Vol.33,No.6

Jun . 2017

DOI:10.13652/j.issn.1003 —5788.2017.06.001

EITEEZEX Hela WA T R X RAW264.7
2 B 5 % i 1 B 22 i

Inhibitory effect on Hela cells and immune effects on RAW264.7 cells of a

polysaccharide from Lactarius camphoratum (Bull.) Fr

K A T
ZHAO Da-qun DING Xiang
L% ROE

GOU Fan-cheng SONG Bo

(L. PYAR I A Ay B2 24 e DU I B9 78 63700952 4 p 7 A Sl AL ) W IR PR 4 0 77 S A S 0 2L 1)1 i 72

U S S
LIU Lu
(N

HOU Wan-ru

o
QIAN Ye XU Ting
e 4
HOU Yi-ling
637009)

(1. College of Life Science , China West Normal University . Nanchong ., Sichuan 637009, China; 2. Key Laboratory
of Southwest China Wildlife Resources Conservation (Ministry of Education), Nanchong , Sichuan 637009, China)

WE . AR AENLESBELC- DG RMN B LR REEE,
F A E H R Hela to Ao ) R E o 29 i RAW264.7 4k 91 3%
Fo oo Al i CCK-8 ik i X 2 I R f= ELISA # KR40 R B
WE LC1 2f Hela m o3¢ 78 Fo A ©— A B 8 ¥ v, 3
RAW264.7 fm 3§ 55 5" 09 % v . B 3 RAW264.7 2m g 4
3 NOL,IL-6 #= TNF-a 8 % v, 2R E W . &% % 44k
Sh3E 2584 Hela o oA 264 44 4E B , L% v Hela 28 2 49
HEAZRATRAM. S LC1IKREH 10 pg/mL aF,Sub % 4% T
£ 19.4% R B LC-1 seifds B m i el S i . % LC-1 3R
JEH 10 pg/ml B, E v 9 i 3 0 R fe B E M 5 A A
67.48 % 4287.09% . 75 #& 4% #t E & fm i Ak GO/G1 #1 G2 #7
Fo S AL, Bl B R % E o4 49 B A 1L-6 A= TNF-o, B 2 3L
B R H FRBE A2 NO A REH W OMEEHER,
L EARS R, H LS4 LC1 fedr sl w & Hela
ik K IR RAW264.7 29 Jo 38 75 o Bt 7S M, 80 B o
w7 R R AT
KR AL S4B Hela e ; A —; B tm i RAW264.7;
¥ AE R BEAE R

ELWAB :HEX AR EIEETH (455 :31400016) ; PUJI| & E A%
EHEPRERALREIFRESTHITE (Hi 5
ESP1408); W I A A HF T HE RKFHEF W EH (% 5
16CZ0018) s B A i BHE /T H (45 : 16 YFZJ0043)

VB2 v B K 2, P AR IS R 25 A el W A

BEEE AL 1983—) L&, PHAEIR I K2 1+ .

E-mail; starthlh@126.com

WiEEH:2017—03—06

Abstract; The antitumor and immunoregulatory activities of polysac-
charide LC-1 from Lactarius cam phoratum (Bull.) Fr. were studied
by using the human cervical cancer Hela cells and the mouse macro-
phage RAW264.7 cells. The two kinds of cells were cultured in vitro,
and the effects of different concentrations of LC-1 on the proliferation
and cell cycle of Hela cells and the proliferation and phagocytosis of
RAW264.7 cells were investigated. Moreover, the secretion of NO,
IL-6 and TNF- alpha of RAW264.7 cells were tested using CCK-8
method, flow cytometry and ELISA technique, respectively. The re-
sults showed that polysaccharide LC-1 from L. camphoratum
(Bull.) Fr. has obvious inhibitory effect on Hela cells in vitro, and
could influence the apoptosis cell cycle of Hela cells, When the con-
centration of LC-1 was 10 pg/mL, the content of Sub peaks was
19.4%. It was further found that polysaccharide LC-1 could regulate
the immune activity of macrophage. When the concentration of LC-1
was 10 pg/mL, the phagocytic activity and proliferation rate of mac-
rophage were 67.48% and 87.09%, respectively. LC-1 could also
promote the transformation of macrophages from G0/G1 phase to G2
phase and S phase and stimulate macrophages to produce IL-6 and
TNF-a, showing a dose-dependent. However, no obvious effect on
the production of NO was observed. In conclusion, in vitro, polysac-
charide LC-1 from L. camphoratum (Bull.) Fr. could inhibit the
growth of cervical carcinoma Hela cells and promote the proliferation
and phagocytosis of macrophage., as well as stimulate macrophages to
produce immune factors.
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Figure 1 Inhibitory effect of LC-1 on Hela cells in vitro

LC-1 X} 5 #isgs HeLa 40 H il /8 FH 52 % Gl , 45 1 8w

(F D fERI A, AR W B LC-1 435 Hela 20 J
MR ARE . 4 LC1 WAl 2 pg/mL B = B4
00 7 R 35 (P<<0.05) 5T LC-1 ¥R 35 4~ 10 pg/mL A},
5B 3 A AW AR (P<C0.01), 4 LC-1 ¥ E R
10 pg/mL B, 763050 ¥ B2 8 [ P9 %0 HelLa 41 Jfg 1) 410 ) 32 3%
R PR AL, AR B LC-1 U5 1Y 30
AN AE KIS UL 2, B 2L 4 2 0 LC-1 VR B2 Y 1m0 e
I A8 Y 020 0 B 0 2 B 4 1D B K 5 408 30T 4 i
JBLES A A R R R I BRI A M. SRR H AL £ LRI LC1 72 i

4 2~6. %%ljjﬂ 2,4,6,8,10 lig',/ml, lfI(J

B LC-1 BEfg M Hil Hela 40 M0 2E K . LC-1 BRI 7. 2 pg/mL iy LPS M 8 24
2.2 LC-1%f Hela 40 A1 JE HA 09 22 1 B 2 LC-1%F Hela 28 8a# & %9 % "% (400 X)
ARl e )E LC-1 %} Hela 40 T- B9 52 M ULIKl 3, Sub 0% Figure 2 Effect of LC-1 on the morphology
FEn TR TS AN B R 40 AR RSB E A b LS R R L FE of Hela cells (400X)
1600 r 1600 r 1600
@Emoof @Emoof gEIOOO*
L m - = =
=% e =%
= O =0 =0 L
= 600 = 600 = 600
010‘ 10° 10° 10* 10° 10° 107 010‘ 10° 10° 10* 10° 10° 107 010‘ 10° 10° 10* 10° 10° 107°
DNAT i DNAT i DNAT &
DNA contents DNA contents DNA contents
(a) 0 pg/mL (b) 2 we/mL (¢) 4 pg/mL
1600 1600 1600
) i L ] L
3’églooo %EIOOO %EIOOO
= 2 = I = 2
™ o > S > :
L m - ==
= =% =%
=< 600 =S 600 =< 600
B S0 B
0 % 72 0 = 3 4 s 7 0 = 3 y 5 7
10' 10° 10° 10' 10° 10° 10" 10' 10 10° 10* 10" 10° 107 10' 10° 10° 10* 10° 10° 107
DNA% it DNA % it DNA® &
DNA contents DNA contents DNA contents
(d) 6 pg/mL (e) 8 pg/mL (f) 10 pg/mL

B 3 LC-1 3 Hela 2m & 8 #1649 % v
Figure 3 Effect of LC-1 on cell cycle of Hela cells



2017 5% 6 1

2 E X IR H, Hela 4T A TR H12.1%,42~10 pg/mL
LC-1 4 #J5 1) Hela 2100 (09 98 T %43 5l ik 14.0%.15.1%,
15.9% ,18.9% ,19.4 % . 25 (4 B 4 35945 BT Tt 5, OF FLBE 45
EZ 35 EI’]}I‘MMHE}:J‘I‘I—JEFU%E

Z MR A S e 25— RS 3 R 1 i e A
JIfL T 2% 3 e ) 8 ML R Y R S T S 9 ) B s B e i R Ak
RE A LC-1 AT AR RS B B 0 ) Hela 40 M0y £ K. Y4
LC-1 ¥R 10 pg/mL Af, LC-1 % HeLa 40 il /) B 4% #1136l
Al ik Ky 40.87 %0, # AL FHAE X IR 4L, H 52 md Hela 20 2 1) 94
TR S A A
2.3 LC-1 3 RAW264.7 40 B {4 5MEEF R &2

A4 RTgn Bl LC-1 e B2 A 398 0 400 34 20 0% 1 422 74
BRI, 2 LC-1 WK EEH 6 pg/mL i, RAW264.7 41
HE 3 B 3R 3K 25.99 %6 (S48 (%t BRAL A 1L, P<C0.05) 5 % LC-1
WA 8,10 pg/mL I, 3G {H 243 51 g 47.55%,67.48% (5
Z5 U BB AUAR 1L, P<<0.01) 5 24 LC-1 ¥ 2 10 pg/mL B,
RAW264.7 4 i 38 F8 5 P 32 30 PV 0 B

d &5 AT, 48 10 pg/mL LC-1 AbFET 6 h 945 0 h
Fb A, HC 3 B 5 4 3K 15,98 0 5 24 Ak BRI ) 35 12 h, 3% 5 0
80T .
70[ o
60
s0f o
401
301 *
201
101
3 R

0 2 4

LPS

e

Proliferation activity/%

6 8 10
Concentration/( . g * mL™)
* R G X RAAE L B 22 R, P<0.05;5 ¢ x KR 5
AT B AR LG B A R 3 4 22 57 . P<0.01
B4 T\m»ar LC-1 st E 40 i RAW264.7 ¥ 74

YR 4 %o

Figure 4 Effect of different concentrations of LC-1 on the
proliferation of macrophage RAW264.7

1001
*k
Q\\O 80 [ ook -

|

sz 5 40 *
é 20

0 L ’—‘
0 6 12

48 72
IS} i)
Time/h
* R G HX BAAE B B R R, P<0.05;5 x x KR 52
AT BRALAH b B M 35 1 22 57 . P<0.01
B/5 10 pg/mL LC-1 %J BR R BT R 2 B 2w ile RAW264.7
¥ E AR R g
Figure 5 Stlmulatlon effect of 10 pg/mL LC-1 on prolifera-

tion of RAW264.7 in different time

ik 34,79 % (5455 X BRALAT EG, P<0.05) 5 24 2 i ofl 8 3% 5|
24 b, HEFETE M 65.48 %0 (5 45 A% AL AR HE, P<C0.01) 5 {H
A5 R 2 MR B IRD K 48,72 ho B B A T M EUAR K IH
FERG I, AEZ 3G 0 R BEHT 12 h A g .
2.4 LC-1 3t RAW264.7 40 B B #A 4> 75 B9 85 T
LC-1 % RAW264.7 21 it & 300 ok 72 9 5% i WL 18] 6, LC-1
X RAW264.7 41 Jitd J&] 45 & A~ B Be 23 A #0 A — 28 F5 BE 1 5%
FLC-1 fl B4 24 h 5, GO/GL 01 40 M £50k L ) BE 41 4 BH
BRI E, BREWRERBME R, 2 LG WK 1,
5,10 pg/mL B, H GO/G1 141 Ma Lb 61 43 51 ek 2> 31 58.3 %

1000
iy
®E
= ¢
= = 600
23
=
0
10* 10°
DNAZ i
DNA contents
(a) 0 pg/mL
1000
i
Bl
=2
= < 600
=
23
F
0
10** 10°
DNA B
DNA contents
(b) 1 pg/mL
1000
i

JH it A X6 %
Cell count
=N
S

S
0
10% 10°
DNA® &
DNA contents
(¢) 5 pg/mL
1000 [ ¢/ e
i
® =
ZE 600
==
28
F
o -
10% 10°
DNAS &

DNA contents
(d) 10 pg/mL

B 6 LC1 Bt RAW264.7 2§08 B 69 %vh

Figure 6 Effects of LC-1 on cell cycle of RAW264.7 cells



E33EFE6H

RS - 77 FL 4k 2B X Hela 240 0 I8 7 B o6k RAW264.7 28 4 5 1 1 19 5 il

57.6%,55.1% . [H, &M ekAs LC-1 ¥RIE ,G2/M Hi ¥ 41 il
B K AR fb . Ay Al s HALRY 14.1%, B 2 14.7 %,
15.1%,19.7% . FE40 M JF W, G1 0 £ 22 4 i RNA R
B, S £ DNA &l A E A RS G2 B E
22 AN MERS T . GO 1 20 0 R &t A7 7E L AN R F 4 A it A
sy, SRR LCL /LRI E WA G1 i m
G2 #AM S BAFE AL W2 GO JA 40 M 7= A= . 5 B0 I 4 484 4
2.5 LC-1 3t E Ik 20 B 7 1% T 66 Y =2 Ml

L WG 240 O 3 ) 1 0 B A AR 2 — 2 A W AR D B R
F 0.075 % it 2 kil LC-1 305 B W40 i i) & W e ) L 45
ROLE 7,525 0 BAUAH L AS TRV B i LC-1 8% 55 W h R
H 24 h J5 1y RAW264.7 40 g, HE Ay W Be J) 19 5, 76 3 3 0] 4
WEN G SR & 2IKBECR. 2 LC1RETE S8,
10 pg/mL B, RAW264.7 410 (¥ 7 Wit BE 77 43 %1k 85.60% .
87.09% (525 A A B4 AH k. P<C0.05), H LC-1 ¥k ¥ &
10 pg/mLE} LC-1 $il3# RAW264.7 4i ffl i) 7+ Wi 68 1 = T FA
[EPOR:
0961
0.90
0.84
0.78
0.72
0.66
0.60
0.54

R
0D

LPS 0 2 4 6 8

10

e g
Concentration/( . g + mL™)
* Fon a3 AR IRAIAH L B A B M2 57 . P<<0.05; » « RIR 528
F %] B LA LU A B 3 22 S, P<C0.01
B7 LC1stE %% RAW264.7 &% 5 660 % &
Figure 7 Effect of LC-1 on phagocytosis of macrophage
RAW264.7

ZWEN EHE G5 S AL A T e 2 R
Pah RIS EEE R, — ok, AR
EBRBEMS TR ZEEEERE. 4 FRRKIK
/N S HRME LK B FLAR 9 18 M L A S ZHEERE B O Y Bl 4 T
wU L WL 2R E Y AT R R T K. £
B AT P, B R A DT . LG AR
99 279 Da, JE GG A XS 4r F B E B A . B R A R K
EHETT R RE R T BOE ALEE 2R A S BUE Hela 41
P Joxt B WA M RAW264.7 B A 4 2 8 12 75 P i G B
2.6 LC-1 40 B B F 5 i 19 %2

MR FAE S ML P i B2 R R ENMEM. A
& 8.9 uf 4, A LC-1 B35 i RAW264.7 4 1L-6 1
TNF-a [ 8 B0 P B2 A 3 mpla 3, BL7E i vs 18 o 22
0 B R R AR . 24 LC-1 B R & Ch 8 pg/mL AT,
IL-6 FITNF-o {4 43k 153.02,483.74 pg/mL, 5 B
X HRAEAR I, 2 W E L E LC-1 4R TSR AT AR T FE 4 %
TH4,

1600[  #x
= 1400"
> é 12001 I -6
= e O TNF-a EE
= 2 000r
¥ 3
b £ 800
T L
EREA .
=) 2400 pH
& 2ool w2
0

LPS 0 2 4 6 8 10
W
Concentration/(p g * mL™)
* R G A AN A L BAT B3P 22 57, P<0.05; » x R G5
F1 X AR 2 AH L BLAT R I P 2 SR, P<20.01
B8 LC-1xEamfs it 6(1L-6)
50 3R B F o (TNF-o) 6 %8
Figure 8 Effect of LC-1 on 1L-6 and TNF-« production in
macrophage RAW264.7

0.07
0.06
0.05
0.04
0.03

NOREji it
NO level/(p mol + mL™)

0.02
0.01

0.00

2 4 6 8 10
WL
Concentration/(p g + mL™)

B9 AR AE LC-1 25 B m i RAW264.7
74 NO & %R
Figure 9 Effect of low concentration LC-1 on

NO production

IV 20 6 AL 1 e S 0 Aok R o O T O
YRR 767 Wit aod R vl [ B £ 88 i O 2k % 0 M TR 5 9
b G 93 A1 ML SEAT SR8 BT, 10 pg/mL LC-1 42 fifi B
2T 88 (R 2R 0 W 3% M 40 ) AT 3k 67.48%4,87.09% (L 2k Y
X HRZH AR B, P<<0.01) . JR RE A F 5 B 40 fg A G1 W 17 G2.S
WAL 0> GO 9140 B = Az () B 3fi 3R s 40 = A TL-6
i TNF-o, H 530 H I 00 50 AR vk
2.7 LC-1 RIS E M4 B A AL NO 3R 9 220

JHF 35 W I R R R R B 0 4 i RAW264.7
Az NO bRl FO 2 25 SR IE] 9,10, 55 Bk i MR 4 A 25
T IR 0 LA, R e B LC-1 A/ U W 40 e RAW264.7 72
HNO BA BB MRIEER. SkE LC1 X NO 14
A —E W e AR R IR A B .

LI 20 M 7E T4 3 IFN-y 303 iR IR 38 B 7 (TNF) 3%
WL AE R — B AL A A GNOS) .S NO B 77 4, i #
B W20 M 2 5 R B AN G B B . T B TL-6 A Sl — R
RN F A TNF-o, IL-1 B9 BRI /E T RL R TIL-10 %8 Y
WO R AR, AR A AW LC-1 0] DU i
IL-6 F1 TNF-o i 242 i A2 NO By 42 i, 3278 o) RE 19 43 7

5



EiwrsR 2017 %% 6 4
0.081 DIV ER. ER. Jr U0, S5 6 X0 1S 2 B 5/ B 1 4
. 0:07F 14 58 R A0 BRI 0 5 i (D). B O U 2k AR 2015 (12)
—% 0.06 911-913
g z ggz [120 Fhi. FSBE. KT, 45 PR32 X ORI BCPAP 410 A: K %
g o3 R . B R S LB 2015, 31(3) . 37,
=30 C13] 00k 4K FBT. VAT 5. 5O B2 (1 R4 i e 5T .
= 0:01 P, 2012, 28(2): 115-118, 169.
0.00 (147 254020, #3555 . D4k, /BN H LPS MK RAW264.7

0 LPS 50 100 200
Wz

Concentration/(p g + mL™)

B 10 &RE LCL * B RAW264.7
NO = 4 45 %
Figure 10 Effect of high concentration of LC-1 on
NO production

ML e — A A E GNOS W Z 5.,
3 &5k

L2 590 4 Sy B IR 2 0 — AN 4 T BE S 0 i 4
L 71 S Ao ML A B S A 2 R Sk B I R AR
LC-1 By F= 4% A4 B op 55 4y SRR 43 1k 75 B i A X
ST RREIEE N, HEA RAF A KEH, 2R 8F AT 2
HAVESE BUE Hela 4010 08 T KX E W4 0 RAW264.7 H
A G VR TG e O . E R SN B i LC1 RE )
9 Hela 206 A 4, 4 280 5 6 40 e 396 00 R0 ok 335 4 %6 Wi 5 60
9 el 401 1 I 105 200 1 0 5 40, o0 38k B e 4 i 7= 24 8 1R
T AR B A AT 5 T Sl % A T LR T R R

5% 30k

(1] Emk, B2 GAMHEEZHOURE S 'S5,
2005, 21(6): 96-100.

(2] BOAR, B, J8SCHE. 45, RS 220 X PRl I e 5 3 19 e e 0
il B S B A (1], b SHLAE, 2012, 28(3): 112-114.
[3] H%, WEAR GMEHZMRHERLT] &MaFR, 2008, 29

(12) . 748-751.

(4] 27530, BN 24 FI T 2 M B0 I8 S e AR W T e et J [ .
Hr Ak o 5 VA 4 A% . 2015, 22(14): 1 156-1 160.

(5] #4k. mEAHE ERIMI. dbat. s E Rk H AL, 1993
146-147.

(6] BEgtff . GOIe i, T W b [ 25 F B0 IS (ML bt Rlail
Mk, 1987, 283.

[7] WANG Fang, HOU Yi-ling, DING Xiang, et al. Structure elu-
cidation and antioxidant effect of a polysaccharide from Lactarius
camphoratum (Bull.) Fr[J]. Int J Biol Macromol, 2013, 62.
131-136.

[8] sk, EW|T . W%, . BARF- L0 T AL B LT 9 40
il HePG2 UMl /E L) ], B 5P, 2011, 27(3): 42-
44, 67.

(9] ZF, W5, WA, 45 5 Rk B il B A & A (9 40 b v
PRI, s S, 2015, 31(1) . 151-154.

L10] #tt, XU, BRAEE. 55 Ho 0215 3 & RIN-mSF 44 i #4

AN BRI, Al S P, 2014, 30(2): 40-43.

At NO Rk a7 [ ]. b g 2% ¢ 3k, 2014, 30(3):
326-329.

[15] HORI S, NOMURA T, SAKAGUCHI S. Control of
Regulatory T Cell Development by the Transcription Factor
Foxp3[J]. Science, 2003, 299(5 609): 1 057-1 061.

[16] SURENJAV U, ZHANG Li-na, XU Xiao-juan, et al. Effects
of molecular structure on antitumor activities of (1—>3)-8-D
glucans from different Lentinus Edodes[J]. Carbohydrate Poly-
mers, 2006, 63: 97-104.

[17] BOHNJ A, BEMILLER J N. (1->3)-8-D Glucans as biological
response modifiers: a review of structure-fuctional activity rela-
tionships[ ] ]. Carbohydrate Polymers, 1995, 28 3-14.

[18] KIMSS, OH O J, MIN H Y, et al. Eugenol suppresses cy-
clooxygenase-2 expression in lipopolysaccharide-stimulated
mouse macrophage RAW264.7 cells[J]. Life Sciences, 2003,
73(3): 337-348.

[19] WANG Shi-yao, TAI Gui-xiang, ZHANG Peng-yu. et al. In-
hibitory effect of activin A on activation of lipopolysaccharide-
stimulated mouse macrophage RAW264.7 cells[ ]J]. Cytokine,
2008, 42(1): 85-91.

[20] ANESTAKIS D, PETANIDIS S, KALYVAS S, et al. Mecha-
nisms and applications of interleukins in cancer immunotherapy
[J]. International Journal of Molecular Sciences, 2015, 16 (1)

1691-1 710.

]

ERA

X 7k SR B #% H AR m S LD
FEFAK

k2 T (R L) 2% AL 1 90 T i 4R

1 T A AROK P &b BB R OR A S R, w7

R G R 2 (R S LA 2% S AR AT RIS kSRR (R

fil 5 HLARO) 2% 35 T i 5 phy X R ] A5 AR R S LR 2%
AL

KUK [ &R/ XK AR, I3, 1962 4F 12 H A= )

R BRI o BN YD 3 TR 2 RHAE R %

HE AR ROR R, WM R R
ALK

(RSP A8 B

201746 H9 H




