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ZhPIRBLRL X DNA BB 1 SR e iR )7 fe E I hE ,
& 7 DNA 25 8 R 92 v 19 B 8 3R 7 ROCR 4R it =
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1 #REFEE
1.1 #HR5EE

AT RN, PRk AR A R
R WRELER (TCK W 25 4R AL AF R R
BRIk o B Sl % 5 T bR A A BT T
R BR 2 7] s Balb/e MEPE/N R (5 T 90 , (A5
18~22 ¢, b 5t 4 3 A 42 52 45 ) ) H R A R+
(S5 S WA 5 B il F TR 4 5 P2021011) ;
Wiz, iR AEYRHEARAR,; HARARFD
(HE) Petifil g, dbm sty A maA
F 4T 40, T RHBE 4L ; 1640 56 Ak 70, 24
= RAYHAR A BR A\ ELISA 3K 7 & .CD3*,
CD4* .CD8* INF—y ZEhnichiil, Kit iR 5
AR 7 s HER2/neu FUKL DNA FE 1, 75 M i5A A=
YR A A7 BR A H



B28 H5M

RZ Z ¥4 8 DNA 9238 2 s RO 98 9% 76 97 09 %ok 85

JA3003N Ui 7 KF, LR %R U3 A
RN W UV =2800 % 48 4 —n 0L 43 5% 0% B 3 (IR
Prestige—21 £L MG, & HE 7] s HH-4 R
TR KV By, EAE IR BRA W ;3111 4 i K 7
i , Thermo 2 w) ;680 EF#51YL , Bio—Rad 2\ H] ; g %
28R, 1 SR A AR AN 51X T3 5 1 sl i, 2R
AR Wbk 24k BC-30 4 & 3 1 40 i A%, IR
YIl Bty A= ) B 97 L A A FRZA 151260 Infinity
11 BEWGE 3 (OG54 LR A BR A A,

1.2 RKEH*

1.2.1 RZZHRBCNANT  MEFRBUSITRZ
TR T AN AT 2 o, IR HL R, WK
BRI 2~4 h, e H G E A %2 100 mL, 08, VR T
FH 10 mL 80% ZBEPRAUTTE 3 U0, K TUE BL il AL
PRGBS % KBS WO AT U2 R, 9020 25 B
H A, BLH] Sevag VWL, S PR W IARTIL 2:1 19
e BITR A , TRDSORE % W, 3 AR L & rp R 20
BN, 5 BB W T 3 500 u Y& B 48
o U KAERT 24 h, K BRA A E  CHLER /N
Z&i, KM DEAE cellulose-52 B 732 e+ (4.5
cmx80 cm) Fl Sephadex G-100 Bt (2.6 cmx
100 em) #4773 8 R T, BC1/10 43 %R 85,
10 mL 2 mol/L B FR ¥ i )= , iK€ 25 2 50 mL, >k
FH 1 mL AR5 4% K B R 5 mL VR B2, LA
TSR Sk o o i T VR VAV, 2 BROSCHR 910
PR R R TSKPWXL 4 000 #E % 4
W FE, LL0.3 mol/L A NaNO; Al 0.1 mol/L A%
NaH,PO; (pH 7.0) K ¥ 8 A , 3 % S B K D 5
F7R 22 A0 0 #4500 72 Z2 05 4 it . KBr 78
400~4 500cm™ Y K 5 FEl Py 3E 47 A8 BL i 21 A0 ok %
W

122 RZZHRETinefe k%5

1.2.2.1 i/ BUBL A s N SR I 4 J ik 1K
i i 2 20 g /9 Balb/e MEME/NEL, BEBLIT R 25 H
OB WA A Fe 2 It S
4,10 B BRZS F4LAh, B f gl R i 2
3 d R S ERBE BERE 0.2 mL (8 mg/mL) , ¥4
JER /N BB | 28 i SRR R o B T
ST 10 mL) 2l K 5 450 20 9 1 A5 R AR Al g
K w2 WEA W WAL FE 2 0 4 53 0 E A R
RV 7 2500t T o . T A R T 4G 22 0 R )

(200 mg/kg) ., FFZzEE 28 d,
1.2.2.2 {RFTR AR a BB E A SE/N R
I, BRI B BT i 5 4b 8 /N U 2 /N o JE TR
B HS LI 0 B e, AR A 20 (1) AT (2) 5 4 g
HIEEL,
JVLJUE 45 2K (mg/g ) =ML BT £ (mg) A BT & (g) (1)
g B B (mg/g ) =M i 5T i (mg ) AR T 8 (g) (2)

1.22.3 HE-E R4 aem e AL IO N
B, S HHFPLeiE E 25 d 5, IE I 1 55 60 mg/
mL JER R 1 mL; E B 45 AR5 2 K i 4
R LT ML A AR KB (V s * V oeman = 1
200)1 mL, /N i AR FE/NER B 50 WL 18 s,
TR A L, BN 37 CIEE 30 min
Je WU 2Bk R, B A ) A PR ER KR 3 W, T
J5 5 min, Hi 75 Yo 0, BB SR I, B R E
20 A R A, TR A SR

TR B (% )= (Wl A W XS 21 20 i 2550/ 15 s 240
SE)%100 (3)
1.2.2.4 bk B 40 5o 928 D) i 0 o

1) e aE e OB, BT
RPMI-1640 35320 b WFES S 513, W6 (200 H )
JE AR VR, B0 15 min(1 000 r/min) , 5 &,
A 4 mL 2040 M 24, YK 10 min JFE O 5
min (1 000 r/min), & I 7 ,RPMI-1640 % 7% & Uk
%2 W, A5 mL RPMI-1640 55 5% (& 10% iR
A= 0L ) , P85 A B S 2x10° ~/mL, 7E 96 fL
i 4 BB FL 100 ol Bz 40 BB, 43 50 im A
5 L 1Y J] 5 & (ConA 5 weg/mL) 5% JIE £ 4 (LPS,
10 pg/mL),37 °C 5% CO, &1 FHi3% 48 h, RH
MTT 3550 %2 ConA %ALY T 40 ML LPS 35 1k i
B 4 A 1 B PR BE

2) NK #Ma A LIS BRI 4 i B
W (2x10%mL, & NK 40 ) > 2400 20 L, L i 96 20
L (YAC=1,2x10%mL) A ¥R A0 M, 50H0 20 i % 153K
55 AL 43 0 A 100 L 2800 28 A1 100 L 42 4
Ji s R A0 M & R LA 100 L 5007 41 e A
100 wL 3595 ; SR 40 A 1 & BEALIMA 100 plL §8
YA AN 100 pL 5 F2 W . 2309 T 37 C,5% CO, H4
FEA P E 48 h, SR MTT 3 52 WOk B A
(OD), I8 NK 4 o R i s (4)

NK 4AEAA5EE (%)=1-(0D sspams—OD s )/
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3) Rl s Thre 2 AR A 5 H/ANR
Wi 30 Ak E J5 SR L, 4 B LY, >R ELISA X5 &
I /N BRI LA A R 2(TL-2) , 4/ 3% 6
(IL-6) , IR IRFE H F oo (TNF—o ) FI R BEER B 1 G
(IgG) & i, T AT 45 A 359 7™ A e R 5] 8 196 B 5 3
(e
1.2.3 RZZ P48 DNA B8 89 /N R b 45
BT R IEA R4 RIS R 2 20 g 11
Balb/c BEPE/INEL, K2R {55 4T1 240 M, #4 82 A 4T1
Jei /N BRI SR AR B )29 100 mm? 5 | FEAL ST 4
XTHEZ] DNA £ 4l R 2 5 2 h AT ot
B4 5 H, DNA 4505178 0d # 14 d L) 30
mg/kg B2 TS DNA T, REWEHZ
WELATESEAT DNA P 0 B2 B I S 5% 2 i, fiff
F 30 mg/kg ey B R AR W Y R 2 20 S
M3 d, WER 21 d, KN B 5T AR R OR
NG WEETAL A /N B PR BB R | [ e
SE 24 h, KUk CBEBLK I HORE B A A
PI R (F )8 4~6 wm) , 22 HE 405 76 5 3048 T 0
SENENELLZUE Ak, WSCHEAS R 4 /)N BB 22 20
iAW, % F CD3*.CD4* .CD8*Wi =X i 4 7 17 b
ic, SR T A S R T 20 B B R 5 K 4 i
FE I SR 5 FH TFN—y PURAR I 400, 76 95k
R EE— 2 M 4 CD,H . CDgIE A
1.3 HELE

FIH] SPSS 17.0 e it 2% A 47 12 96 £ 4 70
Mo AHr s R B LT BB hn i 2 (v s )RR,
R B E 7 225581 (One Way ANOVA), 7
22 551K Levene K: 5, 45 7 22 5%, R FH e/ ik
EVEZE L (SD) AT ZE L, AT EAF R
AR SF 6 HE 384G 36 7% (Tamhane’s T2) 8% 8 K ¢
{H X A K 56 5 (Dunnett's T3) #FT 2 W K,
WM P<0.05, FRABEERAAGIT %25 8E
PEE X, P<0.01 MRIRIXIZE R A A it a5
ETE RS -9

2 #RE5WR
21 REZ W AESHESEMERSN

SR FH A BB M AR v AR D8 K 485 nm 4b Y
WO AR, 2 i b o i 48 (R?=0.994) , I AR VTR

ZHRES TR R R A2 S o
2.95%,1.81%F1 1.61% , BiW] R 2 1 55 #0720 &
BETHEHMWMEIT, 2 GPClE, 450 Tk &
439k 1.84x10%(PI=1.13),1.92x10*(PI=1.22),
2.07x10* u(PI=1.17) , Z5 R PEL % 1,

F1 REEMPSHEREFBESTRENEER
Table 1

and molecular weight of polysaccharides

Determination results of mass concentration

in Ganoderma lucidum wel products

e @A #ie
%R F 5% 2.95 1.81 1.61
$HSTHRF 1.84x10°  1.92x10*  2.07x10*

RVLRZ 3 W FCZ WA 200 61 e 45 5
W 1, WEZBELLAMGIE AT & 7 3 419,2 920,
2 852 ¢cm™ 1 1 638 em™ b A7 7E ~OH 1 4 ¥ 5 Wi
Wl C—H A 45 4i 2 W W F—OH. 1) 25 it i 3l i
Wl 7E 1421,1374,1 175 em™ &7 4E CH, 1978
TE WA 1316 em™ 4b C—H 25 i1 4% 2l W g 1 LA
KR F C—0 Wi, 1070 e Kb fit i g g 2 -
OH M7AE fi ¥R sh—& M, 1266 cm™ F1 1269 ¢cm™
Ab W U S T —~COOH H C=0 B X Bk A 45 % o6
Sl , R R Y ZH 5 A -COOH 14 ; 7F 522,
528 cm™ b AW I IE & CCO A TE PR shM, 3%
BETE 896 cm™ Ab# Y FEAF W IS UG, Ui I 35 2 B =
By BN T 2 W A 20 RHE 2 b Bt
TR R 5 2 R /L, T 1 SRR, R
i W AT ARSI 2E
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Fig.1 Infrared spectrum of polysaccharide in pleat,

stem and cap of Ganoderma lucidum
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22 REE WM. FESEIMNRHREREIER X LT 20 M A WSS R W (3R 2), SRR 4 A

R FH A&V R 2 2200 4 IO IR B 4 % 100 okl /s LU, 56 22 0 2E /0N BN s 0 W 200 R 190 8 W 5 5034 T
B, IO /N RAR TR S5 R0 2, I AL T HE TS FC A L I O 2 B B A ) B AR
M e MRS R N B R R IR T Ed, i WER3 P, REHE W FLZ B ConA WL T
ZMEE TR A M A, BESE2MA/NR WA S8 58 1E 28 Es , o LPS 1LY
R T A e A BRSO e B I B 40 0 {8 A R, HL3E R
JETIRE M T A AR 8 2 S IR ORI RO B XA FEE ML, 5 2 4L NK
BRAE RO A A AR, SR AR SO AR ANM TS PRI R, 5 AL, 22 R A ST
FRER T E4l, MABEEE AL B A e M Hl L L (P<0.05), 4 F IL-2 1L-6 IgG & TNF-
T 2H I RORD g RS BOUAR T 25 AR IR, 2% o eSS R (R 4)RW, SHEMA ML, 52
LML AR I N O A G A IR RO . 1% AN AN, 2 3 R 4 A SEG 4 S U
SIRLE R R, RUIATHLDMAAUCE/N G R HEZHEA R RIInE,
JEDIRE WG A E

®2 RESEINRSGUEE PRI E MRS B &5 B #200 (n=5)
Table 2 Effects of Ganoderma lucidum polysaccharides on body weight, spleen index,

thymus index and phagocytosis index of mice (n=5)

28 3 RN R 45 4 /mg - ¢! 4 R 35 Hc/mg - ¢! B 35 4 %
= Ha 2495 +1.19 0.62 + 0.06 0.34 +0.05 0.86 +0.03
BEAL 20 18.67 + 1.05 0.33 £0.01 0.26 + 0.04* 0.53 £ 0.07**
ER R 3} 29.32 £ 1.38* 0.58 + 0.08** 0.21 £ 0.04 0.67 £ 0.04
CEX T 28.43 £ 1.56 0.45 £0.02 0.18 £0.02 0.53 +£0.09
B ! 25.65 £+ 1.62 0.43 +0.07 0.15 £ 0.06 0.51 £0.02*

TE % 2R 52 FAA L, P<0.05 ;%% £ 525 M I, P<0.01,

*3 RESEINNRMKEMAEEAEMN NK 4857E 8% (n=5)

Table 3 Effects of Ganoderma lucidum polysaccharides on lymphocyte proliferation and NK cell activity in mice (n=5)

28 7 T % fe 3% 35 58 71/% B & 1038 54 48 71 /% NK & e 545 7& 71/%
Tau 0.184 + 0.02 0.221 £ 0.01 0.34 £0.05
A2 0.163 + 0.05%* 0.173 + 0.05* 0.26 = 0.04*
ER ! 0.171 £ 0.03* 0.279 + 0.03** 0.21 + 0.04*
An % H 0.165 = 0.06* 0.251 = 0.07* 0.18 + 0.02%*
1% M 0.163 + 0.04%* 0.244 + 0.06* 0.15 £ 0.06*

% FoR 528 HALM L, P<0.05 5 7R 1525 AL IL , P<0.01,

x4 REZEXMEMEEFHFM(N=5,pg/mL)

Table 4 Effects of Ganoderma lucidum polysaccharides on serum cytokines (n=5, pg/mL)

28 7| IL-2 IL-6 IsG TNF-a
=G 0.61 +0.01 0.36 + 0.06 0.57 £0.03 0.15+0.05
B A 0.34 + 0.03%* 0.21 £ 0.02* 0.23 +0.07* 0.06 = 0.07
ERZ 3 0.68 +0.03* 0.28 + 0.08** 0.39 + 0.08%* 0.13 +0.06
% AE 0.57 £0.07* 0.23 £ 0.01* 0.33 = 0.05%* 0.11 £ 0.04
EE ! 0.52 + 0.05%* 0.22 + 0.07* 0.31 +0.02* 0.08 +0.02

T FR 52 FHM I, P<0.05 ;%% R 528 M, P<0.01
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£ HER2 JER Y34 52 FLARIE 11228 R E
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BITIE L SR, BRI A B R Ak R T 24
HER2 + ZL Wi 8 36 97 WO 81, A o ¢ 2% il A
HER2 Hi2H DNA %2 i , 76 B f g2 1 s 0OR W 3 1
REW w20, UL AT fipg /N RO sh e iy | %48
RZZHEH B DNA 2215 0 IR S8 167 ROR

PEW A R 2% 2 WA/ RN R,
R RS R4, i B R Bl E R JR 0 e S A T
figh W s O, JEAE T, AL 21 d /)
BRI IO o 722 Ak oty e R e A K il 2, 25 A LI 2,
Xof B 2H /)N AR R I AN 3] 39% 5 8 1 2 /N RUFE S
9 K LA M 5 I 4 WA 4G, 21 d S AR e 3
M2 13%, REBZHAL 6 d J5 IR & B 1
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< 15t
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(a) ¥ 512 15 ) 3400 1A 5 ok i A 1] 119 722 £
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700 mm®, R 2 W@ 2 AHMBESCREN R, HAK
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MRERCR R, R 2585 20 B A B W3 AR i
EH .

K H BT/ B CD3.CD4 .CD8 14 B4 3 [ 41
A, 28 TR 42 A e e S e € 1) it 2K A LS 0
T 48 M A5 S T 40 M S 3l v T 40 A A, A
W25 R0, 50 B AH G e AR R 2 55 2 0
21 RE % A R 9 CD3*CD4+ .CD3*CDS*41 itg it 4™
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A0 L R B T 9.8 £ F1 4.3 £ ,CD4*/CD8*
LA WY S T i, 32 S 6 23 R SR W LA 4 i S %
AR Nt fy F CD4*AT CD8* T 40 i B A e i i ik
I it B 40 M 7 B 2430 INF—y 401, Rk
K H INF—y Ui #1708 bR I, B 2 CD4*F1 CD8*4H
JH T TR MR AR 5 S e it i B e T i (A 3),
ZA KW BA L SE T RERY Thl A CD4*
T 40 A1 Tel MRS CD8* 4 i &5 i & 46 XL 5%, I
L5006 BRAL A L, 78 VRS2 B 28 i PR 1 AN
[F] 35 2 2 2 55 220, W G N Thl WAL CD4* T 4f
JfLA Tel MRS CD8*4H M, i3 B 32 2 Z 4l 4l Bl 7 v
PR T WL S g% Dy gl
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Fig.2 Immunotherapeutic effects of vaccine and Ganoderma lucidum polysaccharide adjuvant vaccine

on 4T1 tumor bearing mice
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RZ Z ¥4 8 DNA 9238 2 s RO 98 9% 76 97 09 %ok 89

TR 20 i 5 4k

T lymphocyte content/%

CD3*CD4"  IFN-y CD8

T I L2 200 i e 25
T lymphocyte phenotype

T R HA 2R BEYE (P<0.05), % Fm HA N B34k
5 (P<0.01),

3 TrE/NRARAEH B MM ELS R (n=5)
Fig.3 Spleen lymphocyte evaluation of tumor

bearing mice (n=5)

g S

(a) I
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G RE RS T I 2R G0 B EE B AL R 4y,
BT EEMANA AT, R g0 R R
PR A B TR AT H&E Y £8 12 1 i W 8544 i 2H.
SEUFI A0 LTV 285 48 A R A 2R 495 728 4 B AT 5 ) B
BB X I AT HE 8 (o gb 3 F) RS
HEATIRER , H AR 2 5 2 AL/ B I 41 208
A iE—25 0T R 255 2 W Bl DNA S 1 1) 5%
TRHEAER G5 R UL 4, Kl 4a BERIATIRAELL | 18
OY SR ZLBEAHXT D R IMATE S S AR 52
ORI IR E BN XA TR, RE
5 2 W (B 4c) , NG 45 1 75 15 35 BT, 20 %35
W/ MARZE R SERE, FhE D, M G SR T
DNA JEH 4], ZE K, RE AL
DNA 2 i Ho 2 B 5 1 7

(¢) RZZHEH

B 4 MR HAE £ABHRRMELER

Fig4 Representative results of H&E staining of spleen
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FHRT AL G P B T 5, DNA 25 4% FR 8 vt BAT %
T RIS, MR TR
Ko SR, DNA L2 1 78 I R 3 2 v e 93 By 20 440%
WANE . ARIFREREUT B T R 28 AR B RAL
W, R HELE RN T AP 5, s 2 b
Gy e/ RN BRI S e s R ok, Rt
R 2 55 ZWEE i BRI, 7E HER2/neu 5t kL
DNA B IR R Zfi, WE/NE 3 dJE,DNA i
ARV G 28 6 o 40 i S 28 48 A 38 A B B B T
/0N B T3 Sk A 3G e g8 R R DN | 5 T i A
KA, T 40 M 2 AR R A e 45 SRR ], R 2
ZEIE— 25 E T RE T (1% 40 B e 8 DA B 125 )
g, iz g R, R 2 % 2R U/ B HER2/
neu JBTRL DNA £ 1 (9 G928 N 27, A B 5804 Sy i 7Y
DNA % 5 Bh A i & $R it — e iy Bie 2%

2 % X W
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Effects of Ganoderma lucidum Polysaccharide on Immunotherapeutic Performance

of DNA Vaccine in Tumor Bearing Mice

Liu Yang', Chen Huiying"*, Fan Xuefeng', Li Jiaqi', Zhu Tong', Zhang Shubiao'?
(‘College of Life Science, Dalian Minzu University, Dalian 116600, Liaonig
’Key Laboratory of Biotechnology and Bioresources Utilization of Ministry of Education, Dalian Minzu University,
Dalian 116600, Liaoning)

Abstract DNA vaccine has brought new hope to tumor immunotherapy, and appropriate adjuvants can further improve
the immune effect of it. In this study, the polysaccharides extracted from pleat, stem and cap of Ganoderma lucidum
were isolated. The immune function promoting effects of the polysaccharides from different parts were investigated in mice
model. Then the faciliting ability of the Ganoderma lucidum polysaccharide on tumor immunotherapy effect of HER2/neu
plasmid DNA vaccine were investigated with the ignificant immune promoting polysaccharide. 4T1 tumor bearing mice
were divided into control group, DNA vaccine group and Ganoderma lucidum polysaccharide group. Ganoderma lucidum
polysaccharide group were given 30 mg/kg Ganoderma lucidum polysaccharide for 3 days before subcutaneous injection of
DNA vaccine twice. After 21 days, the tumor size and weight of mice were measured. Compared with DNA vaccine
group and control group, the tumor growth of polysaccharide group was significantly inhibited and the weight growth was
stable. T cell phenotype and its subtype analysis showed that Ganoderma lucidum polysaccharide could significantly pro-
mote the cellular immune response of mice to HER2/neu plasmid DNA vaccine. This study will provide a theoretical ref-
erence for the development of DNA vaccine adjuvants.
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