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Alkali extraction of Ganoderma lucidum g-glucan and its anti-tumor
Immune regulation
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Abstract: In this study, an immunostimulating particulate f-glucan was isolated from a hot alkaline extract of
the fruiting bodies of Ganoderma lucidum. The optimum conditions of 8 hours treatment time, 1:20 solid - liquid
ratio and 55 “C for the alkaline extract process were obtained after investigating by single-factor experiments and
Box-Benhnken design in terms of the Ganoderma lucidum particulate f-glucan (GLG) increment, and these condi-
tions resulted in a GLG yield of 8.57%. The experimental protocol was approved by the Medical Laboratory
Animal Ethics Committee of Jiangsu Provincial Academy of Chinese Medicine. The result showed that resident
macrophages were effectively activated by GLG, such as with the up-regulation of co-stimulatory molecules, the
secretion of cytokines and phagocytic uptake. GLG could also promote the proliferation of spleen lymphocytes in
mice. In addition, IFN-y production of spleen CD4* T cells and cytotoxic T lymphocyte (CTL) responses were
significantly enhanced on GLG orally treatment, which ultimately resulted in significantly decreased tumor burden.
Taken together, these data suggest that GLG might act as an immune stimulator to exert antitumor effects.
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R % FREL 10 g, I 1 mol-L NaOH % 200 mL, 784>
R, KIS IR I 2 1%, i I8 IF & IR W L SR
TR AR, #R B RS B O RER DT, PRI T
1 mol-L* NaOH ¥k , 55 5 L34 3 ¥k W AR Ui JF 3k
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1:20.1:25.1:30; %€ FE AR (8] 8 h, B b 1115, ¥
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p-1,3-glucan M E R S EME K% K I
GLG #2HUAFE 10 mg, 1% B8 75 ZENC A& IR B, >R
B-glucan B2 5 BT 15 150 FE o B-1,3-glucan [ &=
(SE38 77 2 R S U 1)

GLGHREATALIE  FRELGLG B il i &
T+ 0.2 mol-L* NaOH ¥k, it = i & 20 min, HI K B %
B b R (PBS) PRk 3k, G EE T I e R ETL
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I 3R B 20 A 200 pb 32+ 96 FLAR, I AAS R &
1) GLG, fif £ i & ¥ B 43 7l 9 0. 15.63. 31.25.62.5.
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5% CO, 1% 7% 4 15 7% 24 h, & L% I\ CCK-8 1A i
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E W A
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FL.100 pL T 96 LA H .

WHELPSH .Con AH 5 GLG AR EE 4 254 .
LPS 41 in N\ ¢ i &3 4 5 ug-mL* ) LPS i 3 B 4]
ffl; Con A LI N2 B & 9K 5 9 1 pg-mLt 1) Con A 5
5T 40 M; GLG A [F) 94 B 45 24 20 43 T3l i N 4 it i iR
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2L 96 Y- 25 Jo R R % S B AL IR P 3 B () e

TI=T/W,,SI=S/W, (4)
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gE iy,

F X 4 {4 M CT26 B 28 /s FR B Al 5 Th 28 Al
B9% BRI ZH L OXA 4 . GLG 7 & 2H /) B
FEAE I 70 wm J& 0 R ] i E A RV, B 24 LA,
FLAN N 4H A £ 200 ulL, 7E Golgiplug /7 7E 2144~ Jin
A 25 ng-mL*t PMA F11 ug-mL* & T2 2 (ionomycin)
B4 9% 4 h, Fl ¥ CD4*.CD8" ¥ o [ P A& 2 Thi Y €11, 41 e
25 3k [ 52 J5 0N BT INF-p oAk e e, 38 i 37t 2040 i X
00 SRR 200 B PR T 40 B 1) 40 A

AT TR T N R R ) P G R [
IH 77 #E2, K] Design Expert 8.0.6.1 2 {43k 47 20 #7; *t
T A A S B, SR ) SPSS19.0 Btk i3k AT 43 My, i ik
B[R J7 2 One-way ANOVA 43 T H 45 %2 4H 18] fr i LA
Wit R EEER, BIER R NKLs. P<0.05
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NTER T B BN 18] R R R b X GLG i He
3L, 3 2K W B R 5 AN B-glucan B R R R &
or W B R 3R SE IR HEAT T B . AR R, B-
glucan $2 B 75 2 i 45 4 B a] i 186 0 52 TR 3, ix
A B8 T 050 5 24 M % Ao P ) A SR BUAS 78 48, {HLFE
10 h Jg TR TP 58, 25 B8 $E BUAF 2 R0 R] AR,
W BEFR B (8] 9 10 h A2 A7 AE RN HE 1010 32 1020
W, p-glucan FEEL/S R B & T, IX AT R85 258183 K W
KEKA K, M 1:20 51958 TP e Lo s, iR
P2 HU AT 28 0 S 00 $ F 1) SE B s Sl B R EE 1120 /2
#i; p-glucan $2HU 43 2 4 55 °C B LW T st H2
S VU RS FEE S B, T i I v ) 2R A A B
BRI R, BT LI BESE UR E7E 55 C A A .
1.2 MR ERH L
1.2.1 Box-Behnken SCIGHERI K o3 #fr /£ HL DA 2 S0 00
S5 AT I R A b g ECER ECRT (] L $R R AR L
N E A&, DL GLG $& By R AR &, ) B me S T v gk
T =R = KPR Wik, &5 3 LK 1. HR 45 Box-
Behnken #8501 S 06 17 4, 4520 5 6 37K, 45 SR EL
SPIME . SIS S5 R R BH, 7R S B [A] 12 h. 52 BOR
45 C SR b 1215 I, SR BN R B AIC, TN 4.37%, fE42
HUI 6] 10 h BB 45 °C SR HE 120 i, 42043
K, N 11.00%.

Table 1 Factors and levels for response surface methodology
design
Factor Level
-1 0 1
A: Extraction time/h 8 10 12
B: Extraction temperation/'C 35 45 55

C: Ratio of material and solution/g-mL* ~ 1:15 1:20 1:25

1.2.2 Moz TENEESR Sy Af Wi L T A B U S
MR L 5 DR 2 28 EL AR XTI B B 52 .- GLG $R L)
S5 1 £ I 5 e L 1T 3D &1 L 1. TR RS PR R
N8 52 A RIS 2 35, R [ 2 s 79 B 3R 2 TR 2
YRR 35, S EAR IR AT 20T 10 i &,
W3R U L I [) 5 RH B AE S 56 B 1R 22 Y Y,
Xt GLG 5 HUAS 1) 52 0 8 2% 5 4 IR 2 6 GLG 1
SERUAS AR I S2 0 5K, T H A [ X6 582 BUAS = (1 5 i
RS W, (RN EL AR AT GLG $i HUA5 2 14 5 i T
/e
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Figure 1 Response surface and contour plots showing the influence of operating parameters on the extraction efficiency of Ganoderma

lucidum particulate S-glucan (GLG)
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1.37 Xg2 - 2.00 X2, [BIHTFE 7 2 0 iR B F
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#, RFZ IR E WA E 7 R IS Y, AR S Yo
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PEEA S HOT 5, N GLG FHRBURME T 5%,

2 GLG®RKZIATIEMMR
2.1 GLG @i/ RIS fz % 2 B Ik 20 B A 8 1k B X 2
B FiERtR LA

N TR FE GLG 7E B2 A 4 M # vEVE A ik A
AN [F 9 1) GLG #E 4T CCK-8 3l 52, & Il GLG £ 52 5
A Y T P SR A R A e A R D, ELRE RS
0 40 R ) 3% 0 3K (1 2A) . 5 W 401 B 9 PRR 1041
Ji BRL 35 AL S , BRI IA K 2 K MHC 43R0 3 il 8 A
T, RIEPUE R EE, T EAS R B R i Re
s = R o N N N A Ve N e N B ™ o

GLG X Wik 241 i 38 1D 52 1, SR P =t R 43 A
Mt &40 % A4 A DG R I AR BT R IE, KILGLG 1] 11
5 16 40 Jf % T S 9 4 7 CD40.CD80.CD86 & 1= &
LA MEBUE 11 (MHC 1) 323K 7K 7 (K 2B), 1X %
FhE 2 EEREEH. TNF-a.IL-6 FE 2 HiE
A P R T 200 L 5 W 0 L 55 6 2 400 P 02k 11 4% Mk 4
PR, AT DA i O e 8 L T 4 1) iR
R0, GLG HIBUE v] W2 b R 20 K53 W TNF-a.
IL-6 (117K F (/& 2C), 6 8] GLG 4 Bl W 4 i 43 it
RE ML T
2.2 GLG X EMEYHAEFREFILE & T EERI SN

P 5 1A [ S 5 08 I e P TR 2
B TR A1) R0 7 5 5 ) fieb R A L, o e 8 A O Bt SR
(tumor associated antigen, TAA) i &, fil & 5 A 5 3 71
F TAA R S 0 R T 40 i 4 28 32 225109, I 41 il
SN R A e )z (R B S A, LR A e
IR 2 — R S VR 0 . VE %8¢ T GLG X
JIEE s 5 5 I 4T 7 W 4T BB T BSR4 SRR,
L R B, GLG fg ik 25 (i i3k s 200 i f mp M 21 11
TR, JF R RO (B 3A); 2 — 8 R 7Ot 4Lkt
DTAF #71C GLG (GLG-DTAF), i 2% 4 g R 73 #r % 52
GLG X} 3% #i i 4 MR B WA 15 3 E VR A i 45 & 5 7 ik
GLG-DTAF it JJ A2 e, 45 R K, GLG W] 4 %
B W A0 A i A W R Y (1813B); GLG B 45 & B W41
fi% 4 (K3C).
2.3 GLG 1Rt 40 ARG IETE

P L G 2 S5 I AR AR R 88 I I (1 S8 5 7 ECL 4
(1) 384 5 2 D) A 504, (R, BLLPS A1 Con A Jy BH 1 X
A7 A [7) & 5 T GLG %o /)N Bt AL bk £ 200 P 348 i 1) 5%
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Figure 2 Surface marker expression and cytokines secretion by murine resident peritoneal macrophages stimulated with GLG (100 ug-mL™).
A: Toxic effects of different concentrations of GLG on macrophages. n = 6. X + s. "P<0.05, "P<0.01, ““P<0.001 vs control group; B: Murine
resident peritoneal macrophages from C57BL/6 mice were collected and stimulated with GLG for 12 hours. The cells were harvested and
stained with indicated mAbs F4/80-APC, CD40-PE, CD86-FITC, CD80-PE, MHC-II-FITC or isotype controls. Unstimulated macrophages
were used as controls. Co-stimulatory molecules (CD40, CD86 and CD80) and major histocompatibility antigen (MHC I1) of resident perito-
neal macrophages stimulated with GLG were increased compared with medium group. The histograms are one representative of three inde-
pendent experiments with similar results and represent median fluorescent intensity (MFI). Cells were gated on F4/80 cells. n = 3. X £ 5. "P<0.05
vs medium group; C: Supernatants of GLG stimulated macrophages were collected and detected for cytokines using ELISA kit. The levels of
P<0.001 vs control group
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IL-6 and TNF-a were obviously increased compared with control group. LPS: Lipopolysaccharide. n =3, X+ s.
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Figure 3 Effect of GLG on phagocytosis and binding function of macrophages. A: Effects of different concentrations of GLG on the
phagocytosis of neutral red by macrophages. n = 6, X £ s. “"P<0.001 vs control group; B: GLG phagocytosis on the macrophages. Macro-
phages were incubated with DTAF-GLG at 37 “C and phagocytosis of GLG was assessed by flow cytometry; C: GLG binding on the macro-
phages. Macrophages were incubated with DTAF-GLG on ice and binding of GLG was assessed by flow cytometry. Percent of GLG positive
cells were summarized. Cells were gated on F4/80 cells. The dot plot are one representative of three independent experiments with similar results
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Figure 5 GLG treatment significantly reduces tumor burden. A:
Tumor outlook of different groups; B: Tumor diameters change
curve from the tumor-bearing mice; C: Tumor volume change
curve from the tumor-bearing mice; D: Tumor tissues weight from
the tumor-bearing mice; E: Tumor inhibition rate of GLG or OXA
in the tumor-bearing mice; F: Body weight change curve of the
tumor-bearing mice. OXA: Oxaliplatin. n = 6, X £ s. "P<0.05, ""P<
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Figure 6 The influence of GLG on spleen and thymus in CT26
tumor-bearing mice. A: Thymus index of the mice; B: Spleen
index of the mice. n = 6, X + 5. "P<0.01 vs blank group; #P<0.01
vs model group
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Figure 7 Protein expressions of Ki67 in different groups of mice.

Magnification x 200. Inhibiting effects on Ki67 of model group (A),
OXA group (B), 200 pg-d* GLG group (C), 400 ug-d* GLG group
(D) and 800 pg-d* group (E). F: Relative protein expression of Ki67
of different groups. n = 6, X + s. "P<0.05, "P< 0.01, ""P<0.001 vs
model group
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representative of three independent experiments with similar results.
n=3,X+s. "P<0.01 vs model group
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