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Abstract

The present investigation was to study the
effects of Ganoderma (G) lucidum mycelium
on cytokines production by assessing the
cytokine (IL-2, 4, 5, 6, 10 and interferon
(IFN-y)) secreted by PP and MLN cells in
non-immunized and orally immunized mice. In
experiment 1, 5-week-old female C57BL/6J
mice fed AIN-93G diet containing 0 (C), 1 (G1)
and 3% (G3) G. lucidum mycelium for 4 weeks.
PP cells were treated with phytohemagglutinin
(PHA) and MLN cells were treated with PHA
and lipopolysaccharide (LPS). The cytokine
production of PP was not affected by G

lucidum mycelium. Both the secretion of IL-10
and IFN-y was decreased in LPS- and PHA-
treated MLN cells of group G3 mice,
respectively. In experiment 2, mice fed with
AIN-93G diet containing 0 (C), 1 (GT1),
3(GT3) and 5% (GT5) G. lucidum mycelium
were orally immunized with cholera toxin (CT).
The spontaneous secretion of IFN-y was
significantly reduced in PP and MLN cells of
group GT3 and GTS5 mice as well as CT-treated
PP and MLN cells. Taken together, G. lucidum
mycelium was able to affect the secretion of
IFN-y in PP and MLN.

Keywords Ganoderma lucidum - gut

immunity - Peyer’s patches >
mesenteric lymph node » cytokines
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% ﬁu B FEELEHT B (Peyer’s
patches, PP) ~ # 5 % (lamina propria, LP) ~ *
A P # ¥ Ik (intraepithelial lymphocytes, IEL)
v % Bk = & (mesenteric lymph nodes,
MLN) - PP 5% P8 £ F R E N i
dnrz > W B, T,E v w2 {oiif B4 fw#2 (accessory
cell) % LP 3 4 i24i48 1B ‘w*z (plasma cell)
Fe T helper lymphocyteso IEL # 3 helper and
cytotoxic T cells » H # it B a7 # - MLN
YT B ek T R o HF AR R AL LB
Fi(systemic immune system) ¢ JE e o

e ECY R 8 U TR e e
ﬁh&&iﬁmh%mjymﬁf%4wﬁ
T FAEA AR E D 60%[9] v PRFLR i
£d PP e Mecells#E» - PP AR s 2 IgA
F R eih 8 B m h B A 5 g er(1] o
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regulatory T ‘m®2 fc B 'w? 4p18 o IgA" B ‘w
fefe T ¥ d PP 5 MLN {r33 ¥ (thoracic
duct) ¥F4_3 & & ~ WE{F > RUGEWRY
LP- & LP > IgA”™ B fm® A it & IgA plasma
cell-IgA plasma cell 2 # dimeric IgA - Dimeric
IgA & F J vz r'v’”fpolymeric immunoglobulin
receptor (pIgR)F & 16 » L 38X T % ¥E o

CEB e A g 7 B 5% ¥ L 3F T-helper cell

(Th cell)“’ AN subset[l2] o d FL ¥ Th
cell {7 A& 4 ehim? % (cytokine) 84§
¥ 3 Thcell 4 5 Thl cell 2 Th2 cell-Thl cell
# # interleukin(IL)-2 » interferon- 7 (IFN-17)
fe tumur necrosis factor- 5 (TNF-/3) » # &8
v M 4 B F & (cell-mediated immune
response) ° 4p & > Th2 cell %~ ;& IL-4 ~ IL-5 ~
IL-6 2 IL-10 > i & :EMp(FLM) L £ F &
(humoral immune response) ° T PReF F = 3%
2 & 1 PP 24 Th2 type ¥ ek @ Ba
B L& F R[18] -
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"7 & 2 k2 AIN-93G AR FEt & 2
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(PHA)4~ lipopolysaccharide(LPS) {1 cts » sm
e E AR L R AT R
A s B o & B F & cholera
toxin (CT) » #FF3 1 & Z $ %3 v IR £ /]

PP o MLN 0% A i % ek £ 2 8055 o

B

=gl

T FFR B D
Rl R R i SRl SRR R
PP v MLN 4 & fm¥2 g 2. B 50 o
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mitogenic effect[6] ° q_ykffﬁ 2 | BN
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& & 3l4e Th2 &~ K&[19] - & 2 F) 5887 i 3¢
#] Th2 Mw*z g% IL-4 ~ IL-5 ~ IL-6 ~ IL-10
s "% anti-CT IgA & & ©

IR Y
h
f Hick 2 &
d R

7 (G. lucidum) F&

2~ e

B - 1 5 s awEl C5TBL/6] /| Bl SE s
AR 3k AwulA g 0% ~ 1% e 3% & 2
F s 4 AIN-93-G 4 4 & - & ' 24-30
g, 3 8- FH&E o 57 B {F K jg PP

wmip s A 0 B L 3 B RehmieiTE - B
%,i » F]pE ik SBcs 8-10 o

F 5= 5 ke wpd CSTBL/6T | BUME 18
pE A Aulgr g 0~1~390 5% &2
’,;;—]’; 8 AIN-93-G 4L 4 ¥ &% ) FF 45 4
TPRCT# 232-40 & » m 4 & - #H &% o
LI BRI PP@E AR L 48 )
Rehme (Th - Bi& o FIt = 2ofk Sk

& 8-10 °

3~-CT v JR& A

CT & % i+ 42 & 12 5 Elson and
Ealding(1984)[4] 527 % » 14 5 &k ™ 5% A
E&% % 73 fc% 21 % 0.1ml 3 5pg
CT & 02M NaHCO; i3 % o ¥ 4r — 2471
AIN-93G 43t e B > ?fﬁz 0.1 ml 0.2M
NaHCO; % %

4 ~ PP 4= MLN !z cn@l & e %

" COy JiEps ] Bl > PGk 0 A da
oo £ COy R ] BlfS » 1L & AT 5
B~ PP f= MLN-PP B~ 145> % *+ 2 100U/ml
penicillin ~ 100 pg/ml Streptomycin ~ 25mM
Hepes buffer = 10% fetal bovine serum 2. 5ml
RPMI 1640 (complete RPMI) #5 % ;% ¢ petri
dish # > 1 & 4+ F 1k 2% PP & 100 mesh
SR Ak G R B o (T H - e R RR
& > 3% 450g #5248 0 R dwmie T
complete RPMI *# - 12z trypan blue dye
exclusion = j# T_& e chfic P o MLN e g2
> EEPPARR o

24 well # % 45 4t » MLN &% (2x10°
cells/ml) % complete RPMI % & % % 20 nug
lipopolysaccharide ( LPS ) a
phytohemagglutinin (PHA ) » # 5% CO, 'fr 37

CzEET % 48 | FFis e gt ’F R BT
F3-80C » FpisAririmizrd 2% o PP

e (2x10%cells/ml) 22 § & 2 4 20 ug PHA
e complete RPMI 32 % 48 /| P - F % = »
MLN 4 PP ‘w? # P % 4x10°cells/ml - MLN

wre 22 20 ug PHA & LPS &% 1 ug CT = F 32
7‘1‘48 ] BF o PP i 22 1 ug CT * 12 & 48
P

5 ~ & i anti-cholera toxin [gA T &

B* g Ha 202 j2[5] - ez finh
peroxidase % & % & 4 04mM
tetramethylbenzidine §= 1.2mM H,0, 7 10mM
citric phosphate buffer (pH=5.5)> * &4 50ul
6N H,SO, i# 1+ » > 450nm | %_peroxidase 7
EXR

6~ iz ek cha § A 47
r2 sandwiches ELISA = j* % & w8 k&
% © 96 well flat-bottom plate 4r » 50ul z rat
anti-mouse ‘m*¢ jg# 48 (PharMingen, San
Diego, CA )z 0.1M Na,HPO, % f=% » pH=9.0
(2ug/ml : IL-2 ~ IL-5 ~ IL-6; 2pg/ml : IFN-y)
% 4°C i 7 °plate 2 0.01M phosphate buffered
saline (PBS, pH=7.4) % 0.05% Tween 20
(PBST) % 3 =t o plate 14 7z 1% bovine serum
albumin 7 PBS (blocking buffer) # 37°C
blocking 30 4 45fé > £ 12 PBST i% 2 EE
Bl enm *2 jgr % £ % 5.( PharMingen, San Diego,
CA)# & & 11 complete RPMI-1640 1% if §
158~ 50ul 4r » well & 4°C F J&i§ & - Plate
2 PBST 7% 4 =t > 4c » 50ul 2 blocking buffer
it % #1F < biotinylated rat anti-mouse ‘m #z jir
% H k4182 (PharMingen, San Diego, CA ) »
BERTER L) 1 PBST £ 5 =k o 4¢
» 50ul 12 blocking buffer it § ¥ 0
streptavidin-horseradish peroxidase conjugate
(PharMingen, San Diego, CA) > &% 8 T F
J& 30 ~ 45 - Plate ™2 PBST 3£ 5 =t & » 4c »
100ul  z  0.4mM tetramethylbenzidine v



1.2mM H,0; 7 10mM citric phosphate buffer
(pH=5.5)+ ¥ J514 50ul 6N HoSOy i 1k » 4%
450nm ip| Z_peroxidase 114 47 o [L-4 f= IL-10
¢ * OptEIA mouse IL-4 §= IL-10 set Z_&
(PharMingen, San Diego, CA) » 13453 ® ¢ 1
1% E T E o
7 S
F 5 #chp 11 one-way ANOVA & 47 {8 > 14
Dunnett’s test 4% 1§ 2% 2 22 4 PR 0 2 ¥ kg
¥ %82 (P<0.05)° #¥;5 square root
transformation & 7 2 & ¥ f& &~ % > R ¢
Wilcoxon two- sample test 45 11 F Bk 2 2 ¥R
wo B E LR (P<0.05)¢

RN -'-_‘;cr}“i’jl’/‘

LB Fa EUE RS

Au /:\a‘mpf/ﬁg‘%7 ng’g_go
¥l

BTG RN £ ek s R
4 % (Table 1) -
§ 37 F 5448 % PP A 3% Thl (IL-2 ¢ [FN-y)

4o Th2 (IL-4,IL-5,IL-6 = IL-10)/m % jir % 2. B
7|3 Table 20 8278 £ 4 3 & ] & PP
ot > TR eime e p WA G Lo d AT
P& 1 & $F 3 & 20 % Thl v Th2 ¥ ik @
B %E* PHA 1] PP ‘m¥e o PP 4 i im¥e
FrE AR I ESH R

& 7 F S5 44 MLN 4 34 Thl 4v Th2 'w
gk 2 B Table 3 - & 7 F A0 7 B
| MLN 4 & IL-2 ~ [L-4 ~ IL-5 e IL-6 - e %
A SRR G3 ko BULPS e i
IL 10 FTF M RS IFNwye g R e
waom G3 e B PHA tjpcA s IFN-y+ &

1y
72 o

%’5& & J%‘] 5k %g*ﬁ %% -] & PP{cMLN 4
fn 73 7?
EMCEE %ﬁﬂfr? £ CT %] Bl 4048
'é CEHHE %S 2o F anti-CT IgA
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Table 1. Growth indices for mice fed AIN-93G diet, only, or with different levels of Ganoderma

lucidum mycelium for 28 days®

Weight (g/mouse) Feed intake
oroups’ n Initial® Final (g/mouse for 28 days)
C 8 16.2+0.5 19.8+0.7 88.718.9
Gl 10 15.9+0.7 19.4+0.7 84.9+4.1
G3 10 15.8+0.5 19.1£0.9 86.1+£5.9

"Mean+SD. No significant differences among treatment groups according to Dunnett’s test.
°NC, negative control; C, control; G1 and G3, control diet containing 1 and 3% (wt/wt) Ganoderma

lucidum mycelium, respectively.
“Wilcoxon’s two-sample test.

Table 2. Cytokines secretion of Peyer’s patches cells in mice fed AIN-93G diet, only, or with
different levels of Ganoderma lucidum mycelium for 28 days”

groups” C Gl G3
Interleukin 2 (pg/ml)

spontaneous 148.2+48.9 148.4+90.4 150.0£50.5

PHA 290.0+£139.0 354.4+141.4 354.4+115.6
Interleukin 4 (pg/ml)

spontaneous ND* ND ND

PHA ND ND ND
Interleukin 5 (pg/ml)

spontaneous ND ND ND

PHA ND ND ND
Interleukin 6 (pg/ml)

spontaneous 485.0+£207.0 595.5+£294.9 375.5+243.6

PHA 321.1+£189.0 614.8+400.8 465.2+214.3
Interleukin 10 (pg/ml)

spontaneous ND ND ND

PHA ND ND ND
Interferon-y (ng/ ml)

Spontaneous 5.5£1.6 4.9+1.7 4.7+£1.9

PHA 110.2431.1 99.0+£34.7 94.2+38.4

"Mean+SD. n=10 per group except n=9 for group C. Within each cytokine, values with asterisks

differed (P<0.05) from group C according to Dunnett’s test.
C, negative control; C, control; G1 and G3, control diet containing 1 and 3% (wt/wt) Ganoderma

lucidum mycelium, respectlvely Cells (2x 10° cells/ml) were cultured with and without 20 pg/ml

phytohemagglutinin (PHA) for 2 days.
‘ND=not detectable



Table 3. Cytokines secretion of mesenteric lymph nodes cells in mice fed AIN-93G diet, only, or
with different levels of Ganoderma lucidum mycelium for 28 days®

Groups”® C Gl G3
Interleukin 2 (pg/ml)

spontaneous ND ND ND

LPS 184.1£70.1 193.8+60.6 188.5+111.0

PHA 530.1+37.8 538.8447.4 538.4+62.3
Interleukin 4 (pg/ml)

spontaneous ND ND ND

LPS ND ND ND

PHA ND ND ND
Interleukin 5 (pg/ml)

spontaneous ND ND ND

LPS ND ND ND

PHA ND ND ND
Interleukin 6 (pg/ml)

spontaneous ND ND ND

LPS (ng/ml) 65.4£28.5 66.2+28.0 56.1£33.1

PHA 167.7£79.0 220.0+88.9 238.7+113.7
Interleukin 10 (pg/ml)

spontaneous ND ND ND |

LPS 1090.4+438.2 910.5+376.4 687.7+£379.5

PHA 1042.5+£1189.3 717.14£938.2 824.9+670.3
Interferon-y (ng/ml) .

spontaneous 2.6+0.8 1.4+0.7 1.543.0°

LPS* 12.4+7.0 14.2+11.4 18.5+29.3

PHA 10.4£1.2 9.2+1.5 8.5+1.1

"MeantSD. n=10 per group except n=9 for group C. Within each cytokine, values with asterisks
dlffered (P<0.05) from group C according to Dunnett’s test.

°NC, negative control; C, control; G1 and G3, control diet containing 1 and 3% (wt/wt) Ganoderma
lucidum mycelium, respectlvely Cells 2x 10° cells/ml) were cultured with and without 20pug/ml
llpopolysaccharlde (LPS) or phytohemagglutinin (PHA) for 2 days.

Wllcoxon s two-sample test.

YND=not detectable

Table 4. Growth indices and serum anti-cholera toxin-IgA concentration for mice fed AIN-93G diet,
only, or with different levels of Ganoderma lucidum mycelium for 28 day®

Weight (g/mouse) Feed intake® serum anti-CT-IgA°
groups’  n Initial Final  (g/mouse for 28 days) (ug/ml)
NC 7 16.1+0.6  18.6+0.8 72.7+2.9 0.1+0.03
C 10 15.9+40.7 18.9+0.5 73.0+3.1 56.8+12.2
GT1 10 15.940.6  19.1+0.6 72.842.5 58.2+10.1
GT3 10 15.940.6  18.9+0.8 72.4+2.8 53.6+18.1
GT5 10 15.840.7 18.940.6 71.3+5.2 49.7+15.2

"MeantSD. No significant differences between groups according to Dunnett’s test.

bNC, negative control; C, control; GT1, GT3, and GTS5, control diet containing 1, 3 and 5% (wt/wt)
Ganoderma lucidum mycelium, respectively. Animals were orally given either 0.1ml of 0.2 mol/L
NaHCO; (NC) or 5 pg cholera toxin (C, GT1, GT3 and GT5) at day 7 and day 21 of the 28-day
feeding period.

‘Wilcoxon’s two-sample test.



Table 5. Cytokines secretion of Peyer’s patches cells in orally immunized mice fed AIN-93G diet, only, or with different levels of Ganoderma

lucidum mycelium for 28 d*

Groups" NC C GT1 GT3 GTS5
Interleukin 2 (pg/ml) .

spontaneous 96.8+69.6, 87.1£62.4 98.8+£52.3 78.4141.7 71.1£53.2

CT¢ 11.8+£15.4 2190.1£1601.5 2390.1£1293.3 2104.7£976.4 2128.5+1476.5
Interleukin 4 (pg/ml)

spontaneous ND‘ ND ND ND ND

CT ND ND ND ND ND
Interleukin 5 (pg/ml)

spontaneous ND ND ND ND ND

CT® 269.7£145.5 2229.8+1609.3 1914.2+808.1 1652.9+372.1 1734.6£812.6
Interleukin 6 (pg/ml)

spontaneous 790.14+363.2 722.3+585.2 988.2+652.9 640.0+228.2 736.31439.8

CT 3323.2+1239.0 6315.5£5186.3 9056.1£5768.1 5796.9+2248.0 6174.3£3751.0
Interleukin 10 (pg/ml)

spontaneous 265.8+114.9 308.7+£178.9 295.7£125.1 225.2+80.8 260.0+84.9

CT 176.7+58.19 351.5+£312.0 331.5+£191.9 177.7+£50.4 212.3+£192.8
Interferon-y (pg/ml) . .

spontaneous 4386.7+930.2 4063.7+1908.0 3118.7+£1885.0 2040.3£1454.8 829.31643.5,

CT 2862.9+1770.7 1538.7£1305.2 1284.3£1398.8 1002.7£798.0 32.0£101.2

“Mean£SD. n=10 per group except n=7 for group NC.Within each cytokine, values with asterisks differed (P<0.05) from group C according to

Dunnett’s test.

bNC, negative control; C, control; GT1, GT3, and GT3, control diet containing 1, 3 and 5% (wt/wt) Ganoderma lucidum mycelium, respectively.
Animals were orally given either 0.1 ml of 0.2 mol/L NaHCO3 (NC) or 5 ng cholera toxin (C, GT1, GT3 and GT5) at day 7 and day 21 of the
28-day feeding period. Cells (4 x 10° cells/ml) were cultured with and without 1 pg/ml cholera toxin (CT) for 2 days.

‘Wilcoxon’s two-sample test.
ND=not detectable.



Table 6. Cytokines secretion of mesenteric lymph nodes cells in orally immunized mice fed AIN-93G diet, only, or with different levels of
Ganoderma lucidum mycelium for 28 d*

Treatment groups’ NC C GTlI GT3 GTS
Interleukin 2 (pg/ml)
spontaneous 146.7+90.1 187.4+108.8 145.0+60.8 143.2+88.4 146.6190.6
LPS 476.4£126.4 429.5£104.9 415.9£105.7 408.7£76.4 395.7+£132.4
PHA 472.7+81.1, 473.9+99.8 491.8+119.1 475.7+£139.6 428.3£115.0
CT® 116.1£93.9 2520.9£2321.2 1695.9£1071.7 1352.7+£807.8 2254.842213.2
Interleukin 4 (pg/ml)
spontaneous® ND ND ND ND ND
LPS ND ND ND ND ND
PHA ND ND ND ND ND
CT ND ND ND ND ND
Interleukin 5 (pg/ml) .
spontaneous 686.5+231.6 780.6+227.5 734.61220.6 727.24269.1 486.8+138.8
LPS 1602.3+£772.3 1289.5£551.2 1065.3£513.8 1303.6£776.0 1462.8+891.9
PHA 6443.4+3792.4 5868.5+£2319.0 4910.9+1338.4 4238.2+1271.7 2670.0£1174.5
CT 5244.1£809.3 13657.1+4736.8 11665.1£2644.1 10564.3£3177.9 12264.3+£5244.9
Interleukin 6 (pg/ml)
spontaneous ND? ND ND ND ND
LPS 170.6+56.6 161.2+28.0 153.6120.0 144.6+30.6 159.7+£30.9
PHA 369.3+278.2 378.7+453.7 181.8+£117.6 172.2+173.4 388.71£364.7
CT 6735.6£5115.8 8544.4+4256.0 7807.6+4183.1 6152.0+4045.5 9377.0£4025.4
Interleukin 10 (pg/ml)
spontaneous ND ND ND ND ND
LPS 2988.8+873.1 3134.4£714.0 3583.3+£573.9 3536.0£998.5 2499.1£1534.0
PHA ND ND ND ND ND
CT 74.8£90.6 199.6+202.3 74.0£73.1 69.9+96.8 121.5+£101.5
Interferon-y (ng/ml) . . .
spontaneous 3.3+0.8 2.540.7 1.6£0.8 0.6£0.7 0.004+0.01
LPS® 318.3+£141.0 312.9+178.3 253.5497.0 205.0+£147.3 308.8+292.0
PHA® 22411 2.6£0.6 2.1£1.2 1.6£0.9, 2.843.7,
CT 5.543.3 4.9+0.7 4.3+0.3 4.0£0.6 3.6£0.6

"Mean£SD. n=9 per group except n=7, 10 and 8 for group NC, GT3 and GT5, respectively.Within each cytokine, values with asterisks differed

(P<0 05) from group C according to Dunnett’s test.

°NC, negative control; C, control; G1, G3 and G5, control diet containing 1, 3 and 5% (wt/wt) Ganoderma lucidum mycelium, respectively.
Animals were orally given either 0. 1 ml of 0.2 mol/L NaHCOs; (NC) or 5 pg cholera toxin (C, GT1, GT3 and GT5) at day 7 and day 21 of the
28-day feeding period. Cells (4 x 10° cells/ml) were cultured with and without 20 pg/ml hpopolysaccharlde (LPS) or phytohemagglutinin (PHA)



or 1 pg/ml cholera toxin (CT) for 2 days.
‘Wilcoxon’s two-sample test.
ND=below detection limit
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