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In this study, we like to establish both in vitro and in vivo systems to study and explore the possible
functional foods to regulate the allergic immune responses. It has been well documented that fungi might
exert immuneomodulatory effect, and thus the Ganoderma tsugae, Agaricus blazei, Poria cocos and Antrodia
camphorate were tested for allergic immunomodulatory effect, by using RBL-2H3 mast cell line, primary
splenocyte form BALB/c, and OVA-specific CD4™ T cells from T cell receptor (TCR) transgenic DO11.10
mice (naive OVA-specific T cells). The results showed that ionomycin-stimulated histamine production
form RBL-2H3 cells did not affect by Ganoderma tsugae and Agaricus blazei, but increased by Poria cocos
and Antrodia camphorate. OVA-stimulated IL-2 secretion form Thl cells were increased, but IL-4 and IL-5
secretion from Th2 cells was decreased by all the fungi samples. Furthermore, fungi treatment increased the
IL-2 level and decreased Th2 cytokines production during naive OVA-specific T cell differentiation in vitro.
To further investigate the effect of fungi on airway inflammation, the allergen-sensitized mice challenged with
aerosol allergen supplemented with Ganoderma tsugae, Agaricus blazei or Poria cocos. The data showed
that the percentage of eosinophils, IL-5 and total protein content in bronchoalvelor lavage fluid (BALF), and
IL-4, IL-5 levels produced by splenocytes were significantly decreased in mice fed with Ganoderma tsugae,
Agaricus blazei and Poria cocos. Overall, these data suggested that the OVA-specific Th cell cultured with
OVA plus samples, which could be as a screening method for anti-allergic immune responses substance.

Key words: RBL-2H3 cell, OVA-specific Th cell, Histamine, Cytokines, Mushroom.
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Table 1. The effects of food materials on histamine secretion from RBL-2H3 mast cell line

Histamine® (ng/mL
&

(ug/mL) G. tsugae A. blazei P. cocos A. camphorate TEA-EtOH’ TEA-H,0’
0 27561 275 £ 61 275+ 61 275 + 61 249 + 59 249 + 59
50 290+ 7 314 + 68 345+ 52 349 + 36 233 +£41 453 +124°
100 304 + 38 316 £41 397+ 19 376 +21° 225+22 568 + 49°

200 305+ 50 332+74 430 £+ 138 359 + 26" 208 £28 623 + 43"
500 278 + 65 300 + 36 438 £ 123 329 + 63 193 + 52 660 + 32°

1 RBL-2H3 mast cells (5 x10* cells) were individually pretreated with each mushroom material for 24 4, and then stimulated with
500 ng/mL ionomycin for 5 A.

2 TEA-EtOH: the ethanol extracts of tea, TEA-H,O: the water extracts of tea.

3 The data are representative for three independent experiments. Data with a superscript reveal significant difference at the 0.05
level compared with control group (0 ug/mL) by Student's t-test.
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Table 2. The effects of various mushroom on cytokine secretion by PHA-stimulated splenocytes

from BALB/c mice

Cytokine release effects (% of control)'

(ug/mL) IL-2° IFNy’ IL-4* IL-5°
G. tsugae
0 100+ 0 100+ 0 1000 100+ 0
100 88 +4 101 £ 16 85+7 80 + 21
200 105+ 1 106+ 3 84 +9 68 +26
400 148 + 8* 114+ 17 73+ 7 72 + 32
500 183 +26° 136 + 39 84+ 10 68 + 28
A. blazei
0 100+ 0 100+ 0 1000 100+ 0
100 101 £8 89+3 106 +5 87+ 17
200 109 + 15 93+ 18 102+ 6 97 +21
400 114+ 12 89+ 5 87+ 12 92 +21
500 127+ 17° 102 £ 11 100 + 1 92 +30
P. cocos
0 100+ 0 100+ 0 100+ 0 100+ 0
100 108 £21 115+6 74 +1° 88+ 11
200 123+ 10 140 + 17 59 +13* 97+2
400 160 + 32° 147+ 1 53+ 10" 89 +17
500 162 + 26" 153 £51 54+ 6" 85+ 21
A. camphorate
0 100+ 0 100+ 0 100+ 0 100+ 0
100 88 +21 67+5 81+9 89+ 13
200 93+1 71£15 73 £ 11° 78 +£34
400 117+1 62 +22 68+13 80 +28
500 146 +29° 62 +29 65+9 88 +£27

1 The data are representative for three independent experiments. Data with a superscript reveal significant difference at the 0.05

level compared with control group (0 ug/mL) by Student's t-test.
2 Cytokines level during Th cell differentiation were 174-300 pg/mL for I1L-2, 182-789 pg/mL for IFNy, 6-64 pg/mL for IL-4 and

0.13-1.85 ng/mL for IL-5.
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Table 3. The effects of various mushroom on cytokine release from Thl or Th2 cells

Cytokine release effects (% of control)’

Th1 cells Th2 cells
(ug/mL) 1L-2 IFNy 1L-4 IL-5
G. tsugae
0 100+ 0 100+ 0 100£0 100+0
100 153 +39 78 £9° 93+9 102+ 10
200 164 +£29° 71+ 13° 99 £ 13 103+£9
400 195 + 69° 59 £10° 75+13 80+ 13
500 146 + 36 47 £ 14° 74 £15 71 +£22
A. blazei
0 100+ 0 100+ 0 100+ 0 100+ 0
100 177 £ 85 85+ 8" 91 £8" 80+ 10°
200 181 + 81 68 £ 6" 89 £ 6" 71 £5°
400 171 £103 64 £ & 79 £ 6 49 + 14°
500 135+48 58 £10° 66 +9° 39+ 12°
P. cocos
0 100+ 0 100+ 0 100+ 0 100+ 0
100 196 + 61 98 £ 15 103 +12 104 + 36
200 233 + 88* 86+ 10 102+6 128 £ 16
400 218 £99° 69 + 10° 82+ 11° 91 £12
500 171 + 89 54+£11° 61 +18° 69 £27°
A. camphorate
0 100+ 0 100 £ 0 100+ 0 100+ 0
100 153 £ 41 68 £ 17" 88 £ 15 88+ 6
200 135+ 56 49 +10° 78 £21 66 + 14*
400 105 + 65 24 + §° 56 +25° 42 +£22°
500 80 + 44 11+4° 44 £25° 31 +£15°

1 The OVA-specific Thl and Th2 cell were cultured as described in materials and methods.
2 The data are expressed as a relative cytokine production of control group values, which are representative for three independent
experiments. Data with a superscript reveal significant difference at the 0.05 level compared with control group (0 ug/mL) by

Student's t-test.
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Table 4. The effect of various mushroom on Thl or Th2 cytokine productions during OVA-specific

EE 96 4255 45 B 55 6 1

Cytokine release effects (% of control)'

(ug/mL) IL-2° IFNy’ L-47 IL-5°
G. tsugae
0 100+ 0 100+ 0 1000 100+ 0
100 204 + 59 79 +20 91 + 11 105 + 35
200 203 + 41 60 + 13° 64+ 19° 66 + 12°
400 175+97 48 + 14° 38+ 5° 55+ 14°
500 176 £ 111 33+ 10° 25+ 6" 27+ 16"
A. blazei
0 100+ 0 100+ 0 1000 100+ 0
100 162 +38 66 £ 12° 74+ 7° 72 +6°
200 139+ 36 57 +10° 48 + 6" 32+ 12°
400 126 £ 51 26 + 4° 25+ 6" 31+18°
500 124 £ 70 18 +5° 23+ 7° 33 +40°
P. cocos
0 100+ 0 100+ 0 100+ 0 100+ 0
100 128+9 86 + 6" 91 +26 125 +33
200 156+ 10 64 + 6" 75+ 19° 83+ 14
400 157+ 59 34+ 12° 35+ 12° 41 +12°
500 155+ 94 25+ 8" 26+ 7" 20+ 12°
A. camphorate
0 100+ 0 100+ 0 100+ 0 100+ 0
100 161 £ 53 75 £20° 98 + 11 94+ 15
200 177 + 60 51+16° 75+ 12° 69 +13°
400 217+ 177 34+ 7" 40 + 8° 39 +13°
500 242 + 135" 19 +8° 21+ 1° 19 +4°

1 The results are expressed as the mean £ SD of four independent experiments. Data with a superscript reveal significant difference

at the 0.05 level compared with control group (0 ug/mL) by Student's t-test.
2 Cytokines level during Th cell differentiation were 7.7-41.7 ng/mL for IL-2, 7.9-14.5 ng/mL for IFNy, 0.25-0.94 ng/mL for 1L-4
and 0.59-3.68 ng/mL for IL-5.
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Table 5. Effects of various mushroom on airway inflammatory mediator in BALF from OVA-

sensitized and challenged BALB/c mice

Cell no. Eosinophils IL-5 Histamine Protein

(x 10° /mice) (%) (ng/mice) (ng/mice) (mg/mice)
OVA/H,0 144+44 8.57+2.73 1.52+0.44 4.75 £4.90 0.98 £ 0.53
OVA/GT 9.71 £7.86 3.33+1.82° 0.92 +0.59° 4.22+3.32 0.71 £0.31
OVA/AB10 10.0+ 7.6 483 +£1.25° 0.78 +0.52" 4.23+£4.62 0.58 £0.18"
OVA/ABS50 11.3+7.0 4.92 £2.00° 0.68 £ 0.29° 3.60+2.75 0.60 £ 0.22°
OVA/PC10 6.9+2.1" 4.64+091° 0.52+0.26" 3.65+2.61 0.47 £0.18°
OVA/PC20 4.4+1.6" 3.14+0.91" 0.53 £0.26" 2.93+3.28 0.32 +0.08"

1 BALF was collected 24 4 after the last OVA inhalations. Cytospin preparations were examined for cellular content.
2 OVA/GT means that BALB/c mice were immunized and challenged with OVA, and supplemented with G. tsugae. OVA/AB and

OVA/PC means that OVA-immunized mice supplemented with 4. blazei and P. cocos, respectively.

3 The inflammatory mediators in BALF were assayed as materials and methods, and data were expressed as the total amount in
each BALF from each mouse. * significant difference at the 0.05 level compared with OVA/H,O group (0 ug/mL) by Student's

t-test.
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Table 6. Effects of various mushroom on cytokine secretion from OVA-sensitized and

challenged BALB/c mice splenocytes

Group Mitogen Non-specific Specific
Spontaneous PHA OVA
N IFNy (pg/mL)’
OVA/H,0 9 55+40 430 + 158 65+ 74
OVA/GT 8 27 +£39 401 + 266 41 + 54
OVA/ABI10 8 9+17 759 +£312 175 + 84
OVA/AB50 8 18 +37 1057 + 908 197 +£ 204
OVA/PC10 7 4+11 851 +£419 171 £ 131
OVA/PC20 4 124 +204 2077 £ 1799° 454 + 330°
IL-4 (pg/mL)’
OVA/H,0 9 2.47+£2.33 11.21+9.49 12.10 £4.23
OVA/GT 8 2.03 +£1.67 9.74 £3.90 13.82 £ 4.20
OVA/AB10 8 0.47 +0.74" 9.64 +£4.06 12.95 +7.83
OVA/AB50 8 0.22 +0.44" 7.84 +£4.22 10.36 = 6.64
OVA/PC10 7 0.18£0.47" 11.50£2.97 6.52+4.10"
OVA/PC20 4 0.21 £0.42" 9.03+£3.47 1.97 £0.59°
IL-5 (pg/mL)’
OVA/H,0 8 49+ 16 130 + 61 121 +£55
OVA/GT 8 39£38 138 + 61 105 + 48
OVA/AB10 8 33+8° 136 + 69 95+ 33
OVA/ABS50 7 29 +6° 112+45 109 + 48
OVA/PC10 7 34+ 9° 120+ 73 81+18
OVA/PC20 3 25+ 9" 57+ 19 50 £ 6"

1 The 5 x 10° cells/mL splenocytes were cultured with the medium described earlier in the absence or presence of PHA (10 ug/mL)
or OVA (25 ug/mL) for 48 hours. IFNy, IL-4 and IL-5 levels were determined by ELISA method.

2 The detection limits for IFNy and IL-5 are 75 pg/mL, and 3.9 pg/mL for 1L-4.

3 The inflammatory mediators in BALF were assayed as materials and methods, and data were expressed as the total amount in
each BALF from each mouse. Data with a superscript reveal significant difference at the 0.05 level compared with OVA/H,O

group (0 ug/mL) by Student's t-test.
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Table 7. Summary of allergic immune responses by in vitro and in vivo assay

G. tsugae A. blazei P. cocos A. camphorate
Cell culture models
RBL-2H3 mast cellline NS NS NS
BALB/c primary TIL-2 TIL-2 T1L-2 T1L-2
splenocytes J1L-4 LIL-4 JIL-4
"OVA-SpecificThl cells ~ flL-2 VIFNy L2 VIFNy
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, WENy RNy
_OVA-SpecificTh2cells NS L as L4 as L4 as
OVA-Specific T cell  TFNy J IFNy | TIFNy 1IL-2 ~ | IFNy
differentiation J IL-4,1L-5 J IL-4, IL-5 yIL-4,IL-5 J IL-4, IL-5
OVA-sensitized and challenged BALB/c mice
BALF VEO0% | E0% L EO0% No
JIL-5 J IL-5 JIL-5 investigation
Histamine (NS) Histamine (NS) Histamine (NS)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Vprotein  Aprotein _ dprotein
Splenocytes Thl: NS Thl: NS Th1:1IFNy No
Th2: NS Th2: | IL-4, 5 Th2: | IL-4, 5 investigation

1 The symbol | ” means decreased, “ 1 ” means increased, NS means not significantly different and EO% indicated that the

percentage of eosinophil in BALF.
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