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Nitric Oxide, TNF-&¢ and TGF-f Formation of Rat Kupffer Cell Activated by the B-Glucan
from Ganoderma lucidum. Han, Man-Deuk*, June-Woo Lee', Hoon Jeong', Yong-Seok Kim',
Su-Jung Ra, and Kyung-Ha Yoon’. Department of Dental Hygiene, Kim-cheon College, Kim-
cheon 740-200, Korea, 'Biotechnology Lab, Il Yang Pharm. Co.. Ltd., Kyunggi 449-900, Korea,
*Division of Life Science, Soonchunhyang University, Asan 347-400, Korea —Ganoderan (GAN),
an immunomodulating B-glucan from mushroom Ganoderma lucidum, was evaluated for its ability to
induce formation of nitric oxide (NO), tumor necrosis factor-oo (TNF-ot) and transforming growth factor
(TGF-B) from rat Kupffer cell in vifro. Hepatic macrophages activated by GAN significantly elevated
concentration of NO and TNF-a in cultured medium, but not significantly elevated that of TGEF-f.
GAN-activated Kupffer cells secrete 14.9 pM (p<0.01) of NO and 2619.5 pg/ml (p<0.01) of TNF-o. after
36 hr of incubation at 37CC. The results revealed that GAN enhanced 4-fold production of NO and 19
fold formation of TNF-o¢ compared to the control. The proliferation of GAN-activated Kupffer cells
was inhibited as compared with its negative control. Comparing the activity among glucans derived
from microorganisms, highly branched zymosan, glucomannan from Saccharomyces cerevisiae, signifi-
cantly increased TNF-o. and NO production. These results indicate that the B-glucan from G. lucidum
activates rat Kupffer cell and secretes NO and TNF-o. It also suggest that rat Kupffer cell posses cer-
tain receptor for B-anomeric glucan.
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Fig. 1. Gel filtration patterns of ganoderan (GAN). The
GAN was obtained from the mycelium of G. lucidum by al-
kali extraction method.
The volume of each fraction was 2 ml. The elutes were checked
by measuring absorbance at 490 nm after phenol-sulfuric acid
reaction for carbohydrates.
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Fig. 2. Nitric oxide secretion of Kupffer cells activated by
stimuli. GAN was obtained by alkali extraction method from
the mycelium of G. lucidum.

Kupffer cells(4 X 10° cells/ml) were cultured for 36 h in RPMI
1640 with 25 (dark bar) or 5 pg/ml (blank bar) of glucans, 101U/
ml (dark bar) or 11U/ml (blank bar) of IFN-y and 1 ug (dark bar)
or 0.1 ug/ml (blank bar) of LPS, respectively. The supernatants
were collected and assayed for nitrite production. Each bar
represents the mean+S.E of two independent experiments done
in triplicate. The significance of differences as compared with
the control. *P<0.01. Abbs: GAN; ganoderan, [FN-y, mouse in-
terferon gamma, LPS: lipopolysaccharide (E. coli 011: 4B).
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Fig. 3. Nitric oxide formation of Kupffer cell on GAN con-
centration. Kupffer cells (4x 10° cells/ml) were cultured for
36 h in RPMI 1640 with GAN from 0 pg/ml to 100 pg/ml.

The supernatants were collected and assayed for nitrite pro-
duction. Each closed circle represents the mean=+S. E.
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Fig. 4. TNF-a secretion of Kupffer cell activated by stimuli.
Kupffer cells (4% 10° cells/ml) were cultured for 36 h in RPMI
1640 with 25 (dark bar) or 5pg/ml (blank bar) of po-
lysaccharides, 10 IU/m! (dark bar) or 1 IU/ml (blank bar) of IFN-
v and 1 pig (dark bar) or 0.1 ug/ml (blank bar) of LPS, respec-
tively. TNF-o. concentration was measured by ELISA kit. Each
bar represents the mean+S.E of two independent experiments
done in triplicate. The significance of differences as compared
with the control. *P<0.01. **P<0.05.
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Fig. 5. TNF-a. secretion of Kupffer cell on the GAN concen-
tration.

Kupffer cells (4% 10° cells/ml) were cultured for 36 h in RPMI
1640 with GAN from 0 pg/ml to 100 pug/ml. The supernatants
were collected and assayed for TNF-o production. Each closed
circle represents the mean+S.E. of two independent experi-
ments done in duplicate.
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Fig. 6. TGF- concentration in the culture of Kupffer cells
activated by stimuli.

Kupffer cells (4% 10° cells/ml) were cultured for 36 h in RPMI
1640 with 25 (dark bar) or 5 pg/ml (blank bar) of glucans, 10
IU/ml (dark bar) or 1 IU/ml (blank bar) of IFN-y and 1 pg (dark
bar) or 0.1 pg/ml(blank bar) of LPS, respectively. TGF-§ con-
centration was measured by ELISA. Each bar represents the
mean+S.E of two independent experiments done in triplicate.
The significance of differences as compared with the control, *P
<0.01. **P<0.05.

w2 #u)E TGF-BS oF& Fig. 63 #eo] di=
(medium only)°lAl+= 2194.6 pg/mle] TGF-B7} &A
9o}, GAN(25 pg/mD o2 A" Axe 1711.0
pg/mlo] A= $A HxF R} ¢ 12% FH4astsich
LPS+= izl vls A9 A% TGF-BAAS B3>
] IFN-y& 10 IU/mlellA& 1705.6 pg/mlo 2 2T
B} oF 13%9] FE7b F4dg o} 1 IU/mldAE o
273 2 zo]E wolx] sk} SigmaAle] B-glucan
(from Pleurotus ostreatus)< 25 ug/mle] FxellA 1439.6
pg/mle] TGF-BE A3t} aleba] Kupffer cell
TGF-B AL AF=9 7 Wt 183 F=d o
g} Apo| 7} e A2 veligch

Kupffer cell growth &3

o] AFEZ BA33kE Kupffer celld] AE2FA A
=5 #Fldb] s 36417 Bt vkt F MTT ¥
o2 2A33c} Kupffer cell®] AxFA1-L A 8E 7}
3}#] 942 2T (medium only)9] HAES 100%= 3}
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g 92%%ch. 53] LPSY 7% 32 oA AZF
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EA1-8 vehl#] 8= GANe] Kupffer cells 2153}
o] #8418 FAlsheE TNF-a ¥ N0 9alg #414]
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Fig. 7. Inhibition rate (%) of cell proliferation of Kupffer
cells upon the stimuli.

Kupffer cells (4 x 10° cells/ml) were cultured for 36 h in RPMI
1640 with 25 (dark bar) or 5 pg/ml (blank bar) of giucans, 10
TU/ml (dark bar) or 1 IU/ml (blank bar) of IFN-y and 1 pg (dark
bar) or 0.1 pg/mi(blank bar) of LPS, respectively. After 36 h cul-
ture, the cell proliferation was determined by MTT method.
Each bar represents the mean+S.E of two independent exper-
iments done in duplicate. Inhibition was calculated in the per-
centage of viability in the corresponding control cultures which
no stimuli had beeb added (100% viability). The significance of
differences as compared with the control, *P<0.01. **P<0.05.

2 A5z A o8 AR, olw Kupffer cell®] Z
Alo] A5lE]E= AL B-glucane] AlE Z2](proliferation)
Rrohe AlE E3H(differentiation)Z 22 FEA]7]& A
2% AlgEi

2 o

3ot 2 718 s Akgo] 9l A9 B-glucanXd t}dF
(GAN)¢F 2 71X vl A& el thd/-8 o435t 31F
2] Zhy Kupffer cell2 84471 F 4 4A(NO), £
ok¥|AbelAl-o( TNF-o) ¥ transforming growth factor-
B(TGF-B)e ¥AS FHalslsirk. GANZE #Adsie
Kupffer cell&- GAN9] =l 2]&4 22 NO2} TNF-
of YAt o, TGF-Bo] AL E2A1817] et
=, GAN3} &7 37°ColA 36417 54t viok=! Kupffer
cell& 14.9 pM(p<0.01)] NOSH 2619.5 pg/ml(p<0.01)
2] TNF-o& HAAA, TR} 4812 NO2} 1942
TNF-ag Z7HA7 . A 2832 Ahes o7/
7] 859 zymosan HA] A 02 F-2 Kupffer
cellZ3d-& Bct = o2 2ASE5 25 843
Kupffer celli= NO2} TNF-ao] Aol @& A$ dix=
ol v]3] FAle] FA3A Fgkor}, TGF-B2] A o]
wom FAle] FUlsksdrt. o]#3 AR Hol dx]e
B-glucan< ZH3(liver)®] AIAZ<] Kupffer cell S &
AEAA AR 4 9 TNF-a9 348 2249 &
o]t
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