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The inhibitory effect of edible fungi (mushroom) against gene expression of human
hepatitis B virus — an in vitro study
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Abstract

Fuling (Poria cocos,PC) is a traditional Chinese herb with mild adverse pharmacological effect. The gentle
physiological effect and multiple medical uses make PC become one of the most useful components in the prescriptions
of Chinese traditional medicines.

The crude extracts of PC have been found to stimulate the human peripheral blood mononuclear cells (PBMNC) to
secret many cytokines. The conditioned medium (CM) exerted the inhibitory activities to the expression of HbsAg in
Hep G2 cell line that is stably transfected with HBV DNA. The fractions which cool water extracting then precipitated
by ethanol were performed with series of separating procedures: cationic ionic exchange chromatography, anion ionic
exchange chromatography and gel filtration chromatography. The most active fraction that its CM can significantly
inhibit the expression of HbsAg in Hep G2 cell line was obtained. The relative expression of HbsAg in Hep G2 cell line
was about 43.3 % when the CM was stimulated with this fraction at 30 (ug/mL). However, it also exerted obvious
cytotoxicity to Hep G2 cells. This active fraction was assumed to be a neutral polysaccharide that the molecular weight
estimated about 160 kDa. By the same separating procedures, the other active fraction was obtained from the
supernatant of crude extract that cool water extracting then precipitated by ethanol. It assumed to be an anionic polymer

at about 28 kDa. The remarkably inhibitory activity to the expression of HbsAg in Hep G2 cell when cultured with the



CM of this polymer was observed. It reached to about 38.8 % when the CM was stimulated with this fraction.

Meanwhile, it exhibited no or little cytotoxicity to Hep G2 cell line when the CM stimulated with lower than 5 (ug/mL).
Both of the CM stimulated by this active fractions from pc exhibited large amount of IFN-y TNF-a and IL-1p, but the

profiles of cytokines secretion were different. Whether the other cytokines involved in the inhibitory activities of the

expression of HbsAg in Hep G2 cell need more study.

Cordyceps sinesis, Lentinus edodes , Ganoderma tsugae , Agaricus blazei Murill ~ Wolfiporia cocos

Gilbertson(Poria cocos) Flammulina vel utipes

B Poa icocos ( Kanayaawa /.

1986)
(Ukiyae t .a /2 OYaskawaK. et . al 9 M8, )

PBMNC( ) | FN-y TNF- a I Ld1B. (°

Chang JG. 1992 VYu S1996@)nd TsenhiWIFRIN- vy
Porciox os PBMNC condi t i

medi um Hep G2 ekBVYession Antrodia camphorata
polysaccharides anti-hepatitis B e antuinggetn.a/002)

Pol yporus umbell atus polysacch®8ricdesi ercshronic
serum HbeAg HBV D&A. a/ 198¥8aawi.ad 1994) Lentinan
B (Vur .a/ 1996) Poria cocos

PBMNC cytokines
He B2 HBV
Hep G2 HB¥Xxpression
B
CWEP CWES ( SEPHADEX-C-25 cationogoapédygdhange
peak Hep G2 HBV peak
( SEPHADEX- A-25 cation ion exchange cHhHromatography
CWEP (0-2 M NacCl/0.01 M phosphateCbhbi2bfeat pbin7i O) e
4 peaks 2 PBMNC conditioned medi um
CWEP-C25-BG- F1 3 - Hg/ mL) 200 (
HEP G2 HBV 57.3 % CWEP-C25-BG-F15anion ionSl
exchange (0-2 M NaCl/0.01 M phSEPHADEXb Af 2&rcap
ion exchange 4 4peaks PBMNC conditi onuemd med
CWEP- A25-BG- F1 CWEP- A25-A\MBEFF-4A25- AG-F4

100ug( mL) HEP G2 HBV56. 1 % MT T
5 FRACTI ONS

II



FRACTI ONS CWEP- A25-BG-F1 PBMNC ug 37 HL- 6 & | eukemi

peak - (g0 GmL ) GRE P
HBV 51.3 % MTT 6 CWEP- A
SEPHACRYL-S400 cgherlohotl a grad p oy 2 PE
7 PBMNC conditioned medi um 160
- 3Qg( mL) HEP G2 HBYV 4
8 MTT fractions 96. 4% carbo
content 2. 1% protein content
PC-PS 160kDa
PBMNCcytokines MTT
PBMNC fractions conditione
ELI SA Il FN-y TNF- a I L-1 160 kPpPm/ mir acti ons(
PBMNC conditioned meldFd NI-ny ( -
) (536226 pg/ mL ) TNF-a ) (1346
TNF- a hepatiBtwsrus (HBV)-speci fi
T lymphocytes (CTLs) et.@Ka80&p4pS. (976+=
65 pg/ mL ) (687154 pg/ mL )
(normal ) (control) PBMNC 16 0f rkaDcat i o n s- a(lpocn-ep)s
PHA (positive control)

CWES (0-2 M NacCl/0.01 M phosphate buddteiromHi &dn 08 x c h aS

4 peaks PBMNC conditioned FRedi um
- 509 /(mL) HEP G2 H
43.7 % 10 CWEP-C25-BG- F2 BEPKHADEKGgA -
(0-2 M NacCl/0.01 M phosphate DbuAf-f2e5r cpaH i70.n0 )i «
exchange 4 PEAKS 11 PBMNC m condi
CWES- A25- AG- F3 - (Mg/ mL) 15 GREP
HBV 48. 1% MT T 3
(Mg / mL) MTT 71.15 % 12 CWES- A25- AG- F3
SEPHACRYL-S200 gel filtration chromotogsraphy¥3
PBMNC conditioned medium 28 rlobne( 1
C,45 kDa egg al bumin 66 kDa abovi n rsetriuam ad bruvd n st
(R0.986)) fractions PC-P28 pghbm()
HEP G2 HBV % 38. 8 MTT 5 pg/ mL)
0 wg/ mL) MTT 74.76
14 FRACTI ONS conditionedELrMelA um

Il FN-y TNF-Lo- 18 28 kDa fract iSargd (ml ) PBMNC

I



conditioned medium I FN-y ( -

(1093+#81 pg/mL ) TNF-aa (1395498 pg/ mL
hepatiB ivsirus (HBV)-specific cytotoxic T
FN-vy TNF- a (Guiedtot ti |
al,1996l)L- 1 (534450 )pg/ mL
(25630 pg/ mL ) I L-18 TNFRFNhal pthBaVv
(Hamasalit. KI/992) cytokines (normal ) (control)
PBMNC 28 kDa fractions (PC-p28-alone)
(posi tbmerol) 1
28 Da fractions PBMNC
cytokines 5ug/ ml Hep G2 HBV
cytokines
fractions PE2BS PC- HEP G2 HBV PC-PS
PC- P28 HEB2 HBV
PC-PS Uu- 937 HL-60 (Yue-Yawn Chen

Hung- Min Chang 2003)

Guidotti LG. Ishikawa T. Hobbs MV. Matzke B. Schreiber R. Chisari FV. Intracellular inactivation of the hepatitis B
virus by cytotoxic T lymphocytes. Immunity. 4(1):25-36, 1996 Jan

Hamasaki K. Nakata K. Nakao K. Mitsuoka S. Tsutsumi T. Kato Y. Shima M. Ishii N. Tamaoki T. Nagataki S.
Interaction of interferon-alpha with interleukin-1 beta or tumor necrosis factor-alpha on hepatitis B virus enhancer

activity. Biochemical & Biophysical Research Communications. 183(2):904-9, 1992 Mar 16

Kanayama H. Adachi N. Fukai Y. Takeuchi I. Togami M. Studies on the antitumor active polysaccharides from the
mycelia of Poria cocos Wolf. III. Antitumor activity against mouse tumors. Journal of the Pharmaceutical Society of

Japan. 1986 Apr.  106(4):307-12,

Kasahara S. Ando K. Saito K. Sekikawa K. Ito H. Ishikawa T. Ohnishi H. Seishima M. Kakumu S. Moriwaki H. 2003
Lack of tumor necrosis factor alpha induces impaired proliferation of hepatitis B virus-specific cytotoxic T lymphocytes.

Journal of Virology. 2003  77(4):2469-76

Lee I.-Hung, Huang Ray-Ling , Chen Chi-Ting , Chen Hsiao-Chuan ,
Hsu Wen-Chi , Lu Mei-Kuang 2002 Antrodia camphorata polysaccharides exhibit anti-hepatitis B virus effects. FEMS
Microbiology Letters 2002 209  63-67.

Miao 1994 Miao ZQ, Tao BG, Ye JM. Observation on short-term therapeutic effect of interferon, Polyporus umbellatus
polysaccharide and thymosin D in treatment of chronic hepatitis B. Chinese Journal of Clinical Hepatology 1994;10(1):49-51.

v



Tseng J.and Chang JG 1992.Chinese Journal of Microbiology & Immunology. 1992 Feb. 25(1):1-11,
Yu SJ. Tseng J. 1996 International Journal of Immunopharmacology. 1996 Jan 18(1):37-44,

Ukiya M. Akihisa T. Tokuda H. Hirano M. Oshikubo M. Nobukuni Y. Kimura Y. Tai T. Kondo S. Nishino H. Inhibition of
tumor-promoting effects by poricoic acids G and H and other lanostane-type triterpenes and cytotoxic activity of poricoic acids A and

G from Poria cocos. Journal of Natural Products. 65(4):462-5, 2002

Wu 1996 Wu LK, Yu DH, Wang HL, Zhou JP, Li JL, Lv ZG. Effect of Lentinan injection on peripheral blood endoxin and
TNF in patients with chronic hepatitis B. Chinese Journal of Hepatology 1996;4(1):49-50.

Yan 1988 Yan SC, Cao WF, Zhang YH, Li LF, Yu CY, Zhu ZS, et al. Clinical and experimental research on Polyporus
umbellatus polysaccharide in treating chronic viral hepatitis. Chinese Journal of Integrated Traditional & Western

Medicine 1988;8(3):141-3.

Yasukawa K. Kaminaga T. Kitanaka S. Tai T. Nunoura Y. Natori S. Takido M. 3 beta-p-hydroxybenzoyldehydrotumulosic
acid from Poria cocos, and its anti-inflammatory effect. Phytochemistry. 48(8):1357-60, 1998

Yue-Yawn Chen and Hung-Min Chang. Antiproliferative and Differentiating Effects of Polysaccharide Fraction from
Fu-Ling (Poria cocos) on Human Leukemic U937 and HL-60 Cells Source. FOOD CHEM TOXICOL. (in press).
(SCI).



Fruit body of PC

v

Hot water
Cool water v
M HW
CwW
ethanol ethanol
A 4
lprecipitate supernatant precipitate l supernatant l
CWEP l CWES —l HWEP HWES
SEPHADEX-C-25 cation ion exchange SEPHADEX-C-25 cation ion
chromqtography exchange chromatography
ICWEP-C25-BG-F1 CWEP¢ C25-AG-F2 CWEi—CZS-BG-Fl l ¢
CWES-C25-AG-F3 ¢
ICWES-C25-BG-F2
SEPHADEX-A-25 anion ion exchange ¢
chromatography SEPHADEX-A-25 anion ion
¢ exchange chromatography
v ZL i v
CWEP-A25-AG-F
CWEP-A25-BG-R CWEP-A25-AG-F4) l l
ICWEP-A25-BG-F1] CWESA25-BGyF1
CWESA25-AG-F4
v CWESA25-AG-F3 CWESA25-BG-F2
SEPHACRYL-S400 gel
I SEPHACRYL-S200 gel
filtration ch&nmatography

filtration chromategraphy

' } ; I

50 kDa 47kDa 86 kDa

Fig.1. Isolation of immunomodulating fractions on anti-virus activities of hepatitis B virus

VI



— MM — A0m

12 06
20
0
10t ﬁ {5 105
S|
08 110 1 04
z
S S
S {05 é
06} { 103
(@) ) oC
< QN
< 40 <
041 102
02 01
00 Q0

0 10203040 D0 DV D I0NO0ID I3 140 150 180

Fadionrune

Fig.2 . Chromatograms of crude portions from PC on a Sephadex C-25 cation-exchange
chromatography. The polysaccharide content in each tube was determined by phenol-

sulfuric acid method
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Fig. 3. The relative HbsAg expression of Hep G2 after incubation with CWEP-C25-BG-F1

conditioned medium.
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Fig. 4. Chromatograms of crude portions from PC on Sephadex A-25 anion-exchange

chromatography. Polysaccharide content in each fraction was determined by

phenol-sulfuric acid method.
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Fig. 5. The relative HbsAg expression of Hep G2 after incubation with CWEP-A25-AG-F4
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MTT

Fig.6 . The relative HbsAg expression of Hep G2 after incubation with CWEP-A25-BG-F1 conditioned
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670kDa| 410kDa 150kDa

whe namper 9 13 17 21 25 29 33 37 41 45 49 53 57

Fig.7 . Chromatograms of CWEP-A25-BG-F1 fractions from PC on a Sephacryl-S400 gel permeation
chromatography. The polysaccharide content in each tube was determined by phenol- sulfuric acid
method

Dextrans at about 150 kDa, 410 kDa and 670 kDa were standard markers.
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Fig. 8. The relative HbsAg expression of Hep G2 after incubation with CWEP-A25-BG-F1-160 kDa

conditioned medium.
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Fig. 9. Chromatograms of crude portions from PC on a Sephadex C-25 cation-exchange
chromatography. The polysaccharide content in each tube was determined by phenol- sulfuric

acid method
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Fig. 10. The relative HbsAg expression of Hep G2 after incubated with CWES-C25-BG-F2 conditioned
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CWES-C25-BG-F2 on
Sephadex-A25-cationic ion exchange chromotogram
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Fig. 11. Chromatograms of crude portions from PC on a Sephadex A-25 cation-exchange
chromatography. The polysaccharide content in each tube was determined by phenol- sulfuric

acid method
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Fig.12. The relative HbsAg expression of Hep G2 after incubation with CWES-A25-AG-F3 conditioned

medium.
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CWEP-C25-AG-280-F2 on
Sephacryl-S200 gel filtration chromatogram
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Fig. 13. Chromatograms of CWES-A25-AG-F3 Fractions from PC on a SEPHACRYL-S200 gel filtration
chromotography. The polysaccharide content in each tube was determined by phenol- sulfuric
acid method. Standard marker: cytochrome C, 12.4kDa; egg albumin, 45 kDa; abovin serum

albumin, 66 kDa
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Fig. 14. The relative HbsAg expression of Hep G2 after incubation with CWES-A25-AG-F3-28 kDa

conditioned medium.
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