
lsevier.com/locate/lifescie
Life Sciences 78 (200
Ganoderma lucidum polysaccharides peptide inhibits the growth of vascular

endothelial cell and the induction of VEGF in human lung cancer cell
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Abstract

Ganoderma lucidum Polysaccharide Peptide (Gl-PP) has shown some effects as anti-tumors in mice and potential anti-angiogenesis. In this

study, we elucidated the possible mechanism of Gl-PP action on anti-angiogenesis of tumor. Our research indicated that the proliferation of

HUVECs was inhibited by Gl-PP in a dose-dependent fashion, but not because of cytotoxicity. Flow cytometric studies revealed that Gl-PP

treatment of HUVECs could induce cell apoptosis directly. Moreover, addition of Gl-PP also led to a reduction of Bcl-2 anti-apoptotic protein

expression and an increase of Bax pro-apoptotic protein expression of HUVECs. Therefore, inducing cell apoptosis by Gl-PP might be the

mechanism of inhibiting HUVEC proliferation. Human lung carcinoma cells PG when exposed to high dose of Gl-PP in hypoxia for 18 h resulted

in a decrease in the secreted VEGF. Taken together, these findings support the hypothesis that the key attribute of the anti-angiogenic potential of

Gl-PP is that it may directly inhibit vascular endothelial cell proliferation or indirectly decrease growth factor expression of tumor cells.

D 2005 Elsevier Inc. All rights reserved.
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Introduction

Angiogenesis, the formation of new blood vessels from

preexisting ones, is necessary for the growth, progression and

metastasis of solid tumors (Folkman, 1971, 1990; Hanahan and

Folkman, 1996). In turn, tumor cells can secrete a variety of

angiogenic factors, such as basic fibroblast growth factor

(bFGF) and vascular endothelial growth factor (VEGF), which

can stimulate angiogenesis as well (Hanahan and Folkman,

1996; Kerbel, 1991; Kerbel et al., 1998; Rak et al., 2002).

Ganoderma lucidum (Leyss, ex Fr.) Karst (Gl) has been

widely used as medicine to promote health and longevity in

China for thousands of years. The most attractive property of

Gl is its anti-tumor effect (Xia et al., 1989; Liey et al., 1992;

Wang et al., 1997; Zhang and Lin, 1999; Hu and Lin, 1999;

Sliva et al., 2002; Liu et al., 2002; Lin et al., 2003a; Chen et al.,

2004; Jiang et al., 2004; Gao et al., 2005), which has been

demonstrated to be mainly associated with its polysaccharides
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fraction by mediating immune system mechanisms (Xia et al.,

1989; Liey et al., 1992; Wang et al., 1997; Zhang and Lin,

1999; Hu and Lin, 1999; Sliva et al., 2002; Chen et al., 2004).

Gl-PP has also been shown to possess anti-angiogenic property

by our research group, and anti-angiogenesis might be a new

mechanism for anti-tumor effect of Gl-PP (Cao and Lin, 2004).

However, the mechanism of Gl-PP on anti-angiogenesis

remains to be determined.

Since vascular endothelial cell plays a key role in angio-

genesis, we have chosen it for studying the anti-angiogenic

mechanisms of G. lucidum Polysaccharides Peptide (Gl-PP) in

vitro. Results from our laboratory showed that Gl-PP could

inhibit the proliferation of vascular endothelial cells, but

without cytotoxicity. Since the presence of Gl-PP in vascular

endothelial cell culture affects cell proliferation, we want to

know whether the vascular endothelial cells are undergoing

programmed cell death. Our studies show that Gl-PP-treated

HUVECs shifted in annexin V-FITC/PI-labeling increase by

flow cytometry after about 48 h. In addition, increasing

evidence suggests that Bcl-2 family proteins play a central

role in cell apoptosis. Bcl-2 and Bax are the two prototype

members of this large family of proteins, Western blotting
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revealed a reduction in Bcl-2 anti-apoptotic protein expression

and an increase of Bax pro-apoptotic protein expression in Gl-

PP-treated HUVECs. All of this suggests that Gl-PP can induce

cell apoptosis of HUVEC.

On the other hand, Gl-PP has no distinct effect on tumor cell

proliferation (Wang et al., 1997; Zhang and Lin, 1999; Sliva et

al., 2002; Cao and Lin, 2004), demonstrated by the experiment

in which we investigated the inhibitory effect of Gl-PP on the

secretion of a primary angiogenic cytokine VEGF by human

lung carcinoma cells.

Together, these results suggest that Gl-PP has an anti-

angiogenic effect on tumor, which takes effect by directly

inducing vascular endothelial cell apoptosis or indirectly

inhibiting growth factors secretion and expression in tumor

cells.

Materials and methods

Gl-PP extracted from G. lucidum

G. lucidum Polysaccharides (Gl-PP) were isolated by

extracting the fruiting body of G. lucidum (Leyss. ex Fr.)

Karst (Gl) with boiling water. The content of Gl-PP in the G.

lucidum is 2.33%. It is a polysaccharide peptide with a

molecular weight of 512,500, and the ratio of polysaccharides

to peptide is 94.84%:5.16%. The polysaccharides consist of d-

rhamnose, d-xylose, d-fructose, d-galactose and d-glucose

linked together by h-glycosidic linkages with molar ratios of

0.549 :3.614 :3.167 :0.556 :6.89 (Lin et al., 2003b). It is a

hazel-colored water soluble powder, kindly provided by

Fuzhou Institute of Green Valley Bio-Pharm Technology.

Human umbilical cord vascular endothelial cell (HUVEC)

culture and identify

Human umbilical cords were obtained from Beijing Woman

and child health care hospital, with permission from the Ethical

Society. HUVEC was isolated using the method of Jaffe et al.

(1973). The HUVECs detached by 0.1% type I collagenase

(Gibco) were resuspended in complete DMEM with 20% new

born calf serum (BCS), 50 Ag ml�1 ECGS (Endothelial Cell

Growth Supplement), 40 u ml�1 heparin sulfate, 0.4 u ml�1
HUVEC 100× 
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Fig. 1. (A) Morphology of cultured HUVEC. (B) Immunofluorescence staining of h
Insulin, 100 Ag ml�1 streptomycin sulfate, and 100 U ml�1

penicillin. The cell suspension was then seeded on gelatin-

coated culture plates (6-well culture plates, Costa, America) at

a density of 40,000 cells ml�1 and incubated under 5% CO2 at

37 -C. Cultures were fed with fresh medium every 48 h. The

typical cobblestone morphology was observed using an

inverted microscope (OLYMPUS). Immunofluorescence stain-

ing of human VIII factor (specially expressed in vascular

endothelial cell) was visualized using Laser confocus scanning

microscopy.

HUVEC proliferation assay

HUVEC were harvested using 0.05% trypsin–0.02%

EDTA solution. Cells were suspended (40,000 cells ml�1)

in DMEM with 20% BCS, plated onto gelatinized 96-well

culture plates (0.1 ml/well), and incubated at 37 -C, 5% CO2

for 24 h. The media were replaced with 0.1 ml of DMEM

with 5% BCS and incubated for 24, 48 and 72 h, or with the

addition of (1, 10, 100 Ag ml�1 Gl-PP) incubated for 48 h at

37 -C, 5% CO2. Cell proliferation was determined using MTT

assay (Carmichael et al., 1987).

Cytotoxicity assays

The cytotoxicity of Gl-PP was determined by the lactate

dehydrogenase (LDH) assay which measures the activity of

LDH released into the medium from dead cells as a result of

cytotoxicity. Cell-free culture supernatants from Gl-PP (0, 10,

100 Ag ml�1 Gl-PP) treated HUVECs were collected and then

measured using LDH assay.

Flow cytometry of HUVEC stained with Annexin V-FITC/PI

Annexin V, a calcium-dependent phospholipids-binding

protein with a high affinity for phosphatidylserine, was used

to detect cell apoptosis. 200,000 cells were plated onto

gelatinized culture flask in DMEM containing 20% BSC, and

incubated at 37 -C, 5% CO2 for 24 h. The media was

replaced with 1 ml of DMEM with 5% BCS and the 1, 10,

100 Ag ml�1 Gl-PP, and incubated at 37 -C, 5% CO2 for 48

h. Cells were harvested, washed with PBS and resuspended in
40.00 µm

uman VIII factor (specially expressed in vascular endothelial cell) in HUVEC.
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Fig. 3. Inhibition of HUVEC proliferation by Gl-PP in vitro. Gl-PP was applied

to HUVEC in a 48 h proliferation assay. Proliferation ratio (%) indicates the

cell proliferation rate in different dose Gl-PP medium compared with DMEM

when cell numbers are considered as 100%. Each bar represents the meanTSD.

n =6, **P <0.01 vs DMEM.
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binding buffer (10 mM HEPES/NaOH, pH7.4, 140 mM

NaCl, 2.5 mM CaCl2). 10 Al of Annexin V-FITC and 5 Al of
PI were added to each sample and the cells were incubated in

the dark for 15 min, then resuspended in 300 Al of binding

buffer before flow cytometric analysis. In each sample, a

minimum of 10,000 cells were counted and stored in list

mode. Data analysis was performed using standard Cell Quest

software (Becton-Dickinson).

Western blot analysis

HUVEC treated with Gl-PP for 48 h were harvested and

washed three times with PBS, and resuspended in 50

Al lysis buffer (50 mM Tris–HCl, pH 7.4, 150 mM NaCl,

5 mM MgCl2, 1 mM EDTA, 1% Triton-100, 0.1% SDS, 1

mM PMSF). After centrifugation, the supernatant was

collected and the protein contents were determined using

Bradford reagent. Electrophoresis was performed on 12%

SDS-PAGE, and with a loading of 60 Ag protein in each

lane. After transferring to a nitrocellulose membrane,

membranes were subsequently preblocked in TBS contain-

ing 5% nonfat milk power and then incubated with Rabbit

polyclonal anti-Bcl-2 antibody, or mouse monoclonal anti-

Bax antibody 1 :100 (Santa Cruz Biotechnology, Inc). The

bands were visualized using a secondary HRP-coupled anti-

rabbit or anti-mouse (1 : 2000) antibodies (Santa Cruz

Biotechnology, Inc) and ECL-detection system (Santa Cruz

Biotechnology, Inc).

VEGF secretion in cancer cell

PG lung carcinoma cells were grown in 24 well plates in

complete medium and incubated at 37 -C, 5% CO2 for 24 h.

The medium was replaced with RPMI-1640 with 5% FCS and

the 0, 2, 20, 200 Ag ml�1 Gl-PP, and incubated at 37 -C, 95%
N2/5% CO2 for 18 h in hypoxia. Conditioned media were

analyzed for VEGF protein content by an ELISA kit as per

manufacturer’s instructions (Jingmei Biotech).
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Fig. 2. The growth curve of HUVECs in DMEM with 5% BCS. Proliferation

ratio (%) indicates the cell proliferation rate at other times compared with at 24

h when cell numbers are considered as 100%. n =4, results are shown as

meanTSD, **P <0.01 vs 24 h.
Statistical analysis

Statisitical significance was determined by one-way

ANOVA using the computer SPSS (10.0) statistic package. P

values below 0.05 were considered significant.

Results

HUVEC culture and identification

Cells were verified as endothelial by morphology and the

presence of human VIII factor (also called Von Willebrand

factor). Typical cobblestone morphology of cultured HUVEC

is observed under microscopy (Fig. 1A), and human VIII factor

was positive in culture HUVEC using immunofluorescence

staining (Fig. 1B).

HUVEC growth curve

The third passage HUVECs were incubated in DMEM with

5% BCS for 24, 48 and 72 h, the cell proliferation result is

shown in Fig. 2.

Effect of Gl-PP on the proliferation of HUVECs

Cells were incubated with different concentrations of Gl-PP

(1, 10, 100 Ag ml�1) for 48 h. As shown in Fig. 3, Gl-PP at 1,
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Fig. 4. LDH activity of released HUVEC treated with Gl-PP for 48 h. Each bar

represents the meanTSD, n =4.



Fig. 5. HUVECs apoptosis induced byGl-PP. Flow cytometry was carried out to quantify the percentage of HUVECs, after undergoing apoptosis treated withGl-PP (1,

10, 100 Ag ml�1) for 48 h, DMEM were used as control. Cells were stained with Annexin V-FITC/PI, gating was performed to analyze Annexin V-FITC/PI positive.

Density plots were produced and analyzed using the Cell Quest software package of a FACScan flow cytometer. FL1-H: FITC conjugated Annexin V; FL2-H: PI.
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Fig. 6. Protein expression of Bcl-2 in HUVEC treated with Gl-PP for 48 h. The

third passage HUVEC were incubated with Gl-PP at a concentration of 0, 10,

100 Ag ml�1 for 48 h. 5% DMEM medium were used as control. Total protein

was extracted and Bcl-2 expression was analyzed by Western blot. Molecular

weight of Bcl-2 is 28 kDa. Each bar represents the meanTSD. n =3, *P <0.05

vs DMEM.
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10, 100 Ag ml�1 inhibited the proliferation of HUVECs in a

dose-dependent fashion.

Influence of Gl-PP on LDH release from HUVEC

The cytotoxic potential of Gl-PP was determined by

measuring the activity of LDH released into the medium from

dead cells as a result of cytotoxicity. Cell-free culture super-

natants from Gl-PP (0, 10, 100 Ag ml�1) treated HUVECs for

48 h were measured, and no significant difference was

observed among them about the activity of LDH (Fig. 4).

HUVECs apoptosis induced by Gl-PP

Fig. 5 shows annexin V-FITC staining in conjunction with

PI staining in HUVECs treated for 48 h with different

concentrations of Gl-PP. Gl-PP at 10, 100 Ag ml�1 showed a

distinct shift in annexin fluorescence intensity. The mean

fluorescence intensity is significantly different between control

and Gl-PP (*P <0.05, **P <0.01 vs DMEM).

Gl-PP regulation of Bcl-2 protein level in HUVEC

Being the apoptosis inhibitor Bcl-2 protein was highly

expressed in HUVEC. Two concentrations of Gl-PP (10, 100
Ag ml�1) had potential effects in decreasing the expression of

apoptosis inhibiting protein Bcl-2 compared with DMEM

control, 100 Ag ml�1 Gl-PP decreased the Bcl-2 protein levels

significantly (P <0.05, Fig. 6).
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Fig. 7. Bax expression in HUVEC treated with Gl-PP for 48 h. The third

passage HUVEC were incubated with Gl-PP at a concentration of 10, 100 Ag
ml�1 for 48 h, 5% DMEM medium were used as control. Total protein was

extracted. And Bax expression of Bax was analyzed using Western blot.

Molecular weight of Bax is 23 kDa. Each bar represents the meanTSD. n =3,

*P <0.05 vs DMEM.

Table 1

Effect of Gl-PP on VEGF expression in culture supernatants of PG cell in

hypoxia

Gl-PP dose (Ag ml�1) VEGF (pg/ml) of PG in hypoxia

0 258.68T2.348

20 256.37T3.653
200 239.99T2.935**

n =3, meanTSD; **P <0.01 vs control.
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Gl-PP regulation of Bax protein level in HUVEC

Bax is the apoptosis promoter. Two concentrations of Gl-PP

(10, 100 Ag ml�1) increased the expression of apoptosis

inducing protein Bax compared with DMEM control (Fig. 7).

VEGF secretion by cancer cells

PG human lung carcinoma cells secrete VEGF in hypoxia.

Different concentrations of Gl-PP were used to treat PG

human lung carcinoma cells for 18 h in hypoxia, and 200 Ag
ml�1 Gl-PP decreased the secreted VEGF content signifi-

cantly (Table 1).

Discussion

Many researchers have shown that Gl possesses anti-tumor

activity. Possible mechanisms include enhancing immune

function (Xia et al., 1989; Zhang and Lin, 1999; Hu and Lin,

1999; Sliva et al., 2002), induction of differentiation (Liey et

al., 1992), etc. Recent studies revealed that Gl also had a

potential effect of anti-angiogenesis which might be one of the

important mechanisms on anti-tumor (Miura et al., 2002;

Kimura et al., 2002; Cao and Lin, 2004).

Angiogenesis depends on several aspects such that the

endothelial cells must proliferate to provide the necessary

number of cells for the growing vessels, and the cells need to

be capable of migration, etc. Due to the key role vascular

endothelial cell plays in angiogenesis, we decided to explore

the effect of Gl-PP on HUVEC.

HUVEC proliferation assay results showed that Gl-PP

directly inhibited HUVEC cell proliferation in vitro. However,

the mechanism of Gl-PP inhibitory effect on HUVECs is

unclear, which could be the cytotoxicity effect? The cytotoxic

potential was determined by measuring the activity of LDH

released into the medium from dead cells (Sepp et al., 1996;
Repetto et al., 2001). The results indicated that there was no

significant difference in LDH activity between Gl-PP treated

cells and control.

Because the presence of Gl-PP in HUVECs culture affects

proliferation, we asked whether the endothelial cells are

undergoing programmed cell death. After initiation of apopto-

sis, most cell types translocate the membrane phospholipids

(PS) from the inner surface of the plasma membrane to the

outside (Koopman et al., 1994; Zhang et al., 1997; Van-

Engeland et al., 1998). PS can be detected by staining with an

FITC conjugate of annexin V, 38-kDa protein that binds PS.

Since HUVEC exposure time in Gl-PP was long (48 h), in

addition to positive membrane staining with annexin V, most of

the cells were also positive for annexin Vand PI (Fig. 5), which

indicated a more advanced stage of apoptosis. In addition,

recent advances in the study of signaling pathways involved in

apoptotic cell death have begun to elucidate the relationship

between caspases, Bcl-2 family members, and mitochondria.

Increasing evidence suggests that the Bcl-2 family proteins

play a central role in regulating cell death. Bcl-2 and Bax are

the two main members of this large family of proteins. Bcl-2

can prevent programmed cell death in response to numerous

stimuli (Cho and Kim, 1998; Allen et al., 1998). Conversely,

pro-apoptotic proteins such as Bax can accelerate cell

apoptosis, and, in some cases, they are sufficient to cause

apoptosis independent of additional signals (Allen et al., 1998).

We investigated the whole cell extract of Gl-PP-treated

HUVECs and the control, the results showed that Gl-PP

reduced Bcl-2 expression and increased Bax expression in

HUVEC. These findings suggest that Gl-PP induces apoptosis

of HUVECs, which could be the cause for inhibiting

endothelial cell proliferation.

There are two classes of angiogenesis inhibitors — Fdirect_
and Findirect_. Direct angiogenesis inhibitors prevent vascular

endothelial cells from proliferating, migrating or responding to

a spectrum of pro-angiogenic proteins (Kerbel, 1991). Indirect

angiogenesis inhibitors generally prevent the expression of or

block the activity of a protein that activates angiogenesis, or

block the expression of its receptor on endothelial cells. Many

of these tumor-related proteins are the products of oncogenes

that drive and activate the angiogenic switch (Kerbel et al.,

1998; Rak et al., 2002).

Research has shown that VEGF is expressed in many types

of solid tumors (Ramakrishnan et al., 2000; Karth et al., 2000;

Wong et al., 2003; Koukourakis et al., 2004), generally

mediated by transcriptional activator known as hypoxia

inducible factor 1 (HIF-1) in carcinoma (Forsythe et al.,
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1996; Karth et al., 2000; Laughner et al., 2001; Wong et al.,

2003). In hypoxia, VEGF expression could be induced. VEGF

plays a key role in angiogenesis progression (Brown et al.,

1997; Veikkola et al., 1999; Zimmermann et al., 2001). Our

studies suggested that Gl-PP not only showed inhibitory effect

on vascular cell proliferation, but also exerted an inhibitory

action on the secretion of VEGF by human lung carcinoma

cells in hypoxia (Table 1).

In summary, the anti-angiogenic activity of Gl-PP is

achieved through directly inhibiting vascular endothelial cells

proliferation or indirectly decreasing growth factor secretion of

tumor cells.

Acknowledgments

The authors thank Professor Shuqian Lin in Fuzhou

Institute of Green Valley Bio-Pharm Technology for providing

the Gl-PP.

References

Allen, R.T., Cluck, M.W., Agrawal, D.K., 1998. Mechanisms controlling

cellular suicide: role of Bcl-2 and caspases. Cellular and Molecular Life

Sciences 54 (5), 427–445.

Brown, L.F., Detmar, M., Claffey, K., Nagy, J.A., Feng, D., Dvorak,

A.M., Dvorak, H.F., 1997. Vascular permeability factor/vascular

endothelial growth factor: a multifunctional angiogenic cytokine. EXS

79, 233–269.

Cao, Q.Z., Lin, Z.B., 2004. Antitumor and anti-angiogenic activity of

Ganoderma lucidum polysaccharides peptide. Acta Pharmacology Sinnica

25 (6), 833–838.

Carmichael, J., DeGraff, W.G., Gazdar, A.F., Minna, J.D., Mitchell, J.B.,

1987. Evaluation of a tetrazolium-based semiautomated colorimetric

assay: assessment of chemosensitivity testing. Cancer Research 47,

936–942.

Chen, H.S., Tsai, Y.F., Lin, S., Lin, C.C., Khoo, K.H., Lin, C.H., Wong, C.H.,

2004. Studies on the immuno-modulating and anti-tumor activities of

Ganoderma lucidum (Reishi) polysaccharides. Bioorganic & Medicinal

Chemistry 12 (21), 5595–5601.

Cho, J.H., Kim, W.H., 1998. Altered topographic expression of p21WAF1/-

CIP1/SDI1, bcl2 and p53 during gastric carcinogenesis. Pathology,

Research and Practice 194 (5), 309–317.

Folkman, J., 1971. Tumor angiogenesis: therapeutic implications. New England

Journal of Medicine 285, 1182–1186.

Folkman, J., 1990. What is the evidence that tumors are angiogenesis

dependent? Journal of the National Cancer Institute 82, 4–6.

Forsythe, J.A., Jiang, B.H., Iyer, N.V., Agani, F., Leung, S.W., Koos, R.D.,

Semenza, G.L., 1996. Activation of vascular endothelial growth factor gene

transcription by hypoxia-inducible factor 1. Molecular and Cellular Biology

16 (9), 4604–4613 (J.A).

Gao, Y., Gao, H., Chan, E., Tang, W., Xu, A., Yang, H., Huang, M., Lan, J.,

Li, X., Duan, W., Xu, C., Zhou, S., 2005. Antitumor activity and

underlying mechanisms of Ganopoly, the refined polysaccharides extracted

from Ganoderma lucidum, in mice. Immunological Investigations 34 (2),

171–198.

Hanahan, D., Folkman, J., 1996. Patterns and emerging mechanisms of the

angiogenic switch during tumorigenesis. Cell 86, 353–364.

Hu, Y.H., Lin, Z.B., 1999. Effects of polysaccharides isolated from mycelia of

Ganoderma lucidum on HL-60 cell apoptosis. Acta Pharmacology Sinica

34, 264–268.

Jaffe, E.A., Nachman, R.L., Becker, C.G., Minick, C.R., 1973. Culture of

human endothelial cells derived from umbilical veins, identification by

morphologic and immunologic criteria. Journal of Clinical Investigation 52,

2745–2756.
Jiang, J., Slivova, V., Harvey, K., Valachovicova, T., Sliva, D., 2004.

Ganoderma lucidum suppresses growth of breast cancer cells through the

inhibition of Akt/NF-kappaB signaling. Nutrition and Cancer 49 (2), 209–

216.

Karth, J., Ferrer, F.A., Perlman, E., Hanrahan, C., Simons, J.W., Gearhart, J.P.,

Rodriguez, R., 2000. Coexpression of hypoxia-inducible factor 1-alpha and

vascular endothelial growth factor in Wilms’ tumor. Journal of Pediatric

Surgery 35, 1749–1753.

Kerbel, R.S., 1991. Inhibition of tumor angiogenesis as a strategy to circumvent

acquired resistance to anticancer therapeutic agents. Bioassays 13, 31–36.

Kerbel, R.S., Viloria-Petit, A., Okada, F., Rak, J., 1998. Establishing a link

between oncogenes and tumor angiogenesis. Molecular Medicine 4, 286–

295.

Kimura, Y., Taniguchi, M., Baba, K., 2002. Antitumor and antimetastatic

effects on liver of triterpenoid fractions of Ganoderma lucidum: mechanism

of action and isolation of an active substance. Anticancer Research 22,

3309–3318.

Koopman, G., Reutelingsperger, C.P., Kuijten, G.A., Keehnen, R.M., Pals, S.T.,

van-Oers, M.H., 1994. Annexin V for flow cytometric detection of

phosphatidylserine expression on B cells undergoing apoptosis. Blood 84

(5), 1415–1420.

Koukourakis, M.I., Papazoglou, D., Giatromanolaki, A., Bougioukas, G.,

Maltezos, E., Siviridis, E., 2004. VEGF gene sequence variation defines

VEGF gene expression status and angiogenic activity in non-small cell lung

cancer. Lung Cancer 46, 293–298.

Laughner, E., Taghavi, P., Chiles, K., Mahon, P.C., Semenza, G.L., 2001.

HER2 (neu) signaling increases the rate of hypoxia-inducible factor 1 alpha

(HIF-1 alpha) synthesis: novel mechanism for HIF-1-mediated vascular

endothelial growth factor expression. Molecular and Cellular Biology 21,

3995–4004.

Liey, C.W., Lee, S.S., Wang, S.Y., 1992. The effect of Ganoderma lucidum on

induction of differentiation in leukemic U937 cells. Anticancer Research

12, 1211–1215.

Lin, S.B., Li, C.H., Lee, S.S., Kan, L.S., 2003a. Triterpene-enriched extracts

from Ganoderma lucidum inhibit growth of hepatoma cells via suppressing

protein kinase C, activating mitogen-activated protein kinases and G2-phase

cell cycle arrest. Life Sciences 72 (21), 2381–2390.

Lin, S.Q., Wang, S.Z., Lin, Z.B., Lin, Y.X., 2003b. Isolation and identification

of active components of Ganoderma lucidum cultivated with grass and

wood log. Extraction, purification and characterization of glycopeptide.

Chinese Traditional and Herbal Drugs 34, 872–874.

Liu, X., Yuan, J.P., Chung, C.K., Chen, X.J., 2002. Antitumor activity of the

sporoderm-broken germinating spores of Ganoderma lucidum. Cancer

Letters 182, 155–161.

Miura, T., Yuan, L., Sun, B., Fujii, H., Yoshida, M., Wakame, K., Kosuna, K.,

2002. Isoflavone aglycon produced by culture of soybean extracts with

basidiomycetes and its anti-angiogenic activity. Bioscience, Biotechnology,

and Biochemistry 66, 2626–2631.

Rak, J., Yu, J.L., Kerbel, R.S., Coomber, B.L., 2002. What do ancogenic

mutations have to do with angiogenesis/vascular dependence of tumors?

Cancer Research 62, 1931–1934.

Ramakrishnan, R., Jason, A., Malavé, A., Rathinavelu, A., 2000.
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