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Abstract

Ganoderma lucidum is used in East Asian countries for treatment of a variety of diseases such as hypertension, cardiovascular disease, hepatopathy, chronic hepatitis
and many cancers. Accumulating evidence has shown that Ganoderma lucidum has significant benefit for the prevention and treatment of different cancers, particularly
colorectal cancer. This review summarizes current Ganoderma lucidum research on colorectal cancer in clinical patient studies, animal model for examination, and

molecular mechanistic investigations.

Introduction

Colorectal cancer is the fourth most common cancer worldwide and
causes 50,000 deaths every year in the United States. About 1.2 million
people in the US have been previously diagnosed, and approximately
150,000 new cases are diagnosed each year [1-3]. Treatment for
colorectal patients depends on tumor location and diagnosis stages.
Surgery is the most common treatment in early stage. Chemotherapy
treatment, either alone or in combination with radiation therapy,
is often given to patients at late stages regardless of previous surgery
[1]. The chemotherapy agent 5-fluorical was first approved as colon
cancer treatment in 1995. Since then, there have been more options
for systematic treatment. However, large number of patients still have
recurrence after being treated for either the local or the advanced
colorectal cancer. Therefore, finding alternative approaches are
becoming more important for colorectal cancer patients [1,4].

Ganoderma lucidum has been widely used in China, Japan
and other East Asian countries for more than 2000 years. It is also
known as “Reishi” in Japan and “Ling Zhi” in China. The medicinal
usage of Ganodema lucidum includes promotion of vitality, debility,
hypertension, cardiovascular disease, bronchitis, arthritis [5-8]. Among
these medicinal functions, the antitumor activity of Ganoderma
lucidum has attracted special attention for its ability to inhibiting cell-
cycle arrest, inducing apoptosis and anti-mutagenesis [9-11].

This review provides an overview of Ganoderma lucidum on its
role in colorectal cancer prevention and treatment. The primary focus
of this review is on the observation of Ganoderma lucidum whole
extract inhibiting colorectal cancer. We also draw upon several studies
on colorectal cell lines including HCT116 cells and HT-29 cells. In the
study of molecular mechanism of how Ganoderma lucidum effects
colorectal cancer, identifying and extracting the active ingredient
is essential. Therefore, this review also includes the introduction of
major Ganderma lucidum active ingredients, and presents studies
which demonstrate the effect of purified ingredients on cancer
prevention responses, in particular polysaccharides and lanostaine-
type triterpentes.

Some studies of colorectal cancer treatment were performed using
a combination of Ganoderma lucidum and other nature products. Due
to the complexities of mixed herbs, these types of studies will not be
reviewed here.
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The active ingredients in Ganoderma lucidum

In the process of searching for active ingredients with anti-tumor
activity from Ganoderma lucidum, two major groups of compounds
were identified by several research laboratories. One group of
compounds is polysaccharide (GLP), which mainly contains glucan and
glyprotein. The other group is lanostaine-type triterpene, which mainly
contains ganoderic acid, ganoderic alcohol and their derivate [7,12,13].
The primary activity of polysaccharide is to activate macrophage,
neutrophil, dendritic cell, natural killer cell and lymphocytes [14-16].
The triterpene of Ganoderma lucidum is able to inhibit activities of
farnesyl protein transferase and 5a-reductase [17,18]. Besides these two
major compounds, sterol, lectin and some proteins have been shown to
contribute to the medicinal applications [19-22].

Polysaccharide was extracted from Ganoderma lucidum with
molecule weights ranging from 10 kDa to more than 20 kDa [23].
Polysaccharide plays a crucial role in Ganoderma lucidum bioactivities
of antioxidants and antitumorogenesis. It also improves the immune
response of the host, enhance the host’s defense system, and stimulate
interleukin-1 beta, TNFalpha, IL-6 of macrophage and interferon-
gama (IFN-y) from T-lymphpcytes [24,25].

The first triterpenoid ganoderic acid A was reported 30 years ago.
Since then, over 150 triterpenes were isolated including Ganoderic acid
D, Ganoderic acid T, Ganoderic acid DM, and Ganodermanontirol
[26]. Scientists have elucidated the orchestration of triterpenoid
biological process in many publications [27]. Although the number
of new triterpenoid identification is still growing, much attention has
been focused on the pharmacological effects of medicinal fractions.

The specificity and treatment of colorectal cancer

This review is about colorectal cancer treatment by Ganoderma
lucidum. We will first review the specificity for colorectal cancer to
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understand the fundamental mechanism of how colorectal cancer
originates. We will also review the available drugs and different
treatments in each stage of colorectal cancer.

Colorectal cancer, one of the leading cancers in developed
countries, cause up to 50,000 deaths every year in the United States.
Both genetic and diet factors play essential roles in its occurrence and
progression. Colorectal tumorigenesis progresses through several
stages from initiation to progression. The primary genetic mutation
leading to colorectal cancer is the APC pathway, which contributes
to approximately 95% of colorectal cancer [28]. Loss of APC function
leads to mutated epithelia cell expansion, giving rise to a small adenoma.
Several other pathways, including RAS/RAF pathway, p53 pathway,
drives tumor progression towards malignancy and metastasis [29].

Colorectal cancer initially starts from one or more generically
mutated cells. The mutation takes many years to evolve. In the process of
evolving, the development of colon cancer is highly affected by different
dietary factors which contact epithelial cells in colorectum. Dietary
components have ability to modify the development of this neoplastic
process. Some diet, such as fat, are believed to have an important role in
colorectal cancer [30]. A high incidence of colorectal cancer is almost
always reported in populations of a developed countries’ diet, such
as highly animal meat consumption, while vegetable and fiber diet
have the inverse result, due to their anticarcinogen functions, such as
inducing of detoxifying enzymes by folate and antioxidants, binding to
the luminal carcinogens, and fiber fermentation to produce protective
volatile fatty acids.

For different stages of colorectal cancer, the treatments are
different. At stage 0, colorectal cancer is found only in the innermost
lining of the colon. Surgery, including polypectomy to remove the
polyp or local excision through a colonoscopy is curative. At stage 1,
tumor has grown through several layers of colon, but does not spread.
Surgery to remove the polyps or section of colon that contain the
polyps is the standard treatment. At stage 2, the tumor has grown into
the muscularis propria, a deeper, thick layer of muscle. Metastases are
not present. Surgery to remove the section of the colon containing
the cancer and nearby lymph nodes is treatment of choice, although
chemotherapy might be needed after surgery. At stage 3, the tumor
has grown through the muscularis propria and spread to nearby
lymph nodes. Surgery followed by adjuvant chemo is the standard
treatment. Some patients might need radiation therapy but only if the
cancerous process in contained within a small area. At stage 4, cancer
has normally metastasized to distant sites such as liver, lungs or other
organs and tissues. Chemothrapy, in combination with surgery, and
targeted therapy are needed [31].

Among the chemotherapy agents, the individual chemotherapy
agents include 5-Flruorouracil, Capecitabine, Irinotecan, Ocaliplatin,
Bevacizumab, Cetuximab, and Panitumumab. The first four agents
are small molecular compounds and the last three are monoclonal
antibodies. Their anticancer mechanisms differ from each other.

5-Fluorouracil is a nucleoside analog. It blocks the enzyme
thymidylate synthase and prevents the synthesis of thymine
nucleotides and DNA replication. Capecitabine is converted to 5-FU
by thymidine phosphorylase at the tumor site. Irinotecan is a derivative
of camptothecin, found in the Camptotheca acuminate tree from
China. Irinotecan has strong activity to inhibit the nuclear enzyme
topoisomerase I, and to prevent uncoiling of DNA during replication.
Oxaliplatin is a platinum based drug which forms both inter-and
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intra-strand cross links in DNA, preventing DNA replication and
transcription, causing cell death.

The antibody-based drugs have drawn more attention recently
because of their high specification and decreased toxicity. Babvacizumab
binds to vascular endothelial growth factor A (VEGF-A) and inhibits
blood-vessel formation. Cetuximab is a chimeric (human/mouse)
monoclonal antibody that binds to the extracellular domain of the
epidermal growth factor receptor (EGFR) and blocks ligand-induced
receptor signaling. Panitumumab is a human monoclonal antibody
whose function is similar to Cetuximab, and binds EGFR.

Clinical data of Ganoderma lucidum treatment on colorectal
cancer

Most of the clinical trials of Ganoderma lucidum treatment of
colorectal cancer were published in non-English journals, which
limits the result of the studies for review. Among the colorectal tumor
treatment by Ganoderma lucidum, a clinical trial was performed in
Japan and published in English to evaluate tumor preventive effects.
Among 225 enrolled patients, 123 patients were enrolled in the
Ganoderma lucidum treatment group and 102 patients were non-
treatment control group. During the 12-month trial, the patients
in the treatment group took the water-soluble extract from 1.5 g of
Ganoderma lucidum mycelia per day. The patients from the control
group came to follow-up colonoscopy at the 12th month. In the
treatment group, only 96 patients completed the trial.

These results showed that the mean + SE of adenoma number in
the control group increased to 0.66 + 0.10, while in the treatment group
it decreased to -0.42 + 0.21. The mean size of adenomas increased to
1.73 + 0.28 in the control group and were decreased to -1.40 + 0.64
mm in size in the treatment group. The study also found out that
the polypoid-type adenomas was increased in the control group,
but decreased in the treatment group. The changes in the number of
adenomas were decreased to -1.40 + 0.64 mm in the treatment group,
and were increased to 0.66 + 0.10 mm in the control group. Overall,
the data suggested that Ganoderma lucidum has ability to suppress the
development of colorectal adenomas [32].

Animal studies of Ganoderma lucidum treatment on
colorectal cancer

The protective effects of Ganoderma lucidum against colon cancer
development were studied in a mouse model by Watanabe’s group.
The mice were first injected with NN-dimethyhydrazine (DMH) for
10 weeks to induce colon carcinogenesis, then the mice were fed the
water-soluble fraction of Ganoderma lucidum for 10 weeks. Aberrant
foci of crypts were examined, which is one of the earliest changes seen
in the colon that may lead to cancer, and often are used as the biological
end points to evaluate modulation of colonic carcinogenesis. General
examination of the mice showed the average body weight did not change
significantly, however, kidney weights in the Ganoderma lucidum
treatment group were significantly larger compared to the regular
non-treatment group. The aberrant crypts foci numbers appeared to
be decreased in the Ganoderma lucidum feeding group. There was no
obvious difference in the total tumor number between two groups, but
the mean size was substantially reduced in the Ganoderma lucidum
feeding group [33].

Watanabe’s group further investigated whether Ganoderma
lucidum has the protective effect against aberrant crypt formation by
azoxymethane and small intestinal damage induced by the anti-cancer
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drug 5-FU. In the study, rats were given subcutaneous injections of
carcinogenic compound azoxymethane once a week for 3 weeks
followed by anti-cancer drug 5-FU injected intra-peritoneally three
times at 5-day intervals. Administration of azoxymethane led to a
dramatic loss in body weight. Taking anti-cancer drug 5-FU led to more
weight loss. The most severe weight loss group took azoxymethane +
5-FU + Ganoderma lucidum. This study reported that 5-FU decreased
the formation of aberrant crypts foci induced by azoxymethane, and
that combination with Ganoderma lucidum further decreased the
number of aberrant crypts foci. In addition, examining the intestinal
damage discovered that the group fed with Ganoderma lucidum
showed significant recovery from small intestinal damage induced by
azoxymethane and 5-FU treatment [34].

The major active components of Ganoderma lucidum to be
characterized includes polysaccharide and lanostane-type triterpene.
The triterpene extract, containing ganoderic and lucidenic acid, was
found to have activity of inhibiting growth and metastasis of lung
carcinoma and hepatoma [35,36]. Sliva’s group studied the triterpene
extract inhibition activity by mouse colon carcinogenesis that induced
the food-borne carcinogen 2-Amino-1-methyl-6-phenylimidazol [4,5-
b] pyridine (PhIP) and inflammation dextran sodium sulfate (DSS).
Tumor were induced by the treatment of mice with PhIP and DSS
combination. The triterpene extract reduced the tumor incidence.
The study also showed that the high dose of triterpene was required
to reducing neoplastic index, which was used to evaluate the severity
of neoplastic lesion. Triterpene extract was able to suppress the focal
hyperplasia induced by combination of PhIP and DSS. Furthermore,
the triterpend extract was able to suppress the aberrant crypt foci
induction by a combination of PhIP and DSS. All suppression
functions were enhanced by high dosages of triterpene extract. In
conclusion, Sliva’s work has confirmed that triterpene extract is able to
suppress colon inflammation and prevent tumor incidence and tumor
multiplicity [37].

Cell model and molecular mechanism studies of
Ganoderma lucidum extract on colon cancer

One of the challenges for nature product research is that nature
product is a mixture containing diverse ingredients and multiple
active chemical compounds. To separate the ingredient, identify the
active ingredient and analyze the function for each ingredient have
proved to be a complicated process. To determine how Ganoderma
lucidum inhibits colorectal cancer, we first review the studies on the
whole Ganoderma lucidum extract to determine how it affected tumor
cell growth. Afterward, we individually reviewed polysaccharide and
triterpene effect on colorectal cancer.

A group led by Barbara Pence took ethanolic extract of Ganoderma
lucidum and studied its induction of apoptosis and the inhibition of
different cytokine expression in human colonic carcinoma cell line HT-
29. Interestingly, Ganoderma lucidum extract was non-cytotoxic up to
a dose of 1000 pg/ml. Additionally, the extract was able to decrease
COX-2 expression, and other cytokines including IL-8, MIP, VEGF
and PDGF. It was also able to induce NO production [38].

Ganoderma lucidum polysaccharide has been shown to inhibit
different cancer cell types by inducing cell apoptosis. Xingyao Xiong’s
laboratory specifically took human colon cancer cells HCT-116
and studied cell proliferation, cell migration, lactate dehydrogenase
levels, and intracellular free calcium levels. This study showed that
polysaccharide inhibited viability of HTC-116 cells and delayed
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HCT-116 cell migration. Interestingly, the apoptosis induction was
first observed by cell surface morphology changes and confirmed by
transmission electron microscopy. Furthermore, Xiong lab has found
polysaccharide significantly enhanced caspase-8 activity, and both
caspase-3 and Fas were up-regulated in HTC-116 cell. The result indicated
polysaccharide induces apoptosis through caspase dependent pathways [23].

Sliva’s laboratory did elegant work on mechanistic study of
Ganoderma lucidum triterpene on mouse colon carcinogenesis. To
test whether triterpene extract from Ganodema lucidum was able to
suppress proliferation of HT-29 cells, HT-29 cells were implanted
subcutaneously in nude mice. After the tumor size reached 20 to 30
mm?, buffered triterpene extract was injected intraperitoneally into
mice daily for 23 days. Control mice were injected with buffer alone.
The data revealed that the triterpene extract treatment significantly
suppressed the HT-29 tumor growth. The inhibition activity was
associated with cell cycle arrest at GO/GI1 followed by induction of
autophagy. Additionally, triterpene extract induced formation of
autophagic vacuoles and upregulated the expression of Beclin-1 and
LC-3 proteins in colon cancer cells and tumors in the xenograft model.
While the autophagy was medicated through the inhibition of P38
MAPK, the triterpene extract was able to suppress phosphorylation
of P38 MAPK [39]. The group has further shown that the triterpene
extract was able to down regulate PHIP/DSS-dependent expression
of cyclin D1, COX-2, CYP1A2 and CYP3A4 in colon tissue and affect
activities of transcription regulator of metabolic enzymes in vitro and
modulates expression of CYP1A2, 4 and 1 in vivo [37].

Ganodermanontriol, a purified lanostanoid triterpene from
Ganoderma lucidum, is able to inhibit proliferation of HCT 116 and
HT-29 colon cancer cell lines [40]. Interestingly, the inhibition activity
for HT-29 cells is stronger than for HTC-116 cells. Moreover, studies
have found that ganodermanontriol suppressed the expression of cyclin
D1, and down regulated expression of cyclin-depend kinase Cdk4 and
PCNA, but the expression of Cdk-2, p21 and cyclin E were not affected.
Since cyclin D1 is one of the main target genes regulated by p-catenin
in colon cancer cells, the study further investigated B-catenin/LEF/
Tcf activity in HCT-116 and HT-29 cells. The results showed that
ganodermanontriol markedly induced expression of -catenin in HT-
29 cells but suppressed in HTC-116 cells [40].

Purified ganoderic acid Y (GA-T) from Ganoderma lucidum is
able to inhibit proliferation of HTC-116 cells in a dose-dependent
manner, promote spontaneous HCT-cell aggregation, and inhibit
the adhesion of HCT116 cells to Matrigel. GA-T also suppresses the
migration capability of 95-D cells. GA-T treatment is able to decrease
the amount of MMP9 protein, suppresses uPA protein expression,
suppresses TNFa-induced iNOS protein expression, inhibits p65
and IkB degradation. All the data taken together suggests that GA-T
inhibits NF-kB activity [41].

Conclusion

Although some studies have been done for Ganoderma lucidum
on colorectal cancer from clinical examinations and mechanistic
investigations, more research is needed to be performed. The clinical
studies that were unable to use purified compounds made it difficult
to evaluate the quality of tested material. Even more challenging is to
evaluate the quantity of active ingredients. For the mechanistic studies,
two major groups of active ingredients were identified, polysaccharide
and triterpene. However, more questions needed to be answered,
for example: what are their receptors? Which pathways are activated
by them? How do the multiple active ingredients work in harmony
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to

reach the best therapeutic result for inhibiting cancerogenesis?

Nevertheless, these remaining questions point to the exciting research
topics in the upcoming years.
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