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Abstract: Lentinus edodes, as a precious Lentinus edodes species with medicinal and food
origins, not only has a delicious taste, but also contains a variety of pharmacological active
ingredients. Among them, polysaccharide (Lentinan) is a typical B-(1-3)-D-glucan, which
has multiple pharmacological effects, such as hypoglycemic, antiviral, immunomodulatory
and antitumor effects. Despite the long history of clinical application of polysaccharides,
the molecular mechanism of their antitumor effects remains controversial. The traditional
view is that polysaccharides exert indirect antitumor effects mainly by activating the
immune system and relying on T lymphocytes, rather than directly killing tumor cells. In
view of this, this thesis reviews the extraction technology of polysaccharides, their
antitumor effects and their intrinsic molecular mechanisms, with the aim of providing a
solid theoretical and experimental foundation for the broadening of the scope of the clinical
application of polysaccharides, the enhancement of their medicinal value, and the
development of novel therapeutic agents for oncology.

1. Introduction

With the change of human living environment, air quality, dietary habits, life pressure and many
other external factors induce cancerous transformation of tumors. Cancer, as one of the most
harmful diseases, is a great threat to human life and health, so it is urgent to seek an efficient and
harmless anti-tumor pathway. In recent years, the field of Chinese herbal medicine has gradually
entered the public's field of vision, with its long history and rich bioactivity deeply rooted in
people's hearts. Lentinus edodes, as a typical Chinese herbal medicine with homology of medicine
and food, is widely cultivated, with high yield and good medicinal properties, which fits the needs
of natural drug development [1]. Among them, polysaccharide (Lentinan) is a typical
B-(1-3)-D-glucan, which has a variety of pharmacological effects, such as cholesterol-lowering,
antibacterial, immunomodulatory and antitumor [2]. Currently, Lentinus edodes polysaccharides
can activate T cells [3], NK cells and other immune cells through intracellular signaling pathway,
enhance immunity to prevent the proliferation and differentiation of cancer cells, and also indirectly
affect the tumor microenvironment and inhibit tumor angiogenesis to play an anti-tumor role [4].
Although polysaccharides have great potential for anti-tumor activity, there are still problems such
as low extraction rate and unclear biological activity. In this paper, we will review the latest
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extraction process of polysaccharides and its anti-tumor molecular mechanism in the light of the
latest research, which will provide some help for the subsequent research.

2. Composition and pharmacological value of polysaccharide

Polysaccharide is a natural polymer compound with significant biological activity extracted from
the Lentinus edodes fruiting bodies, which is mainly composed of B-(1-3)-D-glucan [5], with a
complex and unique chemical structure. The composition of polysaccharides is dominated by
glucose, which is connected to the main chain by B-(1-3) glycosidic bonds, and part of the main
chain also has side chains connected by B-(1-6) glycosidic bonds [6], forming polysaccharide chains
with a branching structure. This special structure makes polysaccharides show unique
physicochemical properties and biological activities in solution. Studies have shown that
polysaccharides possess a variety of pharmacological activities such as antitumor,
anti-inflammatory, antiviral, and immunomodulatory [7]. Lentinus edodes polysaccharide has a
remarkable performance in antitumor, which can inhibit the proliferation of tumor cells and induce
apoptosis through multiple pathways, and also can improve the body's own immunity and activate
the body cells to produce interferon, tumor necrosis factor, etc., thus inhibiting the growth of tumor
cells [8]. In addition, polysaccharides can also act as immunomodulators, activating macrophages, T
cells, NK cells and other immune cells to produce cytokines and antibodies, thus enhancing the
body's immunity [9]. polysaccharides not only have the effect of flavoring and health care in food,
but also have a wide range of applications in medicine and other fields.

3. Lentinus edodes polysaccharide extraction process
3.1 Aqueous extraction

As a kind of polar macromolecule substance, aqueous extraction is one of the most common
polysaccharide extraction methods in the laboratory at present, with fast rate, simple operation and
low cost. Water extraction method through the raw materials and extraction solvent (usually water)
contact, the use of polysaccharides in water with high solubility characteristics, so that
polysaccharides from the raw materials dissolved out. Studies have shown that factors such as water
extraction temperature, time, and material-liquid ratio affect the extraction rate of Lentinus edodes
polysaccharides, and in the extraction of polysaccharides with distilled water leaching yielded
0.98%, warm water leaching yielded 1.05%, and boiling water leaching yielded 1.18% [10]. In the
extraction experiment of Chen et al [11], the polysaccharide extraction rate of 5.86% was measured
by controlling the extraction temperature of 90°C and time of 4h. Although the aqueous extraction
method has lower requirements for polysaccharide extraction, many non-polysaccharide hydrophilic
species will be extracted during the extraction process, which has relatively low purity, takes too
long, and the high extraction temperature will also lead to the destruction of polysaccharide
substances in the Lentinus edodes, resulting in a further decrease in the extraction rate.

3.2 Supercritical fluid extraction technology

In recent years, supercritical fluid extraction technology has received more and more attention in
Lentinus edodes polysaccharide extraction because of its high efficiency and environmental
protection. Supercritical fluid extraction technology utilizes the strong solubility of CO: in the
supercritical state, which is able to extract polysaccharide components in Lentinus edodess rapidly
and efficiently. By precisely controlling the parameters such as temperature and pressure during the
extraction process, the polysaccharides can be selectively extracted to avoid the interference of
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other impurities, thus improving the purity of the product [12]. In addition, CO-, as an extractant, is
non-toxic, odorless, non-flammable and non-explosive, environmentally friendly and easy to
recycle. Zhao Zijian et al. [13] used an isothermal variable pressure process to extract Poria cocos
polysaccharide using CO2 supercritical fluid, and obtained the yield of Poria cocos polysaccharide
was 5.276% at a temperature of 35<C, a pressure of 20 Mpa, an entrainer dosage of 0.4 mL/g, and
an extraction time of 4.0 h. The extraction time of Poria cocos polysaccharide was 5.0% and the
yield of Poria cocos polysaccharide was 4.0%. However, the supercritical fluid extraction technique
also has some limitations. The equipment required for this technique is costly, requires
high-precision temperature and pressure control systems as well as specialized operation and
maintenance personnel, and the extraction process is relatively complex and requires strict control
of various parameters, such as temperature, pressure, and extraction time, which makes it difficult
to operate [14].

4. Mechanism of anti-tumor effects of Lentinus edodes polysaccharides
4.1 Direct anti-tumor effect

Direct antitumor effect is an important aspect of Lentinus edodes polysaccharide in the field of
antitumor, which is mainly reflected in the direct killing and inhibition of tumor cells [15]. This
mechanism of action not only slows down the growth of tumor cells, but also inhibits the
malignancy of tumors. The rapid proliferation of cancer cells is one of the important features of
their malignant behavior and the basis for the continuous growth and spread of tumors. Studies have
shown that Lentinus edodes polysaccharides can inhibit the proliferation of cancer cells and
effectively slow down the proliferation of cancer cells by interfering with their DNA synthesis and
cell cycle regulation [16]. It was found that Lentinus edodes polysaccharides could further activate
the mitochondria-mediated apoptosis signaling pathway by down-regulating the expression of
thioredoxin reductase and inducing the overproduction of reactive oxygen species (ROS), thus
increasing the sensitivity of PC3 cells to X-ray-induced apoptosis to play an antiprostate cancer role
[17]. In addition, polysaccharides have the effect of inducing apoptosis in tumor cells. Apoptosis is
a programmed cell death process, which plays an important role in maintaining cellular homeostasis
in the body and removing damaged or abnormal cells [18]. In summary, the direct anticancer action
mechanism of Lentinus edodes polysaccharides involves multiple aspects such as inhibiting cancer
cell proliferation and inducing cancer cell apoptosis. These mechanisms of action synergize with
each other and together constitute the important role of polysaccharides in the field of anticancer.

4.2 Indirect anti-tumor effects

As a kind of natural active polysaccharide, polysaccharide has been widely noticed in the
research of antitumor field in recent years, especially its indirect antitumor action mechanism [19],
which has brought a new dawn for tumor treatment. As an immunomodulator, polysaccharide
mainly exerts antitumor effects by regulating the body's immune system, rather than directly killing
tumor cells [20]. Studies have shown that polysaccharides can significantly activate macrophages
[21], which play an important immunomodulatory role in the organism. They can not only directly
phagocytose and digest tumor cells, but also secrete a variety of cytokines, such as interleukin-2,
tumor necrosis factor, and granulocyte colony-stimulating factor [22], which are able to further
activate other immune cells and form a powerful anti-tumor immune network. In addition, Lentinus
edodes polysaccharides can promote the proliferation and differentiation of T lymphocytes [23],
which are an important part of the body's immune system, and they are able to specifically
recognize and attack tumor cells. By regulating the function of T lymphocytes, polysaccharides can
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enhance the body's immune response to tumor cells, thus inhibiting the growth and spread of tumors
[24]. Lentinus edodes polysaccharides can also regulate the function of immune cells such as
natural killer (NK) cells, which have a powerful nonspecific killing ability and can directly attack
and kill tumor cells [25]. By enhancing the activity of NK cells, polysaccharides further enhance the
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Fig.1. Antitumor mechanism of Lentinus edodes polysaccharide
5. Conclusion

As an important biologically active substance, polysaccharide has significant antitumor efficacy
and great research potential. With the continuous optimization of Lentinus edodes polysaccharide
extraction process, the traditional methods such as aqueous extraction, enzymatic digestion,
acid-base method and other process enhancement, the extraction rate of Lentinus edodes
polysaccharides has been improved to a certain extent. The emergence of new extraction methods
also brings significant innovation for polysaccharide extraction, supercritical fluid extraction,
microwave-assisted extraction method, etc. Through the improvement of the process, the
polysaccharide extraction rate, purity and quality have been greatly improved. However, there are
still problems such as high production cost, poor equipment conditions, and high operating
difficulty, so it is urgent to seek an efficient, simple, and low-cost extraction method. As a kind of
traditional Chinese medicine anti-tumor substance, Lentinus edodes polysaccharide has great
potential because of its mild and non-toxic properties. Lentinus edodes polysaccharide can activate
immune cells through signal transduction and further stimulate the production of immune factors,
which can intervene in the proliferation and growth of tumor cells in two ways, from stimulating the
production of immune cells, such as T cells and NK cells, to activating the tumor-killing factor. At
the same time, polysaccharides can also improve the body's immunity and resist the attack of
foreign germs on the body. In recent years, researchers have also improved the anti-tumor efficacy
of polysaccharides by preparing complexes such as iron, which intervenes in the production of
tumor cells through non-immune pathways. The valuable biological activity of polysaccharides
opens up unlimited possibilities for their future development, and researchers can enhance their
efficacy by preparing polysaccharides with other substances. At the same time, the clinical
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application of Lentinus edodes polysaccharides can be developed, and the molecular mechanism of
Lentinus edodes polysaccharides' intervention on tumor cells can be better understood, and it is
hoped that this article can provide certain help for the development of antitumor drugs.
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