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Cancer Occurrence, Treatment and Antitumor Activity of Lentinan: A
Review
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Abstract Cancer is a general term for a large group of malignant tumors. Cancer belongs to both chronic disease
and malignant tumor. Cancer may occur in all parts of the body. Lentinan (LPS) has been proven to have various
biological activities, among which the anti-tumor activity is significant. This paper provides a brief overview of
tumorigenesis and treatment, lentinan structure and anti-tumor activity.
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1. Tumor development and apoptosis

Apoptosis is the process in which cells start their own "suicide™ program under certain physiological or pathological
conditions, ending their life, and finally the cells fall off and detached or lysis into several apoptotic bodies, which
are engulfed by other cells. Apoptosis is closely related to cell proliferation and differentiation, and plays a key role
in the normal development and self-stability of organisms [1]. Studies have shown that apoptosis and a variety of
intracellular messengers and oncogene products, cell oncogene activation and tumor suppressor inactivation, can
make the normal cell proliferation, differentiation and apoptosis regulation abnormal, namely the balance between
the body of cell proliferation and death, cell proliferation, insufficient differentiation, eventually lead to tumor cell
apoptosis (Apoptosis) concept, in 1972 Pathologist Kerr first pointed out that cell apoptosis, like autumn leaves or
flowers fall, is a normal life phenomenon [2,3]. Kerr described the morphology of apoptotic cells. The reduction or
disappearance of cell surface microvilli during early apoptosis is accompanied by an increase in cytoplasmic
density, condensed nuclear chromatin, and lysis of the nuclei into fragments. After that, the cells wrinkle, the cell
volume shrinks, and the cells are divided into several apoptotic bodies with smooth surfaces of intact cell membrane
structures, containing a variety of different, structurally intact organelles and chromatin fragments. Finally, the
apoptotic bodies are swallowed for by adjacent cells [4,5].

2. Overview of tumor treatment methods

2.1 Surgical treatment

Surgical treatment is currently one of the main treatment methods for cancer patients. In 1881, Billroth first
performed oncology surgical resection with one subtotal gastrectomy. In 1890, Halsted performed radical
mastectomy first clarified the principle of mass resection, that is, the resection of lymph nodes in the primary tumor
area, which laid the foundation of modern tumor surgery. Surgical treatment is a local treatment, which has a good
effect for small tumors detected early and without spread. For example, the 5-year survival rate for early cervical
cancer surgery reached 94.69%, and the 10-year survival rate reached 94.05% [6]. Although the surgery cannot
completely remove the cancer body and cancer cells, a small amount of cancer tissue and cells can be removed by
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other methods due to the clearer pathological diagnosis and infiltration range after the surgery. Furthermore, surgical
treatment is able to reduce the symptoms in cancer patients. For example, abdominal tumors may block the
intestines and cause pain, and surgery can remove or dredge these blockages, thus alleviating these symptoms. The
disadvantage of surgical treatment is that it often causes recurrence and metastasis, and postoperative recurrence and
metastasis become the key factors affecting the long-term efficacy of surgery [7]. If the tumor spreads, then surgery
alone cannot effectively remove the cancer cells. In particular, for tumours close to blood vessels and other more
fragile organs, surgical treatment may cause severe damage to the surrounding organs and tissues. Therefore, not all
cancer patients are suitable for surgical treatment. For disseminated tumors, radiotherapy, chemotherapy and
immunotherapy are the more commonly used treatments at present.

2.2 Radiation therapy

Radiation therapy for tumors is to use high-energy radiation to shrink and kill tumor [8]. Its principle is the use of
strong radiation source of radiation directly destroy the DNA structure of tumor cells or by tumor cells to destroy
tumor cell DNA, induce tumor cell death, achieve the purpose of killing tumor cells including X-ray, y-radiation and
electron is the form of radiation therapy is divided into radiation therapy, internal radiotherapy or short distance
radiotherapy and systemic radiotherapy [9-12]. External radiotherapy is to place the radioactive source in the body,
while short distance radiotherapy is the radioactive source near the body of the tumor; whole-body radiotherapy is
injecting radioactive material (such as radioactive iodine) into the blood to kill cancer cells, but radiotherapy not
only kills the tumor cells, but also will cause normal tissue cell damage, resulting in serious side effects [13]. In
China, only 27% of breast cancer patients receive radiation therapy, lower than in other countries (e. g., 40% in
Korea [14], 58-68% in the Netherlands [15] and 76% in Brazil [16]. Because radiotherapy causes great pain to
patients, medical scientists have been working to study how to use it more effectively and safely. Currently, the
development of radio-sensitive drugs and radio-protective drugs has become a hot spot in radiotherapy.

2.3 Chemical therapy

Chemical therapy for cancer (or chemotherapy) is a way of treating cancer by using one or more chemical drugs.
Chemotherapeutic drugs are generally divided into the following categories of chemical agents, diamonds, anti-
metabolic drugs, anti-microtubule drugs and DNA topoisomerase [17]. Clinical commonly used chemotherapy drugs
are cyclophosphamide, alin, cisplatin and so on. Chemotherapy is often used as adjuvant therapy, often in
combination with other treatment modalities, such as radiotherapy, surgical treatment, and immunotherapy. Most
chemotherapeutic drugs effectively target tumor cells and kill tumor cells through a variety of mechanisms,
including inducing apoptosis, cell proliferation cycle arrest (inhibiting mitosis of tumor cells, while also damaging
normal tissue cells. Therefore, chemotherapy has serious side effects, including digestive tract reactions, bone
marrow hematopoietic suppression, cardiac damage, hepatopulmonary nephrotoxicity, and immunosuppression and
neurological response [18]. Because chemotherapy affects cell mitosis, tumors growing faster (such as acute
leukemia) are relatively sensitive to chemotherapy, while tumors with slower growth are relatively slow to respond
to chemotherapy.

The main disadvantage of chemotherapy is the tolerance of tumors [19,20]. The drug resistance of tumor often
makes its sensitivity to chemotherapy drugs reduced, leading to the recurrence and even metastasis of tumor, so the
drug resistance of tumor has become one of the research hotspots today. Due to the serious side effects and drug
resistance of chemotherapy, the following strategies are often adopted: (1) combination chemotherapy with multiple
drugs with side effects of different mechanisms of action. Combination chemotherapy can avoid cross-resistance of
tumor cells, and combination therapy often uses lower doses, greatly reducing the toxicity of chemotherapeutic
drugs. (2) Chemotherapy, combined with immunotherapy, can effectively reduce the toxic and side effects of
chemotherapy drugs. Chemotherapy drugs generally need to reach a certain dose, higher dose will lead to toxic side
effects of drugs. Therefore, how to determine the dose of chemotherapeutic drugs is also a hot issue in current
research.
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3 Study on the biological activity of polysaccharides

In 1969, a polysaccharide with antitumor activity was isolated from the mushroom fruiting body and named linan,
beginning a new era of biological activity of fungal polysaccharides. In the past 30 years, various polysaccharides
have been extracted from mushrooms, yeast, algae, lichens and plants, which have various pharmacological
activities including anti-tumor, anti-inflammation and immune regulation. Although the study of polysaccharides
started later than the other two classes of biological macromolecules (proteins and nucleic acids), polysaccharides
are increasingly attracting attention to because of their important physiological functions and wide applications in
the life process [21]. At present, polysaccharides have become an important and effective component of natural
drugs and health care products. According to incomplete statistics, there are at least 30 polysaccharides in the world
that are undergoing standard clinical trials of anti-tumor, antiviral and diabetes treatment [22]. The study of
polysaccharide structure and function has become the third major milestone after the study of proteins and nucleic
acids in the exploration of the mystery of life. As one of the leaders, the research of its biological activity has made
many progress.

4.1 Overview of LPS

Over the years, eating mushrooms has been considered to be extremely beneficial to human health [23]. The unique
taste and flavor of mushrooms, as well as their mitigation of various degenerative diseases, have attracted the
attention of scientists around the world [24]. At present, the application scope of mushrooms is expanding, not only
as food, but also in drugs, nutrition and cosmetics. The nutritional and health function of mushrooms is largely
attributed to the bioactive substances, such as B -glucan, which has the function of to enhance human immunity. We
showed that the antitumor properties of the bioactive compounds isolated in mushrooms were mainly attributed to
the polysaccharide [25-27]. Therefore, mushrooms are a powerful source of new drug products, which is of great
significance for modern medicine. Lentinus edodes has always been an important food material in the daily diet of
China and Japan, and it is also used as a traditional medicine and medicinal material [28,29]. The polysaccharide
(lentinus edodes, Lentinan), is one of the most studied polysaccharides [30]. It is a major component in the cell wall
of mushroom, and the backbone is B -1,3-D-glucan, with 2 B -1,6-glucose side groups per 5 backbone glucose
residues, with certain water solubility and thermostability [31]. Lentinan shows a triple helical conformation in
water and plays an important role in its biological and pharmacological activities [32]. In recent years, LPS has been
used on a large scale for adjuvant drugs and dietary supplement [33]. Although the anti-tumor and anti-inflammation
and antiviral biological activities of lentinan have been studied for many years, its extraction, purification, structural
complexity of macromolecules and the structure-efficacy relationship of polysaccharides are still not clearly
expounded, which seriously hinders the clinical use of lentinan as a medical product. Therefore, a systematic study
of the chemical structure, molecular chain conformation and biological activity of lentinan are crucial for its
application in disease prevention and treatment.

4.2 Structure of shiitake edodes polysaccharide

The biological activity of edodes polysaccharide is closely related to its structure. Triple helix (triple helical)
lentinan showed superior antitumor activity. However, when the triple helix structure was destroyed to form a
single-stranded random linear mass, the antitumor effect of lentinan significantly decreased or even disappeared
[34,35]. Meanwhile, the antitumor activity of polysaccharides depends on the molecular weight size.
Polysaccharides with a molecular weight of about 1x106 could strongly inhibit mouse S-180 tumor, while the
activity of small molecular weight lentinpolysaccharide fragment after formic acid degradation was greatly reduced
[36]. Therefore, the structure of lentinan is an important basis for its biological activity and application. Different
shiitake mushrooms, different extraction methods and conditions, we have not the same polysaccharide structure
[37]. The classical extraction method of lentinan is solution extraction method, that is, of lentus edodes using hot
water, lye or polyethylene glycol [38]. Chihara et al., the first used hot water (80-100°C) to purify linan from
mushroom, which showed significant antitumor activity of lentinan [39]. Generally, extraction methods using hot

D

£

@

The Pharmaceutical and Chemical Journal

(g

?JA

—

88



Xu H et al The Pharmaceutical and Chemical Journal, 2023, 10(3):86-93

water or organic reagents yielded lower yields, with only about 0.12% [40]. Zhang, using 1.25 M NaOH / 0.05%
NaBH4 solution, obtained in 5% yield and still maintained the triple helical conformation [41,42]. The structure of
natural macromers is very complex, and different structures lead to different biological activities. The chemical
structure of polysaccharides is determined by the composition of the monosaccharides, the configuration of the
glycosidic bond, the way of bonding, and the sequence of the monosaccharides. The earliest discovered fungus P -
glucan, all have their own names derived from their sources, including mushroom polysaccharide (lentinan)
extracted from mushroom (Lentinus edodes), schizonella polysaccharide (schizophyllan) in crack (Schizophyllum
commune) [43], and hard glucan (scleroglucan) [44] from small nucleus (Sclerotium sp.).

4.3 Anti-tumor activity of lentinan

Since its discovery in 1969, the anti-tumor activity of LPS has been a focus of attention. "The father of shiitake
edodes" Chihara used SCID mice inoculated with S-180 (Sarcoma-180) sarcoma cells to demonstrate that shiitake
edodes can inhibit tumor growth, and proposed that this anti-tumor effect may come from the host
immunomodulatory effect of polysaccharide rather than the direct cytotoxic effect [45,46]. Suga et al found that
lentinan effectively inhibited S-180 tumors in DBA /2, SWM / M and A / J mice, but not in C3 / He and C57 / BL6
mice, and strongly inhibited fibrosarcoma (fibrosarcoma) [47] in 3-methyl cholanthene (3-methylcholanthrene, MC)
-induced DBA / 2 mice. Zakany et al analyzed the effects of lentinan on arrest and regression of transplanted tumors
in allogenic and homologous tumor-host systems, and showed significant inhibitory effects on both S-180 sarcoma
and MC-induced sarcoma in A / Ph mice [48]. These results indicated that lentinan not only inhibited allograft
tumors but also inhibited various other identical and autologous tumors, which prevented chemical and viral
carcinogenesis and inhibit cancer metastasis and recurrent [49-51].

Clinically, the combination of mushroom polysaccharide and chemotherapy has a good anti-tumor effect, and can
reduce the side effects of the latter. For example, 275 patients with advanced or recurrent gastric cancer were treated
with the chemotherapy drugs filamycin C (mitomycin C) and 5-fluoruria (5-fluorouracil) or digafur (tegafur), along
with partial shiitake polysaccharide injection. Based on the aspects of life extension, regression of tumor or lesion,
and improvement of immune response, the results showed that the treatment effect obtained in LPS administered
before chemotherapy and patients with primary lesions who had not received chemotherapy [52-54]. Similarly, in a
randomized controlled study of patients with stage 3 advanced and recurrent gastric cancer, Lent PS treatment was
effective in prolonging life span and no side effects [55]. LentPS was effective in prolonging overall survival of
cancer patients, especially in those with gastric and colorectal cancer [56]. Similar results were also validated in
patients with colon cancer and breast cancer.

Since 1985, linan has been widely used in cancer treatment in Japan. Later, other Asian countries, the United States
and Europe have used it to treat cancer [57]. The addition of lentinan to the standard tumor therapy, the accepted
chemoimmunotherapy [58], improves the antitumor effect of chemotherapeutic drugs and reduces its side effects.
Patients with advanced gastric cancer with liver metastases treated with lentinan-assisted chemicals and trastuzumab
(trastuzumab) showed prolonged overall survival (overall survival, OS) with partial response (partial response, PR)
and complete response (complete response, CR). This is due to the combination of lentinan and leukocytes inducing
interleukin-12 (interleukin-12, IL-12), enhancing antibody-dependent cytotoxicity and enhancing the anti-tumor
effect of monoclonal antibodies [59].

Although many clinical studies have shown the excellent anti-tumor effect of lentinan involved in
chemoimmunotherapy, lentinan is still currently not used as antitumor clinical agents worldwide, due to their
antitumor mechanisms that are currently poorly defined. Chihara Found that lentinan can inhibit tumor growth and
believed that the antitumor effect may come from the host immune regulation of polysaccharide rather than direct
cytotoxicity [60]. This host-mediated antitumor activity was demonstrated in many experiments. The antitumor
effects of lentinan were lost in neonatal mice (with loss of the thymus-dependent immune system), While the anti-
tumor effect of polysaccharides in mice injected with serum against lymphocytes also decreased significantly [61].
Suggesting that the anti-tumor activity of polysaccharides requires an intact T lymphocyte component, While this
activity is regulated by thymus-associated immune mechanisms [62]. The pathway explains the possible antitumor
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mechanism of LPS, at the same time, the antitumor activity of lentinan was also inhibited after pretreatment with
anti-macrophage agents, suggesting that LPS promotes the enhanced response of precursor T and giant cells to
cytokines produced after certain lymphocyte-specific recognition of tumor cells. Lentinan promotes the maturation,
differentiation and proliferation of immunocompetent cells in host defense mechanisms by inducing IL-1, IL-3 and
interferon (interferon, IFN). LPS-induced delayed hypersensitivity at tumor sites and subsequent immune effector
cells such as natural killer cells and cytotoxicity were reported.

Infiltration of T lymphocytes, is an important mechanism for the antitumor effects of lentinan. However, the exact
role of lentinan-induced immune regulation is a key question to be solved.
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