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Abstract: Rationale: A wide range of bioactive phytoconstituents from edible fungi, especially therapeutic
mushrooms, have the potential to improve health, especially in the case of chronic illnesses. Known for its anti-
cancer qualities, ganoderma lucidum has been the focus of multiple clinical studies. Existing systematic reviews
imply that more clinical research and methodological refinement are necessary to support its usage as a
primary cancer treatment. Objective: The objective of this research is to evaluate the anti-cancer potential of
the bioactive phytoconstituents found in mushrooms, specifically Ganoderma lucidum, in a thorough manner.
The aim is to conduct a critical assessment of the extant literature, pinpoint any deficiencies, and offer valuable
perspectives on the methodological excellence and research requirements in this domain. Method(s): A
thorough analysis of published clinical trials was carried out, with a focus on studies that examined the
effectiveness of Ganoderma lucidum and other products derived from mushrooms in treating cancer. The
study's design, stated results, and methodological rigor were all carefully examined to evaluate the validity
and reliability of the conclusions. Results: Despite Ganoderma lucidum's potential against cancer, the
evaluation finds insufficient data to support its widespread usage as a primary cancer treatment. Products
made from mushrooms, which are frequently sold as dietary supplements, have anti-cancer claims. But since
pre-approval is not required under US regulatory framework in order to market food supplements, these
statements raise questions regarding their scientific validity. Conclusions/Recommendations: The study's
result emphasizes the necessity of more methodological advancement in clinical studies examining Ganoderma
lucidum's potential as an anti-cancer agent. It also highlights the significance of thorough scientific validation
for goods made from mushrooms that make health claims. To establish accurate claims regarding their anti-
cancer effects, recommendations include developing technological methods for the purification of bioactive
substances and undertaking thorough studies of mushroom products from different geographical regions. The
goal of this thorough analysis is to direct future investigations and support the ethical promotion and use of
products derived from mushrooms for medical purposes.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

The Earth is inherently endowed with vast biological resources crucial for sustaining a healthy
life [1-8], and mushrooms stand out as one such invaluable resource. Utilized for both culinary and
medicinal purposes for many decades, mushrooms derive from the basidiomycota and ascomycota
groups, manifesting as the edible fruiting bodies of macrofungi. Typically cultivated above ground
in soils or on alternative substrates, edible mushrooms constitute around 100 out of approximately
1600 different species distributed globally. Only 33 species have been cultivated for human
consumption. Key varieties like white button mushrooms (Agaricus bisporus L.), oyster mushrooms
(Pleurotus ostreatus L.), and paddy straw mushrooms (Volvariella volvacea L.) have predominantly been
cultivated [9]. The unique flavors of these edible mushrooms have driven their demand worldwide,
contributing to the rapid growth of the global edible mushroom industry. As of 2019, China
accounted for approximately 70% of the world's total edible fungi production [10]. Notably, the edible
fungus industry in China has emerged as the fifth-largest, showcasing diverse economic
opportunities [11]. Due in large part to their immune-stimulating qualities, mushrooms have come
to be recognized as one of the best foods for vegetarians and people with weakened immune systems,
such as cancer patients and HIV/AIDS patients [12-14], as illustrated in Figure 1 below [15,16]. The
claim that a variety of bioactive compounds, such as polysaccharides [17], terpenoids [18,19],
vitamins [20], minerals [21], and proteins [22], are present in edible fungi has been supported by
scientific reports. These compounds are essential to human health [23,24]. Notably, in recent years,
there has been a greater focus on edible fungal polysaccharides. When Japanese researchers found
that lentinan had anti-tumor properties in the 1970s, edible fungal polysaccharides became the focus
of research [25]. Since then, pharmacy, medicine, biology, and food science have all benefited from
the use of edible mushrooms. Figure 1 below illustrate the strong evidence from extensive scientific
and clinical research that edible fungus polysaccharides can modulate body metabolism through a
variety of pathways and mechanisms, thereby reducing the incidence and progression of diseases
related to humans [26,27]. Systematic review studies have indicated that a diet rich in mushrooms is
associated with a lower risk of breast cancer, attributed to the antioxidant content of ergothioneine
and glutathione [11]. Mushrooms are recognized for their immune-boosting properties, influencing
dendritic cells (DCs), lymphocytes, macrophages, T cells, hematopoietic stem cells, and natural killer
(NK) cells [28]. Common edible mushrooms like Fomes fomentarius, Lentinula edodes, Hericium
erinaceus, Trametes versicolor, Grifola frondosa, among others, have demonstrated in-vitro and in-
vivo anti-cancer efficacy. Extracts from Agaricus blazei are reported to exhibit a potent anti-leukemic
effect in human myeloid leukemia cells by stimulating the gene expression for the upregulation and
increased secretion of several cytokines, including IL-23 subunit of the IL-12 family, IL-1, monocyte
chemoattractant protein-1 (MCP-1), granulocyte colony-stimulating factor (G-CSF) [29].
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Figure 1. The polysaccharides in edible mushroom can help fight a variety of chronic diseases.
Adapted and modified from Liu et al., [26].

1.1. Significance of Immune Support in Human Health

The intricacies of the human body, comprising cells organized into tissues and organs,
underscore their diverse functions. Immunity stands as a crucial element for maintaining the normal
balance within living organisms. Preserving both innate and acquired immune systems serves as a
fundamental strategy to prevent viral infections, curb proliferation, and alleviate complications
associated with disease establishment after replication. Numerous factors in our daily lives, including
stress, diet, sleep, exercise, and environmental conditions like pollutants, play a role in determining
the immune potential. A decline in the internal system or organ functions can sometimes lead to
human infections, while external pathogens like bacteria, viruses, and fungi can also be culprits [30-
35]. To shield the body from pathogenic threats, boosting immunity becomes imperative. Immunity,
defined as the body's ability to combat disease-causing microorganisms, relies on the intricate
immune system composed of various cells, tissues, and organs [36]. Certain foods, fruits, vegetables,
and supplements serve as effective immunity boosters, aiding the body in fighting illnesses. Specific
foods and natural immune system enhancers, rich in beta-carotene, Vitamin C, Vitamin E, and zinc
with antioxidant properties, include broccoli, cauliflower, kale, kiwi, orange juice, papaya, peppers,
sweet potatoes, strawberries, tomatoes, avocados, peanuts, almonds, spinach, eggs, dairy, and milk.
Proteins and lipids, essential for maintaining organism structures, including the immune system, are
obtained from foods rich in omega-3 fatty acids such as beans, fish, and flax seeds. The anti-
inflammatory nature of omega-3 fatty acids has prompted research into their potential protective
effects against disorders like thrombosis, cardiovascular failures, and dementia [37,38]. Immunity-
boosting spices like garlic, black cumin, and ginger contribute to physiological and biochemical
changes in the immune system. Immunomodulators, substances that induce, amplify, and inhibit
components of the immune system, come in two types: immunostimulators and
immunosuppressants. Phytochemicals present in plants, which are used in herbal medicines, are
strong immunomodulators with medicinal uses. Vegetables and fruits include polyphenols, such as
phenolic acids, flavonoids, and tannins, which have strong antioxidant and anti-inflammatory
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qualities and immunomodulatory effects. It is advised to use these substances to lessen inflammatory
and oxidative stress brought on by hyperreactive immune reactions that harm tissue [39]. Numerous
allergic conditions, such as asthma and allergic rhinitis, have been treated with immunomodulators
[40]. Research has demonstrated that Glycyrrhiza uralensis, S. flavescens, and Ganoderma lucidum can
control airway hyperresponsiveness, lower IgE levels, and decrease eosinophil infiltration in the
lungs, as well as the related cytokines IL-5, IL-4, and IL-13 [41]. Due to its sulfur component, garlic
has shown promise in its ability to actively suppress platelet activation [42]. In order to reduce the
risk of multiple diseases, including COVID-19, it is therefore advised to adopt a dietary approach as
a new model to boost immunity [43—49].

1.2. Importance of a Strong Immune System

Numerous researches have been conducted on the benefits of medicinal mushrooms for boosting
and enhancing the immune system. While these studies contain many fine details, the general
conclusion is that some types of mushrooms contain polysaccharides and triterpenes that aid in
activating immune system cells like lymphocytes and macrophages. The body's defenses against
illness and infection may be strengthened by this activation. For example, white blood cells called
lymphocytes are in charge of immunological regulation and the elimination of aberrant cells, whereas
macrophages identify foreign germs and viruses and then go on to literally consume these dangers.
It is thought that eating mushrooms, which are known to have immune-boosting properties, can start
to show results after just one meal. When compared to other medical medications that must be used
consistently to produce comparable effects, this is very intriguing. For this reason, keeping a robust
immune system is essential to general health and wellbeing. The immune system serves as the body's
main line of defense against pathogens such as bacteria, viruses, protozoa, and fungi. It is a
sophisticated, well-organized network of molecules and cells intended to fend off illness and
infection. The immune system recognizes and gets rid of a wide range of dangers to the body's health
when it is working correctly. An assortment of infectious disorders can affect the body when the
immune system isn't working properly.

1.3. Immune Support Role in Diseases Prevention

It is well known that immune support plays a critical role in illness prevention. The International
Nutrition and Health Institute and the International Life Sciences Institute jointly convened a
conference in 1997 with the theme of the immune system's involvement in protecting the body against
disease. During the conference, it was discussed that in order for the immune system to function
effectively, it needs three main components: immune cells must be able to identify and react to
pathogens; immune cells, such as T cells and phagocytes, must perform their functions; and immune
cells must be able to reach the infection site. The state of diet has a significant impact on how well the
immune system responds. Cellular immunity plays a critical role in the host's defense against
infection, as demonstrated by studies conducted on HIV-positive patients, malnourished
populations, elderly individuals, and cancer patients [50-53]. Poor intake of one or more nutrients is
the hallmark of malnutrition in these trials, and it leads to a series of changes in immunological
competence, infection resistance, clinical outcome, and, ultimately, survival. In the long run, any
effects of nutrition on the health and immune system of normally well-nourished people are probably
going to be less pronounced but still very important. It is predicted that many countries and cultures
throughout the world have a high prevalence of minor to moderate malnutrition. Immune
insufficiency is now known to play a role in a number of disease conditions. The rising rate of
infection in the elderly is the most compelling example. An enormous body of research now exists
that supports the positive impact of different nutrients on the immune system. Nutrient deficiencies
and immunologic alterations are components of deficiency diseases, which have an impact on
immunity. Measures have been made to comprehend the dietary needs and the suggested
consumption for both normal and modified immunity. This will result in a better strategy for illness
prevention and treatment.
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1.4. Immune System Significance in Disease Prevention

It is evident that a healthy immune system is essential for preventing illness. An individual with
a compromised immune system is far more vulnerable to many illnesses and has a shortened lifespan,
as seen by the geriatric population. The immunological response diminishes with advancing age. In
certain impoverished nations, the high rate of infectious disease deaths can be attributed to
malnourishment. Malnutrition causes the thymus and lymph nodes to atrophy, which lowers the
concentration of cells that are powered by nutrients and has a direct impact on the immune system.
This can be observed in the way that aged and undernourished individuals are more prone to specific
diseases and have lower vaccination efficacy [54,55]. The immune system performs the following
functions. Its purpose is to identify and eliminate our body's self-cells rather than the self itself. This
is frequently a critical step that, if not addressed, may result in an autoimmune disease that will be
discussed subsequently. In addition, it protects the body from infections and acts as a watchdog
against the growth of malignancies. Mostly, cell-mediated immunity is used for this. The immune
system of an individual typically determines whether or not that individual will be susceptible to a
specific form of infection, which differs from person to person. Conversely, adaptive immunity
represents a backup protective mechanism through which immunological memory can be formed.
The two components of the adaptive immune response are cell-mediated immunity and humoral
immunity, the latter being the part of immunity mediated by macromolecules present in extracellular
fluids like released antibodies. Adaptive immunity occurs when the immune system is able to
identify the pathogen, travel to almost any part of the body, and multiply the activation at low antigen
levels thanks to the involvement of different cells and molecules. This is a significant distinction from
innate immunity. Our immune system is essential to our health because it shields our body against a
wide range of illnesses and infections. A person afflicted with bacteria, viruses, fungi, or microbes
may be sentenced to death if they lack this protective mechanism. An immune system is a network
of interrelated organs, cells, and cytokines that our body uses to mount a coordinated defense against
pathogens. Preformed antibodies and cell-mediated immunity trigger the immunological response,
which is the body's defensive response to a pathogen invasion [56,57]. Innate immunity and
specialized adaptive immunity are the two categories of immune response. Innate immunity refers
to the body's innate defensive mechanism, which consists of certain chemicals and physical defense
mechanisms without the use of antibodies. The immune response's initial line of defense is made up
of several barriers and defense mechanisms. In the event that an infection breaches these, an
inflammatory response takes place. This is a series of processes that work to remove the initial insult
that caused the cell harm, remove necrotic cells and tissues that have been damaged by the
inflammation, and start the healing process.
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1.5. Immune Support Benefit for Overall Health

What are the advantages for people in good health? There is no evidence to support maitake's
immune-boosting properties in healthy people. Nonetheless, the idea of this effect is somewhat
supported by a few research. Regular shiitake eating was shown to boost resistance to upper
respiratory tract infections in a study on postmenopausal women [58,59]. Additionally, it was noted
in an investigation involving senior citizens that the immune system recovered to its pre-
consumption status several weeks after shiitake consumption was stopped [60,61]. This indicates that
the shift in immune function was triggered by the active components of shiitake, which are stored
and mobilized in the body over several weeks. effects on HIV-positive and cancer patients that are
immunomodulatory and anticancer. The immune systems of cancer patients and HIV-positive people
are frequently weakened, so in clinical reports [62-64]. the immunomodulatory effects can be highly
noticeable when compared to healthy people. Patients with hepatitis and breast cancer have
demonstrated improved immune function when using maitake [35,65-67]. Consuming maitake
increased NK cell activity, which in turn destroyed tumors. Consuming shiitake or maitake
mushrooms has been shown to boost an HIV patient's immune system [62-64]. In a different trial, 10
patients who consumed maitake or shiitake over a period of 3-24 weeks exhibited an increase in
CD4+ and CD8+ cell counts together with a drop in plasma HIV RNA. Thirteen of the patients
demonstrated enhanced CD4+ cell counts in less than two weeks [68-70]. Inmunity can be further
weakened by a number of critical condition treatments, including chemotherapy.

1.6. Enhancement of Overall Health

Under the direction of renowned mushroom researcher Dr. V. Gunde-Cimerman from the
biotechnical faculty at the University of Ljubljana, Slovenia, an international consortium of top
scientists has compiled a summary of the general characteristics, immunomodulating effects, and
health benefits recently reported for edible fungi. They correlated a database that assesses the
nutritional and medicinal benefits of edible mushrooms with prediction for various health conditions
using an intricate computational approach. Many of today's medical and health professionals look
for alternative forms of therapy to treat disease and/or maintain well-being as the availability and
efficacy of conventional healthcare declines due to cost, unwanted side effects, and the inability of
powerful antibiotics to cure resistant strains of infectious diseases. Although the selection of
prospective nutraceuticals offered by the health food business is expanding quickly, many of them
are advertised with inflated health claims and lack solid scientific backing. On the other hand, due to
their diverse nutritional and therapeutic properties, edible fungus offers a wide range of possible
immune boosting and other health-promoting effects [50,51]. This is logical given that they have been
used as traditional medicine for thousands of years throughout the world. Traditional medical
professionals are beginning to support complementary and alternative medicine (CAM) more
quickly, as evidenced by consumer demand and the field's success. Mushrooms are a valuable source
of nutraceuticals that can serve as an adjuvant or nutritional preventive in CAM and traditional
allopathic medicine.

1.7. Disease Prevention

The existence of several physiologically active chemicals in mushrooms is primarily responsible
for their capacity to prevent disease. Some of the most prevalent of these compounds have been
researched for their anti-cancer properties, including reduced glutathione, an important antioxidant,
and ergothioneine, which is involved in the protection of DNA and cells. Mushroom phenolic
compounds also possess antioxidant qualities. In addition to preventing cellular damage, they are
crucial in preventing atherosclerosis. The investigation is extensive, continuous, and focuses on both
the mycelium and the actual mushroom. Abstracts of a wide range of studies are currently available,
demonstrating the mycelium's popularity in medical research. The ability of fungal mycelia to boost
immunity as an anti-tumor agent is one area of current investigation. Maitake mycelium research is
one example of this type of study. The natural killer cells (NK) are a frequently disregarded aspect of
immunity, despite the immune system's great complexity. The capacity of natural killer cells (NK
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cells) to eliminate many types of cancerous cells and contaminated cells led to their initial discovery.
They are located in the spleen, lung, liver, and bone marrow in relative abundance and make up 5-
15% of all circulating lymphocytes [58,71,72]. This is an illustration of a Japanese study that looked at
how the shitake mycelium affected the activity of NK cells in peripheral blood. The tumor cells were
implanted in mice using Ehrlich carcinoma, a tumor that grows quickly. The results of the experiment
demonstrated that the mycelium exhibited a clear inhibitory effect on both the solid tumor's extension
and the tumor-bearing mice's weight rise. It was also observed that the mice given mycelium had a
longer survival period. Not only did the mycelium show promise in eliminating cancer cells, but it
also demonstrated efficacy in shielding the body against weight loss. The trial also showed that when
the mycelium was administered, NK cell production increased. Nine to eleven days following tumor
cell implantation, all of these consequences started to manifest. Since it is believed that the mycelium
acts via the immune system, more research should be done on the mycelium's direct impact on the
immune system as well as its anti-tumor benefits when applied to cancer patients.

1.7.1. Function of Edible Mushrooms in Diseases Prevention

In a research, Dr. Susanna Cunningham examined how the immune systems of rats were
affected by shiitake and ordinary white button mushrooms. For four weeks the rats were fed a diet
containing 2% mushrooms. It was discovered that both types of mushrooms increased the activity of
phagocytic cells called macrophages and natural killer cells, which are essential for the
immunological response. Shiitake mushrooms had an impact on T-cell activation, while white button
mushrooms did not. According to the study, cellular immunity may be impacted by these edible
mushrooms, and in the case of shiitake mushrooms, those impacts might be extensive. Certain tiny
animal studies provide evidence that certain immune-boosting foods can help prevent disease
because they have a positive effect on immune function. The University of Illinois in Chicago
conducted study on the impact of exotic mushrooms on the immune system by two different research
groups. Two investigations on the impact of oyster mushrooms on mice's immune systems were
conducted by Dr. Angela Mylonakis. The selection of oyster mushrooms was based on their
reputation as useful foods. In the first trial, mice were injected with an extract to lower their white
blood cell count after being fed a diet containing 2% oyster mushrooms for three weeks. Cells were
successfully reduced by 40% by the extract [50,51]. The identical mice were given an oyster
mushroom diet for three weeks in the second investigation, after which they received an injection of
the same extract. White blood cell counts were barely lowered by 5%. For ages, East Asian medicine
has employed edible mushrooms as a means of illness prevention and immune system development.
Comparatively speaking to persons in western countries, epidemiological data indicates that less
cancer cases occur among East Asian populations. This is thought to be caused by the anti-
carcinogenic properties of mushrooms that are consumed. In addition to having anti-inflammatory,
antiviral, and antibacterial qualities, mushrooms also control the generation of cytokines, which are
essential for the immune response.

2. Bioactive Compounds with Immunomodulatory Properties

Several bioactive compounds, including proteins, lipids, ash, glycosides, alkaloids, volatile oils,
tocopherols, phenolics, flavonoids, carotenoids, folates, ascorbic acid enzymes, and organic acids, are
abundant in mushrooms and have the potential to be therapeutically useful [73]. Because of these
bioactive substances, clinical investigations have shown that mushrooms are effective in treating
cancer. The polysaccharide derived from the basidiomycetes family, namely the mycelia of Coriolus
versicolor strain CM-101, demonstrated noteworthy efficacy in improving the condition of patients
with colorectal cancer that had been successfully resected in a randomized controlled clinical trial
[74]. Hetland et al. [75] conducted recent investigations into the immune-modulating capacities of
many Basidiomycetes-related mushroom species, including Agaricus blazei Murill, Ganoderma
lucidum, Hericium erinaceus, and Grifola frondosa. Low in fat and cholesterol, mushrooms are a
great source of protein because they contain a variety of proteins with strong biological activity, such
as lectins, ribosome-inactivating proteins (RIP), fungal immunomodulatory proteins (FIP), laccases,
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and ribonucleases. According to Khatun et al. [76] and Guggenheim et al. [77], these substances have
been used as natural anticancer, antibacterial, antidiabetic, cardiovascular protective,
hepatoprotective, antioxidative, and immunomodulatory agents. Because of their accepted role in
immunomodulation in cancer therapy [16], mushrooms are now considered biological response
modifiers (BRMs). Furthermore, mushrooms are known to be a good source of minerals like
magnesium, zing, iron, and selenium as well as important elements like folic acid, vitamins D, B, A,
and C. It has also been shown that isolated fungal metabolites, such as polyketides, terpenoids, indole
alkaloids, lignin derivatives, and polysaccharides, have anti-inflammatory and immunomodulatory
properties [78,79]. The bioactive component of mushrooms called B-glucan is essential for
immunological modulation. Though its structural analysis and chemical makeup are scarce, BDM-X
has a high (3-glucan content of roughly 13.5% in dry weight [80]. Numerous investigations have
confirmed that f-glucan has a potent immune-stimulating ability against cancer and other illnesses
[81]. Medicinal mushrooms have received a lot of interest lately as dietary therapies to fight the
COVID-19 epidemic [43—47]. Using AFO-202 beta 1,3-1,6 glucan, Rao et al. [82] suggested immuno-
nutritional therapy for COVID-19 patients, boosting immune cell activity and associated defensive
components. The side effects of radiation and chemotherapy, including as nausea, anemia,
diminished resistance, and bone marrow suppression, are lessened by the usage of mushrooms. The
fact that anti-tumor and anti-inflammatory medications have recently been found in a variety of
mushrooms emphasizes their potential for medicinal use (Table 1). Bioactive compounds like
polysaccharide-protein complexes, agaritine, ergosterol, selenium, polyphenols, and terpenoids have
been identified. These compounds interact with intestinal cells, triggering immunological and
inflammatory responses if necessary [83]. Mushroom polysaccharides and polysaccharide-protein
complexes, including lentinan, schizophyllan, polysaccharide-K, active hexose correlated
compounds (AHCC), and maitake D fraction, are crucial sources of immunomodulatory and
anticancer drugs. In vitro and in vivo studies support their therapeutic potential against various
human malignancies [84]. Additionally, terpenes and terpenoids found in mushrooms, particularly
those of the genus Ganoderma P. Karst., exhibit immune-modulating, anti-inflammatory, antioxidant,
and antitumor properties [18,27,85,86].

Table 1. Studies on the biochemical activity of mushrooms components.

SN Mushroom Study Biological activity References

Stimulate the release of cytotoxic
and cytostatic IL-1, IL- 2, IL-6, IL-8,
1 Lentinula edodes In vitro TNEF-, and TNF, and prevent the Gu and Belury, [87]
proliferation of breast cancer cells
and DNA synthesis.
Apoptosis, antiangiogenesis, antimetastasis,

2. Trametes versicolor In vitro Clinical = reversal of drug resistance, and immune Cai et al., [88]
modulation

Stimulate NK cell, macrophage, and T cell
proliferation, maturation of lymphocytes,
3 Genus Pleurotus In vitro natural killer cells, and macrophages results Wang et al., [89]
in an increase in the weight and size of the
spleen.

Induce apoptosis, inhibit angiogenesis,
stimulate TNF-a production by BMM
Anti-angiogenic effects by inhibiting the
5 Genus Phellinus In vitro proliferation, migration, and assembly Lee and Hong, [91]
(HUVECs) into capillary-like structures
Increase NK activity, activating macrophages,
and inhibiting angiogenesis

4 Genus Agaricus In vitro Delmanto ef al., [90]

6 Hericium erinaceus In vitro Wang et al., [92]

N

Fomes fomentarius In vitro Inhibiting proliferation Chen et al., [93]
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Schizophyllum

Clinical Immunomodulation effect Kumari et al., [94]
commune

Halting the cell cycle during the GO0/G1
9 Inonotus obliquus In vitro phase and killing B16- F10 cells and induced Yong et al., [95]
cell differentiation.

10 Coprinus comatus In vitro Inhibit cancer cell proliferation Asatiani et al., [96]

Macrophages are activated, and IL-1, IL-6,

1 Grifola frondosa In vitro and IL-8 are released into the bloodstream.

Shi et al., [97]

Cytotoxic to cancer cells, inhibits cancer cell
growth, stimulates T cells, increases IL-1, IL-2,
IL-6, TNF-, and IFN expression and secretion,
12 Genus ganoderma In vitro inhibits cell motility and angiogenesis, Zhou et al., [98]
inhibits proliferation and induces apoptosis,
downregulate cyclins A and B and upregulate
p21 and p27, arrest cell cycle

3. Mechanisms of Immune Support
3.1. Immunomodulation and Adaptogenic Properties

Mushroom components intricately modulate the immune system, orchestrating complex
molecular processes. This modulation involves the upregulation of specific genes that encode
proteins responsible for producing anti-inflammatory and anticancer cytokines. Numerous studies,
both in vitro and in vivo, have consistently demonstrated the varied impact of mushroom compounds
on various genes and cytokines. Cytokines, acting as messengers within the immune system, are
either proteins or glycoproteins produced by immune cells to regulate both the innate and adaptive
immune systems. Upon oral ingestion of mushroom chemicals, there is activation of intestinal
immune factors, including dendritic cells and macrophages. Cytokines are released as a result of this
activation, which can cause systemic or localized inflammation. IL-7, an essential cytokine in cancer
immunotherapy, is released by intestinal epithelial cells when activated [16]. Promonocytic THP-1
cells incubated with Agaricus blazei Murill extract express genes linked to anticancer chemokines,
which cause the cells to secrete a variety of cytokines, including IL-1, IL-23 subunit of the IL-12 family,
granulocyte colony-stimulating factor (G-CSF), IL-1, and tumor necrosis factor (TNF-ot) [29]..
Additionally, studies conducted by Volman et al. [99,127] show that bone marrow-derived
macrophages (BMM) produce higher TNF-a when exposed to Agaricus bisporus fruit bodies, caps,
and stipes. Renowned for its ability to lengthen life, especially in anticancer and immunomodulatory
capacities, Ganoderma lucidum expresses and produces chemokines such as IL-1, IL-2, IL-6, TNF-a,
and interferon-gamma (IFN-) that activate T lymphocytes and initiate an inflammatory response
[100]. Grifolan derived from Grifola frondosa increases the production of IL-1, IL-6, and IL-8, which
in turn activates and multiplies leukocytes, hence promoting macrophage activity [101]. Additional
components of mushrooms, such as polysaccharide peptide (PSP), polysaccharide (PSK), and
lentinan, have the ability to trigger the production of many cytokines in vitro, including TNF-«,
interferons, IL-1, IL-2, IL-6, and IL-8. Furthermore, as proved by Bittencourt et al. [83], a-glucan
derived from Pseudallescheria boydii promotes TNF-a and IL-12 secretion in vitro. The increased
release of IL-12 indicates that naive T cells are becoming polarized into T helper (Th) type 1 responses,
which are essential in the fight against cancer cells. Mice's splenocytes are stimulated to release
cytokines by sparassis crispa extract through the (3-glucan receptor Dectin-1 and the granulocyte-
macrophage colony-stimulating factor (GMCSF) [83]. Mushroom chemicals, whether injected directly
into tumor cells or consumed orally, trigger immune cells to induce cell-mediated or direct
cytotoxicity against tumor cells after being detected by pathogen recognition receptors. For instance,
lentinan increases the generation of cytotoxic T cells and macrophages while also inducing
nonspecific immunological responses [102]. Extracts from Pleurotus tuber-regium and P. rhinoceros
have antitumor effects by promoting lymphocyte and natural killer (NK) cell maturation, increasing
macrophage proliferation, T helper cell proliferation, CD4/CD8 ratio, and population. This is
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accompanied by an increase in spleen weight and size, attributed to heightened numbers of
monocytes and granulocytes among other immune cells [103]. The consumption of mushroom
compounds initiates both innate and adaptive immunity by bolstering immune surveillance against
cancer. Monocytes, macrophages, natural killer (NK) cells, B cells, cytotoxic T lymphocytes (CTLs)
secreting antitumor cytokines, and the activation of immunological organs are all involved in this.
According to Israilides et al. [104], the combined actions result in the death of cancer cells, cell cycle
arrest, and the inhibition of angiogenesis and metastasis [127,128]. Table 2 below shows the
immunomodulatory effects of edible mushrooms on humans’ system.

Table 2. Immunomodulatory Effects of Edible Mushrooms on Humans System.

Edible Mushroom Effects on
S/N Author/Authors Title of Publication Findings immune
worked on
system
Rc?sul.ts from the study Enhanced
indicated that local .
varieties of Oyster and o o0 cell
Nutritional and Oyster Mushroom .. y activity and
. . Shiitake mushrooms .
1 Adejumo et al. Immunomodulatory Properties of (Pleurotus ostreatus), contain cytokine
' [105] Edible and Medicinal Mushrooms Shiitake (Lentinula . production,
in Nigeria edodes) polysaccharides that supportin
& enhance immune cell .pp &
. . immune
activity and cytokine .
. function.
production.
The results from the
Increased
study showed that .
) antioxidant
Termitomyces ..
. ) activity and
Antioxidant and Immune- Termitomuces microcarpus extracts enhanced
2. Kaluetal. [106] Boosting Effects of African . 4 significantly increased
. microcarpus . o immune cell
Indigenous Mushrooms antioxidant activity .
function,
and enhanced the . .
. . improving
function of immune
. immune health.
cells in vitro.
I hi
Rats treated with nereased white
blood cell
Psathyrella .
production and
atroumbonata extracts
Immunomodulatory Effects of . enhanced
Psathyrella showed increased .
3. Okonetal [107] Psathyrella atroumbonata Extracts _ . phagocytic
. . atroumbonata production of white ).
in Albino Rats activity,
blood cells and strengthening
enhanced. pbagocytlc the immune
activity.
system.
The study compared
the Enhanced
immunostimulatory cytokine
activities of different production and
Comparative Study on the Pleurotus tuber- Nigerian mushrooms, immune cell
Adebayo-Tayo et . L . . . .
4. al. [108] Immunostimulatory Activities of regium, Lentinus  and results showed proliferation,
' Nigerian Mushrooms squarrosulus that both species indicating
enhanced cytokine strong
productionand  immunostimula
immune cell tory effects.

proliferation.



https://doi.org/10.20944/preprints202407.0119.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2024

d0i:10.20944/preprints202407.0119.v1

11
The study confirmed  Increased
that Ganoderma macrophage
lucidum used in activity and
Nwogu et al. Immunologi'cal Il?npa(?ts of Reishi Mushroom Nige.ri(jm t.raditional cytokirlle
5 Ganoderma lucidum in Nigerian ) medicine increased ~ production,
[109] . . (Ganoderma lucidum) o )
Traditional Medicine the activity of supporting
macrophages and  traditional uses
production of key in boosting
cytokines. immune health.
Increased
The study found that lymphocyte
Termitomyces robustus proliferation
Potential of African Wild . extracts significantly —and cytokine
Kamara et al. Termitomyces .
6. Mushrooms as Immune increased lymphocyte release,
[110] robustus . . N
Enhancers proliferation and indicating
cytokine release in  strong potential
vitro. as an immune
enhancer.
Boosted
Polysaccharides were ooste
macrophage
. . found to boost .
Polysaccharides from King . activation and
King Oyster macrophage .
. Oyster Mushroom (Pleurotus o increased
7. Kimetal. [111] . . Mushroom activation and .
eryngii) and Their Effects on the . . cytokine levels,
(Pleurotus eryngii) increase levels of )
Immune System . enhancing
immune-related ,
S immune
cytokines in mice.
response.
I d
Healthy adults nerease
X cytokine levels
showed increased
and enhanced
. levels of IL-1§3, IL-6,
Immunoenhancing Effects of T-cell
. . ) . and TNF-a, and . .
8.  Leeetal. [112] Cordyceps sinensis in Healthy Cordyceps sinensis proliferation,
enhanced T-cell 1
Adults . ) indicating
proliferation after .
) . improved
Cordyceps sinensis .
. overall immune
intake. .
function.
From the results, it E}i;}laorzcet:lc
was evident that P . g Y
. activity and
polysaccharides from increased nitric
Immunomodulatory Effects of ~ Enoki Mushroom  Enoki mushroom oxide and
9. Wangetal. [113] Enoki Mushroom (Flammulina (Flammulina enhanced macrophage cvtokine
velutipes) Polysaccharides velutipes) phagocytosis and y

. . production,
increased production strenethenin
of nitric oxide and 8 &

. innate
cytokines. . )
immunity.
Chaga (Inonotus Reduction in
bli tract -
Immunomodulatory Effects of Chaga Mushroom . P . Y
10. Song et al. [114] . inflammatory cytokines and
Chaga Mushroom (Inonotus (Inonotus obliquus) . . . .
) cytokines and increase in anti-
obliguus) Extract . . .
increased anti- inflammatory
inflammatory cytokines,
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Effects of Maitake Mushroom
(Grifola frondosa) on Immune
Function in Cancer Patients

11. Maetal.[115]

Enhancement of Immune
Response in Mice by Oral

12. Changetal. [116] Administration of Reishi

Mushroom (Ganoderma lucidum)

12
cytokines in cell promoting
cultures. balanced
immune
regulation.
. Enhanced NK
Cancer patients cell activity and
showed enhanced NK . Y
cell activity and increased
Maitake Mushroom , Y cytokine levels,
(Grifola frondosa) increased levels of IL- i mprovin
12 and TNF-a after irrlfmuneg
Maitake
, response
supplementation. .
against tumors.
Boosted
The study showed immune
increased production  response,
Reishi Mushroom of Cytoklne§ aTnd 1ncrea'sed
. enhanced activity of cytokine
(Ganoderma lucidum) .
macrophages and production,
natural killer cellsin ~ enhanced

mice. activity of

immune cells.

Increased T-cell

The participants proliferation
showed an increase in and NK cell
Immunomodulatory Effects of . T-cell proliferation activity,
13. Jeongetal.[117] Shiitake Mushroom (Lentinula Shutak'e Mushroom and enhzmced NK cell indicati}rllg
) (Lentinula edodes) .. .
edodes) Extract in Healthy Adults activity after improved
consuming Shiitake immune
extract. surveillance
and response.
Activation of
Polysaccharides macrophages
Antitumor and extracted from Lion’s and increased
Immunomodulatory Activity of Lion’s Mane Mane showed nitric oxide
14.

Yu et al. [118] Polysaccharides from Lion’s

Mane Mushroom (Hericium

Mushroom significant activation = production,

(Hericium erinaceus) of macrophages and contributing to

erinaceus) increased production  improved
of nitric oxide. immune
defense.

Cordyceps militaris Enhances
Immune Functions in
Immunosuppressed Mice

15. Zhang etal. [119]

Results from the study Restoration of
indicated restoration lymphocyte
of splenic lymphocyte proliferation
proliferation and

increased IL-2 and

and increased
cytokine levels,

Cordyceps militaris

IFN-y levelsin  aiding recovery
immunosuppressed  of immune
mice. function.

3.2. Interaction with Immune Cells: A Comprehensive Insight

The immune system's complex and ever-changing network of connections is essential to the
body's ability to fight off infections and preserve general health. This thorough understanding of how

d0i:10.20944/preprints202407.0119.v1
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immune cells interact explores the intricacies of the immune system and emphasizes the coordinated
reactions that shield the body from dangerous intruders.

3.2.1. Cellular Players in the Immune System
i. Macrophages and Phagocytosis: Important components of the immune system, macrophages
carry out the process of phagocytosis, which involves absorbing and breaking down foreign
particles. To start an immune response, they must be able to identify and react to infections.

ii. T Lymphocytes (T Cells): T cells play a vital role in immunological response coordination. While
cytotoxic T cells actively target and destroy diseased or aberrant cells, helper T cells mediate
communication between different immune cells.

iii. B Lymphocytes (B Cells) and Antibody Production: Antibodies are proteins produced by B
cells that are able to identify and neutralize infections. B cells work in concert with other immune

cells to provide a customized resistance against certain invaders.

3.2.2. Communication and Signaling Pathways
i. Cytokines: The communication between immune cells is largely dependent on these signaling
molecules. By coordinating the activities of many cell types, cytokines control the duration and
strength of immunological responses.
ii. Chemotaxis: Chemotaxis is the term for the movement of immune cells in response to chemical

cues. This deliberate motion is essential for identifying and addressing diseases inside the body.

3.2.3. Immune Memory and Adaptive Responses
i Memory T and B Cells: Thanks to memory T and B cells, the immune system "remembers"
previous infections. When the pathogen is encountered again, this memory enables a quicker
and more potent reaction.
ii. Vaccination: Vaccination theory makes use of adaptive immune memory. Vaccines provide
immunity without actually spreading disease by introducing pathogen components that are safe

for the body to handle and prompting the immune system to mount a defense.

3.2.4. Immunosurveillance and Defense Against Cancer
i Natural Killer (NK) Cells: When it comes to identifying and getting rid of malignant cells, NK
cells are essential. Their capacity to identify aberrant cells renders them indispensable in
impeding the growth of malignancies.
il. Immunotherapy: The body's immune system is targeted and destroyed by cancer cells thanks
to advancements in immunotherapy. This new way of thinking is changing the face of cancer

care.

3.2.5. Challenges and Autoimmune Disorders
i Autoimmunity: Autoimmune illnesses arise when the immune system unintentionally attacks
the body's own cells. It is essential to comprehend the mechanisms behind autoimmunity in
order to design targeted therapeutics.
ii. Immune System Aging: The immune system varies with age, which impacts how sensitive it is.

Examining how aging affects immune function is essential to treating health issues in the elderly.
Therefore, it is essential to have a thorough grasp of the complex relationships that exist within
the immune system in order to advance medical research, create efficient treatments, and guarantee
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the preservation of general health. With the continuous investigation into the intricacies of immune
cell interactions, there is considerable potential for the development of novel treatments and
preventive measures in the times ahead.

4. Edible Mushroom Varieties and Their Immune Boosting Properties

It has long been known that mushrooms have potential health benefits in addition to their
gastronomic flexibility. Of the many kinds of mushrooms, a few edible kinds are particularly notable
for their amazing ability to strengthen the immune system. This investigation explores the unique
properties and possibilities for immune-strengthening of common mushrooms, such as chaga, reishi,
maitake, and shiitake, among others, that support a varied and resilient immune system.

Shiitake Mushrooms (Lentinula edodes):

o  Beta-Glucans: Beta-glucans are a kind of polysaccharide that is abundant in shiitake
mushrooms and is well-known for its immune-modulating properties. White blood cell
production is stimulated by beta-glucans, which improves the body's ability to fight
infections. Therefore, beta-glucans increase the body's capacity to identify and get rid of
infections by activating macrophages, dendritic cells, and other immune cells.

o  Antioxidant Compounds: Compounds with antioxidant qualities such as ergothioneine and
selenium can be found in shiitake mushrooms. Antioxidants support overall immune
function/inflammatory response by counteracting free radicals, oxidative stress, and
inflammation. The immune system is strengthened by shiitake mushrooms.

o  Vitamin D: One of the few naturally occurring food sources of vitamin D is shiitake
mushrooms. A healthy immune system is linked to adequate vitamin D levels, and shiitake
mushrooms provide a plant-based way to get this vital vitamin.

Reishi Mushrooms (Ganoderma lucidum):

o  Polysaccharides and Triterpenes: Reishi mushrooms are well known for having a high
triterpene and beta-glucan composition. These substances have been connected to immune
system modulation, stimulating immune cell activity and strengthening the body's defense
systems.

o  Adaptogenic Properties: Reishi mushrooms aid the body's ability to adjust to stimuli and are
regarded as adaptogens. Since long-term stress can impair immune function, these
mushrooms indirectly support the immune system by lowering stress.

o  Anti-Inflammatory Effects: Reishi mushroom compounds have anti-inflammatory qualities
that aid in regulating the immune system and reducing excessive inflammation, both of
which are critical for maintaining the immune system's overall balance.

Maitake Mushrooms (Grifola frondosa):

o  Beta-Glucans: Like shiitake mushrooms, maitakes have a high beta-glucan content. By
stimulating immune cells like macrophages and natural Kkiller cells, these polysaccharides
help to create a strong resistance against infections.

o  Antiviral Activity: Given that maitake mushrooms have shown antiviral qualities, they may
be useful in bolstering the body's defenses against viral infections. Studies indicate that some
of the chemicals found in maitakes may prevent viruses from replicating.

o  Blood Sugar Regulation: Maitake mushrooms have the potential to improve general health
by assisting in blood sugar regulation. They assist immunological function indirectly by
encouraging metabolic homeostasis.

Chaga Mushrooms (Inonotus obliquus):
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o  Betulinic Acid: Bentacinic acid, a substance found in chaga mushrooms, may have antiviral
and immune-boosting effects. This acid may stimulate immune cell activity, which could
enhance the immunological response as a whole.

o  Antioxidant Powerhouse: Antioxidants such as melanin and superoxide dismutase are
abundant in chaga. These substances counteract free radicals, shielding cells from oxidative
damage and enhancing immune system performance.

o  Adaptogenic Potential: The adaptogenic qualities of chaga mushrooms aid in the body's
reaction to stress. Because it inhibits the immune system from being suppressed by stress,
this adaptability subsequently encourages immunological health.

Turkey Tail Mushrooms (Trametes versicolor):

o  Polysaccharide-K (PSK): Turkey tail mushrooms have a unique polysaccharide called PSK
that has been demonstrated to have immune-stimulating properties. In certain areas, PSK is
used as an adjuvant therapy for cancer treatment.

o Immunomodulatory Effects: Turkey tail mushroom compounds have the potential to
influence immunological response by increasing immune cell activity and modulating the
immune system.

Cordyceps Mushrooms (Ophiocordyceps sinensis):

o  Cordycepin: Cordycepin, a substance with possible antiviral and immune-regulating
qualities, is found in cordyceps mushrooms. Cordycepin may assist immune system support
and inflammatory regulation.

o  Enhanced Oxygen Utilization: It is well known that cordyceps improve the body's use of
oxygen, which may help maintain general health and immunological response.

Other Exploring a Diverse Range:

o  Enoki Mushrooms (Flammulina velutipes): Enoki mushrooms have substances that
strengthen the immune system, such as antioxidants and beta-glucans. They also offer vital
elements that support general health, such as B-vitamins.

o  Oyster Mushrooms (Pleurotus ostreatus): Beta-glucans are found in oyster mushrooms,
which also have antibacterial qualities. Because of their high nutritional content and
potential for immunological support, they help create a well-rounded diet.

o  Lion’s Mane Mushrooms (Hericium erinaceus): The synthesis of nerve growth factor (NGF)
may be supported by lion's mane mushrooms, and their neuroprotective properties may
also have an indirect impact on immunological function. They also include antioxidants and

beta-glucans.

Therefore, including a range of edible mushrooms in the diet can be a tasty and nourishing
approach to boost immune function. The chemicals included in these mushrooms have promising
potential for immune-boosting benefits, but further research is necessary to fully grasp their extent.
Because of their special effect on immune function, these mushrooms, when included in a varied and
well-balanced diet, not only enhance flavor but also help to promote general well-being.

5. Scientific Studies and Research Findings
5.1. Overview of Relevant Studies

According to Wong et al. [103], mushrooms show promise in preventing a range of cancers,
including leukemia in humans and hematological tumors in mice. While the exact mode of action is

yet unknown, it is thought to entail in vitro and in vivo cell division arrest, activation of apoptosis,
and upregulation of genes that induce apoptosis [120]. Injecting mushroom chemicals into tumor
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masses causes cell death at various phases of the cell cycle, which effectively stops the growth of
tumor cells. For instance, lentinan and lectins derived from Shiitake demonstrate cytotoxicity and
cytostatic effects on MCF-7 breast cancer cells, respectively [121]. Additionally, they exert an anti-
inflammatory impact by reducing neoangiogenic and granulocyte-chemoattractant factor IL-8 levels,
increasing cytotoxic T cell infiltration, and rebalancing the skewed T1/T2 balance in late cancers [122].
The infiltrative nature of phagocytes becomes crucial for tumor elimination through phagocytosis
and the production of cytokines for direct or indirect anticancer activity, including antibody-
dependent cell-mediated cytotoxicity (ADCC) [123]. Cancer metastasis and proliferation inhibition
are indicated by the suppression of cell motility and vasculature in the tumor microenvironment
[124]. Ganoderma lucidum, for example, may reduce cell motility, proliferation, apoptosis, and
angiogenesis in highly invasive human breast and prostate cancer cells. Polysaccharide-Kureha (PSK)
injected directly into human stomach tumors prior to surgery is rapidly absorbed by dendritic cells
around the tumors, enhancing patient survival and quality of life in stomach cancer patients. PSK is
directly cytotoxic to cancer cells [125]. Studies by Hsu et al., [126] show that methanol extracts of G.
lucidum and G. tsugae inhibit colorectal cancer cell growth within 72 hours by downregulating cyclin
A and B1, upregulating p21 and p27, arresting the cell cycle in G2/M, and suppressing tumor growth,
inducing cell death, and inhibiting cell proliferation in human colorectal cancer cells in vivo.
Mushroom extracts inhibit NF-kB transactivation in Caco-2 cells, with A. blazei Murill and Coprinus
comatus showing the most significant reduction in NF-kB transactivation, causing tumor cells to
cease proliferating, die, or become susceptible to antitumor agents [99,127]. Lentinus edodes fruit
body water extracts effectively suppress MCF-7 cell proliferation and DNA synthesis, indicating a
potent cytostatic effect on the cancer cell cycle [104,128]. Huaier (Trametes robiniophila) extract-
treated MCEF?7 cells undergo G0/G1 arrest, causing cell damage and apoptosis. Hot water extracts of
Coprinellus sp., Coprinellus comatus, and Flammulina velutipes also inhibit the proliferation of MCEF-7,
MDA-MB-231, and BT-20 cells [129]. Additionally, Sanghuangprous vaninii extract inhibits the cell
cycle and triggers apoptosis in human cervical cancer SiHa cells via the mitochondrial-ER stress route
[130]. Because mushroom-loaded nanoparticles offer improved stability, extended shelf life, and
greater biological activity, the synthesis of nanoparticles utilizing edible and medicinal mushrooms
has become an intriguing topic in medical research [131]. Promising anti-proliferative effects against
MCE-7, HT-29, and HUH-7 cell lines have been seen in recent research on the green synthesis of silver
nanoparticles (AgNPs) using crude extracts of B. edulis (BE-NPs) and C. versicolor (CV-AgNPs)
mushrooms [132]. Similarly, improved apoptotic activity against the breast cancer cell line MCF-7 is
demonstrated by biofabricated gold nanoparticles (AuNPs) made from the aqueous extract of the
endophytic Cladosporium sp. isolated from Commiphora wightii [133]. To summarise, this review
study thoroughly examines crucial facets of using mushrooms and their phytoactive ingredients for
anticancer therapy. It places a strong emphasis on the molecular pathways that lead to the
development of cancer, traditional anticancer treatment, notable advances in the creation of
anticancer drugs, and the current anticancer effectiveness of metallic nanoparticles filled with
mushrooms. As highlighted in a review by Shahazad et al. [134] and Pathaka et al., [135], edible
mushrooms are a good target for bioactive food resources. This is because of their possible function
in guarding against SARAS-CoV-2 infection.

5.2. Clinical Trials on Edible Mushrooms and Immune Response
5.2.1. Extract of Agaricus blazei Murrill in Gynecological Cancer Patients

A randomized clinical trial (RCT) conducted by Ahn et al. [136] used an extract of Agaricus blazei
Murrill, which is known to have antimutagenic and anticancer characteristics, on one hundred
patients with gynecological cancer who were receiving chemotherapy. The treated group showed a
notable decrease in side effects associated with chemotherapy as well as increased NK cell activity.
But when Yoshimura et al. [137] compared two different supplements - Rokka Reishi and Senseiro,
they found no difference in efficacy among individuals with prostate cancer in an open-label
experiment.
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5.2.2. AndosanTM: Clinical Trials and Immunomodulatory Effects

According to Hetland et al. [138], AndosanTM, a product made from Agaricus blazei mycelium,
Grifola frondosa, and Hericium erinaceus, underwent a number of clinical trials that showed
anticancer, anti-inflammatory, and antiallergic properties. According to Tangen et al. [139], patients
with multiple myeloma who were given AndosanTM had higher levels of Treg cells and
plasmacytoid dendritic cells, which may indicate that the medication can boost immune responses.

5.2.3. Maitake's Role in Cancer Treatment

In a study published in 2002, Kodama et al. [140] demonstrated the efficacy of maitake in the
treatment of cancer by exhibiting improvements in symptoms or regression of breast, lung, and liver
cancer patients. The complicated and variable immunological effects of maitake were highlighted by
Deng et al. [141], highlighting the difficulty in determining the ideal dosages for botanical medicines.

5.2.4. Coriolus versicolor: PSP and PSK in Cancer Therapy

In lung cancer patients, the bioactive protein—polysaccharides PSP and PSK from Coriolus
versicolor showed immunomodulatory and anticancer effects [142]. Akagi and Baba [143] reported
improved overall survival in advanced gastric cancer patients treated with PSK, suggesting its
potential through immune mechanisms.

5.2.5. Ganoderma lucidum: Therapeutic Properties and Clinical Trials

Ganoderma lucidum, a well-studied medicinal mushroom, showed therapeutic properties in
advanced lung cancer patients [144]. Clinical trials by Oka et al. [145] and Zhao et al. [146] indicated
its potential in colorectal adenoma suppression and improving quality of life in breast cancer patients.

5.2.6. Lentinan and AHCC: Immunochemotherapy in Cancer Patients

Lentinan, a biological response modifier, significantly increased overall survival in advanced
gastric cancer patients [147]. AHCC, derived from Lentinula edodes, demonstrated
immunomodulatory effects in cancer patients undergoing chemotherapy [148,155].

5.2.7. Shiitake (Ling Zhi) and Antrodia cinnamomea: Clinical Trials and Immunoenhancement

Shiitake's active hexose correlated compound (AHCC) exhibited positive effects in cancer
patients undergoing chemotherapy, reducing herpes virus levels and mitigating chemotherapy-
associated side effects [148,149]. Antrodia cinnamomea, despite traditional use, did not show efficacy
in improving outcomes in advanced cancer patients [150].

5.2.8. Positive Outcomes with Agaricus bisporus and A. sylvaticus

Agaricus bisporus demonstrated promising results against prostate cancer by reducing
immunosuppressive factors [151]. A. sylvaticus showed positive effects on metabolic and biochemical
profiles in colorectal cancer patients’ post-surgery [152,153].

5.2.9. Clinical Efficacy of AHCC in Various Cancers

Active Hexose Correlated Compound (AHCC) demonstrated promising results in various
cancers, including pancreatic, lung, and colorectal adenocarcinomas, showing improvements in
immune functions without toxicity [149,154]. Summarily, various medicinal mushrooms and their
extracts have shown potential in enhancing immune responses and alleviating side effects in cancer
patients, emphasizing the importance of further research to explore their clinical efficacy.

5.2.11. Medicinal Mushrooms in Diabetes Control: A. blazei Murrill and Pleurotus ostreatus

In a randomized, double-blind, placebo-controlled trial with 72 individuals having type 2
diabetes, A. blazei Murrill demonstrated efficacy in diabetes control. Insulin resistance significantly
improved after receiving A. blazei mushroom extract for 12 weeks; this improvement may have been
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caused by an increase in plasma adiponectin content. Furthermore, a different clinical experiment
demonstrated the advantages of an A. bisporus-based diet, suggesting a decreased risk of prenatal
problems in expectant mothers.

5.2.12. Clinical Studies on Mushrooms and Metabolic Disorders: G. lucidum and H. erinaceus

In a study involving 84 participants diagnosed with type 2 diabetes, researchers investigated the
impact of G. lucidum on both hyperglycemia and cardiovascular risk. Surprisingly, the findings did
not achieve statistical significance, contradicting initial hypotheses. Conversely, in clinical trials
focusing on neurasthenia, G. lucidum demonstrated promising outcomes, notably reducing fatigue
and enhancing overall well-being. Separately, H. erinaceus exhibited potential in managing conditions
such as anxiety, depression, and early-stage Alzheimer's disease across multiple clinical trials.
Moreover, it displayed notable efficacy in improving cognitive function among individuals with mild
cognitive impairment.

6. Challenges and Considerations

i.  Standardization of Extracts and Heterogeneity of Mushroom Species: A notable obstacle in the field of
medicinal mushroom research is the absence of established procedures for the extraction of
bioactive components. This variation makes it difficult to generalize the results across research
and reduces consistency. To get around this, the development of standardized techniques for
making mushroom extracts ought to be the top priority in future studies. This would ensure
reproducibility and make reliable comparisons easier. Furthermore, generalization is difficult
since different mushroom species have varied chemical makeup. In order to solve this, scientists
must precisely identify and classify the particular mushroom species they are studying and
provide comprehensive information about the bioactive components in each to allow for
relevant comparisons.

ii. Dose and Duration Variability and Patient Heterogeneity: In clinical research with medicinal
mushrooms, variability in dosages and treatment periods poses an additional challenge. The
evaluation of the best therapeutic levels and long-term effects is hampered by inconsistent
dosage schedules and treatment lengths. Prioritizing consistency in these areas will help future
trials create distinct dose-response correlations. Additionally, it is more difficult to identify
particular subgroups that would benefit more from mushroom-based therapies due to patient
variability within clinical studies. Variations in treatment responses can be found by stratifying
research populations according to pertinent criteria, such as the severity of the patient's diabetes
or the components of the metabolic syndrome.

iii. Placebo Effects and Long-term Safety: Placebo impacts can dramatically affect the results of clinical
trials, especially when it comes to subjective measurements like mood and well-being. In order
to reduce bias and precisely assess the therapeutic effects of medicinal mushrooms, it is
imperative to implement strong blinding protocols and employ efficacious placebo controls.
Furthermore, little is known about the long-term safety of consuming medicinal mushrooms
over an extended period of time. It is imperative that future research incorporate thorough safety
evaluations, together with long-term monitoring for negative impacts, to guarantee the ongoing
health of those who consume these mushroomes. It is vital to tackle these obstacles and factors in
order to progress the domain of study on medicinal mushrooms and furnish strong proof of

their therapeutic efficacy in diverse medical scenarios.

6.1. Potential Allergens and Sensitivities
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i.  Clinical Evidence of Mushroom Allerqy: There have been reports of mushroom allergies in Europe
and Japan, as well as a history of repeated bouts of urticaria and Quincke edema in people who
have eaten mushrooms such as Shiitake, Maitake, and Shimeji. Prick-by-prick tests with positive
and negative controls have been used in clinical trials to determine the etiology of these allergies.
Different mushroom extracts showed different wheal diameters in the experiments, indicating
different allergic reactions. Interestingly, even within the same genus, the allergenic proteins
identified by IgE immunodetection varied between species. An interesting observation was the
heat resistance of Shiitake and Shimeji antigens, contrasting with the decomposable nature of
Maitake antigen upon heating [148,155].

ii.  Immunological Mechanisms of Mushroom Allergy: Mushroom allergy typically involves exposure
to allergens generated through mushroom consumption or inhalation of spores. This
hypersensitive reaction is mediated by IgE immunoglobulin and involves a cascade of
immunological responses. During the initial exposure to the allergen, T helper type-2 cells
activate, leading to the secretion of interleukins, particularly IL4 and IL13. These interleukins
play a pivotal role in the production of allergen-specific IgE, which binds to mast cells. Upon
subsequent exposure, the cross-linking of IgE on mast cells triggers the release of histamine and
other mediators, causing an immediate allergic reaction. Chronic allergic inflammation is
sustained by the recruitment of eosinophils, basophils, and T helper-2 cells to the site of the
allergic reaction [156-159].

iii. Exploring Allergens in A. bisporus: Among edible mushrooms, A. bisporus is widely consumed,
but it has also been associated with allergic reactions. The identification of allergens in A.
bisporus involves filtering potential allergens based on sequence identity and functional motifs.
An analysis of the putative allergens' functional aspects is performed using gene ontology (GO),
and the 3D structure of a potential allergen, such as the heat shock protein hsp70 protein, is
predicted. The goal of the research is to shed light on the molecular causes of allergies and help
develop preventative strategies for diseases brought on by these allergens. The A. bisporus
proteome must be retrieved, the Allergen Online service must be used to look for potential
allergens, and sequences must be chosen based on homology to known allergens from other
sources (UniProt database). A. bisporus was shown to have 266 putative allergen protein
sequences, suggesting cross-reactivity with recognized allergens. This study provides important
insights into the mechanisms underlying mushroom allergies by illuminating the intricate

interactions between immune responses and mushroom ingestion.

6.2. Dosage and Moderation in Consumption

i.  Optimal Dose Investigation of A. bisporus: In order to assess the best dosage of A. bisporus, also
referred to as white button mushroom (WBM), for its possible anti-aromatase and anti-breast
cancer properties in postmenopausal women who have already been diagnosed with breast
cancer, Palomares et al. [160] carried out dose-finding research. Different dosages of the fungal
extract (5, 8, 10, or 13 g daily) were administered during the 12-week treatment, and cytokine
levels, free estradiol (FE2) levels, and aromatase activity (AA) were measured. Even when the
predetermined response conditions weren't reached, several intriguing results showed up. In
the 5 g and 8 g groups, FE2 tended to rise, whereas in the 10 g and 13 g groups, it stayed constant.
A notable increase in post-prandial peak in AA was observed in the lower dose groups,

suggesting a potential dose-dependent response. Despite lacking a clear dose-effect correlation,
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the study indicated the presence of anti-aromatase bioactive compounds in plasma at
consumption levels of 10-13 g of extracts, equivalent to 100-130 g of the whole mushroom.

ii. ~ WBM as a Prebiotic-Rich Food: In a different perspective, WBM was evaluated as food rich in
prebiotics by Gao et al. [161] in an open-label crossover trial involving 32 healthy adults. The
trial compared the impact of consuming protein-matched amounts of mushrooms or meat twice
daily for ten days. While no significant differences were found in breath hydrogen, stool
frequency, consistency, fecal pH, or Short Chain Fatty Acid (SCFA) concentrations between the
two groups, the fecal microbiota composition of WBM-fed subjects differed. Notably, there was
a higher abundance of Bacteroidetes and a lower abundance of Firmicutes. The study also hinted
at the potential positive effects of mushroom consumption on laxation, evident from increased
stool weight and the presence of undigested mushrooms in the stool.

iii. Immunomodulatory Effects of Pleuran: The effectiveness of pleuran, an oyster mushroom
derivative, in reducing morbidity in kids with recurrent respiratory tract infections (RRTIs) was
investigated by Jesenak et al. [162]. Imunoglukan P4H® syrup, which contains pleuran and
vitamin C, was given to the treated group in this double-blind, placebo-controlled study, which
involved 175 children. The placebo group was given simply vitamin C. Significant reductions in
the frequency of flu episodes, a higher percentage of those avoiding respiratory infections, and
modifications to humoral and cellular immunity were observed in the treated group. IgG, IgM,
and IgA concentrations rose, and immunoglukan was linked to increased NK cells and stopped
the decrease in CD8+ T cytotoxic lymphocytes. Furthermore, Urbancikova et al. [163] conducted
a randomized, placebo-controlled clinical trial to examine the use of pleuran in the management
of herpes simplex virus type I infection. The findings showed that the severity and duration of
respiratory symptoms were decreased during the preventative phase and significantly reduced
during the acute treatment phase of herpes symptoms. Pleuran may be able to help with certain

health issues as no negative effects were noted during any period.

7. Future Perspectives and Research Directions of Immune-Boosting Properties of Edible
Mushroom

The structural variety and range of biological activity that polysaccharides in edible fungi
display provide important information for the development of new medications and functional
meals. Notably, a variety of chronic diseases may be prevented and treated with the help of these
palatable fungal polysaccharides. Even though they seem promising, there are important problems
with using edible fungus polysaccharides to treat chronic illnesses that need to be resolved right once.
Different extraction techniques result in different amounts and compositions of edible fungal
polysaccharides, which profoundly affects their functional effectiveness. Therefore, it is imperative
that the extraction procedures be improved in order to maximize the polysaccharides' functional
qualities as well as their active components. As research on edible fungal polysaccharides that are
physiologically active is still in its early phases, a wide range of in vitro and in vivo experiments to
validate their functional capabilities. Even while edible fungal polysaccharides have been suggested
as having potential uses in the treatment of chronic diseases, further research is needed to determine
the precise mechanisms underlying these applications. This lack of thorough knowledge may make
it difficult to use edible fungal polysaccharides in medicinal settings.

The mushroom is a rich source of several phytoconstituents that are bioactive, many of which
are still unidentified. Among these, Ganoderma lucidum is a species that shows great promise; Asian
doctors are especially aware of its ability to combat cancer. Though numerous clinical trials have been
undertaken to determine its effectiveness, there is still not enough evidence to support its use as a
first-line treatment for cancer. To validate its role, published systematic reviews point to the need for
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improved methodological quality and more clinical research. Many mushroom-based products with
strong anti-cancer claims are available; these items are typically dietary supplements containing
extracts or bioactive phytoconstituents. All of these mushroom preparations aren't, however, sold as
anti-cancer medications at the moment. Food supplements can be marketed in the US without prior
FDA approval unless they are made specifically claim to be medications for specific illnesses. Without
systematic scientific confirmation, this regulatory framework raises concerns about potentially
erroneous claims. Before attributing anti-cancer activity to mushrooms and their products in humans,
a complete assessment of these mushroom products coming from various geographical regions is
necessary, demanding technological developments for the better purification of bioactive
phytoconstituents.

8. Conclusion

In light of the possible anti-cancer effects of mushrooms, this study concludes by critically
analyzing the current state of affairs pertaining to Ganoderma lucidum and other mushroom-based
products. The promise of these fungi is acknowledged, but the need for increased methodological
rigor in clinical trials and the significance of scientific validation for goods with health claims are also
emphasized. The suggestions made are intended to direct future research projects, encourage ethical
marketing techniques, and support the knowledgeable and fact-based usage of goods derived from
mushrooms for medical purposes. In the end, our analysis attempts to improve our knowledge of the
health-promoting properties of mushrooms while making sure that claims are supported by solid
scientific data. As a result, the advice comprises:

i. Technological Advancements for Compound Purification: The study recommends

investigating technical methods for the separation of bioactive components from mushrooms in
order to further the subject. This may aid in the creation of standardized extracts with
established active component concentrations.

ii. Geographical Evaluations for Accurate Claims: The study suggests thorough analyses of
mushroom products from different regions, acknowledging the diversity of mushroom species
across geographic zones. This can support the establishment of truthful assertions about the anti-

cancer properties of particular mushroom cultivars.

9. Summary of the Key Findings

i. Ganoderma lucidum and Anti-Cancer Potential: The study recognizes Ganoderma lucidum's
well-known anti-cancer qualities, which have been supported by multiple clinical investigations.
Though encouraging, Ganoderma lucidum's extensive usage as a primary cancer treatment lacks
sufficient evidence, according to a careful analysis of the available data.

ii. Mushroom-Derived Products and Claims: Products made from mushrooms, which are often
sold as dietary supplements, usually include anti-cancer claims. The research highlights doubt
regarding the scientific basis for these claims, especially in light of the US regulatory

framework's lack of a requirement for prior clearance before food supplements can be marketed.

10. Implication for Health and Well being
i Need for Methodological Refinement: The research highlights the necessity for additional
methodological advancements in clinical studies investigating Ganoderma lucidum's potential
as an anti-cancer agent. Improving research design, thoroughness, and documentation can add
to a stronger body of evidence, which will help clinicians make well-informed decisions.
ii. Scientific Validation of Mushroom-Derived Products: The study emphasizes how crucial it is

for products derived from mushrooms that promise health advantages to undergo thorough
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scientific validation, especially if those claims are linked to anti-cancer activity. Ensuring the
safety and effectiveness of these goods in improving health and well-being is crucial.

Regulatory Considerations: There are questions regarding the regulation of products derived
from mushrooms because there is no prerequisite for preapproval before food supplements can
be marketed. A stricter regulatory framework is one of the recommendations made to guarantee

that health claims are supported by solid scientific data.
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NK  Natural Killer
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PD  Parkinson disease
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RCT Randomized Clinical Trial
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