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LESSON 3: Mushrooms and the Immune
System
INTRODUCTION
Mushrooms and their compounds have a unique influence on human immune function. Fungi and
humans are much more closely related than humans and plants, and this may be one reason that fungi
have the ability to interact in such complex ways with the human immune system; we share similarities in
intercellular signaling and metabolic pathways that aren’t found in plants (Galagan et al., 2005). And
while plant and human diseases don’t generally overlap, humans and fungi share some of the same
microscopic pathogens; it’s possible that humans may be able to “borrow” certain immune responses
from fungi (Stamets, 2002).
Whatever the reason, it’s become
clear that the use of mushrooms and
fungal extracts can impact human
health in a number of ways,
particularly through modulating the
activity of our immune system. In this
lesson, we’ll take a look at how
mushroom compounds interact with
immune function, and how we can
apply mushrooms in herbalism to help
support and regulate the immune
response.

A PRIMER ON
IMMUNE FUNCTION
Our immune system has two primary
goals: to protect us from external
pathogens (harmful microbes, a.k.a
germs!) and to check the development
and growth of aberrant cells
(cancerous or otherwise damaged
cells). A healthy immune system has
to be able to judge the difference
between our own normal cells and
damaged or invading cells and
microbes—and it has to respond just
enough to quell incipient infection
without turning its defense against our
healthy cells and tissues. Quite a
complex dance!
The immune response involves many types of cells, scores of chemical messengers to help those cells
communicate, and numerous cellular receptors that allow immune-active cells to sense and respond to
the constantly changing environment of the body. That’s far more detail than we can include here, but

we’ll start with a very brief overview of some of the key points and players that are most relevant to our
understanding of how fungi interact with human immune function.

Innate Immunity
Immune system activity is usually grouped into two different branches: the innate (also called
non-specific) immune response and the acquired (also called adaptive or specific) immune response.
But these aren’t separate, independent systems—they’re mutually intertwined, with the activity of each
arm helping to inform, moderate, and balance the other.
Immune system components graphic
The innate immune response is often described as our first line of defense against pathogens; it relies on
certain types of white blood cells that act as scouts and respond very quickly, within a matter of hours,
by destroying potentially dangerous foreign microbes or cellular debris. The key types of immune cells
involved in the innate response include phagocytes, such as macrophages and neutrophils, which engulf
and neutralize microorganisms or cell fragments, and natural killer (NK) cells, which destroy other
infected or damaged cells. These immune cells are all non-specific responders, in that they are not
“looking” for one specific pathogen; instead, they respond to compounds found on the outside of all
types of damaged cells and pathogens.
The cells that orchestrate the innate immune response also kick off the inflammatory response often
characterized by redness, heat, pain, and swelling; inflammation is another mechanism the body uses to
eliminate pathogens and dead or abnormal cells. Importantly, the inflammatory response also serves to
draw other immune players to the site of damage or infection; macrophage and NK cells express
cytokines that signal and attract other white blood cells, lymphocytes, that manage the second phase of
immunity, the acquired or adaptive response.

Cytokine Signaling
Cytokines are proteins expressed by many different types of cells; like hormones, cytokines enable cells
to communicate. Cells both create and respond to a variety of cytokines at the same time; for their part,
cytokines can work in tandem—think of this as boosting each other’s signals—or they can oppose the
activity of other cells or cytokines.
Cytokine signaling is the primary way that immune cells communicate with each other, and it’s a critical
part of the balance between innate and acquired immunity; cytokines from NK cells and macrophages
(part of the innate response) profoundly influence how the acquired immune response unfolds, while
cytokine signals from acquired immunity players help regulate the activity of innate immune cells.
We won’t go into much detail about the activity of different cytokines here; for now, just bear in mind
that cytokines are one of the primary ways that the innate and adaptive immune responses help to
balance each other and provide a coordinated immune response.

Acquired Immunity
The cells of the acquired immune response are highly specific in their activity; they respond to
unique individual molecules that identify specific pathogens. This type of immune response takes longer
to kick into effect—usually several days, rather than a few hours—but it’s able to remember and
recognize these individual pathogens if they’re encountered again, generating a stronger immune
response.

Acquired immunity graphic
Acquired immunity is mediated by two classes of white blood cells, B-lymphocytes and T-lymphocytes
(often called B-cells and T-cells). The primary responsibility of B-lymphocytes is to generate antibodies,
which are proteins that bind to pathogenic molecules or other foreign substances. (Antibodies can also
react with our own cells or tissues, as in the case of autoimmune disease.) Any substance that an
antibody binds to is referred to as an antigen. This antibody-antigen complex then initiates an immune
response cascade. Antibodies also act as markers or tags, flagging the antigenic compounds for
destruction by macrophages and NK cells—just one example of the interplay between innate and
acquired immune response.
The activity of B-cells is described as the humoral aspect of the acquired immune response, while the
activity of T-cells is described as the cell-mediated response. That’s because T-lymphocytes don’t
respond directly to antigens; instead, they respond only when they encounter antigens bound with a
specific cellular protein that comes from other immune cells. The cells that introduce these antigenic
complexes might be macrophages, B-cells, or another group of antigen-presenting cells, which do just
what you’d expect, based on their name: they snag antigenic compounds and make them recognizable
to T-cells.
T-cells come in several different classes, each of which has a unique role to play; the primary types to be
aware of are helper T cells (Th) and cytotoxic (Tc) cells. Cytotoxic cells are directly active against
pathogens, while helper T cells amplify the effects of cytotoxic cells. Even though they don’t produce
antibodies themselves, Th cells are responsible for priming B-cells and stimulating the production of
other T-cells … in a way, Th cells are the behind-the-scenes mastermind of the entire acquired immune
response!
When naive (inactive) Th cells encounter antigen complexes, they differentiate into different functional
subtypes—and that’s when things start to get really interesting! The way these Th cells mature will define
which cytokines they produce; at the same time, the cytokines that are already present in the
surrounding environment when T-cells mature define what subtype they form—and that differentiation
influences the progression of immunity and inflammation, with some important effects that reverberate
throughout the body.
Th cells can differentiate into several different subtypes, but we’ll focus here on Th1 and Th2 subtypes,
which have the most relevance to our discussion of mushrooms and immunity. Th1 and Th2 cell types
each induce a different pattern of response. Broadly speaking, Th1 cells boost the function of Tc cells,
which are normally active inside host cells against pathogens like bacteria and viruses; they also
promote the activity of NK cells and the innate immune response (Borchers et al., 2008; Lull et al., 2005).
In contrast, Th2 cells stimulate B-cell activity and the production of antibodies, which are primarily active
outside cells. While Th2 cells are an important and necessary part of immune function, they can also
serve to amplify the inflammatory cycle, stimulate allergic response, and perpetuate autoimmune
reactivity (Borchers et al., 2008)—particularly when the Th2 subtype is dominant, and humoral (B-cell
mediated) activity outpaces cellular (Tc-cell) activity.
As we’ll see in the next section, beneficial mushroom compounds act as immunomodulants; through
activity in both the innate and acquired arms of immunity, fungi can both prime immune activity and help
to maintain balance between the innate, humoral, and cellular immune processes.

HOW MUSHROOMS INFLUENCE IMMUNE FUNCTION
Beta-glucans were the first polysaccharide compounds to be isolated from medicinal mushrooms and
were initially considered the active constituent responsible for immune and anticancer activity.

Subsequent research began to encompass other types of polysaccharides, including alpha-glucans, as
well as low molecular weight compounds including proteins, terpenes, and other secondary metabolites,
all of which appear to have effects on both innate and adaptive immunity (Borchers et al., 2008).
Fungal polysaccharides are by far the most researched and well-understood compounds of beneficial
mushrooms, although there’s constantly new research developing. Consequently, our discussion of the
nitty-gritty details of immunomodulation will focus on polysaccharides—but they’re certainly not the only
game on the block, so we’ll also review some of the other interesting immune-active compounds in
mushrooms.

Fungal Polysaccharides
As you learned in Unit 2, Lesson 3, beta-glucans are a family of polysaccharides, not a single type of
molecule; all beta-glucans have a similar structure, but there is significant structural diversity within the
group. Beta-glucans are not just found in fungi—oats and other cereals also contain beta-glucans.
Unlike the linear structure of proteins and amino acids, the sugar units that make up polysaccharide
chains can form into almost limitless shapes and configurations, and each shape may confer different
biological activity. Mushroom beta-glucans generally have many different branches and complex
linkages, which are partially responsible for their unique activities. (However, there’s certainly a lot of
overlap in activity between different polysaccharide structures—even though beta-glucans are
structurally different from one another, they’re also generally similar; when we refer to unique activities,
we’re talking about interaction with different cellular receptors, not the ability to do something entirely
novel and unrelated that no other beta-glucan can do!) The cellular receptors that interact with
mushroom beta-glucans have a much higher specificity for branched-chain polysaccharides (Thompson
et al., 2010), which may be why the linear beta-glucans from oat and other grains don’t have the same
immune activity as fungal polysaccharides.
Polysaccharides are a ubiquitous component of the chitin that makes up fungal cell walls, and many
mushrooms contain beta-glucan polysaccharides within their cell walls. There are dozens of different
and unique fungal beta-glucans; they’re usually named for the mushroom in which they were first found,
and given an -an ending—you might recognize the origins of lentinan (Lentinula edodes, shiitake),
pleuran (Pleurotus ostreatus, oyster mushroom), and grifolan (Grifola frondosa, maitake). And while there
are some specific differences between the activity of these various beta-glucans, it’s helpful to look at
them as a class to understand how they work in the body, and on the immune system specifically.
Polysaccharides are large, heavy molecules; they’re not generally thought to be able to pass through the
epithelial lining of the intestine to move into systemic circulation. But when beta-glucans pass through
the digestive system, they come into contact with lymphoid tissue that hosts a high concentration of
immune cells. These immune cells have specialized receptors called pattern recognition receptors,
which are normally on the lookout for molecules that signal the presence of pathogenic organisms. To
these receptors, mushroom polysaccharides look like dangerous business—remember many fungi are
pathogenic!—and the innate immune response kicks into gear.
Fungal polysaccharides graphic
There are several different types of pattern recognition receptors that recognize beta-glucans and trigger
multiple responses from the immune system (Guggenheim et al., 2014). In response to beta-glucans,
there’s an immediate upregulation of innate immune response, as expected in response to a
non-specific threat—but there are also effects in the subsequent acquired immune response. The
balance between these actions is what makes fungi unique immunomodulators: rather than simply

sounding the alarm bells to stimulate a high-intensity response, mushrooms can also help regulate
immunity.
It appears that even as they’re nudging innate immune cells (macrophages and NK cells) into increased
activity, fungal polysaccharides also stimulate the maturation of dendritic cells, a type of
antigen-presenting cell (Kothari et al., 2018). These dendritic cells present antigens to T- and B-cells,
which in turn primes naive (undifferentiated) T-helper cells, determining whether those cells develop into
the Th1 or Th2 subtype (Borchers et al., 2008).
As we mentioned earlier, the cytokines expressed by the innate immune cells influence the development
of Th1 or Th2 subtypes by T-lymphocytes. Under the influence of some mushroom polysaccharides,
macrophages and NK cells alter their cytokine expression, creating a milieu that favors the development
of the Th1 subtype (El-Enshasy & Hatti-Kaul, 2013; Tanaka et al., 2016). So the net effect encourages
increased immune activity—but it favors the activity of macrophage and NK cells (the immune clean-up
crew), rather than amped-up production of antibodies and cytokines that can drive excessive
inflammation or hyper-reactivity.
In short, many mushroom polysaccharides gently stimulate the activity of the innate immune response,
modulating the expression of cytokines to lay the groundwork for more balanced, well-regulated immune
function. It’s worth noting that these polysaccharides increase production of a range of cytokines, both
those that promote inflammation and cellular activity and those that inhibit inflammation; though the net
effect is a decrease in chronic inflammation, there’s variation depending on both the polysaccharide
itself and what’s already going on in the cells and tissues it encounters (Kothari et al., 2018). This last
point may sound familiar to herbalists, because it’s really just another way of talking about the influence
of terrain—meaning that plant and mushroom compounds don’t work in a vacuum; their effect will
depend on the condition, needs, and susceptibilities of the body in which they’re working.

Other Immune-Active Compounds
There are four main categories of immune-active compounds in mushrooms: polysaccharides,
terpenoids, lectins, and proteins (El-Enshasy & Hatti-Kaul, 2013). The molecular pathways and receptor
activity of these compounds varies, but they overlap with regard to their general effect on immune
function: overall, they stimulate innate immune activity and modulate cytokine expression, with a general
immunomodulant effect.
Lectins are carbohydrate-binding proteins with similar activity to polysaccharides, in that they increase
the activity of macrophages and NK cells and induce the maturation of dendritic cells (El-Enshasy &
Hatti-Kaul, 2013). They may also directly interfere with or inhibit the growth of cancer cells, particularly
leukemia, though most of the research on these compounds remains at a cellular level—that is, we don’t
yet know if they have the same effects in the human body that have been seen in laboratory
experiments.
Terpenoids, for example, ganoderic acid and its derivatives found in reishi (Ganoderma spp.), also
upregulate NK cell activity and increase production of the cytokines IL-2 and IF-gamma, which promote
Th1 activity (El-Enshasy & Hatti-Kaul, 2013). In other words, more support for the immune balancing act;
think of this as gently putting on the brake (clearing out pathogenic cells and debris), while also easing
off the gas (decreasing the activity of pro-inflammatory cytokines).
Fungal Immunomodulatory Proteins (FIPs) are a class of proteins originally found in reishi (Ganoderma
spp.), but also present in straw mushroom (Volvariella volvacea), enoki (Flammulina velutipes), turkey tail
(Trametes versicolor) , and poria (Poria cocos) , which are all used in Chinese medicine. Like
polysaccharides, these proteins also regulate cytokine secretion, but they may have some additional

unique effects through genetic regulation that can help to inhibit the development and growth of tumors
(Li et al., 2018). Research on these compounds is also largely still in the preclinical stage, though they
are currently being explored for drug development.
So far we’ve focused on the activity of these individual compounds at the cellular level to help explain
how we believe mushrooms may work with the immune system. But remember that each mushroom
species is likely to contain multiple polysaccharides, in addition to other types of immune-modulating
compounds; each of these unique compounds will interact with different cell surface receptors, located
on different subsets of cells, and they can all have unique, though overlapping, activity within the body.
For the purposes of drug development, research tends to focus on drilling down on the activity of an
isolated polysaccharide or protein—but when taken together, the cocktail of constituents can provide far
greater activity than any single compound alone (Lull et al., 2005). That’s herbal (or fungal!) synergy in
action!

APPLICATIONS OF MUSHROOMS TO SUPPORT IMMUNE
FUNCTION
The process described above summarizes current thinking about the general mechanisms by which
mushroom compounds act as immunomodulants, or biological response modifiers (BRM). (Herbalists
tend to stick with the term immunomodulant, but you may come across “biological response modifier” in
medical research. Although it can also apply to other biological mechanisms—for example, regulation of
stress response—the term BRM is frequently used in regard to immunotherapy for cancer.) These
compounds don’t just stimulate or suppress immunity, and they don’t work like antibiotic or chemotoxic
drugs, killing off pathogens or cells wholesale. Instead, they work through complex mechanisms to
enhance the body’s own existing immune mechanisms.

Consequently, mushrooms and fungal extracts have been used to support immune function in the face
of very different types of challenges, including immune hypofunction (immune deficiency) and
hyperfunction (for example, allergies, asthma, and autoimmune disorders).

Boosting Immune Competence
Immune competence simply means normal immune function, usually in contrast to immune deficiency.
We know some of the ways mushrooms can increase immune activity, and there’s plenty of evidence to
show that this function translates from the laboratory to the bedside.
Various mushrooms and/or mushroom extracts have been shown in clinical trials to counteract
immunodeficiency secondary to human immunodeficiency virus (HIV) and cancer. In a small trial of
HIV-positive individuals, a blend of six mushroom extracts significantly increased T-cell counts in all
patients; this study included only patients who were unable to use standard antiretroviral therapy, and
the mushroom compound was used as the sole therapeutic agent (Adotey et al., 2011)—so we can be
fairly confident that the mushrooms were behind the immune-stimulating effect! A larger study using
maitake (Grifola frondosa) polysaccharides found that while effects on T-cell count and viral load were
variable, 85% of participants reported improvement in secondary diseases, symptoms, and overall
wellbeing (Nanba et al., 1997). Another study found that the use of a reishi (Ganoderma lucidum)
polysaccharide extract for 6 weeks significantly enhanced immune function in patients with advanced
stage cancer, primarily by increasing the activity of NK cells (Gao et al., 2003).
Mushrooms can also be used to help maintain day-to-day immune function. For example, pleuran, a
beta-glucan found in oyster mushroom (Pleurotus ostreatus), has been shown to help decrease the
frequency of upper and lower respiratory infections in children who had previously suffered from
recurring infection (Jesenak et al., 2014).
Finally, many beneficial mushrooms can be used as a restorative tonic to support immunity on a deep
level. Among other actions, mushrooms and their polysaccharides can help to maintain reserves of bone
marrow, the tissue from which red and white blood cells originate (Lull et al., 2005). Lymphocytes,
macrophages, and other immune cells are subtypes of leukocytes (white blood cells)—so maintaining
the health of the bone marrow ultimately increases the number of NK cells and macrophages, supporting
innate immune function. Reishi (Ganoderma spp.) is the quintessential mushroom tonic, but many of the
other fungi covered in this course are also suited for use as immune tonics, including maitake (Grifola
frondosa), cordyceps (Ophiocordyceps sinensis) , shiitake (Lentinula edodes), and turkey tail (Trametes
versicolor).

Calming Immune Reactivity
In autoimmune disorders such as rheumatoid arthritis, lupus erythematosus, and Hashimoto’s thyroiditis,
the immune system is no longer able to differentiate between “self” (host cells) and “non-self” (foreign
cells or pathogens), and mounts an immune response against the body’s own tissues. Standard medical
treatment for autoimmune conditions often includes the use of steroids or other immunosuppressive
drugs, and patients may be warned against the use of echinacea (Echinacea s pp.) and other well-known
herbs that stimulate immune activity. Yet mushrooms, which can certainly stimulate immune activity, are
frequently used in East Asian medicine to treat syndromes that correlate to Western medical diagnoses
of autoimmune disorders. So, what gives?
As you’ve learned, in addition to upregulating the activity of the innate immune system, mushrooms and
their compounds can also decrease the expression of certain Th2-associated cytokines. These are the
cytokines that drive activity of B-cells and T-cells and increase the production of antibodies that mediate
the autoimmune response. So while they do increase some aspects of immune function, some
mushroom extracts seem to actually lessen the severity of autoimmune disorders by modulating the
amped-up acquired immune activity that triggers them.
A randomized, double-blind, placebo-controlled clinical trial used a combination of reishi (Ganoderma
lucidum) and a traditional Chinese herbal formula for patients with uncontrolled rheumatoid arthritis.
Interestingly, researchers found no significant differences in levels of interleukins or other cytokines or
inflammatory markers between the two groups—but patients taking the reishi-herb compound reported
a marked decrease in pain, and physicians noted improvement in other observable symptoms, which
was not found in the placebo group (Li et al., 2007). Other preliminary clinical trials in China found that

turkey tail (Trametes versicolor) and cordyceps (Ophiocordyceps sinensis) extracts improved symptoms
in patients with systemic lupus erythematosus (Yarnell & Abascal, 2008).
Of course, as herbalists we know that every individual is different. Autoimmune disorders, in particular,
vary quite a lot depending on the individual; some people with autoimmune disorders may not respond
well to immune-modulating mushrooms, or they may do well with only certain types of mushrooms. As
with any other condition, practicing herbalists need to use an adaptable approach that looks at the
person as a whole; this is particularly important with autoimmune disorders, some of which can cause
serious symptoms during flares.
Mushrooms and mushroom compounds can also be used to calm the immune reactivity that manifests
in atopic disorders (allergies, eczema, and asthma). To be clear, these aren’t autoimmune disorders in
which the immune system is directly attacking the host cells and tissues—but they are linked to a
Th2-dominant state. Cytokines produced by Th2 cells stimulate the production of immunoglobulin E,
mast cells, and eosinophils, which are key players that perpetuate the allergic or atopic response (Lull et
al., 2005); shifting from Th2 to Th1 activity can thus help to reduce the frequency and/or severity of
allergies and atopic disorders.
Reishi (Ganoderma spp.) is frequently recommended for use in managing allergies and asthma; in
addition to the general immunomodulatory effect of fungal polysaccharides, reishi is particularly high in
triterpenoids that help to decrease mast cell activity and histamine release (Chen et al., 2015). However,
enoki (Flammulina velutipes) , aoshima (Phellinus linteus) , and royal sun (Agaricus blazei) mushrooms may
also have similar benefits for allergies and asthma (Powell, 2014). Even the common oyster mushroom
(Pleurotus ostreatus) can be of benefit here; clinical trials have demonstrated that extracts of the
beta-glucan pleuran decreased eosinophil and IgE levels (markers of allergic and/or atopic response) in
children with atopic disorders (Jesenak et al., 2014), and found that topical application of a pleuran
cream improved symptoms of atopic dermatitis (Jesenak et al., 2016).

Formula Exploration: Immune Modulation
Mushrooms can be used on their own or in formula with other mushrooms or herbs for immune
support. Below is an example of a formula that could be used for individuals in need of immune
modulation. These individuals may show signs of immune hyperfunction (e.g., food allergies, seasonal
allergies, stronger-than-typical reactions to insect stings, etc.) or immune hypofunction (e.g., frequent
colds). It’s also not uncommon to see both patterns in the same person; in these cases, mushrooms
can be particularly helpful.

Immune-Modulating Powder Formula

Binomial

Common
Name

Plant
Part

Astragalus
membranaceus

Astragalus Root

Ganoderma lucidum

Reishi

Fruiting
body

Daily
Dose

Rationale

3 grams

Immunomodulant

2 grams

Immunomodulant, anti-allergenic

extract
Elettaria cardamomum

Cardamo
m

Seed

Zingiber officinale

Ginger

Rhizome 0.5 gram

TOTAL:

0.5 gram

Synergist, to improve taste and
digestibility
Circulatory stimulant, synergist, to
improve taste and digestibility

3 g mixed
into 1 ounce of
hot water 2x/day

Note that the appropriateness of each herb should be evaluated for an individual with respect to its
safety, and formulas should be customized for an individual’s unique physical and energetic picture.

Mushrooms and Cancer
One of the most widely explored uses of beneficial mushrooms is in the prevention and treatment of
cancer, and clinical evidence is mounting to suggest that mushrooms can be used as a safe and
beneficial complementary therapy for support during cancer.
There are a number of different mechanisms by which beneficial mushrooms can affect the development
or progression of cancer, and within each area there are numerous cellular and genetic pathways that
may be involved; the interest in this therapeutic area is enormous, and there’s been a correspondingly
vast amount of research. For simplicity’s sake, we’ll summarize the primary ways mushrooms may be of
use in cancer therapy, and give a few examples. If you’d like to take a deeper dive into this area, check
out some of the resources recommended at the end of the lesson.

Protection Against Cancer Development
Changes to the structure of DNA are the ultimate basis for the development of cancer; the accumulation
of these changes to DNA leads to changes in gene expression that shift cellular processes including
proliferation and apoptosis (Wasser, 2017). In plain language, too much damage to DNA allows mutated
or cancerous cells to reproduce and spread, and prevents the body’s usual immune processes from
killing off damaged cells.
There are, of course, a slew of triggers for these changes to cell structures and DNA, but many of them
involve oxidative stress; consequently, strongly antioxidant compounds are always of interest for their
potential to prevent the accumulation of damage that can lead to oncogenesis (the development of
cancer). Many mushrooms, particularly but not exclusively their polysaccharide fractions, have been
shown to have antioxidant activity that limits oxidative damage to DNA and cellular structures in
response to radiation and other stressors (Kothari et al., 2018).
The prevention or modulation of the inflammatory response is another way that mushrooms may help
ward off the development of cancer. There are multiple overlapping pathways between unresolved
inflammation and oncogenesis, and each can serve as a driver of the other. In some cancers,
inflammation may serve as a precursor to the development of malignant cellular changes, while the

presence of tumors can also create an inflammatory microenvironment (Kothari et al., 2018 ). The
immunomodulating properties of fungi, as described throughout this lesson, generally support the
resolution of inflammation, but some species may have particularly potent anti-inflammatory activity,
including chaga (Inonotus obliquus) , shiitake (Lentinula edodes), and oyster (Pleurotus spp.) mushrooms.
However, it’s almost impossible to
assess whether this antioxidant
and/or anti-inflammatory activity
(which is demonstrated through in
vitro laboratory experiments) really
translates into changes in the
development of cancer in actual
human bodies—to figure that out,
you’d have to run a decades-long,
highly invasive controlled clinical trial
on hundreds or thousands of people,
and even then you couldn’t possibly
control for every variable! However,
some observational studies have
linked a decreased incidence of the
development of cancer, particularly
gastric and breast cancer, to the
increased consumption of
mushrooms including enoki
(Flammulina velutipes) , shiitake
(Lentinula edodes) , beech mushroom
(Hypzigus spp.), and even button
mushroom (Agaricus bisporus)
(Wasser, 2017).

Stimulation of Innate
Immunity
In general, edible mushrooms and
their compounds can be beneficial in
cancer by shifting to Th1 subtype
and cytokine patterns, which
promotes the innate (non-specific)
immune function that helps eliminate
cancer. This activity is relevant to many different fungal compounds, but it’s particularly
well-documented in agarikon (Fomitopsis officinalis), maitake (Grifola frondosa), turkey tail (Trametes
versicolor), reishi (Ganoderma spp.), and cordyceps (Cordyceps militaris) (Guggenheim et al., 2014).
The activity of NK and dendritic cells is often suppressed in the tumor microenvironment, and tumors
effectively resist or evade the efforts of the immune system by releasing immunosuppressive cytokines.
Fungal polysaccharides such as those in turkey tail (Trametes versicolor) , maitake (Grifola frondosa) , and
reishi (Ganoderma spp.) counteract this evade-and-resist activity by potentiating host immune function
(Rossi et al., 2018); as described previously, immune function can be upregulated by the use of
mushroom compounds even in the presence of advanced-stage cancer (Gao et al., 2003).
The polysaccharide-protein complexes PSK and PSP, derived from turkey tail (Trametes versicolor),
have been in use for decades, and have been subject to numerous clinical trials to assess their use in

cancer treatment; PSK (trade name Krestin®) is approved and widely used in Japan as an adjuvant drug
alongside chemotherapy.
The compounds found in PSK and PSP are water-soluble, and will also be present in other hot-water
extractions of turkey tail, although not necessarily in the same high concentration. Recent research on a
broad spectrum, hot-water turkey tail extract by patients with breast cancer showed an improvement in
immune response that may be beneficial in cancer outcomes (Torkelson et al., 2012).

Support for Blood Cell Production
Some mushroom polysaccharides act on “deep immunity” by the induction of hematopoiesis
(production of blood cells in the bone marrow) (Lull et al., 2005). This is of particular relevance to cancer
therapy because many standard chemotherapeutic drugs damage bone marrow, leading to a major
decrease in both red and white blood cells. This can result in symptoms that both impede cancer
treatment and significantly impact quality of life for patients, including severe immunosuppression,
anemia, fatigue, and impaired blood clotting.
Maitake (Grifola frondosa), shiitake (Lentinula edodes) , cauliflower mushroom (Sparassis crispus) (Lull et
al., 2005), chaga (Inonotus obliquus), and reishi (Ganoderma lucidum) (Wasser, 2017) all contain
compounds that stimulate hematopoiesis.

Tumor Inhibition
In addition to upregulating host immune function, there’s some evidence that beta-glucans and other
fungal compounds may directly impede the growth of cancer cells. This can occur through induction of
apoptosis or reduction of oxidative stress, as described above—in addition to preventing the
development of tumors, these activities can help slow or reverse the growth and proliferation of existing

cancers; they may also work through blocking the genetic mechanisms that lead to cell proliferation, or
prevention of the cellular migration and invasion that characterizes metastasis (Rossi et al., 2018).
Lentinan, a beta-glucan derived from shiitake (Lentinula edodes), has been shown in laboratory studies
to have direct cytotoxic activity. Though it is not used as a stand-alone chemotherapeutic agent, it
appears to work synergistically with some chemotoxic drugs. Lentinan can improve the efficacy of
cisplatin, while also preventing the development of cisplatin-induced kidney damage, and clinical trials
have consistently shown that combination therapy with lentinan and cisplatin is more effective than
chemotherapy alone for treatment of lung cancer (Zhang et al., 2018).
Likewise, both maitake D-fraction (an isolated maitake (Grifola frondosa) polysaccharide) and a
combination of maitake D-fraction and whole maitake resulted in tumor regression and/or significant
symptom improvement in patients with advanced liver, lung, or breast cancer; maitake compounds also
improved responsiveness to chemotherapy (Nanba, 1997). A comprehensive research review on the use
of reishi (Ganoderma lucidum) in breast cancer found that “therapeutic approaches that incorporate
Ganoderma lucidum are 1.25 times more likely to yield better tumor responses than those that do not”
(Rossi, 2018, p. 24851).
As a final example, a controlled clinical trial of patients with existing colorectal adenoma showed that
reishi (Ganoderma lucidum) mycelial extract, taken daily for 12 months, effectively suppressed tumor
growth and induced tumor regression—in other words, tumors shrank or disappeared—while those in
the no-treatment group experienced progressive growth of tumors (Oka et al., 2010).
Clinical and observational data, like the studies we’ve mentioned above, absolutely suggest that
mushrooms and fungal extracts have some major benefits to contribute toward the inhibition of cancer—
but if you delve into the research, you’ll see that a good deal of it still consists of experiments in cells
outside the body (in vitro or ex vivo) or in laboratory animals. A compound may kill cancer cells in a petri
dish, but that doesn’t mean it will do the same thing in a human body, and the concentration, dose, or
preparation of mushroom extracts used in research may not always translate from the laboratory to the
bedside. Mushroom compounds show tremendous promise in helping to slow the growth or spread of
cancers, but that doesn’t necessarily make them a replacement for conventional treatment—and in
many cases, the best outcomes seem to come from the integration of herbal and conventional therapies.

Improvement in Quality of Life
Increasingly, cancer therapy focuses not just on survival, but also the quality of life of patients during
and after treatment. As noted above, mushrooms may help to improve the efficacy and reduce the side
effects of chemotherapy and radiation treatments, which in turn can significantly improve quality of life
and even improve survival rates.
Most research has focused on the use of polysaccharide extracts from shiitake (Lentinula edodes), split
gill mushroom (Schizophyllum commune) , turkey tail (Trametes versicolor), reishi (Ganoderma spp.), and
maitake (Grifola frondosa) . Multiple clinical trials have produced evidence that use of these mushroom
extracts during or after chemotherapy and/or radiotherapy can reduce side effects including
immunosuppression, hair loss, pain, nausea/vomiting, and loss of appetite, and improve outcomes in
disease progression and 5 year survival rate (Wasser, 2017).
Mushrooms and Cancer graphic

Formula Exploration: Support During Chemotherapy Treatment
Below is an example of a formula that could be used for herbal support during chemotherapy
treatment, under the guidance of an experienced herbalist working alongside an individual’s
oncologist. It contains several types of mushrooms as well as other supportive herbs. This formula
may help to ease the exhaustion, the dip in white blood cells, and the nausea that often come with
chemotherapy.

Chemotherapy Support Powder Formula
Botanical
Name

Common
Name

Plant
Part

Trametes versicolor

Turkey tail

Fruiting
body
4g
extract

Immunomodulant

Astragalus
membranaceus

Astragalus

Root

Immunomodulant

Ganoderma lucidum

Reishi

Fruiting
body
2.5 g
extract

Immunomodulant

Lentinula edodes

Shiitake

Fruiting
body
2.5 g
extract

Immunomodulant

Ocimum tenuiflorum

Tulsi

Aerial
parts

Adaptogen, chemoprotective

Zingiber officinale

Ginger

Rhizome 1 g

TOTAL:

Daily
Dose

4g

1g

Rationale

Antiemetic, synergist, to improve
digestibility

5 g mixed into 1
ounce of hot water
3x/day

Note that the appropriateness of each herb should be evaluated for an individual with respect to its
safety, and formulas should be customized for an individual’s unique physical and energetic picture.

Agarikon – Laricifomes officinalis (Fomitopsidaceae) – Fruiting body,
mycelium
Agarikon grows primarily on deciduous trees of the boreal forest, particularly larch, pine, Douglas fir,
and cedar, and prefers mature trees in old growth habitat. Once common throughout the forests of
northern Europe, it’s now found mostly in the old growth forests of western British Columbia,
Washington, and Oregon. The fruiting bodies of this polypore forms a hoof-shaped conk that adds a
layer with each spore-producing growth season; these can grow into exceptionally large, dense
mushrooms over a lifespan of 50 years, or even longer!
photo of agarikon
Actions: Antimicrobial, bitter, digestive tonic, hemostatic, immunomodulant, immunostimulant,
respiratory tonic
Use: Agarikon is thought to be the only fungus included in Dioscorides’ De Materia Medica, one of the
most prominent early texts in the Western herbal tradition; it was described as a panacea, or a tonic
that works for virtually all ills, including complaints we would now describe as asthma, tuberculosis,
dysmenorrhea, dysentery, and gastrointestinal spasm or colic (Hobbs, 1986). It has also been used
both topically and internally to improve musculoskeletal pain and as a styptic and antiseptic agent for
wound healing (Stamets, 2002).
Agarikon is very bitter—one of its common names, quinine conk, derives from its flavor, which rivals
even the extreme bitterness of quinine. It is sometimes used in bitter digestive formulations, and
herbalist Christopher Hobbs specifically recommends it for use in a combination formula with
warming, digestive herbs as a restorative digestive tonic (Hobbs, 1986).
After falling out of favor for some time, at least in Western herbal practice, agarikon has been revived
in contemporary herbal use primarily as an immunostimulant and/or immunomodulant, and mycelial
and/or fruiting body extracts are included in several immune-supportive commercial products. In vitro
research has found the mycelium and fruiting body, particularly hydroethanolic extracts, to be active
against several gram-negative and gram-positive bacteria, as well as a number of viruses including
potent influenza strains and herpes virus (Girometta, 2019).
Agarikon is threatened or endangered in most of its wild habitat, due to both loss of the old growth
forest where it thrives and overharvesting by foragers. It’s recommended to purchase cultivated
agarikon, rather than supporting wildharvest of the remaining stands of this species.
Safety: Large doses may induce gastrointestinal irritation, nausea, or vomiting (Hobbs, 1986).
Dose: Decoction: 200 mg to 1 g dried fruiting body/day; Tincture: 1 mL (1:5, 50%) 3x/day (Hobbs,
1986).

Royal Sun – Agaricus blazei (Agaricaceae) – Fruiting body, mycelium
Royal sun was first noted by researchers in the mountains of Brazil. In exploring the diet of the
long-lived and unusually healthy elderly population of the area, researchers began to suspect that the

key to their health lay with their regular consumption of this mushroom, locally known as Cogumelo de
Deus—the fungus of God (Biedron et al., 2012).
Actions: Antitumor, antiviral, hypocholesterolemic, hypoglycemic, immunomodulant, immunostimulant
photo of royal sun mushroom
Use: There’s some conflicting information about the proper name for this species. According to
mycologist and herbalist Christopher Hobbs, the scientific names A. blazei (Murrill), A. brasiliensis
(Wasser), and A. subrufescens all refer to the same widely-researched species (Hobbs, 2017), but
there is a separate species, also called A
 . blazei, which is distinctly different from the most well-known
and researched species. Paul Stamets and others suggest that the species name should be changed
to A. brasiliensis, but for the moment the controversy still stands! This matters because royal sun is
not a commonly found mushroom, so those who use it will generally need to purchase either
mushroom or extract, and it may be important to make sure you’re purchasing from a trusted source
in order to get the correct material.
Royal sun mushroom has been the subject of tremendous interest for its potential role in the
prevention or treatment of cancer, thanks to promising laboratory research that showed notable
immune stimulation and anti-proliferative and inhibitory action on cancer cells and in animal studies
(Firenzuoli, 2008). In addition to the usual complement of immune-active polysaccharides, royal sun
contains aromatase inhibitors, which could potentially inhibit the development of estrogen-sensitive
breast cancers (Stamets, 2002).
A randomized, controlled clinical trial explored use of AndoSan™ (a proprietary extract of A. blazei) as
concomitant therapy with high dose chemotherapy in treatment of multiple myeloma, a cancer that
affects bone marrow and white blood cells. On average, patients in the AndoSan™ treatment group
were able to wait 6 months longer between treatments than those in the control group and required
less treatment with intravenous (IV) antibiotics, though there was no overall change in remission or
survival rate (Tangen et al., 2015). Other studies have found that dual therapy with royal sun extract
reduces the side effects of chemotherapy such as nausea, hair loss, fatigue, and mood changes
(Firenzuoli, 2008).
The traditional uses of this mushroom are not limited to cancer, of course; it has also been used as a
general tonic, and may have a role in supporting liver and cardiovascular health. Clinical studies in this
area have demonstrated benefits in decreasing total cholesterol and blood pressure, and
improvements in some markers of liver function in hepatitis C infection (Firenzuoli, 2008).
Because of its potential in reducing inflammation, royal sun extract has also been investigated as a
potential treatment for ulcerative colitis and Crohn’s disease; studies have shown that the AndoSan™
extract decreased symptoms of inflammatory bowel disease including fatigue, bowel frequency, and
pain, while increasing quality of life, social functioning, and mood (Therkelsen et al., 2016).
Safety: Like many other mushrooms in the Agaricaceae family, A. blazei contains variable amounts of
agaratine and other hydrazine compounds, which have the potential to be carcinogenic and/or
hepatotoxic. These compounds degrade upon exposure to oxygen; one experiment found that
agaratine degraded entirely after simply sitting for 48 hours in open containers of room-temperature
water, while methanol preserved the agaritine compounds (Hajšlová et al., 2002). Although there is no
definitive safety data to confirm, this suggests that traditional hot-water extracts may be the most
appropriate way to prepare royal sun mushroom.
Dose: Decoction: 3-5 g dried fruiting body, 3x/day (Takaku et al., 2001).

Usnea – Usnea barbata and other Usnea spp. (Parmeliaceae) – Thallus
Like many lichens, usnea is a combination of an algae and a fungus. The key trait used to identify this
relatively common tree-dwelling lichen is the presence of a highly elastic whitish inner cord,
composed of fungal hyphae, that is readily apparent when you pull apart the limbs of the thallus, or
lichen body.
Photo of usnea
Actions: Antimicrobial, immunostimulant, vulnerary
Use: Usnea contains a mixture of immune-active fungal polysaccharides and phenolic compounds. All
Usnea species contain these compounds, including usnic acid, and may be used interchangeably.
Usnea is widely used as an immune stimulant and antimicrobial (in other words, a selective antibiotic),
with particular application to respiratory and genito-urinary systems. It’s often employed to address
upper and lower respiratory infection, including serious infections such as pleurisy, pneumonia, and
tuberculosis, as well as genital infections, particularly viral infections such as human papilloma virus
(HPV) and herpes simplex (Buhner, 1999; Hobbs, 1990). Topically, powdered usnea may be applied as
a styptic and antiseptic for wound care.
In Chinese medicine, usnea is used to resolve phlegm and cleanse the Lungs, and to control bleeding
and clear heat, which aligns with its uses in Western medicine in respiratory and other infections.
Because usnea contains both alcohol-soluble phenolics (which are more immunostimulant) and
water-soluble polysaccharides (more immunomodulant), it’s likely that the form of preparation used
can affect its specific application. Generally, preparations of usnea contain a fairly high amount of
alcohol, which predisposes them to be more immunostimulant, and thus less ideal for use as an
immune tonic or immunomodulant.
Safety: Usnea is generally safe for use, with no known drug-herb interactions. Consult an experienced
practitioner before use during pregnancy or lactation, since safety has not been conclusively
determined.
The isolated constituent usnic acid can cause hepatotoxicity; however, whole-herb extracts contain a
relatively low concentration of usnic acid, and safety concerns for usnic acid do not translate to
whole-herb extracts.
Large doses may cause gastrointestinal upset (Hobbs, 1990).
Dose: Decoction: up to 10 g dried thallus/day (Hobbs, 1990); Tincture: 1-2 mL (1:5, 50%) 3-4x/day
(Buhner, 1999).

CONCLUSION
From everyday issues like seasonal allergies to cancer and other life-changing disorders, mushrooms
can play a role in supporting and rebalancing immune function. As you’ve learned, one of the most
fascinating things about the use of mushrooms in herbalism is their ability to restore normal function by
enhancing the body’s own immune activity, shifting both excess and deficient states back to a place of
balance.
This lesson has given you a taste of the ways fungi can interact with immune health, but that’s just one
facet of their use in health and wellness. In the next lessons, we’ll take a look at the ways that
mushrooms affect other key body systems, from digestion and elimination to cardiovascular health.
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