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Abstract

In modern medicine, natural products have aided humans against their battles with cancer. Among these products, microor-
ganisms, medicinal herbs and marine organisms are considered to be of great benefit. In recent decades, more than 30 fungal
immunity proteins have been identified and proved to be extractable from a wide range of fungi, including mushrooms.
Although chemotherapy is used to overcome cancer cells, the side effects of this method are of great concern in clinical
practice. Fungal products and their derivatives constitute more than 50% of the clinical drugs currently being used globally.
Approximately 60% of the clinically approved drugs for cancer treatment have natural roots. Anti-tumor immunotherapy
is prospective with a rapidly growing market worldwide due to its high efficiency, immunity, and profit. Polysaccharide
extracts from natural sources are being used in clinical and therapeutic trials on cancer patients. This review aims to present
the latest findings in cancer treatment through isolated and extraction of fungal derivatives and other natural biomaterials.
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Introduction

Among microorganisms, fungi are considered to be a diverse
source of secondary fungal metabolites. Secondary metabo-
lites are small organic molecules that are not necessary for
the growth, development, and reproduction of fungi cells
[1]. Recent studies have suggested varying effects of these
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compounds. They have shown to be useful as antioxidants,
anti-aging, anti-diabetic, anti-inflammatory, anti-viral, and
anti-fungal agents; immune system enhancers and efficient
wound healers. In recent years, numerous researches have
been conducted on the anti-tumor effects of compounds
derived from fungi, especially mushrooms—terpenoids,
alkaloids, phenyl quinines, ligase, isocoumarin, steroids,
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and polysaccharide propanoids are among these bioactive
compounds. In the previous years, due to its unique biologi-
cal activities, extracted polysaccharides have drawn more
attention [2]. In the previous half-century, natural products
have helped mankind in their battle against cancer. Microor-
ganisms, medicinal herbs, and marine creatures are impor-
tant examples of these products. Fungal derivative products
constitute more than 50% of clinical drugs that are used
globally. Approximately 60% of clinically approved drugs
for cancer treatment have natural roots [3].

Cancer is the abnormal growth of cells, considered to
life-threatening disease—although influenced by type and
clinical stage—and is among the leading factors of mortal-
ity around the globe [4]. Cancer can be regarded as one of
the most serious threats for human life with 12.7 million
new cases and 7.6 million deaths per year [5]. In 2018, new
global cancer data suggest that the global cancer burden has
risen to 18.1 million cases and 9.6 million cancer deaths
[6]. At the moment, cancer is the second leading factor
endangering human health and the most fatal disease fol-
lowing cardiovascular conditions. Exposure to carcinogenic
agents in large quantities can increase the risks of cancer.
These agents include tobacco, alcohol, chemical compounds,
certain infections, radiotherapy, and mutations—transcrip-
tional, genetic, and epigenetic. Modalities for cancer treat-
ment have been in place for quite some time including
surgery, chemotherapy, radiotherapy, immunotherapy, etc.
Although chemotherapy is frequently used to treat cancer,
the major side effects of this method are of concern to many
practitioners [7]. Anti-tumor immunotherapy involves the
use of immunomodulatory agents and has a growing market
worldwide due to its high efficiency, immunity, and profit.
Polysaccharide extracts from natural sources are being used
in clinical and therapeutic trials on cancer patients [8]. In
recent decades, more than 30 fungal immunity proteins have
been found among a variety of fungi such as mushrooms
and other species. These compounds can withstand frost,
acidity, and dehydration in the human body. Moreover, they
can overcome the challenges of stomach acidity and acidic
digestion [9]. Bioactive substances produced by fungi can
be divided into two major groups: compounds with a low
molecular weight such as terpenoids or phenolic compounds,
and compounds with high molecular weight like polysaccha-
rides and enzymes. Both of these major groups exhibit simi-
lar attributes such as anti-oxidant, anticancer, anti-sclerotic,
neuroprotective, anti-inflammatory, anti-allergic, antibacte-
rial, antiviral, and hyperglycemic properties [10]. New meth-
ods for polysaccharide extraction have been employed, such
as enzyme-assisted extraction (EAE), microwave-assisted
extraction (MAE), and supersonic extractions [2]. Recently,
different products have been isolated from fungi and this
study aims to highlight the potential benefits of such prod-
ucts in cancer treatment.
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The most important products
with anti-cancer properties

Ganoderma lucidum is a basidiomycete fungus that is
routinely used in traditional medicine in China, Japan,
and Korea. Bioactive compounds with medicinal proper-
ties that can be used to strengthen the immune system
have been isolated from this fungus. These compounds
are known for their anti-oxidant, anti-cancer, anti-micro-
organism (fungi, virus, and bacteria), anti-arrhythmic,
anti-inflammatory, hypoglycemic properties, and anti-
vasogenic properties that protect the heart [11]. Fungal
endophytes—all the fungal organisms that colonize inter-
nal plant tissue and usually remain asymptomatic—repre-
sent an abundant and reliable source of new antioxidant
compounds and are considered to have the therapeutic
potential [12]. Among various mushroom extracts from
the Basidiomycota division, the hexane extract of Pleuro-
tus pulmonarius was shown great antimicrobial and anti-
hemolytic potential. Pleurotus species have high medicinal
values. Compounds extracted from these species are vastly
active against chronic conditions like hypertension and
hypercholesterolemia [13]. Among other well-known poly-
saccharides, Astragalus polysaccharide (APS) is known
to be an active ingredient in the Chinese traditional medi-
cine extracted from the medicinal herb Astragalus mem-
branaceus, which inhibits different types of solid tumors.
Previous reports suggest that APS has an anti-melanoma
potential via the downregulation of CD40 expression.
The anti-tumor properties of polysaccharides generally
originate from two major pathways. First, by direct inhi-
bition of the malignant cells through the activation of
the intrinsic and the acquired defense mechanisms of the
host’s immune system and second via the activation of the
immune cells and mediators such as macrophages and B
and T lymphocytes [14].

Ophiololine A is a fungal cytotoxic metabolite that dis-
plays anticancer properties by cellular killing; this com-
pound and its medical properties have gained significant
attention from researchers. This compound is a second-
ary metabolite extracted from the filamentous fungi like
Aspergillus, Cochliobolus, Drechslera, and Cephalo-
sporium. The compound’s biological activity suggests that
it has inhibitory effects on the growth of lung cancer, mel-
anoma, glioma, rhabdomyosarcoma, and ovarian cancer
cells [15]. Prostate cancer is the third most common cancer
type globally. Approximately 70 types of nutrients have
been reported to have properties against prostate cancer,
especially by triggering apoptosis and the caspase and poly
adenosine diphosphate ribose polymerase (PARP) pathway
[16]. Compounds with a low molecular weight such as ter-
penoids or phenolic compounds are classically produced
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by many of these fungi. Mono-terpenoids have cytotoxic
activities against cervical cancer (HeLo) and liver cancer
cells (HepG2). Diterpenoids and triterpenoids like gano-
boninketalis AG, multiple ganoderic acids, lucidadiol,
luciden acids, and some others that can be extracted from
Ganoderma lucidum and G.orbiforme fungal cells have
cytotoxic properties on cancer cells besides anti-malarial
and anti-tuberculosis properties [17]. Hydroperoxides
(R-OOH) represent a small family of natural secondary
metabolites that are extracted from higher plants, fungi,
and marine organisms. Hydroperoxides that are extracted
from plants often tend to exhibit anti-neoplastic and anti-
ulcer activities; however, fungal hydroperoxides display
anti-neoplastic and anti-hypercholesterolemic activities.
Interestingly, side effects of some fungal triterpenoid
hydroperoxides have been reported to be effective in the
treatment of Dementia symptoms. Norlupane hydroperox-
ides are arguably the first natural metabolites predicted to
exhibit an ability to heal Dementia [18].

Antrodia camphorate, also known as A. cinnamomea,
is a significant fungus from the Basidiomycota division
endemic to Taiwan. Wang and his associates in 2019
reported the recent developments in the medicinal effects
of this fungus: anticancer activities against several can-
cer types such as breast, cervical, ovarian, prostate, blad-
der, colorectal, pancreatic, liver, and lung cancer. The
list expanded to include effects on melanoma, lymphoma
leukemia, neuroblastoma, and glioblastoma. Additionally,
A. cinnamomea was shown to have anti-inflammatory,
angiopathic dermatitis, analgesic, immunoregulatory, anti-
obesity, anti-diabetes, anti-hypertensive, anti-bacterial,
anti-viral, and wound healing properties [19]. Pholiata
nameko, an edible fungus associated with the decaying-
woods, possesses medicinal properties described to be
anti-tumor, anti-oxidant, and anti-inflammatory in action
[20].

Glucagon receptors on the surface of mammalian
immune system cells include the following:

Complement receptor-3 (CR3)
Lactosylceramides

Scavenger receptors

Dectin-1

Once the fungal derivatives, especially glucagon, bind
to their specific receptors on the surface of a cell, mes-
sages get transmitted into the cell to activate signaling
pathways such as MYDS88 and others that eventually
induce the activation of NF-kB factor. These pathways
ultimately produce cytokines and cause the strengthening
of intrinsic and acquired immune system responses and
eventually lead to a battle against tumors and pathogens
(Fig. 1).

The use of fungal nano-particles in cancer
treatment

Since nanomedicine has proven itself in the realm of dis-
ease treatment, in the future it will be used to treat vari-
ous diseases, such as AIDS, diabetes, hepatitis B, and
cancer. Nanoparticle biosynthesis using microorganisms
is effortless, brisk, satisfactory, efficient, and it does not
involve toxic chemical materials. The study of Janakira-
man et al. showed that silver nanoparticles produced using
B. ofobomae and Psidium guajava endophytic fungi have
significant potential in cancer treatment. In that study,
the use of cytotoxicity of AgNPs on human MCF7 breast
cancer cell line and A549 lung cancer cell was reviewed.
The researchers of the study recommended a new chemo-
therapeutic agent against breast and lung cancer [22]. Sev-
eral metal-nanoparticles such as gold, silver, and iron are
reported to be antimicrobial (against bacteria and fungi)
[23] and anti-tumor agents against cancerous cells such as
HT-29, HepG2, MCF-7, and A549 [4]. Substantial stud-
ies have been done towards the treatment of breast cancer
cells, particularly MCF-7 cell line. According to the stud-
ies, silver nanoparticles are mostly extracted from plants
(71.27%) and by the same token, fungi are in the second
position (14.89%). In line with the above, it is expected
that biogenic nanoparticles, whether alone or in combina-
tion with other anticancer medicines approved by FDA,
could be used sooner [24]. El-kahky et al. in 2019 identi-
fied an easy and eco-friendly method for biosynthesis of
zinc oxide nanoparticles using the extract of Aspergillus
terreus and also showed their effectiveness in antibacte-
rial and anti-tumor activities. Zinc oxide was shown to be
effective against both Gram-positive and Gram-negative
bacteria and also HCT-116 (colorectal cancer cells) cell
lines [25]. Also, in vitro studies showed that nano-yam-
polysaccharide has an inhibitory property against PG3—
one of the human prostate cancer cell lines—by inducing
apoptosis in the cancer cells. Nano-yam-polysaccharide
utilizes this mechanism through the expression of Cas-
pase 3 protein that inhibits prostate tumor cell proliferation
[26]. Saravanakumar et al. evaluated the anticancer photo-
thermal activities of copper oxide nanoparticles with the
help of cell-free extracts of Trichoderma asperellum. The
researchers noted that phototherapy is more beneficial
compared to other methods of cancer treatment such as
chemotherapy and radiotherapy due to its lesser toxicity,
hostility, and specificity to cancer-site. The mechanism of
action of photo-thermal agents involves converting UV
waves into thermal energy, generating heat, and creat-
ing reactive oxygen species (ROS) inside cancerous cells
without damaging other cells [4]. Several microorganisms
create intercellular and extracellular metallic nanoparticles
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Fig. 1 The activation of signaling pathways and the production and secretion of cytokines in response to tumors and pathogens [21]
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with various effects, sizes, and shapes. According to the
study of Husseiny, extracellular synthesis of silver nano-
particles from the culture of Fusarium oxysporum was per-
formed and antibacterial and anti-tumor properties of the
nanoproduct were adequately described [27].

Discussion and conclusion

The study done by Salehi et al. on anti-tumor effects of pol-
ysaccharides extracted from different species of Fusarium
recovered from various samples of dirt used MTT method to
study the cellular toxic effects of FK1 strain filamentous fun-
gus against two cell lines of Hela and Lymphoblastoid. The
findings of the study showed that mycelial polysaccharides
separated from FK1 strains demonstrated the most cytotox-
icity against Lymphoblastoid cell line (LCL), whilst their
cytotoxicity against HeLa cell line was insignificant [2].
In 2018, Benchamin et al. conducted a study to determine
the anti-proliferative property of L-asparaginase enzyme
extracted from Aspergillus fumigatus in breast cancer treat-
ment. The results of the study showed that L-asparaginase
has an anti-proliferative activity against breast cancer cells
and can be used to treat breast tumors. L-Asparaginase
hydrolyzes asparagine into ammonia and aspartic acid; this
is significant when it comes to treating severe lymphoblas-
tic leukemia. Cancerous cells need considerable amounts
of asparagine to survive, and for that reason, the enzymatic
breakdown deprives and causes the death of tumor cells.
Studies have shown that bacterial L-asparaginase leads to
allergic reactions in patients, while the fungal L-asparaginase
causes minimal adverse or undesirable conditions [28]. In
2018, Erden et al. studied the antimicrobial and antican-
cer activities of Aspergillin PZ and Terphenyllin secondary
metabolites against human prostate cancer cell line (PC3
and LNCap) and A2780. They found that high density of
Aspergillin PZ and Terphenyllin (50 and 100 micromolar)
significantly reduces the survivability of prostate and ova-
ries cancerous cell lines; however, the antimicrobial prop-
erties of the aforesaid were not observed. In another study
done on Aspergillin PZ extracted from Trichoderma gamsii,
the cytotoxicity effects of Aspergillin PZ against PANC-1,
MDA-MB231, and A549 were observed [29].
Oxysophoridine and sophoridine, extracted alkaloids, are
noted for their anti-tumor activities in a study done by Meng
et al. in 2019. In the same study, a new method was used to
prepare OSR naturally from fungal enzyme products [30].
Galiellalactone (GL) is a fungal metabolite that showed
anti-inflammatory and anti-tumor activities in vitro and
in vivo. Previous studies have displayed that GL targets
STAT3 and NF-kB pathways and stops G2/M cell cycle in
androgen-insensitive prostate cancer cells. According to
Carrido-Rodriguez study in 2019, it was demonstrated that

the stoppage of G2/M cell cycle independent of STAT3 and
NF-kB pathways happens in DU145 and PG-3 cells [31].
Some studies identified two types of new meroterpenoids
named Austalides V, W separated from Aspergillus ustus
fungus. The two meroterpenoids were capable of stopping
the propagation of prostate and bladder cancerous cells.
This biologic activity is possibly related to the inhibition
of several key pathways for growth adjustment and cell
migration of prostate cancer [32]. Medicinal fungi such as
Amauroderma rude, Cordyceps, Agaricus bisporus, Pleu-
rotus eous, and Ganoderma lucidum have shown anticancer
effects, especially against breast cancer. Among all, it seems
Cordyceps has many favorable features such as high immu-
nity, non-toxicity, and strong effects on the immune system
against tumors. Nevertheless, Cordyceps is rarely found in
nature and their commercialization has been a challenge.
Recently Lee et al. have reported the process of cultivating
Cordyceps in brown rice. The extract of Cordyceps militaris
can be used in breast cancer treatment. Many compounds
such as cordyceps, mannitol, ergosterol, and polysaccharides
extracted from Cordyceps militaris bear several medicinal
properties, particularly antioxidant, anti-inflammatory, anti-
virus, anti-diabetes, anti-platelet aggregation, and anticancer
property. The study of Lee et al. provides an auspicious plan
not only for the isolation of this species from brown rice, but
also for using it in traditional medicine, and as an alternative
to chemotherapy in breast cancer treatment [33]. In recent
studies, chitosan demonstrated excellent antimicrobial activ-
ity against pathogenic bacteria. Besides, chitosan has shown
average anti-proliferative effects on IMR 32 and HepG?2 cells
[34]. Choromanska showed for the first time that (1-3, 1-4)
B-glucan has anti-tumor activities against skin cancer cells
[35]. B-Glucans are mostly used in other treatments, cosmet-
ics manufacturing, and food industry [36].

In the study done by El-Kassem, 48 endophytic fun-
gus species were separated and purified from ten Egyptian
medicinal plants, and their extracts were studied for HCV
proteinase inhibitory activity and the associated cytotoxicity
[37]. Ethyl acetate extracts of Alternaria alternata (PGL-3),
Cochlibolus lunatus (PML-17), Nigrospora sphaerica (EPS-
38), and Emerecilla nidulans (RPL-21) showed the most
potent inhibition of HCV NS3/4A protease with IC50 17.0,
20.5, 33.6, and 54.6 pg/ml, respectively, with low cytotoxic-
ity except for the later.

Masuda showed that Maitake a-glucan (YM-2A) that has
been extracted from Grifola frondosa exhibited significant
tumor growth inhibitory properties by strengthening immune
system responses. The results of the study prove that YM-2A
is edible and can activate dendritic cells and macrophages,
and stimulate anti-tumor T cells [8].

Karaman’s study describes the anti-oxidant and anti-
AChHE activities of polysaccharide extracts of Amanita
strobiliformis. The authors showed that the polysaccharide
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Fig.2 Schematic illustration of the apoptosis of induced MCF-7 cancerous cells by APS-activated macrophages [14]

extract is a promising bioactive substance [38]. Fungal poly-
saccharides initiate several different pathways that interfere
with cellular proliferation; they were used as versatile scaf-
folds with anti-tumor potentials [39]. Spectrometric and
activity analysis of HPA, a polysaccharide extract from the
marine fungus Hansfordia sinousae, showed its strong anti-
proliferative effect against HeLa and MCF-7 cells. It was
proven that HPA can induce the apoptosis of HeLa cells
through the mitochondrial pathways [40]. Li et al. studied
the effects of APS and macrophages on the growth inhibi-
tion of MCF-7 and found that APS can be an ideal activa-
tor of RAW264.7 mouse macrophages and can lead to the
secretion of TNF-a and NO which can induce apoptosis of
MCF-7 cells [14] (Fig. 2).

Liu and associates extracted polysaccharides through
liquid fermentation of the fungus Cordyceps militaris that
showed higher anti-tumor activities in vitro in comparison
to the polysaccharides obtained from the fruiting bodies.
These results highlighted that the fermentation of Cordyceps
militaris has numerous benefits such as short cycles, low
energy consumption, ease of control, and absence of heavy
metals contamination [41].

Pancreatic cancer is the seventh leading cause of cancer
deaths and the 11th most common form of cancer among
women and the 12th most common type of tumor among
men worldwide. Pancreatic duct adenocarcinoma is the most
common type of pancreatic cancer and accounts for about
85% of pancreatic cancer cases. In their study, Qi et al. evalu-
ated the anti-tumor properties of Butenolides from a marine-
derived fungus called Aspergillus terreus in the treatment of
adenocarcinoma cells of the pancreatic duct [42]. White rot
fungi release a wide range of metabolites with low molecular
weight that have interesting characteristics. Colon cancer
is the fourth most common cancer and the third deadliest
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cancer in the world. The study of Matuszewska indicates
that LMS fractions isolated from Cerrena unicolor induces
the apoptosis of HT-29 cells of colon cancerous cells and
also prevents metastasis [17]. In Sun’s study, structural dif-
ferences between the polysaccharides extracted from fruit-
ing bodies (FGAP) and the submerged fermentation system
(SGAP) of Ganoderma applanatum were analyzed using
GPC, HPLC, and IR; their anti-tumor activities against sar-
coma 180 inside the body were evaluated. These differences
include molecular weight, monosaccharide components,
and functional groups. Carboxylate groups were present in
FGAP but not in SGAP. This structural difference allowed
FGAP to exhibit better anti-tumor activity against sarcoma
180 cells in vivo. The results indicated that carboxylate
groups could play an important role in the anti-tumor activ-
ity of FGAP compounds [43].

Fungal products and their derivatives comprise more than
50% of the world’s most commonly used clinical drugs.
Approximately 60% of approved drugs for cancer treatment
have natural origins. In the field of modern medicine, the
anti-tumor immunotherapy—harnesses the use of immu-
nomodulatory agents—is prospective; it is highly effec-
tive, profitable with a rapidly growing market worldwide.
Presently, natural polysaccharides extracted from natural
sources are in use for clinical and therapeutic trials in cancer
patients. The majority of these products are fungal deriva-
tives and other natural biomaterials.
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