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Abstract :

«Cancen is a serious and devastating «disease and one of the most common causes of deathy. In
recent decades, the risk of developing various types of cancer has increased, enabling scientists to
discover new methods of prevention and treatment to reduce mortality rates and thus enable its pre-
vention in the near future. Based on previous studies, a clear link has been found between» pathogenic
fungal« infections and the development of «cancer. This link is often seen in immunocompromised
individuals, such as the elderly, children, those with HIV/AIDS, diabetes, and cancer patients.

Fungi are eukaryotic organisms that infect humans, causing skin and systemic diseases. They are
transmitted through the inhalation of fungal spores. Candida, on the other hand, coexists with the gas-
trointestinal tract and skin, multiplying under certain conditions and entering the bloodstream when
introduced into the body through medical devices such as catheters and organ transplants.

There are several different genetic and environmental factors that participation in the occurrence
of cancer. Opportunistic fungi and the infections they cause are among the most important factors in
the occurrence of the disease. Previous studies have shown that the most common fungi involved in
the development of cancer are the Candida group, with its various species, such as Candida albicans,
Candida tropica, and Candida glabrata, as well as various species of syngamous and cystic fungi.
Fungal strains exhibit differences depending on the location of the tumor, and this is a starting point
for exploring the role of fungi in the development of cancer through complex mechanisms, opening
up horizons for innovative therapeutic strategies.

This article focuses on the role and mechanism of fungal infection in the occurrence of various
types of cancer in humans, with an emphasis on the role of nutrients in fungal growth, spread, inva-
sion, and cancer pathogenesis.

Keywords: cancer, fungal infection, immunocompromised , Opportunistic fungi.
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of the host, and others such as the use
Introduction of antibiotics [5]

Fungal infections pose a major threat
to immunocompromised individuals,
leading to increased rates of infection
and mortality [1]. Fungi are eukaryotic
organisms that form different sites in
the human body. Fungi are represented
by three main divisions: cystic, basidi-
omycete, and chytridiomycete , which
greatly affect the health of the host and
the occurrence and development of
cancerous tumors [2].

Cancer tumors have a unique com-
plex structure represented by bacteria,
viruses, and fungi, and these organisms
participate in tumor formation and de-
[3]. Cheng et al. (2024)
showed that fungi affect tumor forma-

velopment

tion through several factors, including
host immunity, biologically active me-
tabolites, and genetic and epigenetic
factors, all of which contribute to the
enrichment of fungi in tumor tissues or
the transformation from symbiotic fun-
gi to pathogenic fungi]4] . The fungi
that can transform from symbiotic life-
styles to pathogenic lifestyles such as
colorectal cancer depend mainly on the
pH, saliva flow rates, oxygen concen-
tration, the immune and health status

Le et al. (2023) pointed out the role
of fungal infection in the occurrence
of different types of cancer, including
oesophageal, stomach, colon, rectum,
lung, cervical, and ovarian cancer, in
addition to other factors such as »age,
smoking, diet, saturated fats, body
weight, alcohol consumption, expo-
sure to pollutants, and radioactivity«.
These factors vary according to region
and geographical location. Previous
studies have shown that fungal infec-
tion can not only promote cancer, but
can contribute to its treatment [5]. The
most common fungal genera involved
In cancer are Fusarium verticilliodes,
Aspergillus flavus, Aspergillus parasit-
icus, Candida glabrata, and Candida
tropica [4].

The current article aims to identi-
fy the role of fungal infection in each
type of cancer and the fungal causes of
each, 1n addition to the role of nutrients
in the growth and reproduction of fun-
gi and thus the development of cancer.

Fungal infections

About one billion people worldwide
are affected by fungal infections that
affect the skin, nails and hair, tens of
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millions are affected by candidiasis and
more than 150 million by other fungal
diseases, the severity of the infection
ranges from mucosal to cutaneous or
severe systemic infections leading to
death [6].

Fungi are known as eukaryotic or-
ganisms that infect humans and cause
skin and systemic diseases and are
transmitted by inhaling fungal spores,
while Candida coexists with the diges-
tive system and skin and multiplies
under certain conditions and is trans-
mitted to the blood when introduced
into the body through medical devic-
es such as catheters and organ trans-
plants [7].Cancer patients treated with
chemotherapy and other patients with
weak immunity are at risk of fungal
infections, which are a major cause of
illness and death in cancer patients due
to low neutrophil counts and exposure
to fungal pathogens such as Aspergil-
lus and Fusarium species, but most of
them are caused by Candida species.
Microbial infections can not only pro-
mote cancer but can help in its treat-
ment. »Candida« 1s one of the genera
most closely linked to cancer, such as
Candida glabrata, Candida tropica,
and other species such as Aspergillus

Fu-

sarium verticilliodes. 1t is necessary to

flavus, Aspergillus parasiticus,

distinguish between fungal infections
and cancer[8].

Predictions of fungal species in
cancerous tumors

Tumors are complex ecosystems
consisting of cancer cells, immune
cells, fibroblasts, and microbes. Tu-
mor microbes are a good and integrat-
ed component of the tumor, which in-
cludes bacteria and fungi, which are
determined by the type of cancer in
the tumor tissue. In fact, each type of
tumor contains a distinctive microbial
composition. Tumor microbes can be
used for multiple purposes, including
distinguishing between normal and
cancerous tissues, distinguishing be-
tween benign and malignant cancers,
and between cancer patients who re-
spond to drugs from those who do not
respond to drugs, and between patients
with a positive prognosis and those
with a poor prognosis. Multiple types
of yeasts, candida, and other types of
fungi have been found that differ ac-
cording to the type of cancerous tu-
mors [9]. Figure (1) Types of cancers
and the fungi that cause them.
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Figure (1)
Types of cancers and the fungi that cause them.(Cheng et al.,2024)

Risk factors associated with fun-
gal infections

A wide range of risk factors con-
tribute to the susceptibility of immune-
compromised patients to fungal infec-
tions, including

1. Immunocompromised individu-
als undergoing chemotherapy, such as
cancer patients, diabetics, AIDS pa-
tients, and others.

2. Neutropenia Low neutrophil
counts significantly increase the risk of
invasive

infections, especially Aspergillus
and Candida species.

3. The use of broad-spectrum antibi-
otics can facilitate the development of
opportunistic fungal infections.

4. Underlying diseases associat-
ed with cancer, such as diabetes and
chronic lung disease, from a weak im-
mune response.

Fungal pathogens exploit the weak
immune status of their hosts by adher-
ing to host tissues, as fungi produce
substances that facilitate their adhesion
to cells and epithelial tissues, which al-
lows colonization and invasion, in ad-
dition to the formation of biofilms and
immune evasion strategies, which in-
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hibit the phagocytosis process and al-
low for continuation and spread. More-
over, the metabolites produced by fungi
may affect the biological pathways that
control the growth of cancer cells. For
example, some fungal compounds may
inhibit topomerase enzymes that play
an important role in cancer cell divi-
sion or activate signalling pathways
that lead to cancer cell death. The di-
agnosis of fungal infection is of great
importance through culture and sensi-
tivity tests or serological tests and mo-
lecular methods [1].

Genetic and epigenetic factors of
fungi

Fungi switch from commensal to
pathogenic lifestyles. Candida albi-
cans can colonize the intestine by ac-
tivating the expression of the pro-in-
flammatory protease Saps specific to
fungal hyphae and adhesion to cell
surfaces Hyrl [10]. Exposure of Can-
dida albicans to the mammalian intes-
tine can induce a growth shift that is
driven by a transcription factor into a
symbiont. These fungi can activate or
repress iron uptake genes involved in
virulence or colonization via the Sef1/
Sful, Worl genes. Blastomyces der-
matitis suppresses the production of

TGF-a, which can stimulate adhesion
and pathogenic transformation. Asper-
gillus fumigates may activate a stress
response program that is required for
virulence. It i1s worth noting that the
cAMP pathway plays an important role
in inducing certain genes during trans-
formation. Several Candida species
that cause enteritis can produce more
phospholipases. In addition, methyla-
tion H3K4 by Sef1 is required for Can-
dida albicans virulence through con-
trol of reactive oxygen species[11].

Other fungal mechanisms of tum-
origenesis

There are several mechanisms that
fungi possess that enable them to cause
tumors, and through interactions be-
tween bacteria and fungi, they are
linked to the formation of a pathogenic
biofilm that acts as a barrier to protect
the microbiota from the host immune
system and potentially enhances the
inflammatory response, Which may be
involved in the occurrence of colon and
rectal cancer. Metabolites produced by
fungi which has an important impact in
the occurrence of »hepatocellular car-
cinomag, such as aflatoxin produced by
species of the genus Aspergillus [12],
by generating highly mutagenic DNA.
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Candida albicans also generates nitro-
samines and converts ethanol to acetal-
dehyde, an electrophilic and genotoxic
substance that can affect DNA and pro-
tein repair and cause oxidative stress
and lead to DNA damage. These sub-
stances work to raise levels of Reac-
tive Oxygen Species (ROS) to stimu-
late mitochondrial dysfunction, which
is associated with cytotoxicity. In ad-
dition, acetaldehyde and ethanol cause
synergistic production In cells, which
leads to disruption of the immune bar-
rier [13]. The transformation of Candi-
da albicans from yeast to filamentous
form also stimulates B-cells to produce
immunoglobulin’s IgA , which can
regulate fungal symbiosis in the intes-
tine and bind to fungal hyphae to limit
its spread [14]. The vesicles produced
by extracellular fungi which has an
important impact on the development
of the disease, as they carry pigments,
carbohydrates, proteins, nucleic acids
and lipids, and are closely associated
with virulence factors. They play a role
in regulating fungal communities and
enhancing the ability to cause diseases.
They produce cytokines and enhance
the production of TNF-a and TGF-3 by
phagocytic cells [4].

The role of fungal infection in oral
cancer

Oral cancer develops in different
parts of the human mouth including the
tongue, cheeks, lips, gums, palate, sal-
ivary glands, tonsils and pharynx are
also susceptible to cancer, but such cas-
es occur less frequently [8].The main
risk factors that promote the develop-
ment of oral tumors were found to be
alcohol consumption, viral infection
and excessive exposure to ultraviolet
rays for lip cancer[15], in addition to
poor oral hygiene and smoking, which
promotes the formation of keratin in the
oral mucosa and diet [16]. Fungi such
as Candida species are usually found
in the mouth and are harmless under
normal conditions. However, they can
transform into a pathogenic form, caus-
ing oral candidiasis, which is the main
fungal infection that occurs in the oral
cavity and 1s usually caused by Candida
albicans or other Candida species [17]
This infection can range from mild to
severe depending on the host’s immuni-
ty. Candidiasis has long been associated
with cancer treatment or complications
of treatment. It was later discovered that
this disease may be involved in the de-
velopment of oral cancer [18]. A study
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conducted in Taiwan revealed that in-
dividuals with Candida infection were
more likely to develop oral cancer, es-
pecially in immunocompromised hosts
[19]. Candida fungi have been linked to
the development of cancer through the
production of hydrolytic enzymes that
metabolize alcohol into acetaldehyde.
Acetylcholine 1s known to be a human
carcinogen. Candida species possess
alcohol dehydrogenase enzymes, which
are necessary to convert ethanol into
acetylcholine, a cell wall protein that is
essential for fungal growth and metabo-
lism [20].

Moreover, acetylcholine may inter-
act with host cell proteins and stimulate
the immune response. Its effect on cells

1s mainly due to oxidative stress, cell
damage, cytokine induction, protein ad-
ducts or DNA residues, DNA cross-link-
ing, or chromosomal aberrations. These
events lead to mutations within the host
DNA and disruption of protein func-
tion essential for normal host function
and cell division, which in turn leads
to tumor development and progression.
Another mechanism by which Candida
species help in tumor induction comes
from their ability to invade host tissues
and produce nitrosamines, which have
been found to cause cancer in animal
models. Nitrosamine compounds have
been found to activate primary tumors
and cause tissue dysfunction, as shown
in Figure (2).
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They showed that activated nitro-
samines can mutate a primary cancer
causing gene in the laboratory. They
used PEC plasmids containing the pri-
mary cancer-causing gene C-Ha-ras,
which is involved in regulating cell di-
vision in the human body and N3H3T3
cells [21]. Furthermore, Candida has
the ability to produce biofilms, readily
adhere to cell surfaces, and invade oral
epithelial cells. These traits are viru-
lence factors that play a major role in
tumor development, especially through
infection and inflammation. During the
inflammatory process, cytokines such
as 1L-6, IL-17A are produced by T
helper cells (Th17), which in turn ac-
tivate the wnt signalling pathway and
the nuclear factor-kB signalling pathe
way. Overexpression of »pro-inflam-
matory cytokines such as IL-6« is a
pivotal point in tumorigenesis through
negative regulation of apoptosis, which
strongly affects cell cycles [22].

The "role of fungal infection in oe-
sophageal cancer"

"Oesophageal cancer" ranks as the
sixth leading cause of cancer-related
deaths, and the eighth largest cause
of cancer globally. Histologically,
this disease 1s classified into two cat-

egories: oesophageal adenocarcinoma,
which affects the lower part of the oe-
sophagus, and oesophageal squamous
cell carcinoma, which affects the mid-
dle and upper part of the oesophagus.
There are several factors that influ-
ence the onset of the disease, including
"smoking, drinking alcohol, consum-
ing hot beverages and foods, malnutri-
tion, and exposure to pathogenic and
opportunistic microorganisms". The
fungus Candida albicans is one of the
most common species associated with
people with oesophageal cancer [8].
Candida albicans 1s one of the most
common strains associated with oe-
sophageal cancer [8]. According to a
study by [23], patients with weakened
immune systems are more likely to
develop oesophageal candidiasis. The
disease 1s caused by several mutations
that ultimately affect the pathways that
produce interleukin-17. One of these
(mutations) is an acquisition mutation,
where genetic analysis amplifies the
"immune" response of "Th1" cells, ul-
timately reducing interleukin-17 pro-
duction[8&].

The "role of fungal infection in
gastric cancer"

"Gastric cancer" ranks as the fourth
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leading cause of cancer and the second
leading cause of death in all malig-
nant tumors worldwide. Gastric cancer
1s classified into four types: sporad-
ic gastric cancer, early gastric cancer,
gastric stump cancer, and hereditary
diffuse gastric cancer. The factors for
this type are smoking, alcohol con-
sumption, blood type A, mycotoxins,
and infections. A study has shown that
fungi constitute about 70% of the diges-
tive tract of adults and their number
1s increasing [4]. The presence of these
fungi may contribute to gastric can-
cer, as 1t was found that the increase
in Candida is associated with the »en-
richment of genes involved in cytokine
interactions, host immunity, and in-
flammation , including IL-1A, IL-1B,
IL-6) [24].

The "role of fungal infection in
colorectal cancer"
"Colorectal cancer" 1is the most
common type of cancer worldwide,
and it is the third leading cause of
cancer and death. Colorectal cancer
1s classified into three distinct catego-
ries. "Most point mutations cause this
type of cancer and occur in the genes
APC, Dcc, Tp53, kRAS. Point muta-

tions also occur 1n another allele of the

mutated gene". This inherited form is
divided into two groups: FAP (familial
adenomatous polyposis) and HNPCC
(Hereditary non-polyposis CRC). This
causes »mutations in DNA repair pro-
teins« such as (PMS2, PMS1, MLH6,
MLHI1, MSH2) [8]. "Environmental"
and genetic risk factors play an im-
portant role in determining colorectal
cancer. Non-modifiable risk factors are
classified, such as race, gender, age,
cystic fibrosis, and cholecystectomy, in
addition to non-modifiable risk factors
such as obesity and diet. Smoking, al-
cohol, diabetes, and insulin resistance,
and among the fungi associated with
colorectal cancer are Candida albicans
, Phoma , Malassezia , Trichosporon,
Cladosporium, Histoplasma ,Cryto-
coccus, and Aspergillus [25].

The role of fungal infection in
pancreatic cancer

Pancreatic cancer is one of the most
deadly cancers worldwide and the bur-
den is mainly attributed to the fact that
the probability of cure is relatively low
and the majority of patients are diag-
nosed in stages III and IV of cancer
[26]. A study indicated that obesity,
malnutrition, diabetes, chronic pan-
creatitis and excessive alcohol con-
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sumption are associated with tumor
formation in the pancreas [27] A study
showed that there is an abundance of
fungal species in tumor tissues that can
accelerate pancreatic tumorigenesis
and that Lectin activation also contrib-
utes to the increased emergence and
spread of pancreatic cancer [28].

"The role of fungal infection in
liver cancer"

"Liver cancer ,"specially "hepato-
cellular carcinoma", has become the
third leading cause of cancer-related
deaths. Previous studies have shown
the diversity and increase of fungi and
yeasts in patients with "hepatocellular
carcinoma". The abundance of Candi-
da albicans was significantly higher in
patients with "hepatocellular carcino-
ma" in stages III and IV than in stag-
es I and II. Abnormal colonization by
fungi leads to metabolic changes and
accelerates the progression of hepato-
cellular carcinoma [29]. In addition,
many fungi such as Aspergillus fla-
vus and Aspergillus parasiticus can
be found widely in various crops such
as cereals, oil seeds, nuts and spices,
where the liver is the main target organ
and the most harmful type of aflatox-
in, such as exposure to high doses of it

leads to acute hepatitis and even death
and can cause immune- suppression,
nutritional disorders and tumors. It 1s
known that the oxidation of aflatoxin is
an essential part of the process of geno-
toxicity and thus in the development of
cancer, as 1t is metabolized in the liver
by CYP450 enzymes and converted to
an epoxide [30]. This metabolite has a
strong affinity for DNA, which leads
to the formation of additional products
that enhance DNA mutations and par-
ticipation in the occurrence of hepato-
cellular carcinoma. Aflatoxin-B may
synergize with other risk factors such
as hepatitis-B infection, which increas-
es the risk of developing hepatocellular
carcinoma [30].

The "role of fungal infection in
lung cancer"

Lung cancer 1s one of the most
common causes of "cancer" death and
men are more susceptible to infection
than women. One of the main caus-
es of "lung cancer" is the disruption
of molecular pathways of lung cells,
which alters normal cell growth, dif-
ferentiation and programmed cell
death. In general, lung cancer exists in
two forms, the first is known as "non-
small cell lung cancer", which consti-
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tutes 85% of cases, and small cell lung
cancer constitutes 15%. Many internal
and external factors are risk factors for
lung cancer, including "smoking, arse-
nic in drinking water, radon gas, tuber-
culosis, chronic obstructive pulmonary
disease", HIV infection, and mutations
in the BRAF, KRAS, EGFR genes, etc.
One of the risk factors for lung cancer
1s "immunocompromised" people who
become susceptible to lung diseases
through exposure to opportunistic fun-

gi such as »Aspergillus«, Cryptococcus
and "Pneumocystis". It has also been
proven that patients with pulmonary
aspergillosis who receive corticoste-
roids are susceptible to pneumonia and
increased exacerbation of the disease.
Cancer. A study has shown that oppor-
tunistic dimorphic fungal pathogens
such as Talaromyces marneffei are the
causative agent of Talaromycosis and
thus are susceptible to lung cancer
[8]. as shown in Figure (3).
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Figure (3)
The functional role of fungi in the development of lung cancer (Wu etal.,2024)
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The "role of fungal infection in
cervical cancer"

"Cervical cancer" is the third most
common type of cancer in the female

reproductive system. There are a num-
ber of factors that increase the risk of
cervical cancer, including multiple
births, obesity, sexual behaviour, diet,
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multiple births, "prolonged use of hor-
monal contraceptives, poor socioeco-
nomic status, smoking, multiple preg-
nancies, and the presence of bacterial,
fungal, and viral causes". The most
common fungal species that cause in-
flammation and cervical cancer are
Candida, Malassezia, Sporidiobolae-
ae, and Saccharomyces [31].

The "role of fungal infection in
ovarian cancer"

Ovarian cancer ranks seventh among
the types of cancer that affect women.
Ovarian cancer i1s divided pathologi-
cally into two types: epithelial ovarian
cancer and reproductive ovarian can-
cer. Risk factors include continuous
"ovulation, hormonal factors such as
family history, genetic predisposition
such as mutations in genes, race, and
diet" (low fiber intake, vitamin D, obe-
sity, smoking, and alcohol consump-
tion). Several types of fungi have been
isolated from ovarian cancer samples
such as Acremonium, Cladophialo-
phora , Malassezia , Microsporidia
Candida, Cryptococcus, Pencillium,
Rhodotorula gonadotropins [32].

The "role of fungal infection in
breast cancer"

Breast cancer ranks second in prev-

alence among women over the age of
forty, compared to other cancer types.
Breast cancer is classified according
to its surface receptors into endocrine
receptors (estrogen and progesterone
receptors). Studies have revealed the
presence of fungi in breast cancer tu-
mors such as Malassezia and Blastomy-
ces in abundance. The most important
risk factors are genetic predisposition ,
family history, breastfeeding , obesity,
and others [22].

The role of fungal infection in skin
cancer

Skin cancer is the most common
type of cancer in white individuals
and is classified into melanoma and
non-melanoma. There are several fac-
tors that lead to skin cancer, including
exposure to ultraviolet rays, fair skin,
aging, chemicals, exposure to radia-
tion, weak immune system, and fun-
gal infection. Most of the fungi that
contribute to skin cancer are Candida,
such as Candida albicans, Candida
tropica, Candida glabrata, and Can-
dida parapsilosis was isolated from a
patient suffering from skin cancer, in
addition to several filamentous fungi
belonging to the cyst fungi group and
incomplete [33].
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Nutritional regulation of mycobi-
ome and cancer development

Previous studies have shown that
the associated fungi are involved in
regulating the progression of cancer
through the secretion of biologically
active substances. Diets greatly affect
the intestinal metabolic environment,
which leads to changing the lifestyle
of fungi. A small number of fungi
within the tumor can be affected by
the abnormal microenvironment after
re- programming the tumor metabo-
lism. Nutrients such as "cholesterol,
carbohydrates, proteins and minerals
play crucial physiological" roles in the
growth, reproduction and pathogene-
sis of invasive diseases of the normal
mycobiome. Fungi can specifically
sense nutritional changes in the micro-
environment and thus produce distinct
metabolic products in response, which
may act as signalling molecules. They
also adapt to their lifestyle, such as in
the transformation from symbionts to
pathogens. Antifungal factors are ma-
nipulated by nutrients and tumor for-
mation. The most important substances
are [34]. as shown in Figure (4).

Alcohol consumption

Alcoholic beverages are a special
food component worldwide and are of-
ten consumed with food. Alcohol con-
tains seven calories per gram consumed
and evidence has shown that alcohol
consumption contributes to approx-
imately 4% of »cancer« cases world-
wide. Alcohol consumption increas-
es the risk of several types of cancer
including »colorectal, liver, breast«,
etc.[35]. The fungal species can be
changed and interact with chronic al-
cohol consumption [13]. Ethanol pro-
duced by Candida albicans stimulates
the production of methyl-phenazi-
ug-carboxylic acid and alcohol in-
creases intestinal Th17 cells specific
to Candida albicans, which migrate to
the liver and promote liver disease via
IL17a receptor signalling in "Kupffer
cells" [29]. Excessive alcohol con-
sumption also causes an imbalance in
the fungus and an overgrowth of Can-
dida, which leads to fungal "beta-glu-
can transfer and IL-1B secretion via
C-type lectin-like CLEC7A receptors«
on »Kupffer cells", which contributes
to liver cell damage and promotes the
development of ethanol-induced liver
disease [13].
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Figure (4) The triple interaction between nutrition,
fungi and the host in cancer development (Huet et al.,2022)

Fats and "cholesterol"

"Cholesterol" and fats
more calories per gram, doubling the

produce

amount of "carbohydrates". Epidemi-
ological statistics and clinical studies
have reported a significant positive
association between fat and cholester-
ol intake and the risk of liver cancer.
Obesity has been reported to be asso-
ciated with intestinal fungi, as "Can-
dida" fungi promote fat accumulation
and "obesity" by producing lipase and
converting "triglycerides" to mono-
acylglycerol. However, it is still un-
clear whether fungi, such as bacteria,

can contribute to cancer independently
of obesity. Dietary fats are a potential
source of cancer, and high levels of fat
and cholesterol activates the growth
and colonization of Candida, resulting
in candidiasis [36].

Sugars

A polysaccharide consisting of
glucose monomers, which is recom-
mended to constitute 45-65% of total
calories. Excessive sugar consumption
indirectly fuels cancer growth through
excessive caloric intake. Glucose,
fructose, maltose and gallate were able

to induce Candida albicans from the
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yeast stage to the fungal stage, while
»lactose, sorbitol and glycerol« we’re
not.Given the role of fungi in tumor
development, low carbohydrate and
caloric restriction have a possible role
in slowing tumor stimulation [30].

Fiber

It is a "complex carbohydrate" and
It has been observed that dietary fiber
plays a role in preventing obesity and
helps reduce the incidence of cancer.
"Short-chain fatty acids" fermented
from dietary fiber soluble by gut mi-
crobes can directly activate »pro-
tein-coupled« receptors, inhibit "his-
tone deacetylation" and act as energy
substrates to link dietary patterns and
gut microbes [37].

Proteins

Nitrogen synthesis or metabolism is
the main pathway in protein synthesis
in both humans and microbes, includ-
ing "Candida albicans" and "Asper-
gillus fumigatus". Recent studies have
shown that nitrogen source can influ-
ence the phase transition and "biofilm
formation" of Candida albicans. Can-
dida uses the Csh3-Sps sensor complex
to sense extracellular amino acid levels
and regulate the secretion of "virulence
factors" via genes controlled by"Stp 1"

including the major secreted "aspartyl
protease". Candida albicans can facil-
itate "proline" metabolism by express-
ing "proline"-metabolizing enzymes
to promote the transition from yeast
to hyphae when ingested by macro-
phages. Inhibition of »proline« metab-
olism affects hyphae formation, which
impairs the ability of Candida albicans
to escape from phagocytic cells [38].

Minerals

Lack of "essential vitamins" and
"minerals "is one of the factors that in-
crease susceptibility to cancer Further-
more, high-dose vitamin and mineral
supplements have not reduced cancer
incidence in well-nourished popula-
tions, but may even increase their risk.
Given the scarcity and necessity of
minerals, especially trace elements ,
for both the host and "fungi", the nutri-
tional tug-of-war between them is more
intense than for trace elements. Fun-
gal pathogens have established adap-
tive mechanisms to overcome mineral
deficiency or excess conditions[39].
Minerals including "potassium, cal-
cium, magnesium, iron, and copper"
play critical roles in protein structure,
enzyme-catalyst interactions, signal
transduction pathways, and cellular
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physiological homeostasis in both the
host and »fungi40] «]. Furthermore,
phosphorus nutrition has been found to
be another nutrient involved in regulat-
ing the target of rapamycin signalling
pathway. Candida albicans senses ox-
idative stress in various microenviron-
ments and exerts »virulence« to invade
the host [41].

Conclusion

Many fungal species that participa-
tion in the occurrence cancer through
several mechanisms The connection
between nutrition and fungal diseases
has been found to play an important
role in the development, spread, and
invasion of cancer. Tumor develop-
ment and nutrition are closely linked,
as adequate nutritional intake reduces
the likelihood of tumor development,
while excessive intake may have the
opposite effect. This article focuses
on the role and mechanism of fungal
infection in the occurrence of various
types of cancer in humans, with an em-
phasis on the role of nutrients in fungal
growth, spread, invasion, and cancer
pathogenesis.
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