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ABSTRACT:

Saccharomyces cerevisiae is traditionally used for baking and fermentation. In various
studies Saccharomyces cerevisiae has exhibited strong immunomodulatory properties
that are useful in various cancer therapies. Various studies show that whole yeast cells,
heat killed yeast, and yeast-derived components activating immune response and a bate
the tumor growth. Saccharomyces, is a eukaryotic organism which has progressed from
an essential model organism in biological research to a promising cancer therapeutic
agent. Its immunomodulatory cell wall components, metabolites, and bioengineered
Nano-carriers consists of therapeutic potential. These induce the selective cytotoxicity
and apoptosis. Yeast components also induce cell cycle arrest, suppress oncogenic
survival markers and elevate oxidative stress (ROS). Probiotic strains, such as
Saccharomyces, and their supernatant have shown anti-proliferative effects against
breast, colon and cervical cancer cell lines, has been validated in both in vitro and in vivo
models. Modern bioengineering has opened the way to yeast-derived vacuoles and
Nano-gold conjugates, which facilitate target drug delivery and deep tissue penetration.
The present article highlights the importance of Saccharomyses sp. both as model organism for
research related to anticancer compounds and as source of bioactive compounds such as [3-
glucan etc. which can be used to treat cancer.
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INTRODUCTION:

Cancer is a complex genetic disorder caused
by uncontrolled cell proliferation and failure of cell
death pathways (i.e., apoptosis). To control the burden
of global cancer conventional chemotherapy and
radiotherapy are being used; however, their systemic
toxicity and side effects are major limitations.In recent
decades, anticancer research has shifted away from
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conventional drugs towards natural biological
compounds and therapeutics'”. This increases the
demand for natural biological response modifiers
(BRM), such as Saccharomyces cerevisiae (baker's
yeast), which are non-pathogenic and cost-effective™”.
Polysaccharides present in the cell wall of yeast and
probiotic strains, such as Saccharomyces cerevisiae,

modulate the immune response and have the potential
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to alter the tumor microenvironment.”” Recently,
bioengineering and nanotechnology have
synergistically changed yeast into “a target specific
delivery system”. Drugs can directly be delivered to
tumor tissues using yeast derives vacuoles and gold
nanoparticle conjugates, reduces the chances of
systemic toxicity.”” These studies have converted yeast
from a fermentation agent to a powerful therapeutic
agent for oncology. The present review highlights in
importance of Saccharomyces sp. as model organism
and cancer therapeutics.

Yeast as genetic model for oncology:

The genetic system of yeast serves as a valuable model
for investigating the mechanism human cancer because
its DNA repair and cell cycle pathways are highly
conserved.™”

Yeast model for functional classification of human
cancervariants:

The yeast genome helps in the functional classification
of the variants of human susceptibility genes, such as
breast cancer genes (BRCA1 and BRCA?2). Research
has shown that the RADS52 gene in yeast influences the
homologous recombination (HR) repair function of
BRCA1/2 missense variants. Yeast has no direct
homologue of BRCA1/2 but the homologous
recombination repair machinery of yeast is so
conserved that it can 'test' these human variants.
Specifically RADS52 gene of yeast is being used. When
human variant of BRAC1/2 is expressed in yeast, it is
observed that how they alter DNA repair function and
gene reversion frequency of yeast. If any variant can
restore DNA repair, so it is considered “Benign” (safe)
and if it can't repair then, it is classified as “Pathogenic”
(dangerous). Screening these human variants in yeast
cells serves as a functional 'diagnostic proxy'. This not
only classifies clinical variants into 'pathogenic' and
'neutral' categories, but also provides a vigorous
biological baseline for personalized risk assessment
and target therapy design.”

Genomic selection and ATM kinase signaling:

By integrating cancer genomic data into yeast models
has disclosed that there is a strong selective pressure
against ATM (ataxia-telangiectasia mutated) function
during tumor-genesis. ATM kinase is a master regulator
in DNA damage response. Studies of its homologous in
yeast, Tell and Mecl, has shown that when ATM

function is lost then, genomic instability increases
which helps the cancer cells to grow faster. Yeast
models help to understand that ATM mutations are not
just 'side effects', but rather a 'driver mechanism' for
tumor evolution. Yeast modeling is an essential tool in
decoding the early stages of cancer progression and
tumor survival strategies."

High — throughput screening and Identification of
novel tumor suppressive targets:

One of'the biggest advantage of yeast genetic system is
its use in genomic wide screening, which accelerates
the discovery of new anticancer drug targets. Multi-
copy plasmid or knock- out libraries of yeast are often
used by researchers, to identify which pathway or
protein is targeted by bioactive compound. An
important example is the study of benzylisothiocynate
(BITC). During screening process it is found that
BITC, which is a natural dietary compound, drastically
downregulates the Mtw1 protein expression in yeast
cells. Mis12 is an essential kinetochore protein which
helps chromosomes to attach with spindle fibers during
cell division. When this protein is blocked by BITC
then spindle assembly fails in both yeast and human
colon cancer cells, this causes cell cycle arrest and
inhibition of tumor cell growth."”

Yeast- based high- throughput screening is not
only a preliminary test, but also a Molecular Target
Discovery platform. The interaction between BITC and
Mis12/Mtw1 shows that screening of yeast can identify
essential proteins required for cancer survival.

Technique used for isolation and structural
characterization of yeast components:

The biological efficacy of yeast derived components
(anticancer agents) depends strongly on their extraction
process and structural integrity. This section describes
the isolation protocols and analytical characterization
indetail:

1. Extraction and purification: Modified acid- base
extraction method is considered most effective method
for the isolation of bioactive components (especially 3
glucan) from the cell wall of yeast. ™"

2. Preparation of yeast biomass: In this method the dry
active yeast cells can be yield by using yeast- extract
glucose broth medium by incubating for 48 hours.
Then, the raw yeast cells are suspended in distilled
water and washed multiple times to remove any
remaining culture media. This suspension is
centrifuged at 4000-5000 rpm for 10 minutes."”

3. Deproteination (alkaline digestion): In this step, the
insoluble yeast pellet is placed in a 0.1 M sodium
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hydroxide (NaOH) solution. This mixture is kept at 80°
C to 90°C with constant stirring for 1 to 2 hours. The
NaOH dissolves and separates alkaline-soluble
proteins and Nano proteins, and lipids from the cell
wall."!

4. De- glycogenation (acidic hydrolysis): After
washing away the alkaline-insoluble residues, it is
treated with 0.1 M hydrochloric acid (HCL) or acetic
acid (pH 4.0-5.0) at 75°C. This step hydrolysis
glycogen and remaining cytoplasmic contents.

5. Organic solvent treatment: The residue is washed
with Ethanol to dissolve the tracesof cell membranes
and hydrophobic impurities.

6. Neutralization and lyophilization: Purified yeast
particles (YP's) are washed with deionized water until
the supernatant reaches a pH of 7.0 (neutral). Then,
thesoe particles are freeze dried (lyophilized) at-50° C to
-80°C.

This step wise chemical purification ensures
that the hollow-shell morphology and structural
integrity of the yeast particle remain intact. This
protocol removes up to 95% of cellular content with
better loading capacity for therapeutic agent,
transforming the yeast into a high-capacity delivery
vehicle for cancer therapeutics.”™

Yeast-Induced Cytotoxicity and Apoptosis:
Saccharomyces cerevisiae and its bioactive derivatives
trigger programmed cell death (apoptosis) of cancer
cell line by interrupting their survival pathways .the
mechanism of yeast depends upon multiple signaling
cascades, malfunctioning of mitochondria, and
alteration of gene expression.""”” A multifaceted
biochemical strategy is used by yeast and its bioactive
components, specially purified B-glucan and
supernatant to target cancer cells. It is not just limited to
cell death, but also deconstructs the cells internal
“survival machinery” at the genetic and proteomic
levels."""

The Bax/Bcl-2 switch (intrinsic pathway): The most
prominent mechanism of yeast-induced cell death is
Mitochondrial mediated apoptosis. Yeast components
stimulate the expression of Bax (a pro-apoptotic)
protein in the cytoplasm of cancer.""” Yeast allow Bax
protein to enter into the outer membrane of
mitochondria. There, these proteins destroys structural
integrity of membrane by forming high-molecular-
weight oligomers. These oligomers form
Transmembrane pores (MACs) which releases
Cytochrome ¢ from the mitochondrial intermembrane

space into the cytosol, which further activates the
caspase cascade in an irreversible manner.!""”
Additionally, the expression of Bcl-2 (an anti-apoptotic
protein), which normally prevents cell death is
suppressed. After yeast supernatant treatment the ratio

of Bax/Bcl-2 increases significantly drives the cell to a

‘point of no return’. "*?

ROS Generation and Mitochondrial Potential:

Yeast particles create oxidative crisis by targeting the
metabolic homeostasis of cancer cells.''"'!
Mitochondrial membrane potential is disrupted by
yeast derived treatments (such as YPs and supernatant).
ATP production stops due to this polarization and
causes electrons to leak from the mitochondrial
respiratory chain."” These leaked electrons combine
with oxygen to form Superoxide, Hydrogen peroxide,
and Hydroxyl radicals. Cellular lipids, proteins and
DNA are damaged irreversibly by high ROS
levels."""*" DNA damage induced by ROS leads to the
fragmentation of chromosome, which can be observed
as nuclear shrinkage and apoptotic bodies by TUNEL
assay or Propidium Iodide (PI) staining. ""**

Genetic silencing of survival drivers:

Yeast metabolites also target cancer cells at
transcriptional level. Survivin is an “inhibitor of
Apoptosis protein” (IAP) is often over expressed in
cancer cells which help them to evade death signals.
Survivin mRNA levels in breast cancer and colon
cancer cells in drastically downregulated by S.
boulardii supernatant (SBS)."”'" Suppression of
surviving activates caspases and arrests cell cycle
progression. Master transcription factor, kappa B (NF-
kB) promotes inflammation and survival genes. Yeast
component inhibit the nuclear translocation of NF-
kB."""" Due to this signaling pathways (such as IL-8
and Cox-2) are blocked which are essential for
proliferation of tumor."”

Autophagy and lysosomal impairment:

Yeast exhibits a unique autophagy inhibition strategy in
some specific cancer models (such as liver cancer).""
Beta glucan of yeast disrupts the acidic pH of
lysosomes. The activity of lysosomal enzymes (such as
cathepsin B and D) is suppressed by this.""

Since cancer cells recycle intracellular
components (autophagy) for survival, blocking of this
recycling process puts cells under metabolic stress and
arrest their growth.""! This is depicted in (Table 1).
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Table 1: Molecular mechanism responsible for yeast induced cytotoxicity.

Molecular Mechanism  Pathway Involved

Target Molecule

Impact on cancercells

Bax, Bcl-2,

Mitochondrial stress
Caspase -3

Intrinsic apoptosis

Oxidative stress ROS Generation

Gene silencing transcriptional inhibition

Lysosomal stress Autophagy blockage

Mitochondrial potential difference
Survivin ,NF-«B, IL-8

Lysosomal pH and cathepsins

Fragmentation of DNA and formation of
apoptotic body"”

Lipid peroxidation and irreversibledamage
of DNA™

Loss of survival signaling and anti-
inflammatory response””

Inhibition of cellularrecycling™”

Table 2: Yeast-mediated cytotoxic effect on cancer cell lines.

Dose concentration

Cancer Model (1C50) Primary pathway Molecular Target Results

Breast 616 we/m Intrinsi tosi Survivin. Bel-2 50% reduction in 48

(MCF-7) pg/m ntrinsic apoptosis urvivin, Bel- hours™®

Colon . . 07

e 2) 1411 pg/mL Anti-inflammatory IL-8, NF-kB 88.7% apoptosis
aco-

Cervical Concentration -dependent  Elevation of ROS Mltochondrlal potential Fragn;gntatmn of

(HeLa) difference DNA"™

Liver Specific dose of e . (i

(HCC) Buol Autophagy inhibition ~ Enzymes of lysosomes Metabolic Stress

-glucan

Yeast-mediated cytotoxic effects:

Breast Cancer (MCF-7 and MCF-7/MX):
The use of heat heat-killed cells and Saccharomyces sp.
in breast cancer research has been quite promising.
Experiments have shown that the IC50 value of SBS
(supernatant) in MCF-7 (hormone-dependent) cells
was recorded at 542 pg/mL after 48 hours of
treatment.” The most important finding was that MCF-
7/MX (multidrug-resistant) cells do not respond to
chemotherapy and shows sensitivity in yeast
metabolites (IC50:616 ng/mL at 48 hours).” In breast
cancer cells, cell rounding is observed after treatment
and also their adhesion properties are loosed, which is
an early sign of apoptosis.”’ Yeast inhibits
multiplication in breast cancer models but also alter
cells to death signaling through bypassing resistance
mechanism (such as MDR-1 pumps).”** The cytotoxic
effect of different yeast components on cancer cell line
are mentioned in Table 2.

Colorectal cancer (Caco-2):

Some extraordinary results are shown by probiotic
yeast metabolites for colorectal cancer. According to
the data of flow cytometry data, 88.7% of Caco-2 cells
were in apoptotic phase after 48 hours of treatment."*'"
' More than 50% of IL-8 levels is reduced in tumor
cells by yeast metabolites. IL-8 is a chemokine, in

colon cancer it promotes angiogenesis (formation of
new blood vessels) and metastasis."” Real-time PCR
analysis has confirmed that expression of survivin
mRNA is down regulated by yeast metabolites, it
reduces survival capacity of cells."” Yeast plays a dual
role in colon cancer, it directly kills tumor cells and
disrupt their inflammatory environment, which
prevents cancer from recurring. """

Cervical cancer (HeLaand SiHa):

Yeast particle in cervical cancer cell lines are up taken
by the mechanism based on physical interaction and
oxidative stress. Yeast particles are engulfed by HeLa
cells through phagocytosis. ROS level increases due to
this uptake by 3-4 times.'""'” Increasing the
concentration of yeast particles reduces the viability of
cervical cancer cells up to 90% within 72 hours."”

Hepatocellular carcinoma (HCC):

Beta-glucan of yeast has shown a unique non-apoptotic
signaling in liver cancer models. Yeast particles target
the lysosomes of liver cancer cells. They inhibit
lysosomal acidification, which prevents
cells from recycling their damaged proteins.""
Cathepsin enzyme leaks in cytosol due to this damage
which initiates cellular self-digestion."" In liver cancer,
yeast triggers autophagy dependent cell death which is
a potent strategy for tumors that are resistant to
traditional apoptotic drugs.""
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Nanotechnology in Yeast-based Therapeutics:
The yeast (Saccharomyces cerevisiae) in modern
oncology is enhanced when it is combined with
nanotechnology and genetic engineering. This makes
target therapy possible in cancer cell without harming
healthy cells."*”

Yeast derived vacuoles (Yvs):

Yeast vacuoles are membrane bound organelles that
can be genetically modified to make them smart drug
carriers.” There are specific proteins (ligand) on the
surface of yeast vacuoles that identify receptors such as
HER2 in breast cancer on cancer cell lines. These
bioengineered vacuoles have the potential for
penetrating deep into the tumor as compared to
synthetic nanoparticles. They can reach parts of the
tumor that are deficient oxygen and nutrients where
normal drugs cannot reach.” Yeast vacuoles deliver
chemotherapy drugs directly to the tumor site.”

Yeast-Gold nanospheres (Y-GNS):

In nanotechnology, the anticancer potency of yeast can
be increased significantly by conjugating them with
gold nanoparticles.” Heat killed yeast cells are coated
with gold nano spheres (GNS). In gold nanoparticles,
the porous cell wall of yeast acts as a protective shell. Y-
GNS conjugates produce better result than either yeast
or gold alone. Chromatin condensation and nuclear
fragmentation is triggered by these conjugates in tumor
cells.” Also in animal models, Y-GNS has shown
success in reducing tumor markers to normal levels and
eliminates hyperplasia (uncontrolled growth) in liver
tissues.” A synergistic system is formed by Gold-
conjugated yeast particles that block tumor progression
by physical targeting and biochemical signaling.”

Genetically Modified Probiotic Yeast:

Genetically modified probiotic yeast releases
therapeutic protein directly into the tumor
environment.” Bioengineered yeast strains can be
delivered orally and they release anti-haPD-1 (anti-
programmed cell death-1) antibodies upon reaching
intestinal and gut tumors. The gut microbiome is
improved by “living medicine”, which boosts the
overall immunity of patient.”’ Engineered probiotic
yeast can transform cancer treatment into “pill based
immunotherapy”, which is easier and more efficient for
patients than traditional injections.”"

Yeastparticles (Yps):
Many anticancer drugs such as quercetin or
curcumin are hydrophobic, which prevents them for

their proper absorption in the body. Yeast particles
(YPs) serve as a micro container for these drugs.” The
hollow-shell structure of yeast encases hydrophobic
drugs which protect them from degradative enzymes.
Yeast particles sealed with alginate releases drugs
slowly at tumor site and it results in prolonged
treatment effect.”

Future directions and emerging challenges:

To advance yeast-based oncology from the laboratory
to clinical applications, it is essential to focus on the
following key points:

1. Develop targeted vaccines that efficiently
deliver Tumor-Associated Antigens (TAAs) by
exploiting the natural immunogenicity of
yeast.

2. Develop drug screening and quick precision
oncology screening platforms by replicating
patient-specific mutations in yeast models.

3. Standardize safe platforms for immuno-
compromised cancer patients, such as "Ghost
Yeast" or purified cell-free metabolites.

4. Validate the absolute body distribution
(ADME) and tissue excretion metrics of yeast
nanoparticles in targeted in vivo models.

5. Using machine learning algorithms to
accurately predict high-potency synergistic
drug combinations from yeast throughput
screens.

CONCLUSION:

Saccharomyces sp. has traveled from a
humble fermentation agent to an advanced anticancer
therapeutic platform. This review reveals that the
yeast's bioactive components effectively target cancer
cells through apoptosis, ROS-mediated DNA damage,
and survival suppression.

Yeast genetic models help classify cancer
mutations and how its hollow-shell structure provides a
robust scaffold for advanced drug delivery
(nanotechnology). Its non-pathogenic nature and cost-
effectiveness make it a superior and complementary
alternative to conventional chemotherapy.

Studies on in vitro and in vivo research on yeast
has gained importance not only as model organism but
also as therapeutic agent. Further requiring clinical
validation in human subjects. Yeast-based "living
medicines" will become an essential and effective part
of future oncology, making cancer treatment more
affordable and less toxic.
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