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Abstract 

Background Saccharomyces cerevisiae (S. cerevisiae) has been demonstrated in vitro to sensitize several breast cancer 
cell lines and to be a safe, non‑toxic drug with anti‑skin cancer action in mice. Furthermore, plasmonic photothermal 
treatment using gold nanorods has been authorized as a novel method for in vitro and in vivo cancer therapy.

Results When compared to tumor‑free rats, the treatment with S. cerevisiae conjugated to gold nanospheres (GNSs) 
lowered Bcl‑2 levels while increasing FasL, Bax, cytochrome c, and caspases 8, 9, and 3 levels. Histopathological results 
showed changes reflecting the ability of nanogold conjugated heat‑killed yeast to induce apoptosis is greater than 
heat‑killed yeast alone as the nanogold conjugated with heat‑killed yeast showed no tumor, no hyperplasia, no 
granulation tissue formation, no ulceration, and no suppuration. Nanogold conjugated with heat‑killed yeast‑treated 
breast cancer group displayed normal levels of ALT and AST, indicating relatively healthy hepatic cells.

Conclusion Our results proved that nanogold conjugated heat‑killed yeast can initiate apoptosis and can be used 
as a safe non‑invasive method for breast cancer treatment more effectively than the yeast alone. This, in turn, gives 
us new insight and a future hope for the first time that breast cancer can be treated by non‑invasive, simple, safe, and 
naturally originated method and achieves a hopeful treatment and a novel method for in vivo cancer therapy.
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Background
Breast cancer (BC) is one of the most prevalent types 
of cancer in women throughout the world [1]. The inci-
dence of BC has been growing at a 0.3% yearly pace in 
recent years, with 2.3 million new cases expected in 2020 
and a considerable rise in mortality from 1990 to 2015 
[2]. It is caused by estrogen/progesterone receptor muta-
tions [1]. It symbolizes a malignant tumor in which breast 
cells proliferate uncontrollably and drive out normal cells 
[3]. It begins in the interior layer cells (epithelium) of the 
glandular tissue’s ducts (85%) or lobules (15%). For start, 
the malignant progression is limited to the duct or lob-
ule (in situ), where it generates no symptoms and has lit-
tle potential for dissemination (metastasis). These in situ 
(stage 0) tumors may develop and infiltrate neighboring 

*Correspondence:
Ghada M. Elqattan
gm.el‑qattan@nrc.sci.eg; ghada_mahmoud50@yahoo.com
1 Medical Physiology Department, Medical Research and Clinical Studies 
Institute, National Research Centre, 33 El‑Bohouth St. (El‑Tahrir St. Former), 
Giza 12622, Dokki, Egypt
2 Pathology Department, Medical Research and Clinical Studies Institute, 
National Research Centre, 33 El‑Bohouth St. (El‑Tahrir St. Former), 
Giza 12622, Dokki, Egypt
3 Electron Microscope and Thin Films Department, Physics Research 
Institute, National Research Centre, 33 El‑Bohouth St. (El‑Tahrir St. Former), 
Giza 12622, Dokki, Egypt
4 Microbial Biotechnology Department, Biotechnology Research Institute, 
National Research Centre, 33 El‑Bohouth St. (El‑Tahrir St. Former), 
Giza 12622, Dokki, Egypt

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43141-023-00481-1&domain=pdf
http://orcid.org/0000-0002-3234-8613


Page 2 of 18Elwakkad et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:27 

breast tissue (invasive breast cancer), and then spread 
to nearby lymph nodes (regional metastasis), or other 
organs in the body (distant metastasis). Breast cancer 
causes death in women owing to extensive metastases 
[4]. Although modern therapies can eradicate the initial 
tumor, many patients still die from metastasis and tumor 
relapse. This is due to a modest population of unique cells 
in cancer tissue that are identical to normal stem cells 
and play a significant role in tumor creation and pro-
gression. Self-renewal, multi-differentiation potential, 
high proliferation capability, and high oncogenicity sug-
gest that they may be the cause of cancer carcinogenesis, 
recurrence, and metastasis [5].

7,12-dimethylbenz(a)anthracene (DMBA) is a hydro-
carbon that has been used to develop tumors in ani-
mals as a carcinogenic and immunosuppressive agent. 
It boosts the formation of prostaglandin E2 (PGE2), 
which raises the prevalence of breast cancers, as well as 
other carcinogenic features such as disruption of cel-
lular oxidant-antioxidant balance and mutation [6]. It 
possesses strong carcinogenic and immunosuppressive 
properties and is commonly utilized as a model of poly-
cyclic aromatic hydrocarbons (PAHs)-induced breast 
cancer [7]. DMBA causes cancer by either starting or 
encouraging mutations in cancer-causing genes [8]. Fur-
thermore, DMBA causes oxidative stress by generating 
reactive oxygen species (ROS) and peroxides as a result of 
DMBA enzymatic activation [9], and this oxidative stress 
is important in carcinogenesis [10] aside from liver and 
renal damage caused by the lipid peroxidation process 
[11]. Because of its carcinogenic impact, DMBA is uti-
lized to develop breast cancer because it reduces apopto-
sis by upregulating BCL2 and downregulating apoptotic 
genes (Bax, caspase-3) [12].

To date, there have been relatively few therapeutic 
choices for treating severe stages of the disease. Cancer 
metastasizes, lowering survival rates, and sadly, ther-
apy is primarily palliative. As a result, finding apoptotic 
agents for metastatic breast cancer (MBC) cells with 
minimal side effects is critical [13]. Science practically 
all anticancer drugs have significant side effects on nor-
mal tissues and organs, tumor recurrence and the spread 
of malignant cells are highly prevalent following regular 
cancer therapy [14]. As seen by the significant death rate 
of women with this malignancy, conventional therapy is 
significantly less than optimum. Traditional treatment 
options, including surgery, radiation, and chemotherapy, 
are not as successful as predicted, raising worries about 
limited bioavailability, low cellular absorption, growing 
resistance, and severe effects [1].

Previously, baker’s yeast, Saccharomyces cerevisiae (S. 
cerevisiae), was shown to cause apoptosis in numerous 
tumor cell lines, including breast [15, 16], colon [17], and 

tongue [18, 19], but had no impact on normal cells [20]. 
S. cerevisiae is a powerful anti-cancer apoptotic agent. 
Cancer cells undergo apoptosis after S. cerevisiae phago-
cytosis; it can also have anticancer effects in nude mice 
bearing human breast cancer [18, 19] and in Swiss albino 
mice bearing Ehrlich carcinoma [13]. In both murine and 
human breast cancer cells, yeast generates anticancer 
effects. It might be utilized as an adjuvant for chemother-
apy, which could have therapeutic implications for breast 
cancer treatment [21].

Elwakkad et al. (2018) demonstrated that baker’s yeast 
(S. cerevisiae) is a safe, non-toxic drug that displays 
anti-skin cancer action in mice via intrinsic and extrin-
sic apoptotic mechanisms, suggesting its potential util-
ity in the treatment of cancer in humans after clinical 
trials [22].

Nanobiotechnology has ushered in a new era of 
nanomedicines and is assisting in the resolution of var-
ious medical issues [23]. It is essential in the treatment 
of chronic illnesses such as cancer, diabetes, AIDS, and 
TB [24].

A nanomedicine-based approach to breast cancer treat-
ment is a potential new option. Nanomedicine as a plat-
form for studying innovative therapeutic applications and 
advanced intelligent healthcare management systems is 
advancing rapidly in the modern era [1]. The most prom-
ising aspect of cancer nanotechnology is the ability to 
construct nanovehicles with numerous compounds that, 
because of their tiny size, may enter tumors with great 
selectivity and, as a result, with much fewer side effects 
[3]. Because of their unique optical, magnetic, electrical, 
and structural features, gold nanoparticles (GNPs) have 
been shown to have a prospective utility in the field of 
biomedical research [25]. The ability of medicines, anti-
bodies, and other compounds to be readily loaded on 
GNPs surfaces makes GNPs uses in medicine possible 
[26]. In addition, they are non-toxic, and the body can 
eliminate them via the kidneys. Many researchers have 
been conducted to investigate the use of GNPs in cancer 
treatment [27, 28]. NG has been shown to have tremen-
dous potential for individuals suffering from metastases 
following breast cancer [29].

Recent research found that mice injected with NG 
(1–9 nm) had smaller tumors and a greater survival rate 
than untreated control mice [30]. It has been demon-
strated that when GNPs enter tumor tissue, they aggre-
gate and destroy the targeted tumor cells [31].

Up until now, there is no available literature on the 
application of S. cerevisiae conjugated to gold nano-
spheres (S. cerevisiae-GNSs) for either in vitro or in vivo 
treatment of breast cancer and for the application of S. 
cerevisiae-GNSs in cancer therapy it is necessary to know 
the systemic toxicity associated with their use. Therefore, 
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the goal of this work is to (1) examine the biotherapeutic 
capabilities of S. cerevisiae-GNSs therapy, against breast 
cancer in rats. (2) Clarify the molecular processes behind 
S. cerevisiae-GNSs impact. (3) Investigate the indirect 
effect of S. cerevisiae-GNSs on breast cancer cell devel-
opment via immunological regulation and antioxidant 
capacity. (4) Study any possible toxic effects of S. cerevi-
siae-GNSs on the blood profile and the liver and kidney 
functions in rats.

Materials and methods
Experimental animals
From four to 6-week-old female Wister albino rats, about 
75–100  gm each, were obtained from the animal house 
of the National Research Centre, Dokki, Giza, Egypt. Rats 
were housed in plastic cages, accommodated for 1 week 
before experimentation and permitted to acclimate in 
standard conditions (under 12-h light/dark cycles).

The animals were given free access to distilled water 
and commercialized food all over the experiment. The 
environmental conditions were standardized concerning 
temperature, humidity, and light. All animal procedures 
were conducted as stated by the guidelines established by 
the National Health and Medical Research Council and 
were approved by the Institutional Animal Ethics Com-
mittee of the National Research Centre, Giza, Egypt, reg-
istration number 19–204. The animals were divided into 
4 groups, 25 rats/group, as follows:

The first group, normal control rats without tumors 
served as a negative control. The second group bearing 
tumor was untreated and served as a positive control. 
The third group was intratumorally (IT) injected with 
100 µl/tumor S. cerevisiae at a concentration of  109 cells/
ml yeast twice\week for 16  weeks and the fourth group 
was IT injected by S. cerevisiae conjugated to GNSs 
twice\week for 16 weeks.

The rats in groups 1 and 2 were sacrificed at the end of 
the induction period, and the rats in groups 3 and 4 were 
sacrificed at the end of 16 weeks post-treatment.

Tumor induction
After 1  week of accommodation, animals were injected 
with 7, 12–dimethylbenz[α] anthracene (DMBA) (pur-
chased from Sigma Chemicals Company, USA). Single 
dose of 50 mg/kg b. w. in 2 ml of corn oil subcutaneously 
injected in the mammary gland of healthy rats (average 
weight 120–130 gm). Then rats were allowed to develop 
tumors for 120 days.

Preparation of gold nanoparticles conjugated to yeast
Gold nanoparticles solution was prepared by the reaction 
carried out through the following steps:

HAuCl4 with a volume of 800 μL of 1 g/50 ml, 80 ml 
of distilled water is added to 8 ml of yeast solution with 
gentle shaking and a white-purple solution was obtained. 
Ice-cold NaBH4, 80  μL of 0.0378  g/10  ml, is injected at 
once into the above mixture. The color of the mixture is 
instantly turned from white-purple to reddish brown.

Ascorbic acid, 16  μL of 0.138/10  ml, is added to this 
aqueous mixture, which results in changing the growth 
solution from white purple to colorless. Finally, the color 
changes slowly within 40–55 min to reddish purple.

The ultraviolet–visible absorption spectra (UV–Vis.) of 
GNPs solution were measured using JASCO corp., V-570 
spectrophotometer over a spectral range 180–1200  nm 
with an accuracy of ± 0.1  nm [32, 33]. All spectra were 
recorded at room temperature. The maximum absorp-
tion spectrum for regular, spherical-shaped colloidal Au 
was between 500 and 530 nm because the resonant exci-
tation of plasmons is affected by the surface of nanopar-
ticles. Transmission electron microscope (TEM) study 
includes transmission electron micrographs, and electron 
diffraction (ED) studies were carried out for GNSs by 
using JEOL JEM-1230 electron Microscope, with maxi-
mum resolving power 0.2 nm, energy 40–120 kV, maxi-
mum magnification power × 600,000 [34, 35]. From the 
TEM results, it is very important to make sure that most 
of the nanoparticles made have sphere shapes and not 
rods or other shapes.

Preparation of yeast (S. cerevisiae)
Active dry baker’s yeast, S. cerevisiae, was prepared by 
suspending yeast (1  gm/100  ml) in phosphate-buffered 
saline (PBS). The suspensions were heat-killed via incu-
bation for 1  h at 90  °C and subsequently washed twice 
with PBS and re-suspended in PBS.

Quantification was done by using a hemocytometer. 
Yeast cell suspensions were adjusted to  109 cells/ml and 
rats received IT injection of 100 μL yeast [22].

Histopathological preparation
At the end of the experiment, animals were sacrificed. 
Mammary gland tissue, liver, and kidneys were dissected 
and extracted from the sacrificed animals. Organ tissues 
were fixed in 10% buffered formalin for 48 h, processed 
through ascending grades of alcohol, cleared in xylene, 
and prepared into paraffin blocks. Serial Sects. 5 microns 
thick each were prepared from each block and stained 
with hematoxylin and eosin (H&E) for routine histo-
pathologic study [36].

The sections were examined using an Olympus CX41 
research microscope. To avoid any bias, observations of 
the histopathologic examination were interpreted by an 
experienced observer by blinding the sample identity.
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Slide tissue microphotography was done using CCD 
digital camera (Olympus SC100) attached to the micro-
scope. Digital photomicrographic sections were taken at 
various magnifications.

Genetic preparation
Quantitative real‑time polymerase chain reaction (qRT‑PCR) 
for analysis of tumor protein P53 (p53), tumor necrosis 
factor‑alpha (TNF‑α), and B cell lymphoma 2 (Bcl‑2) mRNA 
expression.
Total RNA was isolated from 30–45 mg of breast tissues 
of rats by using RNeasy mini Kit (Qiagen; USA; Cat No. 
74104), by following the manufacturer’s instructions, 
and stored at − 20 °C. The RNA concentration and purity 
were determined by Nanodrop Spectrophotometer 
absorption (Thermo Scientific, USA) at 260 nm [37].

Gene expression of Bcl2, TNF-α, and P53 has car-
ried out in the presence of β-actin housekeeping gene 
[Sequences of both forward and reverse primers are 
described in Table  1. QuantiTecht SYBR Green Master 
Mix (Qiagen; USA; Cat No. 204243) was used for one-
step RT-PCR quantification. The reaction was performed 
by Stratagene Mx3000 P QPCR instrument (Agilent 
Technologies, Santa Clara, CA, USA). Briefly, in a 50-μl 
reaction volume, 4  μl of extracted RNA were added to 
25 μl of 2 × SYBR Green Master Mix, 0.5 μl of quantities 
RT mix, and 200  ng of each primer. The Thermal cycle 
of RT-PCR software was as follows: 50  °C for 30  min, 
95 °C for 15 min, and 94 °C for 15 s., with an annealing 
temperature of 57 °C for 20 s and final extension at 72 °C 
for 15 s for 40 cycles. The relative expression of the cur-
rent amplified genes was obtained using the comparative 
thermal cycle  (2−ΔΔCT) method [38].

Serum and organs collection
Blood samples were collected from the retro-orbital 
plexus of rats under diethyl ether anesthesia in clean 
tubes. The 1st time was at the end of the induction period 
for the rats bearing tumors untreated beside the normal 
control rats without tumors; and the 2nd time was at 
the end of the experiment for the treated groups for the 
examination of the different pathological and biochemi-
cal assays.

All tubes were left to clot at room temperature and 
then centrifuged at 4000 r.p.m for 15 min. The separated 
serum was collected and kept at – 80 °C until analysis to 
examine different biochemical assays. Organs (mammary 
gland, liver, and kidneys) were collected in 10% buffered 
formalin and sent for histopathological examinations. 
Parts of breast tissue were preserved at –  80 ºC for genetic 
analysis and preparation of tissue homogenates.

Preparation of tissue homogenates
Tissue homogenates were prepared as follows: rats bear-
ing tumor, with and without treatment, were sacrificed; 
samples of breast tissue (5–10  mm3) were cut; weights of 
the tissues were recorded; and breast tissues were rinsed 
with ice-cold PBS (0.01  M, pH = 7.4), weighed, minced 
and then homogenized in PBS (9 mL PBS per gram tis-
sue) with a glass homogenizer on ice. The homogenates 
were centrifuged at 3000 r.p.m for 10 min. and superna-
tants were removed and frozen at − 80 °C.

Experimental design
Female Wister albino rats under different treatment con-
ditions were examined for the following: (1) biochemical 
analysis for the apoptotic pathway. (2) Histopathological 
analysis. (3) Genetic analysis. (4) Toxicity that includes 
(A) animal behavior, (B) animal survival, (C) histopatho-
logical analysis of internal organs, and (D) biochemical 
analysis.

The obtained data were statistically analyzed using 
GraphPad Prism. The values were presented as the 
mean ± SD [39].

Results
Characterization of gold nanospheres (GNSs)
Figure  1 depicts the optical absorption spectra of the 
GNSs solution in the visible near-IR region. The spec-
trum exhibits one distinct peak at 530  nm. Au nano-
spheres exhibited one surface plasmon peak, and there is 
a consistent localized surface plasmon resonance (LSPR) 
shift toward the light in the red spectrum from nano-
spheres. The optical absorption spectrum of the GNSs 
solution did not change its properties after a long time. 
This increases the stability of the solution and prevents 
unexpected changes in its properties. From Fig.  2, the 

Table 1 Primers sequence used in RT‑PCR analysis

Gene Forward Reverse

Bcl2 5‑GAC AGA AGA TCA TGC CGT CC‑3 5‑GGT ACC AAT GGC ACT TCA AG‑3

TNF‑α 5′‑CCA GAC CCT CAC ACT CAG ATCA‑3′ 5′‑TCC GCT TGG TGG TTT GCT A‑3′

P53 5′‑CTG TCA TCT TCT GTC CCT TC‑3′ 5′ TGG AAT CAA CCC ACA GCT GCA3′

β‑actin 5‑CTT TGA TGT CAC GCA CGA TTTC‑3 5‑GGG CCG CTC TAG GCA CCA A‑3
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main extinction peak is the same after a long time, and 
the FWHM (full width at half-maximum) of the distinct 
peak increased with time; this means that the gold sphere 
particle preparation is on the scale of nanoparticles.

TEM image of the prepared GNSs is presented in Fig. 3. 
It was noticed that some non-agglomerated GNSs were 
formed. From Fig. 3a, these GNSs were, to a large extent, 
homogenous in shape and size. The obtained nanosphere 
averaged 20–25  nm. Figure  3b shows that the electron 
diffraction of the prepared GNSs is crystalline.

The size distribution of the as-prepared samples was 
examined using the dynamic light scattering (DLS) tech-
nique by Nicomp Nano DLS/ZLS Systems, as shown in 
Fig.  4. The average diameter of S. cerevisiae-GNS was 
found to be 115 nm, which is greater than that estimated 
from TEM images. DLS calculated the hydrodynamic 
size, which is the size of the nanoparticle plus the liquid 
layer around it [40].

The zeta potential was used to investigate the stability 
of colloidal S. cerevisiae-GNS. The negative zeta poten-
tial of S. cerevisiae-GNS was − 29.52 mV. These values are 
within the permitted range for nanoparticle dispersions. 
The negative zeta potential values demonstrated by gold 
nanoparticles might be ascribed to the putative capping 
of biomolecules present in S. cerevisiae [41].

Biochemical analysis of the apoptotic pathway
Analysis of the apoptotic regulators
The expression of pro-apoptotic proteins FasL and Bax, 
as well as anti-apoptotic protein Bcl-2, was studied in 
rats under various treatment conditions; tumor-free Fig. 1 a Absorption spectra of aqueous GNS solution after 45 min. b 

GNS solution after a long time

Fig. 2 The main extinction peak and the FWHM (full width at half‑maximum) as a function of time
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rats served as the negative control. Rats with untreated 
tumors served as positive controls, the third group was 
intratumorally (IT) injected with 100  μl/tumor S. cer-
evisiae at a concentration of  109 cells/ml, and the fourth 
group was IT injected with S. cerevisiae-GNSs.

Bcl‑2 (ng/ml)
Bcl-2 expression was considerably higher in tumor 
homogenates than in normal control tissue (P ≤ 0.01) 
(Table  2). However, as compared to rats carrying 
tumors alone, treatment with S. cerevisiae at  109 pro-
duced a reduction in Bcl-2 expression (P ≤ 0.01). In 
comparison to tumor tissue homogenate, a reduction in 
Bcl-2 level was seen after 100 µl of S. cerevisiae-GNSs 
treatment (P ≤ 0.01). The comparison of Bcl-2 levels in 
rats treated with S. cerevisiae alone and those treated 
with S. cerevisiae-GNSs revealed that Bcl-2 expression 
was much lower in the S. cerevisiae-GNSs treated ani-
mals, with a highly significant effect (P ≤ 0.01) in com-
parison to those treated with yeast alone.

FasL (ng/ml)
Table  3 reveals that the concentration of FasL in tumor 
homogenate in rats with tumor alone is significantly 
lower than in normal control homogenate (P ≤ 0.01). 
In comparison to the positive control, FasL expression 
increased considerably after yeast  109 therapy (P ≤ 0.01). 
Similarly, FasL values in treated rats with S. cerevisiae-
GNSs increased significantly (P ≤ 0.01) when compared 
to the positive control group. When compared to the 
yeast group, FasL expression increased significantly 
(P ≤ 0.05) in S. cerevisiae-GNSs treated-animals.

Bax (ng/ml)
Table  4 demonstrated that the levels of Bax in the 
homogenates of the positive control group decreased 
slightly (p ≤ 0.05) from the normal control. When 
compared to untreated rats, treatment with either S. 
cerevisiae at a concentration of  109 cells/ml or S. cerevi-
siae-GNSs generated a very highly significant increase in 
Bax level (P ≤ 0.001). Although this increase was more 

Fig. 3 a TEM images of GNSs and b electron diffraction

Fig.4 Zeta potential and particle size distribution of nanogold
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visible in the animals treated with S. cerevisiae-GNSs. 
Treatment with S. cerevisiae-GNSs, in contrast, resulted 
in an increase in Bax concentration (P ≤ 0.01) if com-
pared to the yeast group.

Executive of apoptosis
Cytochrome c (pg/ml)
Table 5 shows that the levels of cytochrome c in homoge-
nates of the untreated group decreased significantly more 
than those in the normal rats (p ≤ 0.01). A concentration 

of S. cerevisiae  (109cells/ml) caused a considerable rise 
in cytochrome c levels (p ≤ 0.01). Treatment with S. cer-
evisiae–GNSs caused a sixfold increase in cytochrome c 
(p ≤ 0.001) and this increase is more noticeable than in 
the S. cerevisiae group (p ≤ 0.05).

Quantification of caspases 9, 8, and 3 (ng/ml)
Caspases 9, 8, and 3 concentrations were measured in the 
positive control,  109cells/ml yeast-treated and yeast con-
jugated to GNSs groups.

Table 2 Effect of intratumoral injection with  109 cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on Bcl‑2 concentration in the negative, 
positive, and treatment groups

Significance relative to normal: *P ≤ 0.05 and **P ≤ 0.01; significance relative to tumor: ##P ≤ 0.01; significance relative to yeast: + P ≤ 0.05 and +  + P ≤ 0.01

Parameter Bcl‑2 (ng/ml)

Groups Mean ± S.E Significance to normal Significance to tumor Significance 
to yeast 
group

Negative control (normal) 1.35 ± 0.07 –––––‑ ##  + 

Positive control (tumor) 4.73 ± 0.33 ** –––––‑  +  + 

S. cerevisiae  109

(yeast group)
1.04 ± 0.01 * ## –––––‑

S. cerevisiae–GNSs 0.55 ± 0.06 ** ##  +  + 

Table 3 Effect of intratumoral injection with  109 cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on FasL concentration in the negative, 
positive, and treatment groups

Significance relative to normal: *P ≤ 0.05 and **P ≤ 0.01; significance relative to tumor: ##P ≤ 0.01; significance relative to yeast: + P ≤ 0.05 and +  + P ≤ 0.01

Parameter FasL (ng/ml)

Groups Mean ± S.E Significance to normal Significance to tumor Significance 
to yeast 
group

Negative control (normal) 19.33 ± 1.45 –––––‑ ##  + 

Positive control (tumor) 6.40 ± 0.83 ** –––––‑  +  + 

S. cerevisiae  109 (yeast group) 24.00 ± 2.08 * ## –––––‑

S. cerevisiae–GNSs 29.00 ± 2.08 * ##  + 

Table 4 Effect of intratumoral injection with  109 cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on Bax concentration in the negative, 
positive, and treatment groups

Significance relative to normal: *P ≤ 0.05 and **P ≤ 0.01; significance relative to tumor: #P ≤ 0.05 and ###P ≤ 0.001; significance relative to yeast: ++P ≤ 0.01 and 
+++P ≤ 0.001

Parameter Bax (ng/ml)

Groups Mean ± S.E Significance to normal Significance to tumor Significance 
to yeast 
group

Negative control (normal) 250.00 ± 5.77 –––––‑ #  +  + 

Positive control (tumor) 143.43 ± 12.09 * –––––‑  +  +  + 

S. cerevisiae  109 (yeast group) 370.00 ± 5.77 ** ### –––––‑

S. cerevisiae–GNSs 546.67 ± 24.04 ** ###  +  + 
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A decrease in the levels of caspases 9, 8, and 3 was 
noticed in the untreated rats when compared to normal. 
Rats given  109cells/ml yeast had higher levels of caspases 
9, 8, and 3, particularly caspase 9 (p ≤ 0.01). Similarly, 
caspases 9, 8, and 3 levels were considerably raised in the 
group treated with yeast conjugated to GNSs, with cas-
pases 9 and 8 levels being higher (p ≤ 0.01) (Table 6).

Histopathological analysis
Histopathological changes were examined in tumor-bearing 
rats, in the treated group with 100 μl/tumor S. cerevisiae  109 
cells/ml and S. cerevisiae conjugated to the GNSs group.

Tissue sections of the control rat mammary gland 
showed two main components: the epithelium and the 
stroma. The epithelium consisted of luminal epithelial cells 
that lined mammary ducts and acini and basal (myoepi-
thelial) cells that formed the outer layer of the gland. Thin 
eosinophilic connective tissue was seen surrounding the 
ducts. The stroma consisted of mature adipocytes (Figs. 4A 
and 5A). Tissue sections of DMBA-injected rat mammary 
glands showed tumor formation in all rats in the group. 

Two rats showed DCIS (ductal carcinoma in situ). Ducts 
were filled with malignant epithelial cells in a prominent 
cribriform-fenestrated pattern (Figs.  4B and 5B). Other 
ducts were lined by flat malignant epithelial cells with 
open lumina (a clinging pattern). Scattered ducts showed 
Roman bridges while several ducts showed intralumi-
nal papillary structures (Figs. 4C and 5C). The remaining 
rats showed tumor tissue formed of markedly cellular 
and pleomorphic, atypical spindle, and fusiform cell pro-
liferation with numerous mitotic figures, several of which 
were abnormal (Figs. 4D, F, and 5D, E). Atypical cells were 
observed infiltrating between muscle bundles (Figs.  5E 
and 6F). Tubular tumor elements were seen lined by atypi-
cal epithelial cells with anaplastic fusiform and spindle 
cells sweeping in between (Figs. 5G and 6G); this picture 
is consistent with malignant adenomyoepithelioma. Tis-
sues overlying mammary gland tumors induced by DMBA 
injection in rats showed wide ulceration, secondary infec-
tion, fibrinous exudates, dense suppuration, and exuberant 
granulation tissue formation (Figs. 7B and C).

Mammary tissue sections of rats injected with yeast 
treatment showed residual atypical ductal hyperplasia 
with ducts lined by residual atypical hyperplastic epithe-
lial cells (Figs. 5H, I, and 6H). No ulceration, no suppura-
tion, and no granulation tissue formation were found.

No tumor tissue was found in mammary tissue sections 
of rats injected with nanogold carrying yeast treatment. 
Ordinary ducts and acini lined by benign double epithe-
lial and myoepithelial cell layers were observed in a pic-
ture approximating control (Figs.  5J and 6I). No tumor, 
no atypia, no hyperplasia, no ulceration, no suppuration, 
and no granulation tissue formation were observed.

Genetic results
Impact of yeast and yeast conjugated to NGSs on Bcl‑2, p53 
expression, and the inflammatory cytokine TNF‑α
The results deduced that, after applying the ANOVA test, 
there was a noticeable change in Bcl-2 gene expression 

Table 5 Effect of intratumoral injection with  109cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on Cytochrome c concentration in the 
negative, positive, and treatment groups

Significance relative to normal: *P ≤ 0.05 and**P ≤ 0.01; significance relative to tumor: ##P ≤ 0.01 and ###P ≤ 0.001; significance relative to yeast: +P ≤ 0.05 and 
++P ≤ 0.01

Parameter Cytochrome c (pg/ml)

Groups Mean ± S.E Significance to normal Significance to tumor Significance 
to yeast 
group

Negative control (normal) 7.68 ± 0.38 –––––‑ ##  + 

Positive control (tumor) 4.73 ± 0.33 ** –––––‑  +  + 

S. cerevisiae  109 (yeast group) 15.75 ± 1.58 * ## –––––‑

S. cerevisiae–GNSs 24.13 ± 1.26 ** ###  + 

Table 6 Effect of intratumoral injection with  109cells/ml 
of S. cerevisiae and S. cerevisiae‑GNSs on caspase 9, 8, and 3 
concentrations in the negative, positive, and treatment groups

Significance relative to normal: *P ≤ 0.05, **P ≤ 0.01, and n.s P ≥ 0.05; 
significance relative to tumor: #P ≤ 0.05, ##P ≤ 0.01; significance relative to 
yeast: + P ≤ 0.05, +  + P ≤ 0.01 and N.S P ≥ 0.05

Parameters Caspase 9 Caspase 8 Caspase 3
Groups

Negative control 
(normal)

29.67 ± 0.33#,+ 2.73 ± 0.12##,+ 3.47 ± 0.15#,N.S

Positive control 
(tumor)

15.67 ± 2.03*,++ 1.70 ± 0.15**,+ 2.03 ± 0.32*,+

S. cerevisiae  109 (yeast 
group)

41.00 ± 2.65*,## 3.63 ± 0.19*,# 4.23 ± 0.32n.s,#

S. cerevisiae–GNSs 44.00 ± 1.53**,## 3.90 ± 0.06*,## 4.47 ± 0.26**,#
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fold change within groups (p ≤ 0.001). After applying 
Bonferroni for multiple comparisons, the noticeable 
change was between normal control and positive control 
(p ≤ 0.001), positive control and yeast (p ≤ 0.001), positive 
control and nanogold conjugated yeast (p ≤ 0.001), while 

there was no noticeable change between yeast and nano-
gold conjugated yeast (p value = 1).

In addition, after applying the ANOVA test, there was a 
noticeable change in TNF-α gene expression fold change 
within groups (p ≤ 0.001). After applying Bonferroni 

Fig. 5 Mammary gland tissue of A control female rats shows ordinary benign mammary ducts lined by benign double epithelium and 
myoepithelium (thick black arrow), surrounded by thin eosinophilic connective tissue (thin black arrow) amidst fat cells (white arrow). B–G 
DMBA‑injected rats showing B DCIS cribriform and clinging patterns (black arrowheads) with mixed inflammatory cell aggregates (a black star) 
within surrounding tissues. C intraductal carcinoma (black arrowheads). D Cellular, spindle, and fusiform cell proliferation (black arrowheads). 
E Spindle and fusiform tumorous cell proliferation invading in between muscle bundles (black arrowheads). F Cellular, spindle cell tumorous 
proliferation with several mitoses (white triangles). G Tubular tumorous proliferation (blue arrowheads) lined by atypical epithelial cells with 
intervening fusiform and spindle cells. H, I Yeast‑injected rats showing residual atypical hyperplasia within mammary ductal epithelial lining (thick 
black arrows). I Nanogold carrying yeast injected rats showing mammary ducts with benign lining approximating control (thick black arrows). No 
tumor (H&E × 100)
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Fig. 6 Mammary gland tissue of A control female rats showing ordinary benign mammary duct lined by benign double epithelium and 
myoepithelium (thick black arrow), surrounded by thin eosinophilic connective tissue (thin black arrow) amidst fat cells (white arrow). B–G 
DMBA‑injected rats showing: B DCIS cribriform pattern (black arrowheads). C Intraductal carcinoma (black arrowheads). D, E Pleomorphic, cellular, 
spindle, and fusiform tumorous cell proliferation with numerous mitoses (white triangles); some being abnormal. F Spindle and fusiform tumorous 
cell proliferation invading in between muscle bundles (black arrowheads). G Tubular tumorous proliferation (blue arrowheads) lined by atypical 
epithelial cells with intervening fusiform and spindle cells. H Yeast‑injected rats showing residual hyperplasia within mammary ductal epithelial 
lining (thick black arrows). No tumor. I Nanogold carrying yeast‑injected rats showing mammary ducts with benign, regular linings approximating 
control (thick black arrows). No tumor (H&E × 200)

Fig. 7 Tissue sections of A Mammary gland tumor induced by DMBA injection in rats showed cellular proliferation formed of atypical fusiform and 
spindle cells (thick black arrows) and inflammatory cells (small black stars). Tissues overlying mammary gland tumor showed B wide ulceration and 
fibrinous exudate formation (white oval shape), exuberant granulation tissue (white scars) with dense inflammatory cellular infiltrate, and C dense 
suppurative inflammation with numerous polymorphs and pus cells (black oval shape) (H&E × 200)
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for multiple comparisons, the significant difference 
was between the positive control and normal control 
(p ≤ 0.001), positive control and nanogold conjugated 
yeast (p ≤ 0.001), positive control and yeast (p ≤ 0.001).

In addition, after applying the ANOVA test, there was 
a noticeable change in p53 gene expression fold change 
within groups (p ≤ 0.001). After applying Bonferroni 
for multiple comparisons, the significant difference was 
between normal control and positive control (p ≤ 0.001), 
normal control and yeast (p ≤ 0.001), positive control and 
nanogold-conjugated yeast (p ≤ 0.001), nanogold conju-
gated yeast, and yeast (p ≤ 0.001) (Fig 8).

Toxicity studies
Toxicity tests were performed to verify whether a  109 
concentration of yeast and yeast conjugated to GNSs IT 
treatment is safe to use.

(1) Animal behavior, (2) animal survival, (3) histologi-
cal investigation of internal organs, and (4) biochemical 
analysis were all investigated.

Monitoring animal behavior
The possible harmful side effects of yeast and yeast con-
jugated with GNSs therapy were observed in animals. 
Daily examinations revealed that injection of  109 con-
centration of heat-killed S. cerevisiae and yeast conju-
gated with GNSs gave no adverse side effects. This was 
evidenced by the fact that life activity patterns, including 
feeding/drinking of yeast-treated and yeast conjugated to 
GNSs-treated rats, were recorded for the entire duration 
of treatment and were found to be normal when com-
pared to normal control rats.

Monitoring animal survival
Animal survival was monitored on a daily basis. Accord-
ing to the findings of this investigation, all animals that 
got  109 concentration of yeast, and yeast conjugated to 
GNSs treatment remained alive over the whole length of 
the study period. Rats with breast tumors, on the other 
hand, lived just 2–3 weeks without therapy.

Histopathological analysis of internal organs
Histopathological results of liver
Liver tissue sections of the control rat showed pre-
served architecture. Ordinary hepatocytes with regular, 
rounded, small nuclei were seen disposed in single-cell 
thick plates, radiating from the central vein (Fig. 9A, B). 
Liver tissue sections of DMBA-injected rats showed dis-
rupted architecture. Prominent hydropic degeneration 
was noticed within hepatocytes. Proliferating bile ducts 
were seen with periductal bands of fibrosis. Scattered 

aggregates of mixed inflammatory cells were noticed 
(Fig. 9C, D).

Liver tissue sections of DMBA-injected rats treated 
with injected yeast showed preserved architecture. 
Numerous ordinary hepatocytes were observed admixed 
with scattered ones showing minimal residual hydropic 
degeneration. No bile duct proliferation, no fibrosis, and 
no inflammatory cell aggregates (Fig.  9E, F). Liver tis-
sue sections of DMBA injected rats treated with injected 
nanogold carrying yeast showed a picture approximat-
ing control. Preserved architecture was restored. Mostly 
ordinary hepatocytes were seen with minimal microvesi-
cles within the cytoplasm of a few ones. No bile duct 
proliferation, no fibrosis, and no inflammatory cell aggre-
gates (Fig. 9G, H).

Histopathological results of kidney
Kidney tissue sections of the control rat showed aver-
age cellular glomeruli. Surrounding ordinary renal 
tubules were seen lined by low cuboidal epithelium 
(Fig.  10A). Kidney tissue sections from DMBA-injected 
rats showed hypocellular glomeruli with reduced mesan-
gium (Fig.  10B). Surrounding renal tubules showed 
degeneration within the lining epithelium, including 
prominent vacuolar degeneration (Fig.  10C) and cloudy 
swelling (Fig. 10D). Congestion within interstitial tissues 
was observed as well (Fig. 10B, D).

Kidney tissue sections of yeast injection treated DMBA 
injected rats showed picture approximating control. 
Averagely cellular glomeruli were seen surrounded by 
tubules lined by low cuboidal epithelium (Fig. 10E). Kid-
ney tissue sections of nanogold carrying yeast injection 
treated DMBA injected rats showed averagely cellular 
glomeruli surrounded by tubules lined by cuboidal epi-
thelium (Fig. 10F).

Biochemical analysis
Table  7 shows that tumor-bearing rats had consider-
ably higher levels of AST, ALT, urea, and creatinine than 
normal rats. However, treating animals with  109 cells/
ml yeast and S. cerevisiae-GNSs kept these parameters 
within normal rat ranges.

Table  8 shows that tumor-bearing animals had con-
siderably greater levels of lipid peroxidation, total anti-
oxidants, and superoxide dismutase than normal rats. 
Treatment with  109 cells/ml yeast and S. cerevisiae-GNSs, 
on the other hand, kept these parameters within normal 
rat ranges.

Discussion
Nanogold has recently demonstrated its ability to enter 
cancer cells and accumulate within them. Thus, NG has 
been shown to easily infiltrate the tumor vasculature 
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and persist in tumors, resulting in their prolonged sur-
vival, which raised their concentration and ultimately 
resulted in tumor cell damage [30, 42]. It can also bind 
to other medications and chemicals, transporting them 
within tumor cells [43, 44]. It is non-toxic, and the kid-
neys can eliminate it [45]. Hendi et  al. 2020 found that 
animals injected with NG (1–9 nm) had smaller tumors 
and a greater survival rate when compared to untreated 

control mice [30]. Many studies have demonstrated that 
NG may have tremendous potential for people suffering 
from metastases following breast cancer [46].

In this study, we used nanogold conjugated to heat-
killed yeast for inducing apoptotic effect in tumor cells 
comparing this with the effect of heat-killed yeast with 
concentration  (109) alone in rats bearing breast cancer.

Fig. 8 DMBA for the induction of breast cancer in rats caused a significant downregulation in the gene expression of p53 as compared to the 
control value. Nevertheless, a significant upregulation was apparent in yeast‑treated rats and yeast‑NGSs. But, DMBA for the induction of breast 
cancer in rats caused a significant up‑regulation in the gene expression of TNF‑α and Bcl‑2 as compared to the control value and the treated groups 
(yeast, yeast‑NGSs)
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It was found that the balance of Bax/Bcl-2 heterodi-
mers was critical in determining whether a cell survives 
or dies via programmed cell death. The mitochondrial 

mechanism of apoptosis may be modulated by anti-apop-
totic and pro-apoptotic effectors, and it is commonly 
known that the preponderance of the pro-apoptotic 

Fig. 9 Liver tissue sections of A, B showing preserved architecture with ordinary hepatocytes (thin black arrows) with small, regular, rounded nuclei 
disposed in single thick plates, radiating from the central vein (black oval shape). C, D DMBA‑injected rats showed disturbed architecture with 
prominent hydropic degeneration within hepatocytes (green arrows), proliferating bile ducts (thick black arrows), periductal bands of fibrosis (white 
arrows), and mixed inflammatory cell aggregates (black star). E, F DMBA‑injected rats treated with injected yeast showed preserved architecture 
and numerous ordinary liver cells; with minimal residual hydropic degeneration (green arrows) within scattered hepatocytes. G, H DMBA‑injected 
rats treated with injected nanogold‑carrying yeast showed a picture approximating control, with mostly ordinary hepatocytes (thin black arrows) 
except for minimal microvesicles within a few liver cells (H&E × 200)
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protein (Bax) over the anti-apoptotic protein (Bcl-2) 
induces apoptosis. [47]. Our results showed a higher 
level of Bax and down-regulation of Bcl-2 in nanogold 
conjugated with heat-killed yeast than heat-killed yeast 
alone in comparison to the non-treated DMBA-induced 
tumor group. This coincides with the results of Ghoneum 
et al. (2008), and Elwakkad et al. (2018), who stated that 
heat-killed yeast induced apoptosis in the breast cancer 
cell line MDA 231 in  vitro and in a skin tumor in  vivo, 
respectively. This up-regulation of Bax and down-regu-
lation of Bcl-2, with no negative effects on normal cells 
or other organs in animals, indicates that yeast promotes 

apoptosis via a mechanism involving intracellular  Ca2+ 
and the Bax: Bcl-2 ratio [48].

The apoptosis is induced by the upregulation of Bax 
and the downregulation of Bcl2, disrupting the balance 
of the Bax/Bcl2 ratio, causing a change in the mitochon-
drial membrane potential and the release of cytochrome 
c from the mitochondrial membrane. Elwakkad et  al. 
(2018) demonstrated that there was an increase in 
cytochrome c in heat-killed, treated skin cancer rats 
in vivo [22]. This result coincides with our results, which 
showed a higher increase in cytochrome c-treated rats 
with nanogold conjugated to heat-killed yeast than those 

Fig. 10 Kidney tissue sections of A control rat showing averagely cellular glomeruli (thick black arrows) with surrounding ordinary tubules lined 
by low cuboidal epithelium (thin black arrows). B, C, D DMBA‑injected rats showing congestion within interstitial tissues (white oval shapes), 
hypocellular glomerulus with reduced mesangium (thick black arrow), tubular lining epithelial vacuolar degeneration (white arrows), and cloudy 
swelling (blue arrows). E Yeast injection treated DMBA‑injected rat showing averagely cellular glomeruli (thick black arrows) surrounded by ordinary 
tubules and F nanogold carrying yeast injection treated DMBA‑injected rat showing averagely cellular glomerulus (thick black arrow) surrounded by 
tubules lined by low cuboidal epithelium ((H&E × 200)

Table 7 Effect of injection intratumorally with  109 cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on AST, ALT, urea, and creatinine 
concentrations in the negative, positive, and treatment groups

Significance relative to normal: *P ≤ 0.05, ***P ≤ 0.001, and n.s P ≥ 0.05; significance relative to tumor: #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001; significance relative to yeast: 
+P ≤ 0.05, ++P ≤ 0.01, +++P ≤ 0.001 and N.SP ≥ 0.05

Parameters AST ALT Urea Creatinine
Groups

Negative control (normal) 289.0 ± 27.6n.s,N.S 246.3 ± 19.8###,N.S 50.6 ± 0.4n.s,N.S 0.45 ± 0.06#,N.S

Positive control (tumor) 411.7 ± 10.9n.s,+++ 406.2 ± 32.6***,+ 70.7 ± 4.7n.s,++ 0.85 ± 0.07*,+

S. cerevisiae  109 (yeast group) 208.0 ± 3.8n.s,### 200.6 ±  34n.s,# 46.3 ± 5.2n.s,## 0.46 ± 0.02n.s,#

S. cerevisiae–GNSs 273.3 ± 5.9n.s,## 215.4 ± 14.3n.s,# 40.1 ± 4.7n.s,### 0.31 ± 0.05n.s,#
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treated with heat-killed yeast alone in comparison with 
non-treated tumors.

There was an increase in the levels of caspases 8, 3, 
and 9 that indicates the activation of the death receptor 
pathway for apoptosis, which can be explained by the 
increase of FasL in nanogold conjugated heat-killed yeast 
compared with rats treated by heat-killed yeast only in 
comparison with DMBA non-treated tumors. When the 
FasL homotrimeric protein binds to its receptor, it trig-
gers oligomerization of the receptor. This is associated 
with the clustering of death domains and the binding of 
the cofactor FADD. The FADD protein interacts with a 
homologous domain in pro-caspase 8 via its DED (Death 
Effector Domain) motif. Upon recruitment by FADD, the 
complex of Fas, FADD, and pro-caspase 8 is known as the 
DISC (Death-inducing signaling complex); pro-caspase 8 
oligomerization promotes its activation by self-cleavage. 
Active caspase 8 then activates downstream caspases 3 
and 7 causing the cell to undergo apoptosis [49, 50].

When yeast conjugated to nanogold therapy was 
combined, it resulted in a drop in Bcl2 expression and 
an increase in Bax levels compared to rats with tumors 
alone. Furthermore, yeast conjugated to nanogold-
treated rats had higher levels of cytochrome-c and FasL, 
as well as higher production of caspases 9, 8, and 3. This 
shows that treatment with yeast coupled to nanogold 
promotes apoptosis in breast cancer cells via both the 
mitochondrial and death receptor pathways.

Histopathological results showed changes reflecting 
the ability of nanogold-conjugated heat-killed yeast to 
induce apoptosis is greater than heat-killed yeast alone, 
as the nanogold conjugated with heat-killed yeast showed 
no tumor, no hyperplasia, no granulation tissue forma-
tion, no ulceration, and no suppuration. The heat-killed 
yeast showed residual atypical hyperplastic epithelial 
cells, no ulceration, no suppuration, and no granulation 
tissue formation.

Genetic investigation showed a significant increase in 
mRNA of Bcl2 in the tumor group to the normal (nega-
tive control) group and a very high increase in the yeast 

and nanogold-conjugated heat-killed yeast with no sig-
nificant difference between the treated groups. There was 
a highly significant increase in gene expression of inflam-
matory cytokine TNF-α in positive control than in nega-
tive control, yeast, and nanogold conjugated heat-killed 
yeast. The gene expression of p53 showed depression in 
positive control in comparison to the negative control, 
yeast, and nanogold-conjugated heat-killed yeast.

Toxicological tests were conducted to establish whether 
yeast or nanogold-conjugated heat-killed yeast had any 
adverse effects on internal organs (liver and kidney) and 
the redox status of the animals.

DMBA causes oxidative stress by generating ROS and 
peroxides as a result of DMBA enzymatic activity [9] and 
this oxidative stress is important in carcinogenesis [10]. 
It enhances the amount of lipid peroxidation (LPO) in 
the rat-modeled group, which is implicated in carcino-
genesis [51], explaining the depletion of GPX, SOD, and 
total antioxidants in the DMBA-treated animal’s group as 
compared to the normal control group. While there was a 
considerable increase in LPO in rats with breast cancer as 
compared to controls, antioxidants may protect against 
cancer by directly or indirectly scavenging free radicals 
and ROS. These findings corroborated our results, which 
revealed a reduction in GPX, SOD, and total antioxidant 
levels in the positive control group as compared to the 
negative control, nanogold conjugated heat-killed yeast, 
and heat-killed yeast groups [12, 52]. Our results showed 
an increase in LPO in the tumor group, which returned 
to normal with treatment with nanogold conjugated 
heat-killed yeast and with heat-killed yeast.

In this study, our results showed that the induction of 
breast cancer by DMBA resulted in a significant increase 
in the levels of ALT, AST, creatinine, and urea in animals 
when compared to the control group, nanogold conju-
gated heat-killed yeast and heat-killed yeast, because of 
DMBA’s harmful effects on hepatic cells and kidneys. 
This is coinciding with Hendi et al. 2020 and Chen et al. 
2013 [30, 53]. It has been demonstrated that it caused 
hepatic damage [54, 55]. The treatment with nanogold 

Table 8 Effect of injection intratumorally with  109 cells/ml of S. cerevisiae and S. cerevisiae‑GNSs on total antioxidant, SOD, and MDA 
concentrations in the negative, positive, and treatment groups

Significance relative to normal: *P ≤ 0.05, **P ≤ 0.01, and n.sP ≥ 0.05; significance relative to tumor: #P ≤ 0.05, ##P ≤ 0.01, and ###P ≤ 0.001; significance relative to yeast: 
+P ≤ 0.05, +++P ≤ 0.001, and N.S P ≥ 0.05

Parameters Total antioxidant Superoxide dismutase (SOD) Malondialdehyde 
(MDA)Groups

Negative control (normal) 12.4 ± 0.9#,N.S 146.7 ± 5.7n.s,+ 6.9 ± 1.6##,N.s

Positive control (tumor) 8.0 ± 0.3*,+++ 137.6 ± 3.2n.s,+ 18.4 ± 1.4**,+

S. cerevisiae  109 (yeast group) 14.0 ± 0.2n.s,### 166.7 ± 2.7*,# 6.6 ± 0.9n.s,#

S. cerevisiae–GNSs 13.3 ± 1.1n.s,# 147.3 ± 5.3n.s,n.s 9.5 ± 1.4n.s,#
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conjugated to heat-killed yeast, heat-killed yeast caused 
the levels of ALT, AST, creatinine, and urea to decrease 
again to the normal ranges, and this was more observed 
in nanogold-conjugated to heat-killed yeast group indi-
cating relatively healthy hepatic cells that agree with the 
findings of Jo et al. [56].

The combination between yeast and NG helps to 
increase their modulating effect against DMBA-induced 
breast cancer that is because NG influenced DMBA-
induced breast cancer, reducing the incidence of tumors 
in the breast and lymph nodes; moreover, it enhanced 
biological processes such as liver and kidney functions 
that were disrupted by tumor presence [30].

There is growing evidence that NG possesses anti-
oxidant capability [57], which decreases ROS formation 
while increasing antioxidative enzyme activities and 
decreasing pro-inflammatory molecule expression [58]. 
Thus, increases hepatic GPX, SOD activity, and total 
antioxidant capacity [59] that is corresponding to our 
findings.

The histopathological results of the liver and kidney 
showed normal tissue of nanogold-conjugated heat-killed 
yeast and heat-killed yeast in comparison to the negative 
control.

Conclusion
Our results proved that the nanogold-conjugated heat-
killed yeast can initiate apoptosis and gave better results 
as a treatment for breast cancer than heat-killed yeast 
alone. It is a novel method for in vivo cancer therapy as 
it can penetrate cancer cells and start their apoptosis 
without affecting the surrounding normal tissues. This, 
in turn, gives us new insight and future hope, for the 
first time, that breast cancer can be treated by a non-
invasive, simple, safe, and naturally originated method 
and achieves a hopeful treatment for breast cancer with-
out causing any harmful or undesirable side effects for 
patients.

Abbreviations
DMBA  7,12‑Dimethylbenz(a)anthracene
PGE2  Prostaglandin E2
PAHs  Polycyclic aromatic hydrocarbons
ROS  Reactive oxygen species
MBC  Metastatic breast cancer
S. cerevisiae  Saccharomyces cerevisiae
GNPs  Gold nanoparticles
NG  Nanogold
S. cerevisiae–GNSs  S. cerevisiae Conjugated to gold nanospheres
IT  Intratumoral
UV‑Vis  Ultraviolet‑visible absorption spectra
TEM  Transmission electron microscope
ED  Electron diffraction
GNSs  Gold nanospheres
LSPR  Localized surface plasmon resonance

FWHM  Full width at half‑maximum
PBS  Phosphate‑buffered saline
H&E  Hematoxylin and eosin
qRT‑PCR  Quantitative real‑time polymerase chain reaction
TNF‑α  Tumor necrosis factor‑alpha
Bcl‑2  B cell lymphoma 2
DCIS  Ductal carcinoma in situ
FADD  Death domains and binding of co‑factor
DED  Death effector domain
DISC  Death inducing signaling complex
LPO  Lipid peroxidation

Acknowledgements
The authors highly acknowledge the excellent support by the National 
Research Centre, Giza, Egypt.

Authors’ contributions
AE designed the study, participated in the practical part and writing the 
manuscript and performed the statistical study. AAG performed the histo‑
pathological studies. HAS prepared the conjugation of nanogold to yeast. NEI 
performed the genetic studies. MAH implemented the induction of breast 
cancer in animals and followed up the animals all over the treatment period. 
HHM contributed in writing the manuscript. MIE participated in samples 
collection, preparing the tissue homogenates and performing the tests for all 
parameters. HAS participated in the practical part and revising the manuscript. 
GhME is the corresponding author who prepared yeast treatment and partici‑
pated in samples collection, preparing the tissue homogenates, performing 
the tests for all parameters, view the results, and preparation of the manuscript 
in the final form for publication. All authors contributed to the manuscript and 
approved the submitted version.

Funding
This work was supported by a grant from the National Research Centre, Cairo, 
Egypt [grant number 12060162].

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
All procedures and experiments involving animals, including their housing 
and care, were carried out according to the guidelines of the Institutional 
Animal Ethics Committee of the National Research Centre, Giza, Egypt, with a 
registration number 19–204.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 31 October 2022   Accepted: 6 January 2023

References
 1. Tagde P, Najda A, Nagpal K, Kulkarni GT, Shah M, Ullah O, Balant S, Rah‑

man H (2022) Nanomedicine‑based delivery strategies for breast cancer 
treatment and management. Int J Mol Sci 23(5):2856

 2. Luo X, Zhang Q, Chen H, Hou K, Zeng N, Wu Y (2022) Smart nanoparticles 
for breast cancer treatment based on the tumor microenvironment. Front 
Oncol 12:907684

 3. Avitabile E, Bedognetti D, Ciofani G, Bianco A, Gemma Delogu L 
(2018) How can nanotechnology help the fight against breast cancer? 
Nanoscale 10:11719–11731

 4. World Health Organization (2021) Breast cancer. 26 March.



Page 17 of 18Elwakkad et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:27  

 5. Yang K, Liao Z, Wu Y, Li M, Guo T, Lin J, Li Y, Hu C (2020) Curcumin and Glu‑
GNPs induce radiosensitivity against breast cancer stem‑like cells. Biomed 
Res Int 1:11

 6. Karimi B, Ashrafi M, Shomali T, Yektaseresht A (2019) Therapeutic effect 
of simvastatin on DMBA‑induced breast cancer in mice. Fundam Clin 
Pharmacol 33:84–93

 7. Jung K‑J, Wallig MA, Singletary KW (2006) Purple grape juice inhib‑
its 7,12‑dimethylbenz[a]anthracene (DMBA)‑induced rat mammary 
tumorigenesis and in vivo DMBA‑DNA adduct formation. Cancer Lett 
233(2):279–288

 8. Trombino AF, Near RI, Matulka RA, Yang S, Hafer LJ, Toselli PA, Kim DW, 
Rogers AE, Sonenshein GE, Sherr DH (2000) Expression of the aryl hydro‑
carbon receptor/transcription factor (AhR) and AhRregulated CYP1 gene 
transcripts in a rat model of mammary tumorigenesis. Breast Cancer Res 
Treat 63:117–131

 9. Naso L, Martínez VR, Lezama L, Salado C (2016) Antioxidant, anticancer 
activities and mechanistic studies of the flavone glycoside diosmin and 
its oxidovanadium (IV) complex. Interactions with bovine serum albumin. 
Bioorg Med Chem 24(18):4108–4119

 10. Karnam K, Ellutla M, Bodduluru LN, Kasala ER (2017) Preventive effect of 
berberine against DMBA induced breast cancer in female Sprague‑Daw‑
ley rats. Biomedicine & pharmacotherapy = Biomedecine & pharmaco‑
therapy. 92: 97.

 11. Trush MA, Kensler TW (1991) An overview of the relationship between 
oxidative stress and chemical carcinogenesis. Free RadicBiol Med 
10:201–209

 12. Zeweil MM, Sadek KM, Taha NM, El‑Sayed Y, Menshawy S (2019) Graviola 
attenuates DMBA‑induced breast cancer possibly through augmenting 
apoptosis and antioxidant pathway and down regulating estrogen recep‑
tors. Environ Sci Pollut Res 26:15209–15217

 13. Ghoneum M, Badr El‑Din N, Noaman E, Tolentino L (2008) In vivo tumor 
inhibitory effects of Saccharomyces cerevisiae on Ehrlich carcinoma‑bear‑
ing mice. Cancer Immunol Immunother 57:581–592

 14. Huang X, El‑Sayed IH, Qian W, El‑Sayed M (2006) Cancer cell imaging 
and photothermal therapy in the near‑infrared region by using gold 
nanorods. J Am Chem Soc 128:2115–2120

 15. Ghoneum M, Gollapudi S (2004) Induction of apoptosis in human breast 
cancer cells by Saccharomyces cerevisiae, the baker’s yeast, in vitro. Anti‑
cancer Res 24:1455–1463

 16. Ghoneum M, Gollapudi S (2005) Modified arabinoxylan rice bran (MGN‑3/
Biobran) enhances yeast‑induced apoptosis in human breast cancer cells 
in vitro. Anticancer Res 25:859–870

 17. Ghoneum M, Hamilton J, Brown J, Gollapudi S (2005) Human squamous 
cell carcinoma of the tongue and colon undergoes apoptosis upon 
phagocytosis of Saccharomyces cerevisiae, the baker’s yeast, in vitro. 
Anticancer Res 25:981–989

 18. Ghoneum M, Wang L, Agrawal S, Gollapudi S (2007) Yeast therapy for the 
treatment of breast cancer: a nude mice model study. In Vivo 21:251–258

 19. Ghoneum M, Badr El‑Din NK, Noaman E, Tolentino L (2008) Saccharo-
myces cerevisiae, the baker’s yeast, suppresses the growth of Ehrlich 
carcinoma‑bearing mice. Cancer Immunol Immunother 57:581–592

 20. Ghoneum M, Gollapudi S (2005) Synergistic role of arabinoxylan rice bran 
(MGN‑3/Biobran) in S. cerevisiae‑induced apoptosis of monolayer breast 
cancer MCF‑7 cells. Anticancer Res 25:3–12

 21. Badr El‑Din NK, Mahmoud AZ, Hassan TA, Ghoneum M (2018) Baker’s 
yeast sensitizes metastatic breast cancer cells to paclitaxel in vitro. Integr 
Cancer Therapies 17(2):542–550

 22. Elwakkad A, Ghoneum M, El‑sawi M, Mohamed SI, Gamal el Din AA, Pan 
D, Elqattan GhM (2018) Baker’s yeast induces apoptotic effects and histo‑
pathological changes on skin tumors in mice. Cogent Medicine 5:1–18

 23. Stirling DA (2018) The nanotechnology revolution: a global bibliographic 
perspective. Jenny Stanford Publishing, Singapore, pp 281–343

 24. Jung K‑W, Won Y‑J, Kong H‑J, Lee ES (2018) Cancer statistics in Korea: 
incidence, mortality, survival, and prevalence in 2015. Cancer Res Treat 
50(2):303

 25. Nie S, Xing Y, Kim GJ, Simons JW (2007) Nanotechnology applications in 
cancer. Annu Rev Biomed Eng 9:257–288

 26. Loo C, Lin A, Hirsch L et al (2004) Nanoshell‑enabled photonics‑based 
imaging and therapy of cancer. Technol Cancer Res Treat 3(1):33–40

 27. Elahi N, Kamali M, Baghersad MH (2018) Recent biomedical applications 
of gold nanoparticles: a review. Talanta 184:537–556

 28. Yang W, Liang H, Ma S, Wang D, Huang J (2019) Gold nanoparticle based 
photothermal therapy: development and application for effective cancer 
treatment. Sus Mater Technol 22:e00109

 29. Kauer‑Dorner D, Pötter R, Resch A, Handl‑Zeller L, Kirchheiner K, Meyer‑
Schell K, Dörr W (2012) Partial breast irradiation for locally recurrent breast 
cancer within a second breast conserving treatment: alternative to mas‑
tectomy? Results from a prospective trial. Radiother Oncol 102(1):96–101

 30. Hendi AA, El‑Nagar DM, Awad MA, Khalid M, Ortashi KM, Alnamlah RA, 
Merghani NM (2020) Green nanogold activity in experimental breast 
carcinoma in vivo. Biosci Rep 40(11):BSR20200115

 31. Holback H, Yeo Y (2011) Intratumoral drug delivery with nanoparticulate 
carriers. Pharm Res 28(8):1819–1830

 32. Bahjat HH, Ismail RA, Sulaiman GM, Jabir MS (2021) Magnetic field‑
assisted laser ablation of titanium dioxide nanoparticles in water for anti‑
bacterial applications. J Inorg Organomet Polym Mater 31(9):3649–3656

 33. Rashid TM, Nayef UM, Jabir MS, Mutlak FA (2021) Study of optical and 
morphological properties for Au‑ZnO nanocomposite prepared by Laser 
ablation in liquid. In Journal of Physics: Conference Series 1795(1):012041

 34. Al‑Musawi S, Albukhaty S, Al‑Karagoly H, Sulaiman GM, Jabir MS, Naderi‑
Manesh H (2020) Dextran‑coated superparamagnetic nanoparticles 
modified with folate for targeted drug delivery of camptothecin. Adv Nat 
Sci: Nanoscience and Nanotechnology 11(4):045009

 35. Jihad MA, Noori F, Jabir MS, Albukhaty S, AlMalki FA, Alyamani AA (2021) 
Polyethylene glycol functionalized graphene oxide nanoparticles loaded 
with Nigella sativa extract: a smart antibacterial therapeutic drug delivery 
system. Molecules 26(11):3067

 36. Bancroft JD, Layton C (2013) The Hematoxylin and Eosin. In: Suvarna, SK, 
Layton, C and Bancroft, JD. Eds., Theory & practice of histological tech‑
niques, 7th Edition, Churchill Livingstone of El Sevier, Philadelphia. Ch. 10 
and 11: 172–214.

 37. Aboulthana WM, Ibrahim NE, Osman NM, Seif MM, Hassan AK, Youssef 
AM, El‑Feky AM, Madboli AA (2020) Evaluation of the biological efficiency 
of silver nanoparticles biosynthesized using Croton tiglium L. seeds 
extract against azoxymethane induced colon cancer in rats. Asian Pac J 
Cancer Prev 21(5):1369–1389

 38. Mahmoud AH, Foda DS, Ibrahim NE, El‑Hagrassi AM, Yousef OMH (2019) 
Secondary metabolites and biological activities of Allium porrum L. in 
attacking ehrlich ascites carcinoma in mice. Egypt. J. Chem. 62, Special 
Issue (Part 1): 211 – 227.

 39. Younus A, Al‑Ahmer S, Jabir M (2019) Evaluation of some immunological 
markers in children with bacterial meningitis caused by Streptococcus 
pneumoniae. Research Journal of Biotechnology 14:131–133

 40. Souza TGF, Ciminelli VST, Mohallem NDS (2016) A comparison of TEM and 
DLS methods to characterize size distribution of ceramic nanoparticles. J 
Phys: Conf Ser 733:012039

 41. Drzymała E, Gruzeł G, Pajor‑Świerzy A, Depciuch J, Socha R, Kowal A, 
Warszyński P, Parlinska‑Wojtan M (2018) Design and assembly of ternary 
Pt/Re/SnO2 NPs by controlling the zeta potential of individual Pt, Re, and 
 SnO2 NPs. J Nanopart Res 20:144

 42. Abdolahinia ED, Nadri S, Rahbarghazi R, Barar J, Aghanejad A, Omidi Y 
(2019) Enhanced penetration and cytotoxicity of metformin and col‑
lagenase conjugated gold nanoparticles in breast cancer spheroids. Life 
Sci 231:116545

 43. Ajoolabady A, Aghanejad A, Bi Y, Zhang Y, Aslkhodapasandhukmabad 
H, Abhari A, Ren J (2020) Enzyme‑based autophagy in anti‑neoplastic 
management: From molecular mechanisms to clinical therapeutics. BBA ‑ 
Reviews on Cancer 1874:188366

 44. Lee J, Chatterjee D, Lee M, Krishnan S (2014) Gold nanoparticles in breast 
cancer treatment: promise and potential pitfalls. Cancer Lett 347:46–53

 45. Hainfeld JF, Slatkin DN, Smilowitz HM (2004) The use of gold nanoparti‑
cles to enhance radiotherapy in mice. Phys Med Biol 49:309–315

 46. Kauer‑Dorner D, Po¨tter R, Resch A, Handl‑Zeller L, Kirchheiner Mag K, 
Meyer‑Schell K, et al (2012) Partial breast irradiation for locally recurrent 
breast cancer within a second breast conserving treatment: alterna‑
tive to mastectomy? Results from a prospective trial. Radiother Oncol 
102:96–101

 47. Salomons GS, Brady HJ, Verwijs‑Janssen M, Van Den Berg JD, Hart AA, Van 
Den Berg H, Smets LA (1997) The Bax:Bcl‑2 ratio modulates the response 
to dexamethasone in leukaemic cells and is highly variable in childhood 
acute leukaemia. Int J Cancer 71:959–965



Page 18 of 18Elwakkad et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:27 

 48. Lewis A, Hayashi T, Su TP, Betenbaugh MJ (2014) Bcl‑2 family in inter‑
organelle modulation of calcium signaling; roles in bioenergetics and cell 
survival. J Bioenerg Biomembr 46:1–15

 49. Czerski L, Nuñez G (2004) Apoptosome formation and caspase activation: 
is it different in the heart? J Mol Cell Cardiol 37(3):643–652

 50. Ji‑Y J, Kim W‑J (2004) Involvement of mitochondrial‑ and Fas‑mediated 
dual mechanism in CoCl2‑induced apoptosis of rat PC12 cells. Neurosci 
Letters 371(2–3):85–90

 51. Trush MA, Egner PA, Kensler TW (1994) Myeloperoxidase as a biomarker of 
skin irritation and inflammation. Food Chem Toxicol 32:143–147

 52. Gülbahçe‑Mutlu E, Baltaci SB, Menevse E, Mogulkoc R, Baltaci AK (2021) 
The effect of zinc and melatonin administration on lipid peroxidation, IL‑6 
levels, and element metabolism in DMBA‑induced breast cancer in rats. 
Biol Trace Elem Res 199:1044–1051

 53. Chen YL, Chi Peng H, Tan SW, Tsai CY, Huang Y, Wu H, Yang SC (2013) 
Amelioration of ethanol‑induced liver injury in rats by nanogold flakes. 
Alcohol 47:467–472

 54. Paliwal R, Sharma V, Pracheta SS, Yadav S, Sharma S (2011) Anti‑nephro‑
toxic effect of administration of Moringa oleifera Lam in amelioration 
of DMBA‑induced renal carcinogenesis in Swiss albino mice. Biol Med 
3:27–35

 55. Dakrory AI, Fahmy SR, Soliman AM, Mohamed AS, Amer SAM (2015) 
Protective and curative effects of the sea cucumber Holothuria atra 
extract against DMBA‑induced hepatorenal diseases in rats. Biomed Res 
Int 2015:1–11

 56. Jo MR, Bae SH, Go MR, Kim HJ, Hwang YG, Choi SJ (2015) Toxicity and 
biokinetics of colloidal gold nanoparticles. Nanomaterials 5:835–850

 57. Leonaviciene L, Kirdait G, Bradunaite R, Vaitkiene D, Vasiliauskas A et al 
(2012) Effect of gold nanoparticles in the treatment of established col‑
lagen arthritis in rats. Medicina 48:16

 58. Sul O‑J, Kim J‑C, Kyung T‑W, Kim H‑J, Kim Y‑Y et al (2010) Gold nano‑
particles inhibited the receptor activator of nuclear factor‑κb ligand 
(RANKL)‑induced osteoclast formation by acting as an antioxidant. Biosci 
Biotechnol Biochem 74:2209–2213

 59. Ye M, Tang L, Luo M, Zhou J, Guo J, Liu Y, Ye B et al (2014) Size‑ and 
time‑dependent alteration in metabolic activities of human hepatic 
cytochrome P450 isozymes by gold nanoparticles via microsomal coin‑
cubations. Nanoscale Res Lett 9:642

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Gold nanoparticles combined baker’s yeast as a successful approach for breast cancer treatment
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Materials and methods
	Experimental animals
	Tumor induction
	Preparation of gold nanoparticles conjugated to yeast
	Preparation of yeast (S. cerevisiae)
	Histopathological preparation
	Genetic preparation
	Quantitative real-time polymerase chain reaction (qRT-PCR) for analysis of tumor protein P53 (p53), tumor necrosis factor-alpha (TNF-α), and B cell lymphoma 2 (Bcl-2) mRNA expression.

	Serum and organs collection
	Preparation of tissue homogenates
	Experimental design

	Results
	Characterization of gold nanospheres (GNSs)
	Biochemical analysis of the apoptotic pathway
	Analysis of the apoptotic regulators

	Bcl-2 (ngml)
	FasL (ngml)
	Bax (ngml)
	Executive of apoptosis
	Cytochrome c (pgml)

	Quantification of caspases 9, 8, and 3 (ngml)
	Histopathological analysis
	Genetic results
	Impact of yeast and yeast conjugated to NGSs on Bcl-2, p53 expression, and the inflammatory cytokine TNF-α

	Toxicity studies
	Monitoring animal behavior
	Monitoring animal survival
	Histopathological analysis of internal organs
	Histopathological results of liver

	Histopathological results of kidney
	Biochemical analysis

	Discussion
	Conclusion
	Acknowledgements
	References


