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Background

Breast cancer is a prevalent disease in women and a leading cause of cancer-
related health issues. Thymax, a thymic extract, has shown potential for inducing
breast cancer cell apoptosis in vitro.

Objective

This study aims to investigate how Thymax induces apoptosis and inhibits breast
cancer growth and metastasis in vivo.

Materials and methods

Thymax treatment was divided into five groups: the first group (negative control) —
normal rats without tumors. In the second group (positive control), rats were
injected subcutaneously in the mammary gland with a single dose of 50 mg/kg
b.w. of 7,12-Dimethylbenz(a)anthracene (in 2 ml of corn oil) and allowed to develop
tumors for 120 days. Group 3: Thymax was orally administered 6 days a week to
tumor-bearing rats (0.4 mg/rat) and continued for 5 weeks. Tumor-bearing rats in
group 4 (Thymax injection) received 0.1ml of Thymax solution through
intraperitoneal injection twice weekly for 5 weeks. The last group was Thymax
mix (oral and injection); tumor-bearing rats received Thymax solution by dual
routes: orally with 0.4ml six times per week and intraperitoneally with 0.1 ml
twice weekly for 5 weeks. Thymax treatment, beginning after 120 days of tumor
induction, continued for 5 weeks.

Results and conclusion

Thymax- induced apoptosis in breast cancer cells by increasing cytochrome c,
tumor necrosis factor receptor type 1-associated death domain protein (TRADD),
and Fas associated death domain (FADD) levels. It also activated the
mitochondrial-dependent pathway with up-regulation of tumor protein gene
(P53) expression and cysteine-dependent, aspartate-specific peptidase
(caspase-8) activation. Thymax restored normal renal and hepatic cell function
and enhanced the immune system by improving total antioxidant levels and
inhibiting malondialdehyde levels in treated animals. Histopathological results
showed a significant apoptotic effect in the group receiving Thymax injections,
demonstrating its capability to induce apoptosis without tumors or atypia in
mammary glands.

Our findings indicate that Thymax has a significant effect on enhancing tumor cell
death and inducing apoptosis in vivo. Thymax may also modulate proapoptotic and
antiapoptotic protein expression and activity, regulate the penetrability of the
mitochondrial membrane, and release cytochrome c. Furthermore, our findings
show that the injection route of Thymax is the fastest and most efficient method to
deliver the extract to the tumor site and exert its antitumor effects. These results
suggest that Thymax has the potential to be a novel adjuvant in the treatment of
breast cancer, as it can enhance the efficacy of conventional therapies and reduce
the risk of recurrence and metastasis.
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factor receptor 1; TNF-a, tumor necrosis factor-alpha;
TRADD, tumor necrosis factor receptor type 1-
associated death domain protein.

Introduction

Cancer was the world’s second most common cause of
death in 2018, claiming more than 9.5 million lives that
year [1,2]. All income levels continue to see high cancer
incidence rates, with low-income and middle-income
nations having the greatest fatality rates [3]. Certainly!
breast cancer is a significant global health issue,
affecting women and causing morbidity. It originates
from mammary cells and can spread if left untreated.
Early diagnosis plays a crucial role in determining
treatment options such as radiotherapy or

chemotherapy [4-8].

Breast cancer research is a top priority due to its
significant impact on health. It is the most common
cancer in women globally, with increasing mortality and
incidence rates expected [9]. Recent studies highlight its
prominence as a leading cause of cancer-related deaths
among women under 45, particularly in young women
[10]. In developing countries, the incidence and
mortality of breast cancer are projected to rise
significantly in the next two decades [11]. Breast
cancer poses challenges like early metastasis,
aggressive invasion, resistance to existing treatments,
and high mortality rates. Understanding apoptosis is
vital for maintaining balance in multicellular
organisms, supporting healthy growth, and combating
cancer. Alterations in apoptosis can lead to abnormal cell
formation, uncontrolled division, and mutation
accumulation. Thus, controlling apoptosis is key in
treating cancer [12].

So far, there have been very few ways to treat the
disease when it reaches advanced stages. Because
cancer spreading and treatment are mainly analgesic

and reduce survival ratios, it is not easy to find an
apoptotic agent with slight side effects for metastatic
breast cancer cells [13]. Traditional therapy options
such as chemotherapy, radiotherapy, and surgical
treatment have severe effects and negatively impact
patients’ quality of life [14,15]. Due to the metastatic
nature of breast cancer, treatment options for advanced
stages are limited. Finding an apoptotic agent with
minimal side effects for metastatic breast cancer cells is
challenging [13]. By 2040, an alarming increase in new
cancer cases is expected globally. There is a crucial need
for alternative therapies to enhance patient well-being
with fewer adverse effects [16].

The thymus gland is an important part of the immune
system, similar to the tonsils and adenoids. The soul
was believed to reside in this area due to its association
with the word ‘thymus’ in Greek [17]. The thymus
shrinks as we age, increasing in size until around 2-3
years old and then decreasing during adolescence due
to hormonal changes [16]. In recent times, there has
been growing interest in utilizing thymic preparations,
both natural and synthetic, to enhance and boost the
responsiveness of the host immune system [18]. This
approach has shown promising results in treating
various disorders, including cancer. By leveraging
thymic preparations, medical professionals aim to
strengthen the immune system’s ability to combat
diseases more effectively while minimizing adverse
effects [17]. Understanding the intricate relationship
between childhood immune development, thymus
function, and harnessing thymic preparations opens
new avenues for improving treatments and enhancing
patient outcomes in various disease contexts [19,20].
The thymus has been utilized for over a century as a
promising treatment to enhance health. It plays a
crucial role in the production of immunologically
competent T-cells and other important biological
processes related to immune reactivity. The thymus
generates progenitor cells that undergo growth and
differentiation, eventually maturing into T-cells. These
mature T-cells, once they leave the thymus, play a
significant role in coordinating various functions of the
adaptive immune system [21]. This intricate process
highlights the importance of the thymus in
maintaining a forceful immune response [22,23].
The decline of the thymus has been implicated in
the reduced ability of the immune system to recover
from significant injury. Elderly individuals may
experience increased mortality and morbidity due to
caused by treatments like
chemotherapy, radiation, or exposure to diseases
such as HIV and hepatitis C [24]. Researchers have

been focusing on finding effective and safe methods for

immunosuppression
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thymus regeneration in clinical settings [25]. Thymic
tissue transplantation and the use of thymic hormones
have shown promise in partially reversing thymic
involution or reducing T lymphocyte proliferation
[17]. The production of self-hormones by the thymus,
such as thymus humoral factor, thymopentin, thymulin,
and thymosin, plays a role in controlling immune cell
transformation and selection [19].

Thymosin 1 (T1) has shown promising potential as a
chemopreventive ~ drug  in  animal = models,
demonstrating its ability to reduce lung adenomas,
prevent mammary carcinogenesis, and improve
animal survival rates [26]. Furthermore, T1 has been
utilized in the treatment of various cancers, such as
lung, kidney, and melanoma [27]. Thymic extracts,
including thymosin fraction 5 (TF5), have also been
found to possess immunomodulatory effects [28].
These extracts stimulate and enhance the maturation
of T-cell differentiation while activating dendritic cells
(DCs) and natural killer cells [29]. TFS5, a protein
derived from the bovine thymus, consists of multiple
hormonal-like factors. Its inhibitory properties have
been observed in hematopoietic leukemia cell lines and
neuroendocrine tumor cells [30-33]. In addition to
inhibiting cell growth, TF5 has been shown to increase
lymphocyte cyclic nucleotide levels and enhance
lymphocyte [34,35].
produces an inhibitory factor that acts on various T-
cell subpopulations [36]. These findings suggest that
thymic factors may directly limit tumor cell
proliferation while indirectly modifying immune cell
activities to exert their anticancer and antimetastatic
effects. Thus, exploring the therapeutic potential of
these thymic factors may pave the way for novel
approaches to cancer treatment [37].

movement Moreover it

Thymax, a new thymic product, has shown potential
for activating human monocyte-derived DCs and
reversing age-related functional decline in immune
cells [38—41]. Stimulation of DCs by Thymax leads
to the release of cytokines like interleukin (IL)-12 and
IL-6 while reducing IL-10 production [42]. This
activation may contribute to an increase in clusters
of differentiation 4+T-cells and the activation of
type 1 T helper cells [43]. Additionally, Thymax in
vitro has been found to trigger cell death in human
breast cancer cells (Michigan Cancer Foundation-7) by
activating  cysteine-dependent,  aspartate-specific
peptidase  (caspases) 8 and 9 and reducing
mitochondrial polarization [17]. This study aims to
investigate how Thymax inhibits cell cycle progression
and activates the mitochondrial mechanism of
apoptosis, thereby producing anticancer eftects in vivo.

Materials and methods

Experimental animals

This study used female rats of the Sprague-Dawley
type that weighed 120-150 g. The rats were purchased
from the animal house at the National Research Centre
in Dokki, Giza, Egypt. Before the experiment, the rats
were housed in plastic cages for 1 week and given time
to adapt to their surroundings under regular conditions
with a 12-h light—dark cycle. During the experiment,
the rats had unrestricted access to purified water and
commercialized food. The environmental conditions,
such as temperature, humidity, and light levels, were
carefully controlled and standardized throughout the
study. All procedures involving animals followed the
guidelines set by the National Health and Medical
Research Council and were approved by the
Institutional Animal Ethics Committee of the
National Research Centre in Giza, Egypt (No. 19-
204).

Tumor induction

After 1 week of adaptation, the rats were injected with
7, 12-dimethylbenz [a] anthracene (DMBA)
purchased from Sigma Chemicals Company, USA
(St. Louis and Burlington, MA). A single dose of
50mg/kg body weight in 2ml of corn oil was
subcutaneously injected into the mammary gland.
The healthy rats had an average weight of
120-150g. They were then monitored for tumor
development for 120 days [44].

Experimental protocol and drug administration

The different treatment groups were used to assess the
effects of Thymax on tumor growth and development
in the rats (Figure 1).

Figure 1
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e Group 1 (negative control): normal rats without
tumors.

e Group 2 (positive control): rat injected
subcutaneously with a single dose of 50 mg/kg
bw. of DMBA in 2ml of corn oil in the
mammary gland [44] and allowed to develop
tumors for 120 days.

e Group 3 (Thymax oral): tumor-bearing rats received
0.4 ml of Thymax orally six times a week for 5 weeks.

e Group 4 (Thymax injection): tumor-bearing rats
received 0.1ml of Thymax solution through
intraperitoneal injection twice a week for 5 weeks
[45].

e Group 5 (Thymax mix): tumor-bearing rats received
Thymax solution by dual routes: orally with 0.4 ml
six times per week and intraperitoneally with 0.1 ml
twice a week for 5 weeks.

Sampling

At the end of the induction period, rats in groups 1 and
2 were sacrificed. Rats in groups 3, 4, and 5 were
sacrificed at the end of the fifth week of the experiment
posttreatment. From the retro-orbital plexus of rats
while under diethyl ether anesthesia, samples of blood
were obtained in clean tubes. The first blood sample
was taken at the end of the induction period for
untreated tumor-bearing rats and normal control rats
without tumors. When the experiment was over, a
second blood sample was collected from the treated
groups. Blood samples were collected and allowed to
coagulate. They were then cool-centrifuged using a
Hettich centrifuge (Newtown, Connecticut, USA) at
3000 rpm for 10 min. For examination of biochemical
assays, the resulting sera were preserved at -80°C after
separation.

Preparation of tissue homogenates

Tissue homogenates were prepared as follows: rats with
and without treatment, bearing tumors, were
sacrificed. Breast tissue samples (5 pm) were cut and
weighed. Breast tissues were rinsed with ice-cold
phosphate-buffered  saline  (0.01M, pH=7.4),
weighed, minced, and homogenized (SONICS
homogenizer, France, Taguig City 1634, Metro
Manila, Philippines) in phosphate-buffered saline
(9ml/g of tissue) using a glass homogenizer on ice.
The homogenates were then centrifuged at 3000 rpm
for 10 min. Supernatants were collected and frozen at

-80°C for further analysis.

Biochemical analyses

Spectrophotometrically MY 1345003
spectrophotometer, China) and using kits purchased
from Reactivos GPL (Barcelona, Espafia), serum

alkaline  phosphatase  activity =~ was  estimated
kinetically according to the method described by
Kind and King [46]. Alanine aminotransferase and
aspartate aminotransferase (ALT and AST) activities
were estimated as described by Reitman and Frankel’s
[47] method; urea and creatinine levels were estimated
according to the methods of Patton and Crouch [48]
and Bowers and Wong [49], respectively. Total
antioxidants and lipid peroxidation/malondialdehyde
(LPO/MDA) levels were measured using Elabscience
(Biochemical Assay Kit) according to Smith e# al. [50]

and Ohkawa ez al. [51], respectively.

Breast tissue homogenate (tumor with or without
treatment) levels of cytochrome ¢ (Cyt ¢), tumor
necrosis factor receptor type 1-associated death
domain protein (TRADD), Fas-associated death
domain (FADD), tumor necrosis factor receptor 1
(TNFR1), caspase-8, and tumor protein gene (P53)
were measured using ELISA technique (UV-2401;
Shimadzu, Japan) and rats ELISA reagent kits
purchased from SinoGeneClon Biotech Co. Ltd,
China.

Histopathological preparation

At the end of the experiment, animals were sacrificed.
Mammary gland tissue, liver, and kidney samples were
dissected and fixed in 10% buffered formalin for 48 h.
The tissues were then processed, cleared, and prepared
into paraffin blocks. Serial sections, each 5 um thick,
were made from each block and stained with
hematoxylin and eosin for histopathologic study
[52]. The sections were examined using an Olympus
CX41 research microscope. To avoid bias, an
experienced observer interpreted the histopathologic
examination by blinding the sample identity. Digital
photomicrographic sections were taken at various
magnifications using a CCD digital camera

(Olympus SC100) attached to the microscope.

Statistical analysis

Using one-way analysis of variance with a paired
sample test method and post-hoc analysis, statistical
comparisons were performed.

Results and discussion

Biochemical assessment of the apoptotic signaling

The impact of cytochrome ¢

Thymax is a crude extract from the thymus gland that
can inhibit cancer, and its metastasis has been studied
in various in-vitro studies. One of the mechanisms by
which Thymax exerts its anticancer effects in human
breast cancer cells is by inducing in-vitro programmed
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cell death, or apoptosis. Apoptosis can be triggered by
various signals, such as DNA damage, oxidative stress,
or immune system activation. Our findings (Table 1)
showed that the untreated group (DMBA) had much
lower levels (P<0.01) of cytochrome c¢ in their
homogenates than the normal rats. Thymax
treatment resulted in a notable elevation in
cytochrome ¢ levels (P<0.01). Thymax-injected
animals led to a fourfold rise (P<0.001) in
cytochrome ¢ level, which is more prominent than
the increase observed in the oral and mix groups
(P<0.05). Our results are consistent with other
studies that revealed that Thymax exerts its
anticancer effects by disrupting the balance between
proapoptotic and antiapoptotic factors in breast cancer
cells, leading to mitochondrial damage, and caspase
activation. This results in the activation of the intrinsic
apoptotic pathway, which culminates in DNA
fragmentation and cell death [53].

The main ways that cells die by apoptosis are the
extrinsic way and the intrinsic way, which is also
called the mitochondrial way [54-57]. The extrinsic
pathway starts when death receptors (like CD95 and
TNFR1) on the cell surface are activated in the plasma
membrane [57,58]. The intrinsic pathway happens
when drugs, radiation, or other stresses damage the
mitochondria and prevent their integrity [59,60]. In
the intrinsic pathway of apoptosis, mitochondria play a
crucial role, proceeding through the involvement of
mitochondrial membrane potential (MMP) [61]. The
matrix and the intermembrane space are the two
distinct parts of mitochondria: the inner membrane
(IM) surrounds the matrix, and the outer membrane
surrounds the intermembrane space. The IM contains
different kinds of molecules, such as ATP synthase, the
electron transport chain, and the adenine nucleotide
translocator. These molecules help the respiratory
chain create a difference in electric charge and

concentration, which is also called MMP, when the
conditions are normal in the body - perturbation of the
IM results in alterations in the MMP [62]. B cell
lymphoma 2 (Bcl-2), situated on the IM, is believed to
be pivotal in maintaining MMP. Cytochrome c,
specific procaspases, and the apoptosis-inducing
factor are found in the space between the
The disruption of mitochondrial
membranes leads to the release of proapoptotic
the cytosol. The liberation of
cytochrome ¢ triggers the assembly of apoptotic
protease-activating  factor-1 ~and  procaspase-9,
culminating in the formation of an apoptosome

membranes.

molecules into

[55,61]. Procaspase-9 undergoes dimerization and
activation, subsequently  activating
caspases to orchestrate apoptosis. In the cytosol,
cytochrome ¢ binds to apoptotic protease-activating
factor-1, a protein that forms the apoptosome, a
complex that activates caspase-9, an enzyme that
initiates the apoptotic cascade [62]. Cytochrome ¢
and the mitochondria are essential for apoptosis,
which is triggered by various signals that indicate
something is wrong with the cell, such as DNA
damage, infection, or a lack of growth factors
[63-65]. Thymax’s anticancer effect is supported by
other studies that demonstrated its therapeutic effects
in vitro and in vivo [66]. Thymax induced apoptosis

executioner

through a mitochondrial pathway in vifro in human
breast cancer cells and activated [67] human monocyte-
derived DCs, and in wvivo, it restored the age-related
decline of immune function in mice [68].

The impact of caspase 8

In the current study, a reduction in the quantities of
caspases 8 in tumor homogenate was observed in the
untreated rats in comparison to the control group. Rats
administered with Thymax exhibited elevated
quantities of caspases 8, specifically in the injected
rats (P<0.05, 0.01) in contrast with the tumor rats

Table 1 Cytochrome c and caspase 8 concentrations in breast tissue homogenate in normal and tumor-bearing animals and the

therapeutic effect of Thymax

Parameters
Groups Cytochrome Significance Significance Caspase 8 Significance Significance
¢ (pg/ml) relative to normal relative to tumor (ng/ml) relative to normal relative to tumor

G1 (normal) Negative 4.63+0.63 - i 2.30+0.22 - NS
control

G2 (tumor) Positive 2.30+0.22 e - 1.90+0.12 NS -
control

G3 Thymax oral 5.46+0.35 * # 3.12+0.32 #

G4 Thymax injection 7.90+0.26 * #i#HH# 4.02+0.38 * #i#

G5 Thymax mix (oral 5.67+0.43 * ## 3.17+0.32 NS #

and injection)

Data are presented as mean+SEM (N=8). Significance relative to normal: *P value less than or equal to 0.05, **P value less than or equal
to 0.01, ***P value less than or equal to 0.001; significance relative to tumor, #P value less than or equal to 0.05, *P value less than or
equal to 0.01, **P value less than or equal to 0.001, NS: P value more than 0.05.
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(Table 1). Caspase-8, a protein that initiates apoptosis
in response to various signals received by the cell, plays
a crucial role in eliminating damaged or unwanted cells
and preventing the formation of cancer. Recent studies
conducted by Elwakkad e# al. [69] have illustrated that
the administration of Thymax, a substance derived
from the thymus, leads to a reduction in the MMP,
activation of caspase-3, and an increase in the Bax/Bcl-
2 ratio within neoplastic cells. These findings indicate
that through an intrinsic pathway, Thymax induces
apoptosis [70]. The death receptor pathway for
apoptosis was activated, specifically; the FADD
protein binds to a comparable domain in procaspase
8 via its death effector domain motif. Upon FADD
recruitment of procaspase 8, the resulting complex of
Fas, FADD, and procaspase 8 is referred to as the
death-inducing signaling complex. Activation of
procaspase 8 occurs through self-cleavage upon
cluster formation [71]. Subsequently, active caspase
8 triggers the activation of downstream caspases 3
and 7, culminating in cellular apoptosis. Earlier in
vitro studies have also shown that Thymax makes
caspases 8 and 9 active in human breast cancer cells
of the Michigan Cancer Foundation-7 type, suggesting
that Thymax-induced apoptosis may involve both
caspase-dependent and

pathways [72].

caspase-independent

The impact of P53

In the existing findings, the apoptotic P53 of untreated
tumor-bearing rats exhibits a lower level compared to
the normal control. Conversely, in tumor-bearing
treated animals, there is a significant increase in P53
expression following Thymax therapy (P<0.05), which
is observed in both the injection and mix groups
(Table 2). Results align with others who illustrated
that P53 is a factor that controls the expression of genes
and starts important processes to control the damage
and prevent abnormal cell growth when there is

damage to the DNA, activation of oncogenes, low
oxygen levels, or loss of normal cell contacts [73,74].
It regulates cellular growth by inducing senescence, cell
cycle arrest (at G1 and/or G2 phase), or apoptosis [75].
The decision is influenced by several factors, such as
how much p53 is expressed, what kind of stress signal is
there, what kind of cell it is, and what is the situation of
the cell when it is exposed to stress [76]. Through
apoptosis, p53 have the ability to eliminate excessive,
damaged, or infected cells, which is crucial for the
proper regulation of cell proliferation in multicellular
organisms [77,78]. P53 is activated by both external
and internal stress signals, leading to its accumulation
in the nucleus in an active form. Consequently, p53
induces either arrest of viable cell growth or apoptosis,
which plays a crucial role in tumor suppression. The
growth inhibitory actions of p53 prevent the
proliferation of cells with damaged DNA or with a
potential for neoplastic transformation. Additionally,
p53 contributes to cellular processes such as
differentiation, DNA repair, and angiogenesis,
which also seem important for tumor suppression [79].

The impact of tumor necrosis factor receptor 1

Returning to our results, the amount of TNFR1 in the
homogenate of rats with tumor is significantly lower
than that of the normal rats, as shown by Table 3
(P<0.01, 0.001). In contrast, following Thymax
therapy, there is a notable increase in TNFR1
expression when compared to the positive control
group (P<0.05, 0.01, and 0.001). These findings
corroborated our results, which revealed that
TNFR1 is a cell surface receptor that binds to
necrosis  factor-alpha  (TNF-a), a
proinflammatory cytokine that has diverse effects on
cell survival and death. Through the extrinsic and the
intrinsic pathways, TNFR1 can trigger apoptosis [80].
Various factors can change both pathways, such as Bcl-
2 family proteins, nuclear factor kappa B (NF-kB), and

tumor

Table 2 Fas-associated death domain and P53 concentrations in breast tissue homogenate in normal and tumor-bearing animals

and the therapeutic effect of Thymax

Parameters
Groups FADD Significance Significance P53 Significance Significance
(ng/ml) relative to relative to (ng/l) relative to relative to
normal tumor normal tumor

G1 (normal) Negative control 0.633+0.05 - NS 306.5+0.36 - NS

G2 (tumor) Positive control 0.518+0.03 NS - 290.0+16.0 NS -

G3 Thymax oral 1.49+0.13 ** ## 303.9+2.9 NS NS

G4 Thymax injection 2.90+0.21 i 328.0+1.8 #

G5 Thymax mix (oral and 2.16x0.12 i 317.5+1.2 #

injection)

FADD, Fas-associated death domain. Significance relative to normal: *P value less than or equal to 0.05, **P value less than or equal to
0.01, and***P value less than or equal to 0.001; significance relative to tumor: #P value less than or equal to 0.05, #p value less than or
equal to 0.01, and *##P value less than or equal to 0.001 and NS: P value more than 0.05.
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Table 3 Tumor necrosis factor receptor 11 and tumor necrosis factor receptor type 1-associated death domain protein
concentrations in breast tissue homogenate in normal and tumor- bearing animals and the therapeutic effect of Thymax

Parameters
Groups TNFR1 Significance Significance TRADD Significance Significance
(ng/ml) relative relative (pg/ml) relative relative
to normal to tumor to normal to tumor
G1 (normal) Negative control 179.7+8.3 - NS 103.8+1.1 - NS
G2 (tumor) Positive control 157.5+15.5 NS - 100.7+0.6 NS -
G3 Thymax oral 167.2+7.7 NS NS 125.0+3.4 > #
G4 Thymax injection 309.2+23.6 * # 183.0+3.4 it
G5 Thymax mix (oral and 238.1+6.8 * # 141.3£5.9 * ##

injection)

Data are presented as mean+SEM (N=8). TNFR1, tumor necrosis factor receptor 1; TRADD, tumor necrosis factor receptor type 1-
associated death domain protein. Significance relative to normal: *P value less than or equal to 0.05, **P value less than or equal to 0.01,
and***P value less than or equal to 0.001; significance relative to tumor: #P value less than or equal to 0.05, P value less than or equal
to 0.01, and P value less than or equal to 0.001 and NS: P value more than 0.05.

reactive oxygen species (ROS) [81]. Thymax and
theophylline have been shown to upregulate TNFR1
expression and sensitize breast cancer cells to TNF-
a-mediated apoptosis [82,83]. On the other hand,
TNFR1 cell
proliferation in breast cancer cells by activating NF-
kB and other signaling pathways. Therefore, TNFR1 is
a potential target for breast cancer therapy, as
modulating its expression or activity may enhance
the efficacy of conventional treatments or reduce the
risk of recurrence and metastasis [84,85].

can also promote survival and

The impact of FADD and TRADD

Table 2 demonstrates that the level of FADD in the
homogenized tumor tissue of rats with only a tumor is
lower than that in the homogenized normal control
tissue. In contrast to animals with tumors, the
expression of FADD significantly increased up to
sixfold following Thymax therapy (P<0.05) and was
clearly observed in both the injected and mixed groups.
The current results agree with other studies that found
that TRADD, also known as tumor necrosis factor
receptor superfamily member 1A-associated death
domain protein, assumes a pivotal role in the
regulation of apoptosis by participating in both the

extrinsic and intrinsic pathways of cell death [86]. In
the context of breast cancer, TRADD has been
implicated in the promotion of cell survival and
resistance to apoptosis. In breast cancer cells, the
overexpression of TRADD may contribute to the
progression of tumors the to
chemotherapy, thereby fostering cell
proliferation, diminished apoptosis, and heightened
cell survival [87]. Consequently, the targeting of

and resistance

increased

TRADD signaling pathways has emerged as a
prospective therapeutic strategy for breast cancer,
since the inhibition of TRADD has the potential to
sensitize breast cancer cells to apoptosis-inducing
agents and augment the response to treatment
[58,88-90]. TRADD functions as a protein that
facilitates the transmission of signals from the
TNFR1, known as a death receptor, which in turn
triggers the process of apoptosis in response to the
presence of TNF-a. The role of TRADD (Table 3) in
breast cancer cell apoptosis is twofold; contingent upon
its specific subcellular localization and the partners
with whom it interacts with Hsu e£ a/. [91]. On the
one hand, TRADD is capable of promoting apoptosis
by recruiting FADD and caspase-8 to TNFR1, thereby
forming a complex that activates the extrinsic apoptotic

Table 4 Serum alanine aminotransferase and aspartate aminotransferase activities in normal and tumor-bearing animals and the

therapeutic effect of Thymax

Parameters
Groups ALT (U/) Significance Significance AST (U/l) Significance Significance
relative to normal relative to tumor relative to normal relative to tumor
G1 (normal) Negative control 246.3+19.8 - i 284.9+2.3 - i
G2 (tumor) Positive control 406.3+32.6 i - 404.6+2.7 e -
G3 Thymax oral 244.5+34.3 NS NS 213.3+3.3 * i
G4 Thymax injection 149.5+14.2 * o 191.6+3.7 i
G5 Thymax mix (oral and injection) 180.8+38.7 NS # 201.8+1.7 i

Data are presented as mean+SEM (N=8). Significance relative to normal: *P value less than or equal to 0.05, **P value less than or equal
to 0.01, and***P value less than or equal to 0.001; significance relative to tumor: *P value less than or equal to 0.05, **P value less than
or equal to 0.01, and ***P value less than or equal to 0.001 and NS: P value more than 0.05.
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Table 5 Serum urea and creatinine concentrations in normal and tumor- bearing animals and the therapeutic effect of Thymax

Parameters Groups Urea (mg/ Significance Significance Creatinine Significance Significance
dl) relative to normal relative to tumor (mgy/dl) relative to normal relative to tumor

G1 (normal) Negative ~ 48.92+1.0 - Hith 0.166+0.04 - #
control

G2 (tumor) Positive 69.82+1.1 e 0.524+0.07 * -
control

G3 Thymax oral 51.5+0.5 * i 0.262+0.02 NS #

G4 Thymax injection 48.9+1.0 * i 0.102+0.04 NS i

G5 Thymax mix (oral 56.9+0.7 * i 0.192+0.03 NS ##

and injection)

Data are presented as mean+SEM (N=8). Significance relative to normal: *P value less than or equal to 0.05, **P value less than or equal
to 0.01, and***P value less than or equal to 0.001; significance relative to tumor: *P value less than or equal to 0.05, **P value less than
or equal to 0.01, and ***P value less than or equal to 0.001 and NS: P value more than 0.05.

pathway. On the other hand, TRADD can impede
apoptosis by binding to TRAF2 and receptor-
interacting protein, proteins that activate the NF-xB
pathway and confer resistance to TNF-induced cell
death [92]. Furthermore, TRADD can traverse
between the cytoplasm and the nucleus, with its
nuclear localization being correlated with heightened
sensitivity to TNF-a and augmented apoptosis.
Additionally, nuclear TRADD can establish
interactions with p53, a tumor suppressor protein
that oversees the intrinsic apoptotic pathway. Hence,
TRADD emerges as a pivotal regulator of apoptosis in
breast cancer cells, and manipulating its activity may
have therapeutic implications [93].

Thymax reduces oxidative stress and protects liver
and kidney functions

We did tests to see if Thymax therapy had any bad
effects on internal organs (liver and kidney) and the
balance of oxidation and reduction in the animals. In
Tables 4 and 5 the levels of serum ALT, AST, urea,
and creatinine were considerably elevated (£<0.001) in
animals with tumors in comparison to normal or
untreated animals. In animals treated with Thymax,
the parameters pertaining to liver and kidney function,

which are associated with animals with tumors, were
restored. Animals injected with Thymax demonstrated
the most impressive efficacy in significantly reducing
the levels of serum ALT, AST, urea, and creatinine
(P<0.001). In comparison to the normal control group,
animals with tumors exhibited a significant increase in
MDA levels (P<0.001). The administration of
Thymax to these animals effectively ameliorated and
reduced MDA levels (P<0.001) in a noticeable manner
when compared to the tumor-bearing animals.
Conversely animals with breast cancer displayed a
remarkable decrease in total antioxidant levels, thus
compromising their immune system (P<0.05) relative
to the normal rats. However, Thymax therapy resulted
in a significant enhancement of the immune system,
leading to a notable elevation (P<0.05) in the total
antioxidant levels when compared to the animals with
breast cancer or the positive control group (Table 6).
Our results corroborated other findings that revealed
that the harmful effects of DMBA on hepatic cells and
kidneys are consistent with Hendi ez a/. [94] and Chen
et al. [95]. DMBA enzymatic activity induces oxidative
stress by generating ROS and enhancing the amount of
lipid peroxidation, and this oxidative stress is important
in carcinogenesis [96-98], explaining the depletion of

Table 6 Malondialdehyde and total antioxidant levels in breast tissue homogenate in normal and tumor-bearing animals and the

therapeutic effect of Thymax

Parameters
Groups MDA Significance  Significance Total Significance Significance
(nmol/g) relative relative antioxidant relative relative
to normal to tumor (U/ml) to normal to tumor
G1 (normal) Negative control 6.80+0.04 - i 11.56+0.4 - i
G2 (tumor) Positive control 16.5+0.05 bl - 7.92+0.2 > -
G3 Thymax oral 7.04+0.4 NS i 10.6+0.3 NS ik
G4 Thymax injection 4.25+0.5 * i 12.44+0.2 NS i
G5 Thymax mix (oral and 5.67+0.6 NS i 11.420.3 NS i

injection)

Data are presented as mean+SEM (N=8). MDA, malondialdehyde. Significance relative to normal: *P value less than or equal to 0.05, **P
value less than or equal to 0.01, and***P value less than or equal to 0.001; significance relative to tumor: *P value less than or equal to
0.05, **P value less than or equal to 0.01, and **#P value less than or equal to 0.001 and NS: P value more than 0.05.
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total antioxidants in tumor-bearing animals. While
there was a considerable increase in LPO in rats
with breast cancer, antioxidants may protect against
cancer by directly or indirectly scavenging free radicals
and ROS [99,100]. Liver toxicity can be caused by
many substances, such as alcohol, carbon tetrachloride,
chemotherapeutic ~ agents, and  acetaminophen
[101-104]. These substances can trigger oxidative
stress, which produces ROS. ROS are very harmful

Figure 2

and can damage cell components like lipids, proteins,
DNA, and RNA. The body has a cellular antioxidant
system that protects cells from ROS damage. This
system consists of low-molecular-mass antioxidants
[105], such as a-tocopherol, and
ascorbic acid, and the main antioxidant enzymes,
such as copper-containing and zinc-containing
superoxide dismutase (CuZn-SOD) and catalase.

When there are more oxidants than antioxidants in

glutathione,

Mammary gland tissue of (a) control female rats showing ordinary benign mammary duct lined by benign double epithelium and myoepithelium
(thick black arrow), within background of fat cells (white arrow). (b—f) DMBA-injected rats showing: (b, ¢) DCIS (black arrowheads). (d, f)
Pleomorphic, fusiform tumorous cell proliferation with atypical nuclei (white triangles). (e) Fusiform tumorous cell proliferation at left half of the
picture and invading in between muscle bundles at the right half. (g—i) Thymax oral treated rats showing: (g) residual tumorous proliferation
formed of fusiform cells with pleomorphic, atypical nuclei (white triangles). (h)Aggregates of inflammatory cells amidst residual tumor cells (black
star). (i) Residual tumor cells invading in between muscle fibers (white triangles). (j) Thymax injected rats showing benign mammary ducts (thick
black arrow). No tumor. (k, I) Thymax oral and injected rats showing no tumor with mammary ducts lined by benign, double epithelial, and
myoepithelial cells (thick black arrows) approximating control (hematoxylin and eosin, x200). DCIS, ductal carcinoma in situ; DMBA, 7,12-

Dimethylbenz(a)anthracene.
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the liver, oxidative stress occurs. This can alter many
antioxidant enzymes and nonenzymatic antioxidants
[106-108]. GSH, the main nonenzymatic antioxidant
defence, is regenerated by an NADPH-dependent
reaction. GSH has a crucial role in attenuating
oxidative stress by scavenging hydroxyl radicals,
inhibiting LPO and eliminating H,O, [109].
Moreover GSH depletion may impair cell defence

Figure 3

against free radical-mediated cellular damage and
cause cell death [110,111]. Lipid peroxide, which is
related to free radicals [112], is one of them. MDA is a
major product of lipid peroxide breakdown. The
current study demonstrated that Thymax therapy
coadministration  increased antioxidant enzyme
activities and GSH levels while decreasing LPO
products. This suggests that Thymax enhanced the

.
A 9 » -

RU AT g

‘ :’S)‘

o d “‘v'

Liver tissue sections of (a, b) control rat showing ordinary liver cells (thin black arrows) arranged in single cell thick plates, radiating from central
vein. (c, d) DMBA-injected rats showed (c) dilated congested central vein (thick black arrow) with proliferating bile duct (white triangle) and
surrounding inflammatory cell aggregates (black star). (d) Hydropic degeneration within hepatocytes (white arrows). (e-g) DMBA-injected rats
treated with oral Thymax showed: (e) dilated congested central vein (thick black arrow) and congestion within sinusoids (black arrow head). (f)
fibrotic bands within hepatic lobules (white arrow head) and adjacent inflammatory cell aggregates (black star). (g) Inflammatory cell aggregates
within lobular hepatocytes (black star) together with numerous ordinary liver cells. (h) DMBA-injected rats treated with injected Thymax showed
residual hydropic degeneration within hepatocytes (white arrow). (i) DMBA injected rats treated with combined oral and injection Thymax
showed residual hydropic degeneration (white arrows) within liver cells (hematoxylin and eosin, x200). DMBA, 7,12-Dimethylbenz(a)anthra-

cene.
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Kidney tissue sections of (a) control rat showing ordinary glomeruli with average cellularity (thick black arrows) surrounded by tubules lined by
cuboidal epithelium (thin black arrows). (b, c) DMBA-injected rats showing: (b) congestion within interstitial tissues (white oval shapes) and (c)
vacuolar degeneration within epithelium lining tubules (white arrows). (d) DMBA injected rats treated with oral Thymax showing ordinary
glomerulus with average cellularity (thick black arrow) and surrounding ordinary tubules. (e—g) DMBA injected rats treated with injected Thymax
showing: (e) averagely cellular glomerulus (thick black arrow), (f) ordinary tubules, and (g) congestion within renal interstitium (white oval shape).
(h, i) DMBA injected rats treated with combined oral and injection Thymax showed: (h) averagely cellular glomerulus (thick black arrow) and (i)
ordinary tubules (hematoxylin and eosin, x200). DMBA, 7,12-Dimethylbenz(a)anthracene.

total antioxidant activity and prevented the

peroxidation of membrane lipids by scavenging free

radicals.

Histopathological alterations

Tissue sections of control rat mammary gland showed
mammary acini and ducts lined by benign double
luminal epithelial and basal myoepithelial cell layers.
Surrounding it, thin eosinophilic connective tissue was
seen. The stroma consisted of mature fat cells (Figs 1
and 2a). Tissue sections of DMBA-injected rat
mammary glands showed tumor formation in all rats
in the group, varying between ductal carcinoma in situ
and invasive malignant tumor. Ductal carcinoma in situ
showed ducts lined by flat malignant epithelial cells
(Fig. 2b and ¢) with open lumina (clinging pattern). An
invasive malignant tumor showed markedly cellular
and pleomorphic, atypical fusiform cell proliferation

with several mitoses, some being abnormal (Fig. 2d—f).
Atypical cells were seen infiltrating in between muscle
fibers (Fig. 2e). Tissue sections from mammary glands
of rats treated with oral Thymax showed residual tumor
tissue formed of proliferating fusiform cells with
pleomorphic and atypical nuclei invading in between
muscle fibers (Fig. 2g—i). Tissue sections from
mammary glands of rats injected with Thymax
treatment showed no tumor tissue. Ordinary
mammary ducts and acini were seen with benign
double epithelial and myoepithelial cell lining, which
approximated control (Fig. 2j). No tumor, no atypia.
Mammary tissue sections of rats treated with combined
oral and injected Thymax showed no tumor tissue.
Benign mammary ducts and acini lined by benign
regular inner epithelial and outer myoepithelial cells
were observed, similar to control (Fig. 2k and 1). No
tumor, no atypia.
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Liver tissue sections of the control rat (Fig. 3a and b)
show ordinary liver cells arranged in single-cell thick
plates, radiating from the central vein. DMBA-
injected rats showed C: dilated, congested central
vein with proliferating bile duct and surrounding
inflammatory cell aggregates (Fig. 3¢, d) and
hydropic degeneration within hepatocytes (Fig. 3d).
DMBA-injected rats treated with oral Thymax showed
(Fig. 3e—g) dilated congested central veins and
congestion within sinusoids. Fibrotic bands within
hepatic lobules and adjacent inflammatory cell
aggregates (Fig. 3f). Inflammatory cell aggregates
within lobular hepatocytes, together with numerous
ordinary liver cells (Fig. 3g). DMBA-injected rats
treated with injected Thymax showed residual
hydropic degeneration within hepatocytes (Fig. 3h).
Residual hydropic degeneration within liver cells is

shown in the Thymax mix group (Fig. 3i).

Kidney tissue sections of the control rat showed
ordinary  glomeruli ~ with  average cellularity
surrounded by renal tubules with low cuboidal
regular epithelial lining (Figs 4a and Fig. 55).
DMBA-injected rats showed congestion within the
renal interstitium (Fig. 3b) and vacuolar degeneration
within surrounding tubules (Fig. 3¢). Oral Thymax rats
displayed a picture approximating control. Ordinary
glomeruli with average cellularity were noticed.
Surrounding ordinary tubules showed low cuboidal
epithelial linings (Fig. 3d). Kidney tissue sections of
Thymax-injected animals showed averagely cellular
glomeruli and surrounding ordinary tubules, showing

Figure 5

195

low cuboidal epithelial lining. Our results are in
harmony with those of other researchers who found
that DMBA is a carcinogenic and immunosuppressive
hydrocarbon agent used to induce tumors. Its
mechanism involves enhancing the formation of
prostaglandin E2, which promotes breast cancer
spread and leads to mutations and cellular
antioxidant imbalance [113]. DMBA acts on cancer-
causing genes, initiating mutations and causing breast
cancer, and it also has immunosuppressive effects
[69,114]. By generating ROS and peroxides,
DMBA increases oxidative stress, a key factor in
carcinogenesis ~ [115].  The  histopathological
examination of the mammary gland tissue, liver, and
kidney showed normal or near-normal congestion
within the renal interstitum (Fig. 3e, f, and g). In
DMBA-injected rats treated with combined oral and
intravenous injection, Thymax tissue showed average
cellular glomeruli surrounded by ordinary tubules
(Fig. 3h and 1). The present findings showed that the
ability of Thymax to induce apoptosis is greater in the
injected and mixed route compared with the oral one.
Thymax and its impact on liver and kidney functions
show its capability to mitigate the alterations induced by
DMBA, according to our novel study.

Conclusion

Our study concluded that Thymax could be a novel
type of adjuvant for breast cancer therapy, as it can
trigger apoptosis in cancer cells without harming
normal cells. However, more studies are required to
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verify the effectiveness and safety of Thymax in living
organisms and in human trials.

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

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

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

Authors’ contributions: A.E. designed the study,
participated in the practical part, and performed the
statistical study and revised the manuscript in the final

form for publication. A.A.G.E.D. performed the

histopathological ~ studies. =~ H.A.S. is  the
corresponding  author who prepared Thymax
treatment, participated in samples collection,

preparing the tissue homogenates, performing the
tests for parameters, view the results, writing the
manuscript, and prepared it in the final form for
publication. M.H.A. implemented the induction of
breast cancer in animals and followed up with the
animals all over the treatment period, participated in
sample collection, prepared the tissue homogenates,
and performed the tests for parameters. All authors
read and approved the submitted version.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis.
Lancet Glob Health. 2020; 8:e180-e190.

2 American Cancer Society. Cancer facts & figures. Atlanta: American
Cancer Society; 2020.

3 Torre LA, Siegel RS, Ward EM, Jemal A. Global cancer incidence and
mortality rates and trends — an update. Cancer Epidemiol Biomarkers
Prev 2016; 25:16-27.

4 Dongsar TT, Dongsar TS, Abourehab MAS, Gupta N, Kesharwani P.
Emerging application of magnetic nanoparticles for breast cancer therapy.
Eur Polym J 2023; 187:111898.

5 Kesharwani P, Sheikh A, Abourehab MAS, Salve R, Gajbhiye V. A
combinatorial delivery of survivin targeted siRNA using cancer
selective nanoparticles for triple negative breast cancer therapy. J
Drug Deliv Sci Technol 2023; 80:104164.

6 Devi L, Gupta R, Jain SK, Singh S, Kesharwani P. Synthesis,
characterization and in vitro assessment of colloidal gold nanoparticles
of Gemcitabine with natural polysaccharides for treatment of breast
cancer. J Drug Deliv Sci Technol 2020; 56:101565.

7

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Falagan-Lotsch P, Grzincic EM, Murphy CJ. New advances in
nanotechnology-based diagnosis and therapeutics for breast cancer:
an assessment of active-targeting inorganic nanoplatforms. Bioconjug
Chem 2017; 28:135-152.

Singh S, Numan A, Maddiboyina B, Arora S, Riadi Y, Md S, et al. The
emerging role of immune checkpoint inhibitors in the treatment of triple-
negative breast cancer. Drug Discov Today 2021; 26:1721-1727.

Greaney ML, Sprunck-Harrild K, Ruddy KJ, Ligibel J, Barry WT, Baker E,
et al. Study protocol for Young & Strong: a cluster randomized design to
increase attention to unique issues faced by young women with newly
diagnosed breast cancer. BMC Public Health 2015; 31:37.

Anastasiadi Z, Lianos GD, Ignatiadou E, Harissis HV, Mitsis M. Breast
cancer in young women: an overview Updates Surg 2017; 69:313-317.

DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer statistics. Am Cancer
Soc J 2013; 64:52-62.

Schmidt C. Immunology: another shot at cancer. Nature 2015; 527:
S105-S107.

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

Karnam K, Ellutla M, Bodduluru LN, Kasala ER. Preventive effect of
berberine against DMBA induced breast cancer in female Sprague-
Dawley rats. Biomed Pharmacother 2017; 92:97.

Trush MA, Kensler TW. An overview of the relationship between oxidative
stress and chemical carcinogenesis. Free Radic Biol Med 1991;
10:201-209.

Aw D, Silva AB, Palmer DB. Immunosenescence: emerging challenges for
an ageing population. Immunology 2007; 120:435-446.

Gowans JL, Gesner BM, McGregor DD. The immunological activity of
lymphocytes. In: Wolstenholme GEW, O’Connor M, editors. Biological
activity of the leucocyte. Churchill: Ciba Foundation Study Group London;
1961. PL 32-44.

Elmore S. Enhanced histopathology evaluation of thymus. Toxicol Pathol
2006; 34:656—665.

Miller JFAP. Immunological function of the thymus. Lancet 1961;
2:748-749.

Miller JFAP. Effect of neonatal thymectomy on the immunological
responsiveness of the mouse. Proc Roy Soc London 1962; 156
(B):410-428.

Haley PJ. Species differences in the structure and function of the immune
system. Toxicology 2003; 188:49-71.

Medawar PB. The immunologically competent cell. In: Wolstenholme
GEW, Knight J, editors. lts nature and origin. Churchill; Ciba
Foundation Study Group, 16 London; 1963; 70.

Sternberg EM. The balance within: the science connecting health and
emotions. New York: WH Freeman and Company; 2000.

Miller JFAP. Role of the thymus in murine leukaemia. Nature 1959;
183:1069.

Miller JFAP. Analysis of the thymus influence in leukaemogenesis. Nature
1960; 191:248-249.

Bleul CC, Boehm T. BMP signaling is required for normal thymus
development. J Immunol 2005; 175:5213-5221.

Miller JFAP. Role of the thymus in transplantation immunity. Ann NY Acad
Sci 1962; 99:340-354.

Miller JFAP. Aetiology and pathogenesis of mouse leukaemia. Adv
Cancer Res 1961; 6:291-368.

Miller JFAP. Fate of subcutaneous thymus grafts in thymectomized mice
inoculated with leukaemic filktrates. Nature 1959; 184:1809-1810.
Beard J. The source of leucocytes and the true function of the thymus.
Anat Anz 1990; 18:550-560.

Ribatti D, Crivellato E, Vacca A. Miller's seminal studies on the role of
thymus in immunity. Clin Exp Immunol 2006; 144:371-375.

Mishra S, Tamta AK, Sarikhani M, Desingu PA, Kizkekra SM, Pandit AS,
et al. Subcutaneous Ehrlich ascites carcinoma mice model for studying
cancer-induced cardiomyopathy. Sci Rep 2018; 8:5599.

Ma D, Wei Y, Liu F. Regulatory mechanism of thymus and T cell
development. Dev Comp Immunol 2013; 39:91-102.

Boehm T, Swann JB. Thymus involution and regeneration: two sides of
the same coin? Nat Rev Immunol 2013; 13:831-838.

Abraham GE. Solid-phase radioimmunoassay of estradiol-17. J Clin
Endocr 1969; 29:866.



36

37

38

39

40

41

42

43

a4

a5

46

a7

48

a9

50

51

52

53

54

55

56

57

58

59

60

61

Thymax: A Thymic Extract for Breast Cancer Apoptosis Elwakkad et al.

Abkaham GE. Radroimmunoassay of steroids in biological materials. Aaa
Endocr (Kbh) Suppl 1974; 83:l.

Bodey B, Bodey B, Siegel SE, Kaiser HE. Review of thymic hormones in
cancer diagnosis and treatment. Int J Immunopharmacol 2000;
22:261-273.

Spangelo BL, Farrimond DD, Thapa M, Bulathsinghala CM, Bowman KL,
Sareh A, et al. Thymosin fraction 5 inhibits the proliferation of the rat
neuroendocrine MMQ pituitary adenoma and C6 glioma cell lines in vitro.
Endocrinology 1998; 139:2155-2162.

Low TL, Thurman GB, Chincarini C, McClure JE, Marshall GD, Hu SK,
Goldstein AL. Current status of thymosin research: evidence for the
existence of a family of thymic factors that control T-cell maturation.
Ann NY Acad Sci 1979; 332:33-48.

Schulof RS, Lloyd MJ, Ueno WM, Green LD, Stallings JJ. Phase Il trial of
thymosin fraction 5 in advanced renal cancer. J Biol Response Mod 1984;
3:151-159.

Heidecke H, Eckert K, Schulze-Forster K, Maurer HR. Prothymosin alpha
1 effects in vitro on chemotaxis, cytotoxicity and oxidative response of
neutrophils from melanoma, colorectal and breast tumor patients. Int J
Immunopharmacol 1997; 19:413-420.

Cascinelli N, Belli F, Mascheroni L, Lenisa L, Clemente C. Evaluation of
clinical efficacy and tolerability of intravenous high dose thymopentin in
advanced melanoma patients. Melanoma Res 1998; 8:83-89.

Ghoneum M, Seto Y, Agrawal S. Activation of human monocyte-derived
dendritic cells in vitro by Thymax, a gross thymic extract. Anticancer Res
2009; 29:4367-4371.

Nguedia MY, Tueche AB, Yaya AJG, Yadji V, Ndinteh DT, Njamen D,
Zingue S. Daucosterol from Crateva adansonii DC (Capparaceae)
reduces 7,12-dimethylbenz(a)- anthracene-induced mammary tumors
in Wistar rats. Environ Toxicol 2020; 35:1125-1136.

Ghoneum M, Mohamed S, El-Gerbed A. Human placental extract
ameliorates methotrexate-induced hepatotoxicity in rats via regulating
antioxidative and anti-inflammatory responses. Anticancer Res 2021;
88:961-971.

Kind PRN, King EJ. Estimation of plasma phosphatase by determination
of hydrolysed phenol with amino-antipyrine. J Clin Pathol 1954;
7:322-326.

Reitman A, Frankel SA. Colorimetric method for the determination serum
glutamic oxaloacetic and glutamic pyruvic transaminases. Am J Clin
Pathol 1957; 28:56—63.

Patton CJ, Crouch SR. Spectrophotometric and kinetics investigation of
the Berthelot reaction for the determination of ammonia. Anal Chem 1977;
49:464-469.

Bowers LD, Wong ET. Kinetic serum creatinine assays. Il. A critical
evaluation and review. Clin Chem 1980; 26:555-561.

Smith R, Vantman D, Ponce J, Escobar J, Lissi E. Total antioxidant
capacity of human seminal plasma. Hum Reprod 1996; 11:1655-1660.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal Biochem 1979; 95:351-358.

Bancroft JD, Layton C, Suvarna SK, Layton C, Bancroft JD. The
hematoxylin and eosin. Theory & practice of histological techniques,
7th Edition, Churchill Livingstone of El Sevier, Philadelphia Ch 2013;
10 and 11:172-214.

Kerr JFR, Wyllie AH, Currie AR. Apoptosis: a biological phenomenon with
wide ranging implications in tissue kinetics. Br J Cancer 1972;
26:239-257.

Arends MJ, Wyllie AH. Apoptosis: mechanisms and roles in pathology.
Rev Exp Pathol Int 1991; 32:223-254.

Green DR, Reed JC. Mitochondria and apoptosis. Science 1998;
281:1309-1311.

Green DR. Apoptotic pathways: ten minutes to dead. Cell 2005;
121:671-674.

Nagata S. Fas and Fas ligand: a death factor and its receptor. Adv
Immunol 1994; 57:129-144.

Ashkenazi A, Dixit VM. Death receptors: signaling and modulation.
Science 1998; 281:1305—1308.

Finkel E. The mitochondrion: is it central to apoptosis? Science 2001;
292:624-626.

Thornberry NA, Lazebnik Y. Caspases: enemies within. Science 1998;
281:1312-1316.

Hengartner MO. The biochemistry of apoptosis.
407:770-776.

Nature 2000;

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

197

Nunez G, Clarke MF. The Bcl-2 family of proteins: regulators of cell death
and survival. Trends Cell Biol 1994; 4:399-403.

Ghoneum M, Tolentino L, Seto Y. Phenotypic correction of age-
associated functional decline in murine immune cells by Thymax, a
thymic extract. In Vivo 2009; 23:895-902.

Moody TW, Ann NY. Thymosin alphal as a chemopreventive agent in
lung and breast cancer. Acad Sci 2007; 1112:297-304.

Schulof RS, Lloyd MJ, Cleary PA, Palaszynski SR, Mai DA, Cox JW,
Alabaster O, Goldstein AL. A randomized trial to evaluate the
immunorestorative properties of synthetic thymosin-alpha 1 in patients
with lung cancer. J Biol Response Modif 1985; 4:147—-158.

Rasi G, Terzoli E, Izzo F, Ranuzzi M, Garaci E. Combined treatment with
thymosin-alphal and low dose interferon-alpha after dacarbazine in
advanced melanoma. Melanoma Res 2000; 10:189-192.

Stefanini GF, Foschi FG, Castelli E, Marsigli L, Biselli M, Mucci F, et al.
Alpha-1-thymosin and transcatheter arterial chemoembolization in
hepatocellular carcinoma patients: a preliminary experience. Hepato-
Gastroenterology 1998; 45:209-215.

Lopez M, Carpano S, Cavaliere R, Lauro LD, Ameglio F, Vitelli G, et al.
Biochemotherapy with thymosin alpha 1, interleukin-2 and dacarbazine in
patients with metastatic melanoma: clinical and immunological effects.
Ann Oncol 1994; 5:741-746.

Elwakkad A, Amina AG, Hisham AS, Ibrahim NE, Hebishy MA, Mourad
HH, et al. Gold nanoparticles combined baker’s yeast as a successful
approach for breast cancer treatment. J Genet Eng Biotechnol 2023;
21:27.

Badr EI-Din NK, Othman Al, Amer ME, Ghoneum M. Thymax, a gross
thymic extract, exerts cell cycle arrest and apoptosis in Ehrlich ascites
carcinoma in vivo. Heliyon 2022; 8:e09047.

Czerski L, Nunez G. Apoptosome formation and caspase activation: is it
different in the heart? J Mol Cell Cardiol 2004; 37:643-652.

Ji YJ, Kim WJ. Involvement of mitochondrial- and Fas-mediated dual
mechanism in CoCl2-induced apoptosis of rat PC12 cells. Neurosci Lett
2004; 371:85-90.

Giaccia AJ, Kastan MB. The complexity of p53 modulation: emerging
patterns from divergent signals. Genes Dev 1998; 12:2973-
2983.

Lohrum MA, Vousden KH. Regulation and activation of p53 and its family
members. Cell Death Differ 1999; 6:1162—1168.

Jin S, Levine AJ. The p53 functional circuit. J Cell Sci 2001;
114:4139-4140.

Balint EE, Vousden KH. Activation and activities of the p53 tumor
suppressor protein. Br J Cancer 2001; 85:1813-1823.

Huang DC, Strasser A. BH3-only proteins-essential initiators of apoptotic
cell death. Cell 2000; 103:839-842.

Sionov RV, Haupt Y. The cellular response to p53: the decision between
life and death. Oncogene 1999; 18:6145-6157.

Bykov VJ, Issaeva N, Shilov A, Hultcrantz M, Pugacheva E, Chumakov P,
et al. Restoration of the tumor suppressor function to mutant p53 by a low
molecular-weight compound. Nat Med 2002; 8:282-288.

Foster BA, Coffey HA, Morin MJ, Rastinejad F. Pharmacological rescue of
mutant p53 conformation and function. Science 1999; 286:2507—2510.

Nirmala GJ, Lopus M. Cell death mechanisms in eukaryotes. Cell Biol
Toxicol 2020; 36:145—-164.

Muller M, Wilder S, Bannasch D, Israeli D, Lehlbach K, Li-Weber M, et al.
P53 activates the CD95 (APO-1/Fas) gene in response to DNA damage
by anticancer drugs. J Exp Med 1998; 188:2033-2045.

Samuels-Lev Y, O'Connor DJ, Bergamaschi D, Trigiante G, Hsieh JK,
Zhong S, et al. ASPP proteins specifically stimulate the apoptotic function
of p53. Mol Cell 2001; 8:781-794.

Poulamia T, Ambikaa P, Nirajana G, Siddharthab D, Ranjanaa P.
Reactive oxygen species-dependent upregulation of death receptor,
tumor necrosis factor receptor 1, is responsible for theophylline-
mediated cytotoxicity in MDA-MB-231 breast cancer cells. Anti-Cancer
Drugs 2022; 33:731-740.

Mercogliano MF, Patricia SB, Elizalde V, Schillaci R. Tumor necrosis
factor a blockade: an opportunity to tackle breast cancer. Front Oncol
2020; 10:584.

Cai X, Cao C, LiJ, Chen F, Zhang S, Liu B, et al. Inflammatory factor TNF-
o promotes the growth of breast cancer via the positive feedback loop of
TNFR1/NF-xB (and/or p38)/pSTAT3/HBXIP/TN FR1. Oncotarget 2017;
8:58338-58352.



198

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Egyptian Pharmaceutical Journal, Vol. 23 No. 2, April-June 2024

Liu W, Lu X, Shi P, Yang G, Zhou Z, Li W, et al. TNF-a increases breast
cancer stem-like cells through up-regulating TAZ expression via the non-
canonical NF-kB pathway. Sci Rep 2020; 10:1804.

YuanlL, CaiY, ZhangL, Liu S, Li P, Li X. Promoting apoptosis, a promising
way to treat breast cancer with natural products: a comprehensive review.
Front Pharmacol Sec Ethnopharmacol 2022; 12:2021.

Lu L, Shi W, Deshmukh RR, Long J, Cheng X, Ji W, et al. Tumor necrosis
factor-a sensitizes breast cancer cells to natural products with
proteasome-inhibitory activity leading to apoptosis. PLoS ONE 2014;
9:113783.

Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor
superfamilies: integrating mammalian biology. Cell 2001; 104:487-501.

Hsu H, Xiong J, Goeddel DV. The TNF receptor 1-associated protein
TRADD signals cell death and NF-kappa B activation. Cell 1995;
81:495-504.

Lin Y, Devin A, Rodriguez Y, Liu ZG. Cleavage of the death domain kinase
RIP by caspase-8 prompts TNF-induced apoptosis. Genes Dev 1999;
13:2514-2526.

Rokhlin OW, Gudkov AV, Kwek S, Glover RA, Gewies AS, Cohen MB. p53
is involved in tumor necrosis factor-induced apoptosis in the human
prostatic carcinoma cell line LNCaP. Oncogene 2000; 19:1959-1968.

Hendi AA, EI-Nagar DM, Awad MA, Khalid M, Ortashi KM, Alnamlah RA,
Merghani NM. Green nanogold activity in experimental breast carcinoma
in vivo. Biosci Rep 2020; 40:BSR20200115.

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

Zeweil MM, Sadek KM, Taha NM, El-Sayed Y, Menshawy S.
Graviola attenuates DMBA-induced breast cancer possibly through
augmenting apoptosis and antioxidant pathway and down regulating
estrogen receptors. Environ Sci Pollut Res 2019; 26:15209-
15217.

Gilbahge-Mutlu E, Baltaci SB, Menevse E, Mogulkoc R, Baltaci AK. 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 2021; 199:1044-1051.

Rego EM, Wang ZG, Peruzzi D, He LZ, Cordon-Cardo C, Pandolfi PP.
Role of promyelocytic leukemia (PML) protein in tumor suppression. J Exp
Med 2001; 193:521-529.

Dassonneville L, Lansiaux A, Wattelet A, Wattez N, Mahieu C, Miert SV,
Pieters L, Bailly C. Cytotoxicity and cell cycle effects of the plant alkaloids
cryptolepine and neocryptolepine: relation to drug-induce apoptosis. Eur J
Pharmacol 2000; 409:9—-18.

Paliwal R, Sharma V, Pracheta SS, Yadav S, Sharma S. Anti-nephrotoxic
effect of administration of Moringa oleifera Lam in amelioration of DMBA-
induced renal carcinogenesis in Swiss albino mice. Biol Med 2011;
3:27-35.

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

dos Santos NA, Martins NM, Curti C, Bianchi MLP, dos Santos AC.
Dimethylthiourea protects against mitochondrial oxidative damage
induced by cisplatin in liver of rats. Chem Biol Int 2007; 170:177—-186.

Kostopanagiotou GG, Grypioti AD, Matsota P, Mykoniatis MG,
Demopoulos CA, Papadopoulou-Daifoti Z, Pandazi A. Acetaminophen-
induced liver injury and oxidative stress: protective effect of propofol. Eur J
Anaesthesiol 2009; 26:548—-553.

Moselhy SS, Ali HK. Hepatoprotective effect of cinnamon extracts against
carbon tetrachloride induced oxidative stress and liver injury in rats. Biol
Res 2009; 42:93-98.

Samuhasaneeto S, Thong-Ngam D, Kulaputana O, Suyasunanont D,
Klaikeaw N. Curcumin decreased oxidative stress, inhibited NF-xB
activation, and improved liver pathology in ethanol induced liver injury
in rats. J Biomed Biotechnol 2009; 2009:981963.

van der Vliet A, O’'Neill CA, Cross CE, Koostra JM, Volz WG, Halliwell B,
Louie S. Determination of low-molecular-mass antioxidant concentrations
in human respiratory tract lining fluids. Am J Physiol 1999; 276(2 Pt
1):289-296.

Luczaj W, Skrzydlewska E. Antioxidant properties of black tea in alcohol
intoxication. Food Chem Toxicol 2004; 42:2045-2051.

Dadkhah A, Fatemi F, Kazemnejad S, et al. Differential effects of
acetaminophen on enzymatic and non-enzymatic antioxidant factors
and plasma total antioxidant capacity in developing and adult rats. Mol
Cell Biochem 2006; 281:145-152.

Limén-Pacheco J, Gonsebatt ME. The role of antioxidants and
antioxidant-related enzymes in protective responses to environmentally
induced oxidative stress. Mutat Res/Genet Toxicol Environ Mutagen
2009; 674:137-147.

Blair IA. Endogenous glutathione adducts. Curr Drug Metab 2006;
7:853-872.

Srivastava A, Shivanandappa T. Hepatoprotective effect of the root
extract Decalepishamiltonii against carbon tetrachloride-induced
oxidative stress in rats. Food Chem 2010; 118:411-417.

Circu ML, Aw TY. Redox biology of the intestine. Free Radic Res 2011,
45:1245-1266.

Romero FJ, Bosch-Morell F, Romero MJ, Jarefio EJ, Romero B, Marin N,
Roma J. Lipid peroxidation products and antioxidants in human disease.
Environ Health Perspect 1998, 106 (Suppl. 5):1229-1234.

Schuurman HJ, Van de Winjngaert FP, Delvoye L, Broekhuizen R,
McClure JE, Goldstein AL, Kater L. Heterogeneity and age
dependency of human thymus reticulo-epithelium in production of
thymosin components. Thymus 1985; 7:13-23.

Oosterom R, Kater L. Effects of conditioned media of human thymus
epithelial cultures on T-lymphocyte functions. Ann N Y Acad Sci 1979;
332:113-122.

Comsa J, Leonhardt H, Wekerle H. Hormonal coordination of the immune
response. Rev Physiol Biochem Pharmacol 1982; 92:115-191.



	Apoptosis as a therapeutic strategy for breast cancer: the role of Thymax, a gross thymic extract, in modulating cell death pathways
	Introduction
	Materials and methods
	Experimental animals
	Tumor induction
	Experimental protocol and drug administration
	Sampling
	Preparation of tissue homogenates
	Biochemical analyses
	Histopathological preparation
	Statistical analysis

	Results and discussion
	Biochemical assessment of the apoptotic signaling
	The impact of cytochrome c
	The impact of caspase 8
	The impact of P53
	The impact of tumor necrosis factor receptor 1
	The impact of FADD and TRADD

	Thymax reduces oxidative stress and protects liver and kidney functions
	Histopathological alterations

	Conclusion
	Acknowledgments
	Financial support and sponsorship
	Conflicts of interest

	References


