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Abstract

Background and objective: Multiple studies on cancer showed that Mesenchymal Stem Cells (MSCs)
inherently have different effects on various tumors. MSCs respond to multiple factors such as Caffeine,
Estrogen, Morphine, curcumin, Metformin, and LPS due to the presence of different receptors. This study
investigated the effects of caffeine, a popular drink, on the crosstalk between MSCs and 4T1 cells.

Material and methods: Mesenchymal stem cells were isolated from mice's tibia and femur bones. These cells
were cultured for 14 days and subsequently treated with o as the control group, 0.1, 0.5, and 1 mM doses of
caffeine for 24 h. Then, cells were cultured without fetal bovine serum (FBS) for 24 h, and the conditioned
medium (CM) was isolated. The 4T1 cells were cultured with CM for 24 h, MTT reduction, and Neutral red
uptake assay. The cytotoxicity and the rate of apoptosis and necrosis were detected by Acridin orang and Pl
staining. The presence of 4T1 cancer cells was detected using the flow cytometry method.

Results and conclusion: The MSC treated with caffeine could have. The more cytotoxic effect on 4T1 cells
compared to non-treated MSC was seen in a dose-dependent manner, such that in the group that received a 0.5
mM concentration of caffeine, the most significant impact was seen on cell line 4.1. This data showed that the
CM of MSC, treated with caffeine, had a cytotoxic effect on 4T1 cells. Caffeine could suppress the growth rate
of 4T1 cells. The ideal caffeine concentration is 0.5 mM.
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Abbreviations: of immunomodulating factors. These processes are
Mesenchymal Stem Cells (MSCs) influenced by TLRs that are expressed on the surface
Conditioned medium (CM) of these cells. Studies indicate that MSCs express

Caffeine (Caf)

Dark kinase Knowledgebase (DKK) specific TLRs, particularly TLR3 and TLR4 [1].

Stimulation of TLR3 may lead to the secretion of
mediators with immunosuppressive properties [2,3].
MSCs profoundly impact the immune system by

1. Introduction
There exists a notable correlation between the

activation of TLRs and the functionality of MSCs influencing the function of T cells, B cells, dendritic
as well as specific characteristics of MSCs such as cells (DCs), and natural killer (NK) cells. They can

migration, differentiation, invasion, and secretion suppress T cell activity, promote the generatlon_of
regulatory T cells (Tregs), and decrease the production
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of B cells [1]. Additionally, MSCs have varying
effects on DCs, allowing them to regulate both the
adaptive and innate immune responses. Further-
more, MSCs can inhibit the proliferation and
cytotoxicity of NK cells [4]. Mesenchymal stem
cells can modulate the immune system through
direct cell-to-cell interaction or by secreting certain
factors [5].

The utilization of allogeneic MSCs in allergic
conditions like asthma and rhinitis has been shown
to reduce the levels of eosinophils and IgE by
decreasing IL-4 and IL-13 [6] while also increasing
IL-10 [4]. According to X. Han et al.,, the
suppressive effect of MSC on T-cell proliferation is
attributed to IL-17 [7]. MSC plays a role in
suppressing the proliferation of Th1 cells, which are
involved in autoimmune diseases, by modulating
certain functions of DC, such as antigen
presentation [8]. The impact of MSCs on CTL is
associated with the activation phase of CTL,
specifically the primary stimulation phase or
cytotoxic effector phase. The interaction between
MSCs and CTL leads to an increase in the number
and activity of Treg cells [4,9]. MSCs can also
hinder monocyte differentiation into DCs,
inhibiting NK and B cells through various
mechanisms [4].

Mesenchymal stem cells possess remarkable
pluripotency, enabling them to differentiate into
various tissues, including osteoblasts [10], muscle,
tendon, adipose, chondrocytes, and even myoblasts
[5,11]. These cells can be isolated from various
tissues, including bone marrow [5] as well as
adipose and dermal tissues [12,13], synovium,
skeletal muscle, lung, and deciduous teeth [14].
Furthermore, they can also be found in relatively
small quantities in peripheral blood in adults and
can be detected in the circulating blood of fetuses
[11,15].

Caffeine, also known as 1,3,7-trimethylxanthine, is
a widely consumed substance that is primarily
obtained from dietary sources such as coffee, tea,
soft drinks, cocoa beverages, chocolate bars, [16]
kola, and nuts [12]. Numerous studies have

demonstrated that caffeine can enhance synaptic
plasticity and improve learning and memory deficits
in animal models of diseases like Alzheimer's. The
study revealed that the introduction of caffeine to
diabetic mice resulted in improved memory and
learning abilities during the water maze test [17].
Caffeine acts as a stimulant in the central nervous
system by inhibiting adenosine and GABA receptors
[17,18], as well as phosphodiesterase [18], leading to
calcium release [19], inflammation, and catechol-
amine release [17]. Additionally, caffeine is an
inhibitor of cyclic adenosine monophosphate—phos-
phodiesterase [20]. Some of the effects of caffeine are
linked to increased levels of intracellular cAMP and
the subsequent activation of protein kinase A (PKA).
CAMP functions as an immunomodulator by supp-
ressing the production of TNF-a and 1L-12 [21] and
hindering the proliferation of lymphocytes. Adenosine
receptors consist of 4 subtypes, with the A2A receptor
being considered a crucial subtype in mediating
immunomodulatory effects. It is understood that high
concentrations of adenosine can be harmful to
lymphocytes, while A3 receptor stimulation reduces
the chemotaxis of human eosinophils [22]. Caffeine,
like MSC, can also regulate the innate and adaptive
immune systems. Studies have indicated that
adenosine can stimulate immune cells and enhance the
immune response under specific circumstances
[22,23].

A variety of foods contain different amounts of
caffeine, such as 40 to 180 mg/150 ml for coffee, 24
to 50 mg/150 ml for tea, 15 to 29 mg/180 ml for cola,
2 to 7 mg/150 ml for cocoa, and 1 to 36 mg/28 g for
chocolate. Individuals can consume 70 to 76 mg of
caffeine per day from various sources worldwide.
Approximately 99% of caffeine can be absorbed by
the body within 45 minutes of ingestion due to its
hydrophobic properties and the lack of a blood-brain
barrier, allowing it to pass through all tissues [16].
The 4T1 mammary carcinoma, a transplantable tumor
cell line initially isolated by Fred Miller and
colleagues, grows in BALB/c mice and tissue culture.
It is one of four sublines derived from the 410.4 tumor,
originating from a single spontaneously arising
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mammary tumor of an MMTV+ BALB/c mouse
foster nursed on a C3H mother. 4T1 was chosen for
its resistance to 6-thioguanine without mutagenesis.
This tumor is highly tumorigenic and invasive, with
the unique ability to spontaneously metastasize
from the primary mammary gland tumor to various
distant sites such as lymph nodes, blood, liver, lung,
brain, and bone [24].

In our previous research, we explored the beneficial
effects of nicotine in treating autoimmune diseases
within the pathobiology group [25]. In this current
study, we have shifted our focus to investigating the
impact of caffeine on breast cancer cell lines. One
of the key advantages of caffeine compared to other
similar substances is its affordability, safety, and
widespread availability. In contrast, cytokines and
other similar substances are costly and challenging
to manufacture, making them largely inaccessible
to the general public. Additionally, caffeine is a
natural substance that the human body tolerates
well, and people generally prefer natural remedies.
Another benefit of caffeine is that only small
guantities are required for treatment. Based on our
findings and a thorough review of sources and
literature, caffeine appears to hold promise as a
potential treatment for cancer and other illnesses.
However, upon examining the sources, it appears
that no research has been conducted thus far on the
impact of caffeine on the 4T1 cell line. So, in this
research, we have chosen to explore the impacts of
the conditioned medium (CM) from mesenchymal
stem cells (MSCs) obtained from NMRI mice that
were subjected to varying concentrations of
caffeine (0, 0.1, 0.5, and 1MM) on the 4T1 cell line.
Given these clarifications, our study aims to
investigate the outcomes comprehensively.

2. Material and Methods

2.1.Reagents

In this experimental study, we obtained caffeine,
natural red (NR), dimethyl sulfoxide (DMSO), 2,5-
diphenyltetrazolium, Bromide (MTT) from Sigma
and Fetal bovine serum (FBS ), (RPMI), phosphate-
buffered saline (PBS) and Dulbecco’s Modified

Eagle’s Medium (DMEM) were purchased from
BIOWEST. The monoclonal antibodies required for
flow cytometry were purchased from BioLegend.

2.2. Isolation of MSCs

Mice were obtained from the Experimental Animal
Center of the Veterinary Faculty of Urmia University,
Urmia, Iran. The mice were maintained under constant
temperature (22-24 °C) with a 12-h light/dark cycle
and received enough food and water. Mesenchymal
stem cells were isolated by flushing the bone marrow
cavity with an insulin syringe from the Tibia and
Femur bone marrow and then washed twice by
centrifugation at 2000 rpm for 5 min in PBS buffer.
These cells were cultured in T25 -cm? tissue culture
flasks with DMEM and supplemented with 15% heat-
inactivated fetal bovine serum (FBS). The cells were
incubated in a humidified 5% CO; incubator at 37 °C.
In the 48 h past, we removed any non-adherent cells
with centrifuges and then added fresh medium for
further growth. When 70% of flasks were fully treated
with different doses of caffeine contained O as the
control group, 0.1,0.5, and 1 yum and incubated with
FBS for 24 h. Afterward, the conditioned medium was
removed, and cells were incubated with DMEM
without FBS for 24 h. Then, the conditioned medium
was collected after 24 h, centrifuged, and stored at -20
°C [26].

2.3. Harvesting and Maintaining 4T1 tumor cell
cultures in vitro

Tumor cells of the 4T1 strain were cultured in IMDM,
DMEM, or RPMI media, supplemented with 10%
FBS, and an antibiotic-antimycotic solution derived
from a 100-fold stock was added. The cells were then
plated in 10-cm tissue culture plates, T25, or T75
culture flasks. The cells were incubated in a tissue
culture incubator at 37 °C and a CO; concentration of
5%. The culture medium from the tissue culture plate
was removed and replaced with 5-7 ml of serum-free
medium. The plate was swirled to ensure even
medium distribution, and then the wash was discarded.
Next, 1.5 ml of a 0.25% trypsin/1 mM EDTA solution
was added to the plate, covering the entire surface. The
trypsin/EDTA solution was incubated at room

Human, Health and Halal Metrics; 2024: 5(1)

43



Effect of caffeine on 4T1 cell lines

Zeinali & Mahmoudzadeh

temperature for 2 min. To harvest the trypsinized
cells, 5-7 ml of serum-free medium was added to
the plate, and the mixture was transferred to a 15-
ml conical tube. The cells were centrifuged at 1200
rpm for 4 min at room temperature using a benchtop
centrifuge. The conditioned medium was discarded,
and the pellet at the bottom of the conical tube was
counted. For this purpose, A hemacytometer was
used to determine the cell concentration. Finally,
the cells were diluted with serum-free medium until
the desired injection concentration was achieved,
and kept on ice until further analysis [24].

2.4.Evaluation of 4T1 cells viability (MTT assay)
4T1 cells were cultured with RPMI and 10%FBS
removed by trypsin/EDTA when 70% of the flask
was filled and transferred at a density of 10° into 24
well plates and incubated for 24 h because of
adherent to the plate. The old media was removed,
and cells were incubated with the conditioned
medium of MSC without FBS for 24 h. MTT assay
has been widely used to evaluate the proliferation
and viability of cells. After 24 h incubation of 4T1
with different concentrations of Cafein, each well
was pulsed with 50 ul of the MTT solution
(5mg/ml) for four h at 37°C. Then, 400l of DMSO
was added and shaken to solve the formazan
crystals. The optical density at 550 nm was
recorded. The results were reported as the ratio of
the absorbance of stimulated cells with PHA to
OD550 of non-stimulated cells [26].

2.5. Neutral Red (NR) assays

Neutral red dye, a cationic dye, is taken up by
phagocytic cells and stored in their lysosomes. The
uptake rate of this dye is used as an indicator of the
membrane and lysosomal activity levels of the
cells. To assess this, a 33% neutral red solution was
introduced to 10% of the cells, followed by a 2-h
incubation period. Subsequently, the supernatant
was discarded, and the cells were washed thrice
with PBS. Post-washing, the cells were treated with
the primary culture medium containing 1% acetic
acid in 50 ° ethanol, incubated for 10 min, and then

transferred to a 96-well plate. Finally, the optical
density (OD) of 200 pl of the solution was measured
using an ELISA reader at a wavelength of 540 nm
[27].

2.6. Apoptosis-necrosis induction test with acridine
orange and propidium iodide

Ten thousand viable 4T1 cells were transferred to
individual culture flasks after being counted using
trypan blue dye. The flasks were placed in an
incubator at 37°C with 5% carbon dioxide and 95%
humidity for 24 h. Following this, each flask was
exposed to the conditioned medium of MSCs treated
with caffeine in a one-to-one ratio for another 24 h.
Subsequently, the culture medium was replaced with
0.1% acridine orange dye and incubated for 30 min.
After removing the acridine dye, the cells were
incubated with 0.1% propidium iodide for 5 min.
Finally, the cells were washed with PBS and examined
under a fluorescence microscope [28].

2.7. Flow cytometry (FCM) analysis

Flow cytometry procedures were performed at Baft
Azma company. (BaftAzma, Tehran, Iran). The
monoclonal antibody was used to recognize the
expression of CD44 and CD24. The 4T1 cells were
stained with anti-CD24 fluorescein-5-isothiocyanate
(FITC)- conjugated and anti-CD44 PE-conjugated
antibody. Finally, the sample was read by a flow
cytometer (BD Biosciences, San Diego, CA) and
Cyflogic software (CyFlo Ltd.) [25].

2.8. Statistical Analysis

The normal distribution of the data was determined by
the Shapiro-Wilk test. The findings were analyzed
through a one-way analysis of variance (ANOVA) and
Tukey's post hoc test. Results were expressed as
means =SD. The level of significance was set at
p<0.05.

3. Results and discussion

The mitochondrial vital power of 4T1 cells mixed with
the conditioned medium of MSCs treatment at a 0.1
concentration showed a slight increase compared to
the untreated group (Control) (Figure 1). However,
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this increase was statistically significant compared
to the conditioned medium of MSCs from the 0.5
treatment (P<0.05). The significance level was
lower than both the 0.1 and 1 mM treatments.
Notably, the proximity of 4T1 cells to the
conditioned medium from the 1 mM concentration
showed a significant increase in mitochondrial vital
power compared to the 0.5 mM treatment group.
Although, the essential power of their mitochondria
increased, it was still significantly lower than the
control group with a 0.1 concentration (p<0.05).

0.D. (490 nm)

Figure 1- The mitochondrial function evaluated
using MTT assay on 4T1 cells exposed to
conditioned medium collected from mesenchymal
stem cells treated with varying concentrations of
caffeine (0, 0.1, 0.5, and 1 mM)

In the NR assay (Figure 2), the investigation into
the strength of membrane endocytosis in the 4T1
cell line revealed that the membrane endocytosis of
4T1 cells, when exposed to the conditioned medium
derived from mesenchymal stem cells treated with
a 0.1 caffeine concentration, exhibited a signi-
ficantly higher strength than the control group.
Conversely, the two other groups treated with
conditioned medium obtained from concentrations
of 0.5 and 1 mM showed a lower strength. The 0.5
mM group displayed a significant decrease in
strength compared to the 1 mM group, but this
decrease was insignificant compared to the control
group (p<0.05). In the 1 mM concentration, there

was an increase in strength compared to the control
group, although this increase was not significant.

0.5 a a

0.D. (490 nm)

Figure 2- Evaluation of the strength of membrane
endocytosis (NR) of 4T1 cells after being in contact
with the conditioned medium obtained from
mesenchymal stem cells treated with concentrations of
0, 0.1, 0.5, and 1 mM caffeine

The staining of acridine orange and propidium iodide
determines the outcomes of the apoptosis-necrosis
test. In this experiment, two types of dyes, acridine
orange, and propidium iodide, were utilized to stain
the nuclei of cells. Acridine orange could permeate all
cells and caused the nucleus to exhibit a green
coloration. At the same time, propidium iodide
selectively entered the cells with damaged
membranes, resulting in a red coloration of the
nucleus. The outcome of this test could be categorized
into four possibilities: 1. When the cell is alive, the
nucleus appears uniform and green in color. 2. A non-
uniform green nucleus indicates early apoptosis in the
cell. 3. The presence of an orange-colored nucleus
along with fragmented sections signifies secondary
apoptosis. 4. Secondary apoptosis occurs if the
nucleus appears uniform and orange (Figure 3). The
MTT results align with the findings from microscopic
observations using a fluorescent microscope,
indicated that the cytotoxicity effect on cancer cells is
more pronounced at a concentration of 0.5 mM
(Figure 3).
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Figure 3- The cytotoxicity effect of caffeine at concentration of 0.1 mM (A), 0.5 mM (B), 1 mM (C) on cancer
cells in the apoptosis-necrosis test using a fluorescent microscope

About the flow cytometry test, as depicted in Figure
4, the graph indicates that when 4T1 cells are near
the conditioned medium resulting from the
treatment of MSCs with a dosage of 0.1, there is an
increase in the presence of cancer stem cells in
percentage. However, this increase was not
different significantly from the control group that
did not receive any treatment, but it was significant
when compared to the concentration of 0.5.

Furthermore, treating this cancer group with the
conditioned medium obtained from the concentration
of 0.5 led to a reduction in cancer cells. Nonethels, this
reduction was not different significantly from the
control group, but it was different from the 0.1 mM
group. Additionally, the 1 mM treatment significantly
reduced the percentage of cancer 4T1 cells compared
to all other groups (Figure 4).
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Figure 4- Flow cytometry graph depicting the monitoring of CD44+/CD24 cells (type 4T1 cancer cells) using

flow cytometry can be observed in the following manner:

Unstained 4T1 cells (a, b). 4T1 cells stained with anti-

CD44 and anti-CD24 antibodies (c). 4T1 cells treated with conditioned medium derived from MSCs and stained
with anti-CD44CD24 antibody (d). 4T1 cells adjacent to the conditioned medium were obtained from MSCs
treated with a 0.1 mM dose of caffeine and stained with anti-CD44 and CD24 antibodies (e). Adjacent 4T1 cells
with conditioned medium obtained from MSCs treated with a 0.5 mM dose of caffeine and stained with anti-

CD44 and CD24 antibody (f). 4T1 cells adjacent to cond

itioned medium obtained from MSCs treated with a 1

mM dose of caffeine and stained with anti-CD44 and CD24 antibodies (g).

Adenosine exists in minimal quantities within the
extracellular environment. Mesenchymal stem cells
can create adenosine and populate the extracellular
space by expressing substantial amounts of CD73.
CD73 plays a crucial role in adenosine production,
as it dephosphorylates adenine nucleotides into
AMP alongside the ecto-enzyme nucleoside
triphosphate phosphohydrolase (CD39) and further
dephosphorylates AMP into adenosine through
ecto-5' nucleotidase (CD73) [29,30]. It is well-
established that there are four subtypes of
adenosine receptors, namely A1R, A2AR, A2BR,
and A3R, which are expressed by MSC and play a
crucial role in the functionality of these cells.
Research has indicated that A2a adenosine
receptors act as the primary detectors for

extracellular adenosine levels and are prominently
present on the surface of MSC. Stimulation of A2BR
leads to upregulating osteoblast-related genes such as
Runx2 and alkaline phosphatase (ALP). At the same
time, an increase in A1R and A2AR expression is
associated with the differentiation of MSCs into
adipocytes [31]. The main impact of adenosine is the
activation of cAMP (a potent immunosuppressive
agent) [30]. Signaling through A2AR and A2BR is
counteracted by signaling through A1R and A3R [31].
Recent research has demonstrated stem cells' potential
as a viable anticancer therapy [32]. This ground-
breaking research has paved the way for using stem
cells to treat diverse ailments, including diabetes and
cancer [33]. MSCs can relocate to the tumor's location,
effectively impeding tumor growth. Moreover, they
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can serve as carriers for genetic material and
delivery vehicles for anticancer therapeutic protein
agents and therapeutic proteins, explicitly targeting
the tumor site. In vivo experiments have
demonstrated the potent inhibition of tumor growth
by MSCs in the case of Kaposi's sarcoma [34].
MSCs can suppress the activity of Kaposi's sarcoma
tumors by directly interacting with them, resulting
in the inhibition of protein kinase Akt [32].
Caffeine can impede the growth of different types
of cancer cells by halting the cell cycle and inducing
apoptosis. In the case of pancreatic and
neuroblastoma cancer cells, growth is hindered
through apoptosis. The mechanism by which
caffeine inhibits growth in JB6 Cl41 and H358 cells
involves elevating the level of p53 within the cell.
Research has demonstrated that caffeine increases
the presence of intracellular Ca?" via ryanodine
receptors, which then initiates apoptosis. For
instance, in human neuroblastoma cells, caffeine
raises the level of caspase 3, thereby triggering
apoptosis. At a molecular level, caffeine can also
disrupt cell division [35]. Furthermore, caffeine can
enhance the effects of chemotherapy drugs.
Following chemotherapy, caffeine increases
apoptosis in HL-60 and U937 cell lines. It is worth
noting that the specific molecular mechanisms
through which caffeine inhibits cancer cell growth
vary depending on the type of cell [36].

During a study on Kaposi's sarcoma, Khakoo et al.
discovered that injecting MSCs into the tumor
expansion areas reduces tumor growth. The
inhibitory effect of mesenchymal stem cells is
attributed to the inhibition of AKT protein kinase
activity in certain types of tumors including
sarcoma. This inhibitory action necessitates direct
cell-to-cell contact [32], as evidenced by increased
tumor cell growth without such contact. Some
research suggests that mesenchymal stem cells may
promote tumor progression, likely due to their
immunosuppressive characteristics. The presence
of mesenchymal stem cells in the lung tumor
environment has been noted in models where these
cells were introduced. Stromal components from

mesenchymal stem cells in the tumor micro-
environment probably exert inhibitory effects. By
inhibiting T-lymphocytes and dendritic cells through
E-cadherin blockade, mesenchymal stem cells may
contribute to tumor progression [37]. Experiments on
transplanted human hepatoma in animal models
revealed that the supernatant from mesenchymal stem
cells can extend tumor growth duration and reduce
tumor cell size. Additionally, targeting cancer cells
with DKK-1 secreted by mesenchymal stem cells,
which impacts the Wnt signaling pathway, may inhibit
the growth of cancer cells like MCF-7. However, other
studies contradict this claim and present opposing
views [32,38]. The findings from our research have
also validated that mesenchymal stem cells, when
treated with caffeine, can effectively inhibit the
growth of 4T1 cells in a dose-dependent manner.
Based on the results, it was observed that the
supernatant produced from the treatment of these cells
with 0.1 mM caffeine exhibited an enhanced
mitochondrial vitality in comparison to the control
group, although the difference was not statistically
significant. However, the membrane endocytosis
power was reduced at the same concentration,
indicating the possibility of two distinct states. One
possibility is that the resulting supernatant initially
impacted the membrane, while the other possibility
suggests that the mitochondria increased their activity
to compensate for any damaged proteins. In the
current investigation, it was observed that at a
concentration of 0.5 mM, there was an increase in the
endocytosis capability of the membrane, leading to
enhanced penetration of cytotoxic agents into the cell.
Consequently, the mitochondrial vitality decreased,
resulting in a lower column height than the control
group, with a significant difference at a concentration
of 0.1. On the other hand, at a concentration of 1 mM,
the impact of caffeine was reversed, showing an
increase in cytotoxicity compared to the 0.5 treatment
group.

However, it did not reach the level of the control
group. At this concentration, the cytotoxic effect on
the mitochondrial vitality of the cell was more
pronounced than that of the control group, although
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this difference was not statistically significant. The
lack of significance between the 0.1 level and the
control group may be attributed to the insufficient
dosage, which failed to target the adenosine
receptors adequately. At 1 mM concentration, the
inhibition of caffeine in the cellular processes
mentioned earlier likely led to decreased production
and secretion of cytotoxic agents from MSCs cells,
resulting in inadequate mitochondrial inhibition
and endocytosis activity in the resulting
supernatant. In the concentration of 1 mM
compared to 0.5 mM, there was no significant rise
in endocytosing membrane strength. However, in
the flowcytometry test, there was an increase in the
production of mediators that effectively reduced the
fundamental phenotype of cancer cells. The high
concentration of caffeine involves adenosine A2a
receptors, which increase intracellular calcium
levels. This increase in intracellular calcium is
linked to cell apoptosis. Therefore, the lack of
significant difference between the 0.5 and 1 mM
concentrations in MTT and NR results may be due
to increased apoptosis in mesenchymal stem cells,
leading to reduced cytotoxicity. Conversely, Al
and A3 receptors are activated at low
concentrations, inhibiting c-AMP production.
About the impact of MSCs on cancer cells, studies
have demonstrated that tumor growth is impeded
when mesenchymal cells are co-injected with
colorectal cancer cells. The presence of
macrophages and granulocytes is more significant
in the tumors injected with stem cells compared to
those injected without these cells [39].
Mesenchymal stem cells promote tumor growth by
producing proangiogenic factors like VEGF,
fibroblast-derived growth factor, PDGF, and SDF-
1. VEGF secretion enhances angiogenesis in the
vicinity of the tumor. Other growth factors such as
hepatocyte growth factor, cyclooxygenase, 1GF-1,
PDGF-a, and TGF-ol contribute to tumor
angiogenesis [40]. Karnoub et al. found that MSC-
derived CCL5 enhances breast tumor metastasis
[38]. The debate over whether mesenchymal stem
cells promote tumor growth or inhibit its prog-

ression likely hinges on the quantity of these cells
present [41]. A perspective to resolve this debate
suggests that immune modulation, cell interactions,
and soluble factors within the tumor micro-
environment determine the role of MSCs [42]. In
terms of the impact of mesenchymal stem cells on the
apoptosis and necrosis of cancer cells, analysis under
a fluorescent microscope revealed that the supernatant
from the 0.5 concentration induced the highest level of
apoptosis compared to the other treatments. Therefore,
it can be inferred that the cytotoxic effect was most
pronounced at this concentration.

4. Conclusion

The mesenchymal stem cells exposed to caffeine
exhibit the ability to suppress cancer cells. This
alteration in the membrane functionality of the cells
also impacted their mitochondrial activity. The
research findings suggest that the administration of
caffeine to mesenchymal stem cells enhances their
cytotoxic effects on cancer cells in a dose-dependent
manner, with the most significant impact observed at
a concentration of 0.5 mM. Furthermore, caffeine-
treated mesenchymal stem cells demonstrated a
capacity to diminish the population of cancer stem
cells, and the effectiveness of this action correlated
with the dosage. Overall, the optimal response
occurred with the treatment of 0.5 mM caffeine.
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