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Abstract

The objective was to explore the therapeutic potential of carrageenan and soy protein in treating colorectal cancer (CRC) by selectively
targeting cancer cells and modulating the chemokine receptor CXCR-4. The chemokine receptor CXCR-4 plays a crucial role in colon cancer
by promoting tumor cell proliferation, metastasis, and angiogenesis. Therefore, targeting CXCR-4 expression could be a promising approach
for colon cancer treatment. We conducted experiments using two groups of HCT-116 cells. The CS-HCT group was treated with a
combination of carrageenan and soy protein, while the untreated Group UHCT served as a control. The results demonstrated that the
combination treatment with carrageenan and soy protein led to a time-dependent decrease in cell viability compared to the untreated group.
The treated group exhibited significantly reduced cell viability, particularly after 48 and 72 hours of treatment. Moreover, the combination
treatment induced programmed cell death, as evidenced by increased levels of apoptosis after 48 hours. Interestingly, the expression of
CXCR-4 was significantly upregulated in response to the carrageenan/soy protein treatment. However, this increase in CXCR-4 expression
was associated with elevated apoptosis levels and reduced cell proliferation. Both apoptosis and cell proliferation were enhanced when
CXCR-4 expression levels decreased after 48 and 72 hours. Notably, the highest expression of CXCR-4 was observed at 24 hours of treatment
compared to later time points. The results underscore the therapeutic potential of carrageenan and soy protein in colon cancer by targeting
CXCR-4 expression, requiring further research for comprehensive understanding.
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INTRODUCTION Polysaccharides from seaweed have anticoagulant,
Chemokines are important cytokines that regulate cellular antioxidant, antitumor, and |mmunomodulatqry effgcts [6].
functions [1]. They can be divided into CXC and CC Ove_r 3000 antl-caqcer_cor_npounds have been identified from

marine sources, with inhibitory effects on cancer cells [6].
Marine polysaccharides enhance immune function and
regulate cell cycles, apoptosis-related genes, and signaling
pathways [7]. Some seaweed-derived compounds are already
used as cancer drugs [8]. Marine natural products offer a

subgroups based on cysteine residues [2]. CXCR-4, a crucial
chemokine receptor, binds to CXCL12 and triggers signaling
events for various cellular processes [2]. CXCR-4 facilitates
the migration of stem cells from the bone marrow to tissues
for tissue repair [1]. Elevated CXCR-4 levels contribute to

tumor progression by altering cell behavior and promoting PGS (or eoMESpeEeies SHEr =) Herkd, Resmad
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Marine organisms produce natural compounds with the https://doi.org/10.51847/CZ6T8KG5Ir

potential to treat diseases, including cancer [5].
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promising avenue for developing effective cancer therapies

[9].

Soybean contains compounds that can prevent and inhibit
cancer growth [10]. These compounds, including
phytosterols, phytates, saponins, protease inhibitors, phenolic
acids, and isoflavones [11], have hormonal and non-hormonal
properties that reduce the risk of various types of cancer [12].
Soy protein isolate has been associated with a decreased
occurrence of colon, breast, and prostate cancer [13].
Soybean bioactive peptides, such as isoflavones and genistein
[14], can inhibit cancer cell proliferation and induce apoptosis
[15]. Genistein is a powerful inhibitor that promotes cell
death, inhibits growth, regulates cell cycles, and prevents
angiogenesis [16]. It also blocks cancer-stimulating enzymes,
reduces hormone levels, and controls tumor angiogenesis
[15].

Colorectal cancer (CRC) is a highly prevalent and lethal form
of cancer, characterized by the accumulation of genetic and
epigenetic alterations over time [17]. Tumor suppressor genes
are blocked, and oncogenes are activated in CRC [18]. An
unhealthy diet and lifestyle contribute to the high incidence
of CRC [19], particularly in countries like Saudi Arabia,
Oman, and the UAE [18]. While chemotherapy is commonly
used for CRC treatment, it often leads to severe side effects
and some patients may develop resistance to chemotherapy
[17].

Therefore, considering the importance of investigating
natural therapeutic agents for CRC, this study aimed to
examine the impact of a mixture of carrageenan and soy
protein on the expression of CXCR-4 in the HCT-116 colon
cancer cell line at different time intervals. Additionally, the
study aimed to evaluate the effects of this treatment on the
levels of apoptosis in HCT-116 cells.

MATERIALS AND METHODS

Procurement and Dilution of k-Carrageenan
Sulfated Plant Polysaccharide and Soy Protein for
Cell Culture Application

The k-Carrageenan sulfated plant polysaccharide (powder)
was obtained from Sigma-Aldrich with the CAS Catalog
Number 11114-20-8, while the soy protein was purchased
from iHerp®. Both chemical compounds were diluted and
filtered using a 0.22-micron filter. The concentrations were
adjusted to approximately 0.025 mg for carrageenan and
0.005 mg for soy protein, which were dissolved in 100 pl of
DMEM culture media per 5000 HCT cells.

Culture and Treatment of HCT-116 Colon Cancer
Cell Line for Comparative Study

We used HCT-116 (ATCC®CCL247™) colon cancer cells
cultured in DMEM with fetal bovine serum and
penicillin/streptomycin. They were kept in a humidified
incubator and regularly split when they reached 70%

confluency. We assessed their viability using Trypan blue dye
[20, 21]. The cells were divided into two groups: untreated
(UHC group) and treated with a Carrageenan and Soy protein
(CS-HCT group) mixture. Samples were collected after 24,
48, and 72 hours.

Assessment of Cytotoxic Effects on HCT-116 Cells
Using MTT Assay

This study examined the effects of different treatments on
HCT-116 cells using the MTT assay. Cells were seeded in 96-
well plates at a concentration of 5x10° cells/well and treated
with either carrageenan/soy protein or left untreated. After
incubation, fresh culture medium and MTT solution were
added to each well, and the plate was incubated for 4 hours.
The formazan crystals were dissolved with DMSO, and the
absorbance was measured at 540 nm using a microplate
reader [21-23].

Flow Cytometry Analysis of HCT-116 Cell
Apoptosis Following Treatment

HCT-116 cells were plated in T-25 flasks (2x106 cells/flask)
and allowed to adhere for 24 hours. Treatments were applied
for 5 minutes, and the cells were incubated for different
durations (24, 48, and 72 hours) before being harvested and
washed. They were then transferred to FACS tubes and 5 pl
of FITC Annexin V Apoptosis detection kit 11 (Cat No 51-
6710AK) and 5 pl of propidium iodide (PI) were added and
analyzed using flow cytometry.

RNA Extraction and Gene Expression Analysis in
HCT-116 Cells Following Treatment

HCT-116 cells were cultured in T-75 flasks till the count
reached 6x108 per flask, subjected to specific conditions, and
collected as pellets after each incubation period. Pellets were
stored at -80°C for RNA extraction using the QIAGEN
RNeasy® Midi Kit. cDNA was synthesized from RNA with
the ImProm-II™ Reverse Transcription System and stored at
-20°C. Gene expression analysis was performed by
amplifying target-specific genes using BioFact™ 2X Real-
time PCR Master Mix [24, 25] and normalizing the
expression of GAPDH with data analysis using the 2—AACt
method [26].

Statistical Analysis of HCT-116 Cell Findings

The findings obtained from the study were subjected to
statistical analysis using MegaStat® software (Version 10.2
Release 2.1). To assess the statistical significance of
variations within the untreated control group and the
differences between the treated and untreated groups, a one-
way ANOVA (analysis of variance) was employed. A
significance level of P-value < 0.05 was used to determine the
statistical significance.

REsuLTs AND DiscussioN
Impact of Target Mixture on HCT-116 Cells after
24 Hours of Treatment
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In Figures 1a and 1b, the group of HCT cells treated with a
combination of carrageenan and soy protein (CS-HCT)
showed a significant increase in the expression of CXCR-4
compared to the untreated control group (p-value = 0.0001),
and the group treated for O hours (p-value = 0.0001). This
increase is visually depicted. Additionally, when HCT cells
were treated with a mixture of carrageenan and soy protein,
there was a reduction in cell shrinkage, membrane blebbing,
and cell fragmentation, although these changes were
observed in a smaller subset of cells compared to normal HCT
cells (Figure 1c). After 24 hours, the use of carrageenan and
soy protein resulted in a significant decrease in cell viability,
with a viability percentage of 78.8% compared to the initial
cell viability. This decrease in cell viability was statistically
significant (p-value= 0.0004) (Figure 1d). Furthermore, the
CS-HCT group showed a notable increase in overall
apoptosis of HCT-116 cells after 24 hours compared to the
untreated control group (p-value = 0.0000), as shown in
Figure le. Although the combination treatment exhibited a
non-significant increase in early apoptosis levels in HCT cells
after 24 hours, there was a significant rise in late apoptosis
compared to the O-hour time point (p-value = 0.0005), as
indicated by the data presented in Figures 1f and 1g.

Impact of Target Mixture on HCT-116 Cells after
48 Hours of Treatment

After a 48-hour treatment period, the group receiving a
combination of carrageenan and soy protein exhibited
comparable levels of CXCR-4 expression to both the
untreated control group and the 0-hour treatment group
(Figures 1a and 1b). However, when compared to the 24-
hour treatment group, the carrageenan/soy protein-treated
group showed a significant decrease in CXCR-4 gene
expression (p-value = 0.0000) (Figure 1b). Morphologically,
the HCT-116 cells treated with the carrageenan/soy protein
mixture for 48 hours displayed enhanced apoptotic
characteristics, such as cell shrinkage, membrane blebbing,
cell fragmentation, and condensation and fragmentation of
the nucleus, as shown in Figure 1c. Although there was a
slight non-significant increase in cell viability after 48 hours
in the carrageenan/soy protein-treated group compared to 24
hours, it remained significantly lower than the viability of
untreated cells, with a viability percentage of 82.95% (Figure
1d). Statistical analysis confirmed the significance of these
changes (p-value = 0.028). Furthermore, there was a marked
increase in total apoptosis of HCT-116 cells after 48 hours of
treatment with the carrageenan and soy protein mixture
compared to both the baseline of the untreated control group
and the 24-hour treatment period (p-value = 0.0000 for each
time point) (Figure 1e). In contrast, the combination
treatment showed a significant decrease in early apoptosis
levels in HCT cells compared to levels observed after O hours
or 24 hours of treatment (p-value=0.0039 and 0.0020,
respectively) (Figure 2f). Levels of late apoptosis after 48
hours of exposure to the mixture of carrageenan and soy
protein showed an extremely significant decrease compared
to the level after 24 hours of treatment (p-value = 0.0031).
However, there was a non-significant increase compared to

the 0-hour time point, as indicated by the data presented in
Figures 2f and 2g.

Impact of Target Mixture on HCT-116 Cells after
72 Hours of Treatment

The HCT cells treated with the carrageenan/soy protein
mixture did not show a significant increase in CXCR4 mRNA
compared to the untreated control group (Figure 3a).
However, there was a significant decrease in CXCR-4 gene
expression compared to the 24-hour time point (p-value =
0.0000), but no significant change compared to the 0-hour
and 48-hour treatments (Figure 3b). The morphological
changes observed in HCT-116 cells after 72 hours of
treatment with the carrageenan and soy protein mixture were
consistent with the apoptotic features observed at the 48-hour
mark (Figure 3c). Although there was a continued increase
in cell viability after 72 hours in the carrageenan/soy protein-
treated group compared to both 24 and 48 hours, it remained
significantly lower than the viability of untreated cells, with
a viability percentage of 86.86%. These changes were
statistically significant (p-value=0.0175) (Figure 3d).
Furthermore, the carrageenan and soy protein mixture
induced a significant increase in overall apoptosis of HCT-
116 cells after 72 hours compared to the baseline of the
untreated control group and the 48-hour treatment (p-
value=0.0000). Interestingly, the level of apoptosis in the CS-
HCT group cells showed no significant change after either 24
or 72 hours of treatment (Figure 3e). Meanwhile, the mixture
of carrageenan and soy protein treatment showed a non-
significant change in early apoptosis levels compared to its
levels observed after 0 hours, 24 hours, and 48 hours of
treatment (Figure 3f). On the other hand, the late apoptosis
level after 48 hours of exposure to the mixture of carrageenan
and soy protein still showed a significant decline compared
to the level after 24 hours of treatment (p-value = 0.0008).
However, no significant changes were observed compared to
the 0-hour and 48-hour time points, as indicated by the data
presented in Figures 3f and 3g.

Natural products such as carrageenan and soy protein have
garnered considerable interest in cancer therapeutics due to
their targeted effects on cancer cells and minimal adverse
effects [27]. This growing interest reflects the exploration of
various natural products for their potential anti-cancer
properties. Remarkably, approximately 60% of approved
cancer drugs have their origins in natural sources,
underscoring their significant role in medicine [5, 17]. The
results of the study demonstrate a time-dependent effect of
the carrageenan and soy protein treatment on the viability of
HCT-116 cells. The findings indicate that the mixture of
carrageenan and soy protein has the potential to significantly
reduce the viability of these cells. Throughout the 48 and 72-
hour treatment periods, the viability of the treated group
remained significantly lower compared to the untreated
control group.
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Figure 1. Presents the characterization of the HCT cell line
following a 24-hour treatment using a mixture of soy
protein and carrageenan.

The two groups being compared in this study are the untreated
control group (UHCT) and the treated group with
carrageenan and soy protein (CS-HCT). To determine the
significance between these groups, statistical analysis was
performed using one-way ANOVA with a significance level
of P < 0.05. The expression profile of the CXCR-4 gene in
both the treated and untreated HCT cell groups is illustrated
in a graph (a). Graph (b) specifically shows the expression
profile of the CXCR-4 gene in the CS-HCT treated group
after 0 hours. Morphological changes in HCT cells after
treatment are depicted in a photograph (c), where black
arrows indicate normal features of HCT cells, such as a round
nucleus, and red arrows indicate observed cell shrinkage and
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Figure 2. Characterization of HCT cell line following 48-
hour treatment with a mixture of soy protein and
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The experiment had two groups - the untreated control group
(UHCT) and the treated group with carrageenan and soy
protein (CS-HCT). A statistical analysis was conducted using
one-way ANOVA with a significance level of P < 0.05 to
determine the significance between the two groups. Graph A
displays the expression profile of the CXCR-4 gene in both
the treated and untreated HCT cell groups. Graph B shows
the expression profile of the CXCR-4 gene specifically in the
CS-HCT treated group after O hours and 24 hours.
Morphological changes in HCT cells after treatment are
depicted in graph C, where black arrows indicate normal
features of HCT cells and red arrows indicate observed
condensation and fragmentation of the nucleus in treated
HCT cells. Graph D shows alterations in the cell viability of
HCT cells treated with carrageenan and soy protein, while
graph E presents the overall apoptosis levels of HCT cells
after treatment. Graph F shows the overall apoptosis levels of
HCT cells concerning the early apoptosis level following
treatment with carrageenan and soy protein, and graph G
demonstrates the overall apoptosis levels of HCT cells
concerning the late apoptosis level after treatment with
carrageenan and soy protein.
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Figure 3. Characterization of HCT cell line following 72-
hour treatment with a mixture of soy protein and
carrageenan.

The untreated control group is referred to as UHCT, while the
group treated with carrageenan and soy protein is called CS-
HCT. To assess the significance between the treated and
untreated cells, statistical analysis was conducted using one-
way ANOVA at a significance level of P < 0.05. The graph
(a) depicts the expression profile of the CXCR-4 gene in both
treated and untreated HCT cell groups. Graph (b) illustrates
the expression profile of the CXCR-4 gene specifically in the
CS-HCT treated group after O hours and 24 hours.
Meanwhile, the morphological changes in HCT cells after
treatment are shown in graph (c), with black arrows
indicating normal features of HCT cells, such as a round
nucleus, and red arrows showing observed condensation and
fragmentation of the nucleus in treated HCT cells. The graph
(d) displays changes in cell viability of HCT cells treated with
carrageenan and soy protein. Furthermore, the graph (e)
presents the overall apoptosis levels of HCT cells following
treatment with carrageenan and soy protein. Additionally,
graph (f) shows the overall apoptosis levels of HCT cells
concerning the early apoptosis level after treatment with
carrageenan and soy protein. Lastly, graph (g) demonstrates

the overall apoptosis levels of HCT cells concerning the late
apoptosis level following treatment with carrageenan and soy
protein.

This suggests that carrageenan and soy protein could be
effective agents for decreasing cell viability in HCT-116
cells. Moreover, the observed morphological changes in the
cells, which began at 24 hours and intensified until 72 hours
of treatment, support the induction of apoptotic cell death by
the carrageenan and soy protein mixture. These changes,
along with the significant increase in overall apoptosis
compared to the control group, provide further evidence of
the treatment's ability to induce apoptosis in the treated cells.
The effect of carrageenan and soy protein on HCT-116 cells
may be explained by several potential mechanisms [28]. One
possible mechanism is the induction of programmed cell
death, or apoptosis, in the cells. Additionally, carrageenan
and soy protein may hinder cell proliferation by interfering
with cell cycle progression or disrupting growth factor
signaling pathways [29]. Another mechanism could involve
the disruption of cell membrane integrity, either through
physical interactions between the food additives and the cell
membrane or by activating signaling pathways associated
with the membrane. Furthermore, carrageenan and soy
protein might induce oxidative stress in the cells, leading to
cellular damage and eventual cell death [30].

Cytotoxicity is the process by which damaged or unnecessary
cells are naturally eliminated from the body. In cancer cells,
apoptosis, the programmed cell death, is often disrupted,
leading to uncontrolled growth. Inducing apoptosis in cancer
cells is a common strategy for cancer treatment [31]. The
current treatment resulted in noticeable changes in cell
morphology resembling apoptosis, such as cell shrinkage,
membrane blebbing, and cell fragmentation with condensed
or fragmented nuclei [32]. These findings suggest that the
treatment induces programmed cell death or apoptosis,
indicating its potential as a cancer therapy. The cytotoxicity
of the carrageenan/soy protein mixture may be attributed to
the physical properties of the mixture [33]. Carrageenan
might interact with the negatively charged cell membrane of
HCT cells, causing damage and triggering apoptosis.
Similarly, the soy protein may exert toxic effects on the cells
through mechanisms that are not yet fully understood [34].
This study demonstrated a significant increase in total
apoptosis in HCT cells treated with carrageenan and soy
protein at 24hrs, 48hrs, and 72hrs compared to the initial time
point. The effect on total apoptosis was more pronounced at
later time points [35], with a significant increase observed at
24hrs and 72hrs compared to 48hrs according to the research.

The study revealed that the combination treatment of
carrageenan and soy protein had a time-dependent effect on
early apoptosis levels in HCT cells, which exhibited the most
significant increase at 48 hours compared to 24 and 72 hours.
This suggests that the treatment's impact on apoptosis may
vary at different time points, potentially due to the activation
of specific signaling pathways associated with programmed

.Archives of Pharmacy Practice | Volume 15 | Issue 1 | January — March 2024




El Hadad et al.: Impact of Carrageenan-Soy Protein Combination on CXCR-4 Expression, Cell Viability, and Apoptosis in HCT-116 Cells

cell death [31]. It is important to consider that factors beyond
the scope of this study, such as the specific mechanisms
underlying apoptosis induction in HCT cells, could influence
the observed fluctuations in early apoptosis levels [36].
Nevertheless, the findings emphasize the significance of
treatment duration in effectively inducing apoptosis and
suggest potential therapeutic applications in cancer treatment
[32].

Late apoptosis, an irreversible form of programmed cell
death, plays a crucial role in maintaining tissue homeostasis
and eliminating damaged or abnormal cells from the body
[37]. The current study demonstrated that the combination
treatment of carrageenan and soy protein had a notable impact
on late apoptosis levels in HCT cells. After 24 hours, there
was a significant increase in late apoptosis compared to the
control group, but no significant differences were observed
between the 48 and 72-hour time points. Additionally, there
was no statistical significance at 72 hours compared to the
initial 0-hour measurement. These findings suggest that the
treatment activated specific signaling pathways that led to the
induction of late apoptosis; however, the sustained effect over
time was not observed [38]. Possible explanations for the lack
of significance at 48 and 72 hours could be the activation of
compensatory mechanisms or the clearance of apoptotic cells
by phagocytes [39].

The chemokine receptor CXCR-4 plays a role in colon
cancer, as it promotes tumor cell proliferation, metastasis, and
angiogenesis while also being associated with advanced
disease stages and poor prognosis [40]. Although reducing
CXCR-4 expression may improve prognosis by inhibiting
tumor cell migration and invasion, the mechanisms
underlying CXCR-4 downregulation in colon cancer are not
fully understood [41]. In the context of cancer, elevated levels
of CXCR-4 expression can enhance tumor cell survival,
proliferation, angiogenesis, and metastasis. CXCR-4 interacts
with its ligand, CXCL12, which is found in various tissues
and organs, attracting cancer cells to those sites, and
facilitating their colonization. This process is known as
chemotaxis [42]. Our research findings demonstrate that the
treatment with carrageenan and soy protein has a significant
impact on CXCR-4 expression. Notably, there was a
significant increase in CXCR-4 transcript levels observed
after 24 hours compared to other periods. Specifically, the
expression of CXCR-4 was notably higher in the CS-HCT
group at 24 hours compared to both the untreated control
group and the CS-HCT group treated for 48 and 72 hours. It
is worth mentioning that the overall impact of modulating
CXCR-4 expression can vary depending on factors such as
the specific tumor context, cancer stage, and interactions with
other signaling pathways [43]. The significant increase
observed in CXCR-4 expression could potentially promote
tumor cell proliferation, metastasis, and angiogenesis, which
are frequently associated with a more aggressive phenotype
and poorer prognosis in colon cancer [41]. On the other hand,
if the treatment leads to a decrease in CXCR-4 expression, it
may have beneficial effects. Several studies suggest that

reducing CXCR-4 expression can inhibit tumor cell
migration, invasion, and angiogenesis. Such downregulation
may result in decreased tumor aggressiveness and improved
prognosis in colon cancer [7, 44]. Multiple potential
mechanisms contribute to the downregulation of CXCR-4 in
colon cancer, including epigenetic modifications, regulation
at the transcriptional level by specific transcription factors,
post-translational modifications, and interactions with other
signaling pathways implicated in colon cancer [45]. In certain
circumstances, CXCR-4 signaling may indirectly impact the
expression or activity of proapoptotic genes through cross-
talk with other signaling pathways or modulation of cellular
survival mechanisms. CXCR-4 signaling has been shown to
interact with pathways such as PI3K/Akt and MAPK, which
are known to regulate cell survival and apoptosis [7].
Activation of CXCR-4 can lead to the activation of these
pathways, promoting cell survival and inhibiting apoptosis.
Conversely, blocking CXCR-4 signaling may reduce pro-
survival signals and potentially contribute to the induction of
apoptosis. In summary, while CXCR-4 signaling itself does
not directly stimulate proapoptotic genes, its complex
network of interactions with other signaling pathways may
indirectly influence apoptotic processes [46]. Also, the
current study illustrated that carrageenan/soy protein
treatment increased apoptosis levels in HCT cells, which
correlated with CXCR-4 mRNA levels. The precise
mechanisms and pathways through which CXCR-4 induces
apoptosis instead of cell survival [40] are not yet clear.
However, CXCR-4 may induce apoptosis by activating the
intrinsic apoptotic pathway, which involves the up-regulation
of Bak and the down-regulation of antiapoptotic Bcl-XL [46].

CoONCLUSION

The study demonstrates the therapeutic potential of
manipulating CXCR-4 expression in colon cancer using a
combination treatment of carrageenan and soy protein. This
treatment leads to a significant reduction in cell proliferation
and an increase in apoptosis compared to the control group.
The exact mechanisms underlying CXCR-4-induced
apoptosis are not fully understood but involve the activation
of the intrinsic apoptotic pathway. The combination treatment
shows a time-dependent induction of programmed cell death,
with the greatest increase in early apoptosis after 48 hours.
These findings suggest that the carrageenan and soy protein
combination treatment has the potential to effectively induce
programmed cell death, particularly in the early stages of
apoptosis. This research highlights the promise of using
carrageenan and soy protein as complementary therapy in
cancer treatment, even in the advanced stages of the disease.
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