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Abstract: Background: Fucoxanthin, a carotenoid predominantly found in brown algae, exhibits notable anti-tumor activity. However,
its mechanisms underlying the inhibition of leukemia cell proliferation remain poorly understood. Here, we explored the effect of
Sargassum fusiforme fucoxanthin (SFFx) on the proliferation of human acute non-B non-T lymphocytic leukemia REH cells and its
underlying mechanism. Methods: The MTT assay was used to assess the impact of SFFx on REH cell viability. EAU assay, TUNEL assay,
and propidium iodide (PI) staining were employed to evaluate cell proliferation, DNA damage, and cell cycle distribution, respectively.
Intracellular reactive oxygen species (ROS) levels and mitochondrial membrane potential (MMP) were measured using DCFH-DA
fluorescent probe and JC-1 staining, respectively. The expression levels of Cyclin E1, Cyclin-Dependent Kinase 1 (CDK1), CDK2, CDKA4,
and TP53 in REH cells were detected by qRT-PCR and Western blot. Results: SFFx inhibited REH cell viability in a concentration- and
time-dependent manner (P<0.01). SFFx significantly increased intracellular ROS levels and decreased MMP (P<0.01). Furthermore,
SFFx induced G1 phase cell cycle arrest in REH cells, significantly upregulating the expression of the cell cycle-related gene TP53 and its
protein p53 (P<0.01), while downregulating the expression of CCNE1, CDK1, CDK2, CDK4 genes and their corresponding proteins
Cyclin E1, CDK1, CDK2, and CDK4 (P<0.01). Conclusion: Fucoxanthin from Sargassum fusiforme inhibits REH cell proliferation by
inducing cell cycle arrest, this study provides theoretical support for the development and utilization of Sargassum fusiforme resources

and the research of anti-leukemia drugs.
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1. Introduction

Leukemia, a highly aggressive hematologic malignancy, is
one of the most virulent blood-related disorders, characterized
by challenging treatment modalities and high relapse rates [1].
Recent pediatric tumor surveillance reports indicate that
leukemia is the most prevalent life-threatening disease among
children [2,3]. Acute lymphoblastic leukemia (ALL), a
subtype of leukemia, predominantly affects children aged 0-9
years, accounting for approximately 70% of leukemia cases in
this age group [4]. Clinical manifestations include
hemorrhage, anemia, and extensive infiltration of leukemic
cells into organs, posing significant threats to affected
children’s health [5]. Current clinical treatments for ALL
encompass hematopoietic stem cell transplantation,
chemotherapy, radiotherapy, and targeted immunotherapies
[6-8]. Although chemotherapy remains the primary approach,
achieving durable remission in ALL patients remains
challenging, often leading to relapse. Thus, exploring novel
therapeutic strategies and targets is critical to improving
patient compliance and quality of life.

In recent years, natural products have garnered increasing
attention for cancer treatment [9]. Moreover, drug
repurposing of natural compounds has emerged as an

alternative strategy for anticancer drug development,
significantly  shortening development timelines and
expanding therapeutic options for leukemia patients.

Fucoxanthin (Fx), a naturally occurring carotenoid, is

abundantly found in algae, marine phytoplankton, aquatic
mollusks, and invertebrates [10]. Fx exhibits diverse
bioactivities, including immune enhancement, nutritional
fortification, and antioxidant, anti-aging, anti-obesity,
glucose-regulating, and anti-inflammatory effects [11,12].
Notably, Fx demonstrates potent antitumor activity against
skin cancer, leukemia, and tongue carcinoma. Fang et al. [13]
revealed that Fx suppresses cancer cell migration and invasion
by inhibiting the PI3K/Akt signaling pathway, thereby
inducing apoptosis, cell cycle arrest, and inhibiting tumor
growth in murine models. Additionally, Fx downregulates
HIST1H3D expression, inhibiting proliferation and colony
formation in cervical cancer cells (HeLa and SiHA),
promoting apoptosis, and inducing G0/G1 phase arrest [14].

Our prior studies demonstrated that Sargassum fusiforme
fucoxanthin (SFFx) promotes apoptosis and cell cycle arrest
in human acute lymphoblastic leukemia cells (CEM/C1) by
targeting protein kinase B (Akt). Fx also upregulates
Caspase-3 and Bax while downregulating Bcl-2, inducing
apoptosis and cell cycle arrest in HEL cells [15, 16]. However,
current research on Fx’s antitumor effects primarily focuses
on apoptosis induction, with limited reports on its molecular
mechanisms of proliferation inhibition. Therefore, this study
employs REH cells as a model to investigate SFFx’s
antiproliferative effects and underlying mechanisms. The
findings aim to facilitate the utilization of Sargassum
fusiforme resources and advance Fx as a potential anticancer
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agent, offering a promising therapeutic strategy for ALL.
2. Material and Methods
2.1 Cell Cultures

The REH and 293T cell lines used in this study were obtained
from the Shanghai Institute of Cell Biology, Chinese
Academy of Sciences. All cells were routinely cultured in
complete DMEM medium (Corning, USA) supplemented
with 10% fetal bovine serum (Gibco, USA) and a
dual-antibiotic solution (containing 100 IU/mL penicillin and
100 pg/mL streptomycin, TransGen, Beijing) to maintain
normal cell growth. The cells were incubated in a humidified
atmosphere at 37°C with 5% CO2.

2.2 Cell Viability Assay

REH and 293T cells were seeded in 96-well plates at a density
of 5x10* cells/mL and cultured overnight. Experimental
groups were treated with Sargassum fusiforme fucoxanthin
(SFFx; dissolved in DMSO, provided by Zhejiang Wanli
University, purity >95%) for 24, 48, and 72 hours, while the
negative control group received an equal volume of
DMSO/DMEM mixture for equivalent durations. Five

replicate wells were prepared for each experimental condition.

Following treatment, methyl thiazolyl tetrazolium (MTT;
Solarbio, Beijing, China) solution was added, and cells were
incubated at 37°C for 4 hours. The medium was then carefully
aspirated, and DMSO was added to dissolve the formazan
crystals with 15 minutes of orbital shaking. Absorbance was
measured at 570 nm using a microplate reader (Allsheng,
Hangzhou, China), and cell viability rates were calculated
accordingly.

2.3 EdU Fluorescence Staining Assay

Cell proliferation was assessed using the EdU cell
proliferation detection kit (Abbkine, Wuhan, China)
following treatment with varying concentrations of SFFx for
48 hours in REH cells. Briefly, pre-warmed EdU working
solution was added to treated cells and incubated for 2 hours.
After removing the medium, cells were fixed with 3.7%
formaldehyde in PBS and permeabilized with 0.5% Triton
X-100 in PBS for 15 minutes. Subsequently, 100 pL of
reaction cocktail was added to each well and incubated at
room temperature in the dark for 30 minutes. Finally, 100 pL
of Hoechst 33342 staining solution was added per well and
incubated under the same light-protected conditions for 10
minutes. Fluorescence images were randomly captured at
200x magnification.

2.4 Hoechst 33342 Fluorescence Staining Assay

Cells were seeded in 12-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
ng/mL SFFx for 48 hours. The cells were then collected by
centrifugation in 1.5 mL microcentrifuge tubes, fixed with 1
mL of fixative solution, and stored overnight at 4°C. After
centrifugation, the cells were resuspended in 1 mL PBS, and
50 pL of the suspension was dropped onto glass slides,
air-dried using an alcohol lamp, and prepared as cell smears.
Subsequent steps were performed according to the Hoechst

staining kit instructions (Solarbio, Beijing, China). The
smears were observed and photographed under an inverted
fluorescence microscope.

2.5 TUNEL Staining Assay

Cells were seeded in 12-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pg/mL SFFx for 48 hours. The cells were then collected by
centrifugation in 1.5 mL microcentrifuge tubes, fixed with 1
mL of fix-ative solution, and stored overnight at 4°C. After
centrifugation, the cells were re-suspended in 1 mL PBS, and
50 puL of the suspension was dropped onto glass slides,
air-dried using an alcohol lamp, and prepared as cell smears.
Subsequent steps were performed according to the TUNEL
staining kit instructions (Solarbio, Beijing, China). The
smears were observed and photographed under an inverted
fluorescence microscope.

2.6 Apoptosis Assay

Cells were seeded in 12-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pg/mL SFFx for 48 hours. After treatment, cells were washed
twice with cold PBS and resuspended in 100 pL of 1% binding
buffer. Subsequently, 5 pL of Annexin V-FITC and 2 pL of
propidium iodide (PI) were added to the cell suspension. The
mixture was gently vortexed and incubated for 15 min at room
temperature in the dark. Following incubation, 300 pL of 1x
binding buffer was added to stop the reaction. Samples were
kept on ice and analyzed by flow cytometry within 1 hour to
determine apoptotic populations

2.7 Cell Cycle Analysis

Cells were seeded in 12-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pg/mL SFFx for 48 hours. After treatment, cells were washed
twice with cold PBS and fixed overnight in 70% ethanol at
4°C. After fixation, the cells were collected by centrifugation.
The cell pellet was resuspended in 500 pL of PI/RNase
staining buffer, followed by 15 minutes of incubation in the
dark with gentle agitation. Cell cycle distribution was then
analyzed using flow cytometry.

2.8 Measurement of ROS Levels

Cells were seeded in 12-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pg/mL SFFx for 48 hours. After treatment, the harvested cell
pellet was resuspended in 500 pL of serum-free DMEM
medium, followed by addition of the DCFH-DA fluorescent
probe to a final concentration of 10 pM. The cell suspension
was then transferred to a 37°C, 5% CO2 incubator for 20
minutes of protected incubation in the dark, with gentle
mixing every 5 minutes to ensure thorough probe-cell
interaction. After incubation, cells were washed three times
with ice-cold serum-free DMEM to completely remove
unincorporated free probe molecules. Analysis was performed
using a BD FACSVerse flow cytometer equipped with a 488
nm argon-ion laser for excitation, and DCF green
fluorescence signals were collected at an emission wavelength
of 525 nm.
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2.9 Measurement of Mitochondrial Membrane Potential

The mitochondrial membrane potential was measured using
the JC-1 mitochondrial membrane potential assay kit (Absin,
Shanghai, China). Cells were seeded in 12-well plates at a
density of 5x10* cells/mL. After 24 hours, they were treated
with 0, 3, 6, or 9 pg/mL SFFx for 48 hours. After treatment,
the cells were then washed twice with PBS buffer pre-cooled
to 4°C. The digested cells were suspended in 0.5 mL of
culture medium containing 10% fetal bovine serum, and an
equal volume of JC-1 staining solution was added. After
gentle mixing, the suspension was transferred to a 37°C, 5%
CO: incubator for 20 minutes of protected incubation in the
dark. Following staining, the cells were washed twice with
JC-1-specific washing buffer to remove unbound dye. Finally,
the cells were resuspended in 500 pL of staining buffer and
immediately analyzed using a flow cytometer (BD

FACSCalibur, USA) to assess mitochondrial membrane
potential.

2.10 RT-qPCR Analysis

Cells were seeded in 6-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pg/mL SFFx for 48 hours. After treatment, total RNA was
extracted from fucoxanthin-treated REH cells using an RNA
extraction kit (Magen, Shanghai, China). After quantification
and normalization, the extracted RNA was reverse -
transcribed into cDNA using a TransGen reverse transcription
kit. Subsequently, RT-qPCR analysis was performed using
SYBR Green dye (TransGen, Beijing, China) on a
QuantStudio real-time PCR system (Thermo Fisher, USA).
The following primer sequences were used:

Table 1: Primers used for RT-qPCR.

Genes Forward Primers (5'—>3") Reverse Primers (5'—3')

CDK1 TCAGTCTTCAGGATGTGCTTATGC CCATGTACTGACCAGGAGGGATAG
CDK2 TGCCTGATTACAAGCCAAGTTTCC GCGATAACAAGCTCCGTCCATC
CDK4 TGCCACATCCCGAACTGACC GTGCCTTGTCCAGATATGTCCTTAG

CCNEI GTCCTGGATGTTGACTGCCTTG GTTCTCTATGTCGCACCACTGATAC
TP53 GCGTGTTTGTGCCTGTCCTG GTGCTCGCTTAGTGCTCCCT

S-actin CCACGAAACTACCTTCAACTCCATC AGTGATCTCCTTCTGCATCCTGTC

2.11 Western Blot for Protein Levels

Cells were seeded in 6-well plates at a density of 5x10*
cells/mL. After 24 hours, they were treated with 0, 3, 6, or 9
pug/mL SFFx for 48 hours. After treatment, the harvested cell
pellet was lysed by adding 400 puL of RIPA lysis buffer
containing 1% PMSF and incubating on ice for 30 min. The
resulting cell lysate was then centrifuged at 12,000 rpm (4 °C)
for 5 min, and the supernatant was collected. Protein
concentration was determined using the BCA assay. After
separation by SDS-PAGE, the proteins were transferred onto
a PVDF membrane. Following transfer, the membrane was
blocked with 5% skim milk in TBST at room temperature for
1 h with gentle shaking. The membrane was then incubated
with primary antibody overnight at 4 °C. The next day, the
membrane was washed with PBST and incubated with
secondary antibody for 1 h at room temperature with shaking,
followed by signal development. The results were visualized
using a gel imaging system, and band intensities were
quantified using Image] software. GAPDH served as the
internal control for target protein normalization.

2.12 Statistical Methods

Statistical analysis was performed using GraphPad Prism 10
software. All data are presented as mean + standard deviation
(X£s). For data with normal distribution and homogeneity of
variance, one-way ANOVA was used for comparison. When
data failed to meet assumptions of normality or equal variance,
the non-parametric Kruskal-Wallis test was employed. A
P-value <0.05 was considered statistically significant.

3. Result

3.1 Survival Rate of SFFx on REH Cell

The effects of SFFx treatment time and concentration on REH
cell growth are shown in Figure 1-A. At the same treatment

time, the survival rate of REH cells decreased with increasing
concentration of SFFx (P<0.01). At the same treatment
concentration, the survival rate of REH cells decreased with
increasing time of SFFx action (P<0.01). The inhibitory effect
of SFFx on REH cells is concentration-dependent and
time-dependent. After 24 hours of action, the IC50 of SFFx on
REH cells was 14.23 pg/mL, after 48 hours of action, the IC50
of SFFx on REH cells was 6.09 pg/mL, and after 72 hours of
action, the IC50 of SFFx on REH cells was 2.95 pg/mL.
Subsequent experiments chose 48 hours of SFFx treatment as
the action time. The toxic effect of SFFx on normal cells is
shown in Figure 1-B. Compared with REH cells, SFFx had
almost no inhibitory effect on 293T cells. When the
concentration of SFFx was 10 ug/mL, the survival rate of
REH cells was about 37% (P<0.01), and the survival rate of
293T cells was about 88% (P<0.05), indicating that SFFx is
not toxic or has low toxicity to human embryonic kidney cells
293T, so the maximum concentration of SFFx chosen for
subsequent experiments was 9 pg/mL. Based on the above
results, SFFx concentrations of 3, 6, and 9 pg/mL were
selected as experimental concentrations, and 48 hours as the
treatment time.

3.2 Effect of SFFx on the Proliferation of REH Cells

As shown in Figures 2-A and 2-B, the fluorescence intensity
of EdU decreases with increasing concentration of SFFx. As
shown in Figure 2-C, the EdU-positive cell rate in the control
group was 95%, indicating that REH cells are generally in a
proliferative state. When the concentration of SFFx was 3
pg/mL, the EdU-positive cell rate dropped to 80% (P<0.05);
when the concentration of SFFx was 6 pg/mL, the
EdU-positive cell rate dropped to 54% (P<0.01); when the
concentration of SFFx was 9 pg/mL, the EdU-positive cell
rate dropped to 38% (P<0.01). The results indicate that SFFx
inhibits the proliferation of REH cells in a dose-dependent
manner, which is consistent with the MTT results.
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3.3 Effect of SFFx on the Morphology of REH Cells

As shown in Figure 3, the nuclei of REH cells in the control
group were clearly stained with relatively uniform
fluorescence, and the apoptosis rate was 3%, indicating that
the cells were generally in a normal growth state without
apoptosis. When the concentrations of SFFx were 3 and 6
pg/mL, a small number of cells with nuclear contraction and
uneven fluorescence distribution appeared, and the apoptosis
rates were 5% and 9% respectively (P>0.05); when the
concentration of SFFx was 9 ng/mL, a larger number of cells
with nuclear contraction and uneven fluorescence distribution
appeared, and the apoptosis rate reached 43% (P<0.01). The
results indicate that SFFx does not promote apoptosis of REH
cells at low and medium concentrations, but promotes cell
apoptosis at high concentrations.

3.4 Effect of SFFx on DNA Damage in REH Cells

As shown in Figures 4-A and 4-B, compared with the control
group, the TUNEL fluorescence intensity was not
significantly enhanced when the concentrations of SFFx were
3 and 6 pg/mL (P>0.05), but it was significantly enhanced
when the concentration of SFFx was 9 pg/mL (P<0.01). As
shown in Figure 4-C, the TUNEL-positive cell rate in the
control group was 3%, indicating that REH cells were
generally in a normal growth state without apoptosis. When
the concentrations of SFFx were 3 and 6 pg/mL, the
TUNEL-positive cell rates were 4% and 5% respectively
(P>0.05); when the concentration of SFFx was 9 pg/mL, the
TUNEL-positive cell rate reached 34% (P<0.01). These
results are consistent with the Hoechst staining results.

3.5 Effect of SFFx on Apoptosis in REH Cells

The results of cell apoptosis are shown in Figure 5. The total
apoptosis rate of cells in the control group was 3%, with 1%
early apoptotic cells and 2% late apoptotic cells, indicating
that REH cells hardly underwent apoptosis. When the
concentration of SFFx was 3 pg/mL, the total apoptosis rate of
cells was 5% (P>0.05), with 2% early apoptotic cells (P>0.05)
and 3% late apoptotic cells (P>0.05); when the concentration
of SFFx was 6 pg/mL, the total apoptosis rate of cells was 6%
(P>0.05), with 3% early apoptotic cells (P<0.05) and 3% late
apoptotic cells (P>0.05); when the concentration of SFFx was
9 pg/mL, the total apoptosis rate of cells reached 32%
(P<0.01), with 2% early apoptotic cells (P>0.05) and 30% late
apoptotic cells (P<0.01). These results corroborate the cell
staining results.

3.6 Effect of SFFx on the Cell Cycle of REH Cells

As shown in Figure 6-A, the cell cycle of REH cells is arrested
at the G1 phase. As shown in Figures 6-B to 6-D, with the
increase of SFFx concentration, the cells in the G1 phase
significantly increased (P<0.05, P<0.01), and the cells in the S
phase and G2 phase significantly decreased (P<0.01). When
the concentration of SFFx was >3 ng/mL, the cells in the G2
phase decreased to 6% (P<0.01). After treating REH cells
with 9 pg/mL SFFx, the cells in the G1 phase increased to 72%
(P<0.01), and the cells in the S phase decreased to 21%
(P<0.01). These results indicate that SFFx may inhibit the
proliferation of REH cells by arresting their cell cycle at the

G1 phase.
3.7 Effect of SFFx on ROS Levels in REH Cells

As shown in Figure 7A, with the increase of SFFx
concentration, the center of the DCF fluorescence intensity
detection signal shifted to the right along the horizontal axis,
indicating an increase in intracellular ROS levels. As shown
in Figure 7B, the average DCF fluorescence intensity of the
control group was 85; when the concentrations of SFFx were
3 and 6 pg/mL, the average DCF fluorescence intensity
increased to 180 and 213 respectively (P<0.05); when the
concentration of SFFx was 9 ug/mL, the average DCF
fluorescence intensity increased to 406 (P<0.01). These
results indicate that SFFx can promote the increase of ROS
levels in REH cells.

3.8 Effect of SFFx on MMP in REH Cells

The MMP results are shown in Figure 8. The JC-1
fluorescence signal shifted downward along the vertical axis
(Figure 8A), the proportion of JC-1 aggregates decreased, and
the proportion of monomers increased (Figure 8B), and the
JC-1 red-to-green fluorescence ratio decreased (Figure 8C). In
the control group, JC-1 aggregates accounted for 97%, and
JC-1 monomers accounted for 3%; when the concentration of
FX was 3 pg/mL, JC-1 aggregates accounted for 93%, and
JC-1 monomers accounted for 7%; when the concentration of
SFFx was 6 pg/mL, JC-1 aggregates accounted for 53%, and
JC-1 monomers accounted for 47%; when the concentration
of SFFx was 9 ng/mL, JC-1 aggregates accounted for 5%, and
JC-1 monomers accounted for 95%. These results show that
SFFx can promote the reduction of MMP in REH cells.

3.9 Effect of SFFx on the Expression of Cell Cycle-Related
Genes in REH Cells

After SFFx acted on REH cells, the relative expression levels
of genes related to promoting normal cell cycle progression,
including CCNE1, CDKI1, CDK2, and CDK4, were all
significantly downregulated (P<0.01) (Figures 9A to 9D), and
the relative expression level of the gene TP53, which is
related to cell cycle inhibition, was significantly upregulated
(P<0.01) (Figure 9E). These results are consistent with the
flow cytometry results of the cell cycle, indicating that SFFx
can inhibit or promote the expression of cell cycle-related
genes.

3.10 Effect of SFFx on the Expression of Cell
Cycle-Related Proteins in REH Cells

As shown in Figure 10A, with the increase of SFFx
concentration, the bands of proteins related to promoting
normal cell cycle progression, including Cyclin E1, CDKI,
CDK2, and CDK4, all showed a decreasing trend, and their
relative expression levels were downregulated (P<0.05,
P<0.01) (Figures 10B to 10E). As shown in Figure 10A, the
band of the protein p53, which is related to cell cycle
inhibition, showed an increasing trend, and its relative
expression level was upregulated (P<0.05, P<0.01) (Figure
10F). The above results indicate that SFFx inhibits the
proliferation of REH cells by upregulating the expression of
genes and proteins related to inhibiting cell cycle progression
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and downregulating the expression of genes and proteins
related to promoting cell cycle progression.

4. Discussion

Cancer is recognized by the World Health Organization
(WHO) as one of the four major diseases. In China, the
number of leukemia cases and leukemia-related deaths has
been increasing annually, with acute myeloid leukemia (AML)
exhibiting high relapse and mortality rates, making it a
significant public health concern [17]. The toxicity, side
effects, and relapse rates associated with conventional
treatments not only impair patients' physical functions but
also impose substantial psychological stress and negative
emotions [18, 19], while also affecting the mental well-being
of their families [20, 21].

Since ancient times, traditional chinese medicine (TCM) has
utilized bioactive compounds from natural plants and animals
for disease treatment, a concept that has profoundly
influenced modern drug development [22]. Fucoxanthin (Fx),
primarily derived from marine algae, has become a hotspot in
pharmaceutical research due to its diverse biological activities
[23]. MTT and EdU assays revealed that within a certain
concentration range, SFFx inhibited the proliferation of REH
cells in a concentration- and time-dependent manner, while
exhibiting no cytotoxicity toward normal 293T cells. These
findings align with previous studies demonstrating
fucoxanthin's inhibitory effects on leukemia cells and solid
tumor cells [24-26].

Most studies suggest that fucoxanthin suppresses cancer cells
primarily by activating signaling pathways to induce cell
cycle arrest and apoptosis [27, 28]. Apoptotic cells exhibit
characteristic morphological changes, including membrane
blebbing, chromatin condensation, and DNA fragmentation.
To investigate whether SFFx inhibits REH cell proliferation
via apoptosis induction, Hoechst staining and TUNEL assays
were performed. Results showed that low and medium
concentrations of SFFx did not significantly promote
apoptosis, whereas high concentrations induced apoptotic cell
death. Wang et al. [29] demonstrated that fucoxanthin at
concentrations below 25 pM did not significantly induce
apoptosis in either human breast cancer MCF-7 cells or
murine 4T1 breast cancer cells. Similarly, Almeida et al. [23]
reported that while 10 pM fucoxanthin suppressed the
proliferation of human erythroleukemia K562 cells, it did not
promote apoptosis. Additionally, Calabrone et al. [30] found
that fucoxanthin extracted from Skelefonema marinoi at 20
pg/mL exhibited no significant pro-apoptotic effect on human
prostate cancer DU145 cells. The findings of the present study
are consistent with these reports, further supporting the

conclusion that SFFx inhibits REH cell proliferation
independently of apoptosis induction.
Cell cycle analysis revealed that as the treatment

concentration increased, the proportion of cells in S and G2
phases decreased, while those in Gl phase accumulated,
indicating that SFFx induces G1-phase arrest in REH cells.
Previous studies suggest that cell cycle arrest may be
associated with mitochondrial dysfunction, which can lead to
elevated intracellular ROS levels [31]. Flow cytometric
analysis of ROS levels and MMP changes confirmed that

ROS production increased while MMP decreased in a
dose-dependent manner following SFFx treatment. The cell
cycle plays a critical role in cell division. The proper
regulation of cell cycle control mechanisms ensures normal
cell division, accurate genetic material accumulation, and
faithful transmission. However, dysregulation of the cell cycle
in cancer cells leads to uncontrolled proliferation and aberrant
division [32]. The P53 protein, encoded by the TP53 gene,
functions as a transcription factor that directly regulates
multiple genes and participates in cell cycle arrest and
apoptosis [33]. The CCNE1 gene encodes Cyclin El, a
member of the cyclin family [34]. Meanwhile, the CDK1,
CDK2, and CDK4 genes encode their respective
cyclin-dependent kinases (CDKs). The binding of cyclins to
CDKs is essential for proper cell cycle progression, and
dysregulation of this process can lead to abnormal cell
proliferation. Different cancer cells exhibit varying
dependencies on cyclin/CDK complex regulation [35]. This
study found that after treating REH cells with SFFx for 48
hours, the expression levels of the TP53 gene and its encoded
protein P53 were upregulated with increasing concentrations,
while the expression levels of the CCNE1, CDK1, CDK2, and
CDK4 genes and their encoded proteins (Cyclin E1, CDKI1,
CDK2, and CDK4) were downregulated. In the study by Fan
et al. [36], silencing the CCNE1 gene was shown to inhibit the
proliferation of HFLS-RA cells, which aligns with the
findings of this study. These results suggest that SFFx
suppresses REH cell proliferation by inhibiting the cell cycle.

5. Conclusion

SFFx reduces the viability of REH cells without inducing
apoptosis, arrests their cell cycle at the G1 phase, increases
intracellular ROS levels, and decreases MMP. By
upregulating genes and proteins that inhibit cell cycle
progression while downregulating those that promote it, SFFx
disrupts normal cell cycle progression, thereby suppressing
REH cell proliferation. These findings demonstrate that SFFx
exerts an inhibitory effect on REH cells in vitro. However,
further research is needed to explore its in vivo efficacy and
deeper molecular mechanisms, providing data to support the
potential development of SFFx as a therapeutic agent for
leukemia.
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treatment with SFFx. (B) The changes in cell viability of REH

and 293T cells after 48 hours of treatment with SFFx. Data are

means = SD (n=5). * and ** indicate significant (P <0.05) and
extremely significant (P < 0.01) differences compared with

the control group.
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Figure 2: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on the proliferation ability of REH cells. (A) EdU
fluorescence microscopy was performed to assess

Percentage of EdU positive cells (%)

of Zhejiang Education
Department (Y202455066), The Natural Science Foundation

proliferation in REH cells after 48 hours of treatment with
SFFx. (B) Effects of SFFx on EAU mean fluorescence
intensity in REH cells. (C) Effects of SFFx on percentage of
EdU positive cells. * and ** indicate significant (P <0.05) and
extremely significant (P < 0.01) differences compared with
the control group.
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Figure 3: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on apoptosis of REH cell detected by Hoechst. (A) Hoechst
fluorescence microscopy was performed to assess
proliferation in REH cells after 48 hours of treatment with
SFFx. (B) Effects of SFFx on rate of apoptosis in REH cells.
** indicate extremely significant (P < 0.01) differences

compared with the control group.
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Figure 4: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on the DNA damage of REH cells. (A) TUNEL fluorescence
microscopy was performed to assess proliferation in REH
cells after 48 hours of treatment with SFFx. (B) Effects of
SFFx on TUNEL mean fluorescence intensity in REH cells.
(C) Effects of SFFx on percentage of TUNEL positive cells.
** indicate extremely significant (P < 0.01) differences
compared with the control group.
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Figure S: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on the apoptosis of REH cells. (A) Flow Cytometer was
performed to assess apoptosis in REH cells after 48 hours of
treatment with SFFx. Q1: cell necrosis; Q2: late apoptotic cell;
Q3: early apoptotic cell; Q4: normal cell (B) Effect of SFFx
on the apoptosis of REH cells. (C) Effect of SFFx on the early
apoptosis of REH cells. (D) Effect of SFFx on the late
apoptosis of REH cells. * and ** indicate significant (P <0.05)
and extremely significant (P < 0.01) differences compared
with the control group.
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Figure 6: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on the cell cycle of REH cells. (A) Flow Cytometer was
performed to assess cell cycle in REH cells after 48 hours of
treatment with SFFx. (B) Effect of SFFx on the G1 phase of
REH cells. (C) Effect of SFFx on the G2 phase of REH cells.
(D) Effect of SFFx on the S phase of REH cells. * and **
indicate significant (P < 0.05) and extremely significant (P <
0.01) differences compared with the control group.
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Figure 7: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on ROS level of REH cells. (A) Flow Cytometer was
performed to assess ROS level in REH cells after 48 hours of
treatment with SFFx. (B) Effect of SFFx on DCF fluorescence
intensity in REH cells. * and ** indicate significant (P < 0.05)
and extremely significant (P < 0.01) differences compared
with the control group.
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Figure 8: Effect of Sargassum fusiforme fucoxanthin (SFFx)

on MMP in REH cells. (A) Flow Cytometer was performed to
assess MMP in REH cells after 48 hours of treatment with

SFFx. (B) Effect of SFFx on the JC-1 percentage in REH cells.
(C) Effect of SFFx on JC-1 red/green ratio in REH cells. **

indicate extremely significant (P < 0.01) differences
compared with the control group.
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Figure 9: Effect of Sargassum fusiforme fucoxanthin (SFFx)
on cell cycle related genes in REH cells. (A) Effect of SFFx
on CDKI mRNA expression in REH cells. (B) Effect of SFFx
on CDK2 mRNA expression in REH cells. (C) Effect of SFFx
on CDK4 mRNA expression in REH cells. (D) Effect of SFFx
on CCNE1 mRNA expression in REH cells. (E) Effect of
SFFx on 7P53 mRNA expression in REH cells. ** indicate
extremely significant (P < 0.01) differences compared with
the control group.

Volume 7 Issue 6 2025

158

http://www.bryanhousepub.com



Journal of Contemporary Medical Practice (JCMP)

ISSN: 2006-2745

Protein relative expression

Protein relative expression

Figure 10: Effect of Sargassum fusiforme fucoxanthin (SFFx)
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on cell cycle related protein in REH cells. (A) Protein
immunoblotting. (B) Effect of SFFx on CDK1 protein
expression in REH cells. (C) Effect of SFFx on CDK2 protein
expression in REH cells. (D) Effect of SFFx on CDK4 protein

expression in REH cells. (D) Effect of SFFx on CCNE1

protein expression in REH cells. (E) Effect of SFFx on TP53
protein expression in REH cells. * and ** indicate significant
(P <0.05) and extremely significant (P < 0.01) differences

compared with the control group.
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