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Abstract
Objective: We investigated whether co-incubation of 5-FU and gum-based cerium oxide nanoparticles (CeO2 
NPs) would improve half-maximal inhibitory concentration (IC50) and apoptosis in the Caco-2 cancer cell line    

Materials and Methods: In this experimental study, we synthesized Ceo-2-XG by the nano perception method. 
X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), transmission electron microscopy 
(TEM), dynamic light scattering (DLS) and vibrating sample magnetometer (VSM) techniques were employed 
to characterize the synthesized nanoparticles. The Caco-2 cancer cells were cultured and treated with Ceo-2-
XG and 5-FU. Cytotoxicity analysis was carried out using MTT assay on Caco-2 cancer cells. CXCR1, CXCR2, 
CXCL8, BAX, BCL-2, P53, CASPASE-3, CASPASE-8 and CASPASE-9 gene expression changes were assessed 
by quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR). The Caco-2 cancer cell mortality 
mechanism was analyzed using Annexin V-FITC/PI flow cytometry. Using the inverted microscope morphology 
changes of the Caco-2 cancer cells was observed.  

Results: With a sample size of roughly 11 nm, TEM analysis revealed spherical structures. Interestingly, after 72 
hours, 400 μg/ml nanoparticles significantly lowered the IC50 of 5-FU from 101 to 71 μg/ml (P<000.1). Furthermore, 
qRT-PCR analysis showed that BCL-2, CXCR1, CXCR2 and CXCR8 expressions were significantly decreased in 
the 5-FU and Ceo-2-XG nanoparticles co-incubated  group, compared to the 5-FU alone (P<0.001). Notably, gene 
expressions of BAX, P53, CASPASE-3, CASPASE-8 and CASPASE-9 were significantly higher in the 5-FU and Ceo-
2-XG nanoparticles co-incubated group, compared to the 5-FU alone (P<0.001). The findings revealed that dead cells 
owing to apoptosis were more than two times higher in 5-FU and Ceo-2-XG nanoparticles cancer cells than in 5-FU 
alone treated cancer cells. 

Conclusion: Co-incubation of 5-FU and Ceo-2-XG nanoparticles significantly increased apoptosis in the Caco-2 
cancer cells. The antiproliferative activity of co-incubated 5-FU and Ceo-2-XG nanoparticles on Caco-2 cancer cells 
was substantially higher than that of 5-FU alone. 
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Introduction
Thirteen million cancer deaths and more than 21 

million new cancer cases are predicted by 2030 (1). In 
2020, there were about 2 million new colorectal cancer 
(CRC) diagnoses with over 900,000 deaths (2). CRC 
encompasses high genetic heterogeneity and hard-to-
establish unique mutations. Deficit of genomic stability, 
such as aberrant DNA-methylation, chromosomal 
instability and microsatellite instability, leads to CRC 
development by gaining novel mutations related to 
tumor phenotype (3). 5-FU is an antimetabolite drug that 
has been extensively employed to cure CRC and breast 
cancer. Although 5-FU has the uppermost effect in the 

therapy of developed CRC, the response rate is only 10-
15%. Therefore, new treatment plans are needed as soon 
as possible to fight drug resistance and increase the drug 
response rate. Nanoparticles play a significant role in 
many areas of physics, chemistry and material sciences 
(4). Cerium oxide nanoparticles (CeO2 NPs) or nanoceria 
has been significantly used in biomedical research due 
to their free-radical scavengers, radioactivity protection, 
drug distribution and delivery, cancer biomarker and anti-
inflammatory characteristics (5). Co-cultures and nano 
organic culture system applications have been routinely 
developed in toxicology, drug delivery science and 
technology. 



Cell J, Vol 25, No 3, March 2023195

Keramati et al.

Apoptosis is usually indicated with different structural 
changes and energy-dependent biochemical mechanisms. 
Many processes, including normal cell proliferation, immune 
system growth and activity, hormone-dependent atrophy, 
embryonic growth and chemically induced cell death, are 
thought to depend on apoptosis. Incorrect apoptosis, either too 
slight or too abundant, is an issue in different kinds of cancer. 
So, investigation emphasizes clarifying and examining the 
cell cycle system with signaling pathways that operate 
apoptosis. Apoptosis is a kind of “programmed” cell death 
that influences genetically specified removal of cells. One 
of the most important genes in apoptosis is P53. The p53-
induced apoptosis induces DNA repair early, which it may 
be needed to reverse cell death. Apoptosis is a coordinated, 
energy-dependent procedure that starts a cascade of  cysteine 
proteases, leading to cell death. Caspases-3, the most 
important effector caspase, is triggered by caspase-8 and 
caspase-9. BCL-2 family has 25 genes. Anti-opoptotic proteins 
include Bcl-2, Bcl-x, Bcl-XL, Bcl-XS, Bcl-w and BAG. 
Pro-opoptotic proteins include Bcl-10, Bax, Bid, Bad, Bim, 
Bik and Blk. These proteins determine whether a cell must 
undergo  apoptosis or not (6). Numerous reports proposed 
that CXCs proteins arbitrated several phases throughout 
angiogenesis. The recent studies confirmed that CXCL8 
(belong to ELR+CXC chemokine family) and its receptors, 
CXCR1 and CXCR2, are powerful angiogenic regulators. 
Many cancers and endothelial cells expressed CXCR1 and 
CXCR2 (7). In this research project, we intended to upsurge 
and improve the anticancer effect of 5-FU using CeO2 NPs 
based on green synthesis with xanthan gum (Ceo-2-XG) in a 
co-incubation cancer model to develop a novel, less invasive 
and 5-FU nano-delivery method on the human malignant 
colon carcinoma cells (Caco-2). The core of our preliminary 
in vitro evaluation is based on IC50 values. The present study 
also intended to offer a proof-of-concept on the mechanism 
of CXCR1, CXCR2, CXCL8, BAX, BCL-2, P53, CASPASE-3, 
CASPASE-8, and CASPASE-9 gene expressions and activities 
in the apoptotic pathway after treatment of Caco-2 by 5-FU 
and Ceo-2-XG. 

Materials and Methods
Ce (NO3)3.6H2O (Sigma-Aldrich, USA), C35H49O29 

(Sigma-Aldrich, USA), NaOH (Sigma-Aldrich, USA), 
EDTA (Merck, Germany), Agarose (Fermentas, UK), Tris 
base (Merck, Germany), Green viewer (SinaClon, Iran), 
Loading dye buffer (6X; SinaClon, Iran), Fetal Bovine 
Serum (Gibco, Canada), DMEM-high Glucose (Gibco, 
Canada), Gentamicin (Gibco, Canada), Triton X-100 (Merck, 
Germany), 5-FU (Cayman Thermo Fisher Scientific, USA), 
MTT powder (Auto Thermo Fisher Scientific, USA), PI 
(MabTag GmbH, Germany), Annexin (MabTag GmbH, 
Germany), Penicillin and Streptomycin (Biosera, USA),  
DMSO (Merck, Germany), Trypsin (Gibco, Canada). 

This research was approved by University of Zabol with 
Ethics committee letter number MAA-131.

Culture of cells
The human malignant colon cancer cell line (Caco-2) 

was purchased from Pasteur Institute (Tehran, Iran). The 

cells were grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM), High glucose) (Gibco, Canada) containing 
10% fetal bovine serum (FBS) with 0.2% Gentamicin 
at 37°C under 5% CO2, 95% air and 70-80% humidity 
environment.

Preparation of 5-FU and Ceo-2-XG
5-FU (250 mg/ml) was purchased from Cayman Thermo 

Fisher Scientific, USA. The Ceo-2-XG nanoparticles were 
made using the technique reported before (8). In brief, co-
precipitation was used to create Xanthan Gum-stabilized 
Cerium oxide nanoparticles (CeNPs) using cerium nitrate 
[Ce(NO3)3.6H2O] as a primary precursor and Xanthan gum 
(C35H49O29) and a green stabilizing agent. X-ray diffraction, 
field emission scanning electron microscopy, transmission 
electron microscopy (TEM), dynamic light scattering (DLS) 
and vibrating sample magnetometer methods were used to 
characterize the synthesized nanoparticles. All procedures 
were done at room temperature. The final product was 
kept for further tests. Figure 1 depicts the schematic of the 
nanoparticles made and employed in this investigation.

Fig.1: Schematic Ceo-2-XG nanoparticles. 

Techniques for characterization
D8 Advance X’Pert X-Ray diffractometer (Bruker, 

Germany) was used to perform powder diffraction on Ceo-2-
XG nanoparticles microstructure. TEM analysis was carried 
out using Zeiss SUPRA 55-VP FEGSEM (Zeiss, Germany). 
Surface morphology and nanoparticles size were studied 
by FESEM (Tescan, Czech Republic). To demonstrate size, 
DLS (Malvern Instruments, UK) technique with a HeNe 
laser source (633 nm) was used. The Kavir Precise Magnetic 
instrument (MDKFT, Iran) was used to perform a vibrating 
sample magnetometer (VSM) (8). The made Ceo-2-XG 
nanoparticles were kept for one week to examine aggregation 
and electron microscopy. In this study, the fundamental 
concept of our initial in vitro assessment is based on half-
maximal inhibitory concentration (IC50) values (9). 

MTT test
Caco-2 cancer cells were cultivated and maintained 
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for 72 hours using 5-FU and Ceo-2-XG nanoparticles. 
Cytotoxicity of free 5-FU (1, 5, 10, 20, 40, 60, 80, 100, 200, 
300 and 400 μg/ml), Ceo-2-XG (10, 20, 40, 60, 80, 100, 200, 
300, 400, 500, 600, 700 and 800 μg/ml), 5-Fu (100 μg/ml) 
with Ceo-2-XG (10, 20, 40, 60, 80, 100, 200, 300, 400, 500, 
600, 700, 800 and 1000 μg/ml), Ceo-2-XG (400 μg/ml) with 
5-Fu (1, 5, 10, 20, 40, 60, 80, 100, 200, 300 and 400 μg/
ml) were carried out using (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide; MTT) assay on Caco-2 cancer 
cells (10). Briefly, the cells were seeded at 1×105 per well on 
96-well plates, cultivated for 24-72 hours and subsequently 
tested for cytotoxicity by different doses of 5-FU and Ceo-
2-XG nanoparticles using MTT assay. The MTT (0.5 mg/
ml) reagent was then applied to the wells. The well plates 
were then incubated at 37°C in 5% CO2 for four hours. After 
dissolving the crystals in DMSO, the absorbance at 570 nm 
was measured using an Epon microplate reader (BioTek, 
USA) and well cells as blanks. The percentage survival rate 
of cells was calculated using the following formula (11): 

 The survival rate in percentage =

Absorb treated well (570 nm) - Absorb blank well (570 nm)/
Absorb conrol well (570 nm)

Absorb treated well (630 nm) - Absorb blank well (630 nm)
Absorb conrol well (630 nm) ×100

IC50 values were calculated and analyzed using 
GraphPad Prism software version 8 (GraphPad, USA) 
(12). 

RNA isolation and synthesis of cDNA
Using the Parstous Total RNA Extraction kit (Parstous 

Biotech, Iran), total RNA extraction and cDNA synthesis 
were carried out in accordance with the manufacturer’s 
guidelines. Electrophoresis was used to assess the quality 
of the extracted RNA. 

Real-time quantitative reverse transcription polymerase 
chain reaction

CXCR1, CXCR2, CXCL8, BAX, BCL-2, P53, CASPASE-3, 
CASPASE-8 and CASPASE-9 expression changes were 
analyzed using the Parstous 2X SYBR Green Real-Time 
PCR Kit (Parstous Biotech., Iran). The synthesized cDNA 
was exposed to primers for SYBER green real-time 
polymerase chain reaction (PCR). The housekeeping gene 
was glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 
Table S1 (See Supplementary Online Information at www.
celljournal.org) displays the quantitative reverse 
transcription PCR (qRT-PCR) conditions. The 2−ΔΔCt 
method was used to quantify genes expression (13). The 
Primer3 package created all primers automatically (14). 
Then, primer specificity was predicted further, using the 
online program Primer-Blast (15).

Apoptosis assessment by flow cytometry 
Mechanism of Caco-2 cancer cell death, produced by 

5-FU and Ceo-2-XG nanoparticles, was studied using 
Annexin V-FITC/PI flow cytometry (16). In brief, 5×105 

cancer cells were cultivated in each well plate using 2 ml of 
medium (DMEM-high glucose). When the cells attained 
an 80 percent density, they were given an effective dosage 
of 5-FU and 5-FU plus Ceo-2-XG nanoparticles. Then, in 
turn, the following painting stages were carried out: each 
well was treated with trypsin and rinsed with phosphate-
buffered saline (PBS). For five minutes, centrifugation 
was done at 400 rpm. The supernatant was discarded. 
The precipitate was then dissolved in 200 μl of Annexin-
Binding buffer. Centrifugation was repeated at 400 rpm 
for five minutes. The supernatant was thrown away. After 
that, the precipitate was dissolved in 50 μl of annexin 
V-FITC/PI solution and incubated for 10 minutes at 
room temperatureat in the dark. 150 μl Annexin-binding 
buffer was added. Finally, the BD FACSCaliburTM Flow 
Cytometer (BD Biosciences, Canada) system was used 
to read the samples. The findings were analyzed using 
FlowJo software version 10 (BD, USA).

Light microscopy
An inverted microscope was used to see how the shape of 

cancer cells changed after they were treated with 5-FU and 
Ceo-2-XG nanoparticles (Labomed TCM 400, USA) (17).

Statistical evaluation
The whole data set was examined using the SPSS program 

(SPSS Inc., USA), version 21, which was reported as a 
mean standard deviation. Each assessment was performed 
three times separately. The two-way analysis of variance 
(two-way ANOVA) with Tukey post-test were used to 
evaluate numerous groups. P<0.001 was regarded as highly 
statistically significant.

Results
The goal of this study was to increase the anticancer 

impact of 5-FU using xanthan gum-based cerium oxide 
nanoparticles (Ceo-2-XG) on the malignant human colon 
carcinoma cell line (Caco-2).

5-FU and Ceo-2-XG nanoparticle characterizations

Low-energy spontaneous emulsification was used to create 
the 5-FU and Ceo-2-XG nanoparticles microemulsions. After 
one week of preparation, visual stability of the 5-FU and Ceo-
2-XG microemulsions was established. There was no evidence 
of aggregation. Morphology of Ceo-2-XG nanoparticles 
was then examined using FESEM. Ceo-2-XG nanoparticles 
were spherical, with a sample size of around 20nm, as 
illustrated in Figure 2A, B and C. Figure 2D demonstrates 
XRD pattern for nanometer-sized cerium oxide particles 
calcined at various temperatures (200, 400, 600 and 800°C). 
Crystalline structure of the nanocrystals was established 
using the X-ray diffraction (XRD) method. Findings match 
the crystallographic reference data (JCPDS # 01-075-0076). 
Lack of the extra peaks in the diffraction patterns verified 
the compound’s excellent purity. Comparison of diffraction 

http://www.celljournal.org
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patterns is shown in Figure 2D. As it can be observed, 
raising the content of plant extract from 10 to 30 ml 
widens the peaks and lowers crystallization, suggesting 
smaller nanoparticles. 

Impact of 5-FU and Ceo-2-XG nanoparticles on Caco-2 
cancer cell growth suppression and viability 

Findings showed that IC50 for 5-FU was 101 μg/ml, 
as shown in Figure 3A. As demonstrated in Figure 3B, 
the synthesized Ceo-2-XG nanoparticles did not exhibit 
substantial toxicity even at 1000 μg/ml (toxicity rate was 
more than 50%). Because Ceo-2-XG nanoparticles are 
non-toxic to Caco2 cancer cells, an effective nanoparticle 
dose that may aid in increasing the permeability of 
5-FU was found in two phases. First, we looked at the 
cytotoxicity of 5-FU at a constant dosage of 100 μg/ml 
with different nanoparticle concentrations (10-1000 μg/
ml). Figure 3C shows that 5-FU (101 μg/ml) reduced 
IC50 of Ceo-2-XG nanoparticles to 400 μl/ml. In the 
second scenario, we tested cytotoxicity of Ceo-2-XG 
nanoparticles with varied quantities of 5-FU (1-400 μg/
ml) for 72 hours at a constant concentration of 400 μg/
ml. Surprisingly, 400 μg/ml of Ceo-2-XG nanoparticles 
reduced IC50 of the 5-FU from 100 μg/ml to 71 μg/ml, as 
illustrated in Figure 3D.

Quantitative reverse transcription polymerase chain 
reaction

Gene expression alterations in CXCR1, CXCR2, 

CXCL8, BAX, BCL-2, P53, CASPASE-3, CASPASE-8, 
and CASPASE-9 were assessed by qRT-PCR, as shown 
in Figure 4. Findings indicated that BCL-2, CXCR1, 
CXCR2 and CXCL8 gene expressions were reduced in 
the 5-FU treated cancer cells compared to the untreated 
cancer cells (P<0.001). However, gene expressions 
of BAX, P53, CASPASE-3, CASPASE-8, and 
CASPASE-9 were elevated (P<0.001). Significantly, 
gene expressions of BCL-2, CXCR1, CXCR2 and 
CXCL8 were reduced in the 5-FU and Ceo-2-XG 
nanoparticles co-incubated treated cancer cells group 
compared to the untreated cancer cells, as the control 
group (P<0.001). Gene expressions of BAX, P53, 
CASPASE-3, CASPASE-8, and CASPASE-9 were higher 
in the 5-FU and Ceo-2-XG nanoparticles co-incubated 
treated cancer cells compared to the untreated cancer 
cells (P<0.001). In the second scenario, we compared 
the gene expressions in cancer cells treated with 
5-FU alone (as the control group) to those treated 
with 5-FU and Ceo-2-XG nanoparticles co-incubated. 
Interestingly, gene expressions of BCL-2, CXCR1, 
CXCR2 and CXCL8 were considerably lowered in the 
cancer cells co-incubated treated with 5-FU and Ceo-2-
XG nanoparticles than in the cancer cells treated with 
5-FU alone (P<0.001). Notably, gene expression of 
BAX, P53, CASPASE-3, CASPASE-8 and CASPASE-9 
was considerably higher in the 5-FU and Ceo-2-XG 
nanoparticles co-incubated treated group compared to 
cancer cells treated with 5-FU alone (P<0.001).

Fig.2: Morphology analysis of Ceo-2-XG nanoparticles and XRD analysis. A. TEM (magnification: 1,000,000x). B. FESEM of Ceo-2-XG nanoparticles, 
nanoparticles were spherical, with a sample size of roughly 20 nm (magnification: 700,000x). C. Ceo-2-XG nanoparticles dispersed in PBS. No aggregation 
was observed. D. X-ray diffraction pattern of Ceo-2-XG nanoparticles. XRD; X-ray diffraction, TEM; Transmission electron microscopy, FESEM; Field 
emission scanning electron microscopy, and PBS; Phosphate-buffered saline.
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Fig.3: Cytotoxicity of 5-FU and Ceo-2-XG nanoparticles at varied doses on Caco2 cancer cells. A. Caco2 cancer cells viability percentage treated with 5-FU 
drug (P<0.001). B. Caco2 cancer cells viability percentage treated with the synthesized Ceo-2-XG nanoparticles for 24, 48, 72 hours (P<0.001). C. Viability 
percentage of Caco2 cancer cells treated with various concentrations of Ceo-2-XG nanoparticles in the presence of a constant quantity of 5-FU (100 μg/ml) 
in a co-cultured model (P<0.001). D. Viability percentage of Caco2 cancer cells treated with various concentrations of 5-FU (1-400 μg/ml) in the presence 
of a constant concentration of Ceo-2-XG nanoparticles (400 μg/ml) in a co-incubated model (P<0.001). ns; P≥0.06, *; 0.01≤P≤0.05, **; 0.00≤ P≤0.009, ***; 
0.0004≤P≤ 0.0009, and ****; 0.0000≤P≤0.0004, and h; Hour.
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C

B
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Fig.4: Changes in the expression of BCL2 (P=0.00), BAX (P=0.00), P53 
(P=0.00), CASPASE-3 (P=0.00), CASPASE-8 (P=0.00), CASPASE-9 (P=0.00), 
CXCR1 (P=0.00), CXCR2 (P=0.00) and CXCL8 (P=0.00, P<0.001).

Flow cytometry for apoptosis evaluation

Mortality of Caco-2 cancer cells caused by 
apoptosis, due to induction of co-incubated 5-FU and 
Ceo-2-XG nanoparticles was studied using Annexin 
V-FITC/PI flow cytometry. Interestingly, findings 
revealed that dead cells owing to apoptosis were 
35.96%, which was more than two times higher in 
the 5-FU and Ceo-2-XG nanoparticles co-incubated 
treated cancer cells than in the 5-FU alone treated 
cancer cells (17.14%; Fig.5A-D). On the other 
hand, compared to the untreated cancer cells in the 
control group, percentage of dead cells in the 5-FU 
plus Ceo-2-XG nanoparticles and the 5-FU alone 
treated cancer cells was more than 27 and 13 times 
higher, respectively. Early apoptotic cells in the 
5-FU and Ceo-2-XG nanoparticles were more than 
five times greater than in 5-FU alone treated cancer 
cells. Early apoptotic cells in the 5-FU and Ceo-2-
XG nanoparticles, on the other hand, were more than 
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41 times more than the untreated cancer cells in the 
control group.

Fig.5: Flow cytometry of treated Caco2 cancer cells during 72 hours. 
Identified apoptotic cells based on Annexin V-FITC/PI staining. A. No 
treated Caco2 cancer cells group (control group). B. 5-FU treated Caco2 
cancer cells. C. Co-cultured 5-FU and Ceo-2-XG nanoparticles treated 
group (P<0.001). D. Scatter diagram of flow cytometry (P<0.001).

Inverted light microscopy
Morphological alterations in the Caco-2 cancer cells 

after 72 hours of co-incubation with 5-FU and Ceo-2-
XG nanoparticles are illustrated in Figure 6A-C. The 
cells began to round and lose their shape. With increased 
concentration, these changes intensified and many cells 
separated to form irregularly shaped masses. At greater 
dosages, cell density was dropped as well.

Fig.6: Light micrographs of the cancer cell treated groups. A. Cancer cells 
untreated group (control group). B. 5-FU treated cancer cells group, and C. 
5-FU and Ceo-2-XG nanoparticles co-incubated treated cancer cells group 
(scale bar: 20 µm, magnification: 20x).

Discussion
This work aimed to increase antineoplastic impact 

of 5-FU upon malignant Caco-2 cancer cells in 
a co-incubated model using xanthan gum-based 
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cerium oxide nanoparticles (Ceo-2-XG). The major 
important result was that co-incubated 5-FU and Ceo-2-
XG nanoparticles with Caco-2 cancer cells considerably 
induced more apoptosis than the 5-FU alone in a dose and 
time dependent manner. Radiation, chemotherapy, surgery, 
nutritional supplement treatment, and immunotherapy 
may cure CRC, however their adverse effects reduce their 
success rates. 

Though 5-FU inhibits DNA synthesis, its therapeutic 
efficacy is diminished owing to its hydrophilic nature and 
rapid breakdown by dihydropyrimidine dehydrogenase. A 
high dosage of 5-FU causes severe gastrointestinal and 
neurological side-effects (18). Therefore, enhancing and 
inventing a creative distribution system is critical in order 
to safeguard and deliver a magnificent cargo of 5-FU to 
the desired location with more healing efficacy. 

Nanotechnology has paved the way for developing 
innovative and effective nanomaterials in CRC treatment 
(19). Nano-emulsions, Cerium Oxide (CeO2), quantum 
dots, gold NPs, liposomes, silica NPs and dendrimers 
are examples of nano-formulations under development 
(20). The biogenic CeO2 NPs demonstrated excellent 
anticancer properties (21). In this regard, xanthan gum is 
an anionic polysaccharide produced naturally by several 
Xanthomonas bacteria (22). 

Biogenic culture methods have been increasingly 
common in toxicology because of the growing requirement 
for more extensive in vitro examinations which can 
better simulate the in vivo condition, particularly for the 
poisonousness evaluation of cumulative NPs (23). 

Visual stability of the 5-FU and Ceo-2-XG 
microemulsions was assessed after one week of 
preparation in this study. There was no indication of 
aggregation. According to SEM, Ceo-2-XG nanoparticles 
were spherical, with a sample size of roughly 20 nm. 
Variety of vascular apertures of tumors is 10-1000 nm 
and NPs smaller than 10 nm will accumulate in the 
kidney, liver, spleen and lymph nodes. On the other hand, 
NPs bigger than 100 nm are eliminated from lung (24). 
Thus, our findings showed that Ceo-2-XG nanoparticles 
improved efficacy and 5-FU drug delivery in the co-
incubation scenario of the Ceco-2 cancer cells. Average 
hydrodynamic diameters of Ceo-2-XG nanoparticles were 
11 nm ± 0.06. As a result of the increased permeability 
and retention (EPR) action, they may expand tumor 
vasculature (25). 

Our results indicated that 400 μg/ml of Ceo-2-XG 
nanoparticles reduced IC50 of 5-FU from 101 to 71 μg/
ml, during 72 hours in vitro cancer model. Importantly, 
the synthesized Ceo-2-XG nanoparticles did not show 
significant toxicity, even at 1000 μg/ml (toxicity rate is 
less than 50%) except for 72 hours (this means a time-
dependent manner). 

Apoptosis is the most common kind of programmed 
cell death  which is distinguished by nuclear chromatin 
condensation, loss of plasma membrane blebbing, DNA 

breaking and formation of apoptotic bodies (26). Cancer 
complications may occur at any stage of apoptosis. 
Downregulation of the P53 tumor suppressor gene may 
diminish apoptosis and promote tumor growth (27). 

In the present study, we found that cancer cells treated 
with the 5-FU and Ceo-2-XG nanoparticles demonstrated 
increased P53 gene expression, than the 5-FU alone. 
Bcl2 family proteins are major supervisors of apoptosis 
(28). Bcl-2 protein inhibits apoptosis. This finding 
revolutionized cancer pathology since tumorigenesis 
could be due to unrestricted proliferation and reduced 
apoptosis. As the main promoter of apoptosis, Bax has 
been recognized as a talented predictive indicator in 
cancer (29). Previous studies revealed Bax up-regulation 
and Bcl-2 downregulation throughout apoptosis in human 
cancer cells (28). Bcl-2 overexpression in cancer cells has 
been linked to improve marker diagnosis in colorectal, 
breast, gastric and glioma malignancies (30). 

According to the previous studies, measurement of 
BCL-2 gene expression could be used to know treatment 
response (30). In this work, BAX was studied via qRT-
PCR assay to evaluate apoptotic pathways after the 5-FU 
and Ceo-2-XG nanoparticles co-incubation treatment in 
the Caco-2 cells. Surprisingly, BAX gene expression level 
was much greater in the cancer cells co-incubated with 
the 5-FU and Ceo-2-XG nanoparticles than the cancer 
cells treated with the 5-FU alone. 

Interestingly, when 5-FU and Ceo-2-XG nanoparticles 
were co-incubated with cancer cells, BCL-2 gene 
expression was considerably reduced in comparison with 
5-FU alone. Caspase genes have critical roles in apoptosis 
and inflammation. As a result, caspases are categorized 
according to their roles in apoptosis (caspase-3, caspase-6, 
caspase-7, caspase-8 and caspase-9 in mammals) 
and inflammation (caspase-1, caspase-4, caspase-5, 
caspase-12 in humans and caspase-1, caspase-11 and 
caspase-12 in mice). Caspase-8 and caspase-9 are initiators 
of apoptosis, whereas caspase-3, caspase-6 and caspase-7 
are executioner factors. Executor caspases are turned on 
by initiator caspases, which then work together to activate 
several enzymes. DNA fragmentation and membrane 
blebbing are structural markers of apoptosis in cells 
(31). In this study, we discovered when 5-FU and Ceo-
2-XG nanoparticles were co-incubated with cancer cells, 
expression of CASPASE-3, CASPASE-8 and CASPASE-9 
genes was much higher than using 5-FU alone. 

Our results are the first report to demonstrate that co-
incubated 5-FU and Ceo-2-XG nanoparticles induced 
BAX, P53, CASPASE-3, CASPASE-8 and CASPASE-9 
mediated apoptosis in Caco-2 cells. 

CXCR1/2 and CXCL8 stimulated inflammatory 
mediators, cancer and metastasis. CXCL8-CXCR1/2 
signaling pathway is contributed to the pathophysiology 
of various illnesses, comprising cancer, asthma and cystic 
fibrosis. CXCR1/2 and CXCL8 (secreted by cancer 
cells) interact in the tumour microinvironment, which is 
detrimental to metastasis. Numerous preclinical studies 
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indicated that combining CXCR1/2 inhibitors with 
immunotherapy and chemotherapies might be a potential 
cancer treatment approach (32). 

Previous research has shown that CXCL8 and CXCR2 
were overexpressed in CRC tumor tissues (33). CXCR1, 
CXCR2 and CXCR8 gene expressions were shown to 
be increased in metastatic colon cancer cell lines (32). 
CXCL1 expression was shown to be greater in the 
primary colon adenocarcinoma than the normal colon 
epithelium, according to a review of the literature. CXCL1 
siRNA inhibition reduced proliferation, while increasing 
apoptosis (34). 

Previous research has shown that colon cancer cell lines 
expressed CXCR2 (35). CXCR2 knock-down reduced 
cell invasion in the C166 and 4T1 (metastatic murine 
mammary carcinoma cell lines), while it enhanced 
doxorubicin and paclitaxel cytotoxicity in vitro and 
in vivo mouse models (36, 37). CXCL8 up-regulation 
has boosted cell proliferation, migration, invasion and 
resistance to oxaliplatin in HCT116 and Caco-2 cancer 
cells. CXCL8 over-expression results in larger tumors in 
xenograft models (38). 

In the current work, CXCR1, CXCR2 and CXCL8 gene 
expressions were considerably lower in the 5-FU and 
Ceo-2-XG nanoparticles co-incubated treated cancer 
cells, than the 5-FU alone. The 5-FU and xanthan gum-
based CeO2 NPsdramatically reduced CXCR1, CXCR2, 
and CXCL8 oncogenes in the Caco-2 cancer cell line 
compared to the 5-FU alone. As a result, we strongly 
recommend our working model. 

Interestingly, our flow cytometry data revealed that 
number of dead cells, owing to apoptosis, was twice more 
in cancer cells co-incubated with the 5-FU and Ceo-2-XG 
nanoparticles rather than the 5-FU alone. Early apoptotic 
cells were more than five times higher in cancer cells co-
incubated with the 5-FU and Ceo-2-XG nanoparticles 
than the 5-FU alone. Early apoptotic cells were more 
than 41 times higher in cancer cells co-incubated with 
the 5-FU and Ceo-2-XG nanoparticles than the untreated 
cancer cells in the control group. 

Our in vitro flow cytometry investigation revealed when 
the 5-FU and Ceo-2-XG nanoparticles are co-incubated, 
human  malignant colon cancer cell line (Caco-2) is more 
susceptible to apoptosis than the 5-FU alone. Our light 
microscopy findings indicated that after 72 hours of co-
incubation with the 5-FU and Ceo-2-XG nanoparticles, 
morphological alterations (many cells with irregularly 
shaped masses and reduced cell density) was dramatically 
increased in Caco-2 cancer cells. 

To summarize, light microscopy findings was consistent 
with qRT-PCR results. Findings suggested that co-incubated 
5-FU and Ceo-2-XG nanoparticles model is a potent 
treatment strategy for human colorectal cancer. The co-
incubated model revealed a synergistic interaction between 
5-FU and CeO2 NPs derived from xanthan gum.

Conclusion
In the present study, chemotherapeutic activity of the 

drug 5-FU was enhanced upon its co-incubation with 
Ceo-2-XG nanoparticles in order to build a novel, less 
intrusive method against malignant humans colorectal 
cancer cells (Caco-2). Our in vitro cytotoxicity data 
revealed that lower concentration of 5-FU co-incubated 
with Ceo-2-XG nanoparticles led to similar activity 
than free drug (Cayman Thermo Fisher Scientific, USA) 
alone. Average diameter of Ceo-2-XG nanoparticles was 
approximately 11 nm. Our results showed that 400 μg/
ml nanoparticles significantly reduced IC50 of 5-FU from 
101 to 71 μg/ml during 72 hours. Amazingly,  5-FU co-
incubation with Ceo-2-XG nanoparticles significantly 
increased apoptosis through CASPASE-3, CASPASE-8, 
CASPASE-9, P53 and BAX dependent pathways in the 
Caco-2 cancer cells. In light of these positive findings, it 
is reasonable to expect that CeO2 NPs based on 5-FU and 
xanthan gum will continue to develop into a useful drug 
delivery system against CRC.  
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