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Introduction 
 
Colorectal cancer (CRC) is highly aggressive, and 
its incidence and mortality rate are among the top 
10 tumors in the world (1, 2). Risk factors for 
CRC include age, gender, diet and other lifestyle 
habits (3). The treatment methods of CRC in-

clude surgery, radiotherapy and chemotherapy. 
The systemic treatment of CRC patients has 
made great progress in the past ten years (4). Ra-
diotherapy was utilized combination with chemo-
therapy, during before or after surgical resection 
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to reduce the risk of recurrence, however it usual-
ly has a good response at the beginning, but most 
patients still experience radiotherapy resistance 
(RT) (5). In addition, colonoscopy is often per-
formed for symptomatic patients, but it is worth 
noting that the value of symptoms as an indicator 
of colorectal cancer is low, and accurate diagnosis 
can enable CRC patients to receive timely treat-
ment (6). Therefore, it is a more breakthrough 
idea to determine the internal molecular mecha-
nism of CRC progression and significant path-
ways for CRC radiotherapy and chemotherapy. 
The core origin of tumor development is a small 
subset of cancer cells (called cancer stem cells, 
CSCs), with the characteristic of self-renewal 
through cell division to form daughter-cells and 
differentiation, which have tumor initiation capa-
bilities (7, 8). CSCs of solid tumors were first 
found in breast cancer, and subsequently con-
firmed in ovarian cancer, prostate cancer, pancre-
atic cancer, liver cancer and colorectal cancer, 
and their specific markers were explored (9-11). 
Yamashita et al used CD133 and EpCAM mark-
ers to define stem cells (CSC) in liver cancer, and 
explored the relationship with tumor progression, 
drug resistance, metastasis and recurrence (12). 
Paolillo et al. have established models for study-
ing cell metastasis, adhesion, and drug resistance 
by culturing stem cell-like cancer cells (13). In 
addition, TUSC3 promotes the formation of cel-
lular stemness and induces drug resistance via 
Hedgehog signaling pathway in CRC (14). How-
ever, there are still a lot of blanks in the biological 
functions related to CRC, which need to be ex-
plored. 
In present study, we aimed to explore the role of 
C-X-C motif chemokine ligand 12 (CXCL12) and 
cytokine-cytokine receptor interaction signaling 
pathway in the radiotherapy and chemotherapy 
resistance as well as cell stemness in CRC. 
 
Methods 
 
CRC mRNA dataset GSE15781 was acquired 
from the GEO database 
(https://www.ncbi.nlm.nih. gov/geo/) in March 

2022 at the Jinhua Central Hospital, China. The 
expression of mRNAs were downloaded from 
nine tumor irradiated samples and thirteen tumor 
samples. Those extremely lowly and highly ex-
pressed genes in mRNA data were filtered out by 
R package normalization function.   
 
Differential expression genes (DEGs) analysis  
DEGs (mRNAs) were selected based on their 
fold change and adjusted p-values. We performed 
the DEGs with threshold parameters defned as 
|log2FC|>1 and FDR<0.05 (FC: fold change, 
FDR: false discovery rate), which were generated 
by the DESeq package from R package. The dif-
ferentially expressed mRNAs identified were vis-
ualized using volcano plots and pheatmap. 
 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analysis 
Highly functionality pathway enrichment was ex-
ecuted by KEGG analysis. To better compre-
hend the mechanisms of KEGG 
(http://www.kegg.jp/) pathway analysis of 
DEGs was conducted using the clusterProfiler 
package. KEGG analysis is used to interpret the 
potential functions and pathways and the thresh-
old was set as P < 0.05.   
 
Cell culture 
Three cell lines, including colorectal cancer cell 
lines LoVo (culture condition:F-12K+10% FBS) 
and SW480 (culture condition:DMEM-H+10% 
FBS), and normal colorectal mucosal cells FHC 
(culture condition: RPMI-1640+10% FBS), were 
purchased from ATCC (Shanghai, China). The 
incubator humidifed settings: 5% CO2, 37 ˚C.  
 
Vector construction  
The CDS sequence of CXCL12 gene was first 
obtained, and the expression vector was selected 
according to the experimental needs. Using 
FuGENE® 6 transfection reagent, the detailed 
steps were performed according to the manufac-
turer's protocol, and CXCL12 overexpression 
vectors were transfected in SW480 and LoVo cell 
lines, respectively, while empty vectors were set 
as controls. 
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Cell treatment and schedule 
Chemosensitivity assay: sensitivity of SW480 and 
LoVo cells to fluorouracil (5-FU, chemotherapy 
drug) was tested, specific steps were briefly de-
scribed as follows: a 96-well plate was used to 
inoculate cells at a concentration of 2000 
cells/well, and the culture conditions: 5% CO2, 
37˚C. The fresh medium was replaced after 24 h 
and 5-FU was administered at the predetermined 
IC50 concentration according to the instructions. 
The cell viability and proliferation were assayed 
by CCK8 assay at the time point of chemothera-
py treatment 24 and 48 h. 
Radiation sensitivity assay: Radiation sensitivity 
of SW480 and LoVo Cells were measured, briefly 
described as follows: a 96-well plate was used to 
inoculate cells at a concentration of 2000 
cells/well, and the culture conditions: 5% CO2, 
37˚C. Gamma Cell 40 Exactor (MDS Nordion, 
Ontario, Canada) irradiation was performed on 

CRC cell lines that had been cultured for 24 
hours. Cell viability was measured by CCK8 as-
say, 24 and 72 h after the cells were treated with 
radiation therapy. 
 
Isolation of total RNA and quantitative 
RT-PCR 
Total RNA from the CRC tumor samples and 
cell lines was extracted using the RNeasy Mini kit 
(Qiagen, Manchester, UK) according to the man-
ufacturer's instructions. mRNA expression levels 
were measured by qRT-PCR using SYBR® Pre-
mix Ex Taq™ (Takara). The cycling conditions 
were set as follows: 95˚C (30 s)→[95˚C (5 s), an-
nealing (5 s), 72˚C (30 s)]*40 cycles→72˚C (5 
min). 2-ΔΔCT method was hired for measuring 
fold change and internal reference gene was: 
GAPDH. The primers sequence was displayed in 
Table 1. 

 
Table 1: Sequences of primers for qRT-PCR 

 
Primer name Sequence(5′ to 3′) 
CXCL12 forward GCTGGCACCCCTGGTCCAGGT 
CXCL12 reverse CCAGGCCCAGGCGGCGACCCAGCTTTCTT 
GAPDH forward GCTCCCTCTTTCTTTGCAGCAAT 
GAPDH reverse TACCATGAGTCCTTCCACGATAC 

 
Statistical analysis 
Experimental results collation and data analysis 
with the help of two statistical software, SPSS 
26.0 (IBM Corporation, Armonk, USA) and 
GraphPad (GraphPad Software, San Diego, 
USA). Student 's t-test (two-tailed), Kruskal-
Wallis test and Spearman correlation test were 
used as the main statistical evaluation methods 
and P<0.05 indicates statistical significance. All 
values are expressed as means ± SD. 
 
 
 
 

 
Results 
 

Differentially expressed genes (DEGs) analyses 
In order to identify the differentially expressed 
mRNAs between colorectal cancer samples and 
tumour irradiated samples, DEGs detection were 
performed using the R packages and visualized 
by pheatmap (Fig. 1A). Bioinformatics analysis of 
DEGs found a total of 2429 differentially ex-
pressed genes, and the pheatmap showed the top 
10 genes with high and low expression.  
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Fig. 1: Differential expressed genes in CRC tumor sample and tumor_irra sample; THBS3 and CXCL12 were high-
expressed in Tumor_irra sample 

 
THBS3 and CXCL12 genes are two abnormally 
highly expressed genes in the CRC tumour irradi-
ated group, which suggests that these two genes 
are related to the tolerance of CRC to radiother-
apy and chemotherapy. 
 
Signaling pathways detection in CRC 
GESA was performed to analyze the functional 
and pathway enrichment of identified DEGs. 
KEGG analysis results showed the correlative 
signaling pathway in disease, such as cytokine-
cytokine receptor interaction, JAK-STAT sig-
nalign pathway, PI3K/AKT signaling pathway 
and MAPK signaling pathway. The joyplot and 
dotplot were hired to visualize the enrichment 
pathways (Fig. 2A-2B). Take the intersection of 
joyplot and dotplot enriched pathways to draw a 
Venn diagram and the results showed that four 
pathways (cytokine-cytokine receptor interaction, 
JAK-STAT signalign pathway, PI3K/AKT sig-
naling pathway and MAPK signaling pathway) 
were obtained (Fig. 2C). 

 
The gene expression in cytokine-cytokine recep-
tor interaction pathway 
In the above four signal pathways related genes 
and screened out differential genes for intersec-
tion analysis and draw a Venn diagram. Except 
for the JAK STAT signaling pathway, more than 
15% of the genes in the other three signaling 
pathways were differentially expressed. There-
fore, the differential genes of these three signal-
ing pathways were further screened. Use the 
pheatmap to perform differential analysis and 
GSEA analysis on the cytokine-cytokine receptor 
interaction, PI3K/AKT signaling pathway and 
MAPK signaling pathway. These three signal 
pathways that are significantly up-regulated in the 
tumor tissue after preoperative radiotherapy and 
we explored their activation and inhibition in 
genes expression level (Figs. 3, 4). In addition, 
cytokine-cytokine receptor interaction pathway is 
related to cell stemness, and we try to explore its 
relationship with the CXCL12 gene.
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Fig. 2: Enrichment analysis of the most relevant signaling pathways by dotplot (A) and joyplot (B); The four com-
mon signaling pathways analysis by veen diagram were cytokine-cytokine receptor interaction, JAK-STAT signaling 

pathway, PI3K/AKT signaling pathway and MAPK signaling pathway (C) 
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Fig. 3: CXCL12 was an important bio-maker in cytokine-cytokine receptor interaction signaling pathway by KEGG 
enrichment analysis 



Iran J Public Health, Vol. 53, No.9, Sep 2024, pp.2079-2089  

2085                                                                                                      Available at:    http://ijph.tums.ac.ir 

 
 

Fig. 4: KEGG enrichment analysis of PI3K/AKT signaling pathway (A&C) and MAPK signaling pathway (B&D) 
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The expression of CXCL12 gene in CRC 
To verify the expression of CXCL12 in CRC 
cells, quantitative real-time PCR was used and 
detected mRNA expression. The results showed 
that the expression of CXCL12 in LoVo cell and 
SW480 cell was increased compared with FHC 
cell (Fig. 5A). Subsequently, the transfection effi-
ciency of constructed CXCL12 overexpression 

vector was detected and the results showed that 
the expression of CXCL12 was up-regulated in 
LoVo cell and SW480 cell (Fig. 5B). In addition, 
the effect of overexpression of CXCL12 on the 
proliferation ability of CRC cells was tested, and 
the results showed that CXCL12 promoted the 
proliferation of LoVo cell and SW480 cell (Fig. 
5C-5D). 

 

 
 

Fig. 5: The expression of CXCL12 in CRC cells was increased (A). The expression of CXCL12 was up-regulated in 
overexpressed-CXCL12 treatment group (B). The cell proliferation was promoted in overexpressed-CXCL12 treat-

ment group both in LoVo cell (C) and SW480 cell (D) 
 
Chemoresistance conferred by CXCL12 in CRC 
cells 
Through LoVo cell and SW480 cell, the chemo-
therapy drug resistance situation was simulated in 
vitro by overexpression of CXCL12 in CRC cells. 

The results were proved that CRC-derived cells 
(LoVo and SW480) were significantly more re-
sistant to the anticancer drugs 5-FU at 48 h and 
72 h after transfected with CXCL12, compared 
to the empty vector (control group) (Fig. 6A-6B).
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Fig. 6: Overexpression of CXCL12 increased the resistance of CRC cells to the anticancer drug 5-FU both in LoVo 
cell (A) and SW480 cell (B) 

 
Sensitization of CRC cells to radiation by 
CXCL12 in CRC cells 
To assess the radiation-enhancing effects after 
transfected with CXCL12, the cells were exposed 
to radiation treatment. Fig. 7A-7B displayed the 
survival curves in LoVo cell and SW480 cell for 
treatment with radiation. The results uncovered 
that there were significant differences concerning 
survival between two groups. The sensitizer en-

hancement ratio (SER) indicated that CXCL12 
increased the radiosensitivity of CRC cells to ra-
diation. Moreover, compared to the empty vector 
(control group), LoVo and SW480 cells presented 
greater resistance to radiation due to upregulation 
CXCL12 levels, and such results were detected 
both 48 and 72 hours after the cells were treated 
with radiation (Fig. 7C-7D). 

 

 
 

Fig. 7: The sensitizer enhancement ratio (SER) indicated that CXCL12 increased the radiosensitivity of LoVo cell 
(A) and SW480 cell (B) by survival curves. Overexpression of CXCL12 conferred stronger radioresistance in LoVo 

cells (C) and SW480 cells (D) 
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Discussion 
 
CRC is amongst the leading causes of cancer re-
lated deaths worldwide (15). In this study, ab-
normal gene expression profiles in colorectal 
cancer were obtained by performing genome-
wide microarray analysis, and CXCL12 ranked 
among the top abnormally expressed genes. And 
the signal pathways closely related to CXCL12 
was obtained in colorectal cancer rely on the bio-
informatics analysis of the associated pathways. 
In addition, through the in vitro cell model, 
CXCL12 can promote the chemotherapy and 
radiotherapy tolerance in CRC cells under the 
treatment of chemotherapeutic drugs and radio-
therapy. Since this is the standard of patient care, 
it is impossible to observe the effect of radiation 
on the tumor tissue. Obviously, our research is of 
great help to clinical studies. 
Chemokine CXCL12 and its receptors CXCR4 
and CXCR7 play an important role in regulation 
of homeostasis under normal physiological con-
ditions (16, 17). CXCL12 is expressed constitu-
tively in the most common sites for colon cancer 
metastasis, which reminds us that it is related to 
the malignancy degrees of CRC (18,19). The 
study found that CXCL12 expression analysis 
can be used as a prognostic biomarker for cancer 
(20). This study confirmed the abnormally high 
expression of CXCL12 through the DEGs pro-
file analysis in CRC, and also found that the im-
portant correlation effect of CXCL12 in a num-
ber of key signal pathways, including pathways 
related to cell stemness, cytokine-cytokine recep-
tor interaction. 
Currently, radiotherapy and chemotherapy are 
the main treatment methods for CRC (21,22). 
Preoperative external beam radiotherapy has 
been shown to increase pathological complete 
remission and reduce the probability of local re-
currence (23) and also 5-Fluorouracil is the first 
line of chemotherapy in colorectal cancer (24). 
Regarding the effect of radiation-induced on can-
cer cells: It was confirmed that the expression of 
EGFR in cancer cells increased under the radia-

tion-induced, and blocking the EGFR signal 
made the cells sensitive to the effects of radiation 
(25, 26). In addition, intra-cell-conversion of 
prodrug 5-FC to 5-fluorouracil was able to in-
duce endocytosed exosome-trigger-dependent 
tumor cells death (27). Similarly, in this study, we 
used the CRC cell line to detect the chemosensi-
tivity and radiotherapy tolerance with the partici-
pation of abnormally expressed gene CXCL12.  
 
Conclusion 
 
Our study efficiently identified several candidate 
targets that can potentially serve as biomarkers in 
the diagnosis of CRC. The functional signal 
pathways closely related to CXCL12 have also 
been confirmed. Furthermore, we also demon-
strated the influence of CXCL12 in chemosensi-
tivity and radiotherapy tolerance of CRC. 
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