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CHI3L1 mediates radiation resistance 
in colorectal cancer by inhibiting ferroptosis 
via the p53/SLC7A11 pathway
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Abstract 

Background Radiotherapy is a key treatment for colorectal cancer (CRC), particularly rectal cancer; however, many 
patients are resistant to radiation. While it has been shown that CHI3L1 is associated with CRC progression, its specific 
function and regulatory mechanisms in radiation resistance remain unclear.

Methods The levels of CHI3L1 in CRC and normal tissue samples were obtained from The Cancer Genome Atlas 
(TCGA) and Gene Expression Omnibus (GEO) datasets. To assess the effects of CHI3L1 on CRC cell proliferative, migra-
tory, and invasive capacities, Cell Counting Kit-8 (CCK-8) and Transwell assays were performed. Radiation resistance 
in CRC cells with varying CHI3L1 expression levels was evaluated through colony formation assay. Western blot 
and immunofluorescence analyses were conducted to explore the correlation between CHI3L1 and p53 expression 
levels. Ferroptosis was assessed by determining reactive oxygen species (ROS), malondialdehyde (MDA), and glu-
tathione (GSH) concentrations in cells with different CHI3L1 expression levels, and a xenograft mouse model was used 
to identify the molecular mechanisms of ferroptosis in vivo.

Results Significant CHI3L1 upregulated was observed in CRC tissues and was associated with promotion of malig-
nant cell behaviors. The number of colonies in CHI3L1-overexpressing groups was significantly greater than that in 
the control groups following radiation, indicating increased radiation resistance in the former group. Furthermore, 
CHI3L1 overexpression was associated with p53 downregulation and elevated p53 ubiquitination. Notably, CHI3L1 
inhibited the ferroptosis of CRC cells by suppressing p53 expression through the p53/SLC7A11 signaling pathway.

Conclusions CHI3L1 overexpression promotes the proliferation, migration, invasion, and radiation resistance of CRC 
cells. Elevated CHI3L1 expression is associated with increased p53 ubiquitination and SLC7A11 upregulation. CHI3L1 
promotes radiation resistance by suppressing ferroptosis in CRC cells through the p53/SLC7A11 axis.
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Introduction
Colorectal cancer (CRC), encompassing both rectal and 
colon cancer, is a common gastrointestinal malignancy 
worldwide [1]. Radiotherapy is a critical component of 
multimodality therapy that extend the overall survival 
time of patients with CRC [2]. Neoadjuvant chemoradio-
therapy (NCRT) is a key treatment for patients for whom 
anal function preservation during surgery is difficult and 
has been shown to significantly reduce the local recur-
rence rate of rectal cancer [3]. However, the low rate of 
pathological complete response (pCR) rate after NCRT 
suggests that a significant number of patients develop 
resistance to radiotherapy, leading to a poor prognosis 
[4–6].

Chitinase-3-like protein 1 (CHI3L1) or YKL-40, is 
reported to contribute to tumor growth across various 
cancer types. Elevated CHI3L1 levels are linked with 
radiation resistance in glioblastoma, which correlates 
with a poorer prognosis [7, 8]. However, the precise func-
tion and regulatory pathways of CHI3L1 in radiation 
resistance of CRC cells remain to be clarified. In recent 
years, studies have revealed a close link between radia-
tion resistance and ferroptosis [9, 10]. However, limited 
research has reported the relationship between CHI3L1 
and ferroptosis. P53, an important tumor suppressor 
gene, has been demonstrated to play a critical role in 
radiation resistance, especially in lung and prostate can-
cers, where it influences cellular responses to radiation 
by modulating DNA damage signaling, autophagy, and 
apoptosis pathways [11, 12]. Recent findings have shown 
the important role of p53 in ferroptosis [13]. Our previ-
ous research demonstrated that CHI3L1 overexpression 
promoted CRC cell proliferation by inhibiting p53 activ-
ity [14]. Therefore, we suggest that CHI3L1 may affect 
ferroptosis by regulating p53, leading to radiation resist-
ance in CRC.

The aim of the present study was to assess the role of 
CHI3L1 overexpression in CRC cells, specifically its 
impact on cell proliferation, migration, invasion, and 
radiation resistance. This study also aimed to explore the 
potential mechanism by which CHI3L1 promotes radia-
tion resistance, focusing on its regulation of ferroptosis 
through the p53/SLC7A11 axis.

Materials and methods
Clinical data
Data on CHI3L1 in CRC cases were collected from pub-
licly available databases, specifically The Cancer Genome 
Atlas (TCGA) and Gene Expression Omnibus (GEO). For 
the TCGA cohort, gene expression profiles were studied 
in 620 CRC tissues compared with 789 adjacent normal 
tissues, while GSE31279 and GSE24550 were involved 
in our analysis from GEO database. In addition to this 

database-derived data, the study also included 82 paired 
tissue samples, which were preserved in our laboratory 
for further analysis. The Ethics Committee of Ningbo 
Medical Center Lihuili Hospital granted ethical approval 
for this investigation.

Cell lines and cell culture
The human CRC cell lines SW480 and HCT116 were 
used in this study. Cells were grown in DMEM enriched 
with 10% fetal bovine serum at 37 °C with 5% CO₂. Sub-
culturing was performed every 2–3 days at a 1:3 ratio.

Cell transfection
For CHI3L1 knockdown and overexpression, inhibitors 
and synthetic analogs were designed. According to the 
instructions, these inhibitors or analogs were mixed in 
serum-free medium to achieve a final concentration of 
50 nM, followed by the addition of 5 μL of Lipofectamine 
2000 to transfect SW480 and HCT116 cells. After 4  h, 
the cells were transferred to normal medium for contin-
ued culture.

Cell counting Kit‑8 (CCK8) assay
Cells were harvested and prepared for suspension cul-
ture. They were inoculated in a 96-well plate at 5 × 103 
cells per well and grown at 37  °C with 5% CO₂ to allow 
cell adherence and proliferation. To monitor cell growth 
over time, cells were grown for 0, 24, 48, 72, and 96  h 
after which 10 μL of CCK8 reagent was introduced into 
each well to assess cell viability, as the reagent undergoes 
a colorimetric reaction proportional to the cell viability. 
After incubation for 2 h at 37 °C, absorbance at 450 nm 
were read. The results were used to determine the growth 
pattern as well as the viability of the cells over the speci-
fied time intervals.

Transwell migration and invasion assays
The migratory and invasive potential of CRC cells was 
assessed through Transwell assays. Cells that grew well 
after transfection were counted, and a suspension of 
2 ×  105 cells/mL was prepared using serum-free culture 
medium, adding 200 µL to each upper chamber. For the 
migration assay, the cell suspension was carefully pipet-
ted into the upper chamber, while for the invasion assay, 
the porous membrane was first coated with Matrigel and 
allowed to solidify before the cell suspension was added 
to the upper chamber. The lower chamber was then 
filled with medium supplemented with 20% serum as a 
chemoattractant. Incubation for 24  h allowed cells with 
migratory and invasive properties to move through the 
membrane towards the lower chamber. Residual cells on 
the upper membrane surface were then removed care-
fully while those that migrated were fixed, stained, and 
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visualized using a microscope. The migrated and invasive 
cells were counted in multiple fields of view to ensure 
accurate results. The cell counts were then analyzed to 
assess the migratory and invasive capabilities of the cells.

Colony formation assay
A colony formation assay was carried out to assess the 
colony-forming capability of CRC cells after exposure to 
various radiation doses. To prepare the substrate layer, 
1.2% agarose was combined with 2 × DMEM in a 1:1 vol-
ume ratio to prepare a 0.6% agarose solution, which was 
then dispensed at 1.4 mL per well into six-well plates and 
allowed to solidify. The cell count was adjusted to 10,000 
cells/mL. For the upper layer, 0.6% agarose was again 
mixed with 2 × DMEM at a 1:1 ratio to produce a 0.3% 
agarose solution. Then, 1  mL of this upper agarose was 
mixed with 500  μL of the cell suspension, resulting in 
5,000 cells per well, and added to each well before solidi-
fication. The cells were then grown under normal condi-
tions for 2–3 weeks. Finally, colony images were captured 
and analyzed.

Cell immunofluorescence
Six-well plates were seeded with 5000 cells per well, 
allowing the cells to attach. Following aspiration of the 
media, the cells were fixed with 1 mL of 4% paraformal-
dehyde and incubated at room temperature for 20 min to 
preserve cellular structures. Following fixation, the cells 
were treated with primary antibodies targeting CHI3L1 
and p53 to detect their expression. After antibody incu-
bation, the cells were stained with DAPI to label the 
nuclei. Fluorescence microscopy was then employed to 
capture images.

The detection of reactive oxygen species (ROS), 
malondialdehyde (MDA), and glutathione (GSH)
Flow cytometry was used to quantify intracellular ROS. 
Cells in a diluted DCFH-DA solution were incubated at 
37 °C for 20 min after which they were rinsed three times 
with serum-free medium for removal any uninternal-
ized DCFH-DA. Flow cytometric analysis was then per-
formed to measure ROS levels. Additionally, assay kits 
for ROS, MDA, and GSH were also used following the 
provided directions.

Real‑time PCR
Cells were processed to isolate total RNA with the TRIzol 
method, followed by reverse transcription into cDNA. 
For quantitative PCR, the reaction mix was prepared in 
accordance with the SYBR Green protocol. Each 20  μL 
reaction included 10  μL of SYBR Green Master Mix, 
0.4 μL of the forward and reverse primers, 2 μL of cDNA, 
and deionized water. The PCR conditions were an initial 

denaturation step at 95  °C for 30  s (s), 40 amplification 
cycles comprising denaturation at 95 °C for 10 s, anneal-
ing at 58  °C for 30  s, and extension at 72  °C for 30  s. 
Samples were run in triplicate to ensure accuracy and 
reproducibility. Relative gene expressions were assessed 
using the  2−ΔΔCt method, allowing for the comparison 
of expression levels between experimental and control 
groups.

Western blot
The HCT116 and SW480 cell lysates were prepared in 
SDS lysis buffer to extract total protein. For the quantifi-
cation of proteins, a BCA protein assay kit was employed. 
Proteins were added to loading buffer and separated on 
SDS-PAGE, followed by transfer to a PVDF membrane, 
which was blocked and treated with primary antibodies 
overnight at a temperature of 4  °C. The blots were then 
rinsed three times with TBST and treated with a second-
ary antibody for a period of 1 h. After washing, enhanced 
chemiluminescence substrates were applied to visualize 
the target protein expression.

Coimmunoprecipitation
Firstly, cells were lysed using a cell lysis buffer to obtain 
a sample containing the target protein. Then, magnetic 
beads conjugated with specific antibodies were added to 
the sample, allowing the target protein to be precipitated. 
After eluting the protein with elution buffer, the protein 
complexes were separated using SDS-PAGE. Subse-
quently, Western Blot analysis was performed to detect 
the presence of the target protein.

Cell line‑derived xenograft model
BALB/c nude mice (four-week-old) were used to develop 
tumor models. CRC cells, treated with si-CHI3L1 or 
si-NC (1 ×  107 cells/mL, 100 μL), were injected subcuta-
neously into the abdominal region of the mice. After two 
weeks of tumor formation, the mice underwent radiation 
treatment and were monitored until the tumors reached 
a measurable size. Tumor tissues were then harvested for 
further analysis.

Immunohistochemistry (IHC)
The levels and cellular localization of target proteins in 
CRC tissues were assessed using IHC analysis. The IHC 
score was employed to semi-quantitatively assess the 
expression levels of target proteins in CRC and control 
tissue samples. Antibodies against CHI3L1, p53, and 
SLC7A11 were used in the analysis.

Statistical analysis
Differences between groups were assessed using t-tests. 
Error bars in the figures indicated the Standard Error of 
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the Mean (SEM). All data were presented as mean ± SEM. 
Statistical significance was defined as a p-value below 
0.05. Data analysis was conducted with SPSS (version 
22.0) and GraphPad Prism (version 8.0) to ensure precise 
data interpretation and visualization.

Results
High expression of CHI3L1 in CRC tissues
This study initially assessed CHI3L1 expression levels in 
CRC tissues using data from the TCGA and GEO data-
bases and revealed a markedly higher CHI3L1 levels in 
CRC tissues relative to adjacent normal tissues (Fig. 1A, 
B). On the basis of previous research, the sample size 
was expanded to confirm elevated CHI3L1 levels in 82 
matched CRC tissue samples (Fig.  1C). Western blot 
analysis of five paired samples further validated CHI3L1 
overexpression in CRC tissues (Fig. 1D). In addition, ele-
vated CHI3L1 was observed in CRC cell lines, including 
SW480 and HCT116 [14].

CHI3L1 overexpression increased cell proliferation, 
migration, and invasion of CRC cells
To investigate the effects of CHI3L1 on CRC tumorigenic 
behavior, CCK-8 and Transwell assays were performed. 

CHI3L1 levels in the cells were modulated through 
CHI3L1 knockdown or overexpression (Fig.  2A, B). 
The CCK-8 assay displayed that CRC cell proliferation 
was significantly reduced with CHI3L1 knockdown and 
increased with CHI3L1 overexpression (Fig.  2C). Simi-
larly, Transwell assays showed a significant suppression 
of the invasion and migration of HCT116 and SW480 
cells in the CHI3L1-knockdown groups, whereas these 
processes were significantly promoted in the CHI3L1-
overexpression groups (Fig.  2D, E). Meanwhile, we also 
detected through CCK-8 and Transwell assays that in 
the CHI3L1 knockdown groups, the proliferation, migra-
tion, and invasion capabilities of HCT116 and SW480 
cells were restored upon simultaneous overexpression of 
CHI3L1 (Figure S1A-F). Overall, these findings suggested 
that CHI3L1 was crucial for promoting CRC cell prolif-
eration, migration, and invasion.

CHI3L1 overexpression promoted the radiation resistance 
of CRC cells
To assess the correlation between CHI3L1 expression 
and radiation resistance, radiation-resistant CRC cell 
lines (HCT116R and SW480R) were first established 
as previously described [15]. These radiation-resistant 

Fig. 1 The expression levels of CHI3L1 in CRC tissues. A, B CHI3L1 expression data from TCGA and GEO database. C qRT-PCR analysis of CHI3L1 
levels in CRC tissues and paired normal tissues (n = 82). D Western blot analysis of CHI3L1 protein levels in CRC tissues and paired normal tissues 
(n = 6). *P < 0.05, **P < 0.01, ***P < 0.001
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lines presented elevated CHI3L1 expression levels 
(Fig.  3A). A colony formation assay was performed to 
examine the link between CHI3L1 expression and radi-
ation resistance in CRC cells. The results showed that, 
across various doses of radiation (2, 4, 6, and 8 Gy), the 
number of colonies formed by the CHI3L1-knockdown 
cells was markedly lower than that formed by the con-
trol cells. However, the colony counts of the CHI3L1-
overexpressing groups were significantly greater than 
those of the control groups (Fig.  3B). These findings 

showed that CHI3L1 might enhance radiation resist-
ance in CRC cells.

CHI3L1 overexpression was associated with increased 
levels of p53 ubiquitination
Our previous studies revealed that CHI3L1 over-
expression significantly suppresses p53 levels [14]. 
Building on these findings, the present study fur-
ther explored the relationship between CHI3L1 and 
changes in the p53 protein. Coimmunoprecipitation 

Fig. 2 Elevated CHI3L1 expression enhanced proliferation, migration, and invasive capabilities in CRC cells. A, B The efficiency of CHI3L1 
overexpression and knockdown that verified by qRT-PCR and Western blot. C CCK8 and D, E Transwell assays were performed to assess the impact 
of CHI3L1 on the migration and invasion of CRC cells. *P < 0.05, **P < 0.01, ***P < 0.001
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data indicated a direct interaction between CHI3L1 
and p53 (Fig. 4A), whereas immunofluorescence stud-
ies confirmed the colocalization of both proteins in 
CRC cells (Fig.  4B). The expression levels of CHI3L1 
were inversely correlated with those of the p53 pro-
tein (Fig. 4C). However, at the mRNA level, changes in 
CHI3L1 did not significantly affect p53 mRNA levels 
(Fig.  4D). These findings suggested that, rather than 
affecting mRNA levels, CHI3L1 might reduce p53 
expression through protein modifications.

Further investigations were conducted to explore 
the interaction between CHI3L1 and p53 ubiquitina-
tion. Cells were treated with the proteasome inhibitor 
MG132 (10 µM) for 6 h to increase p53 ubiquitination, 
while the protein synthesis inhibitor cycloheximide 
(CHX) (180 µM) was used to treat the cells for 6 h to 
reduce p53 ubiquitination. Compared with the con-
trol conditions, exposure to MG132 increased the p53 
levels in CRC cells, with a less pronounced increase in 
the CHI3L1-overexpressing groups. In contrast, CHX 
treatment decreased p53 levels, with a much greater 
reduction in p53 levels in the CHI3L1-overexpressing 
groups than in the control groups (Fig.  4E, F). Simi-
lar experiments in CHI3L1-knockdown cells revealed 
that MG132 did not significantly increase p53 levels 
in these cells, while after CHX treatment, p53 lev-
els in CHI3L1-knockdown cells were comparatively 
higher than those in control cells (Fig.  4G, H). Ubiq-
uitination assays ultimately demonstrated that CHI3L1 
overexpression was associated with increased p53 
ubiquitination, whereas CHI3L1 knockdown corre-
lated with reduced p53 ubiquitination (Fig. 4I).

CHI3L1 suppressed ferroptosis through the p53/SLC7A11 
axis in CRC cells
Studies have shown that p53 may facilitate cell ferrop-
tosis by suppressing the expression of SLC7A11 [13]. In 
our study, the levels of p53 were reduced in CRC tis-
sues, especially when the sample size was expanded. 
However, SLC7A11 was overexpressed in these tis-
sues (Fig.  5A, B). A marked negative association was 
found between p53 expression and both CHI3L1 and 
SLC7A11 expression. Furthermore, a strong positive 
correlation was found between CHI3L1 and SLC7A11 
expression (Fig. 5C–E). Moreover, the SLC7A11 expres-
sion level increased following CHI3L1 overexpression 
but decreased after CHI3L1 knockdown (Fig. 6A).

Ferrostatin-1 (Fer-1) was used to assess whether the 
ferroptosis induced by CHI3L1 knockdown could be 
mitigated. All experimental cells were treated with 10 
µM of Fer-1 for 24  h. The results of the CCK-8 assay 
showed that Fer-1 effectively reversed the suppression 
of cell growth caused by CHI3L1 knockdown (Fig. 6B). 
The levels of ROS, MDA, and GSH were measured as 
indicators of ferroptosis. Fer-1 counteracted the rise in 
ROS and MDA levels and the reduction in GSH levels 
resulting from CHI3L1 knockdown (Fig.  6C–F). Fur-
thermore, erastin was used to promote ferroptosis, 
specifically, all experimental cells were treated with 
10 µM of erastin for 24 h prior to the experiments. The 
results indicated that erastin counteracted the effects 
of CHI3L1 overexpression, including the promotion of 
cell proliferation, the decrease in MDA and ROS levels, 
and the rise in GSH levels (Fig. 6G–K). Together, these 

Fig. 3 CHI3L1 overexpression promoted the radiation resistance of CRC cells. A CHI3L1 expression levels in radiation-resistant CRC cell lines. B 
Colony formation assay conducted to count the number of colonies and elucidate the correlation between CHI3L1 expression and radiation 
resistance in CRC cells, across various doses of radiation (2, 4, 6, and 8 Gy). *P < 0.05, **P < 0.01
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results indicated that CHI3L1 overexpression might 
suppress the ferroptosis of CRC cells.

The influence of CHI3L1/p53 on ferroptosis in CRC 
cells was further investigated. p53 knockdown resulted 
in increased cell proliferation, lowered ROS and MDA 
levels, and raised GSH levels. When CHI3L1 was addi-
tionally knocked down, cell proliferation was inhibited 
(Fig. 7A), and the changes in ROS, MDA, and GSH lev-
els induced by p53 knockdown were reversed (Fig. 7B, 
C). These findings suggested that CHI3L1 mitigates 
ferroptosis in CRC cells by suppressing p53 expres-
sion. Furthermore, our study also found that SLC7A11 
knockdown led to reduced cell proliferation, increased 
levels of ROS and MDA, and decreased levels of GSH. 
When CHI3L1 was overexpressed simultaneously, the 
cell proliferation capacity was restored (Figure S2A), 
and the SLC7A11 knockdown-induced changes in ROS, 

MDA, and GSH levels were reversed (Figure S2B-C). 
These findings suggest that CHI3L1 alleviates ferropto-
sis in CRC cells by promoting SLC7A11 expression.

In vivo experiments were also performed to examine 
the effect of the CHI3L1/p53/SLC7A11 signaling path-
way on ferroptosis in CRC cells. The results revealed 
that radiation effectively suppressed tumor growth 
in the mice, as both tumor volume and weight signifi-
cantly decreased in the CHI3L1-knockdown groups 
compared with those in the control groups (Fig. 8A–C). 
The IHC analysis revealed that, following radiation, 
p53 expression increased and SLC7A11 expression 
decreased in the CHI3L1-knockdown groups (Fig. 8D). 
Collectively, the data suggested to a potential role for 
CHI3L1 in preventing ferroptosis in CRC cells through 
the regulation of the p53/SLC7A11 axis.

Fig. 4 CHI3L1 overexpression was associated with increased levels of p53 ubiquitination. A, B Coimmunoprecipitation results and C Western 
blot analysis revealed a direct interaction between CHI3L1 and p53. D Examination of p53 mRNA expression with varying CHI3L1 levels. E–H 
Western blot analysis of p53 protein levels following treatment with MG132 (10 µM) and CHX (180 µM). (I) Ubiquitination assay for confirming 
the connection between CHI3L1 and p53
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Discussion
Both preoperative and postoperative radiation therapy 
significantly lower the risk of local recurrence and pro-
long the survival time of rectal cancer patients [16, 17]. 
However, despite the importance of radiotherapy for 
locally advanced rectal cancer, there is still less than one-
fifth of the patients achieve pCR, which indicating that 
radiation resistance has emerged as one of the primary 
factors limiting the effectiveness of this treatment [4, 5]. 
CHI3L1 has been identified as a factor that promotes 
tumor growth in various types of cancer. The present 
study confirmed that CHI3L1 was overexpressed in CRC 
tissues with an expanded sample size. Furthermore, the 
study revealed that CHI3L1 overexpression promotes the 
proliferation, migration, and invasion of CRC cells.

Radiation-induced DNA damage can lead to molecu-
lar fractures, resulting in irreversible cell damage and 
even cell death, and poor outcomes of radiotherapy 
may result from the strong ability of cells to repair 
radiation damage [18]. In this study, the correlation 
between CHI3L1 and radiation resistance in CRC 
cells, along with the underlying molecular mecha-
nism, was further explored. The results showed that 
the colony count in the CHI3L1-overexpressing CRC 

cell lines was significantly greater than that in the con-
trol groups across various radiation doses, whereas the 
colony count was significantly lower in the CHI3L1-
knockdown groups. Moreover, a significant associa-
tion between CHI3L1 and alterations in p53 protein 
levels was observed. Recent research has underscored 
the potential role of p53 in radiation resistance. The 
efficacy of radiotherapy can be hindered by the high 
DNA damage repair capacity of certain cells [19]. The 
p53 protein plays an essential role in the signaling 
pathways that respond to DNA damage and in arrest-
ing the cell cycle following radiation exposure [11, 12, 
20]. Interestingly, p53 also affects chromatin compac-
tion, a key factor in DNA damage induction, making it 
an important indicator of radiation sensitivity [21, 22]. 
Previous reports have shown that the overexpression 
of CHI3L1 significantly suppresses p53 levels [14]. In 
the present study, a direct interaction between CHI3L1 
and p53 was confirmed, with both proteins colocaliz-
ing in CRC cells. However, no significant differences in 
p53 mRNA levels were observed when CHI3L1 expres-
sion was altered. These findings suggested that, rather 
than altering mRNA levels, CHI3L1 might reduce p53 
expression through protein modifications.

Fig. 5 Correlation among CHI3L1, p53 and SLC7A11. A, B The expression data of p53 and SLC7A11. C–E The correlation among CHI3L1, p53 
and SLC7A11 expression levels. **P < 0.01
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Post-translational modifications such as ubiquitina-
tion, phosphorylation, and acetylation are critical for 
regulating the structure and function of p53, significantly 
affecting its stability and activity [23]. Ubiquitination, 
particularly at the lysine residues of p53, is mediated by 
the ubiquitin ligase MDM2, inducing p53 degradation, 

thereby maintaining low levels of p53 [24]. In lung cancer 
cells, WDR5 overexpression has been shown to positively 
regulate p53 expression by inhibiting its ubiquitination 
and stabilizing the protein [25]. Similarly, DAB2IP pro-
motes p53 stability by preventing its degradation via the 
ubiquitin–proteasome pathway [26]. In the present study, 

Fig. 6 CHI3L1 promoted the radiation resistance by reducing ferroptosis. A Analysis of SLC7A11 expression levels in response to CHI3L1 
overexpression and knockdown. B–F Utilization of Fer-1 (10 µM) to inhibit ferroptosis and evaluate the ability of CHI3L1 knockdown to induce 
ferroptosis and its potential reversal through the detection of ROS, MDA, and GSH concentrations in cells with different CHI3L1 expression levels. 
G–K Application of erastin (10 µM) to augment ferroptosis. *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 7 The influence of CHI3L1/p53 on ferroptosis in CRC cells. A Analysis of cell proliferation under varying CHI3L1 and p53 expression levels. B–C 
Assessment of ROS, MDA, and GSH levels in relation to CHI3L1 expression changes. **P < 0.01, ***P < 0.001

Fig. 8 In vivo exploration of the CHI3L1/p53/SLC7A11 pathway. A–C Development of a mice model for the study. D Following radiation, 
comparison of p53 and SLC7A11 expression levels in the CHI3L1-knockdown groups by IHC. ***P < 0.001
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the proteasome inhibitor MG132 was used to increase 
ubiquitination, and the protein synthesis inhibitor CHX 
was utilized to reduce the ubiquitination of p53. The 
results indicated that CHI3L1 overexpression was associ-
ated with increased p53 ubiquitination, whereas CHI3L1 
knockdown led to decreased p53 ubiquitination. These 
findings suggested that CHI3L1 overexpression might 
increase p53 ubiquitination, thereby reducing p53 levels 
and potentially contributing to radiation resistance in 
CRC cells. This hypothesis is worthy of further investi-
gation to better understand how CHI3L1 influences p53 
stability and function, and reveal its impact on the radia-
tion sensitivity of CRC cells.

Ferroptosis is a form of programmed cell death that 
involves iron-dependent lipid peroxidation, and its dys-
regulation is associated with tumor development [27, 28]. 
Studies have revealed that ionizing radiation can trigger 
ferroptosis in tumor cells, and simultaneously, it can also 
upregulate the expression of inhibitors that counteract 
ferroptosis. The modulation of ferroptosis is suggested to 
be crucial in determining the sensitivity of cancer cells to 
radiotherapy [9]. However, limited research has reported 
the relationship between CHI3L1 and ferroptosis. The 
p53 protein serves as an important bidirectional regulator 
of ferroptosis by modulating ROS, MDA, and GSH [29–
31]. The degradation of p53 is essential for preventing 
ferroptosis and fostering tumor progression [32]. Thus, 
we aimed to explore the interplay between CHI3L1/p53 
and ferroptosis in radiation resistance in CRC cells. In 
this study, a significant inverse association between the 
expression levels of p53 and CHI3L1, as well as between 
p53 and SLC7A11 was observed. These findings sug-
gested that CHI3L1 overexpression could inhibit the 
ferroptosis of CRC cells. The ferroptosis inhibitor Fer-1 
successfully attenuated cell growth inhibition, increased 
in ROS and MDA levels and prevented the reduction in 
GSH levels caused by CHI3L1 knockdown. Erastin, a fer-
roptosis inducer, was able to offset the effects induced by 
CHI3L1 overexpression. Moreover, p53 knockdown led 
to suppression of ferroptosis, which was attenuated when 
CHI3L1 was also knocked down. These results implied 
that CHI3L1 decreased cell ferroptosis in CRC cells by 
downregulating p53.

Recent studies have shown that radiation can cause 
SLC7A11 overexpression, which increases resistance 
to radiation by inhibiting ferroptosis through the p53/
SLC7A11 signaling pathway [9, 13, 31, 33]. Prevent-
ing p53 degradation, specifically its ubiquitination, was 
found to lower SLC7A11 expression, thereby increasing 
oxidative stress and inducing ferroptosis [34, 35]. This 
study revealed a marked positive association between 
SLC7A11 and CHI3L1 expression levels. An increase 
in SLC7A11 expression was observed with CHI3L1 

upregulation, whereas a decrease was observed when 
CHI3L1 was knocked down. In the CHI3L1-knock-
down mice models after radiation, p53 expression was 
increased, and SLC7A11 expression was reduced. These 
results indicated that CHI3L1 might inhibit ferroptosis in 
CRC cells through regulation of the p53/SLC7A11 axis.

Although this study provides multiple insights, sev-
eral limitations should be acknowledged. First, the sam-
ple size of patients included in the study was relatively 
small. Therefore, validation and further investigation in 
a larger cohort are warranted to better understand the 
relationship between CHI3L1 expression and the prog-
nostic prediction of CRC. Additionally, more functional 
validations studies in animal models in  vivo are neces-
sary. The mechanisms and downstream regulatory effects 
of p53 ubiquitination on radiation sensitivity have not 
been extensively examined. Moreover, further research is 
needed to clarify the role of the CHI3L1/p53/SLC7A11 
pathway in cell ferroptosis.

Conclusions
In conclusion, CHI3L1 is significantly overexpressed in 
CRC tissues. CHI3L1 overexpression promotes the pro-
liferation, migration, invasion, and radiation resistance 
of CRC cells. Furthermore, elevated CHI3L1 expres-
sion is associated with increased p53 ubiquitination and 
SLC7A11 upregulation, suggesting that CHI3L1 may 
promote radiation resistance by suppressing ferroptosis 
through the p53/SLC7A11 signaling pathway.
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