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Abstract. Colorectal cancer (CRC) is one of the most common malignant tumors in the 

digestive system, and ARRB1(β -arrestin1) plays a crucial role in regulating the 

proliferation, invasion, migration, and other aspects of tumor cells. However, the role 

and regulatory mechanisms of ARRB1 in CRC have not been investigated. This study 

aims to investigate the molecular mechanisms by which ARRB1 affects the occurrence 

and development of CRC. The TCGA database was used to analyze the expression of 

ARRB1 in CRC. Cell proliferation, percentage of viable cells, migration, invasion, 

mitochondrial ferroptosis characteristics, and expression of ARRB1, p53, GPX4, and 

SLC7A11 were analyzed by CCK8, flow cytometry, cell cloning, scratch assay, 

Transwell assay, transmission electron microscopy, qRT-PCR, and Western blot, 

respectively. The overexpression of ARRB1 decreased the percentage of viable cells 

and induced cellular ROS generation in CRC cells, and the ferroptosis inducer RSL3 

promoted the effects of ARRB1 overexpression on the percentage of viable cells and 

ROS generation. Moreover, overexpression of ARRB1 promoted CRC cell p53 nuclear 



 

translocation, inhibited CRC cell proliferation, migration, and invasion, and decreased 

the levels of GPX4, GSH, and SLC7A11. However, si-TP53 inhibited the above effects 

of ARRB1 on cells. Up-regulation of ARRB1 promotes ferroptosis in colorectal cancer 

cells through p53/SLC7A11 signaling. 

 

Introduction 

 

Colorectal cancer (CRC) is one of the most common malignant tumors of the digestive 

system, accounting for the third-highest incidence and second-highest mortality of all 

cancers [1]. In China, the incidence of CRC continues to increase, with approximately 

550,000 new CRC patients each year, accounting for 12.2% of all new cancer diagnoses 

nationwide [2, 3]. Clinical treatment is mostly chosen as a combination of surgery and 

chemotherapy, but even among CRC patients with successfully resected tumors, tumor 

recurrence, and treatment resistance still exist, which seriously affects patients' efficacy, 

prognosis, and quality of life [4, 5]. With the development of research technology, it 

has become a major hotspot in CRC research to explore the mechanism of certain genes 

in the process of malignant progression of CRC, to screen out new specific molecular 

markers for early diagnosis of CRC. At the same time, selecting important molecular 

targets in genes and pathways and formulating individualized therapeutic plans are of 

significance to achieve the goal of "precision medicine" [6, 7]. 

ARRB1 (β-arrestin1), a member of the β-arrestins family, was initially identified 

as a regulator of G protein-coupled receptors (GPCRs) mediated signaling [8]. With 

further research, ARRB1 was found to play a crucial role in regulating cell proliferation, 

invasion, migration, transmitting anti-apoptotic survival signals, influencing tumor 

angiogenesis, and drug resistance [9-12]. Studies have shown that ARRB1 promotes 

gastric cancer cell proliferation, migration, and invasion, and its high expression 

predicts poor prognosis in gastric cancer patients [13]. Up-regulation of ARRB1 is 

associated with metastasis of hepatocellular carcinoma [14]. In addition, ARRB1 could 

lead to inhibition of hepatocyte apoptosis and up-regulation of hepatocyte 

compensatory proliferation [15]. However, the role and regulatory mechanisms of 



 

ARRB1 in CRC have not been investigated.  

Ferroptosis is a novel mode of programmed cell death characterized by the 

accumulation of lipid reactive oxygen clusters and mitochondrial crumpling [16]. It has 

been shown that ferroptosis inducers enhance the efficacy of radiation therapy for 

tumors [17]. Ferroptosis is involved in the anti-tumor effects of immune-activated 

CD8+T cells [18]. In addition, ferroptosis mediates endoplasmic reticulum stress, 

oxidative stress, and other pathways involved in disease progression [19, 20]. Studies 

have found that ARRB1 has the role of regulating the entry of p53 into the nucleus [21], 

and wild-type p53, as an important anti-tumor transcription factor, can inhibit excessive 

tumor proliferation by regulating the cell cycle on the one hand, and inhibit the 

transcription of the ferroptosis genes SLC7A11 and GPX4 on the other hand, to 

promote the occurrence of ferroptosis in tumor cells [22, 23]. Therefore, ARRB1 may 

induce ferroptosis in CRC cells by promoting the entry of wild-type p53 into the 

nucleus and inhibiting the expression of SLC7A11, thus exerting anti-tumor effects. 

In this study, we intend to analyze the effects of ARRB1 on CRC cellular processes 

from the perspective of ferroptosis, to explore the molecular mechanisms by which 

ARRB1 regulates CRC, and to provide a theoretical basis for the use of ARRB1 as a 

potential diagnostic marker for cancer biology and as a drug target for CRC therapy. 

 

Materials and methods 

 

Gathering patient data. Differential genes in CRC were screened using the TCGA 

database (https://cancergenome.nih.gov/), which provides clinical data on 620 patients 

with CRC, and correlation analyses between ARRB1 expression and cellular functional 

pathways (sets of functional genes) in CRC patients were performed. 

 

Cell culture. Human colon cancer cells HCT116 and SW48 (iCell, Shanghai, China) 

were cultured in Leibovitz's L-15 medium (Procell, Wuhan, China), and the cells were 

digested with trypsin and then passaged after they had grown to 70%-80%. 

 



 

Cell grouping and treatment. Setting HCT116 and SW48 cell grouping (i) pcDNA-NC 

+ ferroptosis inducers RSL3 (0.001, 0.01, 0.1, 1, 10, 100 µM), pcDNA-ARRB1 + 

ferroptosis inducers RSL3 (0.001, 0.01, 0.1, 1, 10, 100 µM). (ii) pcDNA-NC, pcDNA-

NC + RSL3, pcDNA-ARRB1, pcDNA-ARRB1 + RSL3. (iii) pcDNA-NC, pcDNA-

ARRB1, pcDNA-ARRB1 + ferroptosis inhibitor (pcDNA-ARRB1 + Ferr-1), pcDNA-

ARRB1 + autophagy inhibitor (pcDNA-ARRB1 + 3-MA), pcDNA-ARRB1 + 

necroptosis inhibitor (pcDNA-ARRB1 + Nec-1), pcDNA-ARRB1 + apoptosis inhibitor 

(pcDNA-ARRB1 + Z-VAD-FMK). (iv) pcDNA-NC + si-NC, pcDNA-NC + si-TP53, 

pcDNA-ARRB1 + si-NC, pcDNA-ARRB1 + si-TP53. HCT116 and SW480 cells in the 

logarithmic growth phase were taken, the cell density was adjusted to 2×105 cells/mL, 

and 2 mL/well were inoculated in 6-well plates, and cultured at 37℃ with 5% CO2. The 

cells were transfected with overexpression plasmid (pcDNA-ARRB1, RiboBio, 

Guangzhou, China) and siRNA (RiboBio, Guangzhou, China) by Lipofectamine 2000 

transfection reagent (Life Technologies, Shanghai, China) and riboFECTTMCP Reagent 

(RiboBio, Guangzhou, China), respectively. The cells were incubated at 37℃ with 5% 

CO2 for 6 h, and then replaced with a complete medium for further incubation. Ferr-1 

(1.0 μM, MCE, USA), 3-MA (10 mM, ThermoFisher Scientific, Guangzhou, China), 

Nec-1 (1.0 μM, Targetmol, Shanghai, China), Z-VAD-FMK (1.0 μM, Targetmol, 

Shanghai, China) was used. 

 

CCK8 assay. CCK8 reagent (110 μL/well, Biosharp, Shanghai, China) was added 

according to the assay group and incubated for 2 h. Absorbance values of each well 

were measured at 450 nm using an enzyme labeller (ELx800, Biotek, USA). The IC50 

was calculated. 

 

AnnexinV/7-AAD flow cytometry assay. According to the grouping, cell precipitates 

were obtained, and after resuspending the cells with 500 μL of Binding Buffer, 5 μL of 

Annexin V (MULTI SCIENCES, Hangzhou, China) was added and gently blown up, 

and then 10 μL of 7-AAD (MULTI SCIENCES, Hangzhou, China) was added. The 

reaction was mixed well, and the reaction was avoided light for 5 min at room 



 

temperature, and analyzed by flow cytometry (Cytoflex, Beckman, Beijing, China).  

 

Flow cytometric assay for lipid ROS. According to the grouping, cell precipitates were 

obtained; the cells were resuspended uniformly in 500 μL of Lipid ROS working 

solution (C11-BODIPY, BioHub Biotechnology, Shanghai, China) and incubated for 30 

min at 37℃ in an incubator with 5% CO2. Afterward, the cells were centrifuged at 1500 

r/min for 5 min, and the supernatant was aspirated and discarded. The cells were 

resuspended in 200 μL of PBS, and analyzed by flow cytometry (Cytoflex, Beckman, 

Beijing, China).  

 

Cell cloning assay. After the cells of each group were cultured for 48 h, appropriate 

amount of medium was added to make it into cell suspension, and the cell suspension 

was inoculated with a density of 1,000 cells per dish into the culture medium containing 

2 mL of 37℃ preheated culture solution respectively, with the cells dispersed evenly, 

and cultured at 37℃ and 5% CO2 at a constant temperature. The culture was terminated 

when a single cell was observed to grow to more than 50 cell clones under the 

microscope. The supernatant was discarded, pure ethanol was added, fixed for 30 min, 

stained with 0.1% crystal violet (Bomei, Hefei, China) for 20 min, air-dried, and the 

images were collected, and the clones were counted. 

 

Scratch assay. The cell density was adjusted to 2×105 cells/well, 2 mL/well was 

inoculated in 6-well plates, and when the cells grew to monolayer, the supernatant was 

aspirated, and the 200 μL tip was scratched perpendicular to the horizontal line behind 

the back to remove the scratched cells, and the cells were cultured according to the 

groups. 0h, 48h time points were sampled, and the cell scratch status of each well was 

tracked and photographed under a 50x microscope in a straight line marking place. 

Scratch healing distance Δd (μm) = 0h scratch width - 48h scratch width. 

 

Transwell assay. 200 μL of HCT116 and SW480 cell suspension was added to the small 

chamber of Transwell. In the upper chamber of Transwell, 80 μL of BD matrigel 



 

(Corning, Shanghai, China) and 4℃ pre-cooled serum-free medium (1:8) were added. 

The cells were incubated in 5% CO2 at 37℃ for 24 h, fixed in ethanol for 30 min, and 

stained with 0.1% crystal violet (Bomei, Hefei, China) staining solution at room 

temperature for 30 min. Photographs were taken under a microscope (DMI1, LEICA, 

Germany), and the number of cell migrations was calculated. 

 

Enzyme-linked immunosorbent assay (ELISA). The levels of glutathione peroxidase 4 

(GPX4, ZC-33229, ZCiBio, Shanghai, China), glutathione (GSH, ZC-33229, ZCiBio, 

Shanghai, China) and Malondialdehyde (MDA, ZC-33229, ZCiBio, Shanghai, China) 

were detected according to the instructions of the ELISA kit. 

 

Transmission electron microscopy (TEM). Cells were pre-fixed with 3% glutaraldehyde 

(SINOPHARM, Shanghai, China), re-fixed with 1% osmium tetroxide (Beijing 

Zhongjing Keyi Technology Co., Ltd.), dehydrated step by step with acetone, 

embedded with Epon-812 pure embedding agent, sectioned (90 nm), and stained with 

uranyl acetate and lead citrate (Beijing Zhongjing Keyi Technology Co., Ltd.) for 15 

min and 2 min, respectively. The images of copper mesh were acquired using a JEM- 

1400FLASH transmission electron microscope (JEOL, Japan) was used for image 

acquisition of copper mesh. 

 

Immunofluorescence staining. PBS washed cell crawls 3 times, dropwise addition of 

membrane-breaking solution (Servicebio, Wuhan, China) covered the cells and 

incubated at room temperature for 10 min; bovine serum was closed, and a mixture of 

ARRB1 primary antibody (1:100, Bioss, Beijing, China) and p53 primary antibody 

(1:100, Proteintech, Wuhan, China) was added and incubated at 4℃ overnight. The 

corresponding secondary antibody (Servicebio, Wuhan, China) was added and 

incubated at 37℃ for 30 min, and a drop of DAPI (Servicebio, Wuhan, China) was 

incubated at room temperature for 10 min, and the slices were blocked using anti-

fluorescence attenuation blocker. Images were captured by digital scanning and 

viewing software (OlyVIA, OLYMPUS, JAPAN) and analyzed by a data image 



 

analysis system (Image-J pro plus, National Institutes of Health, USA). 

 

Quantitative real-time PCR (qRT-PCR). Cellular RNA was extracted according to 

Molpure® Cell/Tissue Total RNA Kit (YEASEN, Shanghai, China), reverse 

transcription and real-time PCR were performed according to the reagent instructions 

of PrimeScript RT reagent Kit (Takara, Beijing, China) and TB Green TM Premix Ex 

TaqTM Ⅱ (Tli RNaseH Plus) (Takara, Beijing, China. GAPDH was used as the internal 

reference gene, and mRNA expression was calculated according to the 2-ΔΔCT method. 

The primer sequences are shown in Table I. 

 

Western blotting. Total cellular protein was extracted from Western cell lysates, protein 

concentration was determined by BCA (Beyotime, Beijing, China), and 10% SDS-

PAGE electrophoresis was performed, transferred to PVDF membranes, blocked with 

5% skimmed milk, and incubated overnight at 4°C with primary antibodies ARRB1 

(1:1000, Affinity, USA), p53 (1:1000, ABclonal, Wuhan, China), GPX4 (1:1000, 

ABclonal, Wuhan, China), and SLC7A11 (1:5000, ABclonal, Wuhan, China). Goat 

Anti-Rabbit IgG (H+L) HRP secondary antibody (1:8000, Affinity, USA) was 

incubated at room temperature for 2h, and the color was developed by ECL. The bands 

were exposed using Tanon Fluorescence Image Analysis System Software V2.0, and 

the exposure results were scanned by Gel-Pro analyzer4 software and expressed as the 

integrated optical density (IOD) of the target protein. 

 

Luciferase reporter assays. Setting up the grouping, SLC7A11_LUC reporter, 

SLC7A11_LUC reporter + pcDNA-TP53, SLC7A11_LUC reporter + si-TP53, 

SLC7A11_LUC reporter + pcDNA-ARRB1, SLC7A11_LUC reporter + pcDNA-TP53 

+ pcDNA-ARRB1, SLC7A11_LUC reporter + si-TP53 + pcDNA-ARRB1. Prepare 

293T cells for transfection, use reporter vector SLC7A11_LUC reporter, co-transfect 

pcDNA-TP53, si-TP53, pcDNA-ARRB1 according to the above grouping, and 48h 

after transfection, collect the cells and analyze them according to the Dual-Luciferase® 

Reporter Assay System (Promega, Madison, WI, USA) for dual-luciferase analysis. 



 

 

Statistical analysis. All data are shown as mean ± standard deviation (SD). The SPSS 

19.0 software (SPSS Inc., Chicago, USA) was used to analyze data and statistical 

differences between groups were determined by one way ANOVA. The LSD-t test was 

used for multiple two-by-two comparisons when the variances were equal, and 

Tamhane's T2 test was used when the variances were not equal. P<0.05 were considered 

statistically significant. 

 

Results 

 

ARRB1 is lowly expressed in colorectal cancer. Screening of CRC differential genes by 

TCGA data revealed that ARRB1 expression was reduced in CRC, whereas Kaplan-

Meier survival analyses showed that overall survival was not improved in all ARRB1 

high-expressing CRC patients (P=0.529, HR=0.893, Figure 1A,B) and the survival 

analysis of the p53 mutant subgroup showed that the overall survival rate of patients in 

the ARRB1 high expression and low expression groups did not differ either (P=0.774, 

HR=1.071, Figure 1C). However, in the p53 wild-type subgroup, the overall survival 

rate of patients with high expression of ARRB1 was higher than that of patients with 

low expression of ARRB1 (P=0.0362, HR=0.498, Figure 1D). In order to analyze the 

potential role of ARRB1 in CRC, the correlation between ARRB1 expression and 

cellular functional pathways (functional gene sets) in CRC patients was performed 

using the TCGA database, and we found that ARRB1 was positively correlated with 

gene enrichment of apoptosis pathway (P<0.05, ρSpearman=0.24), ferroptosis pathway 

(P<0.05, ρSpearman=0.22), and p53 signaling pathway (P<0.05, ρSpearman=0.10, 

Figure 1E), suggesting that ARRB1 may play a cancer-suppressing effect in p53 wild-

type colorectal cancer. 

 

Effect of ARRB1 expression on ferroptosis in TP53 wild-type colorectal cancer cells. 

Firstly, CCK8 was used to analyze the effect of ARRB1 on ferroptosis sensitivity of 

TP53 wild-type colorectal cancer cells. The results were shown in Figure 2A, the cell 



 

viability of pcDNA-NC and pcDNA-ARRB1-treated groups decreased with the 

increase of RSL3 concentration (P<0.05). The IC50 of RSL3 acting on pcDNA-NC and 

pcDNA-ARRB1 treated HCT116 cells were 4.81 and 2.06 µM, respectively, and the 

IC50 acting on pcDNA-NC and pcDNA-ARRB1 treated SW48 cells were 2.86 and 5.63 

µM, respectively. Subsequently, flow cytometric analysis showed that overexpression 

of ARRB1 decreased the percentage of viable cells and increased the ROS level. RSL3 

combined with pcDNA-ARRB1 significantly decreased the percentage of viable cells 

and increased the ROS level when compared with the pcDNA-ARRB1 group (Figure 

2B, C, D, E, P<0.05). In addition, combined cell death inhibitor analysis of ARRB1 on 

TP53 wild-type colorectal cancer, as shown in Figure 2F, G, increased the percentage 

of viable cells by co-treatment of pcDNA-ARRB1 with Ferr-1, 3-MA, Nec-1, and Z-

VAD-FMK, respectively, as compared with the pcDNA-ARRB1 group (P<0.01). 

 

ARRB1 regulates p53 transcriptional activity to inhibit transcription of the anti- 

ferroptosis SLC7A11 gene. Here, we analyzed the effect of ARRB1 on p53 nuclear 

translocation, as shown in Figure 3A, the expression of p53 in the nucleus of HCT116 

and SW48 cells was significantly increased after treatment with pcDNA-ARRB1 

compared with the pcDNA-NC group (P<0.01). As shown in Figure 3B, luciferase 

reporter assay was performed to analyze the effect of ARRB1 expression on the 

transcriptional activity of p53 downstream of the anti- ferroptosis SLC7A11 promoter, 

compared with the SLC7A11_LUC reporter + pcDNA-ARRB1 group, the fluorescence 

activity of the SLC7A11_LUC reporter + pcDNA-ARRB1+ pcDNA-TP53 group was 

significantly reduced, while the fluorescence activity of SLC7A11_LUC reporter + 

pcDNA-ARRB1 + si-TP53 group was significantly higher (P<0.01). Furthermore, 

immunofluorescence staining showed that the positive cell counts of ARRB1 with p53 

increased after pcDNA-ARRB1 treated cells (P<0.01). 

 

ARRB1 depends on p53 to induce ferroptosis in TP53 wild-type colorectal cancer cells. 

In this part, we first examined the cell proliferation and migration ability. The results 

showed that compared with the pcDNA-NC + si-NC group, the pcDNA-NC + si-TP53 



 

group significantly increased cell proliferation (Figure 4A, B), cell migration (Figure 

4C, D), cell invasion (Figure 4E, F), and cell viability ratio (Figure 4G, H). However, 

the pcDNA-ARRB1 + si-NC group showed an opposite effect to the pcDNA-NC + si-

TP53 group (P<0.05). Compared with the pcDNA-ARRB1 + si-NC group, si-TP53 

reversed the effect of pcDNA-ARRB1 on the cells (P<0.01). 

Also, compared with the pcDNA-NC + si-NC group, the pcDNA-ARRB1 + si-NC 

group significantly increased the level of cellular ROS (Figure 5A, B), elevated the 

MDA activity, but significantly attenuated the activities of GPX4 and GSH (Figure 4C, 

P<0.05). However, si-TP53 reversed the above effects of pcDNA-ARRB1 on cells 

(P<0.05). Transmission electron microscopy results showed that the mitochondria of 

the pcDNA-NC + si-NC group and pcDNA-NC + si-TP53 group had a more normal 

morphology and structure and the cell membrane was intact and continuous. In the 

pcDNA-ARRB1 + si-NC group, mitochondria were crumpled and some cell 

membranes were broken. In the pcDNA-ARRB1 + si-TP53 group, mitochondria were 

mildly crumpled and there was no obvious abnormality in the cell membrane (Figure 

5D). Moreover, compared with the pcDNA-NC + si-NC group, the pcDNA-ARRB1 + 

si-NC group significantly increased the mRNA and protein expression of ARRB1 and 

p53, and significantly decreased the mRNA and protein expression of GPX4 and 

SLC7A11. But si-TP53 reversed the above effects of pcDNA-ARRB1 on the cells 

(Figure 5E, F, G, P<0.05). 

Discussions 

In this study, overexpression of ARRB1 decreased the percentage of viable cells 

and induced cellular ROS generation in CRC cells, and the ferroptosis inducer RSL3 

promoted the effects of ARRB1 overexpression on the percentage of viable cells and 

ROS generation. Moreover, overexpression of ARRB1 promoted CRC cell p53 nuclear 

translocation, inhibited CRC cell proliferation, migration, and invasion, and decreased 

the levels of GPX4, GSH, and SLC7A11. However, si-TP53 inhibited the above effects 

of ARRB1 on cells. 

Biological behaviors such as proliferation, migration, and invasion of malignant 

tumors are regulated by multiple molecules and signals [24]. As a scaffolding protein, 



 

β-arrestins regulate multiple signaling pathways, thereby influencing biological 

behaviors such as cell survival, proliferation, and migration [25]. ARRB1, a member of 

the β-arrestins family, has been shown to regulate multiple intracellular signaling 

networks [26]. Researchers have found that overexpressing ARRB1 increases p-AKT 

and p-ERK1/2 expression in gastric cancer N87 cells, through the AKT/ERK signaling 

pathway, ARRB1 up-regulation correlated with poor prognosis and promoted 

metastasis and epithelial-mesenchymal transition in gastric cancer [13]. Additionally, 

ARRB1 knockdown inhibited pancreatic cancer cell proliferation and migration, 

blocked cancer cells in the G0/G1 phase, and promoted apoptosis [11]. In CRC, ARRB1 

can increase cell survival and inhibit apoptosis [27]. This study found that 

overexpression of ARRB1 inhibited cell proliferation, migration, and invasion, ARRB1 

may have an oncogenic effect in p53 wild-type CRC cells. 

MDA is the most prevalent by-product of lipid peroxidation and is defined as a 

marker of ferroptosis [28]. Also, the cytotoxicity of ferroptosis is dependent on the 

production of ROS [29]. Depletion of GSH is also a key ferroptosis marker [30]. The 

central mechanism of ferroptosis is the accumulation of lipid peroxidation, which is 

driven by lipid peroxidation that is usually triggered by inhibition of SLC7A11 and 

GPX4, with reduced SLC7A11 expression leading to a shortage of GSH [31]. Inhibition 

of GPX4 impairs the ability to neutralize lipid peroxides via GSH [32]. Cancer cells 

can protect themselves from ferroptosis by promoting their antioxidant system [33]. In 

this experiment, up-regulation of ARRB1 induced ROS production in CRC cells and 

decreased the levels of GPX4, GSH, and SLC7A11. The ferroptosis inducer RSL3 

promotes the effect of ARRB1 overexpression on ROS production. This suggests that 

up-regulation of ARRB1 leads to an increase in lipid peroxidation and ultimately 

induces ferroptosis in CRC cells. 

Studies have reported that the oncogene p53 can enhance ferroptosis by inhibiting 

the expression of SLC7A11 [34]. In this experiment, we found that overexpression of 

ARRB1 promoted nuclear translocation of p53 in CRC cells, which is consistent with 

the results of cancer cell growth inhibition. It is also noted herein that si-TP53 inhibited 

the effect of ARRB1 up-regulation on the reduction of cellular GPX4, GSH, and 



 

SLC7A1, and that GSH was inhibited by p53, which may sensitize the cells to 

ferroptosis by inhibiting SLC7A11 and promoting ROS production. In addition, 

different types of inhibitors (Fer-1, 3-MA, Nec-1, Z-VAD-FMK) were used in this 

experiment to act on CRC cells overexpressing ARRB1, and the above inhibitors 

significantly reversed the effect of up-regulation of ARRB1 on the reduction of the 

percentage of viable cells. This further suggests that ARRB1 reduces the percentage of 

live cells in CRC possibly by inducing a new programmed cell death- ferroptosis, and 

regulating the p53/SLC7A11 axis to induce cellular ferroptosis. 

In conclusion, we found that overexpression of ARRB1 inhibited the proliferation, 

migration, and invasion of CRC cells and decreased the levels of ferroptosis markers 

GPX4, GSH, and SLC7A11. Si-TP53 reversed the above effects of ARRB1 on cells. 

These findings suggest that up-regulation of ARRB1 promotes ferroptosis in CRC cells 

by regulating p53/SLC7A11 signaling. 
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Figure1 ARRB1 is lowly expressed in colorectal cancer. A: The expression of ARRB1 

in CRC was analyzed using the TCGA database. B: Overall survival analysis of CRC 

patients with high ARRB1 expression. C: Overall survival analysis of patients with high 

versus low ARRB1 expression in the p53 mutant subgroup. D: Overall survival analysis 

of patients with high versus low ARRB1 expression in the p53 wild-type subgroup. E: 

Correlation analysis of ARRB1 expression with cellular functional pathways 

(functional gene sets). 



 

 

 

Figure2 Effect of ARRB1 expression on ferroptosis in TP53 wild-type colorectal 

cancer cells. A: Cell viability. B: Percentage of viable cells. C: Representative flow 

cytometric plot of percentage of live cells. D: Flow cytometric representation of ROS. 

E: Levels of ROS in cells. F: Representative flow cytometric plot of percentage of live 

cells. G: Percentage of viable cells. Data expressed as mean ± SD. Compared with 

pcDNA-NC group, *P<0.05, **P<0.01, Compared with pcDNA-ARRB1 group, 

##P<0.01. 



 

 

 

Figure3 ARRB1 regulates p53 transcriptional activity to inhibit transcription of the 

anti- ferroptosis SLC7A11 gene. A: Western blot to detect the expression of nuclear p53, 

cytoplasmic p53. B: Transcriptional activity of the SLC7A11 promoter was analyzed 

by luciferase reporter assay. C: Immunofluorescence overview of co-localization and 

nuclear translocation of ARRB1 and p53. Data expressed as mean ± SD. Compared 

with pcDNA-NC or SLC7A11_LUC reporter group, **P<0.01, Compared with 

SLC7A11_LUC reporter + pcDNA-TP53 or SLC7A11_LUC reporter +si-TP53 group, 

##P<0.01. 



 

 

 

Figure4 ARRB1 depends on p53 to induce ferroptosis in TP53 wild-type colorectal 

cancer cells. A: Number of cell clones. B: Representative images of cell clones (crystal 

violet staining). C: Cell migration. D: Representative pictures of cell migration (Bar: 

250 μm). E: Cell migration. F: Representative pictures of cell migration (crystal violet 

staining, Bar: 100 μm). G: Percentage of viable cells. H: Representative flow cytometric 



 

plot of percentage of live cells. Data expressed as mean ± SD. Compared with pcDNA-

NC + si-NC group, *P<0.05, **P<0.01, Compared with pcDNA-ARRB1 + si-NC 

group, ##P<0.01. 

 

 

Figure5 ARRB1 depends on p53 to induce ferroptosis in TP53 wild-type colorectal 

cancer cells. A: Levels of ROS in cells. B: Representative flow cytometric plot of 

percentage of live cells. C: Cellular levels of GPX4, GSH, and MDA. D: Changes in 

cellular mitochondrial iron death characteristics were observed by transmission 

electron microscopy (20000, Bar: 500 nm, red arrows: normal mitochondria or 

wrinkled mitochondria; yellow arrows: normal rough endoplasmic reticulum or dilated 

rough endoplasmic reticulum; blue arrows: autophagy). E: The expression of ARRB1, 

p53, GPX4, and SLC7A11 in cells was analyzed by qRT-PCR. F-G: Western blot 



 

analyzed the protein expression of ARRB1, p53, GPX4, and SLC7A11 in the cells. Data 

expressed as mean ± SD. Compared with pcDNA-NC + si-NC group, *P<0.05, 

**P<0.01, Compared with pcDNA-ARRB1 + si-NC group, #P<0.05, ##P<0.01.  


