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Abstract 

Background: ASB6, an E3 ubiquitin ligase, mediates the proteasomal degradation of its substrate proteins via 
the ubiquitin-proteasome pathway. ASB6 has been reported to play significant roles in several biological 
processes, including tumor stemness and endoplasmic reticulum stress. However, the underlying role and 
mechanism of ASB6 in colorectal cancer, particularly its association with immune infiltration levels and its 
prognostic significance, remain to be fully elucidated.  
Methods: We identified key prognostic genes in CRC patients through LASSO-penalized Cox regression, 
Univariate and Multivariate Cox regression analyses. Subsequently, we comprehensively analyzed the 
prognostic value of hub genes and constructed a prognostic nomogram. Finally, we identified ASB6 interacting 
proteins through immunoprecipitation-mass spectrometry (IP-MS) and constructed protein-protein 
interaction (PPI) networks and performed pathway enrichment analysis to explore the potential mechanisms of 
ASB6. Meanwhile, we evaluated the functions of ASB6 in CRC cells through in vitro cell experiments. 
Results: We identified ASB6 as a hub gene in CRC. ASB6 was highly expressed in CRC, and patients with high 
ASB6 expression had worse Disease-Free Interval (DFI), Disease-Specific Survival (DSS), Overall Survival (OS), 
and Progression-Free Interval (PFI). Correlation analysis showed that ASB6 expression were positively 
correlated with lymph node invasion and distal metastasis. Overexpression of ASB6 enhanced the migration 
ability of CRC cells. Multivariate Cox regression analysis revealed that ASB6 was an independent prognostic 
factor for OS and DSS in CRC. The nomogram model constructed based on multivariate analysis results had 
good predictive effects, with C-indexes of 0.811 and 0.934 for OS and DSS, respectively. Furthermore, analysis 
of immune infiltration levels showed that ASB6 expression were positively correlated with M2-type 
macrophage infiltration levels in CRC, and patients with high levels of both ASB6 and M2-type macrophages had 
a worse prognosis. Furthermore, pathway enrichment analysis of ASB6 interacting proteins identified by IP-MS 
suggested that ASB6 may play a crucial role through the response to unfolded protein pathway and protein 
processing in the endoplasmic reticulum pathway. 
Conclusions: ASB6 is significantly upregulated in CRC tissues and is a risk factor for prognosis in CRC 
patients. ASB6 enhances the migration ability of CRC cells. Therefore, ASB6 may be an independent prognostic 
biomarker and potential therapeutic target for CRC patients. 
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Introduction 
Colorectal cancer is the third most common 

cancer and the second leading cause of cancer-related 
deaths worldwide [1]. Colorectal cancer accounts for 
approximately 10% of the total annual diagnosed 
cancer cases and cancer-related deaths globally [2, 3]. 

There are about 935,000 deaths from colorectal cancer 
and nearly 2 million new cases diagnosed each year 
worldwide [1]. According to the latest cancer statistics 
from the National Cancer Center of China, colorectal 
cancer ranks third in incidence and fourth in mortality 
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among common cancers, following lung cancer, 
female breast cancer, and lung cancer, liver cancer, 
and gastric cancer, respectively [4]. With increasing 
cancer incidence and mortality, cancer has become a 
leading cause of death and poses a serious threat to 
the health and lives of people worldwide, making it a 
major global public health issue. Colorectal cancer 
exhibits high tumor heterogeneity and treatment 
typically involves a combination of surgery and 
chemotherapy based on disease grade, stage, and 
other characteristics [5, 6]. With improvements in 
therapies and regimens, the 5-year survival rate of 
colorectal cancer patients has significantly improved 
to 65% [7, 8]. However, treatment options and efficacy 
are limited for metastatic or advanced stages patients, 
and corresponding prognostic biomarkers are lacking. 
Therefore, improving diagnosis, treatment, and 
prevention of colorectal cancer, as well as further 
exploring the underlying molecular mechanisms and 
biological characteristics of colorectal cancer growth 
and progression are imperative to enhance the health 
and lives of people worldwide. 

Ubiquitination and deubiquitination modifi-
cations are highly conserved post-translational 
modifications (PTMs), with ubiquitination being the 
second most common PTM of proteins after 
phosphorylation [9, 10]. It plays a crucial role in 
numerous biological processes and diseases including 
cancer, involving proteasomal degradation of 
proteins, cell cycle, inflammation, apoptosis, DNA 
repair, stress response, and drug resistance [11-13]. 
This process requires a three-step enzymatic cascade 
mediated by E1 ubiquitin-activating enzymes (E1s), 
E2 ubiquitin-conjugating enzymes (E2s), and E3 
ubiquitin ligases (E3s) to covalently attach ubiquitin 
molecules to target proteins [14]. E3s confer high 
substrate specificity and determine the fate of the 
substrate proteins [15]. Meanwhile, ubiquitination is a 
dynamic and reversible process. Deubiquitinating 
enzymes remove ubiquitin chains from target 
proteins to prevent their degradation, thereby 
balancing the effects of ubiquitination [16]. In 
mammalian cells, researchers have identified over 600 
E3s and around 100 deubiquitinases (DUBs), which 
exhibit substrate specificity and regulate distinct 
cellular functions [17-19]. As such, E3s and DUBs 
have emerged as promising potential drug targets for 
cancer therapy. Numerous studies have demonstrated 
that many E3s and DUBs are implicated in the 
initiation and progression of colorectal cancer [20-27]. 
However, systematic investigation into the correlation 
between E3s and DUBs with the prognosis of 
colorectal cancer holds significant clinical importance 
for the identification of novel prognostic markers. 

In this study, we employed bioinformatics 

analysis to systematically screen for E3s and DUBs 
genes significantly associated with the prognosis of 
colorectal cancer patients. Notably, we identified 
ASB6 (Ankyrin repeat and SOCS box protein 6) as a 
key prognostic gene in colorectal cancer. ASB6 
belongs to the SOCS box protein superfamily and 
forms an SCF-like ECS (Elongin-Cullin-SOCS-box 
protein) E3 ubiquitin ligase complex with 
Elongin-Cullin, which mediates the proteasomal 
degradation of its substrate proteins via the 
ubiquitin-proteasome pathway [28]. ASB6 has been 
reported to play significant roles in several biological 
processes. Previous studies have indicated that the 
upregulation of ASB6 induced by areca nut extracts is 
associated with the occurrence of betel quid-induced 
oral cancer [29]. Moreover, researchers have found 
that ASB6 enhances stemness properties and 
maintains metastatic potential of oral squamous cell 
carcinoma cells by alleviating endoplasmic reticulum 
stress [30]. Additionally, ASB6 functions as an effector 
protein, counteracting the circFNDC3B-mediated 
inhibition of stemness, and acts as an adaptor protein, 
facilitating circINSIG1-induced cholesterol biosyn-
thesis in colorectal cancer [31, 32]. These results all 
indicate that ASB6 may play a role in tumorigenesis 
and progression. However, there is currently limited 
research on the mechanisms and roles of ASB6 in 
cancer. Furthermore, there is a lack of systematic 
studies on ASB6 in pan-cancer, particularly in 
colorectal cancer. Consequently, we analyzed the 
expression levels of ASB6 in pan-cancer and its copy 
number variations, immune infiltrations, clinical 
correlations, and prognostic values in colorectal 
cancer. We also constructed a risk score nomogram to 
predict the survival of colorectal cancer patients. In 
sum, these results collectively indicate that ASB6 
could serve as a novel prognostic marker and 
potential therapeutic target in colorectal cancer. 

Materials and methods 
LASSO-penalized Cox regression, Univariate 
and Multivariate COX regression Analysis 

Clinical and mRNA-seq data for 473 colorectal 
cancer patients and 41 normal controls were retrieved 
from the TCGA database. After excluding cases 
lacking complete survival data, the analysis 
incorporated the mRNA expression and clinical data 
of 441 patients with colorectal cancer. Then, we 
utilized these data to perform univariate Cox analysis 
to assess the correlation between 1223 genes in the 
human ubiquitination and de-ubiquitination complex 
genes (UBDUB, From Addgene #171531) and overall 
survival (OS) prognosis. Subsequently, we performed 
LASSO-penalized Cox regression on genes with 
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p-values less than 0.05 from the univariate Cox 
analysis to select prognostically relevant hub genes. 
Moreover, we further conducted multivariate Cox 
analysis on these hub genes to explore their 
independent prognostic significance. 

Pan-cancer differential expression, 
Clinicopathologic features, prognosis, and 
epigenetic analysis of ASB6 

The datasets consisting of 33 cancer types from 
UCSC Xena (https://xenabrowser.net/datapages/) 
was utilized to analyze the differential expression of 
ASB6. The expression levels of ASB6 in normal and 
tumor tissues were visualized with box plots, and the 
significance of differential expression was analyzed 
using the Wilcox-test. The expression levels of ASB6 
in colorectal cancer patient tissues with different 
clinical features are presented in box plots, with 
significance determined by Pearson’s chi-squared test. 
The R packages "survminer" and "survival" were 
utilized to calculate the optimal cutoff values and 
perform survival analysis for OS, PFI, DSS, and DFI in 
COAD and READ, respectively. 

We conducted an analysis of the DNA 
methylation levels of ASB6 in pan-cancer using the 
Gene Set Cancer Analysis (GSCA) web tool [33] 
(http://bioinfo.life.hust.edu.cn/GSCA/#/). Addi-
tionally, we evaluated the survival differences 
between ASB6 copy number alterations (CNA) 
statuses and the wild type in COAD based on CNA 
module. The cBioPortal web tool (https://www 
.cbioportal.org) was utilized to analyze the expression 
levels of ASB6 in various copy number alteration 
(CNA) subgroups in colorectal cancer [34]. Further-
more, we also explored associations between ASB6 
mRNA expression and CNA values or methylation 
levels. 

Establishment and validation of nomograms 
Based on the results of univariate and multi-

variate Cox regression analyses for overall survival 
(OS) and disease-specific survival (DSS), we 
constructed separate nomograms for ASB6 alone or in 
combination with clinical variables having p-values 
less than 0.05 in the multivariate Cox analysis. We 
evaluated the predictive accuracy of the nomograms 
by calculating the concordance index (C-index) and 
plotting calibration curves. 

Cell culture, reagents, plasmids, and lentivirus 
infection 

Human embryonic kidney HEK-293T cells and 
human colon cancer DLD-1 cells were generously 
gifted by Dr. Fengtian Li and Wenting Liao (Sun 
Yat-sen University Cancer Center, China). HEK-293T 
cells and DLD-1 cells were cultured in DMEM and 

RPMI-1640 medium (GIBCO, Rockville, MD, USA) 
supplemented with 10% fetal bovine serum (FBS, 
C04001, Biological Industries, Beit Haemek, Israel), 
100 units/mL penicillin, and 100 μg/mL streptomycin 
(Penicillin-Streptomycin Liquid, P1400, Solarbio, 
China), respectively. The cells were maintained at 
37°C in a 5% CO2 humidified incubator. Polybrene 
(C0351) and Puromycin (ST551) were purchased from 
Beyotime (Shanghai, China). Anti-Flag Magnetic 
Beads (HY-K0207) were purchased from MCE 
(Shanghai, China). 

The plasmids pLVX-ASB6-Flag (ASB6-Flag) and 
lentiCRISPRv2-sgASB6 (sgASB6) used for 
recombinant lentiviral production were constructed 
in pLVX-puro and lentiCRISPRv2 vectors (kindly 
provided by Dr. Hu Chen [35] and our lab), 
respectively. All plasmids used in this study were 
confirmed by DNA sequencing. Lentiviral particles 
and lentiviral infection were performed as previously 
described [36]. The primer sequences used for 
amplification and sgRNA are as follows: 

For ASB6-Flag, Forward primer: 5’-CTACCG 
GACTCAGATCTCGAGGCCACCATGCCGTTCCTG
CACGGCTTCC-3’; Reverse primer: 5’-GTCGCTGCC 
GCTGCCGAATTCGATGTCATCTTCCACGGAGCC
ACTG 3’. For lentiCRISPRv2-sgNC (sgNC), Forward 
primer: 5’-CACCGTGCGAATACGCCCACGC 
GAT-3’; Reverse primer: 5’-AAACATCGCGTGGG 
CGTATTCGCAC-3’. For lentiCRISPRv2-sgASB6, 
Forward primer: 5’-CACCGGTTCCTGCACGGCT 
TCCGG-3’; Reverse primer: 5’-AAACCCGGAAGCC 
GTGCAGGAACC-3’. 

Wound healing assays 
DLD-1 cells stably expressing empty vector (EV), 

ASB6-Flag, non-targeting control single guide RNA 
(sgNC), or ASB6 knockout sgRNA (sgASB6) were 
seeded at a density of 500,000 cells per well in 12-well 
plates. After overnight incubation to allow cell 
adherence, linear scratches were generated in the 
confluent monolayers using a 200 μl pipette tip. Cells 
were washed with phosphate-buffered saline (PBS) to 
remove cellular debris, after which RPMI-1640 
medium supplemented with 2% fetal bovine serum 
(FBS) was added. The positions of the scratches were 
observed under a microscope, photographed, and 
marked as 0 hour (h). Cells were then incubated at 
37°C with 5% CO2 for 24 h, washed again with PBS, 
and imaged at the 24 h timepoint at the same marked 
scratch positions. Finally, cell migration distances 
were quantified and compared across groups. 

Western blot, and mass spectrometry  
Western blot analysis was performed as 

previously described [36]. The antibodies used in this 
study were as follows: Flag (1:1000, catalog #14793, 
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Cell Signaling Technology (CST)), ASB6 (1:1000, 
catalog #21449-1-AP, proteintech), GAPDH (1:5000, 
catalog #60004-1-Ig, proteintech). For mass 
spectrometry, the supernatant was collected from 
stable DLD-1 colorectal cancer cells expressing 
ASB6-Flag or empty vector (EV) control, and then the 
supernatant was immunoprecipitated using magnetic 
beads coupled with Flag antibody. The proteins 
enriched by the anti-Flag Magnetic Beads were 
digested with trypsin and desalted, followed by 
identification analysis using mass spectrometry 
(LUMINGBIO, Shanghai, China). Finally, the raw 
data were analyzed by ProteomeDiscoverer 2.5 
software and matched to a human protein database. 
Proteins with unique peptides identified in the 
ASB6-Flag sample but not in the EV control were 
considered as ASB6-interacting proteins. 

Immunohistochemistry (IHC) Analysis 
Immunohistochemistry analysis was performed 

as previously described [36]. Human colon 
adenocarcinoma tissue microarrays (HCol- 
Ade180Sur-04) were purchased from Outdo Biotech 
(Shanghai, China). The antibody for ASB6 (Catalog 
No. PA5-52077, dilution 1:200) was purchased from 
Invitrogen (Carlsbad, USA). For quantitative analysis, 
two experienced pathologists determined the scores 
based on the percentage of positive staining cells and 
staining intensity. The scoring system for the degree 
of positive staining categorized the results into five 
levels: <5% (score 0), 5%-25% (score 1), 26%-50% 
(score 2), 51%-75% (score 3), and >75% (score 4). 
Staining intensity was classified into four grades: no 
staining (score 0), weak staining (score 1), moderate 
staining (score 2), and strong staining (score 3). The 
final score was calculated by multiplying the score for 
positive percentage and staining intensity. Based on 
these scores, cases were segregated into high 
expression (scores >7) and low expression (scores ≤7) 
groups. 

Correlation Analysis 
The TIMER database [37] (https://cistrome 

.shinyapps.io/timer/) was used to analyze the 
correlation between the expression levels of ASB6 and 
immune infiltration in colon cancer and rectal cancer 
(COAD and READ). 

PPI network construction and pathway 
enrichment analysis 

The Metascape online tool (https://metascape 
.org/gp/index.html#/main/step1) was used for 
protein-protein interaction (PPI) network and 
pathway enrichment analysis [38]. Default parameters 
were used, including a minimum overlap of 3, P-value 
cutoff of 0.01, and minimum enrichment of 1.5. The 

Molecular Complex Detection (MCODE) algorithm 
was then applied to detect densely connected network 
components in the enriched pathways. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses were 
performed using the ClusterProfiler R package. 

Statistical analysis 
R (version 4.0.5) and the GraphPad Prism 8 

software (GraphPad Software Inc., USA) were applied 
for statistical analysis. The correlation between the 
expression levels of ASB6 and clinicopathological 
characteristics of patients was analyzed using the 
Pearson’s Chi-square test. Survival analysis was 
performed by the Kaplan-Meier (KM) method. The 
Wilcox-test method was used for comparing the 
expression levels of ASB6 in paired cancer and 
adjacent samples in the TCGA-COAD database, as 
well as comparing the expression levels of ASB6 
between normal and tumor tissues in pan-cancer. The 
C-index was used to evaluate the predictive ability of 
the nomogram model. In addition to the statistical 
methods described above, the comparison between 
two groups was conducted using a two-tailed 
unpaired Student's t-test for significance testing. P 
values less than 0.05 were considered statistically 
significant. 

Results 
ASB6 is a prognostically relevant hub gene in 
COAD 

Ubiquitination and deubiquitination are 
important post-translational modifications of pro-
teins, involved in various biological processes [11-13]. 
Accordingly, we collected 1223 genes involved in 
ubiquitination and deubiquitination modifications 
from Addgene to identify prognostically relevant 
biomarkers. Initially, we performed univariate Cox 
analysis on these 1223 genes using colorectal cancer 
survival data, leading to the identification of 503 
genes significantly associated with overall survival. 
Subsequently, we further analyzed these 503 genes 
using LASSO-penalized Cox regression with ten-fold 
cross-validation, which yielded a lambda.1se 
parameter of 0.0421 after cross-validation (Figure 1A, 
B). Ultimately, we identified ASB6, RNF207, MID2, 
ZCWPW1, and RNF215 as the five hub genes. 
Univariate and multivariate COX regression analyses 
showed that these five hub genes acted as risk factors 
in colorectal cancer, with ASB6 demonstrating the 
most significant association with prognosis 
(Univariate: HR=2.9, 95% CI: 1.79-4.69; Multivariate: 
HR=2.35, 95% CI: 1.32-4.19) (Figure 1C). Further 
analysis of the expression levels of these five hub 
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genes in colorectal cancer and adjacent normal tissues 
revealed that ASB6, RNF207, and RNF215 were 
significantly upregulated in colorectal cancer tissues, 
while ZCWPW1 was significantly downregulated 

(Figure 1D, E). Taken together, these results suggest 
that ASB6 may serve as an independent prognostic 
factor in colorectal cancer. 

 

 
Figure 1. Construction of the UBDUB signature model. (A) Lasso coefficient profiles of the human ubiquitination and de-ubiquitination complex genes (UBDUB); (B) Analyzing 
the partial likelihood deviance of variables in the Lasso model using 10-fold cross-validation;(C) Forest plot showing the relationship between the expression of five genes 
obtained from Lasso model and overall survival (OS) (blue: Univariate analysis; red: Multivariate analysis);(D-E) The mRNA expression levels of five genes in tumor samples and 
paired adjacent normal tissues in the TCGA-COAD database; (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, Not Significant). 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2717 

ASB6 is an independent prognostic factor in 
colorectal cancer 

Based on the analysis of survival data across 33 
cancer types in TCGA and UCSC databases, we found 
that high expression of ASB6 was significantly 
associated with shorter disease-free interval (DFI), 
disease-specific survival (DSS), overall survival (OS), 
and progression-free interval (PFI) in adrenocortical 
carcinoma (ACC), liver hepatocellular carcinoma 
(LIHC), lung squamous cell carcinoma (LUSC), 
prostate adenocarcinoma (PRAD), and rectum 
adenocarcinoma (READ) (Figure 2A, C). Furthermore, 
high ASB6 expression correlated with shorter DSS, 
OS, and PFI in colon adenocarcinoma (COAD) and 
lower grade glioma (LGG) as well (Figure 2A, C). The 
differential expression analysis of ASB6 in pan-cancer 
also revealed significant upregulation in 12 cancer 
types (12/22, with 11 other types having too few or no 
normal samples), including the aforementioned 
cancers LIHC, LUSC, COAD, and READ (Figure 2B). 
Furthermore, the results of univariate and 
multivariate COX analysis of OS and DSS survival 
data for COAD in the TCGA database also showed 

that ASB6 can serve as an independent prognostic 
factor for COAD (Tables 1, 2). 

Upregulation of ASB6 is associated with 
advanced clinicopathological characteristics in 
COAD 

To further elucidate the correlation between 
ASB6 expression levels and clinicopathological 
characteristics, we stratified colorectal cancer patient 
tissues into low and high ASB6 expression groups 
based on the optimal cutoff value determined by 
overall survival analysis. This enabled examination of 
the clinical implications of ASB6 expression levels. As 
shown in Table 3, ASB6 expression did not 
significantly correlate with age, gender, Kras 
mutation status, T stage (T3-T4 vs. T1-T2), N stage 
(N1+ vs. N0), history of colonpolyps, or pathological 
stage (III-IV vs. I-II). However, high ASB6 expression 
was significantly associated with lymphatic invasion 
and living status (all p < 0.01). Additionally, high 
ASB6 expression weakly correlated with M stage (M1 
vs. M0) and cancer status (With tumor vs. 
Tumor-free).  

 

Table 1. Univariate and Multivariate Cox regression analysis for overall survival (OS) of colorectal cancer patients 

Variables Univariate analysis  Multivariate analysis  
HR (95% CI) p HR (95% CI) p 

Age (≥ 65 vs. < 65) 1.56(0.99,2.46) 0.055 - - 
Colon polyps present (Yes vs. No) 1.4(0.77,2.55) 0.266 - - 
History of colon polyps (Yes vs. No) 0.76(0.44,1.31) 0.329 - - 
KRAS mutation status (Yes vs. No) 1.42(0.61,3.29) 0.417 - - 
Lymphatic invasion (Yes vs. No) 2.16(1.39,3.35) 0.001 1.2(0.59,2.44) 0.623 
pathologic_M (M1 vs. M0) 4.86(3.04,7.76) <0.001 1.82(0.93,3.57) 0.079 
pathologic_N (N1+ vs. N0) 2.63(1.73,4.01) <0.001 0.82(0.28,2.43) 0.724 
Pathologic_T (T3-T4 vs. T1-T2) 3.08(1.34,7.07) 0.008 1.37(0.56,3.34) 0.492 
Cancer status (With tumor vs. Tumor free) 8.17(4.78,13.97) <0.001 3.75(1.93,7.26) <0.001 
Venous invasion (Yes vs. No) 2.51(1.6,3.93) <0.001 1.39(0.7,2.74) 0.347 
Gender (Female vs. Male) 0.91(0.6,1.37) 0.639 - - 
Tumor stage (III-IV vs. I-II) 2.95(1.9,4.6) <0.001 2.1(0.64,6.85) 0.220 
ASB6 expression level (High vs. Low) 2.7(1.58,4.63) <0.001 1.99(1.16,3.43) 0.013 

 

Table 2. Univariate and Multivariate Cox regression analysis for Disease-specific survival (DSS) of colorectal cancer patients 

Variables Univariate analysis  Multivariate analysis  
HR (95% CI) p HR (95% CI) p 

Age (≥ 65 vs. < 65) 1.05(0.61,1.82) 0.850 - - 
Colon polyps present (Yes vs. No) 1.55(0.72,3.38) 0.265 - - 
History of colon polyps (Yes vs. No) 1.02(0.53,1.96) 0.951 - - 
KRAS mutation status (Yes vs. No) 1.61(0.43,6.03) 0.479 - - 
Lymphatic invasion (Yes vs. No) 4.08(2.25,7.42) <0.001 1.44(0.51,4.07) 0.490 
pathologic_M (M1 vs. M0) 10.5(5.86,18.81) <0.001 1.59(0.68,3.75) 0.285 
pathologic_N (N1+ vs. N0) 4.68(2.55,8.58) <0.001 0.49(0.15,1.61) 0.241 
Pathologic_T (T3-T4 vs. T1-T2) 13.15(1.82,95.13) 0.011 2.24(0.28,18.12) 0.449 
Cancer status (With tumor vs. Tumor free) 164.6(22.58,1200.07) <0.001 65.56(8.44,509.36) <0.001 
Venous invasion (Yes vs. No) 4.57(2.61,8) <0.001 1.48(0.59,3.72) 0.403 
Gender (Female vs. Male) 0.87(0.51,1.48) 0.604 - - 
Tumor stage (III-IV vs. I-II) 7.25(3.53,14.87) <0.001 5.06(1.22,20.96) 0.025 
ASB6 expression level (High vs. Low) 4.5(2.09,9.68) <0.001 2.39(1.1,5.19) 0.028 
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Figure 2. Pan-cancer analysis of ASB6. (A) The relationship between the expression of ASB6 and prognosis in pan-cancer. (B) Differences in the expression of ASB6 between 
the normal and tumor tissues in pan-cancer of TCGA datasets. (C) High expression of ASB6 was significantly correlated with shorter DFI, DSS, OS, and PFI of COAD and READ 
in TCGA datasets; (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, Not Significant). 

 
Additionally, we analyzed the expression levels 

of ASB6 among clinicopathological subgroups. We 
found ASB6 expression was significantly higher in N2 
stage compared to N0 stage tissues (Figure 3B). 

Likewise, ASB6 expression was significantly elevated 
in M1 versus M0 stage tissues (Figure 3C). In 
colorectal cancer tissues with lymph node or vascular 
invasion, ASB6 expression was markedly higher 
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relative to non-invaded tissues (Figure 3D, E). ASB6 
levels were also significantly upregulated in patient 
tissues from those with persistent tumors or who 
were deceased compared to controls (Figure 3F, G). 
Moreover, pathological stage IV colorectal cancer 
tissues exhibited notably higher ASB6 expression than 
stage I and II patient tissues (Figure 3H). To further 
clarify the role of ASB6 in the prognosis of colorectal 
cancer patients, we analyzed the protein expression 
levels of ASB6 in colorectal cancer tissue microarrays 
through immunohistochemistry analysis. We found 
that, compared with adjacent normal tissues, the 
protein expression levels of ASB6 were significantly 
upregulated in colorectal cancer tissues, and patients 
with high protein levels of ASB6 had a poor prognosis 
(Figure 3I-L). Collectively, these results demonstrate 
ASB6 expression correlates with colorectal cancer 
progression, further confirming its potential as a 
biomarker for poor prognosis in colorectal cancer 
patients. 

Nomograms construction and validation based 
on the independent prognostic factors 

The results of the univariate and multivariate 
Cox analyses showed that cancer status and ASB6 
expression level were significantly associated with 
overall survival (OS). Meanwhile, cancer status, 
tumor stage, and ASB6 expression level were 
significantly correlated with disease-specific survival 
(DSS) (Tables 1, 2). To further elucidate the prognostic 
value of ASB6 in colorectal cancer, we constructed 
nomograms using the aforementioned independent 
prognostic factors associated with OS and DSS (Figure 
4, 5). The TNM staging system serves as a classical 
standard for clinical diagnosis and prognosis. There-
fore, we also constructed prognostic nomograms and 
calculated concordance index (C-index) values to 
assess their predictive accuracy according to the TNM 
staging (Supplementary Figure S1). The total score for 
each variable in the nomograms predicted 1-year, 
3-year, and 5-year OS and DSS rates. Our analysis 
revealed that the nomograms constructed based on 
the variables from the multivariate analysis results (p 
< 0.05) (referred to as the New-nomogram) for both 
OS and DSS had better predictive performance than 
those based on the TNM staging (referred to as the 
TNM-nomogram). Specifically, the New-nomogram 
for OS demonstrated a c-index of 0.811 (95% CI 
0.771-0.850), outperforming the TNM-nomogram, 
which had a c-index of 0.728 (95% CI 0.698-0.758). 
Similarly, the New-nomogram for DSS demonstrated 
a c-index of 0.934 (95% CI 0.922-0.947), surpassing the 
TNM-nomogram’s c-index of 0.801 (95% CI 
0.77-0.832). However, the nomogram constructed 
based solely on the expression of ASB6 (referred to as 

the ASB6-nomogram) had a slightly weaker predic-
tive accuracy compared to the two aforementioned 
nomograms, with the c-index for the OS and DSS 
nomograms being 0.626 (95% CI 0.591-0.660) and 
0.636 (95% CI 0.594-0.679), respectively. In addition, 
we compared the predictive abilities (c-index) of the 
three nomograms at 1-year, 3-year and 5-year 
timepoints, and the New-nomogram showed better 
performance at all three time points (Supplementary 
Table S1-2).  

 

Table 3. Correlation between ASB6 expression levels and 
clinicopathological characteristics in colorectal cancer patients 
from the TCGA dataset. 
  

ASB6 Expression 
 

 
Total 
(N=441) 

High 
(N=133) 

Low 
(N=308) 

P-value 

Age (year) 
    

< 65 168 (38.1%) 49 (36.8%) 119 (38.6%) 0.749 
≥ 65 273 (61.9%) 84 (63.2%) 189 (61.4%) 

 

Gender 
    

Female 207 (46.9%) 56 (42.1%) 151 (49.0%) 0.212 
Male 234 (53.1%) 77 (57.9%) 157 (51.0%) 

 

Kras mutation status 
    

No 26 (5.9%) 8 (6.0%) 18 (5.8%) 0.796 
Yes 22 (5.0%) 8 (6.0%) 14 (4.5%) 

 

Unknown 393 (89.1%) 117 (88.0%) 276 (89.6%) 
 

Lymphatic invasion 
    

No 249 (56.5%) 60 (45.1%) 189 (61.4%) 0.00665 
Yes 151 (34.2%) 57 (42.9%) 94 (30.5%) 

 

Unknown 41 (9.3%) 16 (12.0%) 25 (8.1%) 
 

T stage 
    

T1-T2 87 (19.7%) 24 (18.0%) 63 (20.5%) 0.723 
T3-T4 353 (80.0%) 109 (82.0%) 244 (79.2%) 

 

Unknown 1 (0.2%) 0 (0%) 1 (0.3%) 
 

N stage 
    

N0 263 (59.6%) 75 (56.4%) 188 (61.0%) 0.398 
N1+ 178 (40.4%) 58 (43.6%) 120 (39.0%) 

 

M stage 
    

M0 327 (74.1%) 94 (70.7%) 233 (75.6%) 0.0849 
M1 59 (13.4%) 25 (18.8%) 34 (11.0%) 

 

Unknown 55 (12.5%) 14 (10.5%) 41 (13.3%) 
 

History of colon polyps 
    

No 242 (54.9%) 72 (54.1%) 170 (55.2%) 0.947 
Yes 133 (30.2%) 40 (30.1%) 93 (30.2%) 

 

Unknown 66 (15.0%) 21 (15.8%) 45 (14.6%) 
 

Living status     
Alive 349 (79.1%) 93 (69.9%) 256 (83.1%) 0.00221 
Dead 92 (20.9%) 40 (30.1%) 52 (16.9%)  
Stage 

    

Ⅰ-Ⅱ 248 (56.2%) 68 (51.1%) 180 (58.4%) 0.351 
Ⅲ-Ⅳ 182 (41.3%) 61 (45.9%) 121 (39.3%) 

 

Unknown 11 (2.5%) 4 (3.0%) 7 (2.3%) 
 

Cancer status 
    

Tumor Free 283 (64.2%) 75 (56.4%) 208 (67.5%) 0.0806 
With Tumor 72 (16.3%) 26 (19.5%) 46 (14.9%) 

 

Unknown 86 (19.5%) 32 (24.1%) 54 (17.5%) 
 

 

ASB6 methylation and CNA profiles in COAD 
To further explore the potential mechanisms 

driving the upregulation of ASB6 in colorectal cancer, 
we analyzed its methylation levels through the GSCA 
database. Notably, the methylation levels of ASB6 
were significantly decreased in various tumors, 
including BLCA, BRCA, CESC, COAD, ESCA, HNSC, 
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LIHC, LUAD, LUSC, PRAD, and READ (Figure 6A). 
Furthermore, the methylation level of ASB6 was 
negatively correlated with its mRNA expression level 
(Figure 6B). Additionally, ASB6 copy number 
amplification was significantly associated with 
overexpression of ASB6 mRNA in colorectal cancer 
(Figure 6C, D). Subsequent survival analysis of ASB6 

copy number alteration (CNA) subgroups (Amp, Dele 
and WT) in colorectal cancer patients revealed that 
patients with ASB6 copy number amplification (Amp) 
had worse OS, DSS and DFI compared to those with 
wild-type (WT) and deletion (Dele) ASB6 (Figure 
6E-G).

 
 

 
Figure 3. Analyzing ASB6 expression based on the clinicopathological characteristics of colorectal cancer patients in the TCGA dataset and examining the correlation between 
ASB6 protein expression levels and prognosis. (A) The expression levels of ASB6 were analyzed in T1-T2 and T3-T4 colorectal cancer patients. (B) The expression levels of ASB6 
were analyzed in N0, N1, and N2 colorectal cancer patients. (C) The expression levels of ASB6 were analyzed in M0, and M1 colorectal cancer patients. (D) The expression levels 
of ASB6 were analyzed in colorectal cancer patients based on their lymphatic invasion status (Yes or No). (E) The expression levels of ASB6 were analyzed in colorectal cancer 
patients based on their venous invasion status (Yes or No). (F) The expression levels of ASB6 were analyzed in colorectal cancer patients based on their cancer invasion status 
(Tumor free or With tumor). (G) The expression levels of ASB6 were analyzed in colorectal cancer patients based on their vital status (Alive or Dead). (H) The expression levels 
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of ASB6 were analyzed in colorectal cancer patients based on tumor pathological stages (stage I, II, III, and IV). (I) Staining intensity was classified into four grades: no staining 
(score 0), weak staining (score 1), moderate staining (score 2), and strong staining (score 3). (J) Representative micrographs of ASB6 protein expression levels in colorectal cancer 
and adjacent normal tissues. Scale bar =100 μm. (K) Quantitative analysis of the protein expression levels of ASB6 in colorectal cancer and adjacent normal tissues of the tissue 
microarray. Data were presented as mean ± SD. Comparisons were performed with two-tailed Student’s t-test. (L) Patients with high protein levels of ASB6 had a poor 
prognosis. (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, Not Significant). 

 
 

Correlation between ASB6 expression and 
immune infiltration or immunotherapy 
response in COAD 

We utilized the TIMER database to analyze the 
correlation between ASB6 expression levels and 
immune cell infiltration. The results revealed that the 
expression of ASB6 was significantly negatively 
correlated with CD8+ T cells, and significantly 
positively correlated with CD4+ T cells and 
neutrophils in COAD (Figure 7A). ASB6 expression 
was significantly positively correlated with CD4+ T 
cells in READ (Figure 7A). Survival analysis of 
immune cell levels in colorectal cancer showed that 
higher levels of immune cells, such as CD4+ T cells or 
macrophages, were associated with worse overall 
survival (Figure 7B). Additionally, the results from 
univariate Cox analysis suggested that both 
macrophages and ASB6 were identified as risk factors 
in colorectal cancer (both p-values < 0.05) (Figure 7C). 
M2 Macrophage has been implicated in promoting 
tumor development [39, 40]. Thus, we further 
analyzed the correlation between ASB6 and M2 
Macrophage using both the CIBERSORT-ABS and 
QUANTISEQ databases. The analysis results from 
both databases showed a significant positive 
correlation between ASB6 expression levels and M2 
Macrophage levels in both COAD and READ (both 
p-values < 0.05) (Figure 7D). Moreover, the combined 
survival analysis of ASB6 expression and M2 
Macrophage levels also revealed that patients with 
high ASB6 expression and high M2 Macrophage 
levels exhibited shorter overall survival in colorectal 
cancer (p = 0.083) (Figure 7E). Furthermore, we 
evaluated the predictive value of ASB6 for tumor 
immune therapy response using the ROC Plotter 
database (https://www.rocplot.org/) [41]. The 
results revealed that colorectal cancer patients with 
high ASB6 expression were less sensitive to 
anti-PD-L1 immunotherapy, with a predictive AUC 
value of 0.669 (p = 0.032) (Figure 7F, G). 

Enrichment analysis 
ASB6, an E3 ubiquitin ligase, can mediate 

substrate degradation through the ubiquitin- 
proteasome system, thereby regulating substrate 
stability and function. Considering the significant 
upregulation of ASB6 in colorectal cancer tissues, we 

identified 56 proteins that interact with ASB6 in 
colorectal cancer cells through immunoprecipitation- 
mass spectrometry analysis (Supplementary Table 
S1). To explore the potential functions of ASB6 in 
colorectal cancer, we used Metascape to construct a 
protein-protein interaction (PPI) network for these 
ASB6-interacting proteins and performed GO and 
KEGG enrichment analysis. The results showed that 
positive regulation of protein localization, protein 
folding, positive regulation of establishment of 
protein localization, response to unfolded protein, 
and cytoplasmic translation localization (Top 5) were 
significantly enriched in GO BP terms (Figure 8E). The 
top 5 significantly enriched KEGG pathways were 
HIF-1 signaling pathway, Ubiquitin mediated 
proteolysis, Human immunodeficiency virus 1 
infection, Endocytosis, and Renal cell carcinoma 
(Figure 8F). The top ten results of GO enrichment 
analysis, including biological process (BP), cellular 
component (CC), and molecular function (MF) are 
shown in Figure 8E. Top 15 KEGG enrichment 
analysis results are shown in Figure 8F. Notably, the 
enriched GO and KEGG pathways were related to 
response to unfolded protein and protein processing 
in the endoplasmic reticulum, respectively, so we 
speculated that ASB6 may regulate endoplasmic 
reticulum function. The PPI network and MCODE 
components are shown in Figures 8A-D.  

ASB6 promotes cell migration 
As shown in Figure 3, the expression level of 

ASB6 was significantly upregulated in colorectal 
cancer tissues with lymphatic invasion and distal 
metastasis. To investigate whether ASB6 facilitates 
colorectal cancer progression, we first established 
stable DLD-1 colorectal cancer cell lines with 
overexpression or knockout of ASB6, then performed 
Western blot analysis to confirm the stable 
overexpression and knockout of ASB6 in these cell 
lines (Figure 9A, C). We then conducted wound 
healing assays to investigate the effect of ASB6 on 
colorectal cancer cell migration. The results showed 
that overexpression of ASB6 significantly enhanced 
DLD-1 cell migration (Figure 9B), whereas knockout 
of ASB6 significantly inhibited DLD-1 cell migration 
(Figure 9D). 
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Figure 4. Nomogram for calculating risk score and predicting overall survival (OS) probability. (A, C) Postoperative prognostic nomogram for colorectal cancer patients was 
established based on ASB6 expression levels, cancer status, pathologic M; (B, D) Calibration curves of the nomogram were plotted to compare predicted and actual overall 
survival (OS) proportions at 1 year, 3 years, and 5 years. The x-axis represents the nomogram-predicted OS probability, and the y-axis represents the actual OS proportion. 

 
Figure 5. Nomogram for calculating risk score and predicting disease-specific survival (DSS) probability. (A, C) Postoperative prognostic nomogram for colorectal cancer 
patients was established based on ASB6 expression levels, cancer status, tumor stage; (B, D) Calibration curves of the nomogram were plotted to compare predicted and actual 
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disease-specific survival (DSS) proportions at 1 year, 3 years, and 5 years. The x-axis represents the nomogram-predicted DSS probability, and the y-axis represents the actual 
DSS proportion. 

 
Figure 6. DNA copy number amplification and decreased methylation levels result in the upregulation of ASB6 in COAD. (A) The methylation status of ASB6 in pan-cancer; (B) 
The correlation between mRNA expression levels and DNA methylation of ASB6; (C) The mRNA expression levels of ASB6 in the copy number variation (CNV) subgroups; (D) 
The correlation between the mRNA expression levels and the copy number variation (CNV) values of ASB6. (E-G) Survival analysis of ASB6 in the copy number variation (CNV) 
subgroups; (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, Not Significant). 

 

Discussion 
The ubiquitin-proteasomal system (UPS), 

typically consisting of ubiquitin, ubiquitin-related 
enzymes, and the 26S proteasome, is one of the ways 
that regulates protein homeostasis. The UPS 
ubiquitinates target proteins through coordinated 

enzymatic reactions, which promotes their 
degradation via the proteasome pathway [42]. The 
ubiquitination process relies on a three-step cascade 
of enzymatic reactions (E1, E2, and E3), among which 
E3 ubiquitin ligases play a crucial role by directly 
recognizing substrates during ubiquitination [16, 43].  



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2724 

 
Figure 7. Correlation between ASB6 expression levels and immune infiltration levels in COAD and READ. (A) Analyzing the correlation between gene expression levels and 
immune infiltration levels using the TIMER database. (B) Survival analysis of Immune infiltration level. (C) Forest plot showing the correlation between immune cell scores and 
survival. (D) Using different algorithms (CIBERSORT or QUANTISEQ) to analyze the correlation between the expression of ASB6 and Macrophage M2 subtype. (E) Performing 
survival analysis on ASB6 gene expression and Macrophage M2 scores (high/low groups) using the TIMER database in COAD. (F) Using the ROCplotter online website to analyze 
the expression levels of ASB6 in responders and non-responders to anti-PD-L1 immunotherapy. (G) The ROC curve represents the predictive accuracy of anti-PD-L1 
immunotherapy response based on ASB6 expression levels. 
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Figure 8. Protein-protein interaction (PPI) network and pathway enrichment analysis for ASB6 interacting proteins. (A) Different pathways are shown in various colors, colored 
by cluster ID. (B) P-values for the corresponding pathways in (A). (C) Protein-protein interaction network diagram. (D) MCODEs identification in the PPI network. (E, F) GO and 
KEGG functional enrichment analysis. 
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Figure 9. ASB6 promotes the migration of colorectal cancer cells. (A, C) The effect of overexpression or knockout of ASB6 was determined by Western blots. (B, D) Wound 
healing assays indicated that overexpression of ASB6 enhanced the migration ability of colorectal cancer cells, knockout of ASB6 suppressed the migration ability of colorectal 
cancer cells. Scale bar = 100 μm. (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; ns, Not Significant). 

 
Based on the structural similarities and 

ubiquitination domains of E3 ubiquitin ligases, the E3 
ubiquitin ligase family can be divided into three main 
classes: the really interesting new gene (RING) finger 
domain-containing E3s, the homologous to E6-AP 
C-terminal (HECT) E3s, and the RING-in- 
between-RING (RBR) E3s [44, 45]. Among them, the 
RING-type E3s are the most abundant class. The 
Cullin-RING E3 ubiquitin ligase (CRL) subgroup is 
responsible for up to 20% of ubiquitin-dependent 
protein degradation in cells [46]. Structurally, CRLs 
complexes consist of four basic subunits: a Cullin 
scaffold, RING-finger proteins, adaptor proteins, and 
substrate recognition proteins [47]. Within the CRL 
subgroup, SCF-type E3s are the most well-known 
class, utilizing Cullin1 as the scaffold protein, RBX1 as 
the RING-finger protein, SKP1 as the adaptor protein, 
and F-box proteins as the substrate receptor proteins 
[48]. Similar to SCF-type E3s, the ECS (Elongin- 
Cullin-SOCS-box protein) E3 ubiquitin-protein ligase 
complex is also formed by four proteins, including 
ElonginB/C, Cullin5 (or Cullin2), RBX2 (or RBX1), 
and the substrate recognition receptor proteins [28, 

43]. Since E3 ubiquitin ligases determine substrate 
specificity, their dysregulation is associated with 
many human diseases, including cancers. Therefore, 
E3 ubiquitin ligases represent an attractive and 
important class of drug targets in cancer therapy. In 
our study, we systematically analyzed the correlation 
between E3 ubiquitin ligase and deubiquitinating 
enzyme genes and the prognosis of colorectal cancer 
patients, and identified ASB6 as a key prognostic 
gene. ASB6 is one of the 18 members of the ankyrin 
repeat-containing SOCS box protein family (ASBs), 
characterized by a conserved SOCS box motif and a 
variable number of ankyrin repeats [49]. ASB6 
interacts with ElonginB/C-Cullin5-RBX2 via the 
SOCS box motif to form an ECS E3 ubiquitin-protein 
ligase complex to exert its functions. We identified 
proteins interacting with ASB6 by co-immuno-
precipitation-mass spectrometry analysis and also 
identified corresponding proteins of the ECS complex. 
In addition, we analyzed the mRNA expression levels 
of ASB6 in pan-cancer and found that ASB6 is 
significantly upregulated in many tumors. Survival 
analysis also showed that ASB6 is significantly 
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associated with overall survival (OS), progression-free 
interval (PFI), disease-specific survival (DSS) and 
disease-free interval (DFI) in various cancers, 
including colorectal cancer. In addition, the protein 
level of ASB6 was significantly upregulated in 
colorectal cancer tissues, and colorectal cancer 
patients with high ASB6 expression had worse 
prognosis. Further analysis of TCGA clinical samples 
revealed that ASB6 mRNA expression levels were also 
significantly correlated with lymph node invasion, 
distal metastasis and other adverse events in 
colorectal cancer patients. In vitro cell experiments 
also indicated that ASB6 overexpression enhanced, 
while ASB6 knockout weakened, the migration ability 
of colorectal cancer cells. We hypothesize that ASB6 
may act as an oncogene, promoting tumorigenesis 
and development. The results of the two 
aforementioned studies [31, 32] also further support 
our hypothesis. Univariate and multivariate analyses 
also showed that ASB6 can serve as an independent 
prognostic factor for OS and DSS in colorectal cancer. 
Furthermore, to explore the prognostic value of ASB6 
in colorectal cancer, we constructed nomograms with 
independent risk factors that were significantly 
associated with OS and DSS in multivariate analysis. 
The results showed that the nomogram 
(New-nomogram) model had better predictive 
performance, especially for the DSS nomogram model 
(c-index value = 0.934). Compared with the traditional 
TNM staging nomogram, the New-nomogram 
showed better predictive ability at the 1-year, 3-year 
and 5-year timepoints for both OS and DSS. Based on 
this, our New-nomogram model has the potential to 
serve as a supplementary or alternative prognostic 
model to the TNM staging nomogram for colorectal 
cancer patients. These data suggest that ASB6 may be 
a promising prognostic marker and therapeutic target 
for colorectal cancer. Our study also provides a new 
model for further improving the prognosis of CRC 
patients.  

In cancers including colorectal cancer, E3 
ubiquitin ligases exhibit abnormalities in promoter 
methylation and copy number variation (CNV), 
which affect the regulation of E3 ubiquitin ligases, 
disturb cancer-related pathways, and promote 
tumorigenesis [50]. To explore the reasons for the 
abnormal expression of ASB6 in tumors, we 
conducted an analysis from the perspective of 
epigenetics. Methylation data analysis from TCGA 
revealed a significant downregulation of methylation 
levels of ASB6 in various cancers, including colorectal 
cancer. Furthermore, the methylation levels of ASB6 
were significantly negatively correlated with its 
mRNA expression levels. CNV analysis also showed 
that ASB6 copy number amplification was 

significantly associated with overexpression of ASB6 
mRNA in colorectal cancer. More importantly, 
colorectal cancer patients with abnormal ASB6 CNV 
(Amp) had worse OS, DSS and DFI. These results 
indicate that abnormal methylation and CNV of ASB6 
may play crucial role in the progression of colorectal 
cancer. 

E3 ubiquitin ligases play a crucial role in 
regulating the tumor microenvironment and 
influencing tumor immunotherapy [51]. For example, 
MDM2, a clinically highly investigated E3 ubiquitin 
ligase target for cancer treatment, promotes tumor 
growth and progression by mediating the 
ubiquitin-dependent degradation of the tumor 
suppressor p53 [17]. Later, researchers also found that 
targeting MDM2 has the effect of enhancing tumor 
immunotherapy. The small molecule inhibitor of 
MDM2, AMG-232, rendered tumor cells more 
susceptible to T cell-mediated killing in vitro [52]. 
Another MDM2 inhibitor APG-115 synergized with 
PD1 inhibitors in a mouse model of cancer 
immunotherapy by promoting M1 macrophage 
polarization and T cell activation [53]. Macrophages 
are one of the major populations of innate immune 
cells that infiltrate tumors and play important roles in 
regulating the tumor microenvironment and 
anti-tumor immunity [54]. Traditionally, macro-
phages are classified into pro-inflammatory M1 and 
anti-inflammatory M2 types [55]. Tumor-associated 
macrophages are often considered M2-type 
macrophages that suppress immune functions, induce 
angiogenesis, and promote tumor growth and 
metastasis by interacting with cancer cells [39, 40]. 
Co-culture of M2 macrophages with colorectal cancer 
cells indicates that macrophages mediate the 
migration and invasion of colorectal cancer cells by 
inducing epithelial-mesenchymal transition and 
activating the PI3K/AKT signaling pathway [56]. 
Univariate analysis demonstrated that macrophage 
infiltration level and ASB6 expression level are 
independent risk factors. Further analysis across 
multiple immune infiltration databases revealed that 
ASB6 is significantly positively correlated with M2 
macrophages. Most importantly, colorectal cancer 
patients with both high ASB6 expression and high M2 
macrophage infiltration have worse overall survival. 
Therefore, we hypothesize that ASB6 facilitates M2 
macrophage polarization, thereby promoting 
colorectal cancer progression. In addition, colorectal 
cancer patients with high ASB6 expression were 
insensitive to anti-PD-L1 immunotherapy. Further, 
we speculate that ASB6 may play an important role in 
immunotherapy resistance, but the molecular 
mechanisms still need further study. Pathway 
analysis shows that ASB6 may play a crucial role 
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through the response to unfolded protein pathway 
and protein processing in the endoplasmic reticulum 
pathway. Previous studies have reported that ASB6 
promotes the stemness properties of oral squamous 
cell carcinoma cells by attenuating endoplasmic 
reticulum (ER) stress [30]. ER stress is closely 
associated with the two pathways mentioned above, 
which further demonstrates the significant role of 
ASB6 in these two pathways. However, the molecular 
mechanisms still need further research. As a substrate 
recognition protein in the ECS E3 ubiquitin ligase 
complex, ASB6 may also promote tumorigenesis by 
ubiquitinating and degrading tumor suppressor 
proteins. Within the ASB6 interactome identified by 
immunoprecipitation-mass spectrometry, ATP5F1A 
was a core protein. ATP5F1A, a subunit of 
mitochondrial ATP synthase, facilitates oxidative 
phosphorylation [57]. Tumor cells rely more on 
glycolysis, known as the "Warburg effect"[58, 59]. 
Inhibition of ATP5F1A has been shown to increase 
colorectal cancer cell proliferation, while its low 
expression correlates with poor prognosis in 
colorectal cancer patients [60]. Collectively, we 
hypothesize that ASB6-mediated ubiquitination and 
degradation of ATP5F1A suppresses oxidative 
phosphorylation and enhance glycolysis to facilitate 
tumor progression.  

Although we comprehensively analyzed the 
prognostic value of ASB6 in colorectal cancer, and 
identified ASB6 interacting proteins by 
immunoprecipitation-mass spectrometry analysis to 
construct a PPI network and perform pathway 
enrichment analysis, further in-depth research is still 
needed to elucidate the molecular mechanisms of 
ASB6 action. In particular, future studies should 
examine potential regulatory relationships between 
ASB6 and core proteins in the PPI network. 

Conclusions 
In summary, we systematically analyzed the 

prognostic value of ASB6 in colorectal cancer. This 
work demonstrates that ASB6 is significantly 
overexpressed in various tumor tissues, including 
colorectal cancer. CRC patients with high ASB6 
expression had worse DFI, DSS, OS, and PFI. 
Additionally, ASB6 expression levels positively 
correlate with lymph node invasion, distal metastasis, 
and M2-type macrophage infiltration. Further in vitro 
experiments also confirmed that ASB6 promotes the 
migration ability of colorectal cancer cells. The 
nomogram we constructed based on independent 
prognostic factors demonstrated superior predictive 
ability, especially for DSS. We showed that 
hypomethylation and copy number amplification of 
ASB6 in colorectal cancer are the causes of its 

abnormal overexpression. Patients with ASB6 copy 
number amplification had worse OS, DSS, and DFI. 
Taken together, this study demonstrates that ASB6 is 
an independent prognostic marker and potential 
therapeutic target in colorectal cancer. 

Abbreviations 
CRC: Colorectal cancer; TCGA: the cancer 

genome atlas; ASB6: Ankyrin repeat and SOCS box 
protein 6; DFI: Disease-free interval; DSS: 
Disease-specific survival; OS: Overall survival; PFI: 
Progression-free interval; ACC: Adrenocortical 
carcinoma; BLCA: Bladder Urothelial Carcinoma; 
BRCA: Breast invasive carcinoma; CESC: Cervical 
squamous cell carcinoma and endocervical 
adenocarcinoma; CHOL: Cholangiocarcinoma; 
COAD: Colon adenocarcinoma; DLBC: Lymphoid 
Neoplasm Diffuse Large B-cell Lymphoma; ESCA: 
Esophageal carcinoma; GBM: Glioblastoma multi-
forme; HNSC: Head and Neck squamous cell 
carcinoma; KICH: Kidney chromophobe; KIRC: 
Kidney renal clear cell carcinoma; KIRP: Kidney renal 
papillary cell carcinoma; LGG: Brain Lower Grade 
Glioma; OV: Ovarian serous cystadenocarcinoma; 
MESO: Mesothelioma; LIHC: Liver hepatocellular 
carcinoma; LUAD: Lung adenocarcinoma; LUSC: 
Lung squamous cell carcinoma; PAAD: Pancreatic 
adenocarcinoma; PRAD: Prostate adenocarcinoma; 
PCPG: Pheochromocytoma and Paraganglioma; 
READ: Rectum adenocarcinoma; SARC: Sarcoma; 
SKCM: Skin Cutaneous Melanoma; LAML: Acute 
Myeloid Leukemia; TGCT: Testicular Germ Cell 
Tumors; THCA: Thyroid carcinoma; THYM: 
Thymoma; STAD: Stomach adenocarcinoma; UCEC: 
Uterine Corpus Endometrial Carcinoma; UCS: 
Uterine Carcinosarcoma; UVM: Uveal Melanoma; 
CNA: copy number alteration. 

Supplementary Material 
Supplementary figure, tables, data.  
https://www.jcancer.org/v15p2712s1.pdf 

Acknowledgments 
The authors thank Fengting Li and Wenting Liao 

(Sun Yat-sen University Cancer Center, China) for 
providing the cells used in this study. The authors 
thank Hu Chen (The First Affiliated Hospital of 
Chengdu Medical College, Chengdu, China.) for 
providing the plasmid pLVX-puro used for protein 
expression. The authors acknowledge the research 
platform (Innovation Platform) provided by the 
School of Basic Medical Sciences and Forensic 
Medicine, North Sichuan Medical College. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2729 

Funding 
This work was supported by the Municipal and 

School Science and Technology Strategic Cooperation 
Project of Nan Chong (grant no. 22SXZRKX0002, 
20SXCXTD004, and 22SXCXTD0002), the Key 
Cultivation Project of North Sichuan Medical College 
(grant no. CBY22-ZDA05 and CBY22-ZDA02), and the 
Doctoral Startup Fund Project of North Sichuan 
Medical College (grant no. CBY21-QD14). 

Author contributions 
Conceptualization, Qingyong Hu and Jiancai 

Tang; Data curation, Yahui Chen, Qianru Zhou and 
Shanshan Deng; Formal analysis, Yahui Chen; 
Funding acquisition, Qingyong Hu, Bo Mu and 
Jiancai Tang; Investigation, Yahui Chen; Writing – 
original draft, Qingyong Hu and Jiancai Tang; 
Writing – review & editing, Qingyong Hu and Jiancai 
Tang. All authors read and approved the published 
version of the manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021; 
71: 209-49. 

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin. 2018; 68: 394-424. 

3. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. 
Lancet. 2019; 394: 1467-80. 

4. Rongshou Zheng., Siwei Zhang., Hongmei Zeng., Shaoming Wang., Kexin 
Sun., Ru Chen., et al. Cancer incidence and mortality in China, 2016. Journal of 
the National Cancer Center. 2022; 2: 1-9. 

5. Wang MY, Qiu YH, Cai ML, Zhang CH, Wang XW, Liu H, et al. Role and 
molecular mechanism of stem cells in colorectal cancer initiation. J Drug 
Target. 2020; 28: 1-10. 

6. Buyana B, Naki T, Alven S, Aderibigbe BA. Nanoparticles Loaded with 
Platinum Drugs for Colorectal Cancer Therapy. Int J Mol Sci. 2022; 23: 
11261-83. 

7. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. 
Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin. 2016; 66: 
271-89. 

8. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et 
al. Cancer treatment and survivorship statistics, 2019. CA Cancer J Clin. 2019; 
69: 363-85. 

9. Kim YJ, Lee Y, Shin H, Hwang S, Park J, Song EJ. Ubiquitin-proteasome 
system as a target for anticancer treatment-an update. Arch Pharm Res. 2023; 
46: 573-97. 

10. Deng L, Meng T, Chen L, Wei W, Wang P. The role of ubiquitination in 
tumorigenesis and targeted drug discovery. Signal Transduct Target Ther. 
2020; 5: 11-39. 

11. Komander D, Rape M. The ubiquitin code. Annu Rev Biochem. 2012; 81: 
203-29. 

12. Dittmar G, Selbach M. Deciphering the Ubiquitin Code. Mol Cell. 2017; 65: 
779-80. 

13. Rape M. Ubiquitylation at the crossroads of development and disease. Nat Rev 
Mol Cell Biol. 2018; 19: 59-70. 

14. Mennerich D, Kubaichuk K, Kietzmann T. DUBs, Hypoxia, and Cancer. 
Trends Cancer. 2019; 5: 632-53. 

15. Swatek KN, Komander D. Ubiquitin modifications. Cell Res. 2016; 26: 399-422. 
16. Han S, Wang R, Zhang Y, Li X, Gan Y, Gao F, et al. The role of ubiquitination 

and deubiquitination in tumor invasion and metastasis. Int J Biol Sci. 2022; 18: 
2292-303. 

17. Zhou X, Sun SC. Targeting ubiquitin signaling for cancer immunotherapy. 
Signal Transduct Target Ther. 2021; 6: 16-31. 

18. Kaushal K, Antao AM, Kim KS, Ramakrishna S. Deubiquitinating enzymes in 
cancer stem cells: functions and targeted inhibition for cancer therapy. Drug 
Discov Today. 2018; 23: 1974-82. 

19. Narayanan S, Cai CY, Assaraf YG, Guo HQ, Cui Q, Wei L, et al. Targeting the 
ubiquitin-proteasome pathway to overcome anti-cancer drug resistance. Drug 
Resist Updat. 2020; 48: 100663. 

20. Liu L, Wong CC, Gong B, Yu J. Functional significance and therapeutic 
implication of ring-type E3 ligases in colorectal cancer. Oncogene. 2018; 37: 
148-59. 

21. Shi Y, Wang X, Wang J, Wang X, Zhou H, Zhang L. The dual roles of A20 in 
cancer. Cancer Lett. 2021; 511: 26-35. 

22. Masclef L, Ahmed O, Estavoyer B, Larrivee B, Labrecque N, Nijnik A, et al. 
Roles and mechanisms of BAP1 deubiquitinase in tumor suppression. Cell 
Death Differ. 2021; 28: 606-25. 

23. Cheng J, Guo J, North BJ, Tao K, Zhou P, Wei W. The emerging role for Cullin 
4 family of E3 ligases in tumorigenesis. Biochim Biophys Acta Rev Cancer. 
2019; 1871: 138-59. 

24. Wang H, Yang W, Qin Q, Yang X, Yang Y, Liu H, et al. E3 ubiquitin ligase 
MAGI3 degrades c-Myc and acts as a predictor for chemotherapy response in 
colorectal cancer. Mol Cancer. 2022; 21: 151-70. 

25. Chen J, Feng H, Wang Y, Bai X, Sheng S, Li H, et al. The involvement of E3 
ubiquitin ligases in the development and progression of colorectal cancer. Cell 
Death Discov. 2023; 9: 458-70. 

26. Guo JN, Xia BR, Deng SH, Yang C, Pi YN, Cui BB, et al. Deubiquitinating 
Enzymes Orchestrate the Cancer Stem Cell-Immunosuppressive Niche 
Dialogue: New Perspectives and Therapeutic Potential. Front Cell Dev Biol. 
2021; 9: 680100-16. 

27. Liu J, Leung CT, Liang L, Wang Y, Chen J, Lai KP, et al. Deubiquitinases in 
Cancers: Aspects of Proliferation, Metastasis, and Apoptosis. Cancers (Basel). 
2022; 14: 3547-71. 

28. Kohroki J, Nishiyama T, Nakamura T, Masuho Y. ASB proteins interact with 
Cullin5 and Rbx2 to form E3 ubiquitin ligase complexes. FEBS Lett. 2005; 579: 
6796-802. 

29. Hung KF, Lai KC, Liu TY, Liu CJ, Lee TC, Lo JF. Asb6 upregulation by Areca 
nut extracts is associated with betel quid-induced oral carcinogenesis. Oral 
Oncol. 2009; 45: 543-8. 

30. Hung KF, Liao PC, Chen CK, Chiu YT, Cheng DH, Kawasumi M, et al. ASB6 
Promotes the Stemness Properties and Sustains Metastatic Potential of Oral 
Squamous Cell Carcinoma Cells by Attenuating ER Stress. Int J Biol Sci. 2019; 
15: 1080-90. 

31. Zeng W, Zhu JF, Guo J, Huang GJ, Ai LS, Zeng Y, et al. m(6)A-modified 
circFNDC3B inhibits colorectal cancer stemness and metastasis via 
RNF41-dependent ASB6 degradation. Cell Death Dis. 2022; 13: 1008-23. 

32. Xiong L, Liu HS, Zhou C, Yang X, Huang L, Jie HQ, et al. A novel protein 
encoded by circINSIG1 reprograms cholesterol metabolism by promoting the 
ubiquitin-dependent degradation of INSIG1 in colorectal cancer. Mol Cancer. 
2023; 22: 72-88. 

33. Liu CJ, Hu FF, Xie GY, Miao YR, Li XW, Zeng Y, et al. GSCA: an integrated 
platform for gene set cancer analysis at genomic, pharmacogenomic and 
immunogenomic levels. Brief Bioinform. 2023; 24: 558-68. 

34. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al. 
Integrative analysis of complex cancer genomics and clinical profiles using the 
cBioPortal. Sci Signal. 2013; 6: 11-45. 

35. Sun S, Yi Y, Xiao ZJ, Chen H. ER stress activates TAp73alpha to promote colon 
cancer cell apoptosis via the PERK-ATF4 pathway. J Cancer. 2023; 14: 1946-55. 

36. Li F, Hu Q, He T, Xu J, Yi Y, Xie S, et al. The Deubiquitinase USP4 Stabilizes 
Twist1 Protein to Promote Lung Cancer Cell Stemness. Cancers (Basel). 2020; 
12: 1582-95. 

37. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A Web Server for 
Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res. 
2017; 77: 108-10. 

38. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, et al. 
Metascape provides a biologist-oriented resource for the analysis of 
systems-level datasets. Nat Commun. 2019; 10: 1523-33. 

39. Teng F, Tian WY, Wang YM, Zhang YF, Guo F, Zhao J, et al. Cancer-associated 
fibroblasts promote the progression of endometrial cancer via the 
SDF-1/CXCR4 axis. J Hematol Oncol. 2016; 9: 8-23. 

40. Chavez-Galan L, Olleros ML, Vesin D, Garcia I. Much More than M1 and M2 
Macrophages, There are also CD169(+) and TCR(+) Macrophages. Front 
Immunol. 2015; 6: 263-78. 

41. Fekete JT, Gyorffy B. ROCplot.org: Validating predictive biomarkers of 
chemotherapy/hormonal therapy/anti-HER2 therapy using transcriptomic 
data of 3,104 breast cancer patients. Int J Cancer. 2019; 145: 3140-51. 

42. Varshavsky A. The Ubiquitin System, Autophagy, and Regulated Protein 
Degradation. Annu Rev Biochem. 2017; 86: 123-8. 

43. Lydeard JR, Schulman BA, Harper JW. Building and remodelling Cullin-RING 
E3 ubiquitin ligases. EMBO Rep. 2013; 14: 1050-61. 

44. Zheng N, Shabek N. Ubiquitin Ligases: Structure, Function, and Regulation. 
Annu Rev Biochem. 2017; 86: 129-57. 

45. Bernassola F, Chillemi G, Melino G. HECT-Type E3 Ubiquitin Ligases in 
Cancer. Trends Biochem Sci. 2019; 44: 1057-75. 

46. Soucy TA, Smith PG, Milhollen MA, Berger AJ, Gavin JM, Adhikari S, et al. An 
inhibitor of NEDD8-activating enzyme as a new approach to treat cancer. 
Nature. 2009; 458: 732-6. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2730 

47. Bulatov E, Ciulli A. Targeting Cullin-RING E3 ubiquitin ligases for drug 
discovery: structure, assembly and small-molecule modulation. Biochem J. 
2015; 467: 365-86. 

48. Zheng N, Schulman BA, Song L, Miller JJ, Jeffrey PD, Wang P, et al. Structure 
of the Cul1-Rbx1-Skp1-F boxSkp2 SCF ubiquitin ligase complex. Nature. 2002; 
416: 703-9. 

49. Zhao Y, Xiong X, Sun Y. Cullin-RING Ligase 5: Functional characterization 
and its role in human cancers. Semin Cancer Biol. 2020; 67: 61-79. 

50. Watson IR, Takahashi K, Futreal PA, Chin L. Emerging patterns of somatic 
mutations in cancer. Nat Rev Genet. 2013; 14: 703-18. 

51. Liu J, Chen T, Li S, Liu W, Wang P, Shang G. Targeting matrix 
metalloproteinases by E3 ubiquitin ligases as a way to regulate the tumor 
microenvironment for cancer therapy. Semin Cancer Biol. 2022; 86: 259-68. 

52. Sahin I, Zhang S, Navaraj A, Zhou L, Dizon D, Safran H, et al. AMG-232 
sensitizes high MDM2-expressing tumor cells to T-cell-mediated killing. Cell 
Death Discov. 2020; 6: 57-64. 

53. Fang DD, Tang Q, Kong Y, Wang Q, Gu J, Fang X, et al. MDM2 inhibitor 
APG-115 synergizes with PD-1 blockade through enhancing antitumor 
immunity in the tumor microenvironment. J Immunother Cancer. 2019; 7: 
327-43. 

54. DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity and 
immunotherapy. Nat Rev Immunol. 2019; 19: 369-82. 

55. Vayrynen JP, Haruki K, Lau MC, Vayrynen SA, Zhong R, Dias Costa A, et al. 
The Prognostic Role of Macrophage Polarization in the Colorectal Cancer 
Microenvironment. Cancer Immunol Res. 2021; 9: 8-19. 

56. Wei C, Yang C, Wang S, Shi D, Zhang C, Lin X, et al. M2 macrophages confer 
resistance to 5-fluorouracil in colorectal cancer through the activation of 
CCL22/PI3K/AKT signaling. Onco Targets Ther. 2019; 12: 3051-63. 

57. Ni R, Zheng D, Wang Q, Yu Y, Chen R, Sun T, et al. Deletion of capn4 Protects 
the Heart Against Endotoxemic Injury by Preventing ATP Synthase 
Disruption and Inhibiting Mitochondrial Superoxide Generation. Circ Heart 
Fail. 2015; 8: 988-96. 

58. Vander Heiden MG, Cantley LC, Thompson CB. Understanding the Warburg 
effect: the metabolic requirements of cell proliferation. Science. 2009; 324: 
1029-33. 

59. Zhong X, He X, Wang Y, Hu Z, Huang H, Zhao S, et al. Warburg effect in 
colorectal cancer: the emerging roles in tumor microenvironment and 
therapeutic implications. J Hematol Oncol. 2022; 15: 160-89. 

60. Zhang G, Zhong J, Lin L, Liu Z. Loss of ATP5A1 enhances proliferation and 
predicts poor prognosis of colon adenocarcinoma. Pathol Res Pract. 2022; 230: 
153679-88. 


