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Abstract: Objectives: The purpose of this study is to decipher the role of Cullin family genes in colorectal cancer 
(CRC), drawing insights from comprehensive analyses encompassing multiple databases and experimental valida-
tions. Methods: UALCAN, GEPIA2, Human Protein Atlas (HPA), KM plotter, cBioPortal, TISIDB, DAVID, colon can-
cer cell lines culturing, gene knockdown, CCK8 assay, colony formation, and Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR) assays. Results: Initial scrutiny of The Cancer Genome Atlas (TCGA) CRC da-
tasets through the UALCAN and GEPIA databases unveiled significant alterations in Cullin family gene expressions. 
Elevations in CUL1, CUL2, CUL4A, CUL4B, CUL5, CUL7, and CUL9 were observed in CRC tissues compared to normal 
counterparts, while CUL3 demonstrated down-regulation consistently across datasets. Further exploration revealed 
notable correlations between Cullin gene expressions and various clinical parameters of CRC patients, substantiat-
ing the potential diagnostic and prognostic utility of these genes. Protein expression analyses conducted via the HPA 
corroborated the transcriptomic findings, indicating high levels of Cullin proteins in CRC tissues. Prognostic assess-
ments identified CUL7 and CUL9 as significant predictors of poor survival outcomes in CRC patients, emphasizing 
their clinical relevance. Genetic alterations within the Cullin family genes were elucidated through the cBioPortal 
database, shedding light on the mutation landscape and prevalence of missense mutations in CRC. Immune sub-
type and tumor immune microenvironment analyses underscored the intricate interplay between Cullin family genes 
and immune processes in CRC. Experimental validation in CRC cell lines demonstrated the functional significance of 
CUL7 and CUL9 in promoting CRC growth, further solidifying their roles as potential therapeutic targets. Conclusion: 
Overall, these multifaceted analyses elucidated the intricate involvement of Cullin family genes in CRC pathogenesis 
and provided valuable insights for future diagnostic and therapeutic endeavors in CRC management.

Keywords: Colorectal cancer, Cullin family genes, biomarkers, therapeutic targets

Introduction

Colorectal cancer (CRC) accounts for around 
10% of all cancer cases and is globally recog-
nized as the third most frequently diagnosed 
and second most lethal cancer [1]. In 2020, 
CRC contributed to approximately 9.4% of can-
cer-related deaths [1, 2]. Typically asymptom-
atic until advanced stages, CRC underscores 
the urgency to discover novel biomarkers for 
early diagnosis and treatment, aiming to 
improve prognosis, especially considering the 
prevalence of small undetectable metastases 

in over half of colon cancer patients before  
surgery [3].

The ubiquitin-proteasome system is a primary 
pathway governing protein degradation [4]. 
Protein ubiquitination-mediated degradation 
involves two distinct steps: initially, ubiquitins 
are catalyzed and transferred to specific sub-
strates through the sequential actions of acti-
vating (E1), conjugating (E2), and ligase (E3) 
enzymes. Subsequently, the poly-ubiquitinated 
substrates are recognized and degraded by the 
26S proteasome complex [5]. The Cullin-Ring 
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ubiquitin ligase (CRL) stands as the largest 
family of E3 ubiquitin ligases, responsible for 
ubiquitinating approximately 20% of intracellu-
lar proteins [6]. Structurally, the Cullin protein 
functions as a scaffold by binding to an ada- 
ptor protein at the N-terminus, and it interacts 
with a RING protein (RBX1 and RBX2) at the 
C-terminus, forming a CRL [7]. The activity of 
CRL is intricately regulated by various proteins, 
including neural-precursor-cell-expressed de- 
velopmentally down-regulated 8 (NEDD8), Cu- 
llin-associated NEDD8-dissociated protein 1 
(CAND1), and the COP9 signalosome complex 
(CSN). These regulatory proteins modulate the 
association/dissociation cycles of CRL sub-
units, thereby influencing the activity of CRLs 
[8].

In mammals, eight Cullin proteins have been 
identified, namely CUL1, CUL2, CUL3, CUL4A, 
CUL4B, CUL5, CUL7, and CUL9, with the latter 
closely related to the p53-associated parkin-
like cytoplasmic protein (PARC) [9-14]. The CRL 
degradation pathway plays a crucial role in 
mediating several proto-oncoproteins and 
tumor suppressors [12]. Dysregulation of 
Cullins’ expression can lead to aberrant levels 
of various cancer-related proteins, potentially 
contributing to tumorigenesis. Prior investiga-
tions have noted the overexpression of certain 
Cullin members in breast cancers, correlating 
with unfavorable histology grades and poorer 
survival outcomes [15-18]. However, specific 
Cullin members have received limited attention 
in CRC studies, and their prognostic signifi-
cance remains unclear. Consequently, there is 
considerable interest in conducting a system-
atic examination of the prognostic roles of each 
individual Cullin for breast cancer patients.

In this study, we conducted a comprehensive 
analysis of the mRNA expression levels and 
clinical stage characteristics of Cullin members 
in CRC patients using the TCGA database. Our 
findings revealed elevated expression levels of 
CUL1, CUL2, CUL4A, CUL4B, CUL7, and CUL9 in 
CRC patients compared to normal samples. 
Subsequently, utilizing the Kaplan-Meier Plotter 
database, we assessed the prognostic signifi-
cance of Cullins, highlighting that CUL5 and 
CUL7 expressions were associated with the 
prognosis of CRC. Furthermore, our investiga-
tion delved into the relationship between Cu- 
llin expression and immune infiltration com- 
ponents, uncovering notable differences in im- 

mune subtype and cells among CUL members. 
In conclusion, our study establishes CUL5 and 
CUL7 as promising diagnostic and prognostic 
markers and reveals their involvement in the 
immune processes of CRC patients.

Methodology

Expression profiling of Cullin family genes in 
The Cancer Genome Atlas (TCGA) database

UALCAN (https://ualcan.path.uab.edu/) is a 
user-friendly web portal for cancer data analy-
sis, providing easy access to TCGA expression 
data [19]. It offers in-depth analyses of gene 
expression and patient survival across cancer 
types. GEPIA2 (Gene Expression Profiling In- 
teractive Analysis 2, http://gepia2.cancer-pku.
cn/) is a versatile tool offering customizable 
gene expression analyses using TCGA and GTEx 
data, facilitating comprehensive investigations 
into gene expression patterns and their impli-
cations in various diseases [20]. In the present 
study, both UALCAN and GEPIA2 databases 
were used for the expression profiling of Cullin 
family genes in TCGA datasets of CRC.

Expression profile of Cullin family genes across 
different clinical variables of CRC patients

In this study, UALCAN [19, 21] was utilized to 
assess the expression patterns of Cullin family 
genes among CRC patients, considering diverse 
clinical variables such as cancer stages, races, 
genders, and age groups.

Proteomic expression of Cullin family genes in 
CRC

The Human Protein Atlas (HPA, https://www.
proteinatlas.org/) is a comprehensive resource 
offering detailed information on the expression 
and localization of proteins in human tissues 
and cells [22, 23]. Combining immunohisto-
chemistry and antibody-based profiling, HPA 
provides a valuable platform for researchers to 
explore protein expression patterns and their 
relevance in health and disease. In the current 
work, HPA was used to analyze proteomic 
expression of Cullin family genes in CRC.

Survival analysis of Cullin family genes in CRC

KM Plotter (https://kmplot.com/analysis/ind- 
ex.php?p=service) is an online survival analysis 
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tool that leverages gene expression data from 
multiple cancer studies [24, 25]. Focused on 
breast, colorectal, ovarian, lung, and gastric 
cancers, it enables users to explore the impact 
of specific gene expression on patient survival. 
KM plotter was used in this study to perform 
the survival analysis of Cullin family genes in 
CRC.

Mutational analysis of Cullin family genes in 
CRC

cBioPortal (https://www.cbioportal.org/) is a 
versatile platform for cancer genomics, offering 
a user-friendly interface to explore complex 
molecular data [26, 27]. Integrating diverse 
datasets, it empowers researchers to visualize 
and analyze genetic alterations, mRNA expres-
sion, and protein levels across various can- 
cers. cBioPortal is invaluable for elucidating 
cancer biology and identifying potential thera-
peutic avenues. In the present study, cBioPor-
tal database was used to perform the muta-
tional analysis of Cullin family genes in CRC.

Correlation between Cullin family gene expres-
sion and immune components

TISIDB (http://cis.hku.hk/TISIDB/) represents 
an online resource designed to analyze interac-
tions between tumors and the immune system 
[28]. In this study, we conducted a detailed cor-
relation analysis using the Kruskal-Wallis test 
to examine the relationship between Cullins 
and both immune and molecular subtypes. 
Additionally, we investigated the link between 
members of the Cullin family and immune infil-
trating cells by utilizing the GSCA database 
[29], a web server that integrates multiomics 
data from the TCGA database.

Correlation of Cullin family genes with immune 
cells

The Gene Set Cancer Analysis (GSCA, https://
guolab.wchscu.cn/GSCA//) database is a com-
prehensive platform for exploring cancer-asso-
ciated gene sets [30, 31]. Integrating diverse 
data sources, GSCA enables researchers to 
investigate the molecular mechanisms under- 
lying cancer development. In the present work, 
we explored the association between Cullin 
family members and immune infiltrating cells 
via GSCA database.

Gene enrichment analysis

DAVID (Database for Annotation, Visualization, 
and Integrated Discovery, https://david.ncifcrf.
gov/) is a robust bioinformatics tool for func-
tional annotation and enrichment analysis of 
gene sets [32, 33]. Widely used in genomics 
research, DAVID facilitates the interpretation  
of high-throughput data, providing valuable 
insights into the biological relevance and func-
tional characteristics of gene lists. In the pres-
ent study, DAVID was utilized to perform Gene 
enrichment analysis of Cullin family genes.

Cell culture and Reverse Transcription 
Quantitative Polymerase Chain Reaction (RT-
qPCR) analysis

Normal colonic epithelial cells (HCoEpiC and 
HCEC) and five colon cancer cell lines (SW480, 
SW620, SW1116, RKO, and HCT116) were 
acquired from the American Type Culture 
Collection (ATCC) and cultured per the manu-
facturer’s guidelines. Regular mycoplasma con-
tamination checks were conducted. Total RNA 
extraction from both normal and colon cells  
followed Sigma Trizol instructions (Invitrogen). 
cDNA synthesis was performed through RNA 
reverse transcription, and subsequent RT-qPCR 
utilized AceQ qPCR SYBR Green Master Mix as 
per Hiscript QRT supermix instructions for 
RT-qPCR (Vazyme). GAPDH served as a refer-
ence control. Primer sequences were as fol-
lows: GAPDH-F Primer, 5’-TGACTTCAACAGCG- 
ACACCCA-3’, GAPDH-R Primer, 5’-CACCCTGTT- 
GCTGTAGCCAAA-3’; CUL1-F Primer, 5’-CAATG- 
ACGCTGGCTTTGTGGCT-3’, CUL1-R Primer, 5’- 
CAAGGAGTCACAGTATCGAGCC-3’; CUL2-F Pri- 
mer, 5’-GTCTTACTCCGTGCTGTGTCCA-3’, CUL2- 
R Primer, 5’-CTGACTCCACAAATAGTGTTGGC-3’; 
CUL3-F Primer, 5’-TCGACAGCTCACACTCCAG- 
CAT-3’, CUL3-R Primer, 5’-GTGCTTCCGTGTA- 
TTAGAGCCAG-3’; CUL4A-F Primer, 5’-GTGCTTC- 
CGTGTATTAGAGCCAG-3’, CUL4A-R Primer, 5’- 
CTGTGGCTTCTTTGTTGCCTGC-3’; CUL4B-F Pri- 
mer, 5’-GAAGCTACAGATGAAGAACTTGAG-3’, CU- 
L4B-R Primer, 5’-GCACTCTTTCCGACTAACAGGC- 
3’; CUL5-F Primer, 5’-CCTGATGCTGAACTTA- 
GGAGGAC-3’, CUL5-R Primer, 5’-GGTTCACTGAG- 
AAGAGGGTACC-3’; CUL7-F Primer, 5’-CCGCAAA- 
CTCATCACCAACATCC-3’, CUL7-R Primer, 5’-GG- 
CACAGGTATCTGAGGAACAC-3’; CUL9-F Primer, 
5’-GTGAGGACTCAAGCTACATGCC-3’, CUL9-R Pri- 
mer, 5’-CAGGTTCTCCAAGAGGATCACC-3’.
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RNA interference

HCT116 cells were seeded at a density of 
50,000 cells/well in a six-well plate with anti- 
biotic-free fresh media 24 hours before trans-
fection, aiming for 30-50% confluency during 
transfection. Sequences of CUL7-siRNA (For- 
ward: 5’-UGAGAUCCUAGCUGAACUGTT-3’; and 
Reverse: 5’-AGAACUCCGCUACAGGGAAUU-3’) 
and CUL9-siRNA (Forward: 5’-CAAGUGUAUATU- 
AATAUUTT-3’; and Reverse: 5’-AGUAUTACUGT- 
TAUAGTUGTT-3’) were procured from Thermo 
Fisher Scientific (Waltham, MA, USA). Trans- 
fection was carried out using 100 nmol/L of 
siRNA and Lipofectamine RNAiMAX (Invitrogen, 
Carlsbad, CA, USA) following the manufactur-
er’s protocol. Following siRNA transfection, 
plates were incubated for 48 hours at 37°C 
before subsequent analysis. Later on, gene 
knockdown efficiency was checked with the 
help of RT-qPCR assay using the above men-
tioned protocol.

Cell proliferation assay

HCT116 cells seeded at a density of 1 × 103 
cells per well in 96-well plates. Cell prolifera- 
tion was assessed using Cell Counting Kit-8 
(CCK-8; Dojindo, Rockville, USA) following the 
manufacturer’s guidelines. In brief, 10 µL of 
CCK-8 solution was introduced into the culture 
medium and incubated for 2 hours. The absor-
bance at a wavelength of 450 nm was mea-
sured, with a reference wavelength set at 570 
nm.

Colony-formation assay

After transfection with CUL7-siRNA and CUL9-
siRNA, HCT116 cells were seeded into three 
6-cm cell culture dishes. Following a 2-week 
incubation in complete growth media, cell co- 
lonies were fixed using cold methanol and 
stained with 0.1% crystal violet for 30 minutes. 
Colony counting was performed manually using 
a microscope.

Statistical analysis

Statistical analyses were conducted using the 
SPSS statistical software package (version 
16.0; SPSS, Inc., Chicago, IL, USA). Comparisons 
were assessed using the Student’s t-test. All p 
values were two-sided, and statistical signifi-
cance was defined as P < 0.05.

Results

Gene expression of Cullin family in The Cancer 
Genome Atlas (TCGA) CRC datasets

We investigated the expression patterns of 
Cullin family genes in TCGA CRC patients uti- 
lizing the UALCAN and GEPIA databases. 
Analysis from the UALCAN database revealed 
significant up-regulation (p-value < 0.05) of 
CUL1, CUL2, CUL4A, CUL4B, CUL5, CUL7, and 
CUL9 in CRC patients compared to normal con-
trols, while CUL3 exhibited significant down-
regulation (p-value < 0.05) (Figure 1A). Si- 
milarly, analysis conducted using the GEPIA2 
database yielded consistent results, confirming 
the up-regulation of the CUL1, CUL2, CUL4A, 
CUL4B, CUL5, CUL7, and CUL9 Cullin family 
genes and down-regulation of CUL3 in CRC tis-
sues compared to normal tissues (Figure 1B).

Association between Cullin family gene expres-
sion and clinical parameters of CRC patients

Subsequently, we examined the correlation 
between Cullin family expression and clinical 
parameters of CRC patients using the UALCAN 
database. In comparison to normal tissues, the 
expression levels of CUL1, CUL2, CUL4A, 
CUL4B, CUL5, CUL7, and CUL9 showed signifi-
cant (p-value < 0.05) elevation across different 
cancer stages, age groups, and genders in CRC 
patients (Figure 2A, 2B, 2D-H). Conversely, 
CUL3 exhibited significantly lower expression 
(p-value < 0.05) in CRC patients across differ-
ent cancer stages, age groups, and genders 
compared to normal controls (Figure 2C).

Protein expression of Cullin family genes in CRC

Next, we utilized the HPA database to examine 
the protein expression profiles of Cullin family 
genes in CRC. Immunohistochemistry-based 
results showed that the protein expression of 
CUL1, CUL2, CUL4A, CUL4B, CUL5, CUL7, and 
CUL9 was higher (Staining: High) in CRC tissue 
samples relative to the normal samples 
(Staining: Low, Figure 3). Regarding CUL3, the 
expression of this protein was lower (Staining: 
Low) in CRC samples relative to the control 
sample (Staining: High, Figure 3).

Prognostic roles of Cullin family genes

To assess the prognostic significance of the  
differentially expressed Cullin family genes in 
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Figure 1. The expression levels of the Cullin family genes in The Cancer Genome Atlas Colon Adenocarcinoma (COAD) samples and adjacent control tissue samples. 
A. mRNA expression of Cullin family genes as depicted in the UALCAN database. B. mRNA expression of Cullin family genes as presented in the UALCAN database. 
P-value < 0.05.
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Figure 2. The association between Cullin family gene expression and various clinical variables of Colon Adenocarcinoma (COAD) patients. Boxplots illustrate Cullin 
transcript levels based on stage, race, and gender as extracted from the UALCAN database. (A) CUL1 expression in CRC patients of different stages, races, and 
genders, (B) CUL2 expression in CRC patients of different stages, races, and genders, (C) CUL3 expression in CRC patients of different stages, races, and genders, 
(D) CUL4A expression in CRC patients of different stages, races, and genders, (E) CUL4B expression in CRC patients of different stages, races, and genders, (F) 
CUL5 expression in CRC patients of different stages, races, and genders, (G) CUL7 expression in CRC patients of different stages, races, and genders, and (H) CUL9 
expression in CRC patients of different stages, races, and genders. P-value < 0.05.
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CRC, we employed gene chip data from Kaplan-
Meier Plotter for survival analysis. The results 
indicated that among all Cullin family members, 
only CUL7 and CUL9 exhibited notable predic-
tive value (Figure 4). Elevated expressions of 
CUL7 and CUL9 were significantly (p-value < 
0.05) correlated with shorter overall survival 
(OS) in CRC patients (Figure 4). Conversely, 
other members of the Cullin family, such as 

CUL1, CUL2, CUL3, CUL4A, CUL4B, and CUL5, 
did not demonstrate significant associations 
with OS of the CRC patients (Figure 4).

Genetic alterations among Cullin family genes 
in CRC

Utilizing the cBioPortal database, we investi-
gated the genetic alterations within the Cullin 

Figure 3. The proteomic expression patterns of Cullin family members in colorectal cancer (CRC) tissues compared 
to adjacent normal control tissues, as sourced from the Human Protein Atlas database.
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Figure 4. The prognostic analysis of Cullin family genes in Colon Adenocarcinoma (COAD) patients via the Kaplan-Meier Plotter. The survival plots of CUL1, CUL2, 
CUL3, CUL4A, CUL4B, CUL5, CUL7, and CUL9 are shown. P-value < 0.05.
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Figure 5. Mutational analysis of Cullin family genes among Colon Adenocarcinoma (COAD) patients via the cBioPor-
tal database. The oncoplots show the mutational frequencies of CUL1, CUL2, CUL3, CUL4A, CUL4B, CUL5, CUL7, 
and CUL9 in the COAD samples.

family among CRC patients. The mutation rates 
for Cullin family genes, including CUL1, CUL2, 
CUL3, CUL4A, CUL4B, CUL5, CUL7, and CUL9, 
were determined as 2.8%, 2.6%, 2.1%, 1.3%, 
1.9%, 2.6%, 3.0%, and 7%, respectively (Figure 
5). Notably, missense mutations predominated 
among the observed mutations within the Cullin 
family genes in CRC patients (Figure 5).

Immune subtype and tumor immune microen-
vironment analysis of Cullin family genes

Prior research has highlighted the potential in- 
volvement of the Cullin family in immune pro-
cesses across various cancers [34]. Motivated 
by these findings, we proceeded to investigate 
the immune subtype associations of Cullin fam-
ily genes. The immune subtypes encompassed 
C1 (wound healing), C2 (IFN-gamma dominant), 
C3 (inflammatory), C4 (lymphocyte depleted), 
C5 (immunologically quiet), and C6 (TGF-β dom-
inant) categories. Our analysis revealed signifi-
cant correlations between the expression lev-
els of CUL2, CUL3, CUL4A, CUL5, CUL7, and 
CUL9 and immune subtypes in COAD (Figure 
6A). Furthermore, we examined the relationship 
between Cullin family gene expression and 
molecular subtypes. The findings demonstrat-
ed significant associations between most Cullin 
family members, with the exception of CUL9, 
and different molecular subtypes in COAD 
(Figure 6B).

Validation of Cullin family gene expression in 
cell lines

In this phase of our study, two normal colonic 
epithelial cell lines (HCoEpiC and HCEC) and 

five colon cancer cell lines (SW480, SW620, 
SW1116, RKO, and HCT116) were utilized to 
validate the expression of Cullin family genes 
through RT-qPCR. Results of the RT-qPCR anal-
ysis validated that the expression of CUL1, 
CUL2, CUL4A, CUL4B, CUL5, CUL7, and CUL9 
genes was significantly (p-value < 0.5) up-regu-
lated, while the expression of CUL3 was signi- 
ficantly (p-value < 0.5) down-regulated in CRC 
cell lines as compare to the control cell lines 
(Figure 7A). Overall, these findings shed light on 
the involvement of expression variances within 
the Cullin gene family in the development of 
CRC.

Cullin family gene expression and immune cell 
infiltration

Gaining insight into the connection between 
cancers and the immune system is beneficial 
for devising therapeutic approaches. Hence, 
this study delved into the associations between 
Cullin family genes and immune cells. Our find-
ings revealed significant correlations (p-value < 
0.05) between Cullin family genes and various 
immune cell types in COAD. For instance, the 
expression of CUL7 exhibited a negative corre-
lation with immune-active cells such as cyto-
toxic, CD8-T, NK, Th1 cells, among others 
(Figure 7B). Conversely, CUL5 expression sh- 
owed a positive correlation with immune regu-
latory cells including iTreg, macrophage, and 
DC immune cells (Figure 7B).

Gene enrichment analysis of Cullin family

Gene Ontology (GO) and KEGG (Kyoto Ency- 
clopedia of Genes and Genomes) enrichment 
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analysis of Cullin family genes were performed 
via the DAVID. In the CC (cellular components) 
category, Cullin family genes were enriched in 
“VCB complex, parkin-FBX-W7-Cul7 ubiquitin 
ligase complex, and Cul7-RING ubiquitin ligase 
complex, etc., terms (Figure 8A)”. In the MF 
(molecular function) category, Cullin family 
genes were mainly involved in “POZ domain 
binding, Cul7 ubiquitin protein ligase binding, 
and ubiquitin-like protein ligase binding, etc., 
terms (Figure 8B)”. In the BP (biological pro-
cess) category, Cullin family genes were en- 
riched in “SCF-dependent proteaosomal ubiq-
uitin-dependent protein catabolic proc., G1/S 

transition of mitotic cell cycle, and cell cyle 
G1/S phase transition, etc., terms (Figure 8C)”. 
Finally, KEGG analysis outcomes revealed that 
Cullin family genes were involved in diverse  
signaling pathways, including “Ubiquitin medi-
ated proteolysis, Base excision repair, He- 
dgehog signaling pathway, and circadian 
rhythm, etc. (Figure 8D)”.

Reduction in the expression of CUL7 and CUL9 
inhibited CRC growth

We designed two si-RNAs, including si-RNA1 for 
CUL7 and si-RNA2 for CUL9 gene. Later on, 

Figure 7. Expression of Cullin family genes in cell lines and association analysis of Cullin family gene expression 
with the immune-infiltration cells in Colon Adenocarcinoma (COAD). A. Expression of Cullin family genes in normal 
and colon cancer cell lines. B. Association of Cullin family gene expression with immune-infiltration cells in COAD. 
P-value < 0.05.

Figure 6. Correlation between the Cullin family gene expression and immune and molecular subtypes of Colon 
Adenocarcinoma (COAD). A. Correlation of Cullin family genes with immune subtypes. B. Correlation of Cullin family 
genes with molecular subtypes. P-value < 0.05.
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Figure 8. Functional and pathway enrichment analyses conducted on Cullin family genes. (A) Cellular Component (CC) terms, (B) Molecular Function (MF) terms, (C) 
Biological Process (BP) terms, and (D) Kyoto Encyclopedia of Genes and Genomes (KEGG) terms associated with the Cullin family genes. P-value < 0.05.
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HCT116 cells were transfected with the con-
structed siRNAs. The efficiency of si-RNAs was 
verified by qRT-PCR (Figure 9A). Colony forma-
tion assays revealed a significant reduction in 
colony numbers in transfected colon cancer 
cells (si-CUL7-HCT116 and si-CUL9-HCT116) 
compared to control colon cells (Ctrl-HCT116) 
(Figure 9B, 9C), indicating that silencing CUL7 
and CUL9 led to notable suppression of colony 
formation. Additionally, CCK8 assays demon-
strated a considerable decrease in the prolif-
eration rate of colon cancer cells (si-CUL7-
HCT116 and si-CUL9-HCT116) relative to  
control colon cells (Ctrl-HCT116) (Figure 9D). 
Collectively, results from colony formation and 
CCK8 assays underscored the pivotal roles  
of CUL7 and CUL9 genes in promoting the 
growth of colon cancer cells.

nant transformation of cells [40]. Moreover, 
Cullin 7 has been found to impede p53-depen-
dent DNA repair function [41] and trigger epi-
thelial-mesenchymal transition (EMT) in chorio-
carcinoma [42]. Despite these insights, the 
precise roles of Cullin family members in CRC 
remain elusive. Hence, the present study aims 
to comprehensively elucidate the roles of Cu- 
llin family members through a combination  
of bioinformatics analysis and molecular ex- 
periments.

Analysis of Cullin family gene expression across 
multiple TCGA datasets, the HPA database, and 
various cell lines revealed a significant up-regu-
lation of CUL1, CUL2, CUL4A, CUL4B, CUL5, 
CUL7, and CUL9 in CRC patients compared to 
normal controls, while CUL3 exhibited signifi-
cant down-regulation. Additionally, prognostic 

Figure 9. Biological functions of CUL7 and CUL9 in colorectal cancer (CRC). 
A. Evaluation of gene knockdown efficiency in colon cancer cell lines trans-
fected with siRNAs. B. The assessment of colony formation ability in colon 
cell lines transfected with siRNAs targeting CUL7 and CUL9, respectively, via 
colony formation assay. C. Colony numbers graph. D. The assessment of cell 
proliferation in colon cancer cells transfected with siRNAs targeting CUL7 
and CUL9 using CCK8 assay.

Discussion

Numerous studies have found 
that the abnormal expression 
of Cullin family members is 
closely related to the occur-
rence, development, metasta-
sis, and recurrence of vari- 
ous malignant tumors [6]. For 
example, Min et al. demon-
strated that the expression of 
Cullin 1 in breast cancer cells 
is positively correlated with 
the expression of p53 and 
regulates cell apoptosis [35]. 
Cullin 3 accelerates the pro-
gression of breast cancer by 
regulating the effect of spe- 
ckle-type POZ protein on the 
expression of breast cancer 
metastasis suppressor 1 [36, 
37]. The overexpression of 
Cullin 4A promotes the growth 
and metastasis of basal-like 
breast tumors [38]. Cullin 7 
serves as a vital structural 
component of E3 ubiquitin 
ligases and functions as an 
oncogene, exerting a crucial 
impact on the proliferation 
and differentiation of pancre-
atic cancer cells [39]. It has 
been demonstrated to inhibit 
Myc-induced apoptosis and 
facilitate Myc-mediated malig-
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analysis indicated that elevated expressions of 
CUL7 and CUL9 were significantly correlated 
with shorter overall survival (OS) in CRC 
patients. In contrast, other members of the 
Cullin family, including CUL1, CUL2, CUL3, 
CUL4A, CUL4B, and CUL5, did not show sig- 
nificant associations with OS in CRC patients. 
These findings collectively suggest that CUL7 
and CUL9 serve as effective prognostic bio-
markers for CRC. In a recent investigation, 
heightened levels of Cullin 7 were observed in 
hepatocellular carcinoma (HCC) tumor tissues, 
especially in metastatic HCC, correlating with 
reduced survival rates among HCC patients 
[43]. Furthermore, increased expression of 
Cullin 7 was noted in primary lung cancer tis-
sues, with overexpressed Cullin 7 mRNA sig- 
nificantly linked to unfavorable prognosis in 
individuals with non-small cell lung carcinoma 
[44, 45]. Moreover, in breast cancer tissues, 
significant associations were found between 
overexpression of Cullin 9 and overall survival 
[15, 35].

The investigation of genetic alterations within 
the Cullin family among CRC patients sheds  
the light on the landscape of mutations in this 
gene family. The mutation rates vary among  
different Cullin family members, with CUL9 
showing the highest mutation rate at 7%, while 
others range from 1.3% to 3.0%. Interestingly, 
missense mutations appear to be the predo- 
minant type of mutation observed within the 
Cullin family genes in CRC patients. These find-
ings underscore the importance of genetic 
alterations in Cullin genes and suggest poten-
tial avenues for further research into their roles 
in CRC tumorigenesis and progression.

Furthermore, we observed a close relationship 
between several Cullin family genes and im- 
mune subtypes in colorectal adenocarcinoma 
(COAD). Likewise, most Cullins showed signifi-
cant associations with immune cell infiltrations. 
Specifically, CUL7 expression exhibited a nega-
tive correlation with immune-active cells such 
as cytotoxic, CD8-T, NK, and Th1 cells in COAD. 
Previous studies have suggested that tumor-
infiltrating regulatory T cells (Tregs) contribute 
to adverse clinical outcomes by suppressing 
anti-tumor immunity and promoting angiogen-
esis [46]. Therefore, CUL7 might contribute to 
the formation of an immunosuppressive micro-
environment, enabling evasion of the tumor 

immune response, and potentially contributing 
to poor prognosis.

Conclusion

In conclusion, our study highlights the signifi-
cance of CUL7 and CUL9 overexpression in the 
malignant phenotype of CRC, serving as prog-
nostic indicators of poor patient outcomes. The 
identification of CUL7 and CUL9 as potential 
biomarkers offers promising avenues for pre-
cise diagnosis and treatment strategies in CRC.

Disclosure of conflict of interest

None.

Address correspondence to: Aiqian Sun, Depart- 
ment of Gastroenterology, Jinan Maternity and  
Child Care Hospital Affiliated to Shandong First 
Medical University, Jinan 250218, Shandong, China. 
E-mail: aixilucky@sina.com

References

[1] Hossain MS, Karuniawati H, Jairoun AA, Urbi Z, 
Ooi J, John A, Lim YC, Kibria KMK, Mohiuddin 
AKM, Ming LC, Goh KW and Hadi MA. Colorec-
tal cancer: a review of carcinogenesis, global 
epidemiology, current challenges, risk factors, 
preventive and treatment strategies. Cancers 
(Basel) 2022; 14: 1732.

[2] Bray F, Ferlay J, Soerjomataram I, Siegel RL, 
Torre LA and 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] Das V, Kalita J and Pal M. Predictive and prog-
nostic biomarkers in colorectal cancer: a sys-
tematic review of recent advances and chal-
lenges. Biomed Pharmacother 2017; 87: 8-19.

[4] Hershko A, Ciechanover A and Varshavsky A. 
Basic medical research award. The ubiquitin 
system. Nat Med 2000; 6: 1073-1081.

[5] Pickart CM. Mechanisms underlying ubiquiti-
nation. Annu Rev Biochem 2001; 70: 503-
533.

[6] Zhao Y and Sun Y. Cullin-RING Ligases as at-
tractive anti-cancer targets. Curr Pharm Des 
2013; 19: 3215-3225.

[7] Wei D and Sun Y. Small RING finger proteins 
RBX1 and RBX2 of SCF E3 ubiquitin ligases: 
the role in cancer and as cancer targets. Ge- 
nes Cancer 2010; 1: 700-707.

[8] Bulatov E and Ciulli A. Targeting Cullin-RING  
E3 ubiquitin ligases for drug discovery: struc-

mailto:aixilucky@sina.com


Cullin family genes in colorectal cancer

1923 Am J Transl Res 2024;16(5):1907-1924

ture, assembly and small-molecule modula-
tion. Biochem J 2015; 467: 365-386.

[9] Sharma P and Nag A. CUL4A ubiquitin ligase:  
a promising drug target for cancer and other 
human diseases. Open Biol 2014; 4: 130217.

[10] Zimmerman ES, Schulman BA and Zheng N. 
Structural assembly of cullin-RING ubiquitin li-
gase complexes. Curr Opin Struct Biol 2010; 
20: 714-721.

[11] Sarikas A, Hartmann T and Pan ZQ. The cullin 
protein family. Genome Biol 2011; 12: 1-12.

[12] Bashir T and Pagano M. Aberrant ubiquitin-
mediated proteolysis of cell cycle regulatory 
proteins and oncogenesis. Adv Cancer Res 
2003; 88: 101-144.

[13] Hameed Y and Ejaz S. TP53 lacks tetrameriza-
tion and N-terminal domains due to novel in- 
activating mutations detected in leukemia pa-
tients. J Cancer Res Ther 2021; 17: 931-937.

[14] Yu W, He X, Zhang C and Huangfu H. Trans- 
criptomics data mining to uncover signature 
genes in head and neck squamous cell carci-
noma: a bioinformatics analysis and RNA-se-
quencing based validation. Am J Cancer Res 
2023; 13: 5513-5530.

[15] Qiu N, He Y, Zhang S, Hu X, Chen M and Li H. 
Cullin 7 is a predictor of poor prognosis in 
breast cancer patients and is involved in the 
proliferation and invasion of breast cancer 
cells by regulating the cell cycle and microtu-
bule stability. Oncol Rep 2018; 39: 603-610.

[16] Bai J, Yong HM, Chen FF, Mei PJ, Liu H, Li C, Pan 
ZQ, Wu YP and Zheng JN. Cullin1 is a novel 
marker of poor prognosis and a potential ther-
apeutic target in human breast cancer. Ann 
Oncol 2013; 24: 2016-2022.

[17] Haagenson KK, Tait L, Wang J, Shekhar MP, 
Polin L, Chen W and Wu GS. Cullin-3 protein 
expression levels correlate with breast cancer 
progression. Cancer Biol Ther 2012; 13: 1042-
1046.

[18] Usman M, Hameed Y and Ahmad M. Does hu-
man papillomavirus cause human colorectal 
cancer? Applying Bradford Hill criteria postu-
lates. Ecancermedicalscience 2020; 14: 1107.

[19] Chandrashekar DS, Bashel B, Balasubraman-
ya SAH, Creighton CJ, Ponce-Rodriguez I, 
Chakravarthi BVSK and Varambally S. UALCAN: 
a portal for facilitating tumor subgroup gene 
expression and survival analyses. Neoplasia 
2017; 19: 649-658.

[20] Tang Z, Kang B, Li C, Chen T and Zhang Z. GE-
PIA2: an enhanced web server for large-scale 
expression profiling and interactive analysis. 
Nucleic Acids Res 2019; 47: W556-W560.

[21] Ahmad M, Khan M, Asif R, Sial N, Abid U, Sha-
mim T, Hameed Z, Iqbal MJ, Sarfraz U and 
Saeed H. Expression characteristics and sig-
nificant diagnostic and prognostic values of 

ANLN in human cancers. Int J Gen Med 2022; 
1957-1972.

[22] Thul PJ and Lindskog C. The human protein  
atlas: a spatial map of the human proteome. 
Protein Sci 2018; 27: 233-244.

[23] Xu W, Li H, Hameed Y, Abdel-Maksoud MA, Al-
mutairi SM, Mubarak A, Aufy M, Alturaiki W, 
Alshalani AJ, Mahmoud AM and Li C. Elucidat-
ing the clinical and immunological value of 
m6A regulator-mediated methylation modifi- 
cation patterns in adrenocortical carcinoma. 
Oncol Res 2023; 31: 819-831.

[24] Lánczky A and Győrffy B. Web-based survival 
analysis tool tailored for medical research 
(KMplot): development and implementation. J 
Med Internet Res 2021; 23: e27633.

[25] Hameed Y, Ahmad M, Ejaz S and Liang S. Iden-
tification of key biomarkers for the future ap-
plications in diagnostics and targeted therapy 
of colorectal cancer. Curr Mol Med 2022; 200: 
2022.

[26] Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer 
SO, Aksoy BA, Jacobsen A, Byrne CJ, Heuer ML, 
Larsson E, Antipin Y, Reva B, Goldberg AP, 
Sander C and Schultz N. The cBio cancer ge-
nomics portal: an open platform for exploring 
multidimensional cancer genomics data. Can-
cer Discov 2012; 2: 401-404.

[27] Usman M and Hameed Y. GNB1, a novel diag-
nostic and prognostic potential biomarker of 
head and neck and liver hepatocellular carci-
noma. J Cancer Res Ther 2023; 900: 2023.

[28] Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, 
Wu WC, Chu KC, Wong CY, Lau CY, Chen I, Chan 
NW and Zhang J. TISIDB: an integrated reposi-
tory portal for tumor-immune system interac-
tions. Bioinformatics 2019; 35: 4200-4202.

[29] Liu CJ, Hu FF, Xie GY, Miao YR, Li XW, Zeng Y 
and Guo AY. GSCA: an integrated platform for 
gene set cancer analysis at genomic, pharma-
cogenomic and immunogenomic levels. Brief 
Bioinform 2023; 24: bbac558.

[30] Dai J, Reyimu A, Sun A, Duoji Z, Zhou W, Liang 
S, Hu S, Dai W and Xu X. Establishment of 
prognostic risk model and drug sensitivity 
based on prognostic related genes of esopha-
geal cancer. Sci Rep 2022; 12: 8008.

[31] Dong Y, Wu X, Xu C, Hameed Y, Abdel-Maksoud 
MA, Almanaa TN, Kotob MH, Al-Qahtani WH, 
Mahmoud AM, Cho WC and Li C. Prognostic 
model development and molecular subtypes 
identification in bladder urothelial cancer by 
oxidative stress signatures. Aging (Albany NY) 
2024; 16: 2591-2616.

[32] Sherman BT, Hao M, Qiu J, Jiao X, Baseler MW, 
Lane HC, Imamichi T and Chang W. DAVID: a 
web server for functional enrichment analysis 
and functional annotation of gene lists (2021 



Cullin family genes in colorectal cancer

1924 Am J Transl Res 2024;16(5):1907-1924

update). Nucleic Acids Res 2022; 50: W216-
W221.

[33] Hu H, Umair M, Khan SA, Sani AI, Iqbal S, Kha-
lid F, Sultan R, Abdel-Maksoud MA, Mubarak A, 
Dawoud TM, Malik A, Saleh IA, Al Amri AA, Al-
garzae NK, Kodous AS and Hameed Y. CDCA8, 
a mitosis-related gene, as a prospective pan-
cancer biomarker: implications for survival 
prognosis and oncogenic immunology. Am J 
Transl Res 2024; 16: 432-445.

[34] Dong M, Qian M and Ruan Z. CUL3/SPOP com-
plex prevents immune escape and enhances 
chemotherapy sensitivity of ovarian cancer 
cells through degradation of PD-L1 protein. J 
Immunother Cancer 2022; 10: e005270.

[35] Min KW, Kim DH, Do SI, Sohn JH, Chae SW,  
Pyo JS, Park CH, Oh YH, Jang KS, Kim HL and 
Kim M. Diagnostic and prognostic relevance  
of Cullin1 expression in invasive ductal carci-
noma of the breast. J Clin Pathol 2012; 65: 
896-901.

[36] Kim B, Nam HJ, Pyo KE, Jang MJ, Kim IS, Kim 
D, Boo K, Lee SH, Yoon JB, Baek SH and Kim 
JH. Breast cancer metastasis suppressor 1 
(BRMS1) is destabilized by the Cul3-SPOP E3 
ubiquitin ligase complex. Biochem Biophys Res 
Commun 2011; 415: 720-726.

[37] Hameed Y. Decoding the significant diagnostic 
and prognostic importance of maternal embry-
onic leucine zipper kinase in human cancers 
through deep integrative analyses. J Cancer 
Res Ther 2023; 19: 1852-1864.

[38] Saucedo-Cuevas LP, Ruppen I, Ximénez-Em-
bún P, Domingo S, Gayarre J, Muñoz J, Silva 
JM, García MJ and Benítez J. CUL4A contrib-
utes to the biology of basal-like breast tumors 
through modulation of cell growth and antitu-
mor immune response. Oncotarget 2014; 5: 
2330-43.

[39] Wang H, Chen Y, Lin P, Li L, Zhou G, Liu G, Logs-
don C, Jin J, Abbruzzese JL, Tan TH and Wang 
H. The CUL7/F-box and WD repeat domain 
containing 8 (CUL7/Fbxw8) ubiquitin ligase 
promotes degradation of hematopoietic pro-
genitor kinase 1. Biol Chem 2014; 289: 4009-
4017.

[40] Xu X, Sarikas A, Dias-Santagata DC, Dolios G, 
Lafontant PJ, Tsai SC, Zhu W, Nakajima H, Na-
kajima HO, Field LJ, Wang R and Pan ZQ. The 
CUL7 E3 ubiquitin ligase targets insulin recep-
tor substrate 1 for ubiquitin-dependent degra-
dation. Mol Cell 2008; 30: 403-414.

[41] Guo H, Wu F, Wang Y, Yan C and Su W. Overex-
pressed ubiquitin ligase Cullin7 in breast can-
cer promotes cell proliferation and invasion  
via down-regulating p53. Biochem Biophys  
Res Commun 2014; 450: 1370-1376.

[42] Fu J, Lv X, Lin H, Wu L, Wang R, Zhou Z, Zhang 
B, Wang YL, Tsang BK, Zhu C and Wang H. 
Ubiquitin ligase cullin 7 induces epithelial-
mesenchymal transition in human choriocar- 
cinoma cells. Biol Chem 2010; 285: 10870-
10879.

[43] Zhang D, Yang G, Li X, Xu C and Ge H. Inhibition 
of liver carcinoma cell invasion and metastasis 
by knockdown of Cullin7 in vitro and in vivo. 
Oncol Res 2016; 23: 171-81.

[44] Men X, Wang L, Yu W and Ju Y. Cullin7 is re-
quired for lung cancer cell proliferation and is 
overexpressed in lung cancer. Oncol Res 2015; 
22: 123-8.

[45] Kim SS, Shago M, Kaustov L, Boutros PC, Clen-
dening JW, Sheng Y, Trentin GA, Barsyte-Love-
joy D, Mao DY, Kay R, Jurisica I, Arrowsmith CH 
and Penn LZ. CUL7 is a novel antiapoptotic 
oncogene. Cancer Res 2007; 67: 9616-9622.

[46] Facciabene A, Motz GT and Coukos G. T-regula-
tory cells: key players in tumor immune escape 
and angiogenesis. Cancer Res 2012; 72: 
2162-2171.


