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Abstract
Purpose Colorectal cancer (CRC) ranks high in global mortality, emphasizing the need for effective interventions. 
The aim of the research is to elucidate the oncogenic role of CCT8 in CRC and its interaction with RPL4 in the RPL4-
MDM2-p53 axis.

Methods TIMER 2.0, TCGA, and GTEx databases were used to analyze CCT8 expression patterns in CRC. 
Immunohistochemistry was performed to examine CCT8 distribution in CRC tissues and adjacent non-tumor tissues. 
Functional assays, including CCK-8, transwell, wound-healing, and flow cytometry, were conducted using DLD-1 
and HCT116 cell lines to assess the effects of CCT8 on cell proliferation, migration, invasion, and apoptosis. Gene set 
enrichment analysis, protein-protein interaction network analysis, and co-immunoprecipitation were performed to 
explore the interaction between CCT8 and RPL4 and their role in the RPL4-MDM2-p53 pathway. Additionally, gene set 
variation analysis was applied to investigate the relationship between CCT8/RPL4 expression and immune infiltration 
patterns in CRC.

Results CCT8 was significantly upregulated in CRC and associated with tumor progression. Mechanistically, CCT8 
potentially synergizes with RPL4 concluded from their positive correlation and similar immune infiltration patterns, 
influencing the RPL4-MDM2-p53 axis and contributing to p53 ubiquitination and degradation.

Conclusion These findings underscore the oncogenic significance of CCT8 in CRC and shed light on its molecular 
mechanisms, paving the way for potential therapeutic applications.
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Introduction
Cancer-related deaths stemming from colorectal cancer 
(CRC) rank as the third most common cause of mortal-
ity globally among individuals of all ages [1]. Over the 
past decade, the Global Cancer Statistics Survey reported 
a 6.1% incidence and a 9.2% mortality rate for CRC [2]. 
Recent advancements in colonoscopy technology have 
significantly reduced incidence and mortality rates [3]. 
However, a considerable number of patients diagnosed 
with early-stage CRC have already developed metas-
tases, given the inconspicuous nature of their clinical 
symptoms. Furthermore, advanced CRC presents a grim 
prognosis and proves challenging to treat, thus constitut-
ing a major global health concern. The progression from 
epithelium or gland to CRC is widely acknowledged to be 
driven by multiple genes and factors [4]. Consequently, 
exploring new risk factors and understanding the patho-
genic mechanisms of CRC is of utmost importance for 
the development of comprehensive strategies for preven-
tion and treatment.

The cytoplasmic chaperonin-containing TCP1 com-
plex (CCT), also known as the TCP1 ring complex, is a 
molecular chaperone essential for proper protein fold-
ing in eukaryotic cells [5, 6]. Among its subunits, CCT8 
has recently emerged as a critical player in tumor biol-
ogy, implicated in the promotion of CRC proliferation, 
invasion, and metastasis through the LASP1-WTp53 axis 
[7]. Thus, the correlation between CCT8 and p53 in CRC 
was worthy of further study. Functioning as a tumor sup-
pressor, p53 activates downstream signaling pathways 
to inhibit abnormal division and initiate DNA repair. 
Additionally, p53 triggers apoptosis in the presence of 
irreversible DNA damage, thereby preventing cancer 
development [8, 9]. Recent studies highlight the signifi-
cant role of p53 protein ubiquitination in the apoptosis 
signaling pathway, relying on the concerted participa-
tion of E1, E2 and E3 ubiquitin ligases. The murine dou-
ble minute 2 (MDM2), one of the E3 ubiquitin-protein 
ligases, serves as the primary regulator of p53, promot-
ing p53 degradation by forming a stable complex through 
the MDM2 and p53 N-terminal domains [10]. Ribosomal 
protein (RP) L4, integral components of ribosomes, has 
been identified as a potential modulator of the MDM2-
p53 axis, though its precise role in CRC remains unclear 
[11]. Through bioinformatic analysis, we observed a 
significant upregulation of CCT8 in various cancers, 
especially in colorectal, gastric, and bile duct cancers. 
Experimental validation confirmed the significant upreg-
ulation of CCT8 expression in CRC tissues, particularly 
in tissues with higher malignancy. Further evidence dem-
onstrated that CCT8 enhances MDM2-mediated p53 
ubiquitination and degradation by interacting with RPL4. 
Immunological analysis also revealed that CCT8, as a 

potential co-expressed gene with RPL4, exhibits a similar 
pattern of immune infiltration.

In summary, our study delves into the oncogenic 
mechanisms of CCT8 in CRC, particularly in regulating 
the behavior of tumor cells through the RPL4-MDM2-
p53 pathway. The significance of this research lies in 
uncovering novel mechanisms of CCT8 in CRC, laying 
the foundation for personalized treatment and targeted 
interventions. We believe that these findings will open 
new possibilities for the treatment of CRC patients and 
provide robust support for further exploration in the field 
of tumor biology.

Materials and methods
Data acquisition
CCT8 expression data and related clinical information 
were retrieved from The Cancer Genome Atlas (TCGA) 
and Genotype-Tissue Expression (GTEx) databases via 
the UCSC Xena platform. Pan-cancer difference analy-
sis of CCT8 expression across 17 types malignancies was 
performed using TIMER 2.0 ( h t t p  s : /  / c i s  t r  o m e  . s h  i n y a  p p  s . 
i o / t i m e r /). Validation of expression in CRC was  c o n d u c t e 
d using The Gene Expression Omnibus (GEO) datasets ( h 
t t p  s : /  / w w w  . n  c b i  . n l  m . n i  h .  g o v / g e o /, ID: GSE17536).

GSEA
As a computational method, Gene Set Enrichment Anal-
ysis (GSEA) is utilized to determine whether a predefined 
set of genes shows statistically significant agreement 
between two biological states (such as phenotype). To 
judge the contribution to the phenotype, the distribution 
trend of the group of genes in the gene table were ranked 
by the phenotype correlation according to the difference. 
GSEA was performed to analyze Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathways. Adjusted p val-
ues < 0.05, enrichment of standardized scores (|NES|) < 1, 
and false discovery rate (FDR) < 0.05 were considered sig-
nificant differences.

GSVA
As a non-parametric and unsupervised method, Gene 
Set Variation Analysis (GSVA) is utilized to evaluate the 
enrichment of gene sets in relation to mRNA expres-
sion data. In this study, we used the single-sample 
GSEA method from the R package GSVA (version 3.6). 
Each gene set was comprehensively scored by the GSVA 
algorithm, and the potential differences in biological 
functions between the high- and low-risk groups were 
evaluated.

STRING
As a comprehensive database, STRING  (   h t t p s : / / s t r i n g - d 
b . o r g /     ) aims to collect, score, and integrate all publicly 
available sources of protein‒protein interaction (PPI) 

https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://string-db.org/
https://string-db.org/
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data and complement these with computational predic-
tions of potential functions. R software was used for cor-
relation analysis of CCT8, with an interaction score of 0.4 
(p values < 0.01). We used STRING to develop and con-
struct related proteins and PPI networks and analyze the 
interactions among related proteins, and we visualized 
them with the MCODE APP in CYTOSCAPE 3.7.2.

Cell lines and transfection
HEK293T and HCT116 cells were purchased from 
the Chinese Academy of Science Cell Bank (Shang-
hai, China). Cells were cultured in RPMI 1640 medium 
(Gibco, NY, USA) with 10% fetal bovine serum (Gibco, 
NY, USA) and incubated at 37 °C in a humidified atmo-
sphere of 5% CO2.

For transfection, HEK293T or HCT116 cells were 
seeded in 12-well plates (12 × 104 cells per well). Trans-
fection was performed using Lipofectamine 8000 reagent 
according to the manufacturer’s instructions (Beyotime, 
Shanghai, China).

Cell viability assay
The Cell Counting Kit 8 (CCK-8, Dojindo, Japan) was uti-
lized to determine the proliferation of CRC cells. Briefly, 
cells were trypsinized, resuspended in complete medium, 
and counted. Cells were seeded in 96-well plates at a den-
sity of 3000–5000 cells per well (adjusted based on cell 
growth rates) in 100 µL of medium per well. Each experi-
mental group was set up in 3 replicates. After seeding, 
plates were then incubated in a cell culture incubator.

Starting from the second day after seeding, 10 µL of 
CCK-8 reagent was added to each well 2–4 h before the 
end of the culture period. After 4  h of incubation, the 
plates were placed on a shaker and gently agitated for 
2–5 min. The optical density (OD) at 450 nm was mea-
sured using a microplate reader (Tecan infinite, Austria). 
Data were analyzed to evaluate cell proliferation.

Cell migration assay
Cells were trypsinized, resuspended in complete medium 
to form a cell suspension, and counted. Cells were seeded 
in 96-well plates at a density determined by cell size 
(typically 50,000 cells/well) to ensure 90% confluency the 
next day. Plates were incubated at 37  °C with 5% CO2. 
The next day, the medium was replaced with low-serum 
medium. A scratch was made in the center of each well 
using a scratch tool. Each group was set up in triplicate, 
with a culture volume of 100 µL per well. Wells were 
gently washed 2–3 times with serum-free medium to 
remove detached cells. Low-serum medium was added, 
and images were taken at 0 h to record the initial scratch. 
Plates were incubated at 37  °C with 5% CO2. At appro-
priate time points based on wound closure, plates were 
scanned using the Celigo instrument (Nexcelom, Beijing, 

China). Migration area was analyzed using Celigo soft-
ware to evaluate cell migration ability.

Cell apoptosis assay
A cell suspension was collected when the cells in the 
6-well plates of each experimental group reach approxi-
mately 70%. Each group should be set up in triplicate (cell 
count ≥ 5 × 10^5 per treatment). Centrifuge at 1300  rpm 
for 5  min and wash the cell pellet with pre-cooled PBS 
at 4 °C. Wash the cell pellet once with 1×binding buffer, 
centrifuge at 1300  rpm for 3  min, and collect the cells. 
Resuspend the cell pellet in 200 µL of 1×binding buf-
fer. Add 10 µL of Annexin V-APC staining solution and 
incubate at room temperature in the dark for 10–15 min. 
Depending on the cell count, add 400–800 µL of 1×bind-
ing buffer and proceed to flow cytometry analysis (BD, 
American) and finally analyze the results. Apoptosis kit 
(eBioscience, Shanghai, China).

Cell invasion assay
Cell invasion assays were performed using a invasion 
kit (Corning, Shanghai, China). Briefly, the chambers 
were removed from the − 20  °C freezer and placed into 
a new 24-well plate, followed by equilibration to room 
temperature under sterile conditions. To rehydrate the 
Matrigel matrix layer, 500 µL of serum-free medium was 
added to both the upper and lower chambers, and the 
plate was incubated at 37  °C for 2  h. A serum-free cell 
suspension was prepared, and the cell concentration was 
adjusted to 10^5 cells per well (24-well plate) based on 
preliminary optimization. After rehydration, the cham-
bers were transferred to a new plate, and the medium in 
the upper chamber was carefully removed and 200 µL of 
the cell suspension was added. The lower chamber was 
filled with 750 µL of medium containing 30% FBS. The 
plate was then incubated at 37 °C. Following incubation, 
the chambers were inverted onto absorbent paper to 
remove the medium. Non-invasive cells on the inner sur-
face of the chambers were gently removed using a cotton 
swab. Migrated cells on the lower surface of the mem-
brane were stained with 2–3 drops of staining solution 
for 3–5 min, rinsed several times, and air-dried. Images 
were captured using a microscope (OLYMPUS, Shang-
hai, China), with 4 random fields per chamber imaged 
at 100X magnification and 9 random fields at 200X mag-
nification. The number of migrated cells per field was 
counted from the 200X images, and statistical analysis 
was performed to compare the invasive ability between 
experimental and control groups. Data are presented as 
the mean number of migratory cells per field ± standard 
deviation. A T-Test was used to determine statistical sig-
nificance, with p < 0.05 considered statistically significant.
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Cell cycle detection
Cell cycle analysis was performed using propidium 
iodide (PI) (Sigma, Shanghai, China) analysis. When 
cells in 6  cm dishes reached approximately 80% conflu-
ency (ensuring cells were not in the plateau phase), they 
were trypsinized, resuspended in complete medium, and 
collected into 5 mL centrifuge tubes. Each experimen-
tal group was prepared in triplicate, with a minimum of 
10^6 cells per sample. The cell suspension was centri-
fuged at 1300  rpm for 5  min, and the supernatant was 
discarded. The cell pellet was washed once with ice-cold 
DPBS (pH 7.2–7.4) and centrifuged again at 1300 rpm for 
5 min. The cell staining solution was prepared by mixing 
40× PI stock solution (2 mg/mL), 100× RNase (Thermo 
Fisher Scientific, Shanghai, China) stock solution (10 mg/
mL), 1× DPBS, and 25× Triton X-100 (Sigma, Shang-
hai, China) in a ratio of 25:10:1000:40, respectively. The 
cell pellet was resuspended in an appropriate volume of 
staining solution to achieve a flow rate of 300–800 cells 
per second during analysis. Samples were then analyzed 
using a flow cytometer (BD, American). Data analysis 
was performed using NovoExpress software to determine 
cell cycle distribution.

Co-immunoprecipitation (Co-IP)
Cells were harvested and lysed with RIPA buffer (Beyo-
time, Shanghai, China) in 10-cm dishes for 15 min. After 
centrifugation for 15 min at 14,000 g, the supernatant was 
collected after centrifugation and cocultured with Dyna-
beads protein A and IgG antibody or primary antibody 
at 4 °C overnight. Subsequently, the beads were washed 3 
times with RIPA buffer. Finally, 60 µL of 2X loading buf-
fer was added to the beads, and then the immunoprecipi-
tates were boiled at 100 °C for 5 min.

Western blotting
Western blotting Cells were seeded in 6-well plates and 
lysed using RIPA buffer (Beyotime). BSA were used as 
common standard and the concentration of sample pro-
teins were calculated. Then 5X loading buffer was added 
to the supernatant and boiled at 100 °C for 10 min. The 
SDS-PAGE gels were prepared for blotting onto PVDF 
membranes. TBST with 5% skim milk was used to block 
the membrane for 30  min. Then the PVDF membranes 
were cut according to the molecular size of each target 
protein from the instruction and ensured the target pro-
tein was within at least two locating markers before being 
incubated with incubated with primary antibody at 4 °C 
overnight. Subsequently, the PVDF membranes were 
incubated with horseradish peroxidase-conjugated sec-
ondary antibody for 2 h at 37℃. Finally, the target bands 
were detected with ECL reagent. The above experiments 
were repeated 3 times for each target protein to ensure 

the reproducibility and reliability and the blots and gels 
were attached in Supplementary Files.

Glutathione-S-transferase (GST) pull-down assay
The recombinant plasmid was transformed into E. coli 
BL21 for GST-CCT8 fusion protein. According to the 
manufacturer’s protocol, the fusion proteins were puri-
fied and immobilized with sepharose. Then, the purified 
GST-CCT8 fusion protein and GST control with sepha-
rose were suspended and incubated with 20 µl His-RPL4 
fusion protein at 4℃ for 8 h under gentle rotation. After 
elution and centrifugation, the bound proteins were sepa-
rated by SDS‒PAGE and analyzed by western blotting.

Immunohistochemistry
The paraffin embedded Sects.  (3–5  mm) for each tis-
sue were prepared appropriately. After deparaffinized 
and hydrated with xylene and ethanol, the sections were 
heated with sodium citrate antigen repair solution (Cell 
Signaling Technology, Boston, USA) and kept at subboil-
ing temperature (95–98℃) for 10 min. Next, the cooled 
and cleaned sections were incubated with primary anti-
body at 4℃ overnight and then incubated with fluores-
cent-conjugated secondary antibody, which was repeated 
for another antibody. Axio Vert. A1, the inverted fluores-
cence microscope (ZEISS, Oberkochen, Germany) was 
utilized for section imaging.

Quantitative real-time PCR
TRIzol reagent (Invitrogen, Shanghai, China) was used 
to extract total RNA from cells. Reverse transcription 
was performed according to the manufacturer’s direc-
tion. Amplification reactions were carried out by using 
amplification primers with SYBR Green PCR Master Mix 
(Sangon Biotech, Shanghai, China), and the reaction vol-
umes were 20 µl containing 2 µl of cDNA for each set of 
experiments. Subsequently, ABI StepOne Plus was used 
for PCR analysis.

Statistical analysis
To ensure the accuracy and reliability of data analysis, we 
employed multiple statistical approaches. For samples 
from the TCGA database, assuming data independence 
and normal distribution, Student’s t-test was used to 
compare the expression levels of the CCT8 gene between 
tumor tissues and paired normal tissues. For CRC immu-
nohistochemical samples, One-way ANOVA was per-
formed to analyze differences in CCT8 gene expression 
rates among tumor tissues with different degrees of dif-
ferentiation, under the assumption of data independence 
and normal distribution, with error bars represented as 
standard deviation (SD). For categorical data, such as the 
pathological data of CRC immunohistochemical samples, 
the Chi-square test was used to compare differences in 
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CCT8 gene expression levels among patients with dif-
ferent clinicopathological parameters. Survival analysis 
was conducted using the Kaplan-Meier method, with 
grouping based on the median expression level of the 
CCT8 gene to compare survival time differences between 
groups. Considering interactions among different factors, 
Two-way ANOVA was performed to assess the effects of 
CCT8 knockdown on p53 expression at different time 
points under ActD treatment conditions, with error bars 
represented as standard error of the mean (SEM). The 
correlation between genes or between genes and signal-
ing pathways was evaluated using the Spearman rank 
correlation coefficient. For CCK-8 assay data, consider-
ing interactions between different treatment groups (e.g., 
ShCon and ShCCT8) and different time points, Two-way 
ANOVA was applied, with error bars also represented 
as SEM. In addition, One-way ANOVA was used to 
compare differences in apoptosis and proliferation rates 
among different treatment groups, with error bars rep-
resented as SD. Statistical significance levels were set as 
P < 0.05, P < 0.01, and *P < 0.001.

Results
CCT8 expression is upregulated in CRC tissue
To conduct a preliminary assessment of the role of CCT8 
in cancer, we utilized the Timer 2.0 Network server ( h t 
t p  : / /  t i m e  r .  c o m  p - g  e n o m  i c  s . o r g /) to analyze the mRNA 
expression levels of CCT8 across various types of can-
cer. As depicted in Fig.  1A, CCT8 expression was sig-
nificantly elevated in 17 cancers, including CRC, gastric 
cancer, and bile duct cancer. Furthermore, we conducted 
additional verification which revealed a significant upreg-
ulation of CCT8 expression compared to adjacent normal 
tissue (Fig. 1B, C). Immunohistochemical analysis further 
confirmed the differential expression of CCT8 in CRC 
(Fig.  1D). Adjacent normal tissues exhibited low levels 
of CCT8 expression, while poorly differentiated CRC tis-
sues displayed significantly higher levels of CCT8 com-
pared to well-differentiated tissues (Figs.  1E-G). These 
findings suggest that CCT8 may function as an onco-
gene and contribute to CRC development. Moreover, 
the expression level of CCT8 was significantly correlated 
with histological grade, metastasis status, TNM stage, 
and mean survival time in CRC patients. However, no 
correlation was observed between CCT8 expression and 
patient age, sex, tumor location, or tumor size (survival 
analysis was performed using the Kaplan-Meier method, 
and Chi-square test to examine the association between 
CCT8 expression and clinicopathological parameters) 
(Table 1).

CCT8 promotes CRC cell proliferation, migration, and 
invasion in vitro
To further clarify the effect of CCT8 on CRC cells, we 
performed experiments using DLD-1 and HCT116 cell 
lines. Real-time qPCR was used to detect the expression 
of CCT8 in CRC cells at the transcriptional level (Fig-
ure S1A). CRC cell proliferation was assessed by CCK-8 
assay. The results showed that reduced CCT8 expres-
sion markedly inhibited the proliferation of DLD-1 and 
HCT116 cells. (Figure S1B, C). Both wound-healing 
(Figure S1D-F) and Transwell assays (Figure S2) demon-
strated that downregulation of CCT8 expression signifi-
cantly impeded the wound-healing rate and reduced the 
number of migrating and invading cells. We also dem-
onstrated that reduced CCT8 expression could signifi-
cantly induce the apoptosis of CRC cells, as indicated by 
the Annexin V-APC assay (Figure S1G, H). Collectively, 
CCT8 plays a critical role in CRC progression by pro-
moting cell proliferation, migration, and invasion while 
inhibiting apoptosis.

CCT8 is correlated with the p53 signaling pathway
We performed GSEA to explore enriched KEGG path-
ways from CCT8 high-expressed samples. The results 
contained a total of 40 functional gene sets (FDR < 0.05), 
including pathways such as “cell cycle,” “ubiquitin-medi-
ated proteolysis,” “p53 signaling,” and “ribosome” (Fig-
ure S3). The results suggest that CCT8 may promote p53 
degradation through ubiquitination with the participa-
tion of E3 ligases, among which MDM2 could play a cru-
cial role [12], potentially involving ribosomal pathways.

CCT8 influences the p53 pathway through its coexpressed 
gene, RPL4
We isolated genes related to CCT8 expression from the 
TCGA CRC dataset using the R statistical computing 
language. The results showed that a total of 1392 genes 
were significantly associated with CCT8. To explore the 
possible mechanisms of CCT8 in CRC, a PPI network 
was constructed from the STRING database, and clus-
ter analysis was carried out through the MCODE APP in 
Cytoscape software. We finally found that the core pro-
tein of the CCT8 gene cluster is RPL4 (Fig. 2A).

To further investigate the relationship between CCT8 
and RPL4, we analyzed gene transcriptome data down-
loaded from the UCSC website. Results from the TCGA 
and GTEx datasets indicated a positive correlation 
between CCT8 and RPL4 in most tumor tissues (Figure 
S4A, C), with a similar expression trend in normal tissue 
(Figure S4B, D). This suggests that CCT8 is coexpressed 
with RPL4 in both tumor and normal tissues. Validation 
in CRC and colonic tissues further supported this obser-
vation (Figure S4E, F).

http://timer.comp-genomics.org/
http://timer.comp-genomics.org/
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Immunofluorescence showed the colocalization of 
CCT8 and RPL4 in the nucleus and cytoplasm (Fig. 2B). 
As revealed by GST pull-down assay, CCT8 could 
directly interact with RPL4 (Fig. 2C), which was further 
confirmed by Co-IP assay (Figs.  2D, E). These results 
indicate that CCT8 can bind to and interact with RPL4.

CCT8 shows a positive correlation with p53 in most 
tumor tissues (Figure S4G, I), with a similar expression 

trend in normal tissue samples (Figure S4H, J). Interest-
ingly, unlike in normal tissue (Figure S4L), the correla-
tion coefficient between CCT8 and p53 decreases in CRC 
tissue (Figure S4K). Thus, we consider that CCT8 may 
mediate the down-regulation of p53 through some mech-
anisms. In summary, CCT8 may influence the expression 
of p53 by affecting its coexpressed gene, RPL4.

Fig. 1 CCT8 expression. (A) The expression of the CCT8 gene in 38 malignant tumors in the TIMER 2.0 database. (B, C) The expression level of the CCT8 
gene in CRC was significantly higher than that in its paired normal tissues. (Data were analyzed using a Student’s t-test) (D) The expression rate of the 
CCT8 gene in poorly differentiated CRC was higher than that in well differentiated CRC. (Data were analyzed using a one-way ANOVA) (E) The expression 
of CCT8 in adjacent normal tissues. (F) The expression of CCT8 in well differentiated CRC tissues. (G) The expression of CCT8 in poorly differentiated CRC 
tissues
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CCT8 promotes the degradation of p53 in the nucleus
To explore the specific relationship between CCT8 
and p53, we performed RT-PCR and found that down-
regulation of CCT8 had no impact on p53 mRNA lev-
els (Fig.  3A). Next, we used actinomycin, a riboprotein 
reaction inducer, to promote p53 expression and ana-
lyzed protein levels via western blotting. These findings 
indicated a negative correlation between CCT8 and p53 
at the protein level (Fig. 3B, D). Then, we found that the 
downregulation of CCT8 expression extended the half-
life of p53 by cycloheximide (CHX) assay (Fig. 3C, E). The 
inhibitory activity of p53 mainly depends on its nuclear 
subcellular localization. Thus, immunofluorescence was 
performed to determine whether the increasing p53 was 
distributed in the nucleus. The results showed that down-
regulation of CCT8 increased p53 fluorescence levels, 
indicating that CCT8 could promote the degradation of 
p53 in the nucleus (Fig. 3F). Taken together, downregula-
tion of CCT8 expression does not affect p53 mRNA level 
but upregulates the protein level by prolonging the half-
life of p53.

CCT8 enhances the ubiquitylation of p53
Proteasome-mediated degradation is vital in regulating 
protein homeostasis. To confirm whether the level of p53 
was decreased by proteasomal degradation, we treated 
cells with MG132, a proteasome inhibitor,. The results 

suggested that downregulation of CCT8 and MG132 
could both increase the level of p53 (Fig. 4A). Based on 
this finding, we speculated that CCT8 could promote the 
ubiquitin‒proteasome system to enhance p53 degrada-
tion. To further validate this hypothesis, western blotting 
and Co-IP assays were used to detect the changes when 
p53 underwent rapid ubiquitination and proteasome-
mediated degradation to determine the effect of CCT8 
on total protein ubiquitination and p53 ubiquitination 
in vivo. Western blotting showed that downregulation 
of CCT8 hardly affected the total ubiquitin expression 
level (Fig. 4B), while Co-IP assay demonstrated that the 
ubiquitination of p53 was significantly inhibited in cells 
with downregulation of CCT8 (Fig.  4C). E3 ubiquitin 
ligases are key components in protein ubiquitylation, 
which determine the specificity of substrates and catalyze 
the attachment of ubiquitin to substrate proteins. Given 
that MDM2 is one of the most essential E3 ubiquitin 
ligases, we conducted western blotting after inhibiting 
its expression by small interfering RNA to determine the 
relationship withp53. The results proved that p53 protein 
was significantly increased following siMDM2 transfec-
tion, indicating that the degradation of p53 depended on 
MDM2 (Fig. 4D). In summary, our findings suggest that 
CCT8 decreases the level of p53 in CRC by enhancing 
MDM2-dependent ubiquitylation.

CCT8 influences p53 expression through the RPL4-
MDM2-p53 pathway
Previous studies have already established the association 
between RPLs-MDM2 and p53 [13]. Considering the 
comprehensive findings, it is plausible that CCT8 may 
influence p53 expression through the RPL4-MDM2-p53 
pathway. We downloaded the gene feature dataset from 
the GSEA website. GSVA analysis was conducted to 
score different features for each CRC tumor sample. Sub-
sequently, correlation analysis was performed between 
the gene expression of CCT8 in corresponding samples. 
We identified and screened out several crucial pathways 
potentially associated with CCT8. These include DNA 
replication, the mechanistic target of rapamycin complex 
1 (MTORC1) signaling, MDM2/MDM4 family protein 
binding, DNA repair, adherens junction, p53 hypoxia 
pathway, metabolic reprogramming in colon cancer, 
and Ribosome (Figure S5A-H). Reconfirmed that CCT8 
may influence the expression of p53 through the RPL4-
MDM2-p53 pathway.

To further determine whether CCT8 breaks the bind-
ing with RPL4 and MDM2, we performed Co-IP assays 
to investigate the interaction with CCT8, RPL4 and 
MDM2. pCMV-MDM2-Flag, pCMV-RPL4-Myc and 
pCMV-CCT8-Myc were transfected into HEK293T cells 
for Co-IP assays (Fig. 5A). The western blot results sug-
gested that RPL4 could interact with MDM2 and that the 

Table 1 The relationship between CCT8 expression level and 
clinicopathological features of CRC patients
Clinicopathological features CCT8 expression level P value

Low High
Age at diagnosis (years) 0.515a

 ≥60 27 61
 <60 13 38
Gender 0.879a

 Male 26 63
 Female 14 36
Tumor location 0.554a

 Colon 14 40
 Rectum 26 59
Tumor size (cm) 0.402a

 >5 6 21
 ≤5 34 78
Histological grade < 0.001a

 Low 13 82
 High 27 17
Metastasis 0.001a

 Yes 9 52
 No 31 47
TMN stage 0.001a

 I-II 31 47
 III-IV 9 52
Mean survival time (months) 48.55 35.48 0.046b

Pa - Chi-Square Test Pb - Kaplan-Meier (log-rank test)
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binding of MDM2 to RPL4 was reduced after transfec-
tion with CCT8, which hinted that CCT8 could disrupt 
their binding (Fig.  5B). Then, pCMV-p53-Flag, pCMV-
Ub-HA, pCMV-RPL4-Myc and pCMV-CCT8-Myc 
were transfected into HEK293T cells to further verify 
the mechanism of CCT8 enhancing ubiquitination, and 
each group was marked with p53-Flag, Ub-HA, RPL4-
Myc, CCT8-Myc and GAPDH antibodies. Western blot 
analysis confirmed that after transfection with RPL4, 
the ubiquitination of p53 decreased significantly, while 
CCT8 restored the ubiquitination of p53 (Fig.  5C). The 
aforementioned results indicate that CCT8 may influence 
the RPL4-MDM2-p53 pathway by binding with RPL4, 
thereby facilitating MDM2-mediated ubiquitination of 
p53.

CCT8 and RPL4 exhibit similar immune infiltration patterns
Previous experiments have confirmed the co-expres-
sion of CCT8 and RPL4 in CRC. To further analyze the 
relationship between them, we conducted an analysis 
of the immune infiltration patterns of these two genes. 
Gene sets representing 28 types of immune cells were 
obtained from the study by Pornpimol Charoentong et 
al. [14]. Each CRC sample underwent immune infiltra-
tion scoring through GSVA analysis and was grouped 
according to the level of target gene expression. A lower 
immune infiltration score was observed in the group with 
increased target gene expression (Figure S5I-J), includ-
ing activated B cells, eosinophils, natural killer cells, and 
plasmacytoid dendritic cells. We further analyzed the 
correlation between CCT8 and RPL4 in terms of gene 
expression and immune infiltration score, respectively. 
Significant immune infiltration was noted in CCT8 and 

Fig. 2 Relationship between CCT8 and RPL4. (A) The PPI network indicated that the core protein of the CCT8 gene cluster is RPL4. (B) Immunofluores-
cence revealed the colocalization of CCT8 and RPL4 in the nucleus and cytoplasm. (C) GST pull-down experiments found that RPL4 can interact with 
CCT8. (D, E) Endogenous CCT8 and RPL4 were immunoprecipitated with anti-CCT8 and anti-RPL4 antibodies, and IgG was used as the negative control. 
The immunocomplexes were analyzed by western blotting. Experiments including gels and blots were repeated three times
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RPL4 genes among activated B cells, eosinophils, natural 
killer cells, and plasmacytoid dendritic cells. Therefore, 
we inferred that CCT8 and RPL4 may participate in the 
same immune mechanism (Figure S5K-L). Additionally, 
plasmacytoid dendritic cells exhibited the highest corre-
lation coefficient (Figure S5M-N).

Discussion
CCT plays a pivotal role in the folding, unfolding, assem-
bly, and disassembly of new polypeptides, orchestrating 
the spatial conformation of other proteins [15]. Recent 
research has underscored a significant correlation 
between the eight subunits of the CCT protein complex 
and the advancement of cancer [7, 16, 17]. For instance, 
CCT3 poromotes cell proliferation in thyroid papil-
lary carcinoma and gastric cancer [18, 19],while CCT6 
facilitates the onset and progression of liver cancer and 
non-small cell lung cancer [20, 21]. A groundbreaking 
study recently published in CELL revealed that CCT2 
can function as an autophagy receptor, regulating the 
elimination of protein aggregates and thereby potentially 

preventing disease onset [22]. Similarly, CCT8, another 
key CCT subunit, plays a crucial role in the initiation and 
progression of a range of tumors [23, 24]. However, the 
association between CCT8 and cancer remains largely 
unexplored.

Analysis using Timer 2.0 demonstrated a significantly 
elevated expression of CCT8 across various digestive 
tract tumors leading us to focus on CRC for in-depth 
experimental investigation (Fig. 1A). Immunohistochem-
ical analysis, clinical data and functional assays further 
underscored the oncogenic potential of CCT8 in CRC. 
To decipher the underlying mechanisms, we conducted 
a correlation analysis on CCT8 within data from TCGA 
datasets. Utilizing the STRING database, we constructed 
a PPI network, pinpointing core proteins in the CCT8-
associated cluster, with RPL4 emerging as a key protein 
(Fig.  2A). GSEA was performed to pinpoint potential 
signaling pathways influenced by CCT8, suggesting its 
involvement in pathways like p53 signaling, ubiquitin-
mediated proteolysis and ribosomal functions in CRC 
(Figure S3).

Fig. 3 Negative correlation between CCT8 and p53. (A) The mRNA levels of p53 in the shCCT8 group and control group were assessed using RT-PCR. (B, 
D) Western blot analysis revealed that, upon treatment with ActD, the protein level of p53 in the shCCT8 group was significantly higher than that in the 
NC group. (Data were analyzed using a two-way ANOVA) (C, E) When the control group and shCCT8 group were treated with CHX, the half-life of p53 in 
the shCCT8 group was significantly prolonged compared to that in the NC group. (F) Downregulation of CCT8 increased the fluorescence level of p53, 
and through immunofluorescence, the elevated p53 was identified to localize in the cell nucleus. DAPI was used to visualize the cell nucleus. Experiments 
including gels and blots were repeated three times
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To delve deeper into the roles of CCT8 and RPL4 in 
CRC, we performed an analysis of pan-cancer data using 
xena datasets and compared it with normal tissue data 
from the GTEx datasets. Intriguingly, we found a positive 
correlation between CCT8 and RPL4 in both cancerous 
and normal tissues, indicating potential co-expression of 
these proteins (Figure S4C-D). Additionally, we explored 
the relationship between CCT8 and p53. Our findings 
revealed a substantial positive correlation of CCT8 in 
most normal and pan-cancer tissues (Figure S4G-H). 
Notably, the correlation coefficient between CCT8 and 
p53 was reduced in CRC tissues (0.05 < P < 0.1) (Figure 
S4K), but a significant positive correlation persisted in 
colon tissues (Figure S4L). This led us to hypothesize that 
CCT8 might play a role in mediating the down-regula-
tion of p53 during the oncogenic transformation of colon 
tissues.

p53, a pivotal tumor suppressor, is integral in the devel-
opment and progression of various cancers. While its 
transcription-independent roles are recognized [25], 
p53 primarily acts as a transcription factor, initiating the 
activation of a broad and varied array of target genes. 
Once activated, p53 orchestrates a wide range of cellular 
responses [26, 27]. When DNA sustains damage, acti-
vated p53 either repairs the cells or induces apoptosis, 
a process that is critically important for inhibiting the 
development of nearly all types of cancers [28]. Ubiqui-
tination, a key regulatory pathway of p53, is intimately 
linked to the degradation of p53 [29]. In healthy cells 

under no stress, the levels of p53 are maintained at a low 
level primarily due to the action of the RING finger E3 
ubiquitin ligase, MDM2. The role of MDM2 in ubiquiti-
nating p53 has been established as a contributing factor 
in the progression of various cancers [30–32]. Initial find-
ings revealed that several RPs bind to MDM2, inhibiting 
its activity against p53. This interaction leads to the stabi-
lization and activation of p53 [33, 34]. A recent investiga-
tion highlighted a specific impairment in p53 signaling in 
response to ribosomal stress, as opposed to DNA damage 
[35]. Substantial evidence suggests that RPs play a role in 
modulating the MDM2-p53 signaling pathway, leading to 
cellular carcinogenesis, while the relationship between 
RPL4 and the MDM2-p53 signaling pathway remains 
unclear. Xia He’s study suggested that RPL4 directly 
interacts with MDM2 at the central acidic domain and 
suppresses MDM2-mediated p53 ubiquitination and deg-
radation, leading to p53 stabilization and activation [11], 
and Wuyi Wang’s study further proposed that PRDX2 
could bind RPL4, reducing the interaction between RPL4 
and MDM2 [36]. Yet, the interconnection between CCT8 
and the RPL4-MDM2-p53 regulatory loop is still an area 
that remains unexplored.

To delve deeper into the underlying mechanisms, we 
began by downloading gene datasets from the GSEA 
website. Subsequently, each CRC sample was analyzed 
for distinct characteristics using GSVA. This was fol-
lowed by a correlation analysis with CCT8 gene expres-
sion. We pinpointed and focused on several critical 

Fig. 4 CCT8 enhances p53 ubiquitylation in CRC. (A) The degradation of p53 depends on the activation of the proteasome. Cells in the NC and shCCT8 
groups were treated with MG132 (20 µM) for 6 h. p53 and CCT8 expression was measured by western blotting. (B) The differences in Ub, CCT8 and GAPDH 
protein expression levels were verified by western blotting. (C) Whole cell lysates were obtained by cracking cell lines, and the expression levels of GAPDH, 
CCT8 and p53 were determined by western blotting. (D) The expression levels of p53, MDM2, CCT8 and GAPDH were assessed by western blotting. p53 
expression was significantly increased in the siMDM2 transfection group. Experiments including gels and blots were repeated three times
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pathways potentially associated with CCT8, such as DNA 
replication, MTORC1 signaling, MDM2/MDM4 family 
protein binding, DNA repair, adherens junctions, the p53 
hypoxia pathway, metabolic reprogramming in CRC, and 
ribosome functioning (Figure S5A-H). Based on these 
findings, we formulated and substantiated a hypothesis 
that CCT8 influences the RPL4-MDM2-p53 pathway 
through its interaction with RPL4, thereby leading to 
enhanced ubiquitination of p53 by MDM2.

To test our hypothesis, we implemented a series of 
validating experiments. CHX assays demonstrated an 
increase in the half-life of the p53 protein following 

downregulation of CCT8 (Fig.  3D-E), while MG132 
assays confirmed that the proteasome was the critical 
factor affected by CCT8 in this context (Fig. 4A). Immu-
noprecipitation experiments revealed an increase in p53 
ubiquitination in the nucleus due to CCT8 (Fig.  4B-C). 
This suggests a strong link between the dysregulation of 
p53 ubiquitination and CCT8-induced proliferation in 
CRC. Immunofluorescence experiments indicated that 
downregulation of CCT8 elevated the fluorescence inten-
sity of p53, which predominantly localized in the nucleus 
(Fig. 3F). Further analysis using co-immunoprecipitation 
and western blotting established that CCT8 orchestrates 

Fig. 5 CCT8 breaks the binding with RPL4 and MDM2. (A) HEK293T cells were divided into three groups: Group 1 was transfected with RPL4-Myc, Group 
2 was transfected with RPL4-Myc and MDM2-Flag, and Group 3 was transfected with RPL4-Myc, MDM2-Flag and CCT8-Myc. Then, RPL4-Myc, MDM2-Flag 
and CCT8-Myc antibody markers were used for each group. The transfection efficiency was verified by western blotting. (B) MDM2-Flag was pulled down 
by anti-Flag beads. MDM2-Flag and RPL4-Myc were examined with anti-Myc and anti-Flag antibodies. Western blotting showed reduced binding of 
MDM2 and RPL4 after transfection with CCT8. (C) Group 1 was transfected with p53-Flag and Ub-HA, Group 2 was transfected with p53-Flag, Ub-HA and 
RPL4-Myc, and Group 3 was transfected with p53-Flag, Ub-HA, RPL4-Myc and CCT8-Myc. Flag-p53 was pulled down by anti-Flag beads and assessed with 
anti-HA antibodies. Western blotting demonstrated that CCT8 enhances MDM2-mediated p53 proteasomal degradation. Experiments including gels and 
blots were repeated three times
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p53 degradation via ubiquitination in an MDM2-depen-
dent manner (Fig.  4). Additionally, Co-IP and GST 
pull-down assays confirmed that CCT8 facilitates the 
ubiquitination and proteasomal degradation of the p53 
protein by obstructing the interaction between RPL4 and 
MDM2 (Fig.  5). These findings lend substantial support 
to the CCT8-RPL4-MDM2-p53 signaling pathway model 
(Figure S6).

In recent times, immunotherapy has swiftly become a 
key treatment approach for various solid tumors, includ-
ing certain types of CRC. Treatments with immune 
checkpoint inhibitors, particularly monoclonal antibod-
ies that target programmed cell death 1 and cytotoxic 
T lymphocyte antigen 4, have shown improved survival 
rates in metastatic mismatch-repair-deficient or mic-
rosatellite instability-high CRC [37]. Various immuno-
therapeutic agents, such as pembrolizumab, nivolumab, 
and ipilimumab, have been approved for advanced CRC 
[38]. The introduction of other immunotherapeutic strat-
egies, including chimeric antigen receptor-modified T 
cells, monospecific and bispecific antibodies, cellular 
therapies, vaccines, and cytokines targeting additional 
immune checkpoints, macrophages, and other elements 
of innate immunity, has also advanced CRC immunother-
apy. Consequently, we sought to investigate the potential 
significance of the CCT8 and RPL4 relationship in CRC 
immunotherapy. We analyzed the immune characteris-
tics of CCT8 and RPL4 in CRC using GSVA analysis of 
expression feature sets from 28 immune cell types. Our 
findings indicate that overexpression of CCT8 and RPL4 
may suppress the expression of activated B cells, eosin-
ophils, natural killer cells, and plasmacytoid dendritic 
cells, suggesting their involvement in similar immune 
mechanisms (Figure S5I-J). Notably, plasmacytoid den-
dritic cells displayed the strongest correlation (Figure 
S5M-N). Research has demonstrated that the dysfunc-
tion of plasmacytoid dendritic cells is closely linked with 
the advancement of various tumors and is a focus of can-
cer immunotherapy [39]. These insights underscore the 
considerable potential of our study in validating the co-
expression of CCT8 and RPL4 as a potential biomarker in 
CRC immunotherapy.

However, certain limitations remain. The limited sam-
ple size in immunohistochemical analysis may affect 
the statistical reliability of survival analysis, and there is 
a lack of direct in vivo evidence such as animal models. 
In future research, we aim to expand the immunohisto-
chemical sample size, establish xenograft mouse models, 
and further investigate the molecular regulatory mecha-
nisms of CCT8 in CRC. These efforts will provide more 
robust experimental evidence to validate and extend 
our key findings, ultimately contributing to precision 
oncology.

Conclusion
Our study reveals the oncogenic role of CCT8 in CRC 
and its mechanism of regulating tumor cell behavior 
through the RPL4-MDM2-p53 axis (Figure S6). Target-
ing the CCT8-RPL4 interaction could pave new paths for 
improving survival rates in CRC patients and developing 
innovative cancer treatments. Our research provides cru-
cial insights into the molecular mechanisms of CRC and 
the development of therapeutic strategies.
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