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Annotation
As an important transcription co-regulator, CREBBP played important roles in gene transcription and signal transduction. 
It had been reported that its low expression was closely related to cancer progression. We explored the roles of CREBBP 
expression among renal cell carcinoma in order to clarify its potential clinical application value in the diagnosis, pathological 
process and patients prognosis. In the present study, we found that CREBBP expression was reduced in renal cell carcinoma 
compared with normal tissues, and its expression was negatively correlated with tumor progression. Furthermore, lower 
CREBBP expression in dead than survival patients, and it had good clinical diagnostic value in renal cell carcinoma. The 
OS and RFS of patients with low CREBBP expression were significantly shortened, and it was a dependent predictor for poor 
prognosis. Additionally, we also found the reactive oxygen species pathway, DNA repair and myc-targets V2 signaling were 
significantly enriched in the low CREBBP expression phenotype. In conclusion, low CREBBP expression could be regarded 
as a prognosis biomarker and potential therapeutic target for renal cell carcinoma.
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Introduction
Renal cell carcinoma is a malignant tumor of the urinary system, 
and its morbidity and fatality rate are steadily increasing [1, 2]. 
The disease not only damaged the urinary system, but also caused 
malignant metastasis, which endangered the lives of patients [3, 
4]. Most patients are already in the advanced stage when they are 
diagnosed and cannot receive radical surgery, which has seriously 
affected human health. Although the great improvements in 
diagnosis and treatment of renal cell carcinoma had been achieved, 
the 5-year survival rate of patients is still frustrating, and the 
prognosis is disappointing [5]. Thus, it is still extremely important 
to find useful biomarkers for diagnosis and prognosis of renal cell 
carcinoma. 

The acetylation of histone is a reversible epigenetic modification, 
and the most obvious feature is lysine acetylation [6]. It had been 
involved in a variety of biological processes, such as cell cycle, 

signaling transduction and gene expression [7-9]. The disorder of 
the modification system will contribute to research the etiology 
of human diseases, such as cancer [10]. Indeed, the abnormality 
of this system is closely related to the progression of a variety 
of human malignancies, including esophageal cancer, colorectal 
cancer, gastric cancer and liver cancer [11-14]. These findings 
suggested that the enzymes of regulation histone acetylation might 
become a symbol of tumor prognosis and a new target of anti-
tumor therapy.

The cAMP responsive element binding protein (CREBBP), 
originally isolated from nuclear proteins, was involved in the 
transcriptional co-activation of multiple transcription factors [15-
17]. This gene had important roles in embryonic development, 
cell growth and homeostasis by combining chromatin remodeling 
with transcription factor recognition [18, 19]. It had been reported 
that the protein encoded by CREBBP regulated chromatin 
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remodeling through inducing histone acetylation to promote the 
growth of malignant cells [20]. In addition, CREBBP mutations 
not only caused Rubinstein-Telby syndrome (RTS) and acute 
myeloid leukemia, but also promoted tumor cell differentiation 
and metastasis [21]. These findings indicated that the expression 
of CREBBP might have potential clinical evaluation prospects. 
Recently, in colorectal cancer, the expression of CREBBP was 
related to the type and grade of tumor [22]. Its mutation was an 
independent prognostic factor for diffuse large B-cell lymphoma 
[23]. However, the role of its expression in the clinical diagnosis, 
treatment and prognosis of renal cell carcinoma was rarely 
reported.

Here, we explored the effect of CREBBP expression on clinical 
characteristics in patients with renal cell carcinoma. By using 
bioinformatics tools, we revealed the important role of CREBBP 
expression in clinical diagnosis and prognostic evaluation. In 
addition, we also analyzed the association between CREBBP 
expression and patients’ overall survival (OS) and relapse-
free survival (RFS). Our findings suggested that low CREBBP 
expression was a risk factor for poor survival, and revealed that 
its expression may be an unexpected role for the diagnosis and 
prognosis of renal cell carcinoma.

Materials and Methods
The data-set of clinical mining
Based on the The-Cancer-Genome-Atlas (TCGA) dataset, we 
collected 534 patients with KIRC of the clinical information and 
the RNAseq value of CREBBP. Subsequently, we converted the 
RNAseq value into RSEM by estimating normalized counts as 
log2 (x + 1) [24]. All data were analyzed by selecting R software 
(version 4.0.1).

Gene-Set-Enrichment-Analysis (GSEA)
In order to explore the underlying mechanism of CREBBP 
expression on the prognosis of KIRC, we selected GSEA (version 
4.0.3). The gene-sets database of “h.all.v7.2.symbols.gmt” was 
performed to determine the differences in phenotypes of different 
genes [25]. P-value and false-discovery-rate (FDR) were used 
to determine significant differences between groups (P <0.05, 
FDR<0.25).

Statistical Analysis
Ggplot2 in R software was used to display the expression of 
CREBBP in the clinical data-set of KIRC patients, and the 
correlation between its expression and the clinical characteristics 
of the patients was evaluated by the chi-square test. The pROC 
software package was used to evaluate the diagnostic significance 
of CREBBP expression [26]. Survival package and risk regression 
model analyzed the impact of CREBBP expression on survival rate 
and poor prognosis of patients. Statistical difference was regarded 
as P <0.05.

Results
The Clinical Characteristics of Patients and The Expression 
Pattern CREBBP in KIRC To analyze the relationship between 
CREBBP expression and clinical characteristics of patients, we 

obtained the clinical data-sets from the TCGA database, including 
the patient’s age, gender, histological grade and histological stage, 
as well as M/N/T classification, vital status and relapse (Table S1). 
In addition, we also analyzed the expression pattern of CREBBP. 
Compared with normal tissues, its expression was significantly 
reduced in tumor tissues (P = 1.55×10-5; Figure 1). Further analysis 
revealed that the expression of CREBBP had significant difference 
at the histological level (P = 4.21×10-5) and the pathological stage 
(P = 6.82×10) -4), T classification (P = 0.00 460), M classification 
(P = 0.00560) and vital status (P = 4.77×10-6). These findings 
indicated that CREBBP was down-regulated in KIRC, and it was 
likely to be closely related to tumor progression and the survival 
status of patients.

Figure 1: The Expression pattern of CREBBP in KIRC.

The expression of CREBBP between healthy individual and tumor 
patients was compared. The expression of CREBBP was compared 
in different sub-groups, including patient’s histologic grade, stage 
and T/N/M classification, as well as age, gender and vital status.

The Effect of CREBBP Expression on Diagnostic Value of KIRC
Evaluation of the diagnostic value of a biomarker was the basis of 
clinical practice and treatment options [27]. Thus, we constructed 
ROC curve to compare the contribution of CREBBP expression 
between healthy individuals and patients with KIRC. The shaded 
part of the curve represented diagnostic value. We found that 
CREBBP expression had good diagnostic value (AUC = 0.657; 
Figure 2). In addition, we also evaluated its diagnostic value of in 
different stages of KIRC, including stage I (AUC = 0.621), stage 
II (AUC = 0.694), stage III (AUC = 0.651) and stage IV (AUC = 
0.568).
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Figure 2: Diagnosis value of CREBBP expression in KIRC.

The ROC curves of CREBBP expression was generated in 
cancerous vs. normal tissues, and in different stages of KIRC.

The Correlation Between CREBBP Expression and 
Clinical Characteristics of Patients with KIRC
We previously showed that CREBBP expression had good 

diagnostic value in KIRC. In order to further analyze the 
relationship between its expression and the clinical characteristics 
of patients, we divided patients into high expression and low 
expression groups according to the ROC curve threshold. On 
this basis, chi-square test was implemented (Table S2). We found 
that low CREBBP expression was significantly related to the 
patient’s histologic grade (p=0.001), pathologic stage (p=0.010), 
M classification (p=0.014), T classification (p=0.027) and survival 
status (p=0.0001).

The Effect of low CREBBP Expression on OS of Patients 
with KIRC
To further evaluate the impact of CREBBP expression on the OS 
of patients, Kaplan-Meier curves were established. We found that 
OS was significantly shortened in patients with low CREBBP 
expression (p=0.0012, Figure 3). Sub-groups analysis found that 
low CREBBP expression was positively correlated with poor OS 
in female patients (P=0.00055). This phenomenon also applied to 
G3 / G4 / GX (P = 0.006), Stage III/IV (P = 0.013), T3 (P = 0.020), 
N0 (P = 0.070), N1 / NX (P = 0.0074) and M0 (P = 0.027). In 
addition, we selected the difference variables in univariate analysis 
for multivariate analysis by the establishment of a risk regression 
model. As shown in Table 1, low CREBBP expression predicted 
poor OS of patients with KIRC (p=0.026).

Table 1: Univariate and Multivariate analysis of Over Survival in patients with KIRC.

Univariate analysis Multivariate analysis
Hazard Ratio CI95 Pvalue H a z a r d 

Ratio
CI95 Pvalue

Age 1.92 1.31-2.82 0.001 1.64 1.11-2.44 0.014
Gender 1.04 0.75-1.43 0.826
Histologic grade 1.02 0.89-1.12 0.999
Pathologic stage 1.96 1.71-2.24 0.001 2.00 0.43-2.59 0.001
M classification 2.49 1.94-3.19 0.001 0.98 0.61-1.62 0.939
N classification 0.86 10.74-1.01 0.063
T classification 2.07 1.74-2.46 0.001 0.91 0.62-1.35 0.655
CREBBP 1.71 1.23-2.36 0.001 1.46 1.05-2.03 0.026
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Figure 3: Effect of CREBBP Expression on OS in KIRC.

Kaplan-Meier curves of CREBBP expression in all patients and 
in subgroup.

The Effect of Low CREBBP Expression on RFS of 
Patients with KIRC
By constructing survival curve, we continued to evaluate the 
effect of CREBBP expression on the patient’s RFS. Our results 
showed that low CREBBP expression shortened the patient’s RFS 

(p=0.0018, Figure 4). Subsequently, sub-groups analysis revealed 
that low CREBBP expression was positively correlated with poor 
RFS in male patients (P=0.022). This phenomenon also applied to 
G3/G4/GX (P=0.004), stage III/IV (P=0.045), N1/NX (P = 0.016) 
and M0 (P = 0.020). In addition, multivariate regression analysis 
showed that low CREBBP expression predicted poor RFS of 
patients with KIRC (P = 0.039; Table 2).
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Table 2: Univariate and Multivariate Analysis of Relapse-Free Survival in Patients with KIRC.

Univariate analysis Multivariate analysis
Hazard Ratio CI95 Pvalue Hazard Ratio CI95 Pvalue

Age 1.36 0.95-1.96 0.096
Gender 0.77 0.54-1.10 0.155
Histologic grade 1.00 0.66-1.39 0.999
Pathologic stage 2.42 2.07-2.83 0.001 2.57 1.75-3.78 0.001
M classification 3.42 2.69-4.34 0.001 1.24 0.74-2.07 0.409
N classification 1.03 0.87-1.22 0.730
T classification 2.34 1.94-2.83 0.001 0.79 0.54-1.15 0.216
CREBBP 1.72 1.22-2.43 0.002 1.31 1.13-2.03 0.039

Figure 4: The Effect of CREBBP Expression on RFS in KIRC.
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Kaplan-Meier curves of CREBBP expression in all patients and 
in subgroup.

Enrichment Analysis of Signal Pathways Related to Low 
CREBBP Expression
We previously showed that low CREBBP expression was a risk 
predictor of OS and RFS in KIRC patients. To assess the signaling 
pathways activated by this gene in KIRC, GSEA was performed. 
We revealed signaling pathways that were significantly enriched 
in the low CREBBP expression phenotype, including the reactive 
oxygen species pathway, DNA repair and Myc-targets V2 (Table 
S3, Figure S1).

Figure 5: Gene-Set Enrichment Analysis.

GSEA results showing differential enrichment of genes related 
to the reactive oxygen species pathway, DNA repair and MYC-
targets V2 signaling in KIRC cases with low CREBBP expression.

Discussion
By analyzing the potential relationship between the expressions 
of CREBBP and the clinical characteristics of KIRC patients, we 
demonstrated its diagnostic value, and revealed that low CREBBP 
expression significantly reduced the OS and RFS of patients. In 
addition, regression analysis indicated that CREBBP might be a 
useful biomarker for the prognosis of patients with KIRC.

As an important transcription co-regulator, CREBBP played 
important roles in angiogenesis, immune response and metabolic 
regulation [28, 29]. In addition to histone acetyltransferase activity, 
the protein CREBBP encoded by this gene also had scaffolding 
function to stabilize the interaction of other proteins with 
transcription complexes [30]. Studies had shown that CREBBP 
mediated N-glycosylation to change the conformation of interacting 
proteins, thereby regulating gene expression, cell proliferation 
and metabolic imbalance [31]. In this study, our results showed 
that CREBBP expression gradually decreased as increasing of 
tumor grade (G1-GX), stage (Ⅰ- IV) and T-classification (T1-T4) 
in KIRC patients. These findings indicated that the gene played 
important functions in the process of tumors proliferation and 
metastasis. Therefore, understanding the biology of CREBBP and 
the correlation of its expression with the clinical characteristics 
of patients with KIRC might provide a new perspective for the 
occurrence and development of tumors. This was important to 
prognosis monitoring of patients, and might eventually reveal 
other methods to achieve effective treatments for KIRC.

CREBBP also had other functions, which might play important 
roles in tumor progression. It had been reported that it activated 
the TGF-beta signaling pathway by regulating the transcriptional 

activity of SMAD4, thereby affecting tumor cells proliferation 
and apoptosis [32]. Additionally, CREBBP was not only a 
transcriptional activator of the circadian rhythm, but also promoted 
the degradation of PCNA during nucleotide excision repair (NER) 
[33]. Interestingly, it caused the initiation of colorectal cancer 
(CRC) through regulating the Wnt/β-catenin signaling pathway, 
which was a main pathway for the occurrence and development 
of human malignant tumors [34, 35]. Indeed, our results showed 
that Myc-target V2 and DNA repair signaling were significantly 
enriched in the low CREBBP expression phenotype, which 
indicated that CREBBP was likely to regulate tumorigenesis and 
development through the above-mentioned pathways, but the 
specific mechanism needed further research. Importantly, the ROC 
curve meant that CREBBP was a potential diagnostic-marker in 
KIRC.

Studies had shown that CREBBP expression was significantly 
higher in ovarian cancer than in normal tissues, and its expression 
was related to cancer stage and lymphatic metastasis [36]. 
In colorectal cancer, its expression was closely related to the 
classification and staging of tumor tissues [37]. Furthermore, 
the abnormal expression (mutation or deletion) of CREBBP 
promoted the progression of lung cancer, which indicated that the 
genetic changes of CREBBP might be related to the occurrence 
or development of malignant tumors [38]. Contrary to previous 
findings, we showed that CREBBP expression in KIRC was 
significantly lower than in normal tissues, which suggested that 
CREBBP expression had tissue specificity. In addition, we also 
found that its expression significantly reduced the OS and RFS of 
patients with KIRC, and it was a risk factor for poor prognosis. 
These findings indicated that CREBBP might be a novel molecular 
marker for assisting diagnosis and prognostic evaluation of KIRC.

Based on the TCGA-KIRC clinical data-set, we immediately 
revealed the importance of CREBBP expression in the clinical 
characteristics, diagnostic value and prognostic evaluation. We 
found that its expression not only had good clinical diagnostic 
value, but also had important roles in predicting the poor prognosis 
of patients. This was important for the treatment selection and risk 
evaluation of patients with KIRC.
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