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Introduction 

Renal cancer is one of the most prevalent malignancies of 
the urinary system and approximately 60% to 70% of cases 
are pathologically identified as the most prevalent subtype-
clear cell renal cell carcinoma (ccRCC) (1,2). Compared 
with that of chromophobe and papillary RCC, the prognosis 
of ccRCC is relatively unfavorable (3). The identification of 
novel biomarkers will contribute to effective targeted drugs 
development and clinical outcomes prediction of ccRCC 

patients.
Generally, cyclic adenosine monophosphate (cAMP) 

responsive element binding protein 1 (CREB1) is activated 
by cAMP, calcium, growth factors, and hormones via 
multiple signaling pathways (4,5).  Once CREB1 is 
phosphorylated, it upregulates the expression of proto-
oncogenes, such as cyclin A and Bcl-2 (6-8), which are 
associated with cell differentiation and proliferation, the 
cell cycle, apoptosis, neovascularization, the inflammatory 
response and tumorigenesis via the ERK1/2, PKA, PKC or 
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CaMKII signaling pathway (5,9). A previous study showed 
that activated CREB1 became phosphorylated CREB1 
at the Ser133 residue (p-CREB1), which bound to the 
promoter region of downstream genes, including conserved 
cAMP-responsive elements, and then regulated tumor 
invasion and proliferation (5). Generally, CREB1 acts as a 
carcinogenic transcription factor (10), that is overexpressed 
in many cancers, such as lung cancer (11), mammary 
carcinoma (12), neuroglioma (13) and gastric cancer (14). 
Additionally, these studies identified that unfavorable 
outcomes including tumor recurrence, metastasis and 
death were correlated with a high level of p-CREB1  
protein (14-16). 

Here, we evaluated the level of p-CREB1 protein in 
ccRCC, and identified the correlation of p-CREB1 staining 
intensity and clinical variables. We present the following 
article in accordance with the REMARK reporting checklist 
(available at https://dx.doi.org/10.21037/tau-21-371).

Methods

Patients and samples

After acquiring approval from the Institutional Review 
Board of the Peking University First Hospital (No. 2015-
977), a retrospective study was performed on 233 ccRCC 
patients who underwent partial nephrectomy or radical 
nephrectomy from January 1, 2004, to December 31, 
2010. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Informed 
consent was taken from all individual participants and 
patients’ anonymities were preserved. All samples were 
evaluated by a senior pathologist (QH). Fuhrman nuclear 
grading was assessed based on the guidelines of Fuhrman 
et al. (17), and tumor stage was assessed based on the 
2010 TNM classification system (18). Tumor metastasis 
(lymph node metastasis, distant tissue and organ metastasis) 
and recurrence (relapse in situ or remnant kidney) were 
confirmed according to radiographic results. Cancer-
specific deaths were confirmed by consulting the patients’ 
immediate family. 

Immunohistochemistry of p-CREB1

After the unilateral kidney or renal tumor were surgically 
removed, the tissues of kidney were fixed by formalin, 
and then the paraffin embedded samples were cut into 
4 μm sections, attached on the slides and subject to 

immunohistochemical (IHC) staining. After removing 
the wax, the tissue slides were rehydrated, cultivated for  
20 min in a 3% peroxyl aqueous solution, boiled in the 
EDTA antigen repair solution, and blocked nonspecific 
proteins in 10% sheep seralbumin for half an hour. Anti-
CREB1 (phospho S133) antibody (1:10,000, ab32096; 
Cambridge, MA, USA) incubated slides about 12 hours at 
four degrees Celsius. After the slides were lavaged by PBS 
solution, the slides were conducted with the general IHC 
kit (PV-6000, ZSGB-BIO, Beijing, China), then dyed with 
a DAB kit (ZLI-9018, ZSGB-BIO). Some sample slices 
were included to be counterstained with haematoxylin. 
Moreover, the primary antibody was superseded with PBS 
as the negative control.

Interpretation of immunohistochemistry

IHC staining was evaluated by a senior pathologist (QH) 
who was blinded to the patients’ clinical variables. Three or 
more high-power fields (20×) per tissue section were equally 
captured by a Leica DMRXA microphotographic system 
(Leica Biosystems, Germany), and the average staining 
intensity (optical density, OD) of the cell nucleus was analyzed 
by a Leica Qwin Standard V2.6 system after normalizing the 
OD based on the background density of each tissue section. 
According to the hematoxylin-eosin staining, the tumor-
adjacent normal renal tissues, including glomerulus, Bowman’s 
capsules and kidney tubules, were recognized by pathologist. 
Following the analysis method above, the staining intensity of 
the cell nuclei in the tumor-adjacent normal renal cortex, the 
junction of normal renal tissue and tumor lesion in spite of 
cell types, and tumor cells was assessed.

Statistical analysis

The variables of different groups were compared using the 
Chi-square test or nonparametric test, as indicated. Kaplan-
Meier survival analysis with Log-rank test to assess the 
correlation of p-CREB1 classifier and overall, cancer-specific, 
metastasis-free, or progression-free survival. The univariate 
Cox regression analysis was used to identify the correlation 
of variables and survival data, and the variables with a statistic 
difference (P<0.05) were performed with multivariate 
Cox regression analysis with forward LR method. All the 
statistical analyses were carried out by IBM SPSS Statistics 
20.0 (IBM SPSS, Chicago, IL) and GraphPad Prism 5 
(GraphPad Software, Inc., San Diego, CA, USA). A 2-tailed 
P<0.05 was regarded as statistical difference.
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Results

p-CREB1 staining in ccRCC tissues

The staining images of p-CREB1 in 233 tumor tissues 
and paired 180 normal tissues were captured. Among 233 
patients, 92 cases were performed IHC staining and the 
OD of the tumor-adjacent tumor section, the junction 
region of tumor and normal section and normal section of 
them were evaluated, respectively. The OD of each picture 
was computed by Leica Qwin Standard V2.6 software. 
Microscopic images of different staining intensities with 
ODs from 0.25 to 0.40 are showed in Figure 1. The staining 
intensity was significantly increased in tumor sections 
compared to para-carcinoma tissue sections (P<0.001) 
(Figure 2), and we found that the staining of p-CREB1 
gradually increased from normal tissue to tumor sections 
(P<0.001) (Figure 3). 

Relationship of p-CREB1 staining and clinicopathological 
features

There were 166 (71.2%) males. The median age was  
57 years. The median follow-up period was 65 months 
(range, 3–94 months). During the follow-up, 59 (25.3%) 
patients died, of which 54 (23.2%) died of renal cancer, 58 

(24.9%) had distant metastasis, and 75 (32.2%) had tumor 
relapse.

On the basis of the receiver operating characteristic 
curve, all patients were classified into low p-CREB1 staining 
(OD ≤0.28) and high p-CREB1 staining subgroups (OD 
>0.28) according to p-CREB1 staining intensity of tumor 
cells. A chi-square test showed that p-CREB1 staining 
intensity was associated with cancer-specific mortality 
(P=0.001) and total mortality (P=0.020), but was not related 
to age, sex, body mass index, lymph node metastasis, distant 
metastasis, tumor size or pathological stage classification 
(Table 1). 

Association of p-CREB1 staining and clinical outcomes

The Kaplan-Meier plot revealed that high p-CREB1staining 
subgroup was significantly related to poor overall, cancer-
specific, and progression-free survival, but there was 
no significant difference in p-CREB1 classification and 
metastasis-free survival (Figure 4). In addition, univariate 
Cox proportional regression analyses demonstrated 
that high p-CREB1 staining was significantly associated 
with poor cancer-specific survival and overall survival  
(Table 2). Multivariate analyses showed that increased 
p-CREB1 staining was an independent risk factor for cancer 

Figure 1 Immunohistochemical method shows the staining intensity of different p-CREB1 optical density. The representative images show 
p-CREB1 staining at optical density of 0.25, 0.30, 0.35, 0.40 and 0.45, respectively (20×). OD, optical density.

OD value =0.25 OD value =0.30

OD value =0.40 OD value =0.45

OD value =0.35
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specific-free survival [hazard ratio (HR) =4.593, 95% CI: 
2.125–9.924, P<0.001], overall survival (HR =3.131, 95% 
CI: 1.635–5.996, P=0.001) and progression-free survival 
(HR =2.133, 95% CI: 1.255–3.625, P=0.005) (Table 3). 

Discussion 

In this study, we found that the level of p-CREB1 protein 
was higher in tumor cells than in normal renal cells and 
related to poor outcomes for ccRCC patients. Our results 
verified that CREB1 was an oncogene that led to a poor 
prognosis for renal carcinoma patients. Li et al. (10) 
reported that CREB1 was overexpressed in renal tumor 
cell lines and ccRCC tumor tissues, and further research 
confirmed that miR‑10b‑5p and miR‑363‑3p could 
directly bind to the mRNA of CREB1, inhibit the protein 
expression of CREB1 and finally contribute to tumor 
proliferation and migration. A study launched by Friedrich 
et al. (19) revealed that CREB1 upregulation in tumors 
was closely associated with malignant phenotypes, such as 
tumor stage, grade and LVI. They found miR-22-3p, miR-
26a-5p, miR-27a-3p, and miR-221-3p probably inversely 

regulate CREB1 translation. Huang et al. (20) demonstrated 
that CREB1 upregulation led to resistance to sorafenib 
treatment and that red ginseng extract enhanced the 
anticancer effects of sorafenib by inhibiting the expression 
of CREB1 in renal cancer (21). 

Several studies have found abnormal expression of 
CREB1 in various carcinomas (10,16,22). Chhabra et al. (16)  
reported that CREB1 was overexpressed in metastatic breast 
cancer and promoted tumor cell progression and metastasis. 
In addition, its upregulation in glioma cells reinforced the 
transcription of carcinogen microRNA-23a and further 
enhanced glioblastoma cell proliferation and invasion (23). 
Shankar et al. (8) reported that CREB1 overexpression 
was primarily related to the amplification of the CREB1 
gene copy number in tumor cells. A study of non-small cell 
lung cancer showed that the CIP2A positively mediated 
CREB phosphorylation and promoted cancer progression 
via cell metabolism (24). In addition, CD44, a marker 
of cancer stem-like cells, binds to CREB1, promotes 
CREB1 phosphorylation and further enhances CREB1 
recruitment to the cyclin D1 promoter which increases 
gene transcription, leading to cell proliferation (25). 
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Figure 2 The p-CREB1 staining in normal and tumor tissues. (A) shows representative staining image in normal (left) and tumor tissues 
(right) counterstained with hematoxylin (20×); the number and the median optical density of normal and tumor tissues is presented at (B); (C) 
the bar plot shows the difference of normal and tumor tissues. Gene expression differences between tissue samples were calculated using the 
Student’s t test. ***, P<0.001. OD, optical density; IQR, interquartile range.
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Figure 3 p-CREB1 staining of different microscopic fields in a tissue slice. (A) reveals a successive image from tumor section to adjacent 
normal section at a 2× power field; (B) and (C) shows the p-CREB1 staining of the tumor-adjacent normal renal cortex (left), the junction 
of normal and tumor section (meddle) and tumor section (right) at a 4× power field (B) and 20× high power field (C); (D) the bar plot shows 
the difference of 92 paired normal tissues, the junction region of normal and tumor tissues and tumor tissues. Gene expression differences 
between tissue samples were calculated using the Paired-samples Student’s t test. ***, P<0.001. OD, optical density.
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Table 1 Clinicopathological features and p-CREB1 staining

Variable Number (%)
p-CREB1 protein

χ2 P
Low (OD ≤0.28) High (OD >0.28)

Total 233 76 157 – –

Age (y) 1.944 0.163

<60 132 (56.7) 48 84

≥60 101 (43.3) 28 73

BMI (kg/m2) 2.751 0.097

<24 103 (44.2) 28 75

≥24 128 (54.9) 48 80

Null 2 (0.9)

Sex 0.132 0.717

Male 165 (70.8) 55 110

Female 68 (29.2) 21 45

Tumor location 0.202 0.904

Left 117 (50.2) 37 80

Right 111 (47.6) 37 74

Bilateral 5 (2.1) 2 3

Tumor size (cm) 0 0.99

<5 52 (22.3) 17 35

≥5 181 (77.7) 59 122

Tumor stage 4.827 0.185

T1 34 (14.6) 8 26

T2 41 (17.6) 12 29

T3 152 (65.2) 52 100

T4 6 (2.6) 4 2

Furman grading 4.037 0.257

I 19 (8.2) 6 113

II 103 (44.2) 30 73

III 107 (45.9) 37 70

IV 4 (1.7) 3 1

Lymph node 0.033 0.857

N1 10 (4.3) 3 7

N0/Nx 223 (95.7) 73 150

Metastasis 1.86 0.173

M1 13 (5.6) 74 146

M0 220 (94.4) 2 11

Table 1 (continued)
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Generally, the downstream pathways were activated 
mostly when the CREB1 protein was phosphorylated, so 
we detected the association of the p-CREB1 protein level 
and clinical variables. The current study revealed that 
p-CREB1, independently related to clinical outcomes, was 
a predictive biomarker of unfavorable prognosis for ccRCC 
patients. Consistently, the predictive value of CREB1 was 
identified in a variety of cancers. A study by Seo et al. (15) 
showed that increased p-CREB1 protein was significantly 
correlated with increased overall mortality. Wang et al. (14) 
reported that CREB1, associated with a high death hazard, 
could act as an independent predictive indicator for gastric 
cancer patients. Moreover, Chhabra et al. (16) found that a 
high level of CREB1 transcripts was related to an increased 
mortality in breast carcinoma. A study performed by Yu 
et al. (26) demonstrated that CREB1 overexpression was 
significantly correlated with cancer progression and that 
the high level of p-CREB1 protein was an independent 
unfavorable prognostic factor for hepatocellular carcinoma 
patients. The significant correlation of p-CREB1 and 

clinical outcomes across demonstrated that p-CREB1 
played a crucial role in the process of tumor invasion and 
metastasis. 

One of the limitations of this study is the retrospective 
nature and we cannot eliminate selection bias from single-
center data. Meanwhile, more ccRCC cases need to be 
included to confirm our results. In addition, in vitro and  
in vivo studies are required to explore the potential 
molecular mechanism.

In summary, we estimated p-CREB1 staining by an 
immunohistochemical method and explored the correlation 
of its staining intensity and clinicopathological features. 
Our data demonstrated that p-CREB1 protein was 
higher in tumor tissues than normal renal cells and could 
independently predict clinical outcomes. Therefore, our 
results showed that p-CREB1 protein staining was an 
effective prognostic factor for ccRCC patients. Targeting 
p-CREB1, such as by using CREB1 phosphorylation 
inhibitors, may be a promising therapeutic tactic for this 
disease.

Table 1 (continued)

Variable Number (%)
p-CREB1 protein

χ2 P
Low (OD ≤0.28) High (OD >0.28)

Sarcomatoid 0.245 0.62

Present 33 (14.2) 12 21

Absent 200 (85.8) 64 136

LVI 0.369 0.544

Present 38 (16.3) 14 24

Absent 195 (83.7) 62 133

Necrosis 0.476 0.49

Present 112 (48.1) 39 84

Absent 121 (51.9) 37 73

Multifocal 0.29 0.59

Present 24 (10.3) 9 15

Absent 209 (89.7) 67 142

Prognostic information

Metastasis 58 (24.9) 16 42 0.89 0.346

Progression 75 (32.2) 19 56 2.67 0.102

Cancer-related death 54 (23.2) 8 46 10.137 0.001

Overall death 59 (25.3) 12 47 5.42 0.02

BMI, body mass index; LVI, lymphovascular invasion.
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Figure 4 Association of p-CREB1 staining and clinical outcomes. Kaplan-Meier curves for overall survival (A), cancer-specific survival (B), 
progression-free survival (C) and cancer metastasis-free survival (D) in 233 patients with ccRCC. Low p-CREB1: OD ≤0.28; high p-CREB1: 
OD >0.28. ccRCC, clear cell renal cell carcinoma; OD, optical density.

Table 2 Univariate Cox proportional analysis of clinical outcomes in 233 patients with ccRCC 

Variables
Cancer-specific survival Overall survival Progression-free survival

HR 95% CI P HR 95% CI P HR 95% CI P

Age, years (<60 vs. ≥60) 1.190 0.697–2.032 0.524 1.250 0.75–2.083 0.393 1.194 0.759–1.88 0.443

BMI, kg/m2 (<24 vs. ≥24) 1.652 0.515–5.299 0.399 1.346 0.487–3.719 0.567 1.339 0.54–3.323 0.528

Sex (male vs. female) 0.669 0.352–1.271 0.219 0.729 0.4–1.327 0.301 0.655 0.381–1.124 0.125

Size (≥5 vs. <5 cm) 4.058 1.465–11.241 0.007 2.848 1.223–6.628 0.015 2.841 1.364–5.918 0.005

Tumor stage (T3–4 vs. T1–2) 3.547 1.671–7.529 0.001 0.000 3.948–1.87 8.333 4.299 2.205–8.382 <0.001

Fuhrman stage (3–4 vs. 1–2) 3.585 1.973–6.512 <0.001 4.042 2.247–7.274 <0.001 2.914 1.8–4.718 <0.001

Lymph node (N1 vs. N0/Nx) 4.295 1.938–9.52 <0.001 3.909 1.773–8.621 0.001 3.161 1.45–6.891 0.004

Metastasis (M1 vs. M0) 5.093 2.474–10.482 <0.001 4.624 4.624–9.454 <0.001 3.918 2.004–7.662 <0.001

Sarcomatoid (yes vs. no) 3.187 1.75–5.804 <0.001 3.640 2.083–2.083 <0.001 2.726 1.599–4.647 <0.001

LVI (present vs. absent) 1.484 0.764–2.88 1.484 1.639 0.885–3.036 0.116 1.398 0.781–2.503 0.259

Necrosis (present vs. absent) 2.155 1.232–3.77 0.007 1.969 1.161–3.34 0.012 1.608 1.017–2.543 0.042

p-CREB1 staining (high vs. low) 3.322 1.566–7.046 0.002 2.274 1.205–4.293 0.011 1.686 1.001–2.84 0.050

ccRCC, clear cell renal cell carcinoma; BMI, body mass index; LVI, lymphovascular invasion.
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Conclusions

Our study demonstrated that the level of p-CREB1 protein 
was higher in tumor tissues than normal renal cells and the 
staining intensity of p-CREB1 protein was an independent 
risk factor for the ccRCC patients. Our findings indicated 
that p-CREB1 is a valuable biomarker and might be a 
promising therapeutic target for this disease.
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ccRCC, clear cell renal cell carcinoma; BMI, body mass index; LVI, lymphovascular invasion.
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