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Abstract

Background—The mammalian cyclin-dependent kinase subunit (Cks) family has two members, 

Cks1 and Cks2. Overexpression of Cks1 and Cks2 has been reported to be associated with high 

aggressiveness and poor prognosis in a few malignancies, including prostate and hepatocellular 

carcinomas. However, whether Cks1 and Cks2 are overexpressed in esophageal carcinoma 

remains uncharacterized.

Aims—To investigate whether overexpression of the Cks family is clinically relevant to 

esophageal carcinoma, and whether expression patterns of Cks1 and Cks2 in esophageal 

carcinoma have diagnostic and prognostic value.

Methods—Real-time quantitative reverse transcriptase polymerase chain reaction, 

immunohistochemistry and Western blot analyses were applied to detect the expression of Cks1 

and Cks2 at the mRNA and protein levels respectively. The associations between Cks1 / Cks2 

expressions and clinical features / p27kip1 expressions in esophageal carcinoma, were analysed.

Results—Expressions of Cks1 and Cks2 at both mRNA (Cks1: 15 out of 26 cases, 58%, Cks2: 

17 out of 26 cases, 65%) and protein (Cks1: 30 out of 56 cases, 54%, Cks2: 34 out of 56 cases, 

61%) levels were significantly higher in esophageal carcinoma than those in the adjacent 

noncancerous tissues. Overexpressions of Cks1 and Cks2 in esophageal carcinoma were closely 

associated with poor differentiation features like histologic grade of esophageal carcinoma, 

regional lymph nodes and neoplastic embolus. The expressions of both Cks1 and Cks2 were 

negatively associated with p27kip1 at the protein level.
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Conclusions—Overexpression of Cks1 and Cks2 is associated with the aggressive tumour 

behaviours of esophageal carcinoma, and thus has diagnostic and prognostic value. Further efforts 

are needed to develop novel biomarkers for esophageal carcinoma based on Cks1 and Cks2 

expressions.
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The development of tumour is closely related to the disorder of cell cycle, the core of cell 

cycle regulation is a group of Cyclin-dependent kinase (CDKs). Activation and inactivation 

of CDKs are regulated by cell cycle proteins and cyclin-dependent kinase inhibitor (CKIs), 

respectively. Cyclin-dependent kinase subunit (Cks) proteins, which consist of Cks1 and 

Cks2 in mammalian, are highly conserved molecules in eukaryotes. [1] Cks1 and Cks2 are 

subunits of CDKs required for cell division. Cks1 is required for SCFSkp2-mediated 

ubiquitination and degradation of p27kip1 that is essential for the G1/S transition during the 

cell cycle. Low levels of p27kip1 protein have been found to be associated with the high 

aggressiveness and poor prognosis in patients with a variety of malignancies. [2–7] 

Consistent emerging evidence shows that Cks1 and Cks2 are overexpressed in tumours of 

other tissue origins. Our laboratory has reported that clinical significance and expression of 

Cks in hepatocellular carcinoma. [8] Furthermore, an elevated expression of Cks1 and Cks2 

are found to be coincident with the reduction of p27kip1 protein in tumour cells of gastric, 

breast, colorectal, prostate carcinomas. [9–15]

However, whether Cks1 or Cks2 is over expressed in esophageal carcinoma has not been 

reported. Esophageal carcinoma is one of the most frequent human cancers. About 22 

million people worldwide died of esophageal cancer each year. The highest esophageal 

carcinoma frequencies are found in Asia, especially in China. The incidence of esophageal 

carcinoma is associated with the chronic stimulation of nitrosamines, inflammation and 

trauma, genetic factors as well as drinking water, trace elements in food and vegetables. 

Because the treatment effect of radiotherapy, chemotherapy in esophageal carcinoma is not 

satisfactory, we hope Cks1 and Cks2 to become the diagnostic markers and therapeutic 

targets of esophageal carcinoma.

Materials and methods

Patient recruitments and sample collections

Fresh surgical specimens of both esophageal cancer tissues and the matched adjacent 

noncancerous esophageal tissues (located ≥5cm away from the tumour margins) were 

obtained from 56 patients. The tissue collection procedures were according to local ethical 

guidelines and approved beforehand by the institution’s Human Investigation Committee. 

All patients had undergone surgery in the Department of Chest Surgery, Zhongshan 

Hospital, Xiamen University, from 2009 to 2011. None of the patients had received 

preoperative treatment, such as radiation or chemotherapies. The pathological classifications 

were performed according to Edmondson’s Classification. Tumour tissues were divided into 

two parts: one part was quickly frozen in liquid nitrogen for RNA and protein extractions 
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and the other part was fixed in 10% formalin and then paraffin-embedded for 

immunohistochemical staining.

Quantitative real-time PCR

Total RNA extraction and reverse transcription were carried out separately with the RNA 

Fast1000 Kit (Fastagen Biotech, Shanghai, China) and M-MuLV reverse transcriptase 

(Fastagen Biotech) by following the manufacturers’ instructions. A total volume of 20ul was 

used for the PCR reaction, which contained template cDNA, 250nM probes, 125nM forward 

and reverse primers and 1×PCR Master Mix (Invitrogen Corporation, Shanghai, China). The 

reaction was initiated by activation of the Taq polymerase at 95°C for 10 min, followed by 

45 cycles at 95°C for 15s and 60°C for 1 min. The PCR product length and the PCR primers 

are as follows: Cks1, 170 bp, forward primer TACGACGACGAGGAGTTTGAGT, reverse 

primer AGCAAGATGTGAGGTTCTGGTTC and probe 

TCATGCTGCCCAAGGACATAGCCAAGC; Cks2, 124 bp, forward primer 

CAAGCAGATCTACTACTCGGACAAG, reverse primer 

CCTCCACTCCTCTTCAGACATCA and probe 

CGACGAACACTACGAGTACCGGCATGT; p27kip1, 146 bp, forward primer 

GTTAGCGGAGCAATGCGC, reverse primer CAGGCTTCTTGGGCGTCTG and probe 

AAGCGACCTGCAACCGACGATTCTTCT; and β-actin, 293 bp, forward primer 

TCACCCACACTGTGCCCATCTACGA, reverse primer 

CAGCGGAACCGCTCATTGCCAATGG and probe ATGCCCTCCCCCAT 

GCCATCCTGCGT. All primers were synthesized by Invitrogen Corporation. Data were 

normalized with the β-actin housekeeping gene and were expressed as 2−ΔΔCt. The cases 

were classified into two groups: high-expression (2−ΔΔCt > 1) and low-expression (2−ΔΔCt < 

1) groups.

Immunohistochemical staining

Immunohistochemical (IHC) staining was performed on formalin-fixed and paraffin-

embedded tissue sections. The sections were deparaffinized with xylene and stepwise 

rehydrated with series dilutions of ethanol as described elsewhere. For epitope retrieval, 

slides were incubated in 0.01M citric acid buffer (pH 6.0) at 140°C for 20 min. The dilutions 

of the antibodies are Cks1 (1:300), Cks2 (1:300) and p27kip1 (1:200). After being washed, 

the specifically bound antibodies were detected with the EliVision™ Plus Kit (Maixin Bio, 

Fuzhou, China) according to the manufacturer’s instructions. All sections were 

counterstained with haematoxylin. Nonimmune rabbit serum (10%) was used for negative 

controls. No detectable staining was observed in all negative control slides.

Positively stained cells per 1000 cells in random fields were scored and the averages were 

derived from at least five slides. The scoring criteria were as follows: ++++, > 50% of the 

cells are positive; +++, 20–50% positive; ++, 10–20% positive; +, < 10% positive; and −, no 

positive staining. Expression levels of Cks1 and Cks2 proteins were categorized as low (− to 

++) or high (+++ to ++++). Expression levels of p27kip1 protein were categorized as low (− 

to +++) or high (++++). The scoring was carried out blindly and independently by two 

observers.
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Western blotting

Total protein was extracted from approximately 0.5g of cryopreservative tissues with the 

RIPA buffer (Beyotime, Shanghai, China). The protein concentrations were determined with 

the BCA Kit (Beyotime). Aliquots containing 30mg of protein were subjected to SDS-

polyacrylamide gel electrophoreses and electroblotted onto a PVDF membrane (Millipore 

Co., Billerica, U.S.A.) for Western blot analyses. For Cks1/2 and p27kip1 staining, the 

membrane was cut into 4 pieces for staining with anti-p27kip1, anti-Cks1, anti-Cks2 and 

anti-β-actin antibodies individually. The experiments were repeated for 3 times and the 

representative results were showed. The specifically bound antibodies were detected with 

the ECL-plus chemiluminescent detection reagents (Millipore Co., Billerica, U.S.A.). Anti-

p27kip1, anti-Cks1, anti-Cks2 and anti-β-actin antibodies were purchased from Abcam 

(Hong Kong) Ltd. (Abcam, Hong Kong).

Statistical analysis

All data were processed with the SPSS 13.0 (SPSS lnc., Chicago, IL, USA) statistical 

software package. The Spearman rank correlation was used to study the difference between 

Cks1 or Cks2 mRNA and protein expression and various clinicopathological features. The 

cross tabulation and Pearson’s χ2 were used to analyse the data from the esophageal 

carcinoma. The relations between Cks1 or Cks2 and p27Kip1 expressions were analysed with 

the Spearman rank correlation. Differences were considered significant if the P-value was < 

0.05, which was calculated by the two-tailed tests.

Results

Expressions of Cks1 and Cks2 are elevated at the mRNA and protein levels in esophageal 
carcinoma

To determine whether Cks1 and Cks2 were overexpressed during the development of 

esophageal carcinoma, we measured their expressions at both mRNA and protein levels in 

esophageal carcinoma and its adjacent esophageal tissues. Real-time PCR analyses revealed 

that both Cks1 and Cks2 mRNA levels were significantly elevated in esophageal carcinoma 

(Figure. 1). The majority of esophageal carcinoma showed high Cks1 (15 out of 26 cases, 

58%) and Cks2 (17 out of 26 cases, 65%) expressions. To establish whether Cks1 and Cks2 

protein levels were also increased in esophageal carcinoma, immunohistochemical staining 

(Figure. 2) and Western blot analyses (Figure. 3) were applied. The results showed that the 

protein levels of Cks1 and Cks2 were not uniformly high in esophageal carcinoma. 

Therefore, quantitative analyses were used to assess the Cks protein expressions in these 

tissues. The data in Table 2 clearly demonstrated that most adjacent esophageal tissues 

showed lower Cks1 and Cks2 expressions. In contrast, the majority of esophageal carcinoma 

showed higher Cks1 (30 out of 56 cases, 54%) and Cks2 (34 out of 56 cases, 61%) 

expressions.
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Overexpressions of Cks1 and Cks2 are associated with aggressive behaviour of 
esophageal carcinoma

To further investigate whether overexpressions of Cks1 and Cks2 in esophageal carcinoma 

had clinicopathological relevance, the associated Cks1 and Cks2 expressions with tumour 

pathological features were analysed. The results showed that overexpressions of Cks1 and 

Cks2 at both mRNA and protein levels were significantly associated with histologic grade of 

esophageal carcinoma (Table 3). In addition, overexpression of Cks proteins was also 

associated with regional lymph nodes and neoplastic embolus. The association of Cks 

overexpression with other clinicopathological features was not consistent at the mRNA and 

protein levels, which included tumour size and position, morphological type, neural invasion 

and distant metastasis, as well as patient sex. Together, the results suggest that expressions 

of Cks1 and Cks2 have potential value for esophageal carcinoma diagnosis.

Cks1 and Cks2 expressions are negatively associated with p27kip1 protein levels in 
esophageal carcinoma

Although it is a tumour suppressor, p27kip1 seldom has abnormalities at the genomic level, 

and downregulation of p27kip1 mRNA is rarely observed in human cancers. The abundance 

of p27kip1 protein in tumour cells is frequently reduced via the Cks1-mediated degradation. 

Consistently, we did not observe significant differences in p27kip1 mRNA expression levels 

in esophageal carcinoma (Table 1). To study whether the abundance of p27kip1 protein was 

reduced in esophageal carcinoma, immunohistochemical staining (Figure. 2) and Western 

blot analyses (Figure. 3) were used to assess p27kip1 protein in the aforementioned tissues. 

The results revealed that the abundance of p27kip1 protein was significantly reduced in 

esophageal carcinoma. Interestingly, statistical analyses revealed that the abundance of 

p27kip1 was not only negatively correlated with Cks1 expression, but also negatively 

correlated with Cks2 expression (Figure. 4). The biological significance of the negative 

correlation between Cks2 and p27kip1 abundance remains elusive.

The consistency between mRNA and protein levels in overexpressed Cks1 / Cks2 in 
esophageal carcinoma

To investigate the consistency between mRNA and protein levels in overexpressed Cks1 and 

Cks2, we counted 26 cases of esophageal carcinoma (Figure. 5). The percent of Cks1 high 

experssion at mRNA and protein levels is 53% (14 out of 26 cases). And this proportion for 

Cks2 is 57% (15 out of 26 cases). The percent of Cks1 low experssion at mRNA and protein 

levels is 4% (1 out of 26 cases). And this proportion for Cks2 is 8% (2 out of 26 cases). 

There were some discrepancies in Cks1/Cks2 expressions at the mRNA and protein levels.

Discussion

The clinical significance of overexpressed Cks1 and Cks2 in esophageal carcinoma

In this study, we observed that expressions of Cks1 and Cks2 were elevated at both mRNA 

and protein levels in esophageal carcinoma in comparison with the adjacent noncancerous 

tissues. The results showed that overexpressions of Cks1 and Cks2 at both mRNA and 

protein levels were significantly associated with histological grade of esophageal carcinoma, 
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regional lymph nodes and neoplastic embolus. The association of Cks overexpression with 

other clinicopathological features was not consistent at the mRNA and protein levels. It is 

possible that the difference is tiny and that more samples are needed to determine whether 

the difference is significant. Nevertheless, the data clearly shows that overexpressions of 

Cks1 and Cks2 are strongly associated with various clinicopathological features that are 

commonly used to determine aggressive tumour behaviours, including histologic grade, 

regional lymph nodes and neoplastic embolus. The results suggest that the overexpressions 

of Cks1 and Cks2 may contribute to the development of esophageal carcinoma. Because of 

the lack of a complete course of esophageal carcinoma patients, we did not conduct the 

Kaplan – Meier survival analysis. Further studies are needed to clarify this issue.

Negative association between Cks1 / Cks2 expression and p27kip1

The control of p27Kip1 protein level is affected by ubiquitin dependent degradation, in an 

ubiquitin and Skp2-independent manner at G1. The effect of p27Kip1 on the cell cycle is 

regulated mainly by its stability. It has been revealed that Cks1 is required for p27Kip1 

ubiquitination. [16–19] The association between Cks1 overexpression and reduction 

abundance of p27kip1 has been shown in several malignancies. [9, 10] In our former study, 

the abundance of p27kip1 was negatively correlated with Cks1 expression in hepatocellular 

carcinoma. [8] In this report, we also demonstrate a negative correlation between Cks1 

expression and p27Kip1 protein level, which further suggests that Cks1 overexpression 

contributes to tumorigenesis of esophageal carcinoma by promoting the SCFSkp2-mediated 

degradation of p27Kip1.

The Cks family, Cks1 and Cks2, are small but essential components of cyclin/CDK 

complexes contributing to the cell cycle control and have 81% identical amino acids. 

Various tumors have revealed the dysregulation of Cks and other cell cycle-related 

regulators including cyclins and CDKs. Cks1 is an essential cofactor in the degradation of 

the p27kip1 by the SCFSkp2 ubiquitin ligase. In contrast, the function of Cks2 in mammalian 

somatic cells remains poorly understood, although we found that Cks2 was negatively 

associated with p27kip1 protein in esophageal carcinoma. Accumulating evidence 

demonstrates that expression of Cks2 is elevated in malignant tumours of different tissues, 

including bladder, prostate, cervical and hepatocellular carcinomas. [9, 11–12] Whether 

Cks2 also contributes to p27kip1 degradation in esophageal carcinoma remains to be 

investigated. Although Cks2 does not have the proteolytic activity against the p27kip1, both 

Cks1 and Cks2 are essential for the progression into and exit from mitosis.

The consistency between mRNA and protein levels in overexpressed Cks1/Cks2

To investigate the consistency between mRNA and protein level in Cks overexpression, we 

counted 26 cases of esophageal carcinoma. The analysis showed that the percent of Cks1 

overexperssion at mRNA and protein levels is 53%. And this proportion for Cks2 is 57%. 

There were some discrepancies in Cks expressions at the mRNA and protein levels. It is 

possible that the difference is caused by the different translation efficiencies or stabilities of 

the protein in tumour tissues. In addition, several genetic and epigenetic factors, such as 

DNA methylation, genetic mutation and abnormal posttranscriptional regulations, may also 

have contributed to the variation of the results.
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Conclusion

In conclusion, we found that Cks1 and Cks2 overexpressed in esophageal carcinoma. The 

results suggest that abnormal expression of Cks1 and Cks2 may contribute to esophageal 

carcinoma’s initiation and progression. Alterations in gene expression in esophageal 

carcinoma may yield clues to their pathogenesis. Analysis of a larger number of esophageal 

carcinoma specimens and correlation with biological phenotypes with gene expression 

patterns may identify clinically meaningful characteristics of this malignancy. This could 

provide important clues to develop novel diagnostic and prognostic markers as well as 

strategies for efficient prevention and therapy strategy for esophageal carcinoma. In this 

study, we first demonstrate that Cks1 and Cks2 expression is strongly correlated with the 

progression of esophageal carcinoma. Our comprehensive expression profiling data of 

esophageal carcinoma provide a new insight into the molecular biology level of esophageal 

carcinoma.
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Figure 1. 
Expression of Cks1, Cks2 and p27kip1 at the mRNA level in different esophageal tissues. 

Total RNA samples were extracted from esophageal carcinoma and the adjacent 

noncancerous tissues. Expressions of Cks1, Cks2 and p27kip1 were assessed with real-time 

PCR. Data were normalized to β-actin. P-value < 0.05 is considered statistically significant. 

°statistically insignificant.

Wang et al. Page 9

Dis Esophagus. Author manuscript; available in PMC 2016 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Wang et al. Page 10

Dis Esophagus. Author manuscript; available in PMC 2016 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Wang et al. Page 11

Dis Esophagus. Author manuscript; available in PMC 2016 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Immunohistochemical staining of Cks1, Cks2 and p27kip1. Note that more cells in 

moderately to poorly differentiated esophageal carcinoma (T) exhibited strong nuclear 

staining of Cks1 (A1) and Cks2 (B1), and weak staining of p27kip1 (C1). In contrast, most 

cells in the adjacent noncancerous tissues (N) exhibited were weak staining of Cks1 (A2) 

and Cks2 (B2) and strong staining of p27kip1(C2). All the above results come from the one 

sample.
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Figure 3. 
Western blot analysis of Cks1, Cks2 and p27kip1. The proteins extracted from esophageal 

carcinoma (T) and the adjacent noncancerous tissues (N) were subjected to Western blot 

analyses with anti-Cks1, Cks2 and p27kip1 as indicated. β-actin was used as the loading 

control. All the above results come from the one sample.
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Figure 4. 
Regression analysis of the relationship between the abundance of Cks1/Cks2 and p27kip1 

proteins. The circles in (a) and (b) indicates the detected patients immunostained cells in 

esophageal carcinoma tissue slides from 56 patients were categorized into five groups (0–4) 

based on the staining intensities. The two oblique lines indicated that there were negative 

correlations between expressions of Cks1 and p27kip1 (r = −0.447, P = 0.001), and between 

the expressions of Cks2 and p27kip1 (r = −0.407, P = 0.003).

Wang et al. Page 15

Dis Esophagus. Author manuscript; available in PMC 2016 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
The consistency between mRNA and protein levels in overexpressed Cks1/Cks2. The 

percent of Cks1 high experssion at mRNA and protein levels is 53%. And this proportion for 

Cks2 is 57%. The percent of Cks1 low experssion at mRNA and protein levels is 4%. And 

this proportion for Cks2 is 8%.
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