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 Background: The aim of this study was to investigate the prognostic relevance of CEP55 in lung cancer (LC).
 Material/Methods: LC microarray profile GSE30219 was obtained from the GEO database. The 2-sample t test was performed to 

clarify the difference in CEP55 expression between LC and normal lung tissue. The chi-square test and logis-
tic regression analysis were preformed to investigate the relationship between CEP55 expression and the clin-
ical features of LC patients. Log-rank test and Cox proportional hazards regression analysis were conducted to 
evaluate the disease-free survival (DFS) and overall survival (OS) of LC patients. Gene set enrichment analysis 
was conducted to investigate the related mechanisms.

 Results: CEP55 was significantly increased in LC cells relative to normal lung tissues (P<0.0001). Univariate and multi-
variate correlation analyses demonstrated that CEP55 expression was associated with advanced T and N stag-
ing of LC (P<0.0001). Survival analyses indicated that CEP55 expression was an independent risk factor for DFS 
(HR: 1.515, 95% CI: 1.277–1.797, P<0.0001) and OS (HR: 1.436, 95% CI: 1.278–1.615). CEP55 might affect the 
proliferation of LC cells through Myc signaling, DNA repair, and G2M checkpoint.

 Conclusions: Our results indicated that CEP55 was increased in LC cells and was associated with poor clinical outcomes of 
LC patients, and could be a prognostic biomarker for LC.
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Background

Lung cancer (LC), a malignant lung tumor characterized by un-
controlled cell growth in tissues of the lung, is one of the most 
common causes of cancer-related death worldwide, affect-
ing both males and females [1,2]. LCs are divided into 2 sub-
types according to histological characteristics: non-small cell 
lung cancer (NSCLC) represents 80–85% of all LCs, and the re-
maining 15–20% of cases are small cell lung cancers (SCLCs). 
NSCLCs are usually classified into adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma. Given that most of 
these NSCLC cases are diagnosed at late stages (stage III/IV), 
the median survival has been reported to be 18 months in pa-
tients with NSCLC. SCLC is another more aggressive form of LC, 
and the 5-year overall survival of SCLC patients is only about 
5% [3–6]. With advances in pathologic and molecular studies 
of LC, early detection, diagnosis, and treatment are of great 
significance for the management of LC [7,8]. Hence, identifi-
cation of molecules that are correlated with the clinical fea-
tures of LC patients might be helpful in the management of LC.

Centrosomal protein 55 (CEP55), also known as FLJ10540, 
C10orf3, or URCC6, is an important centrosomal protein for 
midbody formation in cytokinesis [9]. Previous studies demon-
strated that CEP55 is involved in the cell cycle and the PI3K/AKT 
signaling pathway, and therefore is associated with patholog-
ical processes of several human malignances [10,11]. Liu et al. 
demonstrated that knockdown of CEP55 significantly inhibited 
proliferation and promoted apoptosis of human LC cells [12], 
but the correlation between CEP55 expression and clinical out-
come of patients with LC remains unclear. Therefore, we con-
ducted correlation analyses between CEP55 expression and 
clinical features of patients with LC to determine the clinical 
significance of CEP55 in LC.

Material and Methods

LC microarray

We selected the LC microarray GSE30219 [13], obtained from 
Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.
gov/geo/) database, to conduct our analysis. GSE30219 com-
prised 293 LC samples and 14 non-tumoral lung samples and 
was annotated with the Affymetrix Human Genome U133 Plus 
2.0 Array. Detailed clinical information including age, sex, his-
tology type, and TNM staging of LC patients were also included.

Statistical analysis

Firstly, mRNA levels of CEP55 (the corresponding probe ID is 
218542_at in GSE30219) were assessed between LC patients 
and normal controls. The 2-sample t test was performed to 

investigate whether the differences reached statistical signifi-
cance. LC samples in GSE30219 were divided into 2 subgroups 
(a CEP55 low-expression group and a CEP55 high-expression 
group) according to the median of CEP55 expression in this 
study. Then, we used the chi-square test and logistic regres-
sion to investigate the relationship between the expression 
of CEP55 and clinical features (age, sex, histological type, and 
TNM staging) of patients with LC. We used the log-rank test 
to evaluate the disease-free survival (DFS) and overall surviv-
al (OS) in these 2 groups, and Kaplan-Meier plots of DFS and 
OS were generated for LC patients in the CEP55 low-expres-
sion group and CEP55 high-expression group. The OS and DFS 
were calculated as previously reported [10]. Multivariate Cox 
proportional hazards models were used to determine the as-
sociations of various demographic and tumor characteristics 
with DFS and OS. If the p value was 0.05 or lower, the result 
was regarded as statistically significant for the above statisti-
cal analyses. Furthermore, we conducted gene set enrichment 
analysis (GSEA) [14,15] based on samples in the CEP55 low-
expression group and CEP55 high-expression group to iden-
tify relevant molecular mechanisms affecting the progres-
sion of LC. The number of permutations was 1000, and h.all.
v6.0.symbols were used as a reference gene sets database. 
Gene sets at Nominal P value less than 0.05 and false discov-
ery rate less than 25% were considered statistically significant.

Results

CEP55 was increased in LC cells

Firstly, the mRNA levels of CEP55 in LC samples and normal 
lung tissues were analyzed. As shown in Figure 1, CEP55 was 
significantly upregulated in LC cells (n=293) compared to non-
tumoral lung tissues (n=14) (7.458±1.526 vs. 4.538±0.872, 
P<0.0001). This result indicates that CEP55 might promote 
the carcinogenesis of LC.
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Figure 1.  The mRNA level of CEP55 was significantly increased in 
lung cancer.
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CEP55 was associated with worse demographic and tumor 
characteristics of LC

Secondly, we investigated the associations between CEP55 ex-
pression and the age, sex, histological type, and TNM staging 
of patients with LC. Univariate analysis (chi-square test) sug-
gested that more patients in the CEP55 low-expression group 
had NSCLC rather than SCLC (P=0.002), and CEP55 expression 
was demonstrated to be associated with advanced T and N 
stages of LC (P<0.0001) (Table 1). No significant associations 
were found between age and sex distribution and CEP55 ex-
pression. Owing to a lack of significant correlations between 
CEP55 expression and the age and sex distribution of LC pa-
tients, we included the histological type, T staging, N staging, 
and M staging in a logistic regression model. The results of lo-
gistic regression indicated that patients in the CEP55 low-ex-
pression group had better T and N stages (odds ratio (OR) for 
T staging: 0.51, 95% CI: 0.281–0.926; OR for N staging: 0.351, 
95% CI: 0.18–0.685) (Table 1).

The survival of patients in the CEP55 low-expression 
group was better than in the CEP55 high-expression group

Thirdly, we investigated the associations between the DFS and 
OS of LC patients and CEP55 expression. As shown in Figure 2, 
both DFS and OS were better in patients in the CEP55 low-
expression group compared with those in the CEP55 high-ex-
pression group (HR for DFS: 0.3666, 95% CI: 0.2515–0.5344, 
P<0.0001; HR for OS: 2.272, 95% CI: 1.705–3.028, P<0.0001). 
The results of multivariate Cox proportional hazards analyses 
indicated that CEP55 expression was an independent risk fac-
tor for DFS (HR: 1.515, 95% CI: 1.277–1.797, P<0.0001) and OS 
(HR: 1.436, 95% CI: 1.278–1.615) (Table 2).

Gene sets enriched in the CEP55 high-expression group

Finally, we conducted GSEA based on the median of CEP55 
expression in GSE3029. As shown in Table 3, LC samples in 
the CEP55 high-expression group were significantly enriched 
in Myc signaling (nominal P=0.019, FDR=15.2%), DNA repair 
(nominal P=0.047, FDR=20.5%), and G2M checkpoint (nominal 

Clinical characteristics
CEP55 expression Univariate analysis Multivariable analysis

High (n=146) Low (n=147) Chi-square P value P value OR 95% CI

Age (year) n~%

 £60  59 (40.4)  71 (48.3)
1.997 0.158 – – –

 >60  87 (59.6)  75 (51.0)

Gender n~%

 Female  15 (10.3)  28 (19.0)
4.053 0.34 – – –

 Male  131 (89.7)  119 (81.0)

Histology n~%

 NSCLC  99 (67.8)  142 (96.6)
9.67 0.002 0.158 2.694 0.682–10.645

 SCLC  16 (11.0)  5 (3.4)

T staging n~%

 T1  63 (43.2)  103 (70.1)
23.528 P<0.0001 0.027 0.51 0.281–0.926

 T2–T4  81 (55.5)  40 (27.2)

N staging n~%

 N0  78 (53.4)  120 (81.6)
28.788 P<0.0001 0.002 0.351 0.18–0.685

 N1  68 (46.6)  25 (17.0)

M staging n~%

 M0  140 (95.9)  142 (96.6)
0.514 0.473 0.39 2.4 0.326–17.661

 M1  5 (3.4)  3 (2.0)

Table 1.  Univariate and multivariable analyses of the relation between CEP55 expression and clinical characteristics of patients with 
lung cancer.
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P=0.034, FDR=19.6%). These results indicate that CEP55 might 
affect LC cell growth through the above biological processes.

Discussion

Because most LC patients were diagnosed at late stages, and 
the disease becomes metastatic and drug-resistant at the ear-
ly stage of treatment [16,17], the clinical outcomes of LC re-
main poor.

We found that CEP55 was increased in LC cells, higher expres-
sion of CEP55 was associated with poor T staging and N staging, 
and LC patients in the CEP55 high-expression group has worse 
OS and DFS compared with those in the CEP55 low-expression 
group. GSEA results proved that CEP55 affected the growth of 
LC cells through Myc signaling, DNA repair, and G2M checkpoint.

Centrosomal protein 55 (CEP55) has been identified as a mi-
crotubule-bundling protein required for cytokinesis [18]. The 
emerging roles of CEP55 in tumorigenesis have been recognized 
in multiple human cancers [9]. CEP55 was demonstrated to be 

Variables
DFS OS

P value OR (95% CI) P value OR (95% CI)

T staging 0.001 0.449 (0.278–0.725) 0.006 0.617 (0.438–0.869)

N staging 0.073 0.647 (0.402–1.041) 0.198 0.791 (0.553–1.131)

M staging 0.215 0.523 (0.188–1.456) 0.274 0.599 (0.239–1.501)

Histological type 0.431 1.316 (0.665–2.607) 0.142 1.525 (0.868–2.680)

CEP55 expression <0.0001 1.515 (1.277–1.797) <0.0001 1.436 (1.278–1.615)

Table 2. Multivariable Cox regression analysis on disease free survival (DFS) and overall survival (OS).

DFS – disease free survival; OS – overall survival.

Gene set ES NES NOM p-val FDR q-val

Myc targets_v1 –0.58652 –1.73688 0.019342 0.152046

Myc targets_v2 –0.73024 –1.68969 0.009804 0.1162

DNA repair –0.4043 –1.58924 0.046875 0.205288

G2M checkpoint –0.72575 –1.56384 0.033531 0.196249

Table 3. Gene sets enriched in CEP55 high expression group.

ES – enrichment score; NES – normalized enrichment score; NOM p-val – nominal p value; FDR q-val – false discovery rate q value.

Figure 2.  Disease-free survival (A) and overall survival (B) of lung cancer patients in the CEP55 low-expression group and CEP55 high-
expression group.
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increased in muscle-invasive bladder cancer relative to that in 
non-muscle-invasive bladder cancer, making it a diagnostic bio-
marker for bladder cancer [19]. Waseem et al. suggested that 
CEP55 accompanied with other molecules (FOXM1 and HELLS) 
could be used as a biomarker set for early diagnosis of head 
and neck squamous cell carcinoma [20]. CEP55 was demon-
strated to be increased in breast cancer as compared to that 
in normal breast tissues, and knockdown of CEP55 can induce 
cycle arrest and apoptosis [21]. Moreover, cell viability assays 
demonstrated that knockdown of CEP55 inhibited prolifera-
tion, induced cell cycle arrest, and promoted apoptosis of hu-
man LC cells [22]. Therefore, the increased expression and car-
cinogenesis property of CEP55 in LC cells are understandable.

TNM staging refers to the invasiveness and metastasis of hu-
man cancers (including LC) [23,24]. For LC, patients were of-
ten classified into NSCLC and SCLC due to differences in clini-
cal outcomes of LC patients. Patients with higher TNM stages 
often have poor treatment efficacy and clinical outcomes. 
Although our univariate and multivariable analyses found no 
significant correlations between CEP55 expression and his-
tological types of LC, patients in the CEP55 high-expression 

group had significantly more aggressive T stages and N stag-
es, indicating that CEP55 might promote the invasiveness 
and migration of LC cells regardless of the histological types. 
In accordance with these conclusions, log-rank test and Cox 
proportional hazards model revealed that LC patients in the 
CEP55 low-expression group had better DFS and OS compared 
to those in the CEP55 high-expression group. These results in-
dicate that CEP55 might be an independent risk factor and di-
agnostic marker for LC.

This was a retrospective analysis of gene expression data and 
clinical information of 293 lung cancer patients and 14 normal 
controls. Thus, future studies using in vivo and in vitro exper-
iments, as well as prospective clinical trials, are required to 
verify our conclusions.

Conclusions

Our results indicate that CEP55 is increased in LC cells, is as-
sociated with poor clinical outcomes of LC patients, and could 
be a prognostic biomarker for LC.
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