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Abstract: Purpose: S-phase kinase-associated protein 2 (Skp2) is overexpressed in many types of cancers and might 
be a potential cancer prognostic biomarker. Several studies reported an association between Skp2 expression 
level and tumor prognosis; however, the results were inconsistent and inconclusive. The present study is a meta-
analysis carried out to assess the association between Skp2 expression and tumor prognosis in accordance with 
the guidelines of the Preferred Reporting Item for Systematic Reviews and Meta-analyses. Methods: Until April 30, 
2016, 35 articles were collected, representing 5,514 patients. Hazard ratio (HR) and 95% confidence intervals (CIs) 
were used to assess the association between Skp2 expression and survival outcome and estimated using fixed- or 
random-effects models when appropriate. The statistical significance of the pooled HR was determined by a Z-test.  
The statistical heterogeneity within studies was detected with the Chi-squared based Q-test and I2 metric. The pub-
lication bias was also assessed by Egger’s and Begg’s tests. Sensitivity analysis was also carried out. STATA version 
11.0 was used for all statistical analyses. Results: Results suggested that Skp2 overexpression is associated with 
poor overall survival (OS) and DFS/RFS in all cancer patients as well as in subgroup analysis. Skp2 localized in the 
cytoplasm was not associated with prognosis. Conclusion: Skp2 might be a predictive and independent marker of 
cancer prognosis.
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Introduction

The prediction of prognosis for cancer treat-
ment is under intensive investigation. Tr- 
aditional biomarkers are often ineffective to 
assess prognosis and design treatment, and 
most cancer patients die from complications of 
advanced cancer after the first treatment rath-
er than from the primary tumor diagnosis. 
Therefore, an effective method for early predic-
tion of recurrence and survival in cancer 
patients is urgently needed. Proteins involved 
in tumor progression and metastasis might be 
potential biomarkers for cancer prediction. 
Until now, numerous biomarkers have been 
evaluated for cancer prognosis by various 
research groups; however, effective tumor 
prognosis biomarkers are still lacking. 

S-phase kinase-associated protein 2 (Skp2), a 
member of the F-box protein family, is the sub-
strate recognition subunit of Skp1-Cullin-F box 
protein (SCF) E3 ubiquitin ligase complex. Skp2 
can recognize phosphorylated substrate pro-
teins and mediate their ubiquitination by the 
SCF complex. Many proteins involved in tumor 
suppression can be degraded via Skp2-
mediated proteolysis, so the Skp2 gene is con-
sidered an oncogene. Skp2 displays its onco-
genic activities by regulating cell cycle 
progression, senescence, and tumor metasta-
sis [1, 2]. For example, the cell cycle inhibitors 
p21Cip1/WAF and p27Kip1 can be targeted by Skp2 
and further promote G1/S transition, causing 
tumor cell cycle progression [3]. Overexpression 
of Skp2 protein has been observed in many 
cancers and correlates with tumorigenesis as 
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well as with poor prognosis in a variety of 
human cancers, including prostate cancer[4], 
gastric cancer [5], breast cancer [6], and liver 
cancer [7]. 

Several studies have explored the association 
between Skp2 expression level and tumor prog-
nosis [8-10]; however, the results were incon-
sistent or inconclusive, and limited by retro-
spective design or limited tumor type. Therefore, 
we carried out a meta-analysis to estimate  
the association between Skp2 expression and 
tumor prognosis. The heterogeneity between 
the individual studies as well as the existence 
of potential publication bias was also in- 
vestigated. 

Materials and methods

This meta-analysis was executed in accordance 
with the guidelines of the Preferred Reporting 
Item for Systematic Reviews and Meta-analy- 
ses.

Literature search

Studies were retrieved from the PubMed and 
Embase electronic databases. The search te- 
rms were “Skp2”, “S-phase kinase-associated 
protein 2”, “tumor (s)”, “cancer (s)”, “survival”, 
“prognostic”, and “prognosis”. The last search 
ended on April 30, 2016. Additional eligible 
studies were identified by manual searches of 
articles referenced in the publications retrieved. 

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the 
correlation between Skp2 expression and over-
all survival (OS), disease-specific survival (DSS), 
recurrence-free survival (RFS), or metastasis-
free survival (MFS) was estimated; (2) Skp2 
expression was evaluated; (3) a cohort design 
was used; (4) the hazard ratio (HR) and 95% 
confidence interval (CI) were available or a Ka- 
plan-Meier curve was available from which the 
HR and 95% CI could be extracted; (5) the arti-
cle was published in English. The exclusion cri-
teria were as follows: (1) reviews, conference 
abstracts, editorials, or letters; (2) insufficient 
published data for estimating HR and 95% CI; 
(3) language other than English. When multiple 
publications were reported by the same group 
on a similar patient cohort, we included only 
the study with the largest number of patients.

Data extraction

Two investigators (Jing Jia and Xiaoming Sun) 
independently extracted the following data: 
first author’s name, year of publication, patient 
ethnicity, cancer type, sample size, test meth-
od, antibody and dilution, cut-off value, and 
number of positive samples. In a single publica-
tion, when several analyses were carried out 
with different parameters, these analyses were 
defined as independent studies. As a result, 
the number of studies included was greater 
than the number of publications included. Wh- 
en the prognosis was plotted as a Kaplan-Meier 
curve, the HR digitizer Engauge 4.0 software 
(http://engauge-digitizer.software.informer.
com/) was used to extract the data. A third 
investigator (Juan Ren) checked the data and 
solved inconsistencies through discussion. 

Quality assessment

The quality of the publications included was 
assessed using the Newcastle-Ottawa Scale 
(NOS) (Wells GA) and ranked by a “☆” rating 
system. The score of each publication was the 
number of total “☆”. The assessment was con-
ducted by all of the authors. Studies with a 
score ≥ 7 were considered to be of high 
quality.

Statistical analysis

HRs and the corresponding 95% CIs were used 
to assess the association between Skp2 
expression and survival outcome. The statisti-
cal significance of the pooled HR was deter-
mined by a Z-test P < 0.05 was considered to 
be statistically significant. The statistical het-
erogeneity within studies was detected with the 
Chi-squared based Q-test and I2 metric (0%-
25%: no heterogeneity; 25%-50%: moderate 
heterogeneity; 50%-75%: large heterogeneity; 
75%-100%: extreme heterogeneity). When P > 
0.10 or I2 < 50%, the fixed-effects model was 
used. In the opposite case, the random-effects 
model was used. The publication bias was also 
assessed by Egger’s and Begg’s tests, and the 
potential publication bias was considered sig-
nificant if P < 0.05. Sensitivity analysis was  
also carried out. STATA version 11.0 (STATA 
Corporation, College Station, TX, USA) was 
used for all statistical analyses. All statistical 
tests were two-sided.
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Results

Eligible studies

In total, 169 relevant articles were identified 
(Figure 1). After an initial screening of the titles 
and abstracts, 103 publications were excluded 
for missing any assessment of the association 
between Skp2 expression and survival. The 
remaining 66 publications were carefully re- 
viewed using the inclusion and exclusion crite-
ria. Finally, 35 publications were selected for 
this meta-analysis, with a total of 5,514 pa- 
tients [4, 5, 7, 8, 10-39]. Ethical approval and 
informed patient consent were not required 
since this study was a literature review with no 
direct patient contact or influence on patient 
care.

The main characteristics of the publications 
reviewed are listed in Table 1. The impact of 
Skp2 expression on OS was investigated in 27 
publications. The effect of Skp2 expression on 
DFS/RFS was assessed in 15 publications, and 
DSS was assessed in three publications. Most 
of the studies evaluated clinicopathological 
parameters. Among the 35 publications, 27 

tions were eligible for the evaluation of the 
association between Skp2 expression and can-
cer OS. Results showed that Skp2 expression 
was significantly associated with poor OS 
(HR=1.702; 95% CI=1.475-1.964). In subgroup 
analysis, overexpression of Skp2 was also 
shown to be associated with poor OS in both 
the Asian and Caucasian population (Asian: 
HR=2.173, 95% CI=1.704-2.773; Caucasian: 
HR=1.094, 95% CI=1.005-1.191). When strati-
fied by cancer type, studies of esophageal 
squamous cell carcinoma, oral squamous cell 
carcinoma, and head and neck squamous cell 
carcinoma were classified as “squamous cell 
carcinoma”. Studies of colorectal tumors were 
classified as “gastrointestinal cancer”, as were 
studies of gastric carcinoma. In the remain- 
ing studies, cancers with only one study for 
analysis were classified as “other”. Skp2 ex- 
pression was found to be associated with poor 
OS in all cancer subgroups except ovarian can-
cer, gastrointestinal cancer, and NSCLC  
(NPC: HR=3.248, 95% CI=1.183-8.914; STS: 
HR=1.579, 95% CI=1.111-2.243; breast carci-
noma: HR=2.256, 95% CI=1.492-3.410; squa-

Figure 1. Flow chart 
of literature research 
in our meta-analysis.

included patients in Asia wh- 
ile eight involved Caucasian 
patients. HR estimation was 
provided by the authors in 29 
publications; HR values for  
the remaining six publicatio- 
ns were calculated by survival 
curves. Most of the publica-
tions evaluated Skp2 expres-
sion by IHC or tissue array. 
RT-PCR and Western blot as- 
says were carried out by Ta- 
kanami [35] and Min [25]. 

Quality assessment

The quality assessment of the 
35 publications was carried 
out by NOS quality scale, and 
66% (23/35) scored highly 
(with seven stars or more). 
Quality scores can be found in 
Table S1.

Skp2 expression and OS in 
cancer patients

Thirty-six studies including 
5,789 samples in 23 publica-
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Table 1. Characteristics of literatures included in the meta-analysis

Reference Ethnicity Cancer type Sample 
size Method Antibody (dilu-

tion) Cut off value No. of  
positive/high Skp2 location Out come

Yang, 2015 Asian Breast Carcinomas 102 IHC Cell signaling tech-
nology (1:200)

10% (high) High/low: 56/46 Nuclear/cytoplasmic DFS

Wang, 2014 Asian Nasopharyngeal carcinoma 95 IHC Invitrogen (1:200) 131.25 (OS), 128.82 (PFS) -- Nuclear OS, PFS

Tian, 2013 Asian Rectal cancer 172 IHC Zymed (1:200) 0 positive 50% high 82 (high) Nuclear CF, LRFS, MEFS, 
DSS

Lv, 2013 Asian Gastrointestinal Stromal Tumors 114 IHC Zymed (1:200) 10% high 27 Nuclear RFS

Sorbye, 2013 Caucasian Soft tissue sarcomas 193 IHC Zymed (1:10) 0 positive 176 Both OS

Liu, 2013 Asian Breast carcinoma 98 IHC Santa (1:100) 26% high 40 Both CP, OS

Liu, 2012 Asian Breast carcinoma 251 IHC Santa (1:100) 75% high 165 Cytoplasma OS, DFS

Liang, 2012 Asian Esophageal squamous cell 
carcinoma

157 TMA Invitrogen (1:40) 0 positive 68 Nuclear OS

Lu, 2012 Asian Ovarian cancer 46 IHC Zymed (1:100) 14.61% high 22 Nuclear OS

Shin, 2012 Asian Hepatocellular carcinoma 359 TMA Biocare Medica 
(1:100)

0 positive 41, 195 Nuclear/cytoplasma DFS, OS

Xu, 2011 Caucasian Nasopharyngeal carcinoma 127 TMA Invitrogen (1:40) 0 positive 96 Nuclear OS, DFS

Chen, 2011 Caucasian Melanoma 436 TMA Santa (1:100) 8 high 206 Cytoplasmic/nuclear OS, DSS

Primary melanoma 290 124 Cytoplasmic/nuclear

Metastatic melanoma 146 82 Cytoplasmic/nuclear

Nguyen, 2011 Caucasian Prostate cancer 109 IHC Generated by M. 
Pagano (1:100)

4% high 12 Nuclear RFS

Seki, 2010 Asian (CHOP-like 
therapy) R-CHOP group

Diffuse large B-cell lymphoma 425 IHC Santa 40% high 166, 91 Nuclear OS, PFS

Lu, 2009 Asian Hepatocellular carcinoma 74 IHC Zymed (1:100) 24.16% high 28 Nuclear OS

Hashimoto, 2009 Asian Intrahepatic Cholangiocarcinomas 74 IHC Santa (1:50) 20% high 36 Nuclear OS

Fang, 2009 Asian Nasopharyngeal carcinoma 233 IHC Zymed (1:100) 85 218 Nuclear DMF, OS

Huang, 2008 Asian Myxofibrosarcoma 75 TMA Zymed (1:100) 10% high 36 Nuclear OS, MEFS

Carracedo, 2008 Caucasian Head and neck squamous cell 
carcinoma

62 IHC Zymed (1:100) 37 high 24 Nuclear OS

Liu, 2008 Asian Renal cell carcinoma 482 TMA Zymed (1:100) 0 positive 71 Nuclear CSS, RFS

Huang, 2006 Asian Myxofibrosarcoma 70 TMA Zymed (1:100) 10% high 34 Nuclear OS, MEFS, DSS

Harada, 2005 Asian Oral squamous cell carcinoma 102 IHC Santa (1:100) 20% high 37 Nuclear OS

Saigusa, 2005 Asian Glioblastomas 35 IHC Zymed (1:200) 10% high 11 Nuclear OS

Shapira, 2005 Asian Colorectal tumors 80 IHC Zymed (1:100) 50% high 32 Nuclear OS

Takanami, 2005 Asian NSCLC 79 RT-PCR 0.38 high 46 Both OS

Honjo, 2005 Asian Gastric carcinoma 63 IHC Zymed (1:50) 20% high 33 Nuclear OS

Zhu, 2004 Caucasian NSCLC 95 TMA Zymed (1:100) 5 high 41 Nuclear OS, DFS

Min, 2004 Asian Acute Myelogenous Leukemia 99 WB zymed 0.7 high 57 Both DFS, OS

Sanada, 2004 Asian Biliary tract cancers 33 IHC Zymed (1:200) 10% high, 0 positive 18, 15 Nuclear OS, DFS
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Li, 2004 Asian Colorectal tumors 102 IHC Santa (1:200) 7.8% high 51 Nuclear OS

Oliveira, 2003 Caucasian Soft tissue sarcomas 182 IHC Santa (1:100) 10% high 68 Nuclear LRFS, DFS, OS, 
MEFS

Shigemasa, 2003 Asian Ovarian cancer 91 IHC Santa (1:50) 5% positive, 25% high 43 positive, 18 
high

Nuclear OS (diffuse)

Shintani, 2003 Asian Oral squamous cell carcinomas 75 IHC Zymed (1:100) 10% positive 45 Nuclear OS

Dong, 2003 Asian Laryngeal squamous cell carci-
nomas

102 IHC Santa (1:50) 25% high 37 Nuclear OS, DFS

Yang, 2002 Caucasian Prostate cancer 622 TMA M. Pagano (1:100) 0 positive, 10 high 557 positive, 
394 high

Nuclear RFS

Abbreviations: OS, overall survival; DFS, disease free survival; PFS, progression free survival; CF, clinicopathological features; LRFS, local recurrence free survival; MEFS, metastasis free survival; DSS, disease specific survival; RFS, relapse-
free survival; CP, clinicopathological parameters; DMF, distant metastasis-free; CSS, cancer-specific survival.
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mous cell carcinoma: HR=1.915, 95% CI= 
1.500-2.446; HCC: HR=1.697, 95% CI=1.016-
2.775; gastrointestinal cancer: HR=1.282, 95% 
CI=0.285-5.774; NSCLC: HR=1.381, 95% CI= 
0.674-2.829; other cancer: HR=1.726, 95% 
CI=1.309-2.276). When stratified by detection 
method or antibody, Skp2 expression was 
associated with poor OS in both the IHC group 
and the TMA group (IHC: HR=2.146, 95% 
CI=1.623-2.838; TMA: HR=1.221, 95% CI= 
1.047-1.422). Moreover, Skp2 expression was 
associated with poor OS regardless of whether 
the antibody supplier was Invitrogen, Zymed, or 
Santa Cruz (Invitrogen: HR=3.256, 95% CI= 
1.195-8.871; Zymed: HR=1.607, 95% CI=1.317-
1.960; Santa Cruz: HR=1.642, 95% CI=1.283- 
2.101). 

The cellular localization of Skp2 might affect 
the association between Skp2 expression and 
cancer OS. In the subgroup analysis by Skp2 
localization, Skp2 expression was found to be 
associated with poor OS when nuclear and 

1.718, 95% CI=1.462-2.019) (Figure 2), imply-
ing that different cut-off values might not affect 
the association between Skp2 expression and 
OS.

Skp2 expression and OS/DSS in cancer pa-
tients

Four studies including 1,114 samples evaluat-
ed Skp2 levels and DSS in cancer patients. In 
total, 40 studies including 6,903 samples were 
eligible for evaluating the association between 
Skp2 expression and cancer OS/DSS. 

Our results suggested that Skp2 expression is 
significantly associated with poor OS/DSS 
(HR=1.666, 95% CI=1.457-1.904) (Figure 3). In 
subgroup analysis, the results were in accor-
dance with those of subgroup analysis in OS. 
Overexpression of Skp2 was also shown to be 
associated with poor prognosis in both the 
Asian and Caucasian population (Asian: HR= 
2.209, 95% CI=1.740-2.805; Caucasian: 
HR=1.099, 95% CI=1.015-1.190). When strati-

Figure 2. Forest plot of effect of Skp2 expression on cancer overall survival 
by subgroup analysis of “Skp2 positive/negative” and “Skp2 high/low”.

when both nuclear and cyto-
plasmic (nuclear: HR=1.845, 
95% CI=1.546-2.202; both: 
HR=1.920, 95% CI=1.402-
2.628), while no association 
was found when localization 
was cytoplasmic (HR=1.173, 
95% CI=0.988-1.392). In the 
studies included, some strati-
fied the samples into “posi-
tive” and “negative”, while oth-
ers adopted different cutoff 
values to stratify the sampl- 
es into “high” and “low”. Th- 
erefore, we stratified the stud-
ies into “Skp2 positive/nega-
tive” and “Skp2 high/low” ac- 
cording to the different cutoff 
values and stratification meth-
ods used in all the studies. 
Since the publications includ-
ed in this study utilized differ-
ent cut-off values to distingu- 
ish patients, we stratified the 
studies into two groups: “Skp2 
positive/negative” or “Skp2 hi- 
gh/low”. Our results demon-
strated significant associatio- 
ns in both groups (positive/
negative: HR=1.513, 95% CI= 
1.258-1.821; high/low: HR= 
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Figure 3. Forest plot of effect of Skp2 expression on cancer OS/DSS.

Figure 4. Forest plot of effect of Skp2 expression on cancer DFS/RFS.

fied by detection method or antibody, Skp2 
expression was found to be associated with 

cancer DFS/RFS. There were 16 studies includ-
ing 3,390 eligible patients, among which six 

poor prognosis when asse- 
ssed by IHC or TMA (IHC: 
HR=2.143, 95% CI=1.632-
2.815; TMA: HR=1.220, 95% 
CI=1.062-1.401) regardless 
of whether the antibody sup-
plier was Invitrogen, Zymed,  
or Santa Cruz (Invitrogen: 
HR=3.256, 95% CI=1.195-
8.871; Zymed: HR=1.677, 
95% CI=1.374-2.048; Santa 
Cruz: HR=1.3563, 95% CI= 
1.256-1.946). 

Subgroup analysis by Skp2 
localization also showed that 
the cellular localization of Sk- 
p2 might affect the associa-
tion between Skp2 expression 
and cancer prognosis. Skp2 
expression was found to be 
associated with poor OS/DSS 
when nuclear and when both 
nuclear and cytoplasmic (nu- 
clear: HR=1.835, 95% CI= 
1.551-2.171; both: HR=1.920, 
95% CI=1.402-2.628), while 
no association was found wh- 
en localization was cytoplas-
mic only (HR=1.148, 95% CI= 
0.952-1.383). Significant as- 
sociation between Skp2 ex- 
pression and cancer OS/DSS 
was also found in both gro- 
ups: “Skp2 positive/negative” 
and “Skp2 high/low expres-
sion” (positive/negative: HR= 
1.561, 95% CI=1.241-1.963; 
high/low: HR=1.673, 95% CI= 
1.442-1.941). The subgroup 
analysis results showed the 
consistency of the relation-
ship between Skp2 expres-
sion and OS and DSS. 

Skp2 expression and DFS/
RFS in cancer patients

Studies reporting either DFS 
or RFS were also included to 
explore the association be- 
tween Skp2 expression and 
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Table 2. Meta-analysis of effects of Skp2 expression on OS and DFS/DSS/RFS 
na Sample size HR (95% CI) Pb I2 (Pc)

Total
    OS 36 5789 1.702 (1.475-1.964)R 0.000 80.5% (0.000)
    DFS/DSS/RFS 20 4504 1.701 (1.414-2.045)R 0.000 70.6% (0.000)
    Ethniticity
        Asian
            OS 26 3513 2.173 (1.704-2.773)R 0.000 85.4% (0.000)
            DFS/DSS/RFS 13 2442 2.002 (1.547-2.589)R 0.000 59.1% (0.004)
        Caucasian
            OS 10 2276 1.094 (1.005-1.191) 0.038 2.1% (0.419)
            DFS/DSS/RFS 7 2062 1.372 (1.088-1.731)R 0.008 68.3% (0.004)
        Cancer type (OS)
            NPC 3 455 3.248 (1.183-8.914)R 0.022 74.1% (0.021)
            STS 2 375 1.579 (1.111-2.243) 0.011 0.00% (0.751)
            Breast carcinoma 2 349 2.256 (1.492-3.410) 0.000 0.00% (0.652)
            Ovarian cancer 2 137 1.576 (0.622-3.989)R 0.337 84.9% (0.010)
            Squamous cell carcinoma 5 498 1.915 (1.500-2.446) 0.000 38.9% (0.162)
            HCC 3 792 1.697 (1.016-2.775)R 0.043 65.9% (0.053)
            Gastrointestinal cancer 3 245 1.282 (0.285-5.774)R 0.746 84.3% (0.002)
            NSCLC 2 174 1.381 (0.674-2.829)R 0.377 71.0% (0.063)
            Other 14 2764 1.726 (1.309-2.276)R 0.000 73.8% (0.000)
    Method
        IHC
            OS 22 2695 2.146 (1.623-2.838)R 0.000 86.2% (0.000)
            DFS/DSS/RFS 10 1419 1.902 (1.572-2.300) 0.000 7.6% (0.372)
        TMA
            OS 12 2916 1.221 (1.047-1.422)R 0.011 47.7% (0.033)
            DFS/DSS/RFS 9 2986 1.382 (1.114-1.715)R 0.003 71.7% (0.000)
    Antibdoy
        Invitrogen
            OS 3 379 3.256 (1.195-8.871)R 73.3% (0.024)
            DFS/DSS/RFS 2 241 3.135 (1.766-5.567) 0.000 0.0% (0.740)
        Zymed
            OS 14 1196 1.607 (1.317-1.960)R 75.4% (0.000)
            DFS/DSS/RFS 7 1123 2.337 (1.355-4.028)R 0.002 81.1% (0.000)
        Santa cruz
            OS 16 3417 1.642 (1.283-2.101)R 75.6% (0.000)
            DFS/DSS/RFS 6 1589 1.410 (1.187-1.675) 0.000 17.0% (0.304)
    Skp2 location
        Nuclear
            OS 27 3838 1.845 (1.546-2.202)R 0.000 83.6% (0.000)
            DFS/DSS/RFS 15 3257 1.867 (1.474-2.364)R  0.000 74.5% (0.000)
        Cytoplasmic
            OS 5 1482 1.173 (0.988-1.392) 0.069 40.6% (0.151)
            DFS/DSS/RFS 3 1046 1.145 (0.904-1.451) 0.262 33.8% (0.221)
        Both
            OS 4 469 1.920 (1.402-2.628) 0.000 0.0% (0.621)
            DFS/DSS/RFS 2 201 2.652 (1.395-5.041) 0.003 0.0% (0.890)
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studies reported cancer RFS and ten reported 
cancer DFS. 

Overall, high Skp2 expression was significantly 
associated with poor DFS/RFS (HR=1.798, 
95% CI=1.451-2.227) (Figure 4). The subgroup 
analysis was carried out by population, detec-
tion method, detection antibody, Skp2 distribu-
tion, cut-off value, and outcome. Skp2 expres-
sion was associated with poor DFS/RFS in both 
the Asian (HR=1.937, 95% CI=1.486-2.524) 
and Caucasian (HR=1.575, 95% CI=1.098-
2.260) population. 

Detection method and commercial antibody 
source did not affect the analysis results, as 
Skp2 expression was associated with poor 
DFS/RFS both when assessed by IHC and when 
assessed by TMA (IHC: HR=1.933, 95% CI= 
1.564-2.388; TMA: HR=1.451, 95% CI=1.101-
1.912), and regardless of whether the antibo- 
dy was purchased from Invitrogen, Zymed, or 
Santa Cruz (Invitrogen: HR=3.135, 95% CI= 
1.766-5.567; Zymed: HR=2.156, 95% CI= 
1.173-3.966; Santa Cruz: HR=1.623, 95% 
CI=1.325-1.988). The localization of Skp2 
affected the association between Skp2 expr- 
ession and DFS/RFS. When stratified by Skp2 
localization, Skp2 expression was associated 
with poor DFS/RFS when nuclear (HR=1.901, 
95% CI=1.456-2.484) but not when cytopl- 
asmic (HR=1.263, 95% CI=0.822-1.942). Si- 
gnificant association between Skp2 expre- 
ssion and cancer DFS was also found in bo- 
th groups: “Skp2 positive/negative” and “Skp2 
high/low expression” (positive/negative: HR= 
1.716, 95% CI=1.074-2.742; high/low: HR= 

1.878, 95% CI=1.437-2.454). When stratified 
by outcome, Skp2 expression was correlated 
significantly with cancer RFS and DFS (RFS: 
HR=2.135, 95% CI=1.604-2.889; DFS: HR= 
1.560, 95% CI=1.239-1.964).

Heterogeneity and sensitivity evaluation

There was heterogeneity among studies in 
overall and subgroup analyses (Table 2); there-
fore, the random-effect model was used in 
most of the analyses. To evaluate the sensi- 
tivity of our meta-analysis, we sequentially 
removed each individual study from the pooled 
HR. The results demonstrated that our meta-
analysis was statistically reliable (Figure 5).

Potential publication bias

Publication bias in our meta-analysis was eval-
uated by funnel plots and Egger’s tests. As 
shown in Figure 6, the shape of the funnel plot 
was symmetrical indicating no evidence of pub-
lication bias in our analysis.

Discussion

Skp2 has been reported to be overexpressed in 
various cancers since its discovery as the spe-
cific substrate-targeting subunit of SCF [40]. As 
an F-box protein of SCF, Skp2 also mediates  
the degradation of many tumor suppressors  
by ubiquitylation, such as p21, p57, p103, 
E-cadherin, and RhoE. Skp2 promotes p21 deg-
radation to regulate cancer cell senescence, 
and also degrades E-cadherin to promote EMT. 
Moreover, RhoE protein, which is involved in the 
regulation of cancer cell proliferation, survival, 

    Positive or high
        Positive/negative
            OS 7 1343 1.513 (1.258-1.821) 0.000 23.1% (0.253)
            DFS/DSS/RFS 4 1327 1.716 (1.074-2.742)R 0.024 79.1% (0.002)
        High/low
            OS 29 4446 1.718 (1.462-2.019)R 0.000 82.5% (0.000)
            DFS/DSS/RFS 16 3177 1.723 (1.390-2.135)R 0.000 69.4% (0.000)
        Outcome (DFS/DSS/RFS)
            RFS 6 1681 2.153 (1.604-2.889) 0.000 30.8% (0.204)
            DSS 4 1114 1.397 (0.915-2.132)R 0.122 55.4% (0.081)
            DFS 10 1709 1.560 (1.239-1.964)R 0.000 70.9% (0.000)
aNumber of comparisons. bP value of Z-test for pooled OR. The OR values with statistical significance were shown in bold 
(p<0.05). cP value of Q-test for heterogeneity test. RRandom-effects model was used when P value for heterogeneity test < 
0.05; otherwise, fixed-effects model was used. Abbreviations: OS, overall survival; DSS, disease specific survival; DFS, disease 
free survival; RFS, relapse-free survival.
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and metastasis, is also degraded by the protea-
some via Skp2. Skp2 also has SCF-independent 
functions, such as disruption of the Rb and p53 
pathways by binding to the transcriptional co-
activator p300 [41-43]. 

Thus, it is believed that multiple signaling path-
ways, such as phosphatidylinositol 3-kinase 
(PI3K)/Akt, p27, PTEN, and AR, cross-talk with 
Skp2 in various cancers to promote tumor pro-

should be included to validate our results. 
Another reason may be Skp2 isoforms. Cy- 
toplasmic Skp2 is an alternative splice form, 
Skp2B, characterized by the presence of a 
unique C-terminal domain. Cytoplasmic Skp2B 
does not regulate p27 levels [47-49]. Therefore, 
the staining of Skp2 in the cytoplasm might 
interfere with experiment results and may have 
consequently affected our analysis results. 
Skp2 cellular localization should be taken into 

Figure 5. Sensitivity analysis of the impact of Skp2 expression on cancer 
OS/DSS (A) and DFS/RFS (B).

gression [44-46]. Besides 
accelerating cell growth by 
degrading p27, the overex-
pression of Skp2 was also 
reported to be associated 
with tumor cell migration, 
invasion, metastasis, EMT, po- 
or tumor differentiation, and 
poor cancer prognosis. Thus, 
it was speculated that Skp2 
may be associated with tumor 
prognosis, and studies have 
been carried out to explore 
the association between skp2 
expression and cancer sur- 
vival. 

In this meta-analysis, we ex- 
plored the prognostic value of 
Skp2 expression in cancer. 
Our results suggested that 
high Skp2 expression is asso-
ciated with poor OS and DFS/
RFS in cancer patients. The 
prognostic impact of Skp2 
expression on OS, OS/DSS, 
and DFS/RFS remained signif-
icant in subgroup analyses 
including the analysis of popu-
lation, analysis method, detec-
tion antibody, cancer type, 
nuclear Skp2, outcome, and 
cut-off values, but excluding 
the analysis of cytoplasmic 
Skp2, ovarian cancer, gastro-
intestinal cancer, NSCLC, and 
M. Pagano (the subgroup in 
which the antibody from “M. 
Pagano” was used).

The lack of association be- 
tween Skp2 and cancer prog-
nosis in some subgroups may 
be due to the limited number 
of studies in those groups. In 
the future, more studies 
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consideration when evaluating the value of 
Skp2 expression in the assessment of cancer 
prognosis. 

Many groups reported that high expression of 
Skp2 is associated with the poor survival of 
cancer patients. To the best of our knowledge, 
this meta-analysis is the first study to system-
atically assess the association between Skp2 
expression and prognosis in various cancers, 
and the data are consistent with the known 
function of Skp2 in disease. One limitation of 
our meta-analysis is the heterogeneity between 
studies. This heterogeneity may originate from 
inconsistent parameters in evaluation proce-
dures, such as cut-off values, experimental 
methods, and patient populations. For exam-
ple, of the 35 publications included in this anal-
ysis, 26% (9/35) scored only one star in the 
exposure section, indicating that the overall 

confirm the prognostic value of Skp2 in differ-
ent types of cancer.
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quality for exposure was com-
paratively low and that hetero-
geneity existed between stud-
ies. However, our sensitivity 
analysis demonstrated that 
the results were statically sta-
ble, and that the heterogene-
ity did not affect the analysis 
results. In the future, standard 
and normalized parameters 
should be used when assess-
ing Skp2 expression and can-
cer prognosis, which may be 
helpful for the evaluation of 
the clinical impact of Skp2 
levels.

Conclusion

Our analysis revealed a sig- 
nificant association between 
Skp2 expression and OS, OS/
DSS, and DFS/RFS in various 
cancers; therefore, Skp2 
might be a predictive and 
independent marker of prog-
nosis. However, since our 
analysis has a few limitations, 
the results should be inter-
preted with caution. Large 
prospective clinical studies 
based on a rigorously de- 
signed methodology and ho- 
mogeneous cohorts of pa- 
tients are needed to further 
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Table S1. Assessment of publication quality included in the meta-analysis
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Shin (2012) ☆☆☆ ☆☆ ☆☆☆ 8
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