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We aimed to determine the presence of SKI-interacting protein (SKIP) expression 
in malignant pleural mesothelioma (MPM) and its effect on prognosis by investi-
gating SKIP correlation with the Ki-67 proliferation index and prognostic param-
eters.
Pathological preparations of the patients diagnosed with MPM between 2006 and 
2012 were evaluated. Immunohistochemical analyses were performed to evaluate 
the expression of SKIP and the Ki-67 proliferation index. Correlations between 
SKIP expression, clinicopathological factors and survival were investigated. Sur-
vival data were calculated using the Kaplan–Meier method, and Cox regression 
analysis was used to evaluate the prognostic value of the variables.
In total, 52 patients were evaluated in the study; 36 of them were male and 16 
were female. The mean age of the patients was 62.3 ±12.2 years. 
The median overall survival period was 8.5 months. Factors negatively affecting 
general survival in the univariate analysis included high SKIP expression, Ki-67 
proliferative index over 30%, presence of non-epithelioid type MPM and stage  
III-IV disease (p < 0.05). 
Cox regression analysis revealed that high SKIP expression, high Ki-67 prolifera-
tive index and presence of non-epithelioid type MPM are independent factors that 
affect the survival rate.
Higher SKIP expression is associated with poor prognosis in MPM. 
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Introduction

Malignant mesothelioma is a cancer of mesotheli-
al cells mainly originating from the pleura, although 
the pericardium, peritoneum or tunica vaginalis may 
also be affected. Malignant pleural mesothelioma 
(MPM) is related to environmental and occupational 
asbestos contact and typically has a poor prognosis. 

Although the most significant etiological agent is as-
bestos, radiotherapy and inhalation of other silicates, 
such as thorium dioxide and erionite, are other etio-
logical factors [1, 2].

Despite the therapeutic applications including 
chemotherapy, radiotherapy, immunotherapy and 
radical surgery performed in some patients, MPM 
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still has a poor prognosis, with a reported average 
survival of approximately 12 months [3, 4, 5].

Different scoring systems have been used to esti-
mate the prognosis of MPM. In these systems, per-
formance conditions, disease subtypes, age, gender 
and basic laboratory parameters of the patients were 
used [6, 7]. However, these systems have not been 
routinely used because of difficulties in evaluating 
multiple parameters and in applying them to clinical 
settings. The most important prognostic factors are 
accepted as histological type, performance condition 
of the patient and weight loss. Epithelial histology, 
early tumor stage, high performance score and ab-
sence of weight loss are factors positively affecting 
survival [6, 7]. 

Various studies have been performed to determine 
the correlation of MPM progression with markers 
such as survivin, fibulin-3 and mesothelin [8, 9, 10]. 
Although a relationship with prognosis and diagnosis 
was found for some of these markers, it was not found 
in some others. However, an immunohistochemically 
detectable marker that accurately defines the progno-
sis has not been determined yet. Therefore, a cheap, 
repeatable, effective and easy parameter is required 
to accurately predict the MPM prognosis.

Ki-67 is a nuclear non-histone protein that can 
be used as a proliferation marker because its activity 
increases during mitosis. It may also be used to eval-
uate the division speed of tumor cells [11]. Ki-67 is 
a monoclonal antibody developed against a nuclear 
antigen only available in proliferated cells. Determin-
ing Ki-67 expression levels has been demonstrated 
to be helpful in predicting the prognosis of breast 
cancer, prostate cancer and many other malignancies 
such as malign mesothelioma [12, 13, 14].

Ski-interacting protein (SKIP) is a transcriptional 
cofactor effective in oncogenesis, controlling many 
signaling pathways that have a role in cell multiplica-
tion and differentiation [15, 16]. In the early stages of 
cancer formation, up-regulation of SKIP protein has 
been detected. Increased SKIP expression in breast 
cancer, hepatocellular cancer (HCC) and bladder 
cancer was found to correlate with a poor prognosis; 
however, there have so far been no studies investigat-
ing the correlation between SKIP expression and the 
prognosis of MPM [17, 18, 19].

In the present study we aimed to identify the pres-
ence of SKIP expression in MPM and to evaluate its 
relationship with the Ki-67 proliferation index and 
prognostic parameters.

Material and methods

Local ethical approval was obtained from the Di-
cle University Medical Faculty Ethics Committee. 
The medical records and the pathologic blocks of the 
patients with MPM between 2006 and 2012 were 

retrospectively evaluated. If the patients met the fol-
lowing criteria, they were excluded from the study: 
1) the blocks were taken from the archives for consul-
tation in another centre; 2) insufficient tissue quality 
and/or quantity in available blocks; 3) patients who 
were lost to follow-up. Fifty-two formalin-fixed par-
affin-embedded tumor tissue samples and slides were 
retrieved in total from the archives of the Pathology 
Department, with relevant clinical data (gender, age 
at diagnosis and follow-up data) obtained from the 
patient records. 

Diagnostic re-evaluation of the slides of each case 
was made according to the World Health Organi-
zation classification guidelines of MPM (epithelioid, 
sarcomatoid, desmoplastic, or biphasic). The clinical 
records and histopathological diagnosis of all patients 
were fully documented. 

All cases were clinically staged in accordance with 
the tumor, node, metastasis (TNM) classification of 
MPM. 

Age (≤ 60 or > 60 years old), gender, histopatho-
logical subtype (epithelial or non-epithelial), stage of 
the disease (stage I-II or stage III-IV), low (score of 1) 
or high (score of 2 or 3) SKIP expression and Ki-67 
proliferation index (≤ 30% or > 30%) were deter-
mined as evaluation criteria.

Immunohistochemistry

Ki-67 (pre-diluted, ready-to-use; PRM 325 AA, 
rabbit monoclonal, Biocare, Concord, USA) and 
anti-SKIP antibodies (1 : 200 dilution; ab154575, 
rabbit polyclonal, Abcam, Cambridge, UK) were 
used for immunohistochemical staining. After the 
archive case slides were re-examined by light mi-
croscopy, 4-μm cross-sections were made from the 
paraffin blocks. The tissue sections were stained by 
standard immunohistochemical techniques using 
a Ventana BenchMark Ultra Automated Immunos-
tainer (BenchMark Ultra; Ventana Medical Systems, 
Tucson, AZ, USA), using heat-mediated antigen re-
trieval with citrate buffer at pH 6 and a standard di-
aminobenzidine detection kit (Ventana). Evaluations 
were made by light microscopy (Olympus BX53,  
Tokyo, Japan).

Immunostained sections were examined by two in-
vestigators (G.T and U.A.) who were blind to patient 
characteristics. Nuclear staining was accepted as Ki-
67 positivity. Approximately 500 cells were counted 
on every slide, and the evaluation of proliferative ac-
tivity (proliferation index) was made according to the 
study by Deraco et al. [20].

The SKIP expression was assessed by semi-quan-
titative (manual) scoring. Only cytoplasmic staining 
was adopted. The presence of SKIP staining in 10% 
or more of tumor cells was accepted as SKIP positivity. 
Intensity of staining was graded as weak (score of 1), 
moderate (score of 2), or strong (score of 3). 
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Statistical analysis

SPSS version 11.5 (Statistical Package for the So-
cial Sciences) was used for statistical analyses. The 
correlation of SKIP expression with the patients’ 
clinical and pathological characteristics was analyzed 
using the chi-square test. The effects of clinical and 
pathological characteristics and SKIP expression sta-
tus on general survival were evaluated by the Ka-
plan–Meier method in univariate analysis and by 
the Cox regression method in multivariate analysis. 
Results were considered statistically significant at  
a p value less than 0.05.

Results

We reviewed the medical records of 89 patients 
with MPM. Of them, 52 patients were eligible for the 
study. The mean age of the patients was 62.3 ±12.2 
years (40-83 years); 36 (69.2%) of them were male and 
16 (30.8%) were female. The distribution of MPM his-
tological types was as follows: 45 epithelioid (86.5%), 
4 sarcomatoid (7.7%) and 3 biphasic (5.8%). 

Immunohistochemistry

SKIP and Ki-67 expression was observed in all 
MPM tissues in our study (Figs. 1 and 2). SKIP stain-
ing was observed in a cytoplasmic expression pattern 
in these tissues. Nuclear staining was observed with 
Ki-67. The scoring of SKIP expression showed high 
levels of positivity in 21 cases and low levels of it in 
31 cases. The Ki-67 proliferation index was greater 
than 30% in 18 cases and equal to or lower than 30% 
in 34 cases.

There were significant differences in the expres-
sion of SKIP and the Ki-67 proliferation index in 
the epithelioid and non-epithelioid histological types 
(Table I).

Survival

The overall median survival of the patients was  
8.5 months (95% CI: 9.37-15.13).

Clinical and pathological characteristics were eval-
uated by univariate and multivariate analyses. Ac-
cording to the univariate log rank test, the survival 
period was found to be significantly shorter (p < 0.05) 

Fig. 2. Nuclear Ki-67 positivity is seen in many of the MPM cells in (A) and in a few of them in (B)

Fig. 1. High (A) and low (B) SKIP expression in MPM cells
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in relation with the Ki-67 proliferation index being 
over 30%, increased SKIP expression intensity, pres-
ence of non-epithelial histological type of MPM and 
the disease stage being III or IV during diagnosis 
(Table I). Figures 3 and 4 show the Kaplan–Meier 
survival curves of the patients compared with SKIP 
and Ki-67 expression. There was no effect of age or 
gender on the prognosis of MPM. In the multivari-
ate analysis, while it was determined that SKIP ex-
pression prevalence, Ki-67 proliferation index being 
over 30% and non-epithelial histological type had 
an independent negative effect on survival according 
to the multivariable Cox regression analysis results, 
there could not be detected any effect of advanced 
stage disease as an independent factor on survival. 
When the effects on survival were examined in Cox 
regression analysis, it was observed that high SKIP 
expression intensity, a Ki-67 proliferation index over 
30% and non-epithelioid histological type of MPM 
reduced survival by two-fold, four-fold and five-fold 
respectively (Table II). 

A Ki-67 proliferation index below 30% was found 
15.5 ±1.9 years, being over 30% was found 6.2 ±0.9 
years, 12.3 ±1.4 years in total, in those with lower 
SKIP expression 20.5 ±2.2 years, in those with high 
SKIP expression 6.6 ±1.0 years, 12.3 ±1.4 years, in 
epithelioid type 13.3 ±1.6 years, in non-epithelioid 
type as 5.7 ±1.7 years and 12.3 ±1.4 years in total.

A moderate positive correlation was observed be-
tween the Ki-67 proliferation index and SKIP ex-
pression (p = 0.011, r = 0.352).

Discussion 

To the best of our knowledge, this is the first study 
to evaluate the effect of SKIP expression on progno-
sis in MPM patients. We found that SKIP expression 
may be an indicator of poor prognosis in MPM pa-
tients. However, this study was a preliminary inves-
tigation, with a small sample size; therefore, a larger 
study is warranted to confirm the results.

Malignant mesothelioma has a poor prognosis 
and occurs due to environmental factors. Like other 
types of malignancy, it is a disease with a complex, 
heterogeneous genetic and biochemical background. 
The exact mechanisms of MPM pathogenesis are cur-
rently unclear [1, 2, 3, 4, 5]. The multifarious bio-
logical and clinical features of MPM have prompted 
the search for more useful prognostic and predictive 
markers for use in diagnosis and therapy.

Notch signaling proteins, SKIP, tumor growth fac-
tor-β signaling proteins, CBF-1, Smad2 and E7 on-
coprotein are transcriptional cofactors that play roles 
in many signaling pathways that control cell mul-
tiplication and differentiation; thus, they may also 
be involved in oncogenesis [15, 16, 21]. Increased 
SKIP protein is detected in early cancer formation, 
and SKIP expression has been described as a prom-
ising factor for predicting prognosis in HCC, breast 
cancers and bladder cancers [17, 18, 19]. The pres-
ent study also indicates SKIP expression to be useful 
for predicting poor outcome in patients with MPM. 
Biomarkers such as survivin, fibulin-3 and mesothe-
lin have also been suggested as prognostic factors to 

Table I. Survival status and clinicopathological parameters in 52 malignant pleural mesothelioma patients

parameters sKip p Ki-67 p

lOw high lOw high

Sex

Male 21 15 0.512 24 12 0.504

Female 10 6 10 6

Age (years)

≤ 60 17 9 0.286 18 8 0.386

> 60 14 12 16 10

Stage

Stage I-II 0 4 0.022 4 0 0.171

Stage III-IV 17 31 30 18

Tumor types

Epithelioid 25 20 0.038 32 13 0.041

Non-epithelioid 2 5 2 5

Ki-67

Low 16 18 0.011

High 15 3
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predict poor outcome in MPM, but they are not suf-
ficient for use as prognostic biomarkers [8, 9, 10]. 

It is known that the Ki-67 proliferation index 
increases in MPM patients and that it is related to 
poor prognosis [9, 14]. In HCC, alterations in SKIP 
expression and the Ki-67 proliferation index were 
found to be correlated, and it was reported that the 
increase of both of them is a short survey indicator in 
HCC patients [18]. In our study, an increase in SKIP 
expression and the Ki-67 proliferation index was de-
tected in MPM patients, and it was observed that the 
increase in these values was related to poor progno-
ses. It was demonstrated that the increase in Cox re-
gression analysis reduced the survival rate two-fold. 

In HCC patients, it was found that SKIP was ef-
fective in proliferation assessment similar to Ki-67. It 
has been reported that proliferation of SKIP express-
ing cells in HCC increases in G1 and S phases of the 

cell cycle [18]. It was also found that SKIP expressed 
by the retinoblastoma gene directly affects pRb pro-
tein. It was suggested that SKIP could advance tum-
origenesis by being effective in cell proliferation [16]. 
The presence of a correlation between both values in 
our study suggests that SKIP is effective in prolifer-
ation assessment in MPM patients, similarly to the 
case in HCC.

Many factors were defined regarding the prog-
nosis of MPM patients. These included age, gender, 
non-epithelioid histological type, thrombocytosis and 
different biological agents [2, 22]. We did not find 
any effect of age or gender on the prognosis of MPM. 
In the multivariate Cox regression analysis, it was 
found that the factors affecting survival were SKIP 
expression intensity, Ki-67 proliferation index and 
non-epithelioid histological type. In previous studies, 
it was reported that the Ki-67 proliferation index was 

Table II. Multivariate Cox regression analysis of overall survival in patients with malignant pleural mesotheliomas

prOgnOstiC variables hazard ratiO 95% COnfidenCe interval p

Age (years) 11.05 0.99-1.01 0.108

Sex 0.52 0.18-1.818 0.306

Stage 0.65 0.63-2.26 0.152

Histological type 2.39 1.48-4.45 0.041

Ki-67 4.56 2.25-9.25 0.03

SKIP 2.46 1.23-4.93 < 0.001

Fig. 3. Kaplan–Meier survival curves of patients com-
pared with SKIP expression

Fig. 4. Kaplan–Meier survival curves of patients com-
pared with Ki-67 proliferation index

0.00 10.00 20.00 30.00 40.00 50.00
Month

0.00 10.00 20.00 30.00 40.00 50.00
Month

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Low LowHigh High
SKIP expression Ki-67 proliferation index

O
ve

ra
ll 

Su
rv

iv
al

O
ve

ra
ll 

Su
rv

iv
al

http://www.ncbi.nlm.nih.gov/pubmed/26263483
http://www.ncbi.nlm.nih.gov/pubmed/23358691
http://www.ncbi.nlm.nih.gov/pubmed/24838326
http://www.ncbi.nlm.nih.gov/pubmed/23358691
http://www.ncbi.nlm.nih.gov/pubmed/22969998
http://www.ncbi.nlm.nih.gov/pubmed/23696020
http://www.ncbi.nlm.nih.gov/pubmed/23696020
http://www.ncbi.nlm.nih.gov/pubmed/12466551
http://www.ncbi.nlm.nih.gov/pubmed/17375514
http://www.ncbi.nlm.nih.gov/pubmed/10950889


113

SKIP and KI-67 exPreSSIon In malIgnant Pleural meSothelIomaS

higher in MPM cases and that survival periods were 
shorter [9, 14]. Similarly, the Ki-67 proliferation in-
dex was higher in non-epithelioid cases in our study. 

SKIP expression has not been studied before in 
MPM cases, but it has been reported as a prognostic 
factor in HCC, cancer of the bladder or breast [17, 18, 
19]. It has been reported that in high-grade urothelial 
carcinoma, SKIP mRNA levels increase much more 
than those in low-grade urothelial carcinoma and 
that this is associated with a decrease in the survival 
rate [19]. In breast cancer, it was reported that the 
increase in SKIP expression was correlated with an 
increase in the Ki-67 proliferative index [17]. An in-
crease in SKIP expression in the G1 and S phases was 
also reported. Additionally, it was observed that the 
increase in SKIP expression caused a decrease in p27 
values in MCF-7 and MDA-MB-231 cell lines, which 
resulted in oncogenic potential. In breast cancer cases, 
it was detected that the increase in SKIP value was 
related to lower patient survival [16, 17, 18].

In conclusion, we observed that SKIP expression 
was increased in MPM patients. The increase in SKIP 
expression was found to correlate with the Ki-67 
proliferative index, and it is an effective factor pre-
dicting the patient survival period. Although this was 
a preliminary study, we identified SKIP expression as 
a useful predictor of poor prognosis. Clinical studies 
investigating this approach will be required to con-
firm our results.

The authors declare no conflict of interest.
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