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Abstract
AIM: To evaluate the expression status of S-phase 
kinase-associated protein 2 (Skp2)/cyclin-dependent 
kinases regulatory subunit 1 (Cks1) and p27kip1, and 
assess the prognostic significance of Skp2/Cks1 expres-
sion with p27kip1 in patients with extrahepatic cholan-
giocarcinoma.

METHODS: Seventy-six patients who underwent cura-
tive resection for histologically confirmed extrahepatic 
cholangiocarcinoma at our institution from December 
1994 to March 2008 were enrolled. Immunohistochemi-
cal staining for Skp2, Cks1, p27kip1, and Ki67, along with 
other relevant molecular biologic experiments, were 
performed.

RESULTS: By Cox regression analyses, advanced age 
(> 65 years), advanced AJCC tumor stage, poorly 
differentiated histology, and higher immunostaining 
intensity of Skp2 were identified as independent prog-
nostic factors in patients with extrahepatic cholangio-
carcinoma. Exogenous epidermal growth factor (EGF, 
especially 0.1-10 ng/mL) significantly increased the 
proliferation indices by MTT assay and the mRNA levels 
of Skp2/Cks1 and p27kip1 in SNU-1196, SNU-1079, and 
SNU-245 cells. The protein levels of Skp2/Cks1 (from 
nuclear lysates) and p27kip1 (from cytosolic lysate) were 
also significantly increased in these cells. There were 
significant reductions in the protein levels of Skp2/Cks1 
and p27kip1 (from nuclear lysate) after the treatment of 
LY294002. By chromatin immunoprecipitation assay, we 
found that E2F1 transcription factor directly binds to 
the promoter site of Skp2 .

CONCLUSION: Higher immunostaining intensity of 
Skp2/Cks1 was an independent prognostic factor for 
patients with extrahepatic cholangiocarcinoma. EGF 
upregulates the mRNA and protein levels of Skp2/Cks1 
and p27kip1 via  the PI3K/Akt pathway and direct binding 
of E2F1 transcription factor with the Skp2  promoter.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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cdk2 and cdk1 activities that promote entry into DNA 
synthesis and mitosis, respectively[8-10]. The important role 
of  Skp2 in promoting entry into the S phase, mainly by 
promoting p27kip1 destruction, was observed in cell-free 
systems, cell cultures, and in animal models[9-12]. Those 
findings raised the question of  whether the low levels of  
p27kip1 in human cancers are caused by increased expres-
sion of  Skp2.

Cyclin kinase subunit 1 (Cks1) is an additional pro-
tein that has a role in efficient interaction between the 
Skp2 ubiquitin ligase complex and its substrate p27kip1. 
The critical role of  Cks1 in targeting p27kip1 was indicated 
in the studies which demonstrated the lack of  p27kip1 

ubiquitylation and breakdown in the absence of  Cks1 in 
vitro in cell-free systems[13] and the slow cell proliferation 
and accumulation of  p27kip1 in Cks1 nullizygous mice in 
vivo[14]. The expression of  Cks1 mRNA and protein levels 
is strongly correlated with the expression of  Skp2 protein 
levels and inversely with those of  p27kip1 levels in colorec-
tal, breast, gastric, prostate, oral epithelial, and non-small 
cell lung cancers[15-21]. In some of  these cancers, including 
breast, colorectal, and gastric cancers, Skp2 and Cks1 ex-
pression were independent prognostic markers and pro-
vided additional prognostic information in these cancer 
patients[22-25].

To our knowledge, there have been no reports con-
cerning the expression status and the prognostic implica-
tion of  Skp2 and Cks1 in extrahepatic cholangiocarcino-
ma. The overall objective of  our study is to evaluate the 
expression status of  Skp2/Cks1 and p27kip1, and assess 
the significance of  Skp2/Cks1 expression with p27kip1 as 
a predictive prognostic marker in patients with extrahe-
patic cholangiocarcinoma. Additionally, we explored the 
molecular biologic mechanisms for the overexpression of  
Skp2/Cks1 and down-regulation of  p27kip1 using the in-
trahepatic and extrahepatic cholangiocarcinoma cell lines.

MATERIALS AND METHODS
Patients
Archived paraffin embedded tissue blocks of  76 cases of  
extrahepatic cholangiocarcinoma who underwent cura-
tive surgery at Kangbuk Samsung Hospital from January 
1994 to March 2008 were included in our study. Medical 
records and laboratory data of  each patient were retro-
spectively reviewed. Survival data (including overall and 
recurrence free survival) were collected by review of  
medical records and contact with patients or their rela-
tives by telephone interview. This study was conducted 
in accordance with the principles of  the Declaration of  
Helsinki. Our study protocol was approved by the Ethics 
Committee of  Kangbuk Samsung Hospital (C0653, ap-
proved at 2009-4-23).

Materials
The following primary or secondary antibodies were 
used: anti-Skp2 (Invitrogen, 32-3300), anti-p27kip1 (BD 
Biosciences, 610241), anti-Cks1 (Invitrogen, 36-6800), 
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Core tip: Based on the idea that S-phase kinase-
associated protein 2 (Skp2) and p27kip1 might play a 
role in the pathogenesis and disease progression of 
patients with extrahepatic cholangiocarcinoma, im-
munohistochemical staining for Skp2, cyclin-dependent 
kinases regulatory subunit 1 (Cks1), p27kip1, and Ki67, 
along with other relevant molecular biologic experi-
ments, were performed in tissue samples and human 
cholangiocarcinoma cell lines. Higher immunostaining 
intensity of Skp2 was an independent prognostic fac-
tor in patients with extrahepatic cholangiocarcinoma, 
and exogenous epidermal growth factor upregulates 
mRNA and protein levels of Skp2/Cks1 and p27kip1 in 
SNU-1196, SNU-1079, and SNU-245 cells. By chromatin 
immunoprecipitation assay, we found that E2F1 tran-
scription factor directly binds to the promoter site of 
Skp2 .
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INTRODUCTION
Human extrahepatic cholangiocarcinoma (CC) is a highly 
malignant epithelial cancer of  the biliary tract with high 
morbidity and mortality. Although certain conditions are 
associated with greater risk (i.e., sclerosing cholangitis[1] 
and hepatolithiasis[2,3]), most cases are sporadic. Despite 
the current knowledge of  etiology and pathology of  CC, 
its cellular and molecular pathogenesis is still poorly un-
derstood.

Ubiquitin-directed protein degradation plays an im-
portant role in regulating a broad spectrum of  biologic 
processes, including transcription, signal transduction, 
cell cycle progression, apoptosis, cell growth, differ-
entiation, and development. Proteins that are targeted 
for degradation by this mechanism undergo a series of  
ubiquitin-modification steps carries out by the succes-
sive activity of  E1 (activating), E2 (conjugating), and E3 
(ligating) ubiquitin enzymes[4,5]. SCF (Skp, Cullin, F-box 
containing complex) complexes belong to a large fam-
ily of  multi-subunit E3 ubiquitin ligases that select and 
ubiquitinate specific proteins for targeted destruction by 
the 26S proteasome.

S-phase kinase associated protein 2 (Skp2) is the sub-
strate-recognition subunit of  the SCFskp2 E3 ligase com-
plex. Several lines of  evidence from both biochemical 
and genetic studies have shown that Skp2 is required for 
cell cycle progression at multiple stages, including G1/S 
transition, S phase progression, and S/G2 transition[6-8]. 

A principal substrate responsible for these activities of  
Skp2 in the cell cycle phases is p27kip1, an inhibitor of  



anti-Ki-67 (Dako), monoclonal mouse anti-E2F1 (Abcam, 
ab483), and monoclonal mouse anti-β-actin (Abcam, 
ab8226). PI3K inhibitor LY294002 and mitogen activated 
protein kinase (MAPK) inhibitor PD169316 were pur-
chased from Calbiochem.

Immunohistochemistry
Immunohistochemical staining for Skp2, Cks1, p27kip1, 
and Ki67 were performed using the relevant microarray 
tissue blocks of  cholangiocarcinoma. The tissue sec-
tions (4 µm) were cut, placed on silane-pretreated slides, 
deparaffinized, and rehydrated through graded alcohols. 

Antigen retrieval was performed by microwave heating at 
high power (750 W) in 10 mmol/L sodium citrate buffer 
(pH = 6) for 4 cycles of  5 min each. Slides were then al-
lowed to cool for 30 min prior to incubation with either 
the primary antibodies targeting Skp2 (2C8D9, 1:100, 
Zymed), Cks1 (4G12G7, 1:250, Zymed), p27kip1 (1B4, 
1:20, Zymed), or Ki-67 (MIB-1, 1:100, DAKO) for 1 h 
at room temperature. Staining was performed with the 
Envision Monoclonal System (Dako, Carpinteria, CA, 
United Sates). The reaction was developed with DAB. 
Slides were counterstained with Mayer’s hematoxylin and 
mounted. Incubation without the primary antibody was 
used as a negative control.

Two pathologists (Sohn JH and Chae SW) blinded to 
the follow-up data independently evaluated the immuno-
histochemically stained slides. If  there were discrepan-
cies between them, the results were read again by both 
pathologists together. The staining intensities of  Skp2, 
Cks1, and p27kip1 were semi-quantitatively measured at × 
400 magnification, and staining intensity of  the nucleus 
and cytoplasm was independently categorized as no stain-
ing (intensity = 0), weak (intensity = 1), moderate (inten-
sity = 2), or strong (intensity = 3, Figure 1). The number 
of  staining positive cells was expressed as a percentage 
of  the total number of  epithelial cells and assigned to the 
one of  five categories: score 0, < 5%; score 1, 5%-25%; 
score 2, 26%-50%; score 3, 51%-75%; score 4, > 75%. 
The percentage score of  staining positive tumor cells and 
the staining intensity were multiplied to produce an im-
munoreactive score (IS) for each tumor specimen. Ki-67 
immunostaining results (Ki-67 LI) were recorded as the 
percentage of  immunoreactive cells over at least 2000 tu-
mor cells randomly selected from the periphery of  each 
of  the invasive carcinoma in the surgical specimens. The 
slides were examined under a Leica DMR microscope 
and images were captured using a Leica digital camera 
(Leica Microsystems Inc., 1700 Leider Lane, Buffalo 
Grove, IL, United States). Immunoreactive cells were 
counted randomly with a minimum of  20 high-power 
fields (× 400), with the help of  an image computer ana-
lyzer (ImageJ, Image Processing and Analysis in Java).

Cell lines and culture
Human intrahepatic duct cancer cells SNU-1079 (KCLB 
No. 01079), human hepatic duct bifurcation site cancer 
cells SNU-1196 (KCLB No. 01196), and human common 

bile duct cancer cells SNU-245 (KCLB No. 00245) were 
maintained in RPMI1640 medium supplemented with 
L-glutamine (300 mg/L), 25 mmol/L HEPES, 25 mmol/
L NaHCO3 (90%), and 10 % heat inactivated fetal bovine 
serum[26].

Cell proliferation assay
A total of  3 × 103 cells were seeded into 96-well plates 
and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tet-
razolium bromide, M5655, Sigma, St. Louis, MO, United 
States] was added to each well every 24 h. The plates 
were incubated at 37 ℃ for 4 h followed by addition of  
100 μL lysate (10% SDS in 0.01 mol/L HCl). The absor-
bance was measured at 490 nm using an ELISA micro-
plate reader.

Quantitative polymerase chain reaction
Total RNA was extracted from the cells using the TRIzol 
Reagent (Invitrogen), and was reverse-transcribed into 
complementary DNA with the Takara RNA PCR Kit 
(TAKARA Bio Inc., Otsu, Shiga, Japan). Quantification 
of  the complementary DNA template was performed 
with a quantitative polymerase chain reaction (qPCR, 
T3000 thermocycler, Biometra GmbH, Goettingen, Ger-
many) using Thermocycler Manager Software (V4.11, 
Biometra GmbH, Goettingen, Germany). PCR primers 
are as follows: Skp2: forward, 5’-CCAGCAAGACTTCT-
GAAC-3’, reverse, 5’-GGAGGCACAGACAGGAAA-3’; 
p27kip1: forward, 5’-GCAACCGACGATTCTTCTAC-3’, 
reverse, 5’-GTCCATTCCATGAAGTCAGC-3’; Cks1: 
forward, 5’-CCCACTACCCAAGAAACCAA-3’, re-
verse, 5’-CCGCAAGTCACCACACATAC-3’; E2F1 for-
ward: 5’-CGTGAGCGTCATGGCCTTGG-3’, reverse: 
5’-GGCGTCCCTGGGGTCCGTAC-3’; β-actin for-
ward: 5’-CAAGAGATGGCCACGGCTGCT-3’, reverse: 
5’-TCCTTCTGCATCCTGTCGGCA-3’.

Immunoblot analysis
Various concentration of  exogenous EGF (0.01-100 
ng/mL) were added onto cultured tumor cell lines. Cells 
were directly lysed for 30 min on ice with lysis buffer [50 
mmol/L Tris-HCl (pH = 7.4), 1% Nonidet P-40, 0.25% 
sodium deoxycholate, 150 mmol/L NaCl, 1 mmol/L 
EDTA, 1 mmol/L PMSF, 1 µg/mL aprotinin, 1 µg/mL 
leupeptin, 1 µg/mL pepstatin, 1 mmol/L Na3VO4, and 
1 mmol/L NaF). After centrifugation at 13000 g for 15 
min, protein concentrations were measured using Brad-
ford’s reagent (Bio-Rad, Hercules, CA, United States), 
and protein was denatured by boiling for 10 min. Protein 
(25 µg) was loaded onto 10% SDS-PAGE and then trans-
ferred onto nitrocellulose membranes. After blocking 
with 5% milk in TBST (137 mmol/L NaCl, 25 mmol/L 
Tris and 1 mmol/L disodium ethylenediaminetetraacetate 
containing 0.1% Tween-20), the membranes were incu-
bated with appropriate primary antibodies at a dilution 
of  1:1000 at 4 ℃ overnight. After washing with TBST 
three times (each for 10 min), the membranes were incu-
bated with their corresponding horseradish peroxidase-
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amplified PCR products was quantitated using qPCR as 
described in the qPCR section.

Statistical analysis
Continuous variables were compared by Student’s t test 
and one-way ANOVA. Categorical variables were evalu-
ated using the χ 2 or two-tailed Fisher exact test. For 
comparison of  overall survival between the patient group 
with each immunohistochemical staining intensity and IS, 
Kaplan-Meier analyses with Log-rank comparisons were 
performed. Multivariate logistic regression analysis was 
performed to identify independent prognostic factors. 
All tests were 2-sided, and a P value of  less than 0.05 was 
considered statistically significant. Statistical analysis was 
conducted using the PASW statistics package 18 (IBM, 
Armonk, New York, NY, United States).

RESULTS
Clinicopathologic characteristics and 
immunohistochemical expressions of Skp2, Cks1, Ki-67, 
and p27kip1

The baseline clinicopathologic characteristics of  the 76 
patients with extrahepatic cholangiocarcinoma enrolled 
in the current study are listed in Table 1. Immunohis-
tochemical staining showed that Skp2, Cks1, and Ki67 
proteins were expressed in the nuclei of  cancer cells (Fig-
ure 1A-C). The staining pattern of  p27kip1 was somewhat 
heterogeneous. The pattern of  nuclear staining was most 
noticeable, some of  which were expressed as diffuse 
cytoplasmic staining (Figure 1D). The results of  the im-
munohistochemical staining for Skp2, Cks1, Ki67, and 
p27kip1 were as follows. Skp2 intensity: 0, 32 (42.1%); 1, 
21 (27.6%); 2, 16 (21.1%); 3, 7 (9.2%); Cks1 intensity: 0, 9 
(11.8%); 1, 24 (31.6%); 2, 37 (48.7%); 3, 6 (7.9%); p27kip1 
intensity: 0, 23 (30.3%); 1, 31 (40.8%); 2, 15 (19.7%); 3, 7 
(9.2%); Ki67: negative, 33 (43.4%); positive, 43 (56.6%). 

The staining intensity of  Skp2 and Cks1 showed sig-
nificant linear correlation (Pearson’s r = 0.427, P < 0.01). 
The staining intensity of  Skp2 and Cks1 also showed sig-
nificant linear correlations with the staining intensity of  
p27kip1 (Pearson’s r = 0.314, P < 0.01 for Skp2 and p27kip1; 
Pearson’s r = 0.403, P < 0.01 for Cks1 and p27kip1). The 
Ki-67 labeling index (LI) significantly increased as the 
staining intensity of  Skp2 and Cks1 increased (P < 0.01). 
However, the staining intensity of  p27kip1 did not corre-
late with the Ki-67 LI (Figure 2).

By Kaplan-Meier analyses, a tumor size larger than 2 
cm (P < 0.01, Figure 3A), advanced AJCC stage (P < 0.01, 
Figure 3B), moderately and poorly differentiated histol-
ogy (P < 0.01, Figure 3C), R1 resection (P < 0.01, Figure 
3D), presence of  angiolymphatic tumor invasion (P = 
0.036, Figure 3E), and stronger immunostaining intensity 
of  Skp2 (P < 0.01, Figure 3F) were significantly associ-
ated with shorter survival for patients with extrahepatic 
cholangiocarcinoma.

To explore the independent and significant prognostic 
factors for patients with extrahepatic cholangiocarcino-

conjugated secondary antibodies at a dilution of  1:1000 
at room temperature for 1 h. After washing with TBST 
three times (each for 10 min), bound antibodies were 
visualized using enhanced chemiluminescent substrates 
(Amersham, Arlington Heights, IL, United States). For 
nuclear and cytoplasmic extracts, cells were processed 
using the Thermo Scientific NE-PER Nuclear and Cy-
toplasmic Extraction Kit (Thermo Fisher Scientific Inc. 
Rockford, IL, United States), according to the manufac-
turer’s instructions.

Chromatin immunoprecipitation assay
Chromatin immunoprecipitation assay was performed us-
ing a commercially available assay kit (#17-229, Upstate 
Biotechnology, Lake Placid, NY, United States) according 
to the manufacturer’s instructions. Cells were briefly in-
cubated with 1% formaldehyde in media at 37 ℃ for 15 
mitosis cross-link DNA and DNA-binding proteins. Af-
ter washing in PBS, cells were collected and lysed within 
the 200 µL sodium dodecyl sulfate lysis buffer supplied 
by the kit. The cell extracts were sonicated with four sets 
of  10-s pulses using a sonicator (Sonifier cell disruptor; 
Heat Systems Ultrasonics, Plainview, NY, United States) 
equipped with a 2-mm tip and set to 30% of  maximum 
power to shear the DNA into 200- to 1000-bp fragments, 
and then centrifuged at 13000 g for 10 min. The DNA 
concentration in the supernatant was quantitated by mea-
suring absorbance at 260 nm. Samples containing 200 µg 
DNA was diluted with the chromatin immunoprecipita-
tion dilution buffer to a final volume of  2050 µL. Fifty 
microliters from each sample was removed as a non-
immunoprecipitation input control. After preclearing 
the sample with 75 µL salmon sperm DNA/protein A 
agarose slurry at 4 ℃ for 30 min, the target protein E2F1 
was immunoprecipitated with 2 µg anti-E2F1 mono-
clonal antibody at 4 ℃ overnight with rotation using a 
multipurpose rotator (Model 151; Scientific Industries, 
Bohemia, NY, United States). A mock immunoprecipita-
tion without antibody was also performed. Next, 60 µL 
of  the salmon sperm DNA/protein A agarose slurry was 
added and incubated at 4 ℃ for 60 min. After washing 
the agarose beads, the protein A-agarose immune com-
plexes were eluted, in two separate 250-µL aliquots, in 
elution buffer (1% SDS, 0.1 mol/L NaHCO3) at room 
temperature for 30 min. Twenty-five microliters of  each 
eluent was used for immunoblot analysis to determine the 
immunoprecipitation efficiency. Following the addition 
of  5 mol/L NaCl (20 µL), protein-DNA cross-linking 
was reversed by heating at 65 ℃ for 5 h. After digestion 
with 2 µL of  10 mg/mL proteinase K at 45 ℃ for 1 h, 
DNA fragments were purified via phenol/chloroform 
extraction and ethanol precipitation, and the DNA pellet 
was dissolved in 20 µL water. The following PCR primers 
were employed to amplify the 238-bp product spanning 
the E2F1-specific binding site identified in the 5’-flanking 
region of  the human Skp2 gene: forward, 5’-GAGAGA-
GACAGGGCAATCATACAC-3’; reverse, 5’-ATCAC-
CAGAAGGCCTGCGGGCT-3’. The copy number for 
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ma, we performed Cox regression analyses with the for-
ward stepwise conditional method. As a result, advanced 
age (> 65 years), advanced AJCC tumor stage, histologic 
type of  tumor, and immunostaining intensity of  Skp2 
were identified as independent and significant prognostic 
factors for patients with extrahepatic cholangiocarcinoma 
(Table 2).

Exogenous EGF increased the proliferation indices, 
mRNA, and protein levels of SKP2/Cks1 and p27kip1 in 
SNU-1196, SNU-1079, and SNU-245 cells
qPCR and western blotting for Skp2/Cks1 and p27kip1 
after the exogenous treatment of  variable concentrations 
of  EGF into the cell culture mediums were subsequently 
performed. Exogenous EGF (especially 0.1-10 ng/mL) 
significantly increased the proliferation indices of  
SNU-1196, SNU-1079, and SNU-245 cells by MTT assay 
(Figure 4). 

Exogenous EGF (especially 0.1-10 ng/mL) signifi-
cantly upregulated the mRNA levels of  SKP2/Cks1 and 
p27kip1 in SNU-1196 (Figure 5A), SNU-1079 (Figure 5B), 
and SNU-245 cells (Figure 5C). 

The protein levels of  SKP2/Cks1 (from nuclear ly-
sates) and p27kip1 (from cytosolic lysate) were significantly 
increased in SNU-1196 (Figure 6A), SNU-1079 (Figure 
6B), and SNU-245 cells (Figure 6C) after exogenous 
treatment of  variable concentrations of  EGF into the 
cell culture mediums. 

Protein levels of SKP2/Cks1 were dependent upon PI3K/
Akt pathway
To explore the intracellular signal transduction pathways 
responsible for the upregulation of  the mRNA and 
protein levels of  Skp2/Cks1, we treated the 3 cholan-
giocarcinoma cell lines with LY294002 (PI3K inhibitor, 
5 µmol/L) and PD0325901 (MEK1/2 inhibitor, 100 
nmol/L). There were significant reductions in the protein 
levels of  SKP2/Cks1 and p27kip1 (from nuclear lysate) af-
ter the treatment of  LY294002. However, there were no 
significant changes in the protein levels of  SKP2/Cks1 
and p27kip1 (from nuclear lysate) after the treatment of  
PD0325901 (Figure 7).

E2F1 transcription factor binds to the promoter region 
of Skp2 gene
Because the PI3K signaling pathway regulates Skp2 tran-
scription and the molecular mechanism linking PI3K sig-
naling to the Skp2 gene is unclear, we investigated Skp2 
regulation more precisely. To show transcriptional control 
of  Skp2 after the addition of  10 ng/mL of  EGF, we did 
chromatin immunoprecipitation (ChIP) assays. As shown 
in Figure 8, E2F1 transcription factor directly binds to 
the promoter site of  Skp2.

DISCUSSION
Skp2 and Cks1, the ubiquitin ligase subunits that target 
p27kip1 for degradation, are commonly overexpressed in 

Table 1  Clinicopathologic characteristics and immunohisto-
chemical expressions in 76 patients with extrahepatic cholan-
giocarcinoma

Parameters n  (%)

Sex Male 47 (61.8)
Female 29 (38.2)

Age mean ± SD 63.1 ± 9.3
Surgical resection CBD segmental Resection 32 (42.1)

Whipple or PPPD 44 (57.9)
Tumor size ≥ 2 cm 48 (63.2)

< 2 cm 28 (36.8)
American Joint Commis-
sion on Cancer stage

ⅠA 10 (13.2)
ⅠB 18 (23.7)
ⅡA 20 (26.3)
ⅡB 26 (34.2)
Ⅲ 1 (1.3)
Ⅳ 1 (1.3)

Histologic type Well-differentiated 19 (25.0)
Moderately-differentiated 46 (60.5)
Poorly-differentiated 11 (14.5)

Resection margin R0 57 (75.0)
R1 19 (25.0)

Angiolymphatic 
invasion

Absent 31 (40.8)
Present 45 (59.2)

Perineural invasion Absent 36 (47.4)
Present 40 (52.6)

Regional lymph nodes 
involvement

Absent 49 (64.5)
Present 27 (35.5)

Skp2 immunostaining Intensity
0 32 (42.1)
1 21 (27.6)
2 16 (21.1)
3 7 (9.2)
Immunoreactive score 
0 43 (56.6)
1 10 (13.2)
2 15 (19.7)
3 6 (7.9)
6 2 (2.6)

Cyclin-dependent 
kinases regulatory 
subunit 1 
immunostaining

Intensity
0   9 (11.8)
1 24 (31.6)
2 37 (48.7)
3 6 (7.9)
Immunoreactive score 
0 24 (31.6)
1 12 (15.8)
2 26 (34.2)
3 1 (1.3)
4   8 (10.5)
6 4 (5.3)
9 1 (1.3)

p27kip1 immunostaining Intensity
0 23 (30.3)
1 31 (40.8)
2 15 (19.7)
3 7 (9.2)
Immunoreactive score
0 29 (38.2)
1 22 (28.9)
2 6 (7.9)
3 2 (2.6)
4   8 (10.5)
6 7 (9.2)
9 2 (2.6)

Ki-67 LI mean ± SD 4.0 ± 6.7

CBD: Common bile duct; LI: Labeling index; PPPD: Pylorus preserving 
pancreatoduodenectomy; Skp2: S-phase kinase-associated protein 2.
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× 400, Ki67 (-) × 400, Ki67 (+)

× 200, intensity 0 × 400, intensity 1

Ki67

× 400, intensity 2 × 400, intensity 3

× 200, cytoplasmic staining × 200, cytoplasmic staining

p27kip1

C

D

Figure 1  Results of immunohistochemical staining. A-C: Immunohistochemistry for (A) Skp2, (B) Cks1, and (C) Ki67 proteins showed that stains were mainly ex-
pressed in the nuclei of cancer cells; D: The staining pattern of p27kip1 was somewhat heterogeneous. The pattern of nuclear staining was mainly noticed, and some of 
them were expressed as diffuse cytoplasmic staining. The staining intensity of Skp2, Cks1, and p27kip1 was classified as follows: 0, no staining; 1, weak; 2, moderate; 
3, strong. The staining pattern of Ki-67 was nuclear and classified as positive or negative. At least 20 high-power fields will be randomly chosen, and 2000 cells will be 
always counted. Skp2: S-phase kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.
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human cancers[21-25]. p27kip1 is a negative regulator of  the 
cell cycle that plays an important role in tumor suppres-
sion. Loss of  p27kip1 secondary to enhanced ubiquitin-
mediated degradation results in uncontrolled prolifera-
tion and promotes tumor progression. In the present 
study, the positive immunoreactivity of  Skp2 and Cks1 

were noted in a significant proportion of  patients with 
extrahepatic cholangiocarcinoma, and the positive immu-
noreactivity of  Skp2 was a significant and independent 
prognostic factor in these patients. The expression of  
Skp2 was examined in a previous study by Sanada et al[27], 
in which they found a significant association between in-
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Figure 2  Relationship among the immunostaining intensity for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1, 
p27kip1, and Ki-67 LI. Ki-67 LI significantly increased as the staining intensity of Skp2 and Cks1 increased. Ki-67 LI showed no significant correlation with the staining 
intensity of p27kip1. Statistical analyses were performed by one-way ANOVA. bP < 0.01 between groups. Skp2: S-phase kinase-associated protein 2; Cks1: Cyclin-
dependent kinases regulatory subunit 1.
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Figure 3  Results of Kaplan-Meier survival analysis. By Kaplan-Meier survival analysis, tumor size larger than 2 cm (A), advanced American Joint Commission on 
Cancer stage (B), tumor differentiation (C), R1 resection (D), angiolymphatic tumor invasion (E), and the intensity of Skp2 immunostaining (F) were significantly asso-
ciated with overall survival in patients with extrahepatic cholangiocarcinoma. Skp2: S-phase kinase-associated protein 2.
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creased levels of  Skp2 protein and poor prognosis in pa-
tients with biliary tract carcinoma. However, in this study, 
the enrolled number of  patients was relatively small (n 
= 33) and enrolled heterogeneous groups of  patients, 
including extrahepatic bile duct and gallbladder cancers. 
In the current study, the staining intensity of  Skp2 had 
significant linear correlations with those of  Cks1 and 
nuclear p27kip1. Notably, Ki-67 LI significantly increased 
as the staining intensity of  Skp2 and Cks1 increased (P < 

0.01, Figure 2). However, Ki-67 LI showed no significant 
correlations with the staining intensity of  p27kip1.

The lack of  an inverse correlation between Skp2 and 
p27kip1 has been reported in several other types of  solid 
tumors[28-30], as well as in biliary tract cancer[27]. These 
observations might be explained, at least partly, by ad-
ditional oncogenic properties of  Skp2 when it acts on 
target molecules other than p27kip1 and/or by additional 
molecular events involving p27kip1 proteolysis. Interest-
ingly, the staining intensity of  Ki67, a marker of  cell 
proliferation, was significantly associated with that of  
nuclear p27kip1. Our results indicate that the observations 
in which low levels of  p27kip1 in aggressive human can-
cers may be caused by increased expression of  Skp2 that 
targets p27kip1 for ubiquitin-mediated degradation did not 
apply to extrahepatic cholangiocarcinoma. The specific 
findings in need of  alternative explanatory hypotheses in 
extrahepatic cholangiocarcinoma are the lack of  an in-
verse correlation between p27kip1 and Skp2 levels and the 
apparent paradox of  both increased expression of  Skp2 
and p27kip1. Plausible explanations for these observations 
need further experiments. However, an independent 
mechanism of  action for oncogenic Skp2 protein and 
tumor-suppressive p27kip1 in extrahepatic cholangiocarci-
noma may be involved.

Conversely, it seems evident that oncoprotein Skp2 
is an independent prognostic marker in patients with 
extrahepatic cholangiocarcinoma, like many other solid 
tumors[16-24]. It was repeatedly shown that Skp2 is an accu-
rate and independent prognostic marker for disease-free 
and overall survival. Nevertheless, despite the increasing 

Figure 4  MTT assay after the addition of exogenous epidermal growth factor. Exogenous epidermal growth factor (EGF) (especially 0.1-10 ng/mL) significantly 
increased the proliferation indices of SNU-1196, SNU-1079, and SNU-245 cells. Statistical analyses were performed by one-way ANOVA. bP < 0.01 vs control. Data 
are representative of triplicate experiments.
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Table 2  Independent and significant prognostic factors for 
patients with extrahepatic cholangiocarcinoma

Parameters Category OR 95%CI P  value

Age > 65 yr   2.707 1.341-5.464 < 0.01
AJCC stage ⅠA

ⅠB   2.543 0.695-9.306    0.159
ⅡA   0.801 0.185-3.477    0.767
ⅡB   3.534   1.041-11.997    0.043
Ⅲ 16.446     1.370-197.470    0.027
Ⅳ 92.965       5.585-1547.531 < 0.010

Histologic type Well-
differentiated
Moderately-

differentiated
  6.041   2.146-17.006 < 0.010

Poorly-
differentiated

  5.620   1.586-19.917 < 0.010

Immunostaining 
intensity of Skp2

0
1   1.308 0.571-2.994    0.526
2   3.782 1.581-9.051 < 0.010
3   2.312 1.127-6.941    0.048

AJCC: American Joint Commission on Cancer; Skp2: S-phase kinase-
associated protein 2.
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Figure 5  Results of quantitative polymerase chain reaction for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1, and p27kip1 
after the addition of exogenous epidermal growth factor in (A) SNU-1196, (B) SNU-1079, and (C) SNU-245 cells. Data are representative of triplicate experiments. 
Statistical analyses were performed by one-way ANOVA. bP < 0.01 vs control. EGF: Exogenous epidermal growth factor; Skp2: S-phase kinase-associated protein 2; Cks1: 
Cyclin-dependent kinases regulatory subunit 1.
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evidence showing that Skp2 may more accurately stratify 
and subgroup patients at risk, there are no studies at pres-
ent that have clinically implicated its application in the 

clinical decision process, such as adding adjuvant chemo-
therapy in patients with extrahepatic cholangiocarcinoma 
who underwent cure-intent surgical resection.
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Figure 6  Results of western blotting for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1, and p27kip1 after the addition 
of exogenous epidermal growth factor in (A) SNU-1196, (B) SNU-1079, and (C) SNU-245 cells. Data are representative of triplicate experiments. Skp2: S-phase 
kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.
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The precise mechanisms that regulate Skp2 expres-
sion in cancer are not fully understood at present. 
Identification of  the regulatory mechanism(s) leading 
to increased Skp2 expression may offer new insight 
into the control of  tumor cell proliferation. A previous 
report[29] showed that Skp2 gene amplification is likely 
to be associated with an advanced stage of  tumor pro-

gression, while other control mechanisms not involving 
a gross genomic alteration are involved in the initial ac-
cumulation of  Skp2 mRNA during oncogenesis. This 
implies a change in the rate of  either transcription or 
mRNA degradation. Their analyses revealed no signifi-
cant differences in the half-life of  Skp2 mRNA between 
non-transformed and transformed human cell lines. 
Therefore, one plausible mechanism is a dysregulated 
transcription of  Skp2 mRNA and a resultant increased 
level of  Skp2 protein. The roles of  EGF in human chol-
angiocarcinoma cells were reported to be sustained EGF 
receptor (EGFR) activation, extended -42/44 MAPK ac-
tivation, and increased cell proliferation[31]. EGFR kinase 
inhibitors also effectively attenuated cellular growth of  
human cholangiocarcinoma cells. In this study, we show 
for the first time that transcription of  Skp2 mRNA and 
translation of  Skp2 protein were significantly increased 
after the exogenous addition of  variable concentrations 
of  EGF in human cholangiocarcinoma cell lines. A 
previous report[32] showed that Skp2 is a novel target of  
E2F regulation and that the SKP2 gene contains a func-
tional E2F response element. Moreover, an increase in 
DP-1, a coactivator of  the E2F family and E2F3, was re-
ported to be involved in the proliferation-enhancing ef-
fect of  EGF[33]. In order to elucidate the transcriptional 
control of  Skp2 in human cholangiocarcinoma cells, we 
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Figure 8  Binding of E2F1 transcription factor to the promoter region of 
Skp2 gene. Chromatin immunoprecipitation assay shows the direct binding of 
E2F1 transcription factor to the promoter region of the Skp2 gene after the addi-
tion of 10 ng/mL of EGF in SNU-245, SUN-1196, SUN-1079, and NIH3T3 cells.
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Figure 7  Effect of LY294002 (PI3K inhibitor, 5 μmol/L), and PD0325901 (MEK1/2 inhibitor, 100 nmol/L) on the protein levels of S-phase kinase-associated 
protein 2/Cyclin-dependent kinases regulatory subunit 1 and p27kip1 in SNU-1196, SNU-1079, and SNU-245 cells. Data are representative of triplicate experiments. 
Skp2: S-phase kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.
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performed ChIP assays after the addition of  10 ng/mL 
EGF, with the results showing that the E2F1 transcrip-
tion factor directly binds to the promoter site of  Skp2 
(Figure 5). E2F1 transcription factor is known to be a 
downstream target of  variable growth factors, such as 
EGF and TGF-α. Disruption of  the E2F/RB regulatory 
pathway is known to be a major contributor to increased 
E2F expression in many human tumors. Our finding 
that E2F1 that directly binds to the SKP2 promoter of-
fers a relevant mechanism for the upregulated Skp2 ex-
pression in human cholangiocarcinoma cells and may be 
served as possible therapeutic targets in this devastating 
malignancy.

The PI3K/AKT signaling pathway controls funda-
mental processes of  cancer cell biology like proliferation 
and cell survival[34]. The PI3K/AKT pathway is activated 
in cholangiocarcinoma cells[35]. So far, the molecular 
mechanisms linking PI3K/AKT signaling to the cell cycle 
machinery in cholangiocarcinoma cells have not been in-
vestigated in detail. Using the PI3K inhibitor LY294002, 
we show that Skp2 is regulated by the PI3K/AKT path-
way in cholangiocarcinoma cells. At the molecular level, 
the control of  Skp2 protein expression is thought to be 
due to the regulation of  E2F1 binding to the Skp2 gene 
promoter.

In summary, higher immunostaining intensity of  Skp2 
was an independent prognostic factor for patients with 
extrahepatic cholangiocarcinoma. EGF upregulates the 
mRNA and protein levels of  Skp2/Cks1 and p27kip1 via 
the PI3K/Akt pathway and direct binding of  E2F1 tran-
scription factor with the Skp2 promoter.

COMMENTS
Background
Human extrahepatic cholangiocarcinoma (CC) is a highly malignant epithelial 
cancer of the biliary tract with high morbidity and mortality. Despite the current 
knowledge of etiology and pathology of CC, its cellular and molecular patho-
genesis is still poorly understood. S-phase kinase associated protein 2 (Skp2) 
is the substrate-recognition subunit of the SCFskp2 E3 ligase complex. The 
important role of Skp2 in promoting entry into the S-phase, mainly by promoting 
p27kip1 destruction, was observed in cell-free systems, cell cultures, and animal 
models. In some cancers, including breast, colorectal, and gastric cancers, 
Skp2 and cyclin-dependent kinases regulatory subunit 1 (Cks1) expression 
were independent prognostic markers and provided additional prognostic infor-
mation in these cancer patients. To our knowledge, there have been no reports 
concerning the expression status and the prognostic implication of Skp2 and 
Cks1 in extrahepatic cholangiocarcinoma.
Research frontiers
The research hotspot is exploring the cellular and molecular pathogenetic 
mechanisms of extrahepatic cholangiocarcinoma, which is highly malignant 
tumor with few or no palliative medical treatments available for unresectable 
patients. 
Innovations and breakthroughs
The precise mechanisms that regulate Skp2 expression in cancer are not fully 
understood at present. Identification of the regulatory mechanism(s) leading to 
increased Skp2 expression may offer new insight into the control of tumor cell 
proliferation. The roles of exogenous epidermal growth factor (EGF) in human 
cholangiocarcinoma cells were reported to be sustained EGF receptor (EGFR) 
activation, extended -42/44 MAPK activation, and increased cell proliferation. 
EGFR kinase inhibitors also effectively attenuated cellular growth of human 
cholangiocarcinoma cells. In this study, the authors show for the first time that 

transcription of Skp2 mRNA and translation of Skp2 protein were significantly 
increased after the exogenous addition of variable concentrations of EGF in 
human cholangiocarcinoma cell lines. In order to elucidate the transcriptional 
control of Skp2 in human cholangiocarcinoma cells, the authors performed 
chromatin immunoprecipitation assays after the addition of 10 ng/mL EGF, and 
the results showed that E2F1 transcription factor directly binds to the promoter 
site of Skp2. The finding that E2F1 directly binds to the Skp2 promoter offers 
a relevant mechanism for the upregulated Skp2 expression in human cholan-
giocarcinoma cells, and may be served as a possible therapeutic target in this 
devastating malignancy.
Applications
The study results suggest that EGFR, the PI3K-Akt pathway, SKP2, and E2F1 
can be candidate therapeutic targets in patients with extrahepatic cholangiocar-
cinoma
Terminology
Skp2: S-phase kinase associated protein 2, the substrate-recognition subunit 
of the SCFskp2 E3 ligase complex; Cks1: Cyclin kinase subunit 1, an additional 
protein that has a role in efficient interaction between the Skp2 ubiquitin ligase 
complex and its substrate p27kip1; p27kip1: Cyclin-dependent kinase inhibitor 1B, 
a protein which belongs to the Cip/Kip family of cyclin dependent kinase inhibi-
tor proteins; PI3K: Phosphoinositide 3-kinases, a family of related intracellular 
signal transducer enzymes capable of phosphorylating the 3 position hydroxyl 
group of the inositol ring of phosphatidylinositol.
Peer review
This study investigated the role of the Skp2 signaling pathway in the pathogen-
esis of human extrahepatic cholangiocarcinoma. The paper is well written and 
results are interesting.
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