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Objective  To investigate whether the connection of p27Kip1 to S-phase kinase-associated protein 2 

(Skp2) plays an oncogenic role in intraductal proliferative lesions of the breast.  
Methods  Here we investigated the mechanism involved in association of Skp2’s degradation of 

p27Kip1 with the breast carcinogenesis by immunohistochemical method through detection of Skp2 and 
p27Kip1 protein levels in 120 paraffin-embedded tissues of intraductal proliferative lesions including usual 
ductal hyperplasia (UDH, n=30), atypical ductal hyperplasia (n=30), flat epithelial atypia (FEA, n=30), and 
ductal carcinoma in situ (DCIS, n=30). Moreover, the expression status of Skp2 and p27Kip1 in 30 cases of the 
normal breast paraffin-embedded tissues were explored. 

Results  The DCIS group was with the highest Skp2 level and the lowest p27Kip1 level, and the UDH 
group was with the lowest Skp2 level and the highest p27Kip1 level. Both Skp2 and p27Kip1 levels in the DCIS 
group were significantly different from those in the UDH group (all P<0.01). The levels of Skp2 and p27Kip1 
in the FEA group were significantly different from both the DCIS and UDH groups (all P<0.05). p27Kip1 was 
negatively correlated with Skp2 in both the UDH group (r=-0.629, P=0.026) and DCIS group (r=-0.893, 
P=0.000).  

Conclusion  Overexpression of Skp2 might be the mechanism underlying p27Kip1 over degradation. 
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NTRADUCTAL proliferative lesions, as a traditional 

concept, were updated by the WHO in 2003 and flat 

epithelial atypia (FEA) was brought into this concept 

as one subtype. Intraductal proliferative lesions 

consist of cytologically and architecturally diverse lesions, 

typically originated from the terminal duct-lobular unit and 

confined to the mammary duct-lobular system. The four 

subtypes of intraductal proliferative lesions are as follows: 

usual ductal hyperplasia (UDH), FEA, atypical ductal hy-

perplasia (ADH), and ductal carcinoma in situ (DCIS). 

These subtypes are associated with an increased risk, al-

beit of greatly different magnitudes, for the subsequent 

genesis and progression of carcinoma. Moreover, the de-

velopment of most breast cancer follows the pattern: 

UDH→ADH→DCIS→invasive breast cancer. Particularly, 

FEA is characterized by a few layers of mildly atypical lu-

minal epithelial cells. Invasive ductal breast cancers are 

also found in FEA in some researches, albeit at a lower 

concentration.1 Therefore, FEA is probably a kind of pre-

cancerous lesion and there might be some implication 

between FEA and carcinogenesis. 

S-phase kinase associated protein 2 (Skp2) belongs to 

ubiquitin–proteasome system (UPS) that plays vital roles in 

regulating many biological processes by controlling the 

timely turn-over of proteins. UPS includes three types of 

enzymes for exerting UPS function via a cascade of en-

zymatic reactions. The three enzymes are ubiquitin-   

activating enzyme (E1), ubiquitin-conjugating enzyme 

(E2), and ubiquitin ligase (E3).2 The initial step is to add 

ubiquitin to E1 and subsequently transfer of it to the E2 

enzyme. The ubiquitin-charged E2 then interacts with E3 

and transfers the ubiquitin onto the substrate, leading to 

the formation of a mono-ubiquitin or polyubiquitin chain 

due to the consecutive addition of ubiquitin moieties to 

target proteins. It is evident that the specificity of substrate 

selection depends on the E3, leading to substrate degra-

dation by the 26S proteasome.3 It is known that Skp2 is 

one of the components of the Skp1-Cullin1-F-box (SCF) E3 

ligase complex. The SCF complexes comprise a family of 

multi-subunit E3 ubiquitin ligases that target selected 

proteins for destruction by the 26S proteasome degrada-

tion. It is clear that Skp2 is an F-box protein of the SCF 

complex. Because Skp2 is originally discovered with Skp1 

associated with the S-phase kinase Cdk2/cyclin A, it was 

named as Skp2.4 Among the many F-box proteins, Skp2 

has been well-characterized and it has been shown to be 

involved in the ubiquitin-mediated degradation of several 

key regulators of mammalian G1 progression in cell cycle, 

including p27Kip1, a dosage-dependent tumor suppressor.5 

Therefore, Skp2 might execute oncogenic function through 

down-regulation of p27Kip1, and lead mitosis through G1/S 

checkpoint without limit, subsequent boundless division 

growth, and final formation of malignant clone.6  In addition 

to p27Kip1, specific substrates of Skp2 have also been 

identified which include P57Kip2, Tob1, and FOXO1.7-9 

These substrates are involved in many cellular processes 

such as cell cycle regulation, proliferation, differentiation, 

apoptosis, and survival. Without a doubt, Skp2 has im-

portant functions in the regulation of these cellular proc-

esses due to degradation of its substrates, most of which 

are tumor suppressor proteins. Because Skp2 is respon-

sible for the degradation of the above-mentioned tumor 

suppressor proteins, Skp2 is thought to function as onco-

protein. Many studies have shown that over expression of 

Skp2 was observed in a variety of human cancers, in-

cluding prostate cancer,10 melanoma,11 nasopharyngeal 

carcinoma,12 and pancreatic cancer.13  

Therefore, the purpose of the present study was to 

examine the role of Skp2 and p27Kip1 in breast carcinoma 

genesis and the essence of FEA as one subtype of intra-

ductal proliferative lesions. 

MATERIALS AND METHODS 

Patient and tissue selection  

One hundred and twenty female patients (median age, 49; 

range 24-71 years) with intraductal proliferative hyper-

plasia diagnosed and treated at Tianjin Tumor Hospital 

between January, 2004 and December, 2006 were enrolled 

in this study including 30 DCIS, 30 ADH, 30 FEA, and 30 

UDH. In addition, 30 cases with histologically normal lob-

ules of mammary glands were selected as control, whose 

age ranged from 25 to 75 years old. 

Histological sections were reviewed in a double-blind 

manner by 2 senior pathologists. The diagnostic criteria of 

four subtypes of intraductal proliferative lesions were ac-

cording to the latest WHO classification from Tavassoli’s 

series.14 Adenosis, invasive carcinoma, and metastasis 

were all excluded. Those patients after chemotherapy as 

well as operative treatment were also excluded. 

 

Immunohistochemistry  

Immunohistochemical studies were performed on forma-

lin-fixed, paraffin-embedded tissue sections. Sections (4 

μm) were deparaffinized with xylene and rehydrated in a 

series of ethanols. For epitope retrieval, slides were heated 

in 1 mmol/L EDTA buffer (pH 8.0), in wet autoclave at 

210°C until the steam injection issued from snifting valve, 

and incubated at 130°C for 90 seconds. After cooling, 

slides were treated for 10 minutes with 3% H2O2 in order to 

 I
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block endogenous peroxidase.  

Slides were incubated with anti-Skp2 (1:50, Zymed 

Inc., San Francisco, CA, USA) and anti-p27Kip1 monoclonal 

antibodies (1:75, Sigma-Aldrich Company, Germany) at 

4°C overnight. Following the protocol of the manufacturer, 

then the slides were incubated with polymer helper at 37°C 

for 20 minutes and polyperoxidase-anti-mouse/rabbit IgG 

for 30 minutes. Finally antigen-antibody complex was 

colored by the DAB kit. 

The used anti-Skp2 monoclonal antibody can not dis-

tinguish Skp2 from the F-box protein Skp2B. Skp2B has little 

if any influence on the degradation of p27, but in contrast to 

Skp2 (which is strictly localized in the nucleus), Skp2B is 

localized only in the cytoplasm. 15 Because of the restriction 

of our analysis to expression of nuclear Skp2, the results 

reflect only levels of Skp2, and not those of Skp2B.  

 

Evaluation of immunohistochemical staining  

Scoring of immunohistochemical slides was done according 

to the percentage of cells exhibiting nuclear staining. 

Percentage of breast tissues expressing p27Kip1 and Skp2 

were determined by observing 10 high-power fields. Av-

erage percentage of positive cells at 10 fields of vision 

under high power was regarded as final positive expression 

percentage. Those epithelial cells were considered as 

positive staining for p27Kip1 and Skp2 when nuclear staining 

was present.  

We used a cut-off of 40% for p27Kip1 and 10% for Skp2, 

which was the cut-off used in the previous studies. 16, 17 

Cases with 1%-40% nuclear p27Kip1 expression were   

regarded as +, 41%-70% as ++, 71%-100% as +++, 0% 
as -. Cases with 1%-10% nuclear Skp2 expression were 

considered as +, 11%-55% as ++, 56%-100% as +++, 
0% as -. When stained, cells exhibited similar intensity of 

nuclear staining of Skp2 or p27Kip1 regardless of the per-

centage of cells stained, and therefore the intensity of 

staining was not included in the score. 

 

Statistical analysis  

Statistical analyses were performed using SPSS 11.0 sta-

tistical software package. Paired comparisons of Skp2 level 

and p27Kip1 expression among four subtypes were per-

formed with Kruskal-Wallis rank test (K-W test). Spearman 

rank correlation was used to judge the relationship of Skp2 

with p27Kip1. P value less than 0.05 was considered statis-

tically significant.  

RESULTS 

Typical representative immunohistochemical staining 

pictures of Skp2 and p27Kip1 in four subtypes of intraductal 

proliferative lesions are shown by Fig. 1. 

  

Skp2 level was increased along with elevated lesions 

grade in four subtypes of intraducal proliferative 

lesions 

Significant difference in Skp2 level existed between normal 

control and intraductal proliferative lesions (χ2=44.150, 

P=0.000). Skp2 level was increased along with elevated 

lesion grade (P<0.05). There was no significant difference 

in Skp2 level between the FEA and ADH groups (P>0.05). 

The paired comparison results of Skp2 among four sub-

types and normal control are shown in Table 1.  

 

p27Kip1 expression decreased in four subtypes of in-

traducal proliferative lesions 

As shown in Table 2, various levels of nuclear p27Kip1 

staining were observed in four subtypes. It was found that 

p27Kip1 level of the normal control group was significantly 

higher than that of four subtypes in whole (χ2=35.430, 

P=0.000). p27Kip1 level was decreased in turn of UDH, ADH 

or FEA, and DCIS. 

 

Skp2 level was inversely related with p27Kip1 level in 

the DCIS as well as UDH groups 

In the UDH group, those cases with positive p27Kip1 added 

up to 24 (24/30), and those with positive Skp2 were 10 

(10/30). In the DCIS group, the total number of cases with 

positive Skp2 and positive p27Kip1 was 29 (29/30) and 2 

(2/30), respectively. p27Kip1 was negatively correlated with 
Skp2 in both the UDH group (r=-0.629, P=0.026) and 

DCIS group (r=-0.893, P=0.000). However, no significant 

correlation of p27Kip1 and Skp2 was found in the ADH 

(r=0.215, P=0.098) or FEA group (r=0.199, P=0.128).  

DISCUSSION 

It was observed in our study that Skp2 level was in-

creased along with elevated lesions grade in four subtypes 

of intraducal proliferative lesions, however, p27Kip1 level 

was decreased in four subtypes. The results indicated that 

elevation of Skp2 and reduction of p27Kip1 might be in-

volved in breast carcinogenesis. It is possible that elevated 

Skp2 levels in breast lesions are not causative of the hyper 

proliferation but simply reflect increased cell cycle entry in 

these lesions driven by a different mechanism.  

Cell cycle progression is regulated by a wide variety of 

external factors, including cyclin dependant kinase inhibitor 

(CKI), such as p16, p18, p19, p21, p27, p57, and promoter 

factors, such as cyclins and cyclins dependent kinase.  

http://www.ncbi.nlm.nih.gov/pubmed/11439327
http://www.ncbi.nlm.nih.gov/pubmed/9018244
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Figure 1.  Rrepresentative staining images of im-

munohistochemical staining for Skp2 

and p27Kip1 in normal control and four 

subtypes of intraductal proliferative 

lesions.  Envision ×100 

A. Negative nuclear Skp2 expression in 

normal lobules of mammary gland.  

B. Positive nuclear p27Kip1 expression in 

normal lobules of mammary gland.  

C. Locally distributed positive Skp2 stai-

ning in UDH breast tissue. 

D. Diffusely distributed positive p27Kip1 in 

UDH breast tissue. 

E. Mild staining of Skp2 in ADH breast 

tissue. 

F. Mild staining of p27Kip1 in ADH breast 

tissue. 

G. In sections with FEA, cells show po-

werful nuclear-positive Skp2. 

H. Powerful nuclear-positive p27Kip1 in 

FEA breast tissue. 

I. DCIS breast tissue exhibits strong 

nuclear Skp2 staining. 

J. Weak nuclear p27Kip1 staining in DCIS 

breast tissue. 

Skp2: S-phase kinase-associated protein 

2; UDH: usual ductal hyperplasia; ADH: 

atypical ductal hyperplasia; FEA: flat 

epithelial atypia; DCIS: ductal carcinoma 

in situ. 
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Table 1.  Paired comparison of Skp2 level among four 

         subtypes of intraducal proliferative lesions 

and normal control (n=30) 

#P<0.05 compared with the DCIS group; *P<0.05, **P<0.01 com- 

pared with the UDH group.  

 

Table 2.  Paired comparison of p27Kip1 level among four 

     groups of intraducal proliferative lesions 

and normal control (n=30) 

#P<0.05, ##P<0.01 compared with the UDH group; *P<0.05 com- 

pared with the DCIS group. 

 

In recent years, the ubiquitin-mediated proteolysis 

pathway has been considered as one of carcinogenesis 

mechanisms. 18, 19 Skp2 is one subunit of ubiquitin protease 

pathway which plays an important role in degradation of 

cell cycle regulators. Narayan et al 20 found that level of 

Skp2 protein in gastric cancer was higher than that of 

atypical hyperplasia, while p27Kip1 level in cancer was lower 

than that in atypical hyperplasia. In addition, it was also 

found that over expression of Skp2 was connected with 

carcinogenesis of cervical neoplasm, non-small lung cancer, 

and cutaneous tumor.21-23 Above researches suggested 

that Skp2 and p27Kip1 might play important roles in car-

cinogenesis.  

The data from our experiments demonstrated that 

Skp2 expression was inversely related with p27Kip1 levels in 

the DCIS and UDH groups. Skp2 has been shown to 

regulate cellular proliferation by targeting several cell cy-

cle-regulated proteins for ubiquitination and degradation, 

including cyclin-dependent kinase inhibitor p27Kip1. p27Kip1 

is also one of substrates in ubiquitin protease pathway. The 

degradation of p27Kip1 by Skp2 promotes smooth shift of 

G1/S phase during cell cycle. Consequently, appropriate 

protein level of Skp2 and p27Kip1 is essential for normal cell 

cycle. 24 Certainly, increase of Skp2 and over degradation 

of p27Kip1 induce loss of inhibition of G1/S, unlimited mi-

tosis, immature differentiation, and genesis of tumor.25 

However, Miranda-Carboni et al 26 showed us an interesting 

result by Wnt10b-expressing mammary tumors that the 

degradation of p27Kip1 in this model appears independent of 

Skp2 and correlates with induction of a functional 

CUL4A-E3 ligase complex.  

In addition, we found that Skp2 protein level of the 

ADH group was significantly higher than that of the UDH 

group (P<0.05), suggesting that high level of Skp2 might 

be associated with atypical ductal hyperplasia. Arbini   

et al 

27 also found the prostate epitheliums of Skp2 

transgenic mouse got atypical hyperplasia.  

FEA with distinctive morphological feature has been 

recently recognized by pathologists. 28 Many debates on 

nature of FEA exist since it has been recognized. Some 

researchers held the opinion that FEA was a type of pre-

cancerosis like ADH. 29 Ductal Intraepithelial Neoplasm 

(DIN) grading system which was presented by the WHO 

Work Group in 2003 agreed with this opinion. Our results 

showed none of significant differences was observed be-

tween the FEA and ADH groups in the expression levels of 

both Skp2 and p27Kip1 proteins (P=1.000), but levels of 

Skp2 and p27Kip1 in the FEA group was significantly dif-

ferent from both the DCIS and UDH groups (all P<0.05). It 

suggested that FEA might be a precancerous lesion in a 

way. The conclusion was similar to Lee and his colleague. 30 

In their study they observed that FEA was more frequently 

seen with ADH, indicating that FEA was associated with 

malignant tumors.   

In conclusion, the findings of our study demonstrated 

that alteration of Skp2 and p27Kip1 levels in intraductal 

proliferative lesions of the breast would contribute to 

atypical hyperplasia and genesis of breast cancer, and FEA 

might be a kind of precancerous lesion. It is worth men-

tioning that elevated Skp2 levels in the breast lesions are 

not direct causative of the hyper proliferation but simply 

reflect increased cell cycle entry in these lesions driven by 

a different mechanism.   
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