ONCOLOGY LETTERS 10: 3756-3760, 2015

Expression of Skp2 and p27“*! proteins in hypopharyngeal
squamous cell carcinoma and its clinical significance
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Abstract. The aim of the present study was to determine
the effect of S-phase kinase-associated protein 2 (Skp2) and
cyclin-dependent kinase inhibitor p27kinase-interacting protein 1
(p27%P") protein expression on the occurrence and develop-
ment of hypopharyngeal squamous cell carcinoma. The
protein expression levels of Skp2 and p27"*' were detected in
42 hypopharyngeal squamous cell carcinoma and 15 normal
hypopharyngeal mucous membrane specimens using the an
immunohistochemical PV-9000 two-step method. The expres-
sion levels of Skp2 protein were significantly different in
hypopharyngeal squamous cell carcinomas and normal hypo-
pharyngeal mucous membranes (61.90 vs. 26.67%; P<0.05). By
contrast, the protein expression levels of Skp2 were significantly
positively correlated with tumor T stage (1,=0.329, P<0.05) and
cervical lymph node metastasis (r,=0.402, P<0.05). Further-
more, the expression levels of p27*P' protein were significantly
different in hypopharyngeal squamous cell carcinomas and
normal hypopharyngeal mucous membranes (11.9 vs. 53.33%;
P<0.05), while p27"P!' protein expression was significantly
negatively correlated with tumor T-stage (r,=-0.351, P<0.05)
and cervical lymph node metastasis (r;=-0.371, P<0.05).
Notably, a significant negative correlation was observed
between the expression levels of Skp2 and p27**' proteins in
hypopharyngeal squamous cell carcinoma (P<0.05). In addi-
tion, abnormal expression levels of Skp2 and p27*®' proteins
were observed in hypopharyngeal squamous cell carcinoma
tissues. Thus, Skp2 and p27%' proteins may be involved in the
development of hypopharyngeal squamous cell carcinoma. The
current study proposed that combined detection of Skp2 and
p275?! may be useful for assessing the characteristics and prog-
nosis of hypopharyngeal squamous cell carcinoma.
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Introduction

The major features of malignant cancer are uncontrolled
cell growth and proliferation, while cell cycle disorder is an
important pathogenesis mechanism. The primary function of
S-phase kinase-associated protein 2 (Skp2) is its role as the
substrate recognition subunit of ubiquitin ligase complex by
specific recognition of the phosphorylated substrate, and its
ability to mediate ubiquitin ligase complex polyubiquitina-
tion and degradation (1,2). Cyclin-dependent kinase (CDK)
inhibitor (CKT), p27kinase-interacting protein I (n37kipl) 'jg an important
negative regulator of the cell cycle (1). As a well-recognized
tumor suppressor gene, it is able to control cell cycle transi-
tion from G, to S phase. Thus far, various cell cycle regulators
have been identified, including the tumor suppressor p27P!,
p21% cyclin A and p53, all of which may be degraded via
the Skp2-mediated ubiquitin-proteasome pathway (2,3). Thus,
Skp2 is key in the p27%?' ubiquitin degradation pathway
and may inhibit the proliferation of a variety of cell types
through the ubiquitin-proteasome pathway (4-7). Skp2 and
p27%*!" have been to demonstrated to exhibit varying degrees
of abnormal expression in a number of solid tumors, including
lung cancer (8), oesophageal squamous cell carcinoma and
oral squamous cell carcinoma (9,10), laryngeal squamous cell
carcinoma (11) and breast cancer (12). They are considered to
be closely associated with the occurrence, development and
prognosis of malignant tumors (8-12). The expression levels of
Skp2 and p27""! proteins have rarely been investigated in hypo-
pharyngeal squamous cell carcinoma. Therefore, the present
study used immunohistochemistry to detect the expression of
Skp2 and p27%"! proteins in normal hypopharyngeal mucosa
and hypopharyngeal squamous cell carcinoma tissues. The
correlation between their expression, and the occurrence and
development of hypopharyngeal squamous cell carcinoma, as
well as clinical and pathological features, was then analyzed.

Materials and methods

Specimen collection. Hypopharyngeal squamous cell
carcinoma specimens (n=42) were obtained from patients
treated at the Second Affiliated Hospital of Fujian Medical
University (Quanzhou, China) between January 1996 and
February 2009. A diagnosis of hypopharyngeal squamous cell
carcinoma was confirmed by pathological examination. No
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patients underwent radiotherapy or chemotherapy prior to the
surgery. The 42 cases included 39 males and 3 females, and
the median age was 54.8 years. Approval for the present study
was obtained from the Ethics Committee of Fujian Medical
University. Written informed consent was obtained from all
the participants. According to different primary focus of
tumors, 21 cases occurred in the piriform sinus, 15 occurred in
the posterior wall and 6 in the postcricoid area. According to
the differentiation degrees, there were 15 well-differentiated,
17 moderately-differentiated and 10 poorly-differentiated
cancer cases. In addition, 37 cases exhibited cervical lymph
node metastasis, while 5 cases did not present metastasis.
According to the 2002 classification criteria of the Union for
International Cancer Control TNM staging system (13), there
were 15 T1/T2 stage and 27 T3/T4 stage cases, including
TINOMO (2 cases), TINIMO (1 case), T2NOMO (2 cases),
T2N1MO (3 cases), T2N2MO (7 cases),; T3ANOMO (2 cases),
T3NIMO (8 cases), TAN2MO (9 cases), TANOMO (1 case),
TANIMO (2 cases), TAN2MO (3 cases) and T4AN3MO (2 cases).
Normal hypopharyngeal mucous membranes without cancer
cells were identified by observation from the piriform sinus or
postcricoid area of specimens obtained during total laryngec-
tomy and used as the control group. Specimens were obtained
from 15 patients with laryngeal carcinoma who underwent
total laryngectomy at the Second Affiliated Hospital of Fujian
Medical University. The specimens were located 3-4 cm
from the tumor margin. The patients included 14 males and
1 female, and had an age range of 47-71 years (mean age, 59.1
years). There was no significant difference in age or gender
between the control and experimental groups. The normal
tissue samples (n=15) were confirmed to be healthy hypopha-
ryngeal mucous membranes by performing a hematoxylin and
eosin staining assay.

Immunohistochemical assay. The immunohistochemical
assay used a PV-9000 (SP) two-step staining kit (Zhong-
shan Jingiao Biotechnology Co., Ltd., Beijing, China),
according to the manufacturer's instructions. p27%?!" and
Skp2 rat anti-human monoclonal antibodies (1:40 dilutions;
catalog nos. ZM-0340 and ZM-0454, respectively), polymer
helper and polyperoxidase anti-rat IgG (1:100 dilution) were
all purchased from Zhongshan Jinqiao Biotechnology Co.,
Ltd. Furthermore, breast cancer tissue specimens (ZSGB-BIO
Co., Ltd., Beijing, China) were used as the positive control
and phosphate-buffered saline (PBS) was used as the negative
control.

Analysis of experimental results. To analyze the results of the
current study, Skp2 positive cell counts were performed in
a minimum of 10 fields per sample under an optical micro-
scope (magnification, x400; BX51; Olympus Corporation,
Tokyo, Japan). In the positive cells counts, =100 tumor cells
were present in each field. According to a previous study (8),
Skp2-positive cells were visualized as brown-yellow particles
in the nucleus and negative control cells were normal hypopha-
ryngeal mucous membranes in close proximity to the tumor
tissues. Skp2 protein expression was classified as follows:
<5% positive cells, (-); 6-25% positive cells, (+); 26-50% posi-
tive cells, (++); and >50% positive cells, (+++). Furthermore,
>25% positive cells represented a high expression of Skp2.
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Table 1. Comparison of Skp2 and p27""! protein expression
levels in hypopharyngeal squamous cell carcinoma tissue and
normal hypopharyngeal mucous membrane samples.

High expression, n

Hypopharyngeal Normal
squamous hypopharyngeal
Index cell carcinoma mucous membrane  P-value
Skp2 26 4 0.019
p27kie! 5 8 0.002

Skp2,S-phasekinase-associated protein 2; p275ip! p27kinase-interactingprotein |

For the expression of p27%P!, positive cells were visualized as
brown-yellow particles in the nucleus. p27**' protein expres-
sion was classified as follows: 0% positive cells, (-); <5%
positive cells, (+); 5-50% positive cells, (++); and >50% posi-
tive cells, (+++). Furthermore, >50% positive cells represented
a high expression of p27%P' | All the results were evaluated by
two experienced pathologists using a double-blinded method.

Statistical analysis. Statistical analyses were performed using
the SPSS software (version 13.0; SPSS, Inc., Chicago, IL,
USA) and data are presented as the mean + standard devia-
tion. x* and Fisher's tests were used to compare data between
the groups, while Spearman's rank correlation analysis was
used for data correlation. P<0.05 was considered to indicate a
statistically significant difference.

Results

Skp2 and p27"P' protein expression levels. Immunohisto-
chemical staining revealed that Skp2 protein, which was
visualized as brown-yellow particles, was predominantly
located in the nucleus and rarely located in the cytoplasm
(Fig. 1). High Skp2 protein expression was observed in
61.90% (26/42 samples) and 26.67% (4/15 samples) of hypo-
pharyngeal squamous cell carcinoma tissues and normal
hypopharyngeal mucous membranes, respectively. Thus, the
expression of Skp2 protein was significantly higher in hypo-
pharyngeal squamous cell carcinoma compared with that in
normal hypopharyngeal mucous membranes (P<0.05). The
expression levels of Skp2 and p27kipl proteins in normal
hypopharyngeal mucosa of the control group were not signifi-
cantly correlated (y*=1.26, Pearson coefficient of continency,
C=0.2756). p27%"! protein presented as brown-yellow particles
located in the nucleus (Fig. 2). Weak p27"?!' expression was
observed in hypopharyngeal squamous cell carcinoma tissues,
with only 5 cases exhibiting high expression. In addition, high
p27%P! protein expression was observed in 11.90% (5/42) and
53.33% (8/15) of hypopharyngeal squamous cell carcinoma
tissues and normal hypopharyngeal mucous membranes,
respectively. This difference was statistically significant
(P<0.05; Table I).

Correlation of Skp2 and p27*"" protein expression levels
with clinicopathological characteristics. No statistically
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Table II. Association of high Skp2 and p27%P! protein expression with clinicopathological characteristics in patients with hypo-

pharyngeal squamous cell carcinoma.

Skp2 p27ke!
Pathological characteristic Case, n High expression, n P-value High expression, n P-value
Gender
Male 39 26 0.049 4 0.323
Female 3 0 1
Age, years
=60 11 6 0.720 1 1.000
<60 31 20 4
Cervical lymph node metastasis
+ 37 26 0.005 2 0.008
- 5 0 3
Primary location of the tumor®
Piriform sinus 21 12 >0.0125 3 >0.0125
Postcricoid area 6 4 1
Posterior wall 15 10 1
T stage
T1+T2 15 6 0.029 4 0.047
T3 + T4 27 20 1
Differentiation degree
High to moderate 32 18 0.270 3 0.577
Low 10 8 2

*Calculated using a x° test. The expression of Skp2 protein was compared between the piriform sinus and the postcricoid area (P=1.000), the
piriform sinus and the posterior wall (P=0.563), and the postcricoid area and the posterior wall (P=1.000). Overall, no statistically significant
difference was observed (P>0.0125). In addition, the expression of p27*?! protein was compared between the piriform sinus and the postcricoid
area (P=1.000), the piriform sinus and the posterior wall (P=0.626), and the postcricoid area and the posterior wall (P=0.500). Overall, no
statistically significant difference was observed (P>0.0125). Skp2, S-phase kinase-associated protein 2; p274ip!, p27kinasc-interacting protein I
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Figure 1. Positive immunohistochemical expression of S-phase
kinase-associated protein 2 in hypopharyngeal squamous cell carcinoma
tissues (scale bar, 50 ym). Streptavidin-peroxidase staining; magnification,
x200.

significant differences were detected between the age or differ-
entiation degree of patients and the expression of Skp2 protein
(P>0.05). However, a significant difference was identified
between gender and the expression of Skp2 protein (P<0.05).
Despite this significant association, the study population

LA T
'i! i
P Mg ¥
’ Pt
-l
z )
- T,
30
SR
K f*.-:._'g. L.
Y Yy
1 tes) "u

b S
-
o
".:' '
- -_n
p B a
L ~

Figure 2. Positive immunohistochemical expression of cyclin-dependent
kinase inhibitor, p27kinase-interacting protein | i hypopharyngeal squamous cell
carcinoma tissues (scale bar, 50 #m). Streptavidin-peroxidase staining; mag-
nification, x200.

had a 1:13 female : male ratio and the P-value was close to
0.05. Thus, the present authors consider that there may be
no significant difference between gender and the expression
of Skp2 protein. Notably, there was an significant difference
between high expression of Skp2 protein and cervical lymph
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Table I11. Association between Skp2 and p275P! protein expres-
sion in hypopharyngeal squamous cell carcinoma.

p27kipl
expression, n
Skp2 expression High Low P-value i
High 1 25
Low 4 12 0.041 -0.317

Skp2,S-phasekinase-associated protein 2; p27+p! | p27kinase-interactingprotein,
1,, Spearman's correlation coefficient.

node metastasis (P<0.01), as well as between T stage and
the high expression of Skp2 protein (P<0.05). Spearman's
rank correlation analysis indicated that the expression of
Skp2 protein was positively correlated with cervical lymph
node metastasis [Spearman's correlation coefficient (r,)=0.402,
P<0.01] and T staging (r,=0.033, P<0.05) in hypopharyngeal
squamous cell carcinoma.

The present study also identified no significant correlation
between the gender, age and differentiation degree of patients,
and the expression of p27*P' protein (P>0.05). However, low
expression of p27"P! protein was significantly associated with
cervical lymph node metastasis (P<0.01) and T stage (P<0.05).
Furthermore, Spearman's rank correlation analysis indicated
that the expression of p27*®' protein was negatively correlated
with cervical lymph node metastasis (r,=-0.016, P<0.05) and
T stage (r,=-0.351, P<0.05) in hypopharyngeal squamous cell
carcinoma (Table II).

Correlation analysis between Skp2 and p27" protein expres-
sion levels. Spearman's rank correlation analysis indicated that
there was a negative correlation between the high expression of
Skp2 protein and low expression of p27*?' protein in hypopha-
ryngeal squamous cell carcinoma (r,=-0.317, P=0.041; Table III).

Discussion

Skp2 was initially cloned from human fibroblasts in 1995 (13).
Skp2 is predominantly located in the S phase of malignant
cells and reacts with the cyclin A-CDK complex; thus, it is
termed S-phase kinase-associated protein 2. Skp2 behaves as
an oncogene in cell systems and is an established protoon-
cogene causally involved in the pathogenesis of lymphomas.
Skp2 expression, encoded by the Skp2 gene, appears to be
closely correlated with the occurrence and development of
carcinomas through binding to various targeting ubiquiti-
nated proteins (2,14). Furthermore, it has been demonstrated
that numerous cell cycle proteins exert their effects via a
Skp2-dependent ubiquitin proteasome signaling pathway,
including cyclin DI, cyclin E, p27"*' and p53 (2,3). Thus,
Skp2 specifically may be involved in the regulation of cell
proliferation and apoptosis (15). In addition, Skp2 acts as
oncogene through the degradation of p27*¥', with the expres-
sion of Skp2 and p27**!' differing in each stage of the cell
cycle. Typically, Skp2 expression initially occurs during the
G,-S phase, increases at the S-G, phase and then quickly
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decreased at the M phase. A number of previous studies have
indicated that p27*"' is specifically recognized and targeted
for ubiquitination by Skp2 (15,16). For instance, Skp2 may
recognize the cyclin E-CDK?2 and cyclin D-CDK?2 complexes,
causing phosphorylation of threonine-187 in p27 (15,16).
Skp2 is particularly important for regulating the degradation
of p27¥*!" in the G,-S phase. Disorder of cell cycle regulation
is a critical molecular biological event in tumorigenesis; thus,
cell cycle regulating factors may be relevant to tumorigenesis.
For example, CKIs exhibit negative effects on cell cycle
regulation. In particular, p27""', which a member of the CKI
family functioning as a negative regulating factor of the cell
cycle, may play a key role in cell proliferation. Currently,
p27%"! is known as a tumor-suppressing gene (17). A previous
study proposed that mutations of the p27 gene are rare in
tumors (18); however, abnormal p27 protein expression was
observed in the tumors investigated in the present study. This
abnormal expression may be the result of low gene transcrip-
tion or high protein activity. Various tumors, including colon
cancer, rectum cancer, cervical carcinoma, oral squamous cell
carcinoma, gastric cancer, lung cancer and prostatic cancer,
have been found to exhibit a high expression of Skp2 protein
but low expression of p27"*! protein (19,20), and a negative
correlation was identified between Skp2 and p27**' protein
expression (8-12). Furthermore, tumor malignancy and prog-
nosis were correlated with Skp2 expression (21,22).

In the present study, 26/42 samples (61.9%) exhibited
Skp2 protein expression in hypopharyngeal squamous cell
carcinoma tissues; however, Skp2 protein expression was
low in 11/15 and high in 4/15 of normal hypopharyngeal
mucous membranes. In addition, p27*P! protein expression
was observed in 5/42 (11.9%) samples of hypopharyngeal
squamous cell carcinoma and high p27*"! protein expression
was observed in 8/15 (53.33%) samples of normal hypopha-
ryngeal mucous membranes. This difference was statistically
significance (P<0.05). Spearman's rank correlation analysis
identified that overexpression of Skp2 protein was negatively
correlated with low expression of p27%?! protein in hypopha-
ryngeal squamous cell carcinoma tissues (r,=-0.317, P=0.041).
The current results were similar to those of previous studies
conducted (5,10), and indicate that Skp2 downregulates the
expression of p27%P!" through ubiquitination in hypopha-
ryngeal squamous cell carcinoma. Thus, high expression
of Skp2 protein and low expression of p27"P' protein may
promote tumor cell progression from G, to S phase. p27~! is
unable to effectively inhibit aberrant cell proliferation, but can
accelerate cell malignancy (18,21). Therefore, it is proposed
that Skp2 promotes the development of hypopharyngeal squa-
mous cell carcinoma through degradation of p27%?! protein.

Innumerous malignanttumors,including gastric (8),breast(12),
prostate (18) and colon cancer (8), increased Skp2 protein
expression is observed concurrently with reduced p27"*' protein
expression. Increased Skp2 protein expression indicates a poorer
prognosis and more highly-differentiated tumors. Furthermore,
p275P! appears to be involved in regulating cell differentiation
and intercellular adhesion, which are processes associated with
tumor infiltration and metastasis, respectively. This may be due
to lack of p27! transcription or decreased p27*! protein expres-
sion causing inhibition of the cell proliferation, disorder of the cell
cycle and low cell differentiation. Furthermore, p27*"! regulates
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intercellular adhesion by aggregating N-cadherin to prevent
normal cells from binding to stroma or receiving extracel-
lular signals (8,9,12,17,18). In a previous study, p27""' protein
expression caused a reduction in tumor cell adhesion and tumor
metastasis (17). The current results demonstrated that high
expression of Skp2 protein and low expression of p27**' protein
were significantly associated with cervical lymph node metas-
tasis and T-stage in 42 samples of hypopharyngeal squamous
cell carcinomas. Furthermore, correlation analysis identified a
positive correlation between high expression of Skp2 protein,
and cervical lymph node metastasis and T-stage, and a negative
correlation between low expression of p27-*! protein, and cervical
lymph node metastasis and T-stage. By contrast, the expression
levels of Skp2 and p27""' protein were not significantly associated
with age, gender or differentiation degree (P>0.05). The afore-
mentioned results were similar to those obtained in the present
study, which indicated that high expression of Skp2 protein and
low expression of p27¥P! protein may aid in predicting the degree
of tumor infiltration and cervical lymph node metastasis in hypo-
pharyngeal squamous cell carcinoma. Furthermore, these two
proteins may be useful for assessing the biological characteristics
of hypopharyngeal squamous cell carcinoma.

However, Dowen er al (23) opposed the aforementioned
theory that increased Skp2 protein expression decreases the
expression of p27**! protein. Instead, the authors proposed that
the significance of high Skp2 protein expression in tumors was
associated with the degradation of p27**' protein, as well as
other mechanisms, which may require further investigation.

In conclusion, Skp2 may degrade p27*"' protein through
the ubiquitin-proteasome pathway, thus, participating in the
occurrence and development of hypopharyngeal squamous cell
carcinoma. Furthermore, the abnormal protein expressions Skp2
and p27"*! appear to be associated with the poor prognosis of
hypopharyngeal squamous cell carcinoma. Therefore, combined
detection of Skp2 and p27*P' may provide significant guidance
for comprehensively determining the malignant degree and prog-
nosis of patients with hypopharyngeal squamous cell carcinoma.
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