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Down-regulation of p27 is frequently observed in var-
ious cancers due to an enhancement of its degrada-
tion. Skp2 is required for the ubiquitination and con-
sequent degradation of p27 protein. Another protein
called Cks1 is also required for p27 ubiquitination in
the SCFSkp2 ubiquitinating machinery. In the present
study, we examined Cks1 expression and its correla-
tion with p27 in oral squamous cell carcinoma (OSCC)
derived from tongue and gingiva. By immunohisto-
chemical analysis, high expression of Cks1 was
present in 62% of OSCCs in comparison with 0% of
normal mucosae. In addition, 65% of samples with
low p27 expression displayed high Cks1 levels. Fi-
nally, Cks1 expression was well correlated with Skp2
expression and poor prognosis. To study the role of
Cks1 overexpression in p27 down-regulation, we
transfected Cks1 with or without Skp2 into OSCC
cells. Cks1 transfection could not induce a p27 down-
regulation by itself , but both Cks1 and Skp2 transfec-
tion strongly induced. Moreover, we inhibited Cks1
expression by small interference RNA (siRNA) in
OSCC. Cks1 siRNA transfection induced p27 accumu-
lation and inhibited the growth of OSCC cells. These
findings suggest that Cks1 overexpression may play
an important role for OSCC development through
Skp2-mediated p27 degradation, and that Cks1 siRNA
can be a novel modality of gene therapy. (Am J
Pathol 2004, 165:2147–2155)

p27, a cyclin-dependent kinase (Cdk) inhibitor, mediates
G1 arrest induced by TGF-�, contact inhibition, or serum
deprivation in epithelial cell lines.1,2 Although levels of
p27 protein change during the cell cycle, with maximal
levels occurring during G1 and quiescence (G0), p27
mRNA levels do not change during cell cycle progres-
sion. The increase in the cellular abundance of p27 on
induction of cell quiescence is primarily due to a de-
crease in the rate of its degradation. p27 is polyubiquiti-
nated both in vivo and in vitro, and a lower amount of p27
ubiquitinating activity is present in quiescent cells com-
pared with proliferating cells.3 Furthermore, p27 ubiquiti-
nation requires its phosphorylation on threonine 187
(Thr187), a Cdk consensus site.4–7 It has been reported
that reduced expression of p27 was frequently found in
various cancers, and the lack of p27 is suggested to be
due to an enhancement of its degradation.8,9 Aggressive
human cancers express low levels of p27 because of its
decreased stability.8 We also found that reduced expres-
sion of p27 was observed in 87% of oral squamous cell
carcinoma (OSCC) cases and was well correlated with its
malignancy.10 Importantly, reduced p27 levels represent
a powerful prognostic marker for poor survival in cancer
patients.

SCFSkp2 was identified as the E3 ubiquitin ligase that
targets p27 for ubiquitination.11–13 SCF complexes rep-
resent an evolutionarily conserved class of E3 enzymes
containing four subunits: Skp1, Cul1, one of many F-box
proteins, and Roc1/Rbx1.9 Skp2, an F-box protein, is
required for the ubiquitination and consequent degrada-
tion of p27 both in vivo and in vitro. Binding of Skp2 to p27
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phosphorylated on Thr187 has been demonstrated both
in vivo and in vitro. In addition, in vitro ubiquitination of
recombinant p27 can be induced by the addition of pu-
rified Skp2 and cyclin E/cdk2 or cyclin A/cdk2 complexes
to G1 cell extracts. Skp2 is frequently overexpressed in
tumor cell lines, and forced expression of Skp2 in quies-
cent fibroblasts induces DNA synthesis.12,14 Skp2 ex-
pression was found to correlate inversely with p27 levels
in epithelial dysplasias and OSCC.15,16 Furthermore,
Skp2 expression increases significantly during malignant
progression from epithelial dysplasia to invasive OSCC
and is a good prognostic marker for OSCC.15,16 Skp2
overexpression is also found in other type of malignant
tumors including lymphomas, breast, colorectal, lung,
and gastric carcinomas.17–22 These findings indicate that
Skp2 is an oncogene.9,23,24

It has been found that Cks1 acts as an accessory
protein in the SCFSkp2 ubiquitinating machinery. The role
of Cks1 in the ubiquitination and degradation of p27 was
established by both biochemical reconstitution and gene
knockout approach.25,26 Using a biochemical approach,
fractions of HeLa extract were assayed for their ability to
promote p27 ubiquitination in the presence of purified
SCFSkp2, cyclin E/cdk2, Ubc3, and E1, and the factor
responsible for this effect was purified and identified as
Cks1.25 Accordingly, Cks1�/� cells contain elevated
levels of p27 due to defective ubiquitination and degra-
dation of this protein.26 Cks1 has three binding sites, for
Cdk, anion, and Skp2, and all of the three binding sites
are required for p27-ubiquitin ligation and for the associ-
ation of Skp2 with Cdk-bound Thr187-phosphorylated
p27.27 Cks1 may function as an adapter protein to bridge
Skp2 with the phosphate group of Thr187-phosphory-
lated p27 or may alter the conformation of Skp2 to pro-
mote binding to phosphorylated p27. Initially, Cks1 was
found as a binding protein of Cdc2, and Cks1 was found
overexpressed in some cancer cells.28–30 Recently, it
has been reported that Cks1 overexpression was found
in gastric, lung, and colorectal carcinomas.31–33 Cks1
overexpression was well correlated with low expression
of p27 and poor prognosis in gastric and colorectal can-
cer,31,33 while Cks1 overexpression had no such relation-
ship with p27 in lung cancer although only 15 samples
were analyzed in this study.32 The role of Cks1 overex-
pression in cancer is still unclear. Moreover, there is no
report about the correlation between Cks1 and p27 ex-
pression in OSCC. In the present study, therefore, we
examined the Cks1 expression and the role for p27 deg-
radation in OSCC derived from tongue and gingiva.

Materials and Methods

Tissue Samples

Tissue samples of 10 normal oral mucosae and 63
OSCCs were retrieved from the Surgical Pathology Reg-
istry of Hiroshima University Hospital from 1976 to 2000
after the approval by the Ethical Committee of our insti-
tutions. At the time of diagnosis, age of the patients with
OSCC ranged from 37 to 88 years (mean, 59.2). For the

present analysis, only biopsied specimens from the
tongue and gingiva, before radiochemotherapy, were se-
lected to avoid possible influences of the treatment mo-
dalities on data. Tissues fixed in 10% buffered-formalin
and embedded in paraffin were used for immunohisto-
chemical examination. The histological grade and stage
of tumor were classified according to the criteria of the
Japan Society for Head and Neck Cancer.34

Immunohistochemistry

Immunohistochemical detection of Cks1, Skp2, or p27
was performed using a streptavidin-biotin peroxidase
technique as described previously.10,16 The polyclonal
antibody to human Cks1 (diluted 1:100) generated in
collaboration with Zymed Inc. An anti-Skp2 monoclonal
antibody (diluted 1:100, Zymed Inc., San Francisco, CA)
and an anti-p27 monoclonal antibody (diluted 1:100,
Transduction Laboratories, Lexington, KY) were used.
Nuclear staining of Cks1, Skp2, and p27 was scored on
a semi-quantitative scale (see below) by evaluating the
percentage of stained nuclei within representative areas
of each tumor. For superficial carcinomas, stained sec-
tions were observed throughout the lesion. For advanced
large tumors, at least 10 fields including superficial, cen-
tral, and deep invasive areas were observed and the
number of stained cells and staining intensity were eval-
uated. In each field, we counted at least more than 300
cells using an eyepiece graticule to prevent recounting.
Although qualitative differences in staining intensity were
observed with considerable intratumoral heterogeneity,
all positive cases showed obvious nuclear staining, at
least focally. As several slides of OSCC cases include the
normal oral mucosa, we used the staining of normal
epithelial cells as a negative control of Cks1 and Skp2 or
a positive control for p27 for assessment of intensity of
staining. The expression of Cks1, Skp2 was graded as
high (over 30% of tumor cells showed strong or diffuse
immunopositivity) and low (less than 30% of tumor cells
showed weak or focal immunopositivity or no staining).
The expression of p27 was graded as high (over 30% of
tumor cells showed strong or diffuse immunopositivity),
moderate (5 to 30% of tumor cells showed moderate or
patchy immunopositivity), and low (less than 5% of the
tumor cells showed weak or focal immunopositivity or no
staining).10 Three pathologists (Y.K., I.O., and T.T.) made
all of the assessments.

Statistical Analysis

Possible correlation between variables of the analyzed
tumor samples was tested for association by the Fisher’s
exact test. Patient’s survival data were used to determine
possible correlation between Cks1 and Skp2 expression
levels and disease-free survival time. Curves for survival
were drawn according to the Kaplan-Meier method, and
differences between the survival rates of four groups with
different Cks1 and Skp2 expression were examined. Sta-
tistical significance of these data was measured by the
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Cox-Mantel test. A P value �0.05 was required for sig-
nificance.

Cell Culture

Six OSCC cell lines (HSC2, HSC3, HSC4, Ca9–22, Ho-1-
U-1, and Ho-1-N-1) were examined. OSCC cell lines were
provided by Japanese Cancer Research Resources
Bank. They were routinely maintained in RPMI-1640
(Kyokuto Pharmaceutical Industrial Co., Tokyo, Japan)
supplemented with 10% heat-inactivated fetal bovine se-
rum (Boehringer Mannheim, Australia) and 100 U/ml pen-
icillin-streptomycin (Gibco, Grand Island, NY) under con-
ditions of 5% CO2 in air at 37°C. For experiments, they
were grown to subconfluence in this medium. Cells were
lysed as described below, and cell lysates were used for
Western blot analysis.

Western Blot Analysis

To characterize Cks1 antibody, we examined the expres-
sion of Cks1 and Flag in Flag-Cks1 or Flag-Cks2 trans-
fected HeLa cells by Western blot analysis. We also
examined the expression of Cks1, Skp2, p27, and Cul1
protein in OSCC cell lines by Western blot analysis.
Western blotting was carried out as we described previ-
ously.16 We used an anti-Cks1 polyclonal antibody (col-
laboration with Zymed), anti-Cks1/2 polyclonal antibody
(FL-79, Santa Cruz, CA), anti-Skp2 monoclonal antibody
(Zymed), anti-p27 monoclonal antibody (Transduction
Laboratories), and anti-Flag monoclonal antibody (Sigma
Chemical Co., St. Louis, MO). Thirty �g of protein was
subjected to 12% polyacrylamide gel electrophoresis fol-
lowed by electroblotting onto a nitrocellulose filter. For
detection of the immunocomplex, the ECL Western blot-
ting detection system (Amersham, Aylesbury, United
Kingdom) was used.

Transfection

pcDNA-Flag-tagged Cks1 and pcDNA-Flag-tagged Cks2
were transfected into HeLa cells by using Lipofectin
(Gibco). pcDNA3-Skp2 and pcDNA3-Cks1 were stably
transfected into Ho-1-N-1 cells by using Fugene 6 (Roche
Diagnostics Australia Pty. Ltd., Castle Hill, Australia). After
48 hours, cells were treated with G418 (Gibco) as a selec-
tive marker.

Plasmids and Synthetic siRNA

Vector pSUPPRESSOR generates biologically active
siRNAs from the U6 promoter (Imagenex, San Diego,
CA). A synthetic double-strand oligonucleotide (5�-GGG-
ACATAGCCAAGCTGGTCgagtactgGACCAGCTTGG-
CTATGTCC-3�) was introduced into pSUPPRESSOR.
Oligonucleotide sequences correspond to a 19-nt se-
quence from Cks1 (nucleotide 78–96), which are sepa-
rated by a 9-nt linker (lower case letters) from the reverse
complement of the same 19-nt sequence. We used a

circular control plasmid, which contains a scrambled
sequence that does not show significant homology to rat,
mouse, or human gene sequences, as a control. Trans-
fection was performed by using Fugene 6 (Roche). After
48 hours of transfection, cells were treated with G418
(Gibco) as a selective marker.

p27 Protein Stabilization and in Vitro p27
Protein Degradation Assay

For p27 protein stabilization, we measured its half-life by
treatment with cycloheximide (CHX, Sigma) for 0, 30, and
60 minutes. After CHX treatment, cells were collected
and we examined the expression of p27 protein by West-
ern blot analysis as described above. Degradation assay
of p27 was performed as described by Pagano et al.3

Cells were prepared by addition of 3 to 5 volumes of lysis
buffer containing 20 mmol/L Tris-HCl (pH 8.5) and 1
mmol/L dithiothreitol (DTT) to a cell pellet. The following
protease inhibitors were added: phenyl-methyl sulfonyl
fluoride (PMSF), 0.1 mmol/L; leupeptin, 1 �g/ml; soybean
trypsin inhibitor, 10 �g/ml; L-1 Chlor-3-(4-tosylamido)-4
Phenyl-2-butanon (TPCK), 10 �g/ml; L-1 Chlor-3-(4-tosyl-
amido)-7-amino-2-heptanon-hydrochloride (TLCK), 10
�g/ml; and aprotinin, 1 �g/ml. The sample was frozen
and thawed three times. The lysate was spun down at
13,000 rpm in an Eppendorf centrifuge for 15 minutes at
4°C. The supernatant was retrieved and stored at �80°C
for the degradation assay. Purified histidine-tagged p27
was incubated at 37°C for different times in 30 �l of a
degradation mix containing 100 �g of cell extract, 50
mmol/L Tris-HCl (pH 8.5), 5 mmol/L MgCl2, 1 mmol/L
DTT, 2 mmol/L adenosine 5�-triphosphate (ATP), 10
mmol/L creatine phosphokinase (Sigma), 10 mmol/L cre-
atine phosphate (Sigma), and 5 �mol/L ubiquitin (Sigma).
Degradation of p27 was analyzed by immunoblotting with
an anti-p27 antibody (Transduction Laboratories).

Cell Growth and BrdU Incorporation

Cells (5.0 � 103) were plated onto a 24-well multi-well
plate (3047, Falcon, Franklin Lakes, NJ) and allowed to
attach for 24 hours. The culture medium was then re-
placed with fresh medium, then the trypsinized cells were
counted by Cell Counter (Coulter Z1) at days 0 and 6. For
BrdU incorporation, cells growing on coverslips were
incubated with 10 �mol/L bromodeoxyuridine (BrdU;
Sigma) for 3 hours. The cells were fixed in cold methanol:
acetone 1:1 for 10 minutes. In brief, the cells were se-
quentially incubated in 1.5 mol/L HCl for 10 minutes. Then
cells were washed three times with PBS and incubated
with the mouse anti-BrdU-fluorescein primary antibody
(Roche) for 1 hour. The cells were washed four times with
PBS. The nuclei were simultaneously stained with 10
�g/ml 4� and 6-diamidino-2-phenylindole (DAPI). Cells
with different BrdU-incorporation patterns were checked
and counted with a conventional fluorescence micro-
scope (Zeiss).
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Tumorigenicity Assays

Briefly, cells (1.5 � 107) were injected s.c. into multiple
sites in athymic (nude) mice. The protocol of the experi-
ment was approved by Hiroshima University’s Committee
of Research Facilities for Laboratory Animal Science. The
animals were monitored for tumor formation every week
and sacrificed 1 month later. Tumor length (L) and width
(W) were measured at the end of the experiment, and
tumor volume was calculated by the formula (L � W2)/2.
For proliferation activity, the expression of proliferating
cell nuclear antigen (PCNA) was examined by immuno-
histochemistry as described above. The anti-PCNA anti-
body (Novocastra Laboratories, Newcastle, UK) was
used.

Terminal Deoxynucleotidyl Transferase-
Mediated dUTP Nick End Labeling (TUNEL)
Assay

Fragmented DNA was labeled with adigoxigenin-conju-
gated UTP by using terminal deoxytransferase. Positive
nuclei were visualized by immunohistochemistry with an
ApopTag labeling and detection kit (Intergen, Purchase,
NY) according to manufacturer’s protocol, and nuclei
were counterstained with hematoxylin. For quantification,
10 random fields per section were documented by pho-
tomicroscopy, and the percentage of TUNEL-positive ep-
ithelial cell nuclei relative to the total number of epithelial
cell nuclei was calculated.

Results

Generation of a Cks1-Specific Antibody

Cks1 has a homolog, Cks2, which is 81% identical and
90% similar to Cks1. Cks2 could not bind to Skp2 and
substitute for Cks1 in SCFSkp2 reconstitution.26 In previ-
ous reports, Cks1 antibodies, which also react with Cks2,
have been used. In the present study, therefore, we
generated a specific antibody against human Cks1 using
a peptide with high antigenic index, corresponding to the
10 amino acids at its extreme C-termini. Figure 1A shows
that anti-Cks1 antibody only recognized recombinant pu-
rified Cks1. In contrast, the only commercially available
antibody (Santa Cruz), which is also the only published
antibody against mammalian Cks1, recognized both
Cks1 and Cks2 proteins. Importantly, in immunoblots of
whole cell lysates, Cks1 antibody recognized both en-
dogenous and overexpressed Cks1. We used this anti-
body in the following study.

High Expression of Cks1 in OSCC Cases

Ten normal oral mucosae and 63 OSCC cases were used
for Cks1 expression by immunohistochemistry. The inci-
dence of Cks1 expression in normal oral mucosae and
OSCCs is summarized in Table 1. In normal oral mucosa,
most of epithelial cells did not show Cks1 expression

(Figure 1B and Table 1). In contrast to the normal oral
mucosae, high expression of Cks1 was observed in 39
(62%) of 63 OSCC cases (Figure 1B and Table 1). We
also compared the Cks1 expression with clinico-patho-
logical findings (Table 1). High expression of Cks1 was
significantly correlated with clinical stage (P � 0.0203),
but not with histology (P � 0.0585) and metastasis (P �
0.1258). Though we also examined the influence of age,
sex, or smoking habit of OSCC patients on the Cks1
expression, there was no correlation among them (data
not shown).

Next, we examined the correlation between Cks1 ex-
pression and p27 or Skp2 expression (Figure 1B and
Table 1). In normal oral mucosae, all cases showed high
expression of p27 and low expression of Cks1 and Skp2
(Figure 1B). In OSCCs, high expression of Cks1 was
observed in 65% of the cases that showed low expres-
sion of p27 (Table 1). However, in 35% of cases both
Cks1 and p27 levels were low, indicating that there are
additional ways to down-regulate p27. Thus, there was no

Figure 1. Immunohistochemical expression of Cks1 and the correlation
between Cks1 expression and survival rate in OSCCs. A: Characterization of
anti-Cks1 antibody and recognition of human Cks1 in whole cell lysates.
Lanes 1 to 5, decreasing amount of purified Cks1 (100–5 ng); Lanes 6 to 10,
decreasing amount of purified Cks2 (100–5 ng); Lane 11, HeLa cells trans-
fected with Flag-tagged Cks2; Lane 12, HeLa cells transfected with Flag-
tagged Cks1. The top was immunoblotted with a commercially available
antibody (Santa Cruz). The bottom was immunoblotted with our novel
anti-Cks1 antibody. Overexpressed Cks proteins (lanes 11 and 12) run
slightly slower than endogenous Cks proteins because of their Flag-tags. B:
Immunohistochemical expression of Cks1, Skp2, and p27 in normal oral
mucosae and OSCC.
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significant correlation between Cks1 and p27 expression
(P � 0.5757). Interestingly, high expression of Cks1 was
significantly correlated with high expression of Skp2 (P �
0.0034). High expression of Cks1 was observed in 84%
of cases that showed high expression of Skp2.

The relationship of Cks1 expression with survival rates
of 55 OSCC patients with follow-up data were examined.
Figure 2 shows the Kaplan-Meier survival curves of the
patients grouped by the immunoreactivity of Cks1 in their
tumors. The cumulative survival rate of the patients with
high expression of Cks1 was lower than that with low
expression of Cks1, and there was statistical significance
between them (P � 0.0267) (Figure 2A). We also exam-
ined the relationship of Cks1 and Skp2 expression with
survival rates. The patients with high expression of Cks1
and Skp2 showed a poor prognosis in comparison with
the patients with high expression of Cks1 or Skp2 and the
patients with low expression of Cks1 and Skp2. (Figure
2B). There was statistical significance between the pa-
tients with low expression of Cks1 and Skp2 and the
patients with high expression of Cks1 and Skp2 (P �
0.0051). The type of treatment did not influence the cor-
relation between Cks1 expression and survival (data not
shown). However, since only univariate analysis was per-
formed, the independent prognostic value of Cks1 ex-
pression was not assessed in this study.

Expression of Cks1 in OSCC Cell Lines

Expression of Cks1, p27, and Skp2 proteins in six OSCC
cell lines was examined by Western blot analysis as
shown in Figure 3A. Cks1 expression was observed in 5
of 6 OSCC cell lines, but there is no correlation between
Cks1 and p27 expression. High expression of Skp2 was
well correlated with low expression of p27 (Figure 3A).
Interestingly, Ho-1-N-1 cell showed low expression of

Table 1. Expression of Cks1 in OSCC and Its Correlation with Clinicopathologic Parameters

No. of cases

Cks1 expression

P valueLow High

Normal oral mucosae 10 10 (100%) 0 (0%) 0.0003
OSCC 63 24 (38%) 39 (62%)

Stage*
I 10 5 (50%) 5 (50%)

0.0203II 13 9 (69%) 4 (31%)
III 9 1 (11%) 8 (89%)
IV 31 9 (29%) 22 (71%)

Histology*
Well 29 13 (45%) 16 (55%)

0.0585Moderate 26 11 (42%) 15 (58%)
Poorly 8 0 (0%) 8 (100%)

Metastasis
Negative 37 17 (46%) 20 (54%)

0.1258Positive 26 7 (27%) 19 (73%)
p27 expression

High 14 7 (50%) 7 (50%)
0.5757Moderate 18 6 (33%) 12 (67%)

Low 31 11 (35%) 20 (65%)
Skp2 expression

Low 38 20 (53%) 18 (47%) 0.0034
High 25 4 (16%) 21 (84%)

*, Histological grade and stage of tumor were classified according to the criteria of the Japan Society for Head and Neck Cancer.

Figure 2. Relationship between high expression of Cks1 and poor survival.
A: Relationship of Cks1 expression to survival. Prognosis of high expression
of Cks1 (n � 36) and low expression of Cks1 (n � 19) were examined.
Statistical significance of these data was measured by the Mantel-Cox test. B:
Relationship of Cks1 and Skp2 expression to survival. Prognosis of Cks1 &
Skp2 Low group (n � 15), Cks1 or Skp2 High group (n � 19) and Cks1 &
Skp2 High group (n � 21) were examined. Statistical significance of these
data were measured by the Mantel-Cox test.
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both Cks1 and Skp2 and high expression of p27. This
finding is consistent with the immunohistochemical find-
ing of OSCC cases.

Cks1 Overexpression Enhanced Skp2-Mediated
p27 Degradation

To understand the role of Cks1 overexpression for p27
down-regulation in OSCC, we transfected Cks1 gene with
or without Skp2 gene and examined the expression of
p27 protein (Figure 3B). Ho-1-N-1 cell, which showed low
expression of Cks1 and Skp2 and high expression of p27
protein, was used in this experiment (Figure 3A). Al-
though ectopic expression of Skp2 could induce down-
regulation of p27 by itself, ectopic expression of Cks1
could not induce down-regulation of p27 by itself. Skp2
transfection induced up-regulation of Cks1. Interestingly,
ectopic expression of both Cks1 and Skp2 induced
down-regulation of p27 protein more than with Skp2
alone. The expression level of p27 protein in both Cks1
and Skp2 transfectant cells is lower than that in Skp2
transfectant cells. These results indicate that Cks1 en-

hances p27 down-regulation mediated by Skp2 overex-
pression.

Cks1 siRNA Inhibited the Growth of OSCC Cells
Both in Vitro and in Vivo

As shown above, Cks1 overexpression plays an impor-
tant role for p27 down-regulation in OSCC. Moreover,
Cks1 is specifically required for p27 ubiquitination.25,26

Therefore, to suppress the ubiquitin-mediated degrada-
tion of p27 frequently shown in OSCC, we inhibited Cks1
expression by siRNA in HSC4 cells. To block Cks1 ex-
pression selectively by siRNA, 19-nt target sequence,
separated by a 9-nt spacer from its reverse complement
sequence, was introduced into the siRNA generating
pSUPPRESSOR vector system (Figure 4A). Cks1 siRNA
transfection induced the down-regulation of Cks1 protein
(Figure 4B). As we expected, accumulation of p27 pro-
tein was observed in Cks1 siRNA transfectant cells. Next,
we examined the p27 protein stability and p27 degrada-
tion activity by measuring its half-life and in vitro p27
degradation assay in control siRNA and Cks1 siRNA
transfectant cells. Interestingly, p27 protein rapidly de-
graded in control cells in comparison with Cks1 siRNA
transfected cells after CHX treatment (Figure 4C). In ad-
dition, recombinant p27 protein degraded in control cells
after a 90-minute incubation, but not in Cks1 siRNA trans-
fected cells by in vitro p27 degradation assay (Figure 4C).
Moreover, Cks1 siRNA transfectant cells grew slower in
vitro and showed less BrdU-positive cells in comparison
with control cells (Figure 4, D and E). Next, tumorigenicity
of Cks1 siRNA transfectant cells was assayed in three
nude mice by s.c. injection of 1.5 � 107 cells/injection site
(Figure 5, A and B). The average of tumor size of Cks1
siRNA transfectant cells (24.0 � 5.0 mm3) was signifi-
cantly smaller, as compared to the control siRNA trans-
fectant cells (70.3 � 4.2 mm3) (Figure 5A). Microscopi-
cally, the tumors obtained by injection of Cks1 siRNA
transfectant cells were generally well encapsulated by
the fibrous connective tissue (Figure 5B). In contrast, the
tumors obtained by injection of control, siRNA transfec-
tant cells infiltrated the surrounded tissues without fibrous
encapsulation (Figure 5B). In tumors obtained by injec-
tion of Cks1 siRNA transfectant cells, we confirmed less
expression of Cks1 and more expression of p27 in com-
parison with tumors obtained by injection of control cells
by immunohistochemistry (data not shown). Similar to the
in vitro result, the number of PCNA-positive cells in tumors
by injection of Cks1 siRNA transfected cells were signif-
icantly less than in those of control cells (Figure 5C). In
addition, we examined the rate of apoptotic cells in tu-
mors by TUNEL assay, but we could not find the differ-
ence between both types of tumors (Figure 5D).

Discussion

Numerous studies have shown that loss or drastic reduc-
tion of p27 protein is frequently found in various aggres-
sive cancers. In our previous study, reduced expression

Figure 3. Expression of Cks1 protein and correlation with Skp2 or p27
expression in OSCC cell lines. A: Expression of Cks1, Skp2, and p27 protein
in six OSCC cell lines (HSC2, HSC3, HSC4, Ca9–22, Ho-1-U-1, and Ho-1-N-1
cells). Thirty �g of protein was subjected to Western blot analysis as de-
scribed in the Materials and Methods section. Cul1 expression was used as a
loading control. B: Effect of Cks1, Skp2, and both Cks1 and Skp2 transfection
on p27 protein levels in Ho-1-N-1 cells. Transfection was performed by using
Fugene 6 (Roche). Thirty �g of protein was subjected to Western blot
analysis as described in the Materials and Methods section. Cul1 expression
was used as a loading control. p27/Cul1 level was measured by densitometry.
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of p27 protein was frequently observed in OSCC cases
and was well correlated with metastasis and poor prog-
nosis.10 Moreover, we found that OSCC cell lines with low
p27 protein levels displayed the high proteolytic activity
toward recombinant p27 protein in vitro and accumulation
of p27 protein after proteasome inhibitor treatment.10,35

Our previous findings are supported by several reports
that aggressive human cancers such as colon cancers,
lymphomas, and astrocytic brain tumors contain high
ubiquitin-proteasome-mediated degradation activity spe-
cific for p27.36–39 SCFSkp2 was identified as the E3 ubiq-
uitin ligase that targets p27 for ubiquitination.11–13 We
and other groups found that Skp2 overexpression was

frequently observed in epithelial dysplasia and OSCC,
and that Skp2 expression correlates inversely with p27
levels.15,16 Cks1 was identified as an accessory protein
in the SCFSkp2 ubiquitinating machinery.25,26 Three bind-
ing sites of Cks1 for Cdk, anion, and Skp2 are required
for p27-ubiquitin ligation and for the association of Skp2
with Cdk-bound, Thr187-phosphorylated p27,27 suggest-
ing that Cks1 may function as an adaptor protein to
bridge Skp2 with the Thr187-phosphorylated p27 or may
alter the conformation of Skp2 to promote binding to
phosphorylated p27. In addition to the function of p27
ubiquitination, Cks1 is overexpressed in some cancer
cells.30 Therefore, we hypothesize that Cks1 may act as
an oncoprotein similarly to Skp2. In the present study, we
found high expression of Cks1 in 62% of OSCC cases,
but in 0% of normal oral mucosae. High expression of

Figure 4. Cks1 siRNA transfection in OSCC. A: To suppress p27 degradation,
we tried to inhibit the Cks1 expression by siRNA in HSC4 cells. A synthetic
double-strand oligonucleotide 5�-GGGACATAGCCAAGCTGGTCgagtactg
GACCAGCTTGGCTATGTCC-3�) was introduced into pSUPPRESSOR. Oligo-
nucleotide sequences correspond to a 19-nt sequence from Cks1 (nucleotide
78–96), which are separated by a 9-nt linker (lower case letters) from the
reverse complement of the same 19-nt sequence. Transfection was per-
formed using Fugene 6. B: Cks1 siRNA transfection induced the p27 accu-
mulation in HSC4 cells. In Cks1 siRNA transfectant cells, expression of Cks1
and p27 was examined by Western blot analysis. Thirty �g of protein was
subjected to Western blot analysis as described in the Materials and Methods
section. We used circular control plasmid, which contains a scrambled
sequence that does not show significant homology to rat, mouse, or human
gene sequences, as a control. Cul1 expression was used as a loading control.
C: Half-life of p27 protein and p27 degradation activity in control and Cks1
siRNA transfected cells. To measure the half-life of p27 protein, we treated
CHX (50 �g/ml) for 0, 30, and 60 minutes and then examined the expression
of p27 by Western blot analysis. In vitro degradation assay of p27 was
performed as described by Pagano et al3 One hundred �g of protein was
subjected to Western blot analysis as described in the Materials and Methods
section. D: The effect of Cks1 siRNA transfection on cell growth in vitro at
day 6. Cells (5.0 � 103) were plated onto a 24-well multi-well plate and
counted by Cell Counter at days 0 and 6. *, P � 0.05. Correlation was
analyzed by Fisher’s exact test. E: BrdU incorporation in Cks1 siRNA trans-
fected cells. For BrdU incorporation, cells growing on coverslips were incu-
bated with 10 �mol/L BrdU for 3 hours. Incorporated BrdU was detected
with antibodies as described in the Materials and Methods section. *, P �
0.05. Correlation was analyzed by Fisher’s exact test.

Figure 5. Tumorigenicity of Cks1 siRNA transfected cells. A: Effect of Cks1
siRNA transfection on cell growth in vivo. Tumorigenicity of Cks1 siRNA
transfected and control siRNA transfected cells were assayed in each three
nude mice by s.c. injection of 1.5 � 107 cells/injection site. Tumor length (L)
and width (W) were measured at the end of the experiment, and tumor
volume was calculated by the formula (L � W2)/2. The average of tumor
volume of Cks1 siRNA transfected cells was 24.0 � 5.0 mm3 and that of
control siRNA transfected cells was 70.3 � 4.2 mm3. *, P � 0.05. Correlation
was analyzed by Fisher’s exact test. B: Histology of tumors by injection of
Cks1 siRNA and control siRNA transfected cells. Arrow shows encapsulation
by the fibrous connective tissue. C: Proliferation activity in tumors by injec-
tion of Cks1 siRNA cells. For proliferation activity, the expression of PCNA
was examined by immunohistochemistry in tumors by injection of Cks1
siRNA and control siRNA cells. Immunohistochemistry was performed as
described in the Materials and Methods section. D: The rates of apoptosis in
tumors by injection of Cks1 siRNA cells. The rates of apoptosis were exam-
ined by TUNEL assay. The percentage of and TUNEL-positive epithelial cell
nuclei relative to the total number of epithelial cell nuclei was calculated in
both tumors.
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Cks1 was associated with low expression of p27, but we
could not observe the statistical correlation between
them (Table 1). Recently, three groups have reported that
Cks1 overexpression was observed in gastric, non-small
cell lung, and colon carcinoma.31–33 Cks1 overexpres-
sion was well correlated with reduced expression of p27
in gastric and colorectal carcinomas, but not in non-small
cell lung carcinoma.31–33 Overall, Cks1 overexpression
was frequently found in various cancers, but the role of
Cks1 overexpression in cancer is still unclear. In the
present study, we demonstrated that ectopic Cks1 ex-
pression did not induce down-regulation of p27 protein
by itself, while ectopic Cks1 and Skp2 expression
strongly induced down-regulation of p27 protein in com-
parison to ectopic Skp2 expression alone (Figure 3B).
Surprisingly, Skp2 transfection induced up-regulation of
Cks1 in Figure 3B. Although we do not know the reason of
this phenomenon, it is possible that Skp2 transfection
may increase the cell population in S-phase where Cks1
is more expressed. In S-phase, Cks1 protein is stabi-
lized.40 These observations are consistent with the find-
ing that high expression of Cks1 was well correlated with
high expression of Skp2 by immunohistochemical analy-
sis (Table 1). Interestingly, Cks1 overexpression was well
correlated with poor prognosis, suggesting that Cks1 can
be a good prognostic marker. We suggest that Cks1
overexpression may not induce p27 down-regulation by
itself, and may be able to enhance p27 down-regulation
caused by Skp2 overexpression in OSCC. Aberrant over-
expression of Cks1 may play an important role for OSCC
development and progression by enforced degradation
of p27 through the Skp2 overexpression in OSCC.

Down-regulation of p27 is a common event with the
high frequency in various malignant tumors including
OSCC. As down-regulation of p27 is well known to cor-
relate with malignant behavior in cancer, we believe that
inhibition of p27 degradation can be a novel and powerful
target of cancer therapy. It has been reported that
Cks1�/� cells contain elevated levels of p27 due to
defective ubiquitination and degradation of this protein,
indicating that Cks1 is a specific factor for the ubiquiti-
nation and consequent degradation of p27.26 Therefore,
we knocked-down Cks1 expression by siRNA to inhibit
the p27 degradation (Figure 4). Cks1 siRNA transfection
induced the down-regulation of Cks1 protein and the
consequent accumulation of p27 (Figure 4B). Interest-
ingly, Cks1 siRNA transfected cells showed lower activity
of p27 degradation in comparison with control cells (Fig-
ure 4C). Moreover, knockdown of Cks1 expression actu-
ally inhibited the growth of OSCC cells both in cultured
cells and in vivo (Figure 4D and 5A). These findings
suggest that inhibition of Cks1 expression by using
siRNA can be a novel modality of cancer gene therapy for
suppression of p27 degradation.

It has recently been reported that degradation of Skp2
is mediated by ubiquitin ligase APC/CCdh1 (anaphase-
promoting complex/cyclosome and its activator
Cdh1).40,41 Cks1 degradation is also mediated by APC/
CCdh1.40 As described above, overexpression of Skp2
and Cks1 is frequently observed and is associated with
p27 down-regulation in OSCC. Although amplification of

the Skp2 locus and overexpression Cks1 mRNA were
found at least in small-cell lung tumors,21,32 the mecha-
nism for the overexpression of Cks1 and Skp2 in cancer
is not yet known. Therefore, there is a possibility that
abnormalities in the degradation of Skp2 and/or Cks1
may be involved in high levels of these two proteins in
human cancers. The clarification of this mechanism will
be of interest.
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