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Abstract
Objectives: To evaluate the clinical significance of cyclin-dependent kinase 1 (CDK1) in 77 oral squamous cell 
carcinomas (OSCC) using immunohistochemical methods. 
Study Design: Immunohistochemical expression of CDK1 was compared with various clinicopathological features 
in 77 OSCC and 60 controlled epithelia adjacent to the tumours. In addition, correlation of CDK1 expression and 
prognostic and the 5-year accumulative survival rate of OSCC were investigated.
Results: The CDK1 protein was expressed in 52 cases of 77 tumor tissues (67.5%), compared with 21 cases of 60 
controlled (35.0%). The expression of CDK1 was significantly correlated with the histological grade of OSCC 
(P<0.05). The CDK1 protein was over-expressed in recurrent tumors or in those with lymph node metastasis. 
Statistical analysis showed a significant reduction in the 5-year accumulative survival rate in CDK1 positive cases 
compared with CDK1 negative cases (P<0.05). Namely, the CDK1 positive patients had poor prognosis. 
Conclusions: The expression of CDK1 might serve as malignant degree and prognostic markers for the survival 
of OSCC.
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Introduction
Oral squamous cell carcinoma (OSCC) is the most com-
mon type of malignancy of the oral cavity (1) and  the 
sixth most common type of cancer in the world. Each 
year more than 31,000 patients are newly diagnosed 
with OSCC in the USA (2). In China, the risk of mor-
bidity due to OSCC is increasing, and the patients tend 
to be increasingly younger (3). 
The cyclin-dependent kinases (CDKs) are master regu-
lators of the cell cycle and are likely to play central roles 
in growth control during the cell cycle (4). CDK1 is a 
key factor for G2-M phase transition as well as cyclin 
B1 complex pushes cell from G2 phase to M phase and 
hence this is well-known as maturation promoting fac-
tor (MPF) (5). This complex performs chromatin con-
densation, nuclear envelope breakdown, fragmentation 
of golgi apparatus and endoplasmic reticulum as well 
as spindle formation by microtubule instability. Sub-
sequently at prophase and at beginning of anaphase an 
ubiquitin ligase (E3) known as the anaphase-promoting 
complex/cyclosome (APC/C) will get attached to CDK1 
and cyclin B1 complex which triggers the destruction of 
the mitotic cyclins (6). Dysregulation of the cell cycle 
machinery is a fundamental hallmark of cancer progres-
sion and the cell programmers of proliferation, differen-
tiation, senescence and apoptosis are intimately linked 
to the cell cycle regulatory machinery. It has been clari-
fied that the failure of cell proliferative mechanism is 
one of the malignant transformation factors (7-9). The 
highly conserved protein kinase CDK1 is a key com-
ponent in the regulation of entry into mitosis in many 
eukaryotic systems. Regarding CDK1 as an index of cell 
proliferation is conceivable.
In this study, we examined the expression of CDK1 in 77 
cases of OSCC using immunohistochemistry, and eva-
luated the clinical significance of its expression com-
paring  to clinicopathological factors and prognosis.

Material and Methods
-Patients and specimens
Seventy-seven patients diagnosed with primary OSCC 
were selected, including tongue cancer (n=26), buccal 
carcinoma (n=23), carcinoma of hard palate (n=8), upper 
or lower gingival carcinoma (n=17), floor of mouth carci-
noma (n=3), who underwent a radical surgery procedure 
between December 1999 to June 2006 at Department of 
Oral and Maxillofacial Surgery, Hospital of Stomatology, 
Anhui Medical University, China. Clinical tumor stages 
were classified based on TNM criteria (UICC, 2010) (10). 
There were 14 cases in stage I, 27 in stage II, 23 in stage 
III, and 13 in stage IV. Hematoxylin and eosin stained 
slides from each biopsy specimen were reviewed, and 
histological grades were assigned in each case. Tumors 
were classified as grade I (well differentiated tumor), 
grade II (moderately differentiated tumor), and grade 

III (poorly differentiated tumor) tumor according to the 
WHO (2005) criteria (11). All patients underwent follow-
up survey until death or for an average of 7.4 years (0.8 
year~11. 7 years). In addition, 60 specimens of epithelia 
adjacent to the tumours from the same sample of OSCC 
were chosed  as control group.
-Immunohistochemistry
Immunohistochemical staining for CDK1 was performed 
with a peroxidase-labeled streptavidinbiotin method on 
formalin fixed, paraffin embedded 4-micron sections 
from biopsy specimens in each case. The antigenic de-
terminant sites were unmasked with 0.01 M sodium cit-
rate solution in association with microwave irradiation. 
The sections were incubated at room temperature for 2 
h with mouse IgG monoclonal antibody to human CDK1 
fusion protein (1:50 dilution, Fuzhou Maixin Biotech-
nology Development Co., Ltd.kChina), and were subse-
quently incubated with a linking biotinylated antimouse 
antibody (Fuzhou Maixin Biotechnology Development 
Co., Ltd. China) and a streptavidin-peroxidase label 
(Fuzhou Maixin Biotechnology Development Co., Ltd.
China). After the development of the color with Diami-
nobenzidene substrate, the slides were counterstained 
lightly with hematoxylin. The sections of human tonsil 
were used as positive controls for CDK1 staining. Nega-
tive controls were the test tissue omitting the primary 
antibody from the incubation sequence. The cell stained 
nucleus or cytoplasm dark brown was regarded as CDK1 
positive case. We counted the CDK1 positive cell in 1000 
cancer cells, and evaluated as CDK1 positive case when 
its ratio was 10% or more (12). 
-Statistical analysis
Data analysis was performed with SPSS 11.0 statisti-
cal packages. The differences in immunostaining and 
protein levels among each group were analyzed by Chi-
square tests. Two-tailed Pearson statistics were used for 
correlated expression of these markers after confirma-
tion of the sample with Gaussian distribution. Survivor 
functions were estimated by the Kaplan-Meier method, 
and survival curves were compared by the Log rank test 
(13). Statistical significance was defined as the P-value 
was <0.05. 

Results
-Expression and location of CDK1 in oral epithelia adja-
cent to the tumours and OSCC 
There was a significant difference in CDK1 expression 
between epithelia adjacent to the tumours and OSCC 
(Table 1). CDK1 protein locations were not found in epi-
thelia adjacent to the tumour cases (Fig. 1). As illustrated 
in figure 2,3,4, CDK1 protein was appeared in cytoplasm 
of the majority of OSCC cases. The scattered CDK1 posi-
tive cells were seen in diffuse invasive OSCCs (Fig. 4).
-Correlations between CDK1 expression and clinico-
pathological features of OSCC
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The correlations between CDK1 expression and clinico-
pathological features were shown in table 2. There were 
no statistical differences in the expression of CDK1 pro-
tein and the clinicopathological features by age, gender 
and tumor location. The incidence of CDK1 protein ex-
pression increased gradually from stage I to stage III 
and from grade I to grade III, but decreased in stage IV.  
Differences in CDK1 protein expression among differ-
ent clinical stages and histrogical grades were of statis-
tical significance.

-Relationship between CDK1 expression and prognos-
tic variables of OSCC
CDK1 expression correlated with the occurrence of the 
tumor local recurrence, and the regional lymph node 
metastasis (Table 3). In addition, the 5-year accumula-
tive survival rate in CDK1 positive group was significant 
lower than that of the CDK1 negative group (Table 4). The 
tumor prognosis in CDK1  positive group was obviously 
worse than that of CDK1 negative group (Fig. 5).

Groups No. of cases CDK1 expression   P-value
positive  (%) negative

Epithelia adjacent to 
the tumours

60 21 (35.0%) 39 χ2=14.34
P<0.01

OSCC 77 52 (67.5%) 25

Table 1. CDK1 expression between epithelia adjacent to the tumours and OSCC.

Fig. 1. CDK1 protein locations were not found  in epithelia adjacent 
to the tumours  (original magnification:×400).                         

Fig. 2. CDK1 protein was expressed in well differentiated squamous 
cell  carcinoma (original magnification: ×400).                            

Fig. 3. CDK1 protein was expressed in moderately differentiated 
squamous cell carcinoma (original magnification: ×400).                            

Fig. 4. CDK1 protein was expressed in poorly differentiated squamous 
cell carcinoma (original magnification: ×400).                     
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Clinicopathological features No. of cases CDK1 expression P-value
Positive (%) Negative

Stage (TNM) 77 52 (67.5) 25 χ2=14.25
P<0.01I 14 8 (57.1) 6

II 27 17 (62.9) 10
III 23 22 (95.6) 1
IV 13 5 (38.4) 8
Histrogical grade
I 35 19 (54.2) 16 χ2=6.60

0.01< P <0.05II 36 27 (75.0) 9
III 6 6 (100.0) 0
Age (y)
<60 39 28 (71.7) 11 χ2=0.65

P >0.05≥60 38 24 (63.1) 14
Gender
Male 47 30 (63.8) 17 χ2=0.75

P >0.05Female 30 22 (73.3) 8
Tumor location
Tongue 26 19 (73.1) 7 χ2=3.56

P >0.05Buccal mucosa 23 16 (69.6) 7
Upper or lower gingival 17 10 (58.8) 7
Floor of mouth 3 3 (100.0) 0
Hard palate 8 4 (50.0) 4

Table 2. Correlation between CDK1 expression and clinicopathological features.

Prognostic features No. of cases CDK1 expression P
Positive (%) Negative

Local reccurence
Positive 35 31 (88.5) 4 χ2=12.954

P <0.01Negative 42 21 (50.0) 21
Lymph node metastasis

Positive 32 26 (81.2) 6 χ2=4.699
P <0.05Negative 45 26 (57.7) 19

Table 3. Relations of CDK1 positive and prognostic features OSCC.

Cumulative survival 
rate

No. of cases CDK1 P
Positive (%) Negative (%)

≥60months
(5-years)

52 31 (59.6%) 21 (84.0%) χ2=4.578
P<0.05

<60months
(5-years)

25 21 4

Table 4. Relations Between CDK1 positive and 5-year accumulative survival rate.
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Discussion
Oral cancer comprises cancer of tongue, buccal mu-
cosa, upper or lower gingival, floor of mouth and hard 
palate. More than 90% of cases of oral cancer are squa-
mous cell carcinomas (14), which occurs at a relatively 
high frequency in China. OSCC is a serious and grow-
ing problem in many parts of the globe, mainly due to 
its low survival rate and poor life quality, especially for 
advanced cases (15). 
To date, the most effective treatment for OSCC is exten-
sive surgical resection, with radiotherapy and/or chem-
otherapy prior to or following surgery (16,17). Despite 
substantial effort and novel therapeutic developments, 
the five year survival rate for OSCC has not appreciably 
improved over the last two decades (18,19). However, 
patients are frequently diagnosed at late stages. Their 
different clinicopathological features, such as TNM 
stage, histological grade and tumor invasion, could re-
flect their clinical malignancy and clinical prognosis. 
Therefore, malignancy of OSCC was generally evalu-
ated according to the clinicopathologic morphological 
features of the tumor synthetically, and chosen proper 
therapeutic program. However, it is not rare that clinical 
progression is inconsistent with degree of malignancy, 
thus the authors proposed that there might be complicat-
ed relations with other cytobiologic malignant factors, 
including the cell proliferation which could not been 
reflected by morphological features (12). The present 
study attempted to discover suitable novel biomark-
ers which reflect the physiological state and changes of 
cells prior to or during the disease process to offer early 
and accurate prediction and diagnosis for patients with 
OSCC, particularly in early stage OSCC (20). 
In recent years, researches on cell proliferation associated 
proteins have been making considerable progress. CDK1 
which located in the downstream of signal transcription 

during mitosis reflects the ability of cell proliferation di-
rectly. CDK1-mediated control of cell cycle might correlate 
with accurate reproduction and cell size homeostasis (21).
In this study, we performed an observation on CDK1 on-
cogenic properties, on the relationship between CDK1 
expression and clinicopathologic parameters in OSCC. 
In the results of our study, CDK1 protein was expressed 
in 52 of 77 OSCCs (67.5%), as compared with 21 of 60 
controlled epithelia adjacent to the tumours (35.0%, 
P<0.01). Concerning the intracellular locations of CDK1 
protein in this study, the majority of CDK1 protein was 
present in cytoplasm. Goodger et al. (22) reported that 
both cytoplasm and nucleus in interphase cells or major-
ity cells were stained by CDK1 specific staining, and it 
was over-expressed strongly in higher malignant tumor. 
In our study, CDK1 expression did not always appeared 
on case with high malignant clinicopathologic findings. 
Therefore, it is necessary to investigate the meaning of 
CDK1 intracellular location by increasing cases. As for 
the relation to the clinical stage of OSCC, the incidence 
of CDK1 expression increases along with the progres-
sion of tumor stage until stage III, but it decreases in 
notable advanced tumor, stage IV. This phenomenon is 
hard to explain from biological view. However, from this 
result, we hypothesized that cell proliferation showed a 
slow process in early stage carcinoma, and this process 
accelerated along with the progression of tumor, but in 
the advanced phase of cancer, the self-proliferation of 
cancer cells also will decline together with reduction 
of immune function. Thus the proliferative capacity of 
cancer cells was not considered always stable and in-
variable, and it might be promoted or repressed along 
with some changes of patient’s body condition. The 
study also found that CDK1 protein was over-expressed 
in high malignant (grade III) cancer. It was considered 
that variation in normal cell proliferative might reflect 
the clinical findings and histological malignancy to a 
certain degree (12). 
Our findings showed that CDK1 protein was over-ex-
pressed in postoperative recurrence cases or in those 
with lymph node metastasis. Moreover, five-year accu-
mulative survival rate was significantly higher in CDK1 
negative cases than that in positive cases, both of which 
indicated that CDK1 protein might predict prognosis of 
OSCC. Wada et al. (12) reported the correlation between 
cdc2 (CDK1) expression and the prognosis of tongue SCC 
on their study, and described that the cdc2 may be an in-
dependently prognostic factor. These results reveal the 
physiological malignant degree of OSCC and suggest that 
the CDK1 might be a useful index for evaluating progno-
sis of OSCC. Further investigations were expected.
In conclusion, this study found the significant correlations 
between CDK1 expression and histological malignant 
grade, and survival rate of OSCC. These results indicated 
that the CDK1 expression might reflect the malignancy of 

Fig. 5. Survival curve of oral squamous cell carcinoma (OSCC).                   
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OSCC, and it could be a useful index for determine ma-
lignant degree and the prediction of prognosis in OSCC.

References 
1. Jemal A. Global burden of cancer: opportunities for prevention. 
Lancet. 2012;380:1797-9.
2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer 
statistics. CA Cancer J Clin. 2008;58:71-96.
3. Yang L, Parkin DM, Ferlay J, Li L, Chen Y. Estimates of cancer 
incidence in China for 2000 and projections for 2005. Cancer Epide-
miol Biomarkers Prev. 2005;14:243-50.
4. Goranov AI, Amon A. Growth and division-not a one way road. 
Curr Opin Cell Biol. 2010;22:795-800.
5. Li JM, Brooks G. Cell cycle regulatory molecules (cyclins, cyclin-
dependent kinases and cyclin-dependent kinase inhibitors) and the 
cardiovascular system; potential targets for therapy?. Eur Heart J. 
1999;20:406-20.
6. van Leuken R, Clijsters L, Wolthuis R. To cell cycle, swing the 
APC/C. Biochim Biophys Acta. 2008;1786:49-59.
7. Todd R, Hinds PW, Munger K, Rustgi AK, Opitz OG, Suliman Y, 
et al. Cell cycle dysregulation in oral cancer. Crit Rev Oral Biol Med. 
2002;13:51-61.
8. Saito T, Nakajima T, Mogi K. Immunohistochemical analysis of 
cell cycle-associated proteins p16, pRb, p53, p27 and Ki-67 in oral 
cancer and precancer with special reference to verrucous carcino-
mas. J Oral Pathol Med. 1999;28:226-32.
9. Nozoe T, Korenaga D, Kabashima A, Ohga T, Saeki H, Sugimachi 
K. Significance of cyclin B1 expression as an independent prognostic 
indicator of patients with squamous cell carcinoma of the esophagus. 
Clin Cancer Res. 2002;8:817-22.
10. Edge SB, Compton CC. The American Joint Committee on Can-
cer: the 7th edition of the AJCC cancer staging manual and the future 
of TNM. Ann Surg Oncol. 2010;17:1471-4.
11. World Health Organization. World Health Organization Clas-
sification of Tumours: Pathology and Genetics of.Head and Neck 
Tumours.2005.International Agency for Research on Cancer (IARC) 
Press. p. 1-360.
12. Wada S, Yue L, Furuta I. Prognostic significance of p34cdc2 
expression in tongue squamous cell carcinoma. Oral Oncol. 
2004;40:164-9.
13. O’Brien PC, Zhang D, Bailey KR. Semi-parametric and non-par-
ametric methods for clinical trials with incomplete data. Stat Med. 
2005;24:341-58.
14. Choi S, Myers JN. Molecular pathogenesis of oral squamous cell 
carcinoma: implications for therapy. J Dent Res. 2008;87:14-32.
15. Fu JY, Gao J, Zhang ZY, Zheng JW, Luo JF, Zhong LP, et al. Tea 
consumption and the risk of oral cancer incidence: a case-control 
study from China. Oral Oncol. 2013;49:918-22.
16. Coleman MP, Rachet B, Woods LM, Mitry E, Riga M, Cooper 
N, et al. Trends and socioeconomic inequalities in cancer survival in 
England and Wales up to 2001. Br J Cancer. 2004;90:1367-73.
17. Zhang J, Cao W, Xu Q, Chen WT. The expression of EMP1 is 
downregulated in oral squamous cell carcinoma and possibly associ-
ated with tumour metastasis. J Clin Pathol. 2010;64:25-9.
18. Kessler P, Grabenbauer G, Leher A, Bloch-Birkholz A, Vairak-
taris E, Neukam FW. Neoadjuvant and adjuvant therapy in patients 
with oral squamous cell carcinoma Long-term survival in a prospec-
tive, non-randomized study. Br J Oral Maxillofac Surg. 2008;46:1-5.
19. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 
cancer statistics. CA Cancer J Clin. 2011;61:69-90.
20. Srinivas PR, Kramer BS, Srivastava S. Trends in biomarker re-
search for cancer detection. Lancet Oncol. 2001;2:698-704.
21. Jorgensen P, Tyers M. How cells coordinate growth and division. 
Curr Biol. 2004;14:R1014-27.
22. Goodger NM, Gannon J, Hunt T, Morgan PR. The localization of 
p34cdc2 in the cells of normal, hyperplastic, and malignant epithelial 
and lymphoid tissues of the oral cavity. J Pathol. 1996;178:422-8.

Funding
This study was supported by Anhui Provincial Natural Science Re-
search Project (grant No. KJ2011Z184) and Scientific Research Fund 
of Anhui Medical University (grant No. 2010xkj021).


