
Abstract. Background: Protein kinase C beta II (PKCβII) is
a member of the family of serine/threonine kinases which are
involved in tumor formation and progression. This study
investigated the significance of PKCβII in oral squamous cell
carcinoma (OSCC). Patients and Methods: The expression of
PKCβII was determined in tumors from 59 patients with
OSCC using immunohistochemistry and was correlated with
patients’ clinical characteristics and outcomes. Results:
Twenty-six cases (44%) exhibited nuclear PKCβII staining.
High nuclear PKCβII expression was significantly associated
with the consumption of betel quid (p=0.015) and alcohol
(p=0.024) in OSCC. Kaplan–Meier analysis revealed a
shorter time-to-recurrence in patients with high nuclear
PKCβII expression (p=0.018). In multivariate analysis for
recurrence, high nuclear staining of PKCβII remained an
independent adverse prognostic factor (hazard ratio=2.3,
p=0.016). Conclusion: The present study provides evidence of
the potential prognostic value of PKCβII analysis in OSCC.

Oral cancer is the fourth most common type of cancer among
men in Taiwan and consists a major global public health
issue and challenge (1, 2). Betel quid chewing, cigarette

smoking and alcohol consumption have been identified as
major etiological factors in oral cancer (3, 4). Oral squamous
cell carcinoma (OSCC) represents more than 90% of all oral
carcinomas. Surgery and radiation therapy remain the main
treatments while chemotherapy may be used in combination
with either treatment in advanced cases. The prognosis for
patients with OSCC depends greatly on the stage at which
the cancer is diagnosed, making early detection vital in the
management of the disease.

Protein kinase C (PKC) is a family of serine/threonine
kinases that participates in diverse signal transduction pathways
and is involved in tumor formation and progression (5).
Aberrations in PKC signaling have been implicated in the
promotion and progression of many types of cancer (6-9).
Among all the PKC isozymes, PKCβ is one of the most active
and is involved in cell regulation (10). Two splice variants,
PKCβI and PKCβII, from a single gene have been described,
in which the PKCβII isozyme has been found to be involved in
tumorigenesis and angiogenesis (11, 12). Differential expression
of PKCβII was found among different subtypes of breast cancer
(13). Overexpression of PKCβII is associated with early tumor
promotion and plays a functional role in colorectal cancer (14-
16). Inhibition of PKCβII induces apoptosis and suppresses the
growth of human glioblastoma and colon carcinoma xenografts
(17). PKCβII is also overexpressed in patients with diffuse large
B-cell lymphoma and the increased expression correlates with
poor prognosis (18). In this study, we investigated the
expression of PKCβII in OSCC along with its clinical relevance.

Patients and Methods

Patients. Patients with OSCC who underwent surgery from May
2007 to October 2008 at the Changhua Christian Hospital, Taiwan,
were investigated for PKCβII expression. Paraffin blocks were
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retrospectively retrieved from the pathology archive and clinical
data were obtained from medical charts and the cancer registry.
None of the patients underwent radiotherapy, chemotherapy or any
other treatment prior to surgery. This study was approved by the
Institute Review Board at Changhua Christian Hospital, Taiwan.

Immunohistochemistry. Paraffin-embedded OSCC tissue sections (4-
μm) on poly-L-lysine-coated slides were first de-waxed in xylene and
rehydrated through grading solutions of alcohol, followed by a rinse
using 10 mM Tris-HCl (pH 7.4) and 150 mM sodium chloride, then
treated with 3% hydrogen peroxide for 5 min. Slides were incubated
with an antibody against PKCβII (1:50 dilution) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for 20 min at room
temperature, and thoroughly washed three times with phosphate
buffered saline before incubation with an horseradish
peroxidase/fragment antigen-binding polymer conjugate for another
30 min. The sites of peroxidase activity were visualized using 3,3’-
diamino-benzidine tetrahydrochloride as a substrate. Gill Hematoxylin
Solution II (MERCK, Darmstadt, Germany) was utilized as the
counterstain. Paraffin-embedded sections of human colorectal cells of
homogeneous PKCβII immunophenotype were included as positive
controls. Negative controls had the primary antibody omitted and
replaced by PBS. The expression of PKCβII was rated
semiquantitatively based on the staining intensity. The intensity of
staining was scored as –, 1+, 2+, and 3+ for negative, weak, moderate,
and strong staining, respectively. Two pathologists scored coded
sections independently and conflicting scores were resolved at a
discussion microscope.

Statistical analysis. Correlations of PKCβII and various clinical
parameters of OSCC were examined by the Pearson's chi-square test.
Survival rates and disease recurrences were calculated using the
Kaplan–Meier analysis and were compared by the Cochran–Mantel–
Haenszel test. Overall survival (OS) was defined as the time from the

date of diagnosis to the date of death. Patients still alive at the end of
the study were censored at the date of last follow-up. Time-to-
recurrence was defined as the time from diagnosis until tumor
recurrence or death. Statistical significance was defined as p<0.05.

Results

As shown in Table I, a total of 59 OSCC patients, 57 men and
2 women, were examined for the expression of PKCβII. We
assessed both cytoplasmic and nuclear PKCβII expressions
using a semiquantitative scoring system. Nuclear PKCβII
expression with different staining intensities was noted in 26
OSCC cases. Using the semiquantitative scoring system, the
OSCC patients were then classified into two groups: high-
PKCβII expression with scores of 2+ or 3+, and low/negative-
PKCβII expression with scores of 1+ or – (Figure 1).

High nuclear PKCβII expression was associated with
alcohol consumption (p=0.024) and betel quid chewing
(p=0.015) in patients with OSCC, as indicated by the Chi-
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Table I. Differential expression of protein kinase C βII in oral squamous
cell carcinoma.

PKCβⅡ expression Nuclear Cytoplasmic 
staining/total (%) staining/total (%)

Negative (–) 33/59 (55.9%) 3/59 (5.1%)
Weak (1+) 10/59 (16.9%) 8/59 (13.6%)
Moderate (2+) 11/59 (18.6%) 33/59 (55.9%)
Strong (3+) 5/59 (8.5%) 15/59 (25.4%)

Figure 1. Representative immunohistochemical staining patterns of oral squamous cell carcinoma for protein kinase C βII. A: Negative (–) nuclear
staining; B: weak (1+) nuclear staining; C: moderate (2+) nuclear staining; and D: strong (3+) nuclear staining. Magnification 400×.



square analyses (Table II). Follow-up data revealed that high
nuclear PKCβII expression significantly correlated with
tumor recurrence (p=0.018, Figure 2A). With regard to OS,
the high nuclear PKCβII expression phenotype had no
significant impact (Figure 2B). Cox proportional regression
analyses were used to assess the effect of high nuclear
PKCβII expression on tumor recurrence and OS,
independently of other clinical variables. The results showed
that high nuclear PKCβII expression, when adjusted for
grade, tumor size, stage, and lymph node metastasis, retained
a statistically significant association with disease recurrence

(p=0.016, hazard ratio (HR)=2.3). Lymph node metastasis
(p=0.043, HR=2.3) was the only significant risk factor with
regard to survival (Table III).

Despite diffuse cytoplasmic PKCβII expression with
varying levels of intensity being noted in 56/59 (95%) OSCC
cases, no association was found between cytoplasmic PKCβII
expression and the clinical variables studied (data not shown). 

Immunohistochemical staining consistently showed a
nuclear staining pattern for PKCβII to be negative in the
dysplastic oral epithelium and normal mucosal cells at the
resection margin (Figure 3).
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Figure 2. The Kaplan–Meier curves of time-to-recurrence (A) and overall survival (B), stratified for protein kinase C βII phenotypes. One case
lacked follow-up data and was excluded from the analysis.

Figure 3. Nuclear protein kinase C βII staining classified as ‘negative’ in dysplastic oral epithelium (A) and normal mucosal cells at the resection
margin (B). Magnification 400×.



Discussion

The type of treatment for oral cancer depends on a number
of factors, including size, location, type, extent of the tumor
and stage of the disease. Regardless of the cause, treatment
modalities in oral cancer usually involve surgery, and
radiation, with or without chemotherapy. Targeted agents that
cause molecular or cellular changes which are specific to
oral cancer may have therapeutic potential.

Based on its role in carcinogenesis and angiogenesis,
PKCβII has been suggested to represent a potential
therapeutic target in many types of human cancers (11, 12).
The PKC family members are well-known as shuttle
molecules for cellular signaling conveying intracellular
signals by moving between compartments (9). PKCs of
inactive conformation reside in the cytoplasm and translocate
upon stimulation to the plasma membrane and/or to the
nucleus (19, 20). 

Immunohistochemical staining showed the presence of
PKCβII in both the cytoplasmic and nuclear compartments of
OSCC cells in our study. While the pattern of cytoplasmic

PKCβII expression had no clear clinical significance, high
nuclear PKCβII expression was associated with alcohol and
betel quid consumption (p=0.024 and 0.015, respectively).
Chewing of the betel nut and alcohol consumption have both
been linked to increased risk of oral cancer (3, 4). The
observation that high PKCβII expression is associated with
betel quid chewing and alcohol use is consistent with
previous reports, which indicated that PKC expression can be
induced by betel quid extracts (21), and identified PKCs as
key mediators of the acute and chronic effects of alcohol (22).
The Kaplan–Meier survival plots showed that OSCC patients
with high nuclear PKCβII expression had a significantly
shorter time-to-recurrence than patients with low/negative
PKCβII expression (p=0.018). The multivariate analysis also
identified the presence of PKCβII as an independent risk
factor for recurrence (p=0.016). Similarly to previous
epidemiological reports, we found a high male/female ratio
of oral cancer incidence in this study. (23, 24). 

This study is mainly limited by the rather small patient
sample size for conduction of prognostic evaluation.
Nonetheless, the basic characteristics are statistically well-
balanced in this cohort of patients with OSCC, and the trend
for shorter time-to-recurrence for patients with high nuclear
PKCβII expression is clearly shown.

The present study provides, to our knowledge, the first
description of PKCβII expression pattern in OSCC and its
possible prognostic significance on this disease. The
observation that PKCβII expression is correlated with
prognosis warrants further investigation as this protein may
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Table III. Multivariate Cox regression analysis for the risk effect on
recurrence and survival: Protein kinase C βII expression and
clinicopathological risk factors.

Risk factor Recurrence Survival

HR 95% CI p-Value HR 95% CI p-Value

PKCβⅡ
–/1+ 1 1.2-4.7 0.016 1 0.7-3.4 0.264
2+/3+ 2.3 1.6 

Tumor grade
I 1 0.4-2.7 0.970 1 0.3-2.4 0.692
II/III 1.0 0.8 

Lymph node 
metastasis

No 1 0.7-3.0 0.290 1 1.0-5.1 0.043
Yes 1.5 2.3 

Tumor size
<2 cm 1 0.5-11.8 0.271 1 0.2-13.5 0.610
≥2 cm 2.4 1.7 

Tumor stage
I/II 1 0.3-2.9 0.940 1 0.5-35.1 0.167
III/IV 1.0 4.4

HR: Hazard ratio; CI: confidence interval.

Table II. Association between nuclear protein kinase C βII expression
and various clinical parameters in oral squamous cell carcinoma.

PKCβⅡ expression N p-Value

–/1+ 2+/3+

Age, years, mean (SD) 55.3 (10.6) 52.2 (14.0) 59 0.370 
Alcohol consumption

No 25 58.1% 4 25.0% 29 0.024 
Yes 18 41.9% 12 75.0% 30

Smoker
No 16 37.2% 4 25.0% 20 0.378 
Yes 27 62.8% 12 75.0% 39

Betel chewer
No 26 60.5% 4 25.0% 30 0.015 
Yes 17 39.5% 12 75.0% 29

Tumor grade
I 7 16.3% 2 12.5% 9 0.711 
II 31 72.1% 13 81.3% 44
III 5 11.6% 1 6.3% 6

Lymph node metastasis
No 21 48.8% 8 50.0% 29 0.937 
Yes 22 51.2% 8 50.0% 30

Tumor size
<2 cm 4 9.3% 1 6.3% 5 1.000 
≥2 cm 39 90.7% 15 93.8% 54
<4 cm 19 44.2% 8 50.0% 27 0.690 
≥4 cm 24 55.8% 8 50.0% 32

Tumor stage
I 1 2.3% 1 6.3% 2 0.781 
II 6 14.0% 1 6.3% 7
III 7 16.3% 2 12.5% 9
IV 29 67.4% 12 75.0% 41



also represent a potential target for the therapy of OSCC.
PKCβ inhibitors, such as enzastaurin, which has shown pre-
clinical activity in colorectal cancer (17, 25) and
glioblastoma (17), and has demonstrated clinical efficacy in
diffuse large B-cell lymphoma (26), where PKCβ has been
identified as a therapeutic target, might also be worthee for
evaluation in OSCC. 
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