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Abstract. Head and neck squamous cell carcinoma 
(HNSCC) is one of the most frequently occurring types of 
cancer worldwide. We focused on the fact that the aberrant 
function of Wnt/β-catenin signaling is a frequent event in 
malignancies. Dickkopf (Dkk)-3 is a major negative regulator 
of Wnt/β-catenin signaling, which is a known tumor suppressor 
and is down-regulated in various types of cancer. However, the 
expression profile of the Dkk-3 protein in HNSCC has not yet 
been reported. The present study was conducted to investigate 
Dkk-3 protein expression in 90 cases of HNSCC tissue samples 
and HNSCC-derived cell lines. In contrast to findings available 
on other types of cancer, the Western blot analysis revealed that 
HNSCC cell lines expressed the Dkk-3 protein. In immuno-
histochemistry, 76 cases (84.4%) out of 90 tissue samples were 
Dkk-3-positive, whereas only 14 cases (15.6%) were negative. 
Notably, survival analysis showed that the Dkk-3 (-) group 
exhibited significantly longer disease-free survival (p=0.038), 
metastasis-free survival (p=0.013) and longer overall survival 
(p=0.155). The results showed that the Dkk-3 protein was 
dominantly expressed and may be involved in carcinogenesis 
and metastasis in HNSCC. Moreover, the findings suggest that 
the function of Dkk-3 differs depending on the tissue of origin, 
and that it may exert an oncogenic function in HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a 
frequently occurring cancer worldwide. HNSCC exhibits 
heterogeneous characteristics: some HNSCC exhibit a well-
differentiated, low invasive, bland phenotype, whereas others 
exhibit a highly invasive phenotype, often with lymph nodal 
and/or distant metastasis, and the sensitivity to chemotherapy 
or radiation therapy varies according to the individual case. 
Moreover, as background risk factors, the involvement of envi-
ronmental exposure of the patient, including tobacco smoking 
and alcohol consumption, make it more complex to understand 
the biological behavior of HNSCC.

HNSCC occurs as a result of cumulative genetic or epigen-
etic alterations in cancer-related genes, oncogenes and tumor 
suppressor genes (TSGs). Despite recent advances in molec-
ular pathology, little is known regarding the genes or pathways 
that play key roles in HNSCC (1). To establish a more concise 
understanding of the biological characteristics of HNSCC, our 
group has been working on a genome-wide analysis with the 
aim of identifying the genes that act as the principle drivers 
of carcinogenesis, invasion and metastasis. The focus has 
been on the abnormal function of the major tumor suppressor 
molecules. Previously, we reported on the decreased function 
in the ING family (2-6), and the possible tumor suppressor role 
of Dickkopf (Dkk)-3, which is the tumor suppressor against 
oncogenic Wnt/β-catenin signaling in HNSCC (7,8).

Wnt/β-catenin signaling is one of the most crucial pathways 
in carcinogenesis in HNSCC. Recent cancer stem cell research 
revealed that the side population, which includes cancer 
stem cells in HNSCC, demonstrates abnormal Wnt/β-catenin 
signaling, and that such cells possess highly invasive poten-
tial (9). The Dkk family functions as a negative regulator of 
Wnt signaling, and thus acts as a tumor suppressor (10). As 
previously reported, the down-regulation of Dkk-3 in mRNA 
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expression is observed as a common event in several types 
of malignancies, including glioma (11), hepatocellular carci-
noma (12), breast cancer (13), melanoma (14), prostate (15) and 
gastrointestinal cancer (16). The decrease in mRNA expression 
induction may also decrease Dkk-3 protein expression, which 
may lead to the loss of tumor suppressor functions, resulting in 
carcinogenesis.

However, of note, the mRNA down-regulation of Dkk-3 
may vary depending on the tissue of origin. For instance, 
Dkk3 mRNA expression is not decreased in certain esophageal 
squamous cell carcinoma cell lines (16). Furthermore, Dkk-3 
protein expression is conserved in esophageal squamous cell 
carcinoma tissue samples (17), indicating the existence of 
crucial and specific roles of Dkk-3 in squamous epithelium 
origin, while the protein expression status of Dkk-3 in HNSCC 
has yet to be reported.

In the present study, we investigated the protein expression 
of Dkk-3 in a HNSCC tissue sample and HNSCC cell lines, 
as well as the correlation between the clinicopathological 
characteristics and patient prognosis by statistical analysis. 
We report notable findings regarding Dkk-3 expression 
and discuss its possible role in HNSCC carcinogenesis and 
progression.

Materials and methods

Tissue samples and patients. In total, 90 cases of HNSCC tissue 
samples and 10 cell lines were used for this study. The tissue 
sample was obtained from the Okayama University Tumor 
bank (Professor Kenji Shimizu) and Okayama University 
Hospital Surgical Pathology Unit (Okayama, Japan) between 
1994 and 2008. The details of the patient data, including 
gender, age, history of smoking, alcohol consumption, TNM 
staging, incidence of lymph nodal metastasis and the condition 
with or without chemotherapy or radiation therapy, are shown 
in Table I.

The patients included 63 males and 27 females. Follow-up 
duration periods were between 1 and 105 months. During 
follow-up, 13 patients with local cancer recurrence, 25 with 
lymph nodal/distant metastasis and 2 with both recurrence 
and metastasis, were observed. Of the 90 patients, 25 patients 
succumbed to cancer. The tumors were surgically excised 
from gingiva (N=23), buccal mucosa (N=10), the mouth floor 
(N=8), tongue (N=28), lower lip (N=1), larynx (N=8), hypo-
pharynx (N=7), mesopharynx (N=4) and oropharynx (N=1) 
after informed consent was obtained from each patient. The 
tissue samples were fixed with 10% neutral-buffered formalin 
and processed for paraffin-embedded sections. Serial sections  
(4 µm) were used for hematoxylin and eosin (H&E) sections 
and immunohistochemical analysis.

Cell lines. The cell lines HSC-2, HSC-3, HSC-4 and Ca9-22 
were provided by RIKEN BRC through the National Bio- 
Resource Project of the The Ministry of Education, Culture, 
Sports, Science and Technology (MEXT), Japan. The cell lines 
UT-SCC-12A, UT-SCC-12B, UT-SCC-16A, UT-SCC-16B, 
UT-SCC-60A and UT-SCC-60B, which were paired and 
originally established cell lines from the primary and meta-
static cancers of the same patients, were kindly provided by 
Dr Reidar Grenman, University of Turku, Finland.

The cell lines were maintained in Dulbecco's modified 
Eagle's medium (Gibco, Tokyo, Japan) with antibiotics and an 
antimycotic agent, including 100 U/ml penicillin, 100 µg/ml 
streptomycin and 25 mg/ml amphotericin B (Gibco), in a CO2 
incubator with an atmosphere of 95% air plus 5% CO2 at 37˚C. 
When the cells became confluent, total protein was extracted 
for Western blotting as reported in a previous study (18).

Western blotting. Western blotting was performed according 
to the usual procedure. Cell extracts were boiled for 5 min 
in sodium dodecyl sulfate (SDS) gel-loading buffer (0.1 M 
Tris-HCl, pH 6.8, 20% glycerol, 2.5% SDS, 0.05% bromo-
phenol blue and 5% β-mercaptoethanol). Equal amounts of 
each protein sample were then loaded and separated on 12.5% 

Table I. Clinicopathological characteristics of patients.

Parameter Number %

Age (years) mean ± SD 67.28±11.28 
Gender  
  Male 63 70.0
  Female 27 30.0
Tumor site  
  Tongue 28 31.1
  Gingiva 23 25.6
  Buccal mucosa 10 11.1
  Mouth floor 8 8.9
  Larynx 8 8.9
  Hypopharynx 7 7.8
  Mesopharynx 4 4.4
  Oropharynx 1 1.1
  Lower lip 1 1.1
T stage  
  T1 16 17.8
  T2 33 36.7
  T3 17 18.9
  T4 24 26.7
N stage  
  N0 49 54.4
  N1 17 18.9
  N2 21 23.3
  N3 3 3.3
TNM stage  
  I 14 15.6
  II 22 24.4
  III 17 18.9
  IV 37 41.1
Differentiation  
  Well 53 58.9
  Moderate 26 28.9
  Poor 11 12.2

SD, standard deviation.
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SDS-polyacrylamide gels and blotted onto polyvinylidene 
difluoride (PVDF) membranes. Following the blockade of non-
specific binding by soaking the PVDF membranes in 5% skim 
milk, proteins were detected using anti-Dkk-3 (R&D Systems, 
Minneapolis, MN, USA) and anti-β-actin (Abcam, Cambridge, 
MA, USA). Proteins were visualized using the ECL Plus 
Western blotting detection system (Amersham, Arlington 
Heights, IL, USA) according to the manufacturer's instructions. 

Immunohistochemistry. Immunohistochemistry was carried 
out according to the manufacturer's instructions using goat 
polyclonal antibody against human Dkk-3 (R&D Systems). 
Briefly, cut tissue sections were deparaffinized in xylene for 
20 min, and then dehydrated in graded alcohol solutions. The 
endogenous peroxidase activity was blocked by immersing 
the sections in 3% H2O2 in methanol for 30 min. For antigen 
retrieval, the sections were heated in 0.01 mol/l citrate buffer 
(pH 6.0) for 15 min. The sections were then treated with 10% 
normal rabbit serum for 30 min, followed by incubation with 
primary Dkk-3 antibody at 4˚C overnight. Identification of an 
immunoreactive site was achieved by subsequent incubation 
with a biotinylated secondary antibody for 30 min, followed 
by detection using the avidin-biotin complex (ABC) method 
(Vectastain ABC kit; Funakoshi, Tokyo, Japan). Sections were 
then reacted with 0.02% 3,3'-diaminobenzidine (Wako, Osaka, 
Japan) with 0.006% H2O2 in 0.05 ml/l Tris-HCl (pH7.6). The 
sections were counterstained by Mayer's hematoxylin and 
mounted. The specimens were checked by two pathologists, 
and scored as positive if there was any positive reaction, and 
otherwise scored as negative.

Statistical analysis. Pearson's Chi-square test and Fisher's exact 
test were used to evaluate the correlation between the Dkk-3 
protein expression and clinicopathological characteristics. The 
Kaplan-Meier analysis was performed to determine the survival 
analysis. For comparison of survival between the Dkk-3-
positive and -negative groups, the log-rank test was used. The 
duration of disease-free survival (DFS) was determined from 
the day following surgery to the initial recurrence or metastasis 
evaluated by clinical examination. Overall survival (OS) in 
months was calculated from the day following surgery to the 
last follow-up appointment. To determine the detailed involve-
ment of Dkk-3 expression in DFS, metastasis-free survival 
(MFS) and recurrence-free survival (RFS) were also examined. 
MFS was determined from the day following surgery to the 
initial metastasis-evaluated clinical examination. RFS was 
determined from the day following surgery to the initial recur-
rence of the surgically excised cancer. For multivariate analysis, 
a Cox proportional hazard model was used. Computations were 
performed using PASW Statistics 18 (SPSS Inc. Chicago, IL, 
USA). P<0.05 was considered statistically significant.

Results

Expression of Dkk-3 in HNSCC. Results of the Western blot 
analysis revealed that the HNSCC-derived cell lines expressed 
Dkk-3 protein to a varying degree. The HSC-4 and Ca9-22 cells 
exhibited intense Dkk-3 expression, whereas the UT-SCC-12A 
and UT-SCC-12B cells were comparatively weak. UT-SCC- 
12A/12B, UT-SCC-16A/16B and UT-SCC-60A/60B were 

paired cell lines, which were derived from the primary cancer/
metastatic cancer of the same patients. Of note, the paired cell 
lines expressed Dkk-3 regardless of their primary/metastatic 
origin (Fig. 1).

Dkk-3 expression was also detected in the tissue samples. 
Using immunohistochemistry, the majority of the HNSCC 
tissue samples exhibited a positive reaction for Dkk-3. Of the 
90 cases, 76 cases (84.4%) were positive, whereas only 14 
cases (14.6%) were negative. A positive reaction was detected 
in the invasive cancer nests and the dysplastic epithelium 
continuing to the cancer. Dkk-3 was present in the cytoplasm 
and plasma membrane of the tumor cells as well as in blood 
vessels around the tumor nest and in the lymphatic vessels, but 
no nuclear expression was observed. The expression of Dkk-3 
in the metastatic lymph node was also examined in certain 
cases. Intense Dkk-3 expression was also observed in tumor 
cells in the metastatic lymph nodes (Fig. 2).

Dkk-3 expression and clinicopathological characteristics. 
The relationship between Dkk-3 expression and various clini-
copathological characteristics was examined. No significant 
association was found between Dkk-3 and any of the parame-
ters investigated (Table II). However, a tendency of correlation 
was shown for smoking habits (p=0.170), TNM stage (p=0.154) 
and existence of the chemotherapy (p=0.097). In relation to 
smoking, Dkk-3-positive expression was observed in 37 cases 
out of 44 smoking patients (84.1%), whereas the non-smoking 
patient positivity was 68.8% (11/16 cases). Eight patients out 
of 14 cases (57.1%) were from early TNM stage (I-II), whereas 
48 (63.2%) of the Dkk-3-positive cases (N=76) were from late 
TNM stage (III-IV). As for chemotherapy, the majority of the 
Dkk-3-positive patients (54/75 cases, 88.5%) did not undergo 
chemotherapy. Of note, the Dkk-3 (-) group included no cases 
of metastasis and only 2 cases (2/13, 15.4%) of local recurrence, 
whereas 25 patients with lymph nodal/distant metastasis and 
2 patients with local recurrence and metastasis belong to the 
Dkk-3 (+) group. The number of patients who succumbed to the 
disease in the follow-up period in the Dkk-3 (+) and Dkk-3 (-) 
groups were 23/25 (92.0%) and 2/25 (8.0%), respectively.

Dkk-3 expression and survival. Survival analysis by the 
Kaplan-Meier curves indicated that patients without Dkk-3 
expression have a significantly longer DFS than patients with 
Dkk-3 expression (p=0.038). No significant association was 

Figure 1. Western blot analysis shows that the cancer cells expressed Dkk-3 
protein to varying degrees. Notably, cancer cells expressed Dkk-3 regardless 
of primary or metastatic cancer of origin. β-actin was used as a control. 
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found between OS and Dkk-3 expression; however, similarly to 
DFS, patients without Dkk-3 expression presented a tendency 
for longer OS than those with Dkk-3 expression (p=0.155). As 
for MFS and RFS, the Dkk-3 (-) group showed significantly 
longer MFS (p=0.013), whereas no significant difference was 
found in RFS (p=0.730) (Fig. 3). The Cox proportional hazard 
model for survival analysis revealed that the Dkk-3 expres-
sion status was the independent prognostic marker for DFS 
(p=0.004), OS (p=0.001) and MFS (p=0.015) (Table III).

Discussion

HNSCC is an unmanageable cancer, which exhibits variation 
both biologically and clinically. Certain cases of HNSCC show 
a highly invasive phenotype, which gives rise to metastasis 
in lymph nodes and/or distant organs and exhibits chemore-
sistance, while others do not. To improve our understanding 
of the biological mechanisms of HNSCC, which may lead to  
the establishment of a new cancer therapy strategy, the search 

Table II. Relationship between Dkk-3 protein expression and clinicopathological characteristics.

Parameters Dkk-3 expression
 ------------------------------------------------------------------------------------------------------
 Dkk-3 (+) Dkk-3 (-) p-value
 (N=76) (N=14) 

Gender   
  Male 52 (68.4%) 11 (78.6%) 0.338
  Female 24 (31.6%) 3 (21.4%) 
Age   
  <65 24 (31.6%) 4 (28.6%) 1.000
  ≥65 52 (68.4%) 10 (71.4%) 
Smokinga   
  Yes 37 (77.1%) 7 (58.3%) 0.170
  No 11 (22.9%) 5 (41.7%) 
Alcohol consumptiona   
  Yes 31 (64.6%) 7 (58.3%) 0.466
  No 17 (35.4%) 5 (41.7%) 
TNM stage   
  I-II 28 (36.8%) 8 (57.1%) 0.154
  III-IV 48 (63.2%) 6 (42.9%) 
T stage   
  T1-T2 40 (52.6%) 9 (64.3%) 0.421
  T3-T4 36 (47.4%) 5 (35.7%) 
N stage   
  N (-) 40 (52.6%) 9 (64.3%) 0.421
  N (+) 36 (47.4%) 5 (35.7%) 
Differentiation   
  Well 43 (56.6%) 10 (71.4%) 0.299
  Moderate-poor 33 (43.6%) 4 (28.6%) 
Radiation therapya   
  Yes 22 (29.7%) 5 (35.7%) 0.438
  No 52 (70.3%) 9 (64.3%) 
Chemotherapya   
  Yes 21 (28.0%) 7 (50.0%) 0.097
  No 54 (72.0) 7 (50.0%) 
Previous cancer historya   
  Yes 18 (25.0%) 5 (35.7%) 0.300
  No 54 (75.0%) 9 (64.3%) 

aTumors with unknown situation for smoking (N=28), alcohol consumption (N=28), radiation therapy (N=2), chemotherapy (N=1) and pre-
vious cancer history (N=3) were not included in the evaluation.
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Figure 2. Dkk-3 protein expression was evaluated as negative (A and B) and positive (C and D). Dkk-3 protein expression was observed in the cytoplasm and 
plasma membrane of the cancer cells, regardless of histological differentiation (E and F, well-differentiated SCC and poorly differentiated SCC, respectively). 
(G) Normal and dysplastic epithelium, adjacent to the invasive cancer region, also expressed Dkk-3 to varying degrees. (H) Dkk-3 expression was also observed 
in adjacent microvessels around the cancer nests, including both blood vessels and lymphatic vessels (arrows). (I-K) Dkk-3 expression was observed in 
metastatic cancer cells of the lymph nodes. Original magnification: A-D, G, J and I, x40; E, F, H, K and L, x100, respectively. SCC, squamous cell carcinoma.

Figure 3. (A) Survival analysis based on the Kaplan-Meier method revealed that the Dkk-3 negative group showed significantly longer disease-free sur-
vival. (B) Although there was no significance, the Dkk-3-negative group tended to show longer overall survival. (C) Notably, metastasis-free survival of the 
Dkk-3-negative group was significantly longer than that of the Dkk-3-positive group. (D) As for recurrence-free survival, there was no correlation between the 
Dkk-3-negative and -positive groups.

  A   B

  C   D
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for specific and powerful genes or pathways in HNSCC has 
been ongoing.

We focused on Wnt/β-catenin signaling and its negative 
regulator molecules as one of the most promising targets. 
Wnt/β-catenin signaling is tightly regulated by antagonists, 
such as the Dkk family, Wnt inhibitory factor (WIF) and 
secreted frizzled related protein (sFRP). When Wnt ligands 
bind to their receptor complex, frizzled and LRP5/6, β-catenin 
translocation into the nucleus occurs, resulting in the tran-
scription of c-myc, c-jun, fra-1 and cyclin D1 (19). In cancer 
conditions, the aberrant expression of Wnt or down-regulation 
of Wnt antagonists has been repeatedly reported in several 
types of malignancy (20-22). Further investigation has 
revealed that down-regulation of Dkk-3 in cancers was due to 
epigenetic silencing by DNA methylation (23-28). However, 

paradoxically, Dkk-3 has been found to be overexpressed 
in hepatoblastomas and hepatocellular carcinomas (29), 
suggesting that the function of Dkk-3 may differ depending on 
the tissue of origin. Moreover, to the best of our knowledge, 
Dkk-3 expression in HNSCC has not yet been reported. Based 
on this fact, we firstly investigated Dkk-3 protein expression 
in a large number of HNSCC tissue samples and cell lines, and 
assessed the correlation between Dkk-3 protein expression and 
clinical aspects.

Notably, our data varied from those of previous studies 
of other malignancies, suggesting that Dkk-3 may not act as 
a tumor suppressor in HNSCC. Results of the Western blot 
analysis revealed that all the cell lines studied (10/10) exhibited 
a positive reaction to a varying degree. Dkk-3 expression is 
present in primary and metastatic cancer. These data suggest 

Table III. Cox proportional hazard model for survival analysis.

 Disease-free survival Overall survival
 ---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
Variables p-value HR 95% CI p-value HR 95% CI
 ----------------------------------------- ---------------------------------------
 Lower Upper Lower Upper

Gender 0.440 1.881 0.378 9.344 0.332 2.565 0.383 17.199
Age 0.285 0.578 0.212 1.579 0.340 0.594 0.204 1.733
Smoking 0.696 1.399 0.259 7.550 0.767 1.320 0.210 8.308
Alcohol 0.125 0.407 0.129 1.282 0.564 0.684 0.188 2.484
TNM stage 0.923 0.000 0.000 2.95E+101 0.929 0.000 0.000 2.1E+122
T stage 0.934 30233.381 0.000 1.6E+111 0.942 56904.112 0.000 8.1E+132
N stage 0.198 3.234 0.540 19.354 0.095 6.755 0.716 63.733
Differentiation 0.243 2.188 0.588 8.149 0.086 3.967 0.822 19.134
Radiation 0.002 0.120 0.031 0.46 0.034 0.225 0.057 0.897
Chemotherapy 0.232 0.484 0.147 1.592 0.184 0.407 0.108 1.535
Cancer history 0.962 0.964 0.215 4.325 0.581 1.793 0.226 14.26
Dkk-3 expression 0.004 29.631 2.965 296.135 0.010 11.282 1.785 71.291

 Metastasis-free survival Recurrence-free survival
 ---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
Variables p-value HR 95% CI p-value HR 95% CI
 ----------------------------------------- ---------------------------------------
 Lower Upper Lower Upper

Gender 0.242 2.780 0.501 15.421 0.942 0.000 0.000 2.5E131
Age 0.428 0.650 0.224 1.885 0.267 0.012 0.000 29.177
Smoking 0.820 1.225 0.212 7.061 0.904 2.348E8 0.000 1.0E145
Alcohol 0.120 0.402 0.128 1.266 0.997 1.855 0.000 1.1E132
TNM stage 0.935 0.000 0.000 5367E112 0.815 0.000 0.000 2.6E161
T stage 0.942 22231.109 0.000 9.71E121 0.898 1.142E11 0.000 9.8E179
N stage 0.260 2.805 0.467 16.867 0.853 461597.142 0.000 4.13E65
Differentiation 0.378 1.845 0.473 7.195 0.739 6.062E9 0.000 2.73E67
Radiation 0.002 0.112 0.028 0.446 0.945 36.285 0.000 8.26E45
Chemotherapy 0.706 0.777 0.210 2.884 0.746 0.000 0.000 6.37E48
Cancer history 0.868 0.881 0.200 3.894 0.968 4601.361 0.000 9.8E180
Dkk-3 expression 0.015 17.774 1.755 179.986 0.362 5000.076 0.000 4.43E11

HR, Hazard ratio; CI, confidence interval. TNM, tumor node metastasis.
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that Dkk-3 DNA methylation is not likely to be involved in 
HNSCC carcinogenesis, whereas this event is common in other 
organs. Reflecting the protein expression in cell lines, 84.4% 
(76/90) of HNSCC tissue samples demonstrated Dkk-3 expres-
sion. Supporting our data, certain reports (16,17) have noted 
Dkk-3 expression in esophageal squamous cell carcinoma. As 
for Dkk-3 expression in cancer cell lines, it is reported that 
8 out of the 13 cell lines expressed Dkk-3 mRNA, and that its 
protein expression was also conserved in 16.9% of the esopha-
geal squamous cell carcinoma tissue samples (16). Recently, 
Dkk-3 has been reported to be expressed and up-regulated 
in esophageal squamous cell carcinoma (17). Taken together, 
specific Dkk-3 expression is thought to be a common event in 
squamous epithelium in the head and neck region, which would 
be a significant and noteworthy finding in understanding the 
biological characteristics of HNSCC.

In addition, we have examined the association between 
Dkk-3 expression and clinicopathological characteristics 
together with survival analyses to gain a better understanding 
of the specific Dkk-3 expression in HNSCC. The patients were 
divided into two groups based on the Dkk-3 expression profile, 
Dkk-3 (+) and Dkk-3 (-). The Chi-square test results revealed 
no significant correlation between Dkk-3 expression and the 
clinicopathological parameters (Table II). A comparison was 
made of the DFS and OS between the Dkk-3 (+) and Dkk-3 
(-) groups. The Dkk-3 (-) group tended to show longer OS 
(p=0.155) and significantly longer DFS (p=0.038). MFS of 
the Dkk-3 (-) group was significantly longer than that of the 
Dkk-3 (+) group (p=0.013), whereas RFS showed no significant 
difference between the two groups. Thus, this longer MFS may 
contribute to longer DFS in the Dkk-3 (-) group.

The patient group includes numerous confounding factors, 
including varying tumor stage, lymph nodal status, chemo-
therapy and/or radiation therapy. Therefore, a Cox proportional 
hazard model analysis has been performed in order to exclude 
the bias to clarify whether Dkk-3 is an independent prognostic 
factor. The results showed that no Dkk-3 expression was an 
independent prognostic biomarker for DFS, OS and MFS 
(p=0.004, p=0.010 and p=0.015, respectively), together with 
existence of radiation therapy (DFS, p=0.002; OS, p=0.034; 
and MFS, p=0.002).

Taking into consideration the fact that Dkk-3 is a known 
tumor suppressor and that its expression is generally reduced 
in cancer tissues, our findings are thought to be relatively 
paradoxical. Moreover, our results demonstrate that the Dkk-3 
(-) group did not experience lymph nodal/distant metastasis, 
and that Dkk-3 (-) patients have a significantly lower risk of 
presenting metastasis. This finding suggests that Dkk-3 may be 
involved in the metastatic process and may be used as a prog-
nostic marker in HNSCC. In this context, Dkk-3 appears to act 
as an oncogene, playing a role in cancer metastasis in HNSCC.

The possibility of oncogenic properties of Dkk-3 has yet 
to be investigated. However, another finding in this study 
may aid the explanation of the current results. In the immuno-
histochemical analyses, Dkk-3 expression was also observed 
in the small blood/lymphatic vessels around the tumor nests. 
Recently, the vascular expression of Dkk-3 around cancer cells 
has become a topic of debate. Dkk-3 is reportedly up-regulated 
in the tumor endothelium of colorectal cancer. This augmenta-
tion of Dkk-3 expression is correlated with an increase in the 

number of microvessels, suggesting that Dkk-3 is a marker 
for neo-angiogenesis in colorectal cancer (30). Moreover, 
Untergasser et al demonstrated that the number of blood 
vessels expressing Dkk-3 is increased in glioma, high-grade 
non-Hodgkin's lymphoma, melanoma and colorectal cancer in 
comparison with the blood vessels located in non-tumor tissues. 
Overexpression or inhibition of Dkk-3 in endothelial colony-
forming cells does not affect their proliferation or migration, 
but tube formation in matrigel may increase following Dkk-3 
overexpression and decrease following Dkk-3 down-regula-
tion (31). Thus, it is possible that Dkk-3 may be a differentiation 
factor involved in the remodeling of the tumor vasculature. 
Neo-angiogenesis is critical for tumor growth (32-34) and 
improved prognosis for patients without Dkk-3 in HNSCC 
may be correlated to the effect of Dkk-3 on tumor vasculature. 
Such hypotheses may also be in agreement with the significant 
relationship found between Dkk-3 and metastasis.

In conclusion, we have shown that Dkk-3 expression is 
conserved in HNSCC, and that this expression may be used 
as a prognostic factor for metastasis risk in HNSCC. In the 
present study, we confirmed a noteworthy phenomenon. 
However, the detailed functions of Dkk-3 and the mechanism 
pertaining to why Dkk-3 is specifically conserved in HNSCC 
remains unclear. Further investigation including functional 
analyses may clarify these points.
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