Downregulation of serum DKK-1 predicts
poor prognosis in patients with papillary
thyroid cancer
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ABSTRACT. The Wnt inhibitor dickkopf-1 (DKK-1) has been shown to be
closely correlated with tumor initiation and progression in various types of
cancers. However, the serum level of DKK-1 in patients with papillary thyroid
cancer (PTC) and its potential clinical significance is poorly understood.
Enzyme-linked immunosorbent assay (ELISA) was used to evaluate the
level of serum DKK-1 in patients with PTC (N = 132) and healthy controls (N
= 40). The association between serum DKK-1 level and clinicopathological
parameters of PTC was examined and independent prognostic markers for
PTC were identified. The mean serum DKK-1 level was significantly lower
in patients with PTC than healthy controls (44.64 + 15.13 and 85.51 + 9.94
ng/mL, respectively; P < 0.01). Following treatment, the mean serum DKK-
1 level in PTC patients significantly increased (67.03 + 17.09 ng/mL; P <
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0.01). Serum DKK-1 level was associated with various PTC clinical features
including tumor size (P = 0.003), lymph node metastasis (P = 0.001), and
tumor-node-metastasis stage (P = 0.004). Survival analysis revealed that
PTC patients who had lower serum DKK-1 levels suffered both poorer overall
survival (P = 0.036) and relapse-free survival (P = 0.015). Moreover, serum
DKK-1 levels were an independent risk factor for predicting the prognosis of
PTC (P =0.031). In conclusion, low DKK-1 serum levels are associated with
poor prognosis in PTC patients and DKK-1 could potentially be used as a
biomarker leading to earlier diagnosis of PTC.
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INTRODUCTION

Thyroid cancer is the most common cancer of the endocrine system and its incidence has
increased continuously in recent years. Papillary thyroid cancer (PTC) accounts for approximately
80% of all thyroid cancers and is the most common histological type (Lundgren et al., 2006). Patients
with PTC generally have an excellent prognosis and are likely to be cured after treatment with surgery
and/or radioiodinated therapy. However, recurrent disease develops in approximately 20 to 30% of
PTC patients and roughly 7% of PTC patients die within 10 years of diagnosis (Hundahl et al., 1998).
Currently there is no specific and sensitive biomarker for monitoring therapy response or predicting the
prognosis for PTC. Thus, exploring new biomarkers for PTC is of great significance to clinical practice.

The dickkopf (DKK) family encodes secreted proteins and is comprised of five members
in vertebrates (DKK-1 to -4, Soggy). The Wnt pathway plays an important role in regulation of
the development of various diseases such as cancer, osteoporosis and cardiovascular diseases
(Logan and Nusse, 2004; Pandey and Chandravati, 2013; Wang et al., 2014). DKK-1, a target of
the B-catenin/TCF pathway, functions as a negative regulator of Wnt signaling. The dysregulation of
DKK-1 has been shown to be associated with the initiation and progression of cancer. Chen et al.
(2013) showed that DKK-1 was overexpressed in human hepatocellular carcinoma (HCC) where it
acted as an oncogene in promoting the migration and invasion of HCC cancer cell lines, indicating
that DKK-1 might be a target for therapy in HCC. Lee et al. (2012) reported that both tissue and serum
DKK-1 levels in patients with gastric cancer were significantly higher in comparison with healthy
controls. In addition, high serum DKK-1 was associated with poor survival. However, the role of DKK-
1in carcinogenesis is complicated, as DKK-1 was also reported to be downregulated in various types
of cancers. Gonzalez-Sancho et al. (2005) reported that DKK-1 expression decreased in human
colon cancer, suggesting that DKK-1 might play a role in tumor suppression in colon cancer.

DKK-1 levels were reported to be decreased in PTC tissues compared to that in normal
tissues (Cho et al., 2014). However, the serum levels of DKK-1 in patients with PTC and its
potential clinical significance are poorly understood. The aim of this study was to investigate the
link between serum DKK-1 levels and PTC and determine if there is any potential prognostic value.

MATERIAL AND METHODS
Study population

The study was approved by the Research Ethics Committee of Affiliated Tumor Hospital,
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Xinjiang Medical University, and written consent was obtained from all PTC patients (N = 132)
and healthy volunteers (N = 40). Patients who received treatment from the Department of Thyroid
Surgery were recruited in this study. The patients’ diagnosis was confirmed by pathological
evaluation after surgical removal of tumor tissues. The age of the patients ranged from 16 to 74
years and there were 47 males and 85 females. The clinical features of patients with PTC are
summarized in Table 1. Healthy volunteers were individuals who generally had good health status
and did not have thyroid-related diseases or other types of cancer.

Table 1. Correlation between serum DKK-1 levels and PTC clinical factors.

Variable No. of patients (N) Serum DKK-1 level (N) P value
Low High

Gender
Male 47 19 28 0.239
Female 85 51 34

Age
<45 54 28 26 0.821
245 78 42 36

Tumor size (cm)
<1 63 25 38 0.003
21 69 45 24

Bilaterality
Unilateral 82 42 40 0.594
Bilateral 50 28 22

Multifocality
Solitary 67 37 30 0.608
Multiple 65 33 32

Lymph node metastasis
No 71 28 43 0.001
Yes 61 42 19

Extrathyroidal extension
No 76 41 35 0.806
Yes 56 29 27

TNM stage
I-1l 93 42 51 0.004
-1v 39 28 1

Enzyme-linked immunosorbent assay (ELISA)

Freshly isolated whole venous blood was collected (up to 6 mL) from each participant, and
the serum was separated from the blood by centrifugation at 1000 g for5 min at room temperature
followed by centrifugation at 12,000 g at 4°C for 5 min. The serum samples were stored at -80°C
until use. Serum DKK-1 levels were detected by ELISA with immunoassay kit (Biomedica, Vienna,
Austria) according to the manufacturer instructions. Serum (25 pL) was incubated with 50 yL DKK-
1 antibody for 2 h at room temperature. After the plates were washed with PBS, the conjugate was
then added, and the plates were incubated for another 2 h. Finally, the substrate was added and
incubated for 30 minutes, and the optical density (OD) at 450 nm was determined.

Statistical analysis

The levels of serum DKK-1 in patients with PTC and healthy controls were compared
using the Mann-Whitney U-test. Chi-square tests were then employed to evaluate the correlation
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between serum DKK-1 level and various important clinicopathological parameters of PTC.
Kaplan-Meier analysis was performed to assess both overall survival and relapse free survival,
and multivariate analysis was conducted using the Cox proportional hazard model to identify the
independent prognostic factors for PTC. All statistical analyses were performed using SPSS 21
software package (SPSS Inc., Chicago, IL, USA). A P value of less than 0.05 was considered
statistically significant.

RESULTS
Level of DKK-1 in serum from patients with PTC and healthy controls

Our ELISA results showed that the mean concentration of serum DKK-1 in patients with
PTC and healthy volunteers was 44.64 + 15.13 ng/mL and 85.51 + 9.94 ng/mL, respectively. The
expression level of serum DKK-1 in patients with PTC was significantly lower than in healthy
controls (P < 0.01) (Figure 1).
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Figure 1. Expression level of serum DKK-1 in patients with PTC and healthy controls.

Level of DKK-1 in serum from patients with PTC after receiving therapy

Our results showed that the mean concentration of serum DKK-1 was significantly
increased in PTC patients who received treatment, including surgery and radioiodinated therapy,
compared to PTC patients who didn’t receive treatment (67.03 + 17.09 and 44.64 + 15.13 ng/mL,
respectively; P < 0.01) (Figure 2). This indicates that serum DKK-1 level may be correlated with
treatment response.
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Figure 2. Expression level of DKK-1 in serum samples from PTC patients was significantly increased after receiving
therapy.

Association between serum DKK-1 level and clinicopathological parameters of
PTC

The median level of serum DKK-1 in PTC patients was 42.6 ng/mL, which was used to
divide the patients into two groups (high and low serum DKK-1 group). Our results revealed that
serum DKK-1 level was closely correlated with various important clinical features including tumor
size (P = 0.003), lymph node metastasis (P = 0.001), and tumor-node-metastasis (TNM) stage (P
= 0.004). However, it was not associated with sex (P = 0.239), age (P = 0.821), bilaterality (P =
0.594), multifocality (P = 0.608) and extrathyroidal extension (P = 0.806) (Table 1).

Low serum DKK-1 level is associated with poor prognosis in PTC

The survival analysis showed that the PTC patients in the low serum DKK-1 group had
both poorer overall survival (P = 0.036) and relapse-free survival (P = 0.015) in comparison with
the patients in the high serum DKK-1 group (Figures 3 and 4). Our multivariate analysis showed
that tumor size (P = 0.024), lymph node metastasis (P = 0.008), TNM stage (P = 0.012) and serum
DKK-1 level (P = 0.031) were independent risk factors for PTC (Table 2).

DISCUSSION

There are four main types of thyroid cancer: PTC, follicular thyroid cancer, medullary
thyroid cancer, and anaplastic thyroid cancer. The prognosis and treatment effects are closely
correlated with the histological type of cancer and tumor stage (Nguyen et al., 2015). With the
development of advanced screening methods, the incidence of PTC has increased dramatically
in recent years. PTC has a generally indolent character and the prognosis is favorable. However,
radioiodine refractory metastatic/recurrent PTC remains a clinical challenge (Kim, 2015). Thus,
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Figure 3. The PTC patients in the low serum DKK-1 group had poorer overall survival rate.
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Figure 4. PTC patients in the low serum DKK-1 group suffered poorer relapse free survival rate.

Table 2. The prognostic factors of PTC.

Parameter Hazard ratio P value
Gender (Female vs Male) 1.19 0.712
Age (245 vs <45) 1.41 0.247
Tumor size (21 cm vs <1 cm) 2.64 0.024
Bilaterality (Bilateral vs Unilateral) 1.32 0.465
Multifocality (Multiple vs Solitary) 1.22 0.615
Lymph node metastasis (Yes vs No) 3.25 0.008
Extrathyroidal extension (Yes vs No) 1.05 0.889
TNM stage (IlI-1V vs I-1l) 2.93 0.012
Serum DKK-1 level (Low vs High) 2.48 0.031
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diagnosis of PTC at an earlier stage is extremely important.

As a negative regulator of the Wnt signaling pathway, DKK-1 binds to low-density
lipoprotein receptor-related protein 5/6 (LRP5/6) and blocks its interaction with Wnt-1, resulting
in B-catenin degradation and effects on proliferation (Seménov et al., 2001). Qiao et al. (2008)
showed that DKK-1 is secreted by mesenchymal stem cells, inhibiting growth of breast cancer cells
through inhibition of Wnt signaling. In addition to the canonical Wnt signaling pathway, DKK-1 might
be also involved in regulation of the non-canonical Wnt pathway and other signaling pathways
such as the c-Jun N-terminal kinase pathway (Peng et al., 2006; Koppen et al., 2007). As DKK-1
plays important roles in many essential pathways that are related to cell proliferation, migration,
and survival, it is not surprising that its dysregulation was detected in many cancers. One of the
advantages of diagnosis from body fluids rather than with biopsy tissues is that therapy response
can be monitored and prognosis can be predicted in real time. In addition, collection of body fluids
is significantly less invasive than obtaining a biopsy.

In the present study, our results showed that patients with PTC had lower levels of serum
DKK-1 compared with healthy volunteers. In addition, the PTC patients’ serum DKK-1 levels
were significantly higher after they received therapy. Serum DKK-1 level was associated with a
variety of clinical parameters including tumor size, lymph node metastasis, and TNM stage. Low
serum DKK-1 level indicated both poorer overall survival and relapse-free survival. Additionally,
serum DKK-1 was an independent risk factor for predicting the prognosis of PTC. Consistent
with our findings, Cho et al. (2014) reported that DKK-1 was downregulated in PTC tissues in
comparison with normal tissues. Ectopic overexpression of DKK-1 in PTC cell lines could inhibit
tumor growth significantly, indicating that DKK-1 might be a therapeutic target for PTC. The same
group also showed that DKK-1 suppressed the survival and migration of human PTC cells by
regulating Wnt/B-catenin signaling and E-cadherin expression (Cho et al., 2013). In regards to
PTC, we hypothesized that DKK-1 might play a tumor suppressive role. Zhou et al. (2010) revealed
that DKK-1 was downregulated in LM-MCF-7 (a cell line with a higher proliferative and metastatic
capacity) relative to MCF-7 cells. In addition, upregulation of DKK-1 could inhibit the proliferation
of breast cancer cell lines by downregulating the expression of B-catenin, c-Myc, cyclin D1, and
survivin (Zhou et al., 2010). The level of DKK-1 in tobacco smoke condensate (TSC)-induced lung
cancer cell lines was decreased compared to controls, and inhibition of DKK-1 in vitro could mimic
the pro-tumorigenic effects of TSC exposure (Hussain et al., 2009). Kuphal et al. (2006) revealed
that the level of DKK-1 was downregulated in melanoma tissues and cancer cells lines. Moreover,
the level of serum DKK-1 was deceased in advanced stage melanoma, suggesting that decreases
in serum DKK-I could be a sign that control of tumor growth has been lost (Feldmann et al., 2011).

However, the role of DKK-1 varies in different types of cancers. In some cases, the
expression of DKK-1 has been shown to be upregulated in various kinds of cancers. Rachner et
al. (2014) showed that both tissue and serum DKK-1 levels were significantly higher in prostate
cancer patients compared with healthy controls. In addition, high serum DKK-1 levels were shown
to be an independent prognostic factor for prostate cancer, suggesting that DKK-1 might act as
an oncogene in prostate cancer. Takahashi et al. (2010) showed that DKK-1 was overexpressed
in both human pancreatic ductal adenocarcinoma tissues and cell lines, and knockdown of DKK-1
could inhibit the proliferative and invasive capability of human pancreatic ductal adenocarcinoma
cell lines in vitro. Similarly, the serum level of DKK-1 was elevated in patients with osteosarcoma,
and the expression of DKK-1 by the osteosarcoma cells at the periphery of the tumor might be
responsible for tumor growth by inhibiting repair of the surrounding bone (Lee et al., 2007).
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Since DKK-1 plays opposing roles in different types of cancers, it is possible that its
function might be tissue-dependent. However, contradictory findings on the role of DKK-1 in the
same type of cancer have also been reported. Mikheev et al. (2008) showed that DKK-1 was a
tumor suppressor in breast cancer both in vitro and in vivo. However, high serum DKK-1 levels
were detected in patients with breast cancer and it was associated with poor prognosis, indicating
that DKK-1 could promote tumorigenesis in breast cancer (Zhou et al., 2014). One possible
explanation for these results is that the precise role of DKK-1 might be influenced by the tumor
microenvironment. Further studies are needed to address the complex role of DKK-1 in regulation
of tumor initiation and progression. The serum level of DKK-1 was decreased in patients with PTC
and its downregulation was associated with poor prognosis, indicating that serum DKK-1 levels
could be used as a noninvasive biomarker for the prognosis of PTC.
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