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Original Article 
Serum Dickkopf-1 (DKK1) is significantly lower in  
patients with lung cancer but is rapidly  
normalized after treatment
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Abstract: DKK1 is a secreted glycoprotein that inhibits Wnt/β-catenin signaling but may up-regulate the nonconani-
cal Wnt signaling. Consistent with its inhibitory function in Wnt/β-catenin signaling, aberrant DKK1 expression has 
been observed in many types of human cancers, while contradicting findings have been reported in other studies. 
There are also several studies on serum DKK1 levels in various cancers with conflicting findings. In the present 
study, serum DKK1 was determined in 217 non- small cell lung cancer (NSCLC) patients, 35 small cell lung cancer 
(SCLC) patients and 286 matched healthy controls using a commercially available ELISA assay kit. Compared to 
healthy controls, serum DKK1 level was significantly lower in NSCLC (p < 10-28) and SCLC (p <10-4) patients. Inter-
estingly, serum DKK1 level was higher in NSCLC patients in stage IV (p < 0.0005), with lymph node involvement 
(p < 0.0002) or with metastasis (p < 0.0001), suggesting that DKK1 may promote metastasis. After surgery and/
or chemotherapy, serum DKK1 level is rapidly increased and reached levels observed in healthy controls in most 
patients. The degree of post therapeutic DKK1 increase varied in different treatment regimens. Our results thus 
provide strong evidence for the reduced levels of serum DKK1 in both types of lung cancer. However, in the context 
of all published studies, DKK1 appears to have a dichotomous role in cancer and its effect in a given cancer type or 
even a given cancer patient is likely to depend on the molecular context of the patient. 

Keywords: DKK1, biomarker, lung cancer, wnt signaling

Introduction

Lung cancer is one of the leading causes of all 
cancer-related deaths worldwide, with a 5-year 
survival rate as low as 13% [1]. Despite some 
advances in early detection and recent improve-
ments in its treatment, the prognosis of pa- 
tients with lung cancer remains poor [2] 
because it exhibits high resistance to antican-
cer therapy [1]. Molecular diagnostics may offer 
precise, objective cancer classification. How- 
ever, standard molecular markers for the prog-
nostic classification of most solid tumors have 
yet to be identified [3]. The known markers 
such as carcinoembryonic antigen, cytokeratin 
19 fragment (CYFRA 21-1), neuron-specific eno-
lase (NSE) [4-6] are not satisfactory for diagno-

sis at an early stage or monitoring disease 
because of their relatively low sensitivity and 
specificity.

DKK1 is a secreted protein that plays a crucial 
role in head formation during vertebrate devel-
opment and specifically inhibits Wnt/ β-catenin 
signaling [7], a critical pathway in cancer. DKK1 
overexpression was reported in multiple myelo-
ma [8], hepatoblastomas, Wilm’s tumors [9] 
and breast cancer [10, 11]. More recently, 
increased DKK1 expression in tumor tissues 
has been observed in many types of human 
cancers [10, 11]. However, these findings have 
been contradicted by other reports. In other 
studies, DKK1 expression in tumor tissues is 
reduced in colon cancer [12-14], in melanoma 
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[12-14] and in renal clear cell carcinoma [15]. 
DKK1 expression increases early in prostate 
cancer development but decreases during pro-
gression [16].

Several studies have also measured serum lev-
els of DKK1 in patients with multiple carcino-
mas and healthy controls; however, the findings 
are also controversial. Three different studies 
reported increased serum DKK1 levels in lung 
cancer patients than in controls and worse 
prognosis in patients with higher serum DKK1 

In the present study, we measured serum DKK1 
levels in a large number of healthy controls and 
patients with NSCLC or SCLC and investigated 
the relationship between DKK1 and clinico-
pathological variables.

Materials and methods

Human subjects and serum samples

The selection criteria for patients with lung can-
cer were as follows: 1) pathologically confirmed 
patients (the diagnoses in all patients were 
confirmed each time by microscopic examina-
tion of the material obtained during bronchos-
copy, biopsy, or surgery); 2) patients had no his-
tory of other carcinomas. A total of 252 
diagnosed patients with lung cancer in Jiangsu 
Cancer Hospital between October 2011 and 
December 2012 and 286 healthy control sub-
jects from Nanjing were used in the present 
study. The characteristics of the patients are 
summarized in Table 1. Blood samples were 
collected from patients at the time of diagnosis 
and before any treatment (surgery and/or che-
motherapy). Furthermore, blood samples from 
patients treated with surgery and/or chemo-
therapy were also collected monthly. Samples 
were centrifuged for 10min at 3,000 rpm at 
4°C, and serum was subsequently frozen at 
-80°C until use. This study has been approved 
by the human subject ethics committee of the 
Jiangsu Cancer Hospital and informed consent 
signed by the study subjects.

Enzyme-linked immunosorbent assay

Serum DKK1 levels were measured by enzyme-
linked immunosorbent assay (ELISA) with an 
immunoassay kit (R&D Systems, USA) accord-

Table 1. Clinical features of patients with lung cancer and 
controls

Variables
Patients

Controls
SCLC NSCLC Total

Age (year)
    Mean (SD) 63.2 ± 9.57 61.0 ± 11.3 61.3 ± 11.1 41.8 ± 13.5 
    < 50 2 30 32 217
    50-70 24 133 157 55
    > 70 9 54 63 14
Sex
    Male 31 155 186 260
    Female 4 62 66 26

levels [17-19]. Serum DKK1 was 
found to be elevated in multiple 
cancers including pancreas, stom-
ach, liver, bile duct, breast, cervix 
[10, 11], esophagus [17-19] and 
breast cancer with bone metastasis 
[20]. In contrast, serum DKK1 was 
also reported to be significantly 
lower in multiple cancers including 
stomach, colon, ovary and cervix 
[19] as well as kidney [15]. These 
controversial results suggested 
that DKK1 should further be stud-
ied in various types of cancers.

Figure 1. Boxplots of serum DKK1 in healthy controls 
and patients. Fold change (FC) and p-values are list-
ed in the order of control vs SCLC, control vs NSCLC, 
and SCLC vs NSCLC.
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ing to the manufacturer’s directions. The opti-
cal density (OD) at 450 nm was determined. 

Statistical analysis

Protein concentrations were estimated using a 
regression fit to the standard curve with known 
concentration included on each plate using a 
serial dilution series. The concentrations were 
logarithmically transformed prior to all statisti-
cal analyses to achieve normal distribution. The 
differences between two groups were exam-
ined using an unpaired t-test or Mann-Whitney 
test. The comparisons for ≥ 3 groups were 
made by ANOVA followed by pair-wise compari-

cluding age and sex as co-variables. All statisti-
cal analyses were performed using the R lan-
guage and environment for statistical comput-
ing (R version 2.15.1; R Foundation for Sta- 
tistical Computing; www.r-project.org). 

Results

Serum DKK1 levels are lower in patients with 
NSCLC or SCLC

Serum DKK1 was measured in 286 healthy 
controls and 252 lung cancer patients, of whom 
217 had NSCLC and 35 had SCLC. Mean serum 
DKK1 levels were 4.85 ng/ml in the SCLC 
group, 4.67 ng/ml in the NSCLC group, and 
9.10 ng/ml in the control group (Figure 1). 
Compared to controls, the mean serum DKK1 
levels were approximately two-fold lower in 
patients with NSCLC (p = 3.6E-29) and SCLC (p 
= 1.7E-5) (Figure 1). The two lung cancer groups 
had similar serum DKK1 levels (P > 0.05). 

Logistic regression was carried out using pro-
tein concentration as dependent variable and 
sex and age as covariates. After adjusting for 
age and sex, DKK1 remains significantly asso-
ciated with both NSCLC (OR = 0.263, adjusted 
p value = 6.1E-13) and SCLC (OR = 0.262, 
adjusted p = 1.6E-5) (Table 2). However, no sig-
nificant correlation was observed between 
serum DKK1 levels and age (P > 0.05) or gen-
der (P > 0.05). 

Early stage NSCLC patients have more severe 
reduction in serum DKK1

In the NSCLC patient group, there was suffi-
cient number of patients to examine DKK1 dif-
ferences according to various clinico-pathologi-
cal characteristics. It was surprising to find that 
serum DKK-1 levels were significantly higher in 
stage IV patients than stage I-III patients (p = 
4.9E-4, Table 3). Consistent with this finding, 
patients with distant metastasis have higher 
DKK1 levels than non-metastatic patients (p = 

Table 2. Logistic regression analysis of serum DKK1 before and after 
adjustment of sex and age as covariates 

Unadjusted Adjusted (Age & Sex)
OR (95% CI) P-value OR (95% CI) P-value

N vs NSCLC 0.247 (0.183-0.325) 1.33E-21 0.263 (0.179-0.371) 6.17E-13
N vs SCLC 0.258 (0.148-0.415) 2.16E-07 0.262 (0.135-0.461) 1.64E-05

Figure 2. Boxplots of serum DKK1 in healthy controls 
and NSCLC patients with metastasis (M-NSCLC) and 
non-metastasis (NM-NSCLC). Fold change (FC) and p-
values are listed in the order of control vs M-NSCLC, 
control vs NM-NSCLC, and M-NSCLC vs NM-NSCLC.

sons. The statistical si- 
gnificance of differ-
ences was set at P < 
0.05. To examine the 
relationships between 
disease phenotype an- 
d the serum protein 
levels, logistic regres-
sion was used by in- 
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8.9E-5, Table 3, Figure 2). Patients with lymph 
node involvement also have higher DKK1 levels 
than patient without lymph node involvement 
(P = 1.6E-4, Table 3). 

DKK1 increases after therapy in NSCLC pa-
tients 

Among the 137 NSCLC patients treated with 
surgery and/or chemotherapy, serum samples 
were available at different time points post 
treatment. As shown in Figure 3A, serum DKK1 
was significantly higher after treatment than 
pretreatment for samples obtained within one 
month of treatment (post/pretreatment fold 
change [FC] = 2.54, p = 1.3E-10), within two 
months (FC = 2.28, p = 4.7E-13) and within 3 
months (FC = 1.97, p = 2.4E-10). The longitudi-
nal change of serum DKK1 for each individual 
is plotted in Figure 3B, which suggests an 
immediate increase of DKK1 after treatment in 
most individuals. Interestingly, in some individ-
uals DKK1 levels increased quickly (within one 
month) and then started decreasing, while in 
other individuals DKK1 remained high 3 
months after treatment. 

The NSCLC patients were treated with different 
regimens. All patients received platinum-based 
therapy with other drugs. In the PEM group, 
patients received platinum plus Pemetrexed 
(PEM), in the Taxane group patients received 

serum DKK1 was measured in a large set of 
healthy controls and patients with NSCLC or 
SCLC. Our results showed that serum DKK1 in 
pre-therapy samples from patients with NSCLC 
or SCLC was significantly lower than in control 
samples. This observation is consistent with 
several previous reports showing decreased 
serum DKK1 in patients with gastric cancer, 
colorectal cancer, ovarian cancer, and cervical 
adenocarcinoma [19] as well as with renal clear 
cell cancer [15]. However, there are also sever-
al reports suggesting that serum DKK1 levels 
are elevated in lung cancer [17-19] and in 
esophagus cancer [17-19]. In a comprehensive 
study, serum DKK1 was found to be elevated in 
multiple cancers including pancreas, stomach, 
liver, bile duct, breast, and cervix [10, 11]. 

The reasons responsible for these controver-
sial findings are still unclear at this time and 
may be multifactorial. First, since these studies 
in different laboratories used different ELISA 
assays, some being commercially available and 
others being developed in house, it is possible 
that the assays are not measuring the same 
form of DKK1 protein. In this study, we used a 
validated commercial assay that other investi-
gators can evaluate. It will be important in 
future studies to compare different assays 
using the same set of samples from multiple 
types of cancers. 

Table 3. DKK1 differences according to clinico-pathological 
characteristics of NSCLC patients
Phenotype Groups N Mean (SD) p-value
Gender Male 155 4.81 (2.88)

Female 62 4.59 (2.33) 0.552
Age (year) < 50 30 5.07 (3.39)

50-70 133 4.64 (2.56)
> 70 54 4.84 (2.76) 0.854

TNM stage I 13 3.26 (1.7)
II 6 2.65 (1.44)
III 31 3.98 (2.81)
IV 122 5.24 (2.75) 4.9e-04

Unknown 5 4.03 (2.54)
Lymph node Yes 154 4.88 (2.81)

No 18 3 (1.59) 1.6e-04
Unknown 45 5.01 (2.58)

Distant metastasis Yes 116 5.29 (2.75)
No 62 3.66 (2.45) 8.9e-05

Unknown 39 4.89 (2.62)

platinum plus taxane, and in the 
Other group patients received plati-
num plus various other drugs. From 
the longitudinal change on each indi-
vidual patient in Figure 3B, it is clear 
that all treatment regimens appear to 
increase DKK1 levels after treatment. 
The mean increase in DKK1 levels in 
patients treated with the Taxane regi-
men is smaller compared to the PEM 
regimen (p = 0.06, 0.01 and 0.01 for 
1, 2 and 3 month, respectively, Figure 
3C).

Discussion

DKK1 is a 35-kDa glycoprotein that 
contains a signal peptide sequence 
and two cysteine-rich domains and a 
secreted protein that functions as a 
negative regulator of the Wnt signal-
ing [21], which plays a critical role in 
cancer pathogenesis. In this study, 
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Second, all serum DKK1 studies were primarily 
based on a case/control study design, which 
can be heavily influenced by the potential mis-
matching of cases and controls in confounding 
variables. Therefore, spurious associations 
may be found in studies based on small num-
ber of samples. The present study has the larg-
est sample size for both patients and controls 
and therefore our findings may be more reli-
able. To avoid mismatching issues, longitudinal 
data provides more solid evidence. In all three 

published lung cancer studies, survival analy-
sis suggested that higher DKK1 is associated 
with worse prognosis [17-19]. This is actually 
not surprising as NSCLC patients at Stage IV or 
with metastasis have higher serum DKK1 in all 
four studies on lung cancer including the pres-
ent study. These results are consistent with the 
notion that DKK1 may promote metastasis. 
Another useful approach to examine the poten-
tial role of a protein on cancer is to compare 
data before and after treatment in the same 

Figure 3. Influence of therapeutic regimens on serum DKK1 levels. A: Boxplots of DKK1 in serum samples from pre-
therapy (Pre) and 1 month, 2-months and 3-months post therapy (pos). B: Longitudinal serum DKK1 in individual 
patients. Serum concentration of DKK1 is plotted on the Y axis and sampling time after therapy is plotted on the X 
axis. Each dot represents a sample and different time points for the same patient is linked by a line. All: all patients 
with longitudinal samples are included. PEM: patients treated with the PEM regimen are included. Taxane: patients 
with the taxane regimen are included. Other: patients treated with other regimens are plotted. PEM represents treat-
ment with platinum plus PEM (Pemetrexed) combined with platinum (DDP, LBP, CBP or NDP); Taxane represents 
platinum plus taxane (PTX, TAX, Abraxane, TXT, DOC) combined with platinum (DDP, LBP, CBP or NDP). C: Mean 
change in the PEM, Taxane and other treatment regimens relative to the pre-treatment value. The fold change 
(FC) between post treatment values and pre-treatment values are calculated and the mean fold increase in each 
treatment group was plotted for three different time intervals (1, 2, and 3 month). For example, DKK1 is increased 
on average by 1.9 fold in the taxane group and by 2.9 fold in the PEM treatment group for the one month interval. 
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patient set. This approach avoids all confound-
ing variables including patient heterogeneity, 
which is expected to be very large in cancer. 
This approach was not used in other DKK1 
studies. In the present study, we found that 
serum DKK1 was significantly increased 1-3 
months after therapy (surgery and/or chemo-
therapy), suggesting that serum DKK1 deficien-
cy is normalized by cancer removal and/or che-
motherapy. Furthermore, the degree of DKK1 
normalization seems to vary in different indi-
viduals and by treatment regimen. 

Finally and perhaps most importantly, the con-
troversial findings on DKK1 in cancer may 
reflect the functional dichotomy of DKK1 [22]. 
DKK1 is mainly known as a negative regulator 
of the canonical Wnt signaling [21] via blocking 
the interaction with Wnt-1 resulting in β-catenin 
degradation and effects on proliferation [23]. 
However, it has been shown that DKK1 func-
tions not only as an antagonist of the Wnt/β-
catenin pathway but also as an agent that can 
up-regulate noncanonical Wnt signaling path-
way if the requisite Wnt/receptor combinations 
are available [24]. Consistent with these find-
ings, over-expression of DKK1 in hepatocellular 
carcinoma (HCC) cell lines inhibited cell growth 
and increased apoptosis even though some 
HCC cell lines expressed DKK1 [25]. It has also 
been shown that conditioned media from mes-
enchymal stem cells, which contain high levels 
of DKK1, inhibits growth of MCF-7 breast can-
cer cells in vitro and in vivo via inhibiting Wnt 
signaling and down-regulation of β catenin. 
DKK1-nutralizing antibody is capable of nullify-
ing the effect of the media [26]. A number of 
studies reported that DKK1 upregulation or 
over expression can inhibit tumor growth and 
induce apoptosis [22]. Cumulative evidence 
suggests that DKK1 may act as an antagonist 
of the canonical Wnt/β-catenin signaling path-
way or as an agonist of the noncanonical Wnt 
pathway and the overall effect of DKK1 may 
depend on the molecular context of the cells, 
thus providing a viable molecular explanation 
for the widely controversial findings. In future 
studies, it will be important to examine all other 
proteins in the DKK1-Wnt pathway together to 
understand the role of DKK1 in each cancer 
type and perhaps in different patients.
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