
Introduction

Lung cancer is the leading cause of cancer-related 
death worldwide (Parkin et  al. 2001). The current 
stage classification of lung cancer is based on clinico-
pathological features (Mountain 1997). However, such 
clinical information can sometimes be incomplete or 
misleading for determining the prognosis of patients 
(Martini et  al. 1995, Strauss et  al. 1995). Molecular 
diagnostics may offer precise, objective and system-
atic human cancer classifications. However, standard 
molecular markers for the prognostic classification 
of most solid tumours have yet to be identified. The 
potential prognostic implications of several biological 
and molecular parameters, including K-ras mutation 

(Fukuyama et al. 1997, Sugio et al. 1992, 1993), c-erbB2 
overexpression (Osaki et  al. 1995) and p53 mutation 
(Dobashi et  al. 1997, Oyama et  al. 1998), have been 
reported for patients with non-small cell lung cancer 
(NSCLC).

DKK1 (Dickkopf-1) encodes a secreted protein and 
is a negative regulator of the Wnt signalling pathway in 
colon cancer cells (Gonzalez-Sancho et  al. 2005, Niida 
et al. 2004). Some studies have shown that DKK1 is over-
expressed in lung cancer, esophageal cancer, Wilms’ 
tumour, hepatoblastoma and hepatocellular carcinoma 
(HCC), suggesting that DKK1 is oncogenic (Patil et  al. 
2005, Wirths et  al. 2003, Yamabuki et  al. 2007). These 
results indicate that DKK1 might be a useful cancer-
specific antigen.
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Abstract
Objective:  We investigated whether or not there are autoantibodies for DKK1 (Dickkopf-1) in patients with 
non-small cell lung cancer (NSCLC) and whether this autoantibody can be used for cancer detection. 
Methods:   The levels of DKK1 autoantibodies were determined in 93 NSCLC patients and 87 healthy controls. 
Results:  We found that, in the sera, the presence of autoantibody against DKK1 was highly correlated with 
NSCLC. High anti-DKK1 autoantibody titres were found in the sera of NSCLC patients, whereas low or nega-
tive titres were found in the control group. The ROC curve results showed that autoantibody immunoassay 
exhibited 62% sensitivity and 84% specificity. The sensitivity for the detection of NSCLC in stage I also reach 
64.3%. Furthermore, a combined ELISA assays for both DKK1 and autoantibody DKK1 increased sensitiv-
ity and classified 81.7% (76/93) of the NSCLC patients as positive, whereas only 13.8 % (12/87) of healthy 
volunteers were falsely diagnosed as positive. 
Conclusions:  Our results suggest that the detection of circulating DKK1 autoantibody could potentially 
serve as a useful non-invasive marker for determining lung cancer status.
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There is increasing evidence that patients with cancer 
can produce autoantibodies against antigens in their 
tumours (Ben-Mahrez et al. 1990, Crawford et al. 1982, 
Lubin et al. 1993, Winter et al. 1992), suggesting that such 
autoantibodies may have diagnostic value. We hypoth-
esized that DKK1 overexpression elicits the induction 
of serum autoantibodies and that the presence of such 
autoantibodies could be used for cancer detection. To 
test the hypothesis, we employed the enzyme-linked 
immunosorbent assay (ELISA) method to measure 
the level of DKK1 autoantibody in lung cancer serum 
samples.

Materials and methods

Cell lines and tissue samples

The human lung cancer cell lines used in this study 
included: SPC-A1, NCI-H446, A549, NCI-H460 and NCI-
H1299. All cells were grown in monolayers in appropriate 
medium supplemented with 10% fetal calf serum (FCS) 
and maintained at 37°C in humidified air with 5% CO

2
. 

Primary lung tumours and adjacent normal lung tissue 
samples used for Western blot analysis were obtained 
from patients undergoing curative surgery at Shanghai 
Chest Hospital, affiliated with Shanghai Jiaotong 
University. Primary lung cancer samples were obtained 
earlier with informed consent. This study, as well as the 
use of all clinical materials within, has been approved 
by an individual institutional Ethical Committees. The 
clinical stage of each cancer patient was judged accord-
ing to the International Union Against Cancer TNM 
classification.

Serum samples

Serum samples were obtained with written informed 
consent from 87 healthy control individuals (57 men, 30 
women, median age 62.5 years, range 30–81 years) and 
from 93 lung cancer patients admitted to Shanghai Chest 
Hospital affiliated with Shanghai Jiaotong University 
(61 men, 32 women, median age 60.3 years, range 
33–79 years). The samples from the lung cancer patients 
included 53 adenocarcinomas, 23 SCCs, five adenosq-
uamous carcinomas, eight bronchial carcinomas and 
four large cell carcinomas. The serum samples of cancer 
patients were selected for the study based on the follow-
ing criteria: (1) patients were newly diagnosed and pre-
viously untreated and (2) their tumours were pathologi-
cally diagnosed as lung cancers (stages I–IV). Serum was 
obtained at the time of diagnosis, aliquoted (10 μl vol-
ume) and kept frozen at -70°C until use. The serum sam-
ples were thawed only once before use and the diluted 
serum samples were never used more than once.

Purification of DKK1 and ECPKA

The DKK1 encoding sequence was cloned by 
reverse transcriptase-polymerase chain reac-
tion (RT-PCR). The primers used were 5′ 
GGAATTCCATATGATGGCTCTGGGCGCAG 3′ and 
5′ CGGGATCCTTAGTGTCTCTGACAAGTGTGAAGC 
3′. The PCR products were then digested with NdeI 
and BamHI restriction enzymes and inserted into the 
NdeI/BamHI backbone of pMalC2X (New England 
Biolabs, Inc., Ipswich, MA, USA). The DKK1-MBP 
fusions were expressed in BL21(DE3) cells. The recom-
binant DKK1 protein was purified on an Amylose Resin 
affinity column (New England Biolabs, Inc.) and then 
fractionated by SDS-PAGE (Supplementary Figure S1A, 
see online version of this article).

The ECPKA (extracellular proteinase A) encoding 
sequence was cloned by RT-PCR. The sequences of the prim-
ers used were 5’-CATATGGGCAACGCCGCCGCCGC-3’ 
and 5’ -GGATCCTAAAACTCAGAAAACTCCTTGCCAC-3’. 
The PCR product was first inserted into the pGEM-T 
easy vector (Promega, Madison, WI, USA). The resulting 
vector was then digested with NdeI and BamHI restric-
tion enzymes. The ECPKA cDNA was then inserted into 
the NdeI/BamHI backbone of pET-28a (+) (Novagen, 
Madison, WI, USA). Recombinant ECPKA protein was 
expressed in BL21(DE3) cells, purified on a Ni-NTA His-
Bind resin column (GE Healthcare UK Ltd, Amersham, 
UK), and fractionated by SDS-PAGE (Supplementary 
Figure S1B, see online version of this article).

ELISA method

Because DKK1 recombinant protein is not commercially 
available, we used our recombinant DKK1 fusions to 
detect the presence of autoantibody against DKK1 in the 
serum samples by ELISA assay. Each well of a microtitre 
plate was coated with 100 μl of diluted purified recom-
binant human DKK1 protein (1 μg ml−1 concentration 
in PBS) and incubated overnight at 4°C. After washing 
away unbound antigen with washing buffer (0.01 M PBS, 
0.1% Tween-20, pH 7.4), the wells were blocked with 5% 
milk for 2 h at room temperature. To remove any poten-
tial antibody against maltose-binding protein (MBP) 
in the serum samples, 100 μl of 400-fold diluted serum 
samples (dilution buffer, 0.01 M PBS, pH 7.4, 5% non-
fat dry milk, 0.5% Tween-20) were pre-incubated with 
MBP coated wells for 30 min. The serum samples were 
then added to wells coated with recombinant human 
DKK1 protein and incubated for 1 h at 3°C. After three 
washes with washing buffer (0.01 M PBS, pH 7.4, 0.5% 
Tween-20), 100 μl of 3000-fold diluted antihuman IgG–
horseradish peroxidase (HRP) antibody enzyme conju-
gate (Proteintech group Inc., Chicago, IL, USA) in 0.01 M 
PBS, 5% milk, 0.1% Tween-20 was added to each well and 
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incubated for 2 h at room temperature. The wells were 
then washed five times in washing buffer before adding 
100 μl of ABTS (2,2’-azino-di-(3 ethylbenzthiazoline 
sulfonic acid) substrate solution (1 mM ABTS, 29 mM 
anhydrous citric acid, 41 mM dibasic Na phosphate, pH 
4.2, 0.03% H

2
O

2
) to each well. The plates were incubated 

at 37°C for 15 min and absorbance at 410 nm of each well 
was recorded using an ELISA reader (microplate reader 
benchmark; Bio-Rad, Hercules, CA, USA). Autoantibody 
titres in serum are represented as ratios to the mean 
absorbance of the normal control sera. A control serum 
was included on all plates to monitor plate-to-plate vari-
ation. The differences between groups (patients versus 
controls) were calculated for statistical analysis.

Serum levels of DKK1 protein were also measured by 
ELISA assay. First, a 100-fold dilution of commercially 
available rabbit polyclonal antibody specific to human 
DKK1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
was added to a 96-well microplate and incubated over-
night at 4°C. After washing away any unbound antibody, 
blocking buffer (0.01 M PBS, pH 7.4, 5% non-fat dry 
milk, 0.5% Tween 20) was added to the wells and incu-
bated for 1 h at 37°C. After washing, 50-fold diluted sera 
were added to the wells and incubated for 1 h at 37°C. 
After washing away any unbound substances, a 50-fold 
diluted mouse polyclonal antibody (see supplementary 
Figure S2 for antibody specificity, in online version of 
this article) raised against our recombinant DKK1 pro-
tein was added to the wells as a detection antibody and 
incubated for 1 h at 37°C. After washing to remove any 
unbound antibody-enzyme reagent, 1000-fold diluted 
HRP-conjugated goat antimouse IgG secondary anti-
body was added to the wells and incubated for 1 h at 
37°C. After washing, ABTS substrate solution (Sigma) 
was added to the wells. The plates were incubated at 
37°C for 15 min and absorbance at 410 nm was recorded 
using an ELISA reader. Concentration of DKK1 in serum 
is represented as ratios to the mean absorbance of the 
normal control sera. A control serum was included on 
all plates to monitor plate-to-plate variation. The differ-
ences between groups (patients versus controls) were 
calculated for statistical analysis.

Western blot analysis of DKK1 expression in lung can-
cer tissues and lung cancer cell lines

Tumour tissues or cells were lysed in lysis buffer (50 
mmol l−1 Tris–HCl (pH 8.0), 150 mmol l−1 NaCl, 0.5% 
NP40, 0.5% sodium deoxycholate) supplemented with 
a protease inhibitor cocktail (Halt Protease Inhibitor 
Cocktail; Pierce, Rockford, IL, USA). The protein content 
of each lysate was determined using a BCA protein assay 
kit (Pierce) with bovine serum albumin as a standard. 
Each lysate (30 μg) was fractionated on a 12% denaturing 
polyacrylamide gel (with 4% polyacrylamide stacking 

gel) and transferred electrophoretically to a nitrocellu-
lose membrane (Bio-Rad). After blocking with 5% non-
fat dry milk in PBS-Tween 20 (PBST), the membrane was 
incubated with a commercially available rabbit poly-
clonal antibody against human DKK1 (hDKK1; Santa 
Cruz Biotechnology) at 4°C, overnight. Immunoreactive 
proteins were incubated with HRP-conjugated second-
ary antibodies for 1 h at room temperature. After wash-
ing with PBST, the reactants were developed using the 
enhanced chemiluminescence kit (Pierce).

Western blot analysis of anti-DKK1 antibody in serum

The purified, recombinant human DKK1 fusion protein 
(100 ng/lane) was fractionated by 10% SDS-PAGE and 
electroblotted onto a nitrocellulose membrane. The 
membrane was blocked, washed, and blot strips were 
incubated with pre-cleared serum from either lung 
cancer patients or normal controls (1:100) in 5% non-
fat dry milk in PBST. The western blot strips were then 
washed with PBST three times, incubated with antihu-
man IgG–HRP conjugate, and the chemiluminescent 
reactions were developed using the enhanced chemilu-
minescence kit (Pierce).

Statistical analysis

Graphpad prism v4.03 software was used for statisti-
cal analysis. Means, SD and confidence intervals (CI) 
were calculated where appropriate. A p-value <0.05 was 
considered significant throughout. Receiver-operating 
characteristic (ROC) curves (Zweig & Campbell 1993) 
were used to calculate cut-off values for optimal sensi-
tivity and specificity.

Results

DKK1 autoantibody detection in the sera of patients 
with lung cancer

To test our hypothesis that DKK1 excretion elicits the 
induction of serum autoantibodies, we employed a 
modified ELISA method to measure the levels of anti-
IgG autoantibodies against DKK1 in the sera of normal 
individuals (n = 87) and lung cancer patients (n = 93). 
Recombinant DKK1 was expressed and purified as a 
MBP-fusion protein and used as an antigen in the ELISA 
assay (see Materials and methods). In Figure 1A, anti-
DKK1 autoantibody titres are represented as arbitrary 
ratios to the mean absorbance of the normal control sera. 
The mean (F1 SD) level of DKK1 autoantibody detected 
in the sera of 93 lung cancer patients was 1.57 ± 0.53. In 
contrast, the mean (F1 SD) level of DKK1 autoantibody in 
87 healthy individuals was 1 ± 0.42. The difference in the 
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levels of DKK1 autoantibody measured in healthy indi-
viduals and NSCLC patients was significant (p <0.001, 
Mann–Whitney U test). Using ROC curves (shown 
in Figure 1B) drawn from the data of these 93 cancer 
patients and 87 healthy controls (Figure 1A), a cut-off 
level was set for this assay to provide optimal diagnostic 
accuracy and likelihood ratios (minimal false-negative 
and false-positive results) for DKK1 autoantibody (with 
a sensitivity of 62% (57 of 93) and a specificity of 84% (73 
of 87)).

We also examined whether or not the DKK1 autoanti-
body levels correlate with cancer stage. However, no sig-
nificant difference was found between the four stages of 
NSCLC. The diagnostic sensitivity of DKK1 autoantibody 

for stages I–IV was 64.3% (18 of 28), 70% (7 of 10), 57.4% 
(27 of 47) and 62.5% (5 of 8), respectively.

Immunological identification of DKK1 autoantibody

To confirm the presence of DKK1 autoantibody, we 
tested the immunological detection capability of DKK1 
autoantibody present in the sera of patients with cancer 
(Figure 2). Sera selected from patients carrying high lev-
els of DKK1 autoantibodies exhibited immuno-cross-re-
activity toward the purified recombinant DKK1 protein 
(70 kDa; Figure 2, strips 6–9), whereas no such immuno-
cross-reactivity for DKK1 protein was observed using 
normal sera (Figure 2, lanes 2–5). The detected bands 
(lanes 6–9) are of the same molecular weight as the posi-
tive control (lane 1).

Expression of DKK1 in NSCLC tissues and lung cancer 
cell lines

We used western blot analysis to investigate the expres-
sion of DKK1 protein in clinical samples and lung cancer 
cell lines. The results show that the 35 kDa DKK1 protein 
is expressed in five lung cancer cell lines, as detected 
by anti-DKK1 antibody (Figure 3A). The western blot 
analysis of clinical samples revealed that DKK1 can be 
expressed in tumour tissues, tumour-adjacent tissues, 
or both. No significant differences in DKK1 expression 
levels were found between tumour tissues and tumour-
adjacent tissues (Figure 3B).

Levels of DKK1 in patients with lung cancer

To examine whether or not there is a correlation between 
the serum levels of DKK1 protein and its autoantibody, 
ELISA assays were done to detect DKK1 protein in 
serologic samples from 93 patients with NSCLC and 
87 normal controls. As shown in Figure 4A, the average 
level of DKK1 protein was higher for the patient group 
than in the control group. The mean (F1 SD) serum level 
of DKK1 in 93 lung cancer patients was 3.23 ± 0.73. In 
contrast, the mean (F1 SD) serum level of DKK1 in 87 
healthy individuals was 1 ± 0.54. This difference between 
healthy individuals and NSCLC patients is significant 
(p <0.0001, Mann–Whitney U test). Using ROC curves 
drawn from the data of these 93 cancer patients and 87 
healthy controls (Figure 4B), the cut-off level for this 
assay was set to provide optimal diagnostic accuracy 
and likelihood ratios (minimal false-negative and false-
positive results) for DKK1 (with a sensitivity of 75.3% (70 
of 93) and a specificity of 86.2% (75 of 87)).

Interestingly, when comparing the results of DKK1 
and its autoantibody, we found only 58.6% (41 of 70) of 
the patients with high levels of DKK1 protein expression 
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Figure 1.  Serum titres of DKK1 autoantibody and receiver operat-
ing characteristic (ROC) plot of DKK1 autoantibody enzyme-linked 
immunosorbent assay (ELISA) assay in patients with cancer and con-
trols. (A) Titres of DKK1 autoantibody in the sera. Autoantibody titres 
are represented as ratios to the mean absorbance of the normal con-
trol sera. Values >1.38 were considered positive. A control serum was 
included on all plates to monitor plate-to-plate variation. Variations 
never exceeded 5%, so values were not corrected. The differences 
between groups (patients versus controls) were calculated to have 
significance at p <0.05. (B) ROC plot of DKK1 autoantibody ELISA 
assay: the sensitivity and specificity of the DKK 1 autoantibody ELISA 
(from the data of Figure 1A) is presented in ROC curves. NSCLC, non-
small cell lung cancer.B
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have high levels of DKK1 autoantibodies. The discrep-
ancy between the level of DKK1 protein and its autoan-
tibody led us to try both ELISA assays in combination 
to distinguish the patient group and the control group. 
When the same ROC cut-offs were used in combination, 
the sensitivity increased to 81.7% and the specificity 
remained 86.2%.

Discussion

In spite of improved modern surgical techniques and 
adjuvant chemoradiotherapy, lung cancer still has one 
of the worst prognoses among all malignant tumours. 
Therefore, the development of novel diagnostic biomark-
ers for early detection of cancer and for the better choice 
of adjuvant treatment modalities to individual patients 
is urgently required.

The prolonged time course of carcinogenesis (Wang 
et al. 2005) opens the possibility for a very small tumour 
or a subtle biochemical change in a cell to produce 
a detectable level of antistimulant autoantibody in 
response to chemical or viral carcinogens. These 
autoantibody markers could be detectable well before 
the released tumour antigen reaches a detectable level.

Recent studies demonstrated that serum levels of 
DKK1 are elevated in patients with multiple myeloma 
(Politou et  al. 2006), lung cancer and esophageal 
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squamous cell carcinomas (Yamabuki et  al. 2007). 
Therefore, in this study, we examined whether or not 
there are DKK1 autoantibodies in the sera of patients 
with lung cancer. In this study, we first detected the pres-
ence of DKK1 autoantibody in NSCLC cancer patients 
and determined that the levels of DKK 1 autoantibody 
in the sera of NSCLC patients were higher than normal 
controls. Although the clinical value of DKK1 autoanti-
body remains to be elucidated, our results suggest that 
the detection of circulating DKK1 autoantibody could 
serve as a useful non-invasive marker for determining 
lung cancer status. Using DKK1 protein as an antigen 
to monitor the development of DKK1 autoantibody 
during oncogenesis may be advantageous for screen-
ing healthy individuals or patients with lung cancer. 
Importantly, higher DKK1 autoantibody levels were 
found in 64.3% of patients with early stages of NSCLC 
(stage I). Although further validation using a larger 
sample set covering various clinical stages will be 
required, an assay based on the DKK1 autoantibodies 
in the sera of cancer patients, as described here, may 
be of great importance for early diagnosis of NSCLC.

It has been reported that DKK1 is widely overex-
pressed in lung cancer, esophageal cancer, Wilms’ 
tumour, hepatoblastoma, HCC and multiple myeloma 
(Patil et  al. 2005, Qian et  al. 2007, Wirths et  al. 2003, 
Yamabuki et al. 2007). Exogenous expression of DKK1 
enhances the cellular migration/invasive activity of 
mammalian cells. However, in the present study, we 
did not find that the expression of DKK1 is higher in 
lung tumour tissues than in tumour-adjacent tis-
sues. The difference between our results and other 
studies may be ascribed to different sources of tissue 
samples.

In the present study, the levels of DKK1 protein in the 
sera of patients with NSCLC were also examined. DKK1 
levels were also found to be higher in cancer patients. 
Unexpectedly, we found that only 58.6% (41 of 70) of the 
patients with higher levels of DKK1 protein expression 
have higher levels of DKK1 autoantibodies. Screening for 
a combination of DKK1 and its autoantibody increases 
the diagnostic sensitivity to 81.7%, while the specificity 
remains 86.2 %.

In a previous study, ECPKA autoantibody was pro-
posed as a universal serum biomarker for cancers of 
various cell types (Nesterova et  al. 2006). Therefore, 
we also examined ECPKA autoantibody in the serum 
samples used in this study. The average level of ECPKA 
autoantibody was also found to be higher in NSCLC 
patients than in controls. However, as shown in sup-
plementary Figure S3 (see online version of this article), 
the diagnostic value of ECPKA autoantibody for NSCLC 
(with a sensitivity of 32.3 % (20 of 93) and a specificity of 
84% (73 of 87)) is lower than that of DKK1 autoantibody. 

The discrepancy between our results and those of 
Nesterova et  al. (90% sensitivity and 88% specificity) 
may be due to the small sample size (n = 6) used in their 
study (Nesterova et al. 2006). Our data suggest that for 
the diagnosis of NSCLC, DKK1 autoantibody is a better 
marker than ECPKA autoantibody.

One of the advantages of autoantibody biomarkers 
over antigen markers is that several kinds of autoanti-
bodies can be easily combined together into a minichip 
to enhance the sensitivity and specificity of diagnosis. 
For example, a 22-phage-peptide autoantibody mini-
chip has 88.2% specificity (95% CI 0.78–0.95) and 81.6% 
sensitivity (95%CI 0.70–0.90) in discriminating prostate 
cancer patients and control groups (Wang et al. 2005). 
From a list of cancer-associated antibodies that num-
bers in the thousands, fewer than 50 total antibodies 
have been described for NSCLC. However, antibodies 
to several NSCLC proteins have been evaluated as inde-
pendent markers of disease, including p53, annexin I, 
annexin II, NY-ESO-1, L-myc, c-myc, and 90K/Mac-2 
binding protein (M2BP); antibodies to each are found 
in 15–30%, 30%, 33%, 8%, 10%, 13% and 30% of NSCLC 
patients, respectively (Brichory et  al. 2001a, b, Cioffi 
et al. 2001, Jager et al. 1999, Lubin et al. 1995, Ozaki et al. 
2002, Yamamoto et  al. 1996, 1999). Therefore, DKK1 
autoantibody may be combined with other autoanti-
body markers to enhance the sensitivity and specificity 
of diagnosis of NSCLC.

In addition to its potential diagnostic utility, DKK1 
autoantibody may also make a contribution to the onco-
genesis of NSCLC. In a recent study (Gonzalez-Gronow 
et  al. 2006), antibodies against glucose-regulated pro-
tein of 78 kDa (GRP78) isolated from the serum of a 
prostate cancer patient recognized a similar epitope 
on GRP78. Interestingly, the autoantibody GRP78 was 
found to have proproliferative effects on several kinds 
of prostate cancer cell lines. Therefore, autoantibodies 
against DKK1 may have some effect on the oncogenesis 
of NSCLC. Further studies will need to be performed to 
elucidate the epitope of DKK1 recognized by its autoan-
tibodies and the role of the autoantibodies in cancer 
progression.
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