Int J Clin Exp Med 2016;9(1):275-281
www.ijcem.com /ISSN:1940-5901/1JCEM0015684

Original Article
Study of the clinical significance of DKK1 in the
diagnosis and therapeutic monitoring of lung cancer

Hongbo Wu, Jiarong Liu, Xiaogian Mu, Huijuan Wu, Lijuan Chen, Xiufeng Hu, Jie Liu, Lin Zhang, Yanqgiu Zhao

Department of Internal Medicine, The Affiliated Tumor Hospital of Zhengzhou University He’nan Cancer Hospital,
Zhengzhou 450008, He’nan Province, China

Received September 6, 2015; Accepted November 23, 2015; Epub January 15, 2016; Published January 30,
2016

Abstract: To investigate the clinical value of Dickkopfl (DKK1) in diagnosis of lung cancer and chemotherapy Moni-
toring. Methods 127 cases oflung disease patientsas research subjects, according to the nature of the disease,
dividedinto the malignant group (n = 67) and benign disease group (n = 60), then choose 60 cases of healthy
people as a control group, according to the cancer patients chemosensitivity, divided the malignant group into
sensitive group (n = 54) and drug group (n = 13), then detected the target serum DKK1 concentrations using ELSIA
double antibody sandwich method and compared. Up Limits of DKK1 of control patients was as a reference value,
calculated malignant group, benign disease group and control group DKK1 expression rate; calculated diagnostic
sensitivity and specificity of DKK1 of lung cancerby ROC curve areachart. According to the effect of chemotherapy,
patients were divided into remission group, stable group and progress group. Results: DKK1 concentration and
positive expression rate of malignant group was higher than that in benign group and the control group (P <0.05);
area under the ROC curve showed that,malignant group the different TNM stage, lymph node metastasis, distant
metastasis,the serum DKK1 concentrations significant differences (P <0.05); sensitive group DKK1 concentrations
below resistance group (P <0.05); remission group DKK1 concentration was less than stable group and progress
group (P <0.05). Conclusion: DKK1 in lung cancer patients showed high expression, it may be an important marker
of lung cancer screening and diagnosis and chemotherapy evaluation.
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Introduction be an important target for the early diagnosis
and evaluation of lung and esophagus cancer.

The morbidity of lung cancer has been increas- DKK1 belongs to the Dickkopfs family. The

ing recently. In male tumor patients, lung can-
cer had already taken the first position in both
morbidity and mortality [1]. Since there are usu-
ally few symptoms in the early stage of lung
cancer, most patients could not feel about it
very early, when they were clinically diagnosed,
over 75% of the patients have already reached
the TNM llI-1V stage [2]. However, this problem
may be solved by the applications of new tech-
niques such as the use of tumor biomarkers.
Previous reports showed that some antigen
biomarkers such as neuron specific enolase
(NSE), squamous cell carcinoma antigen (SCC)
could be used to help diagnosing lung cancer
[3]. However, the sensitivities and specialties of
these markers were limited. The Yamabuki’s
team [4] reported that by the use of gene chip
screen, they had identified Dikkopf-1 (DKK1) to

results seemed to be promising. In order to
study the effects of DKK1 in diagnosing and
evaluating the progress of lung cancer, our
team conducted this study. The details were as
follows.

Materials and methods
Clinical samples

From August 2010 to December 2013, 67
cases of lung cancer were chosen as the malig-
nant group. In the same period, 60 cases of
benign disease were also studied and set as
the benign group. Both oral and written
informed consents were got from every patient
in this study. This study was approved by the
Ethics Committee of the Affiliated tumor
Hospital of Zhengzhou University.



A new biomarker for diagnosis

Table 1. Details of the patients

Malignant group
Age (mean £ SD, range, years) 57.9 + 6.9, 33-74

Gender (male, female) 48, 19
TNM stage
Stage | 9
Stage Il 13
Stage llI 24
Stage IV 11

Benign group

Age (mean * SD, years) 58.1+7.2,30-75

Gender (male, female) 45,15
Disease types
Pneumonia 29
Pleurisy 18
Tuberculosis (tuberculoma) 13

Normal group
Age (mean * SD, years) 574 + 6.5, 32-73
Gender (male, female) 48,12

All patients had been given a definite diagnosis
by the combination of laboratory examination,
imageological examination and clinical symp-
toms. The inclusion criteria for choosing the
patients in the malignant group were as follows:
(1) all patients were diagnosed with lung cancer
for the first time and had not undergone any
therapies such as chemotherapy or radiothera-
py. (2) The patients should not have any contra-
indications for receiving chemotherapy. (3) The
detailed data for the patient should be com-
plete and easy for following up. There were also
exclusion criteria for those patients in the
study: (1) the patients also have other malig-
nant tumors. (2) The patients have Ankylosing
spondylitis (AS), rheumatoid arthritis (RA) or
other disease which may affect the serum con-
centration of DKK1 [5, 6]. (3) The patients have
served hepatic and renal dysfunction or chronic
respiratory disorders. After selecting and
excluding the patients, finally 67 cases were
chosen in the malignant group, the detailed
clinical data of the patients were listed in Table
1.

Collection of the clinical samples

Every Moring, 5 ml fasting venous blood was
taken from all the patients. The blood was cen-
trifuged with the speed of 2500 r/min for 20
minutes and then the supernate (the serum)
was taken and restored in the temperature
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of -80 centigrade before further study. The
collected serum was taken out and put in room
temperature for 20 minutes before been tested
by ELISA.

Detection for the concentration of DKK1

Serum concentrations of DKK1 were detected
by ELISA. The human ELISA kits for DKK1 were
bought from Langdun biotechnology Co. Ltd,
Shanghai, China (Code: 140607). Microplate
Reader was bought from BioRad Company, US.
(Type: 550). The levels of DKK1 were detected
following the instructions of the ELISA kits. For
each sample, three duplications were set. The
averages of all duplications were used as the
final results.

Definition of “chemotherapy sensitivity”

The definition of “chemotherapy sensitivity” in
our study was set by reference to the guidelines
in The National Comprehensive Cancer Network
(NCCN) [4]. Those who had neoplasm recur-
rence within 6 months after receiving chemo-
therapy for the first time were identified to be
“chemotherapy resistant”. Others which would
not have tumor recurrence until 6 months after
the first chemotherapy were considered to be
chemotherapy sensitive. According to this defi-
nition, 54 patients were divided into the “sensi-
tive group”, 13 belonged to the “resistant

group”.

Evaluation of the treating effects by chemo-
therapy

The chemotherapy effects were evaluated by
reference to the “Clinical guidelines of the pri-
mary pulmonary carcinoma” [5], which classi-
fied the treating effects into four classes: com-
plete remission (CR), significantly reduced (SR),
stabilization (S) and progress (P) [5]. In our
group, the patients were divided into three
groups according to the treating effects: the
progress disease group (PD), the stable dis-
ease group (SD) and the remission group (CR
and SR).

Statistical analysis

All analyses were performed using SPSS v 17.0
software (SPSS Inc, USA). Data are shown
as the mean + standard error of the mean.
Statistical significance was evaluated by
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Figure 1. Levels of DKK1 in different groups. A: Serum level of DKK1 in malignant group, benign group and control
group. B: ROC curve for the diagnosis of DKK1 for lung cancer. C: Serum DKK1 in sensitive group and resistant
group. D: Serum DKK1 in patients with different outcomes.

Table 2. Positive rates of DKK1 in different
group

Groups Cases Positive  Positive
cases rate (%)
Malignant group 67 51 76.12
Benign group 60 4 6.67*
Control group 60 3 5.00*

*: P<0.05 compared with the malignant group.

Student’s t test or x? test. P<0.05 was accepted
as statistically significant. The sensitivity and
specialty were calculated according to the area
under ROC curve.
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Results

Compartments of the concentrations of DKK1
in different groups

In the malignant group, serum level of DKK1
was 37.45 + 14.18 ng/mL, significantly higher
than those in benign group (10.89 + 5.41 ng/
mL) and control group (9.43 + 4.27 ng/mL).
The differences were statistically significant
(t=13.642, P<0.05). There were no significant
difference between the control group and the
benign group (t=1.696, P>0.05). Details were
shown in Figure 1A.
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Table 3. Levels of DKK1 in patients with different clinical background

TNM stages, histological
types. It was revealed that

the concentration of DKK1
was positively connected

with TNM stages. Further
analysis showed that whe-
ther there was metastasis
was the key factor. Details
were shown in Table 3.

Compartment of the levels
of DKK1 in sensitive group
and resistant group

Serum level of DKK1 in
sensitive group was 17.45
+ 6.52 ng/mLand in resis-
tant group it was 41.23 +
16.79 ng/mL. There we-
re significant differences
between the two groups.

(X£S)

Clinical data Cases Levelljcl)(stlerum tvalue P value

gender
Male 48 38.33 £ 18.65 0.509 0.613
Female 19 35.81+17.23

Histological type
Squamous carcinoma 28 36.95 + 19.14 -0.280 0.781
Adenocarcinoma 39 38.17 + 16.43

TNM stages
Stage I+l 3 27.71+11.53 -4.042 0.000
Stage llI+IV 35 43.76 + 18.58

Distant metastasis
Yes 26 50.91 + 17.06 4.912 0.000
No 41 29.35+ 17.78

Lymphatic metastasis
Yes 31 47.59 + 17.66 4.737 0.000
No 36 29.25 + 14.01

(t=-8.266, P<0.05). Details

The positive rates of DKK1 in different groups

In the control group, the maximum concentra-
tion of serum DKK1 was 15.82 ng/mL. 95% of
this maximum amount (i.e. 15.03 ng/mL) was
set to be the index for evaluating a positive
result. Levels > 15.03 ng/mLwas defined to be
positive and < 15.03 ng/mlLwas defined to be
negative. Based on this setting, in the malig-
nant group, the positive rate was 76.12%, sig-
nificantly higher than those in the control group
(5.00%) and benign group (6.67%). The differ-
ences were statistically significant (x2 = 59.392,
62.630, P < 0.05). The positive rate in the con-
trol group and benign group did not have signifi-
cant differences (x? = 0.000, P > 0.05). Details
were shown in Table 2.

Analysis of the sensitivity and specialty of
DKK1 in the diagnosis of lung cancer

According to the results of the area under the
ROC curve, the best critical value for the diag-
nosis of lung cancer was 19.33 ng/mL. The
size of the area under the curve was 0.932. The
sensitivity of the diagnosis was 83.58% and
the specialty was 80.60%. Details were shown
in Figure 1B.

Compartment of the levels of DKK1 between
patients with different TNM stages, histological

types

In the malignant groups, the 67 patients were
divided into several subgroups according to the
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were shown in Figure 1C.

Compartment of the levels of DKK1 in patients
with different outcomes after chemotherapy

Serum levels of DKK1 in the remission group
was 15.39 + 4.47 ng/mL, this was significantly
lower than those in the stable disease (SD)
group (26.54 + 5.8 ng/mL) and the progress
disease (PD) group (46.21 * 10.78 ng/mL).
Details were shown in Figure 1D.

Discussion

The WNT-pathway is a very important pathway
in regulating the cell signaling transduction.
Previous reports showed that this pathway
played important roles in the tumorigenesis,
differentiation and proliferation [7]. Thus this
pathway has been considered to be an impor-
tant target in the treatment of tumor. In the
studies of tumors from the digestive system,
activation of WNT pathway contributed to the
function of TCF/B-catenin [8], resulting in up-
regulation of the growth of tumor cells and
fibroblasts. Except for the effects on cell prolif-
eration, the WNT pathway could also affect cell
apoptosis by down-regulating the expression of
surviving, which was an important gene in
tumorigenesis. Besides, some clinical reports
had proved that activation of WNT pathway
could contributed to tumor metastasis [9].
Thus, this pathway might directly lead to poor
prognosis. Methods targeting this pathway for
treating tumor have been constantly studied
and discussed in recent years.

Int J Clin Exp Med 2016;9(1):275-281
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By now, many antagonistsagainst WNT path-
way had been studied, including Sfrr, WIF-1,
Endostatin and DKK1. Previous reports showed
that in healthy people, serum level of DKK1
was quite low [10]. However, Chen [11], Tung
[12], et al had showed that in patients with
hepatocellular carcinoma, serum levels of
DKK1 were significantly higher than those in
liver benign patients and normal patients. In
Rawson’s research [13], it was revealed that
the levels of serum DKK1 increased along with
the progress of colon cancer. Zhu, et al [14] fur-
ther tried to use DKK1 in the diagnosis of non-
small cell lung cancer and indicated that the
sensitivity and specialty of DKK1 were both sig-
nificantly higher than the commonly used bio-
marker, CA-125 and CYFRA221-1. This finding
showed a promising role for DKK1 in the appli-
cation of being a good biomarker. Thus, in our
study, we made further research and discus-
sions on this.

Our study showed that compared with the con-
trol group and benign group, the positive rate of
DKK1 was 76. 12% in the malignant group, this
wassignificantly higher than those in other
groups. Our findings were in accordance with
data from previous studies. The sensitivity and
specialty for the diagnosis were 83.58% and
80.60%. Both results proved that DKK1 could
function as a new marker for the diagnosis of
lung malignant tumor.

Except for the diagnosis function, we also fur-
ther studied the role of DKK1 in evaluating and
predicting the progress of lung cancer. Kim’'s
team and Zhang’s team [16, 17] had reported
that the level of plasma DKK1 had no connec-
tions to gender, age but positively related to
TNM stages. This finding indicated that DKK1
could be an important role in tumor metasta-
sis. In our team we further compared serum
DKK1 in patients with different TNM stages,
histological stages in lung cancer and similar
results were got. In lung cancer we proved that
the level of DKK1 was only positively connected
to the TNM stages but no other factors such as
age, gender or histological type. Thus it could
be concluded that DKK1 could function as a
special biomarker in the early warning of lung
cancer metastasis.

In clinical diagnosis and treatment, there have
been many biomarkers serving as the diagno-
sis target [17]. On the other hand, the biomark-
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ers for predicting the possibilities of chemo-
therapy-resistance were still very few. The
mechanism for the form of chemotherapy-
resistance was quite complex and still not very
clear. The researchers reported that pharmaco-
kinetics andtumor microenvironment could
both be involved in this process [18]. By now
some drug-resistance genes had been studied
and reported, including Topoisomerasellx,
P-glycoprotein, et al [19]. In our study, we found
13 patients who were resistant to chemothera-
py. By detecting their concentrations of serum
DKK1, we found that they were significantly
higher than those who were sensitive to chemo-
therapies. This finding was in accordance with
a previous report [20]. To further study this phe-
nomenon, we also compared the levels of
serum DKK1 in patients with different reac-
tions after chemotherapy. It turned out that in
the remission group (CR and SR); the levels
were significantly lower than those in the prog-
ress group (P), the stable group (S). This finding
was quite interesting and indicated that DKK1
could not only predict the existence of chemo-
therapy-resistance but also help indicate the
outcomes of the treatment.

In general, our studies showed that serum
DKK1 could be a new target in the accurate
diagnosis of lung cancer. Also, detecting the
level of serum DKK1 could not only help to warn
lung cancer metastasis but also predict the
treatment outcomes. However, our study was
mainly based on clinical outcomes and statisti-
cal analysis. The mechanism of the functions of
DKK1 still needs to be further discussed. After
all, our studies provide a promising role of
DKKZ1 in clinical diagnosis and treatment.
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