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Abstract

Background: The Dickkopf 3 (Dkk-3) protein is a member of the Dkk family known as Wnt signaling inhibitor. The level of DKk-3
changes in a wide range of cancers, such as colorectal cancer, lung cancer, prostate cancer, and bladder cancer, is proposed as a biomarker
for diagnosis and prognosis of many cancers. The present study was conducted to evaluate the serum level of Dkk-3 as a cancer biomarker
and to determine their prognostic value in colorectal cancer (CRC) patients and healthy matched controls.

Methods: A total of 30 colorectal cancer patients at different stages of the disease and healthy matched controls with no history of
inflammatory and autoimmune disease or cancer were enrolled in the study. The level of Dkk-3 was assessed serologically using enzyme-
linked immunosorbent assay (ELISA) method, moreover, relevance of these markers with patients’ clinicopathological features was
subsequently assessed. Means comparison and ROC curves analysis were done using SPSS software. P-value <0.05 was considered
significant in all the tests.

Results: In this study, it was revealed that serum level of Dkk-3 was significantly (p<0.001) lower in patients compared to the healthy
controls. Statistical analysis showed that serum level of Dkk-3 has 78% specificity and 77% sensitivity (AUC= 0.782, 95% CI) for
diagnosis of colorectal cancer.

Conclusion: Dkk-3 protein can be considered as a potential biomarker for diagnosis and possibly the prognosis of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most common cause
of death worldwide (1-5). CRC incidence rate has increased
in developing countries, including Iran and other Asian
countries, due to changes related to culture and eating hab-
its (3, 6-9). In most patients with colorectal cancer, the dis-
ease is asymptomatic at early stages; thus, many screening
tools and molecular biomarkers are developed to detect col-
orectal cancer in early stages.

Dickkopf (Dkk) encodes 4 major secreted glycoproteins
(Dkk1,2,3,4) as negative regulators of Wnt signaling,
which involve 255 to 350 amino acids with a molecular
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weight of 24 and 29 kDa (Dkkl1, 2 and -4) and 38 kDa
(Dkk3) (10, 11).

Dkk-3 or REIC (reduced expression in immortalized
cells) functions as a growth suppressor during human em-
bryonic development (10, 12, 13). This factor can decrease
the cytoplasmic accumulation of B-catenin and can also im-
pede the activity of T-cell factor 4, showing its anticancer
property (13, 14). According to previous studies, some can-
cers, such as lung cancer, gastric cancer, ovarian cancer,
acute lymphoblastic leukemia, prostate cancer and bladder

1t What is “already known” in this topic:
Some cancers, such as lung cancer, gastric cancer, ovarian can-

cer and etc. have lower levels of DKK-3, as Wnt signaling in-
hibitor. However, tumor endothelium of colorectal cancer has
shown higher levels of DKK-3. Researchers pay more attention
to the potential use of Dkk-3 as a therapeutic target that can in-
hibit cancer cell growth to suppress tumors.

— What this article adds:
DKK-3 in the serum of colorectal cancer patients, was lower in

patients compared to healthy controls. DKK-3 have higher sen-
sitivity and specificity with higher ROC—AUC values for DKK-
3. Our results showed a lower level of circulating Dkk-3 in the
serum level of patients with lymph and vascular invasion com-
pared to the group with no lymph and vascular invasion.
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cancer, have lower levels of DKK-3 (14-18). However, tu-
mor endothelium of colorectal cancer has shown higher
levels of DKK-3 (19). Regarding carcinogenesis of colo-
rectal cancer, further researches are needed to determine the
serum levels of Dkk-3, whose role is probably through
Whnt/beta-catenin pathway. Nowadays, researchers pay
more attention to the potential use of Dkk-3 as a therapeutic
target that can inhibit cancer cell growth to suppress tu-
mors.

Based on investigations in assessing DKK3 expression,
this protein may have a cancer-specific expression pattern
and a potential alternative role in cancer invasion. In the
present study, we aimed at investigating the serum level of
Dkk-3 in patients with different stages of colon cancer com-
pared to the healthy group. We also evaluated the serum
levels of Dkk-3 separation based on clinicopathological
features of patients.

Methods

Study population

In the present study, serum samples were obtained from
30 patients with colorectal cancer and 28 healthy individu-
als without any family history of cancer, inflammatory dis-
eases, or autoimmune diseases who referred to Iran Na-
tional Tumor Bank, Imam Khomeini Hospital, Tehran,
Iran. All patients provided written consent. The study was
approved by the institutional ethics committee of the Can-
cer Institute of Tehran and in accordance with the declara-
tion of Helsinki.

Samples were selected considering the following criteria
according to a previous study: (i) patients not receiving any
anticancer treatment, and (ii) those patients whose tumors
were pathologically diagnosed as colorectal cancer (stage
I-1V). An expert oncologist determined the stage and grade
tissue samples of patients according to guidelines and clas-
sifications. All data related to these patients were obtained
from Iran National Tumor Bank, Imam Khomeini Hospital,
Tehran, Iran, and were confirmed by immunohistochemis-
try (IHC).

Blood sample collection and serum separation

To collect serum samples, whole blood from 30 newly
diagnosed patients and 28 healthy individuals was collected
in untreated test tubes. After incubation at room tempera-
ture for 20 minutes, centrifugation was done at 1200g for
10 minutes at 4°C; then, supernatant (serum) was aliquoted
and stored at -80°C.

Serum DKK-3 measurement

Levels of Dkk-3 in serum samples were evaluated by en-
zyme-linked immunosorbent assay (ELISA) methods.
ELISA protocol was done based on the manufacturer’s in-
structions (Raybiotech, Atlanta, USA). All samples were
tested by duplication. Detection limits of Dkk-3 were 50
pg/mL. The threshold for Dkk-3 was determined based on
ROC-AUC plot. Following the analysis, 81.78 pg/mL was
selected as the cut-off point for Dkk-3.

Statistical analysis
The mean + standard error of the mean (SEM), median,

2 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2018 (14 Sep); 32:86.

and other statistical values of Dkk-3 were measured. Inde-
pendent samples ¢ test and ANOVA with Tukey’s post hoc
tests were used to measure differences between levels of
Dkk-3 in the sera of patients and controls, along with be-
tween-groups comparison. Sensitivity, specificity, positive
predictive values (PPV), and negative predictive values
(NPV) were computed to evaluate the diagnostic perfor-
mance of Dkk-3. ROC (Receiver Operator Characteristic)
curves and AUC (areas under the curve) with 95% CI (con-
fidence interval) were analyzed by SPSS software. P-value
<0.05 was considered significant for all the tests.

Results

Characteristic of included samples

We included 30 patients with colon cancer who referred
to Iran Tumor Bank, Imam Khomeini hospital in Tehran.
Also, 28 healthy individuals were tested whose clinico-
pathological features are summarized in Table 1. The mean
age of colon cancer patients was 57 years, which was
matched with that of the controls (mean age: 55). Overall,
6 cases (21.43%) had stage I, 9 (30%) stage 11, 10 (33/33%)
stage 111, and 5 (16.66%) stage IV colon cancer.

Also, the number of lymphatic invasion in positive and/or
negative cases was 17 (56.6%) and 13(43.3%), and the
number of vascular invasions in positive and/or negative
cases was 16 (53.3%) and 14 (46.6%), respectively.

Table 1. The clinicopathological features of patients

Descriptive data Patient Control
Number of cases 30 28
Gender, N

Female 17 18
Male 13 10

Median age, yrs 57 +11.9 5548.2
(range)

Vascular invasion, N 16 -
Lympbhatic invasion, 17 -

N

DKk3 (me- 54.27+7

dian+SEM)

101.96+9

Table 2. Serum levels of markers based on FIGO stage

Stages Number of cases Dkk-3 (Mean +£ SEM)
Gradel 6 49.48+16
Grade 2 9 51.15+13
Grade 3 10 49.53£13
Grade 4 5 74.69+9
control 28 101.96+9

Table 3. Serum levels of markers based on vascular and lymphatic
invasion.

Number of Dkk-3
cases (Mean+SEM)
Vascular invasion + 17 46.20+8.35
Vascular invasion — 11 68.74+13.27
Lymphatic invasion 16 35.19+8.7
+
Lymphatic invasion 13 65.06£11.65
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Fig. 1. The serum level of Dkk-3 in patients and controls
The serum level of Dkk-3 was lower in patients comparing to controls (P<0.001). Serum levels of Dkk-3 patients separated based on lymphatic
invasion (b) Serum levels of Dkk-3 patients separated based on vascular invasion (c).

(*=P <0.05, ¥**=P <0.01, ***=P <0.001)
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Marker AUC Significance 95% Confidence Interval

Lower Bound Upper Bound
Dkk3 0.782 0.000 0.659 0.904
Lymphatic invasion 0.656 0.154 0.453 0.860
Vascular invasion 0.674 0.121 0.464 0.885

Fig. 2. ROC plot and AUC for Dkk-3. ROC plot and AUC for Dkk-3 for patients and controls(a), for lymphatic invasion (b) and lymphatic inva-

sion(c).

Serum levels of DKK-3

The serum level of DKK-3 heterodimer was assessed us-
ing ELISA method in patients and controls according to the
manufacturer’s instructions. The serum levels of DKK-3 in
colon cancer patients and healthy controls were 54.27+7.00
and 101.96+9.37 pg/mL, respectively (p<0.001). Serum
levels of DKK-3 in patients, with regards to the TNM stag-
ing of cancer, are summarized in Table 2. Our data revealed
that the serum level of DKK-3 is significantly lower in pa-
tients compared to the healthy controls (p<0.001) (Fig. 1a).

However, the level of circulating DKK-3 showed no sig-
nificant differences in patients at different stages. Moreo-
ver, despite the lower level of DKK-3 observed in those pa-
tients who were positive for lymph and vascular invasion,
this difference was not statistically significant compared to
the negative group (p>0.05) (Table 3) (Fig. 1 b.c).

Predictive performance of DKK-3
Sensitivity, specificity, PPV, and NPV values for DKK-

3 are presented in Table 4. The receiver operating charac-
teristic (ROC) plot and AUC for DKK-3 were performed
(Fig. 2 a). The AUC (the area under the ROC curve) for
DKK-3 was significantly high (0.78), and it could distin-
guish between patients and healthy individuals (p<0.001).
In addition, ROC-AUC plot for DKK-3 for the lymph and
vascular invasion indicated that the predictive performance
of DKK-3 for prognostic value was not promising (Fig. 2
b, c).

Discussion

Over the last decade, there has been an outstanding im-
provement in our understanding of the characteristics of co-
lon cancer; yet, in nearly 50% of the cases, they are identi-
fied in asymptomatic persons through colonoscopy or CT
colonography performed for reasons other than colon can-
cer (20). There are several screening tests available to de-
tect colon cancer, but none is completely reliable although
a good serum marker can strongly improve the speed and
authenticity of the screening process. In this case-control

Table 4. Sensitivity, specificity, PPV, and NPV of markers in patients and controls

Marker Sensitivity % Specificity % PPV % NPV %
Dkk-3 77 78 78 76.6
Cut-off points Dkk-3 = 81.7897pg/mL
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study, we investigated the capability of Dkk-3 as a new bi-
omarker to predict colon cancer development. Dkk-3, a
protein biomarker involved in activating genes whose ex-
pression elevates angiogenesis, tumor migration, and
premetastatic niche formation (21), may be a useful bi-
omarker.

Our data showed that DKK-3 values have substantial dif-
ferences between patients and controls. According to our
data, sensitivity and specificity of DKK-3 are strongly high.
Fung et al. reported ROC-AUC values for DKK-3, which
was 0.69 (22). Our data for the Dkk-3 protein showed
higher AUC (0.78) compared to these results.

Yang et al. have shown that downregulation in mRNA
and protein level can be seen in the expression level of
DKK3 in colorectal adenocarcinoma cell lines. GO/G1 cell
cycle arrest, induced apoptosis, lower cell proliferation, and
high cytoplasmic beta-catenin are some of the conse-
quences of forced overexpression of DKK3 mRNA (23).
Also, it has been demonstrated that the expression level of
DKK3 protein has been reduced in colorectal tumor tissue
compared to the normal tissues, which is associated with
invasion depth, TNM stage, and dedifferentiation of colo-
rectal cancer (21, 24).

On the other hand, we investigated the possibility that
these biomarkers may distinguish between stages of cancer,
assuming that a screening biomarker can diagnose tumor
development in its early stages. According to our results,
there were no considerable differences between the stages
of cancer in both investigated biomarkers, the ROC-AUC
was low for all stages, and the p-value was not significant.
However, this could have been due to a small number of
patients with a different stage of colon cancer.

Previous studies demonstrated the correlation of Dkk3
expression and prevention of tumor invasion.

Machata et al. found that the siRNA-mediated Dkk-3 si-
lencing caused an elevation in the invasion capacity in co-
lon cancer SW480 cells (25). Also, Saeb-Party et al. re-
ported the reduced invasion of Matrigel®based assays and
observed delayed wound healing in scratch assays in
urothelial cell carcinoma EJ28 cells treated with Dkk-3
conditioned medium (26). Also, similar results were shown
in a study by Edamura et al. that was performed in ortho-
topic mouse models of prostate cancer, malignant mesothe-
lioma, and scirrhous gastric carcinoma. On the other hand,
it was shown that the Dkk-3 gene vector injection into the
tumor in the first model can prevent the prostate tumor
growth and lymph node metastasis. The tumor tissues had
high amounts of apoptosis and reduction in Dkk-3-medi-
ated invasion capacity, and in vitro assays demonstrated the
inhibitory effect on metastasis. Furthermore, a high sur-
vival rate was found among the mice administered by Dkk-
3 gene as a result of anti-tumor effects (27).

However, investigations on the role of DKK3 in angio-
genesis researchers have shown that in tumor endothelium
of colorectal cancer (rank #4), DKK3 gene was strongly
upregulated in accordance with RNA expression analyses
on purified endothelial cells, which is in line with the pro-
tein level assay (28, 29). Also, the vessels adjacent to the
cancer tissue have shown DKK3 protein expression in im-
munohistochemical analysis, indicating the proangiogenic
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function of the DKK3 protein (28, 29).

Thus, despite growth inhibitor on epithelium originated
tumor cells, Dkk-3 can attribute to differentiation of endo-
thelial cells in the tumor, representing the proangiogenic ef-
fect of Dkk-3 in vascularization and possibility of being a
marker for neo-angiogenesis (29). Glioma, non-Hodgkin's
lymphomas with high grade, melanoma (28), gastric cancer
(30), prostate cancer (31), and pancreas cancer (32) have
shown an elevated number of blood vessels expressing
Dkk-3 than normal tissues. According to a study reporting
higher expression of Dkk-3 in blood vessels of low-grade
adenocarcinomas in pancreatic tissue, Dkk-3 protein might
be a differentiation factor for remodeling the tumor vascu-
lature (32). However, this is inconsistent with observations
in gastric cancer (30). The expression of Dkk-3 protein had
no influence on primary ECFC (endothelial colony-form-
ing cells) during in vitro study on cell proliferation and mi-
gration assays. The Dkk-3 downregulation caused a reduc-
tion in tube formation in Matrigel®, which was elevated
after enforced overexpression (28). Moreover, microvessel
density was significantly enhanced in the C57/BL6 mela-
noma mouse model after high expression of Dkk-3 in
B16F10 melanoma cells (28).Thus, one of the most im-
portant pro-angiogenic proteins in neovascularization and
markers for neo-angiogenesis in CRC has been reported to
be Dkk-3 (29).

However, our results have shown a lower level of circu-
lating Dkk-3 in the serum level of patients with lymph and
vascular invasion compared to the negative group without
lymph and vascular invasion, but this difference was not
statistically significant. This might be because of a low
number of samples in this study. Thus, further studies
should be conducted on a larger number of CRC patients
with different clinicopathological features.

Conclusion

In conclusion, the lower level of circulating of Dkk3 in
the serum of colon cancer patients might provide evidence
for supporting the potential role of Dkk3 as a tumor marker
for diagnosis, prognosis, and monitoring of CRC, as statis-
tical analysis revealed that serum level of Dkk-3 has 78%
specificity and 77% sensitivity for diagnosis of colorectal
cancer. Little research has been done on the prognostic
value of tumor markers, and thus the aim of our study was
to achieve such valuable data. However, to evaluate colon
cancer biomarkers, more comprehensive studies are re-
quired.

We suggest that DKK-3 protein be used as a biomarker
in colon cancer, as it can perfectly identify CRC patients
with high specificity and sensitivity.
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