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Dkk-3 is proposed to be a new specific marker for tumor endothelial
cells. Here we analyzed the clinical relevance of Dkk-3 expression in
pancreas adenocarcinomas and determined its role on endothelial
cell growth in vitro. Microvessel density in tumor samples was
immunohistochemically determined using Dkk-3 and CD31 as
endothelial cell markers, respectively. Based on the median microvessel
density as a cut-off point, patients were categorized into high and
low microvessel density groups and a correlation with survival and
clinical parameters was assessed. Moreover, the role of Dkk-3
expression on chemosensitivity of endothelial cells was analyzed. In
contrast to CD31 staining, Dkk-3-positive vessels were found only in
tumor tissue and Dkk-3 microvessel density significantly correlated
negative with tumor grading. In survival analysis the median
survival time was 7 months for patients with Dkk-3 low, and 15
months for Dkk-3 high microvessel density (P = 0.0013). Subset
analysis of patients receiving gemcitabine therapy showed that
overall survival was significantly decreased in Dkk-3 low tumors
than in high tumors (P = 0.009). In Cox regression Dkk-3 emerged as
a significant independent parameter (P = 0.024). Dkk-3 overexpression
in endothelial cells resulted in significantly enhanced growth
inhibition after 5-fluorouracil or gemcitabine treatment compared to
control endothelial cells and cancer cell lines. Dkk-3 low microvessel
density was associated with tumor progression and worse clinical
outcome. Overexpression of Dkk-3 enhanced endothelial cell growth
inhibition to chemotherapeutic drugs. Therefore, we suggest that
Dkk-3 high microvessel density may help to select patients who may
benefit from chemotherapy. (Cancer Sci 2009; 100: 1414–1420)

In spite of significant advances which have been made in
improving the safety of its resection, pancreatic cancer still

has an extremely poor prognosis with an overall 1- and 5-year
survival of 12% and 1%, respectively, whereas the median
survival remains to be 6 months.(1,2) For the majority of patients,
curative resections are not possible due to the lack of an
effective early screening test.(3) In addition, cell resistance to
cytotoxic agents and radiation are two other factors accounting
for the poor prognosis of pancreatic cancer.(4,5) Therefore, new
potential biomarkers predicting therapy response as well as for
therapeutic target structures in pancreatic cancer are urgently
needed.

After tumors reach a size of approximately 1–2 mm3, growth,
spread, and metastasis are strictly dependent on angiogenesis.(6)

Angiogenesis is therefore of key importance for the progression
of most solid tumors and may be used as a potential prognostic
marker. In the tumor microenvironment, proangiogenic factors
prevail over antiangiogenic activities generating a proangiogenic
response, which results in an increased blood vessel growth.(7,8)

However, during tumor-induced angiogenesis endothelial cells
develop morphological abnormalities as well as altered expression
of proteins which can be used as specific marker for diagnostic

purposes. In a study comparing gene expression patterns of
endothelial cells derived from blood vessels of normal and
malignant colorectal tissue, Dkk-3 was shown to be one of the
genes expressed at substantially higher levels in tumor endothe-
lium than in normal endothelium.(9)

Dkk-3 is a member of the dickkopf family of secreted modu-
lators of the Wnt signaling pathway which consists of four
different genes in vertebrates (Dkk-1/2/3/4).(10) Dkk-3 has been
proposed to act as a tumor suppressor, as it is down-regulated in
a number of different tumors and its overexpression suppresses
tumor growth in vitro.(10) However, Dkk-3 knock-out mice
showed no enhanced tumor formation.(11)

We have previously shown that Dkk-3 expression is highly
up-regulated in tumor vessels of various tumors but not or low
expressed in matched normal tissue, suggesting the importance
of Dkk-3 in tumor vessel biology.(12) Here we address whether
Dkk-3 is also expressed in tumor endothelial cells in pancreatic
cancer and whether the expression is correlated with tumor
angiogenesis and tumor progression analyzed in a retrospective
study on 154 tumor samples. Furthermore, we analyzed the
importance of Dkk-3 expression on endothelial cell growth after
chemotherapeutic treatment in vitro.

Materials and Methods

Cell culture and determination of dose–response curve. Human
umbilical vein endothelial cells (HUVEC) were obtained from
Clonetics and cultivated according to the supplier’s instructions
(Cambrex Bio Science, Walkersville, IA, US). Human pancratic
cancer cell lines Capan-1 and Panc-1 were obtained from ATCC-
LGC (Wesel, Germany) and cultivated according to the supplier’s
instructions. Generation of recombinant hDkk-3 adenovirus was
described previously.(12) For determination of the dose–response
curve, HUVEC were transfected with hDkk-3 and control
adenovirus, respectively. After 24 h cells were seeded in 96-well
plates at a density of 4000 cells/well and allowed to adhere
overnight before the medium was changed and 5-fluorouracil or
gemcitabine were added. After 48-h cell growth was determined
using the cell counting kit-8 (CCK8; Dojindo, Gaithersburg,
MD, US). Pancreatic cancer cell lines were plated in triplicate in
96-well pates at a density of 4000 cells/well and exposed to 5-
fluorouracil or gemcitabine at different concentrations for 72 h.
Percent growth relative to untreated controls was calculated
based on the CCK8 read-out and IC50 values were defined as the
concentration of drug that produced 50% reduction in control
absorbance. Calculations of dose–response curves were done
using Prim-5 (GraphPad, La Jolla, CA, US).
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Western blot analysis. Cells were harvested and lyzed as
described previously.(13) Total protein (20 μg) was denaturated,
separated on 10% polyarcylamid gel, and transferred on an
Immuno-BlotTM polyvinylidene difluoride (PVDF) membrane
(Bio-Rad, Hercules, CA, USA). After blocking with 3% skim
milk powder dissolved in PBS, the membrane was probed with
polyclonal antihuman Dkk-3 antiserum (0.1 μg/mL; R&D systems,
Minneapolis, MN, USA) or antitubulin antibody (1:1000 dilution;
Sigma, Taufkirchen, Germany) for 1–2 h, respectively. After
additional washing steps, the membrane was incubated with
HRP-conjugated rabbit-antigoat IgG (1:2500 dilutions) for 1 h.
Signals were detected by chemiluminescence (Pierce, Rockford,
IL, USA) using a CL Hyperfilm (Amersham, Vienna, Austria).

Patient and tissue samples. The study was conducted according
to the regulations of the local ethics committee and Austrian
law. A total number of 154 patients with pancreatic ductal
adenocarcinoma diagnosed between 1987 and 2003 at the
Department of Pathology, Medical University of Innsbruck,
were included in this retrospective study (Table 1). All tumors
were retrospectively reclassified on hematoxylin–eosin stained
slides, and histological type and tumor grade were reassessed by
a pathologist using standard diagnostic criteria. Clinical data
were obtained by reviewing the charts and, if available, contacting
the treating physicians. Tumors were histologically classified
according to the World Health Organization classification and
staged according to the International Union Against Cancer
tumor-node-metastasis classification (UICC).(14) A subset of 66
patients received standard gemcitabine-based chemotherapy
according to their clinical stage and performance status. Overall
survival time was defined by the period from the date of initial
diagnosis to the date of death or last contact. Normal pancreatic
tissues were analyzed using a commercially available tissue
microarray of normal pancreatic tissues obtained from US
Biomax (Rockville, MD, USA).

Immunohistochemical determination of DKK 3 and CD31.
Sections were deparaffinized and endogenous peroxidase was
blocked with 2% H2O2 (Scharlau, Barcelona, Spain). Microwave
treatment in 10 mM citrate buffer (pH 6.0; Dako, Vienna,

Austria) was done for antigen retrieval. Non-specific binding
was blocked by incubating the sections with 3% bovine serum
albumin (BSA) buffer (Sigma, Vienna, Austria) for 1 h at room
temperature before primary and secondary antibody incubation.
The primary antibodies goat-antihuman Dkk-3 (1 μg/mL; R&D
Systems) and mouse antihuman CD31 (1:40; DakoCytomation,
Glostrup, Denmark) were incubated for 1 h at 37°C in a
humidified chamber. Biotinylated donkey-antigoat IgG (1:150;
Santa Cruz Biotechnology, Santa Cruz, CA, USA), and
biotinylated horse-antimouse IgG (1:200; Vector Laboratories,
Burlingame, CA, USA) were used as secondary antibodies.
Signal detection was performed with the Vectastain Elite ABC-
Kit (Vector Laboratories) and 3,3′diaminobenzidine (DAB) as
substrate (Sigma-Aldrich, Steinheim, Germany). Slides were
counterstained with hematoxylin II (Merck, Darmstadt, Germany).

Blocking controls were performed identically, except for the
addition of native Dkk-3 protein(13) to the primary antibody
(10:1), 1 h before application of the antibody solution. Negative
controls without primary antibody were included in each run.
Antigen expression was defined as the presence of specific
staining of cytoplasm of endothelial cells for Dkk-3 and CD31,
respectively. The intratumor microvessel density (MVD) was
determined using 3–6 high power fields from each tissue section
(magnification 200×). Each field was photographed and stained
microvessels with detectable lumen (“lumen method”) were
included in the microvessel count as described earlier.(15) The
intratumor microvessel counts were assessed by two independent
investigators (A.D. and D.P.) without knowledge of patient
outcomes. The mean from at least three fields was taken as
the final count for that slide and as representative for statistical
analysis.

Immunofluorescence and confocal microscopy. After deparaffina-
tion the sections were washed in PBS, and non-specific binding
was blocked with PBS/3% BSA for 1 h at room temperature.
The following primary antibodies were used: goat-antihuman
Dkk-3 (1:100; R&D Systems) and guinea pig-antihuman CD31
(1:80; Abcam, Cambridge, UK). Diluted in 1% BSA/PBS, the
antibodies were incubated for 1 h at 37°C in a humidified
chamber. The sections were washed and blocked again. The
secondary antibodies were incubated for 1 h at 37°C: Rabbit-
antigoat-rhodamine (1:100; Chemicon, Temecula, CA, USA)
and rabbit-antiguinea pig-FITC (1:40; Dako). Confocal microscopy
was performed with an UltraVIEW RS (Perkin Elmer, Wellesey,
MA, USA) mounted on an Olympus IX-70 inverse microscope
(Olympus, Nagano, Japan). The mean vessel count from at least
three high power fields was taken as the final count for that slide
and as representative for statistical analysis.

Statistical methods. All calculations and statistical analyses
were performed using SPSS for Windows. A contingency table
χ2-test was performed to determine a possible association between
Dkk-3, CD31 expression and age, sex, nodal status, stage, and
histological grade of tumor. Kaplan–Meier curves were plotted
to assess overall survival. Different survival curves were
compared using the log-rank test. Follow-up time was censored
if the patient was lost to follow-up. Cox regression multivariate
analysis was performed to examine whether Dkk-3 was an
independent prognostic factor. Analysis of the dose–response
curve was done with Prism 5 for windows, and for comparison
of dose–response curves the exact sum-of-square F-test was used.
For all analyses, a P-value < 0.05 was defined as statistically
significant.

Results

Expression of Dkk-3 and CD31. The expression pattern of Dkk-3
and CD31 was investigated on parallel tissue sections, and 154
samples were evaluated for Dkk-3 and 108 samples for CD31
expression. Based on the analysis of Dkk-3 expression, patients

Table 1. Patient characteristics

Variable
Pancreatic cancer

n = 154 (%)

Sex
Male 84 (54)
Female 70 (46)

Age
Mean 66
Median 67
Range 37–86

Stage (UICC)
Ia, Ib 30 (19)
IIa, IIb 64 (42)
III 10 (7)
IV 14 (9)
Unknown 36 (23)

Median overall survival
Months 7
Range 1–134

Primary surgical treatment
Curative resection 62 (40)
Palliative surgery 62 (40)
Inoperable 30 (20)

Dkk-3 pos. vessels
MVD < 25 77 (50)
MVD > 25 77 (50)
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were categorized at a cut-off point of the median of 25 vessels
per high power field (n = 77, each group). Tumors with >25
vessels per high power field were classified as having Dkk-3
high and <25 as having Dkk-3 low vascularity. Using CD31
staining, the median MVD cut-off point was 44 positive vessels
per high power field (n = 54, each group). The median was
chosen as the cut-off point to ensure sufficient samples in each
group for valid statistical analysis.

Dkk-3 was strongly expressed in vessels of tumor tissue and
no staining was found in vessels of tumor adjacent normal tissue
or in healthy normal pancreas tissue. Representative immuno-
histochemical staining results are shown in Figure 1.

Moreover, we found that not all CD31-positive vessels were
also positive for Dkk-3 (Fig. 1c,d). Additionally, in tumor epi-
thelial cells we found Dkk-3 expression in 26 cases (16.9%)
(Fig. 1e; arrows), but no CD31 expression (Fig. 1a,f). However,
tumor Dkk-3 expression was not significantly correlated to
clinicopathological parameters (data not shown). Additionally,
and as shown previously,(13) vessels of normal pancreatic tissue
were negative for Dkk-3 but not for CD31 staining (not shown).

An interesting observation was the higher MVD for CD31
than for Dkk-3 (45.99 ± 24.02 vs 31.98 ± 26.05; mean ± SD)
(Fig. 2a). Correlation analysis performed between the two markers
showed no significant combination (Fig. 2b), which may
indicate different endothelial cell (EC) phenotypes or EC func-
tions which can be distinguished by these markers. In order to
determine the correlation between CD31- and Dkk-3-positive
tumor vessels, more accurate double immunofluorescence staining
on randomly selected cases of pancreatic cancer tissue sections
(n = 38) was performed. This analysis revealed that CD31 and
Dkk-3 colocalize in double positive vessels and are expressed in
the cytosol. Additionally, CD31 was expressed at the EC surface
as indicated by the green signal at the luminal side of the blood
vessels (arrows in Fig. 3c). Single positive blood vessels for
Dkk-3 (Fig. 3d,e) or CD31 (not shown) were found in tumor tissue,
whereas CD31-positive vessels were exclusively found in normal
pancreas tissue (Fig. 3e,f). Correlation analysis performed on
this data set showed no significant correlation between CD31
and Dkk-3 vessel number (R2 = 0.061; P = 0.167) supporting the
data of vessel counts obtained from parallel sections.

Prognostic significance of Dkk-3 and CD31 expression. Dkk-3
expression was not associated with clinical stage (P = 0.15),
age (P = 0.48), sex (P = 0.37), and nodal status (P = 0.25).
Interestingly, the Dkk-3-positive vessel count was significantly
correlated with tumor grading (P = 0.006). The proportion of
high Dkk-3 MVD was 73.7% in well, 52.7% in moderate, and
30.9% in poor differentiated tumors (Table 2).

Kaplan–Meier curves were plotted to visualize the influence
of Dkk-3 expression on overall survival time. A clear difference
was observed between patients with low and high Dkk-3-positive
MVD (P = 0.0013; log-rank test) (Fig. 3a). Median survival
time was 7 months (95% confidence interval [CI]: 4.84–9.16)
for patients with low Dkk-3 MVD expression compared to 15
months (95% CI: 9.7–20.3) for patients with high Dkk-3 MVD
expression. Furthermore, Kaplan–Meier analysis revealed no
significant correlation between CD31 expression and overall
survival (Fig. 3b). Additionally, Dkk-3 expression in tumor cells
was not significantly associated with overall survival (not
shown).

A subset analysis including patients treated with chemother-
apy (n = 66) demonstrated a significantly better overall survival
time for Dkk-3 high tumors (median overall survival 20; CI:
13.312–26.688) when compared with Dkk-3 low tumors (9; CI:
3.87–14.13) (P = 0.009) (Fig. 4c). The influence of CD31 on
survival time in patients receiving chemotherapy was not signi-
ficant (P = 0.662) (Fig. 4d).

Fig. 1. Immunohistochemical validation of Dkk-3 and CD-31 presence
on pancreatic adenocarcinoma. Shown are representative tissue
sections stained with antibodies against Dkk-3 (a,c,e) and CD-31 (b,d,f).
Tumor vessels stained positive for Dkk3 and CD31 are shown in (a) and
(b). However, not all CD31-positive vessels were also Dkk-3-positive and
vice versa (c,d). Tumor epithelial tissue was positive for Dkk-3 (e,
arrows) but not for CD31 staining (a,f, arrows).

Fig. 2. Comparison of Dkk-3- and CD31-positive
vessel counts in pancreas carcinoma. (a) Vessel
number per high power field was higher in CD31
stained tumors than in Dkk-3 stained tumors
(45.99 ± 24.02 vs 31.98 ± 26.05; mean ± SD). (b)
Correlation analysis of CD31- and Dkk-3-positive
vessel number, as determined on parallel tissue
sections, revealed no significant correlation
between these two markers.
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Furthermore, the established clinical parameters of stage
(P < 0.001) and histological grade (P = 0.009) were signifi-
cantly associated with overall survival time. Survival analysis
including patients receiving chemotherapy demonstrated that
stage (P < 0.001) but not grade (P = 0.132) was significantly
associated with survival. This analysis showed Dkk-3 as a more
superior prognostic marker for overall survival than tumor grade
in pancreas carcinomas. Univariate analysis of CD31 expression
demonstrated no significant correlation with clinical stage
(P = 0.49), tumor grade (P = 0.48), age (P = 0.11), and sex
(P = 0.82) (Table 2).

The multivariate proportional hazard model was used to analyze
the prognostic impact of Dkk-3 adjusted for well-established
prognostic factors: clinical stage and histological grade (Table 3).
The analysis revealed that Dkk-3 expression, tumor stage, and
tumor grade were of prognostic relevance (Table 3). Addition-
ally, for clinical stage (P < 0.0001) and tumor grade 3 (P = 0.015)
Dkk-3 expression also turned out to be a prognostic factor in our
study population (P = 0.024) (Table 3).

Sensitivity of Dkk-3-positive endothelial cells and pancreatic cancer
cell lines to 5-fluorouracil (5-FU) and gemcitabine. The observation
of a good prognosis in patients with carcinomas of high Dkk-3

Fig. 3. Double immunofluorescence staining was
performed on 38 randomly selected pancreatic
cancer tissue sections. This analysis revealed that
CD31 and Dkk-3 colocalize in double positive
vessels and are expressed in the cytosol.
Additionally, CD31 was expressed at the
endothelial cell surface as indicated by the green
signal at the luminal side of the blood vessels
(arrows in Fig. 3a–c). Single positive blood vessels
for Dkk-3 (Fig. 3d,e) were found in tumor tissue,
whereas CD31-positive vessels were exclusively
found in normal pancreas tissue (Fig. 3e,f).

Fig. 4. Association of Dkk-3 and CD31 expression
with survival time in pancreas carcinoma. (a)
Median survival time was 15 months for patients
with tumors of high Dkk-3 microvessel density
(MVD) compared with only 7 months for patients
with tumors of low Dkk-3 MVD. The difference
was significant by log-rank test (P = 0.0013). (b)
Kaplan–Meier analysis demonstrated that CD31
as vessel marker is not a prognostic marker for
overall survival. Subset analysis including patients
treated with chemotherapy (n = 66) demonstrated
a significantly better overall survival time for
Dkk-3 high tumors when compared with Dkk-3
low tumors (P = 0.009) (Fig. 4c). The influence of
CD31 MVD on survival time in patients receiving
chemotherapy was not significant (P = 0.662)
(Fig. 4d).
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MVD forced us to analyze the role of Dkk-3 expression on
chemoresistance. To determine the role of Dkk-3 overexpression
in EC on the effects of 5-FU and gemcitabine on cell growth, a
dose–response curve was determined and a comparison of the
IC50 values was performed. For 5-FU the antiproliferative IC50
values were 0.08 μg/mL for Dkk-3 overexpressing cells and
0.49 μg/mL for control cells (P = 0.005) (Fig. 5a). For gemcitabine
the IC50 values were, 2.94 nmol/L for Dkk-3-positive cells and
5.87 nmol/L for control cells (P = 0.0015) (Fig. 5b). The results
showed a significantly lower IC50 in the Dkk-3 overexpressing
EC than in control cells. At the end of the dose–response
experiments, Dkk-3 expression was investigated in EC from
parallel cultures. Western blot revealed a high level of Dkk-3
expression in the Dkk-3-transfected EC and a weak endogenous
Dkk-3 expression in control, Green Fluorescent Protein (GFP)-
transfected EC (Fig. 5c).

In order to determine if the dose range of 5-FU and gemci-
tabine in pancreatic cancer cell lines is of the same or different
magnitude than for EC, cancer cell lines were cultured in the
presence of increasing concentrations of the drugs. As shown in
Figure 5(d), the antiproliferative IC50 for 5-FU was 0.42 μg/mL
for Panc-1 and 21.13 μg/mL for the Capan-1 cell line. After
gemcitabine treatment the IC50 was 4.62 nmol/L for Capan-1
and 45.86 nmol/L for Panc-1 (Fig. 5e). Statistical analysis
revealed that IC50 values were significantly higher in pancreatic
cancer cell lines compared to Dkk-3-positive HUVEC (EC vs
Panc-1 after 5-FU treatment P = 0.0092; and EC vs Capan-1

after gemcitabine treatment P = 0.012). In contrast IC50 of
Dkk-3-negative endothelial cells was not significantly different
compared to Capan-1 cells after gemcitabine treatment, and to
Panc-1 cells after 5-FU treatment (Fig. 5d,e), indicating an
enhanced sensitivity of Dkk-3-positive endothelial cells to
chemotherapy.

Discussion

The aim of the present study was to analyze Dkk-3 expression
in tumor endothelial cells as a marker for angiogenesis in
pancreatic cancer. Interestingly, patients with high Dkk-3-positive
MVD had a significantly better overall survival than patients with
low Dkk-3 MVD expression. Moreover, Dkk-3 expression in tumor
endothelial cells in vitro resulted in a significantly enhanced
growth inhibition after chemotherapy compared to control EC.

Antiangiogenic targeting of the neovasculature within tumors
is considered to be one of the most promising strategies. Differ-
ent attempts have been undertaken to assess the degree of vas-
cularization in solid tumors. Tumor angiogenesis quantified by
microvessel counting has been correlated with poor prognosis in
several human cancer entities, including breast cancer,(16) malignant
melanoma,(17) prostate cancer,(18) lung cancer,(19) and colorectal
cancer.(20,21) Additionally, MVD is also an independent prognostic
factor in invasive breast carcinomas.(22)

In pancreatic cancer, however, the data regarding the prognostic
value of MVD are conflicting. Using factor VIII as marker for
MVD, Ellis et al. found that vessel counts as well as Vascular
Endothelial Growth Factor (VEGF) expression are not a predictor
of survival,(23) whereas two other groups could clearly demonstrate
a significant correlation for high-MVD and a poor outcome in
pancreatic cancer.(24,25) Comparable data were described in other
studies using CD34 as a marker for vessel staining.(26,27) However,
a possible limitation of these studies’ ability to draw more general
conclusions is the low number of analyzed tumor samples
(n = 21–41). Fujioka et al. reported that MVD was correlated to
overall and relapse-free survival, as examined by CD34 in 104 patients
with pancreatic adenocarcinoma.(28) Analyzing a comparable number
of cases we found no correlation of MVD to overall survival
and to clinicopathological parameters. Two obvious reasons for

Table 3. Multivariate analysis (Cox regression) of different prognostic
parameters in patients with pancreatic cancer (n = 114)

Overall survival

P-values Relative risk 95% Confidence interval

Stage (UICC)
I, II vs III, IV 0.000 2.503 1.521–4.119
Grading 0.015 1.517 1.094–2.332
Dkk-3 high vs low 0.024 0.610 0.396–0.938

Table 2. Correlation of Dkk-3 and CD31 expression with conventional clinicopathological parameters in patients with pancreatic carcinoma

Dkk-3 expression† CD31 expression†

Patients
n = 154

<25 vessels
n

>25 vessels
n

P-values‡ Patients
n = 108

<25 vessels
n

>25 vessels
n

P-values‡

Age at diagnosis
≤ 67 78 36 42 0.476 57 14 43 0.108
> 67 76 32 43 51 18 33

Sex
Male 83 39 44 56 17 39
Female 72 29 41 0.370 52 17 35 0.822

Differentiation
Well 19 5 14 17 4 13
Moderate 93 44 49 0.006 65 20 45 0.482
Poor 42 29 13 26 9 17

UICC stage
I, II 24 15 9 53 9 44
III, IV 94 39 55 0.107 19 5 14 0.489
Unknown§ 36 36

†Number of positive vessels per high power field.
‡χ2-test.
§Not included in statistical analysis.
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this difference can be mentioned: First we used CD31 as marker
for vessel staining since in our hand this antibody gave the strongest
vessel staining compared to CD34 and factor VIII, and second
only microvessels with a detectable lumen were counted in our
study. In contrast Fujioka et al. counted stained microvessels
with detectable lumen as well as single brown immunostained
cells without detectable lumen,(28) which could result in an over-
estimation of blood vessels since single CD31-positive infiltrating
cells could also originate from infiltrating macrophages.(29)

In our study Dkk-3 was not expressed in blood vessels in the
normal human pancreas. Similar results were also found in other
tumors entities where Dkk-3 was highly expressed in vessels of
gliomas, non-Hodgkin lymphomas, melanomas, and colorectal
carcinomas, and not in vessels of matched normal tissue,(12,30)

indicating Dkk-3 as a specific marker of tumor vessels in
general. In contrast to these findings in tumor vessels, Dkk-3
was described as a candidate suppressor gene in various tumors,
since it is down-regulated in a number of cancer cells such as
osteosarcoma, hepatocellular carcinoma, lung cancer, and prostate
cancer.(31–34) Furthermore, overexpression of Dkk-3 suppresses
tumor cell growth and induces apoptosis.(35) Just recently, we
found that Dkk-3 overexpression did not change EC growth, or
induce apoptosis in vitro, but Dkk-3 seems to be important for
tube formation.(12) This probably indicates different functions of
Dkk-3 in cancer cells and in EC.

The surprising observation in our study was that Dkk-3 high
MVD correlated with good prognosis in overall survival in pan-
creatic carcinoma patients. Good prognosis was also found if
only patients who received gemcitabine-based chemotherapy
were included in the analysis. Additionally, Dkk-3 MVD turned
out to be a better prognostic marker for survival than tumor
grading in our sample group. The significant positive correlation

of Dkk-3 high MVD and well-differentiated tumors suggests
Dkk-3 to be a new EC marker in pancreas carcinoma indicating
early changes in the tumor microenvironment. It is well
established that during tumor progression blood vessels are
destabilized and EC acquire new characteristics distinct from
their normal counterparts.(36)

With regard to these findings, data presented here demon-
strated that Dkk-3 high expression sensitize endothelial cells to
5-FU and gemcitabine treatment, indicating a possible explana-
tion for the good prognosis found for patients with Dkk-3 high
MVD tumors. However, it is known that adenovirus exerts bio-
logical effects on transfected cells which can interfere with cell
growth assays. Therefore, EC were also transfected with recom-
binant adenovirus enabling overexpression of GFP and used as
controls. Moreover, a low multiplicity of infection (virus to cells
ratio) was used to ensure a moderate expression of Dkk-3 than
in GFP transfected cells. This should avoid the overload of the
endoplasmatic reticulum with recombinant protein and thus
minimize an unfolded protein response and apoptosis of trans-
fected cells. However, as shown previously, transfected cells
showed no reduction in DNA synthesis and cell growth as deter-
mined by BrdU-incorporation assays and Water Soluble Tetrazolium
(WST)-1 cell viability assays.(12)

Furthermore, Dkk-3-positive EC are significantly more sensi-
tive to 5-FU and gemicitabine treatment than pancreatic cancer
cell lines in vitro. This observation may be an explanation of the
significant better overall survival of patients with tumors with
Dkk-3 high MVD. However, whether Dkk-3 expression in
tumor blood vessels also leads to more EC sensitivity to chem-
otherapy in vivo as found in normal EC in vitro is not known.

At present, single-agent gemcitabine is the standard chemo-
therapy in advanced pancreatic cancer. However, the clinical

Fig. 5. Dose–response analysis of HUVEC after (a) 5-fluorouracil (5-FU) and (b) gemcitabine treatment, respectively. Dkk-3-overexpressing
endothelial cells and Green Fluorescent Protein (GFP)-control cells were treated with different concentrations of 5-FU or gemcitabine for 48 h.
Thereafter, cell number was determined and expressed as percentage of control. Dkk-3 overexpression significantly sensitizes endothelial cells to
5-FU and gemcitabine treatment. Using 5-FU, IC50 was 0.08 μg/mL for Dkk-3 overexpressing cells and 0.49 μg/mL for control cells, respectively
(P = 0.005). For gemcitabine IC50 values were 2.94 nmol/L and 5.87 nmol/L, respectively (P = 0.0015). (c) Western blot analysis of Dkk-3 in EC
transfected with GFP- (Ad-GFP) or Dkk-3 (Ad-Dkk-3) adenovirus. High Dkk-3 expression was found only in Dkk-3-transfected cells. Tubulin was used
as internal loading control. (d,e) Dose–response analyses of pancreatic carcinoma cell lines were done in a similar manner to that for EC. IC50 for
5-FU treatment was 0.42 μg/mL for Panc-1 and 21.13 μg/mL for the Capan-1 cell line. After gemcitabine application the IC50 was 4.62 nmol/L for
Capan-1 and 45.86 nmol/L for the Panc-1 cell line. Comparison of IC50 between Dkk-3-transfected EC and cancer cell lines demonstrated a
significant lower IC50 for EC than for Panc-1 after 5-FU treatment (P = 0.0092) and a significant lower IC50 compared to Capan-1 after gemcitabine
treatment (P = 0.012).
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response to gemcitabine with an overall response rate of about
12% remains modest and seems to be improvable.(37–39) There-
fore, there is an urgent need for novel biomarkers to predict better
response to therapy and minimize unnecessary treatment-related
toxicities. Based on the prognostic value of Dkk-3 expression in
pancreatic cancer vessels, Dkk-3 may practically be used as marker
for selecting patients who might benefit from chemotherapy.

In summary, data presented here suggest that Dkk-3 charac-
terizes an EC phenotype, which sensitizes them to growth
inhibition after chemotherapeutic treatment. Furthermore, the

usages of Dkk-3 as a predictive marker in pancreatic carcinoma
to select patients who will benefit from chemotherapy have to be
analyzed in prospective studies.
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