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ABSTRACT

Bone is the main metastatic site in breast cancer patients. A marker is needed for early identification of breast cancer patients who
are at risk of bone metastasis. Dickkopf-1 (DKK-1) plays an early role in the cascade of bone metastasis process in breast cancer.
Therefore, detection of its expression is presumed to predict bone metastasis better than other biomarkers. This study was aimed to
determine the potential of DKK-1 expression as a predictor of bone metastasis in breast cancer and its association with clinicopatho-
logical factors. The study design was a retrospective cohort study of medical records in the Surgical Oncology Division, Department
of Surgery, Cipto Mangunkusumo General Hospital, Jakarta, Indonesia from October 2018 to June 2019. Bivariate analysis was
performed to analyse data using Chi square test or Fischer’s exact test. We included 76 subjects divided into two groups: bone me-
tastasis group (n= 38) and non-bone metastasis group (n=38). The H-Score cut-off value for DKK-1 expression was 142.5. We found
a statistically significant association between high expression of DKK-1 and the incidence of bone metastasis in breast cancer (odd
ratio [OR]= 12.083, 95% confidence interval [Cl]= 4.101-35.600, p< 0.001). Associations between DKK-1 expression and clinico-
pathological factors were not statistically significant. DKK-1 expression is potential to predict and an independent factor of the bone
metastasis occurrence in breast cancer.
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INTRODUCTION Bone is the main site of metastasis in breast can-

Breast cancer is the most frequent cancer among cer patients; 75% of patients with stage IV breast

women in the world. Breast cancer accounts for
23% of all cancer cases and 14% of cancer deaths.!
In 2012, breast cancer in women was diagnosed
in 1.7 million people, with an average of 43 per
100.000 population.> The case distribution is as
follows: 46% in China, 14% in Japan, and 12% in
Indonesia.? In Indonesia, breast cancer is the most
prevalent cancer with a prevalence of 18.6%, an
estimated incidence of 12 per 100.000 women, and
mortality rate of 27 per 100.000.?
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cancer experience bone metastasis.*® Large cohort
studies involving 7064 patients with early-stage
breast cancer found that 22% of patients had bone
metastasis at the average follow-up period of 8.4
years.” The median overall survival (OS) of breast
cancer patients with bone metastasis is 40 months.*
However, rapid diagnosis of bone metastasis is of-
ten hampered by slow radiological changes associ-
ated with disease progression. The radiological ap-
pearance of bone metastasis can change with time,
both spontaneously and because of the effects of
anti-resorption drugs.®
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In addition, bone metastasis have similar char-
acteristics to many non-malignant bone disease,
making diagnosis more complicated. For this rea-
son, a marker is needed for early identification of
patients who are at high risk of bone metastasis, so
that therapeutic strategies for this population can
be optimized.

Various biomarkers have been found to be associ-
ated with breast cancer cells’ tendency to metas-
tasize to bones; highest associations are found in
CXCR4 and RANK.%7

The formation of breast cancer osteolytic lesions
is caused by osteoclast stimulation and osteoblast
inhibition.” Osteoclast differentiation is regulated
by osteoblasts.” Osteoblasts produce osteoproteg-
rin (OPG), NF-kappa B (RANK) activator recep-
tors and its ligands (RANKL). RANKL binds to
RANK and increases osteoclast differentiation /
activity (hematopoietic cell surface). In the skeletal
system, DKK-1 is found in mature osteoblasts and
osteocytes. DKK-1 regulates osteoblast differen-
tiation.'” Mature osteoblasts increase regulation of
OPG, which blocks RANK-L-induced osteoclas-
togenesis, causing inhibition of bone resorption.
However, DKK-1 inhibits the formation and differ-
entiation of osteoblasts by transferring the progeni-
tors to adipogenesis. Preosteoblast increases bone
resorption by increasing RANK-L which induces
osteoclastogenesis. !

DKK-1 is known as a negative regulator of the
Wnat signal pathway.'> DKK-1 binds to lipoprotein
receptor-related protein-5/6 (LRP5/6) and inhibits
interaction with Wnt-1, which results in (-catenin
degradation and proliferation inhibition."*'* Thus,
there will be a decrease in the OPG: RANKL ra-
tio, thereby increasing osteoclastogenesis and trig-
gering osteoclastic bone resorption. Hence, when
compared with CXCR4 and RANK, the DKK-1
upstream plays an earlier role in the cascade of
bone metastasis processes. Therefore, detection of
its expression is expected to be a better predicting
factor.

Expressions and roles of DKK-1 differ in various
cancers. Current studies have reported that exces-
sive expression of DKK-1 is found in many ma-
lignant tumors, including lung cancer, esophageal
carcinoma, cervical cancer, and hepatocellular car-
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cinoma, which shows the presence of oncogenic
function of DKK-1.'%!” Notably, down-regulation
is observed on the expression of DKK-1 in colon
cancer, gastric cancer and melanoma.?’-??

To date, there have been no studies on the expres-
sion of DKK-1 as a predictor of bone metastatic
breast cancer in Indonesia. This study aimed to
determine the potential of DKK-1 expression as a
predictor of bone metastasis in breast cancer, and
to explore the association between DKK-1 expres-
sion in metastatic breast cancer and clinicopatho-
logical factors.

MATERIALS AND METHODS
Study Design and Subjects

The study design was a retrospective cohort study.
Data was obtained from patient medical records
in the Surgical Oncology Division of the Depart-
ment of Surgery, Cipto Mangunkusumo General
Hospital (CMGH), Jakarta, Indonesia, from Oc-
tober 2018 to June 2019. There was no follow up
on subjects in this study. The inclusion criteria of
this study were breast cancer patients who had un-
dergone mastectomy surgery at CMGH and were
still in the post-discharge follow up sessions dur-
ing the period of this study. This study was ap-
proved by the Ethics Committee of the Faculty of
Medicine, Universitas Indonesia (approval number
1271/UN2.F1/ETIK/2018). The minimum number
of subjects in this study was 76 subjects. This size
was resulted from a calculation for test of differ-
ence in 2 independent proportions. The first pro-
portion, stage 3 breast cancer patients with positive
DKK-1, was 0.37 and the second proportion, lower
than stage 3 breast cancer patients with negative
DKK-1 expression, was 0.12.%

Subjects were categorized into 2 groups: bone
metastasis group and non-bone metastasis group.
Inclusion criteria of subjects are breast cancer pa-
tients who had undergone mastectomies in CMGH,
were still in the follow up period, and whose paraf-
fin blocks were taken directly in the mastectomy
surgeries. We excluded patients with incomplete
medical records and patients whose paraffin block
specimens were unavailable or unsuitable for im-
munohistochemical staining. We obtain demo-
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graphic, clinical, and pathological data of each pa-
tient from patient’s medical records and pathology
records. Breast cancer diagnosis was confirmed
based on the pathological anatomy result. The age
of the patient was resulted from the date of data
collection subtracted by the date of birth. The sta-
dium of cancer was considered from the clinical,
ultrasonography, mammography, and postopera-
tive examinations. Early stadium consisted of the
first and second stadiums, meanwhile late local sta-
dium consisted of the third stadium. The pathologi-
cal grade had been evaluated by pathologists based
on the Bloom-Richardson grading system. Meno-
pause status of a subject was determined from the
anamnesis data. The estrogen receptor, progester-
one receptor, HER-2, KI-67, and molecular sub-
type data was collected from the IHC results. The
bone metastasis status was determined from the
bone scan and/or the spot fluoroscopy examination
data.

Immunohistochemistry (IHC) Staining of DKK-1

Paraffin embedded tissue block was cut into 4 ym
each, placed on an object glass, and heated at 60°C
in 60 minutes. Each section was deparaffinized us-
ing xylene for 3 times each for 3 minutes. Then
each section was rehydrated through ethanol se-
rial dilutions (100%, 96%, and 70%) each for 3
minutes and cleansed with water in 3 minutes. En-
dogen peroxidase blocking was conducted using
0.5% H20:2 in methanol for 30 minutes, followed
by water cleansing in 5 minutes. Pretreatment was
carried out through antigen retrieval procedure in a
96°C decloaking chamber with pH 9.0 Tris-EDTA
(TE) in 10 minutes. Then, 10 minutes of peroxi-
dase block was done. Three minutes of washing
with pH 7.4 Phosphate-buffer saline (PBS) was
conducted before and after the peroxidase block.
Blocking background sniper was done in 10 min-
utes, then it washed with PBS in 3 minutes. Prima-
ry antibody against DKK-1 incubation in normal
serum at a dilution of 1:50 was done in 60 minutes.
DKK-1 mouse monoclonal antibody (B-7) from
Santa Cruz Biotechnology was used in this study.
Then the following steps were: 3 minutes of PBS
washing, 30 minutes of post primary, 3 minutes
of PBS washing, using polymer in 30 minutes, 5
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minutes of PBS washing, using 3,3’-Diaminoben-
zidine (DAB) in 1-2 minutes, and water cleansing
in 2 minutes. Ten seconds of counterstain using
CAT hematoxylin was conducted. The sample was
soaked in lithium carbonate (5% in aquadest) in
5 seconds to make the nucleus into blue colored.
Each section was dehydrated in ascending concen-
trations of ethanol for 3 minutes each, followed by
clearance using xylene and cover slipped.

IHC Staining Assessment

Expression of DKK-1 was assessed by looking at
staining intensity of the tumor cells’ cytoplasm and
counting the percentage of positive tumor cells.
For each sample, 2-3 high power fields (400x)
were randomly selected to analyze minimally 300
stained cells. Staining intensity of stained cells
were counted using Image J (National Institutes of
Health, USA). The level of staining intensity, com-
pared to the positive controls, was categorized as
the following: O (negative), +1 (weak positive), +
2 (moderate positive), +3 (strong positive).** The
histology score (H-score) was calculated with the
formula: H - Score= (1 x (cell% +1) + (2 x (% cell
+2) + (3 x (% cell + 3). Then, the cut off values of
DKK-1 expression were determined. DKK-1 ex-
pression was considered low if the H-score < cut
off and high if the H-score = cut off.

Statistical Analysis

Data analysis was carried out using the IBM SPSS
version 20. Bivariate analysis was performed us-
ing the Chi-square or Fisher’s exact test. Moreover,
multivariate analysis on clinicopathological factors
used a logistic regression test. p-values of less than
0.05 were considered statistically significant.

RESULTS
Characteristics of Patients

There were 76 subjects in our study: 38 subjects
in the bone metastasis group and 38 subjects in
the non-bone metastasis group, all of which are
included in the data analysis. Based on the bivari-
ate analysis, HER-2 (p= 0.034) and KI-67 status
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(p= 0.034) were significantly associated with the
presence of bone metastasis in the subjects of this
study. The detailed data of the bivariate analysis is
provided in Table 1.

DKK-1 Expression Analysis in Bone Metastasis
Breast Cancer

H-Score was calculated from each sample. The
ROC curve is shown in Figure 1. The cut-off point
was determined using the graphs of sensitivity and
specificity provided in Figure 2. Determined cut
off value of H - Score was 142.5; we considered
DKK-1 expression as high if the H-Score value
was = 142.5 and low if the H-Score value was <
142.5.

Association Between Expression of DKK-1 and
Bone Metastasis

We found a statistically significant difference in
the mean H-Score values between bone metasta-
sis group (163.5+24.55) and non-bone metastasis
group (123.6£25.59). The magnitude of difference
was 39.9 with 95% CI of 28.5 - 51.4. Chi Square
test indicated significant association between ex-
pression of DKK-1 and bone metastasis of breast
cancer patients (p< 0.001) as presented in Table 2.
Breast cancer patients with high DKK-1 expres-
sion were 12 times more likely to develop bone
metastasis compared to those with low expression
of DKK-1.

Calculation of sensitivity, specificity, positive pre-
dictive value, negative predictive value, positive
likelihood ratio, negative likelihood ratio, and the

Table 1. Association between characteristics of patients and detected bone metastasis of breast cancer
Bone Metastasis Non Bone Metastasis p
(n= 38) (n=38)

Age (years) 52.84 +11.76 52.79 + 13.26 0.985

Age Category < 40 years 4 6 0.497
> 40 years 34 32

Menopause Pre 25 24 0.811
Post 13 14

Stadium Early 20 26 0.159
Locally Advance 18 12

Grade Low 30 27 0.427
High 30 11

Type of tumor NST 27 30 0.427
Others 11 8

ER Positive 29 28 0.791
Negative 9 10

PR Positive 22 26 0.342
Negative 16 12

HER-2 Positive 19 10 0.034
Negative 19 28

KI-67 High (> 20%) 32 22 0.011
Low (< 20%) 16

Molecular subtype Luminal A 5 12 0.143
Luminal B 26 17
HER2 Positive 5 5
Triple Negative 2 4

Adjuvant therapy Complete 17 10 0.093
Incomplete 21 28
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Figure 1. ROC Curve analysis of the DKK-1 biomarker
expression

accuracy of DKK-1 expression for predicting bone
metastasis in breast cancer patients is provided in
Table 3. This calculation is conducted based on the
results of this study, shown in Table 2.

Association Between Clinicopathological Fac-
tors and DKK-1 Expression

Bivariate analysis showed no statistically signifi-
cant association between clinicopathological fac-
tors and expression of DKK-1. Multivariate anal-
ysis was conducted between clinicopathological
factors on the expression of DKK-1 by including
factors that had a p value < 0.25 in the previous bi-
variate analysis. This included age, menopause sta-
tus, and HER-2. From this analysis, no factors had
significant associations with DKK-1 expression
(p> 0.05). The details on bivariate and multivari-
ate analysis of association between clinicopatho-

Figure 2. Specificity and sensitivity graphs of DKK-1 bio-
marker detection. The cut-off point of H - Score determined
was 142.5

logical factors and DKK-1 expression is shown in
Table 4.

DISCUSSION
Patient Characteristics

The average age of subjects in this study was 52.84
+ 11.76 years in the bone metastasis group and
52.79 + 13.26 years in the non-bone metastasis
group. Purushotam et al. found a reduced risk of
distant metastasis with age, but there was an in-
creased risk of death at age > 50 years.”® In this
study, there were more premenopausal patients than
postmenopausal patients in both groups. Based on
a retrospective study in the United Kingdom, post-
menopausal women (63% vs 43%, p=0.0002) had
a significant single risk of bone metastasis, com-
pared to a combination of bone and visceral me-

Table 2. Relationships between DKK-1 expression and bone metastasis

Bone Metastasis OR P
(+) () (95% Cl)
DKK-1 High 29 8 12.0883 (4.101-35.600) < 0.001
Low 9 30
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Table 3. Indicators on diagnostic test of DKK-1 for bone
metastasis

Indicators Value
Sensitivity 76.3%
Specificity 78.9%
Positive predictive value 78.3%
Negative predictive value 76.9%
Positive likelihood ratio 3.616
Negative likelihood ratio 0.301
Accuracy 77.6%

tastasis.”® In both groups patients were found to
have more early stages than local advanced stages.
Tumor staging is an independent risk factor for
tumor metastasis according to various studies.?’?
The number of patients with low grade tumors was
higher than patients with high grade tumors in both
groups of this study. Bone metastasis is more com-
mon in low grade breast cancer, but this does not
appear to be true in breast cancer luminal subtype
A.%3% In terms of tumor types, we observe higher
numbers of tumors with NST type compared to
other types in both groups. However, histopatho-
logical subtypes were not associated with risk of
occurrence bone metastasis in a previous study.’!
In both groups, more subjects had positive hormo-
nal receptor (ER / PR) expression. Lee et al. found
that 85% of single bone metastasis in breast can-

Table 4. Bivariate and multivariate analysis of association between clinicopathological factors and DKK-1 expression
Bivariate analysis Multivariate analysis
Factors High Low p OR (95% CI) p
DKK-1 (n= 37) DKK-1 (n= 39)
Age (years) 54.92 + 13.79 50.82 + 10,83 0.156 0.983 (0.911-1.060)  0.654
Age category < 40 years 4 6 0.555
> 40 years 33 33
Menopause Pre 20 29 0.065 3.792 (0.518-27.775) 0.190
Post 17 10
Stadium Early 20 26 0.261
Locally Advance 17 13
Grade Low 5 6 0.817
High 32 8¢
Type of Tumor NST 26 31 0.354
Others 11 8
ER Positive 29 28 0.508
Negative 8 11
PR Positive 24 24 0.764
Negative 13 15
HER-2 Positive 17 12 0.173 0.489 (0.185-1.290)  0.148
Negative 20 27
KI-67 High (> 20%) 27 27 0.719
Low (< 20%) 10 12
Molecular Subtype  Luminal A 8 9 0.377
Luminal B 22 21
HER2 Positive 64 4
Triple Negative 1 5
Adjuvant Therapy Complete 15 12 0.374
Incomplete 22 27
176 UHOD Number: 3 Volume: 30 Year: 2020



cer with positive hormonal receptors was associ-
ated with good clinical outcomes.** Based on the
bivariate analysis, HER-2 (p= 0.034) and KI-67
expression (p= 0.034) were significantly associ-
ated with the presence of bone metastasis in the
subjects of this study. Savci-Heijink et al.’s find-
ings supported that HER-2 amplification lead to a
bigger chance of bone metastasis in breast cancer
patients.* Moreover, Inari K et al. also described
a high KI-67 index in breast cancer patients with
brain, visceral and bone metastasis with poor over-
all survival (p= 0.011).* For the molecular sub-
type, luminal B subtype was the most commonly
found in subjects of this study. However, Wu Q et
al. found that almost all molecular subtypes tended
to occur in bone metastasis.*® In both groups, we
observe a larger percentage of subjects who did not
complete adjunctive therapy compared to subjects
who did. We found the risk of bone recurrence did
not change even though the patient had received
adequate adjunctive therapy. Pulido et al. found a
considerable effect from adjuvant therapy in meta-
static patterns.”® For example, tamoxifen is known
to reduce the risk of bone metastasis in a group of
patients with positive ER expression, and this ef-
fect continues until after therapy is stopped. But
most of these previous studies are also retrospec-
tive and the heterogeneity of the findings may re-
sult from the variety of treatment regimens used.
For adjuvant chemotherapy, the results are still
unclear.

In the end, the authors realize the heterogenicities
on baseline characteristics of subject as a weakness
in this study.

Association Between Expression of DKK-1 and
Bone Metastasis

In the bone metastasis group, we found high ex-
pressions of DKK-1 in 29 subjects and low ex-
pressions in 9 subjects. There were 8 subjects with
high expressions of DKK-1 and 30 subjects with
low expression in the non-bone metastatic group.
Analysis with Chi square test resulted in an Odd
Ratio (95% CI) of 12.083 (4.101-35.600). Hence,
breast cancer patients with high DKK-1 expression
are more likely to have bone metastasis. This is
supported by a study by Voorzanger-Rousselot N et
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al. where expression of DKK-1 was higher in bone
metastatic breast cancer patients compared to com-
plete remission breast cancer patients (p= 0.016),
breast cancer patients without bone metastasis (p<
0.0001) and healthy women (p= 0.047).%

In this study, DKK-1 diagnostic test for bone me-
tastasis have a sensitivity value of 76.3%, specific-
ity of 78.9%, positive predictive value of 78.3%,
negative predictive value of 76.9%, positive like-
lihood ratio of 3.616, negative likelihood ratio of
0.301, and 77.6% accuracy. Therefore, detection of
DKK-1 expression can be considered to be used
both in screening and as a predictor of the pres-
ence of bone metastasis in breast cancer patients.
Our findings are consistent with the sensitivity and
specificity of other biomarkers of bone metastasis.
Sufrida et al. found osteonectin expression to have
80% sensitivity and 83.3% specificity, while PTHrP
expression had a sensitivity of 83.3% and specific-
ity of 63.3%.% Tbrahim et al. reported breast cancer
with high expression of CXCR4 was associated
with bone metastasis with a specificity of 90%,
while RANK expression was positively associated
with bone metastasis with a specificity of 80%. The
sensitivity of ER was 80%, but the specificity was
low at 30%.3** Based on these data, we concluded
that expression of DKK-1 can be used as a pre-
dictor factor for bone metastasis in breast cancer.
Hence, administration of bisphosphonate therapy
can be given to patients with breast cancer with
high expression of DKK-1, both as a therapeutic
and preventive therapy.

Association Between Clinicopathological
Factors and DKK-1 Expression

Bivariate analysis showed no statistically signifi-
cant associations between clinicopathological fac-
tors and expression of DKK-1. Moreover, based
on multivariate analysis, no factors had signifi-
cant associations with DKK-1 (p> 0.05). Based on
these results, it can be concluded that DKK-1 is an
independent factor in the occurrence of bone me-
tastasis in breast cancer. Our finding is supported
by Suzuki et al.’s study who also found that there
were no significant associations (p> 0.05) between
clinicopathological factors and the expression of
DKK-1.* In contrast, a study conducted by Zhou
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SJ et al, reported that stage, grade, lymph node
metastasis and HER-2 expression were associated
significantly with DKK-1 expression (p< 0.05).4!

In conclusion, DKK-1 expression can be a predic-
tor of the incidence of bone metastasis in breast
cancer. Despite the low accuracy of this predic-
tor, this study may broaden clinicians knowledge
on DKK-1 expression test usage on breast cancer
patients compared to other modalities. No clinico-
pathological factors are significantly associated
with the expression of DKK-1 in breast cancer pa-
tients with bone metastasis.
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