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Abstract
Background: Dickkopf-1 protein (Dkk1), a major inhibitor of Wnt/β-catenin signaling, is a secretory glycoprotein that has been found to be involved in the 
pathogenesis of several human diseases and to provide a promising diagnostic and therapeutic tool in diverse cancer entities. Endometriosis shares some characteristics 
with invasive tumors. The present study aimed to investigate whether Dkk1 expression is dysregulated in endometriosis.

Methods: 188 subjects including 109 women with histologically confirmed endometriosis and 79 healthy women were recruited. Serum Dkk1 levels were measured 
by ELISA in 97 and 75 women with- and without endometriosis respectively. Gene expression levels of Dkk1- and β-catenin were assessed by quantitative polymerase 
chain reaction in 28 different human tissue types, including 4 normal endometrium tissues, 8 normal peritoneal tissues, and 16 endometriosis tissues.

Results: Endometriosis patient women showed significantly higher serum levels of Dkk1 compared with healthy women [2999 pg/ml (947-5104) vs 2216 pg/ml 
(1008-4109) respectively; p<0.0001]. No significant differences in Dkk1 gene expression levels were found between the different tissue types but it showed, within 
endometriosis tissue group, to be upregulated in cases with more severe disease. β-catenin gene expression was found to be down regulated in endometriosis tissues 
compared with normal endometrium tissues.

Conclusions: To the best of our knowledge, this is the first study to investigate serum levels of Dkk1 in patients with endometriosis. Our results demonstrated 
aberrant expression of two main components of Wnt/β-catenin signaling in endometriosis. Interventions in this signaling transduction pathway can contribute to 
development of new targets for disease control and therapy. Dkk1 could serve as diagnostic biomarker in endometriosis. However, further multicentre large-scaled 
studies are required.

Introduction
Wnt/β‑catenin signaling pathway is mediated by the tight 

regulation of β‑catenin stability and widely known to be involved 
in a wide range of physiologic and pathologic processes throughout 
the body. In the presence of Wnt, signaling is kept on by binding of 
Wnt proteins to the N‑terminal extra‑cellular cysteine‑rich domain 
of a Frizzled (Fz) family receptor and other co‑receptors such as 
lipoprotein receptor‑related protein (LRP)‑5/6. This binding initiates 
a signaling cascade that inhibits the so called “destruction complex” 
which targets β‑catenin for ubiquitin‑mediated proteasomal 
degradation. Consequently, free cytoplasmic non phosphorylated 
β‑catenin accumulates and relocates into the nucleus, where it binds 
to different transcription factors promoting transcription of a broad 
spectrum of Wnt downstream target genes including those that 
promote cell proliferation and survival. In the absence of Wnt, the 
destruction complex induces phosphorylation of β‑catenin resulting 
in its degradation [1].

In the endometrium, Wnt/β‑catenin signaling pathway serves 
a decisive role in endometrial gland formation and mesenchymal 
development and involves in the adhesion, invasion and angiogenesis 
of the ectopic endometrium [2]. Sanchez and colleagues showed that 
the expression of specific members of Wnt pathway and its pivot 
molecule β‑catenin were dysregulated in luteinized granulosa cells 
derived from endometriosis patients compared with those from control 

*Correspondence to: Mariz Kasoha, Department of Gynecology, Obstetrics 
and Reproductive Medicine, University Medical School of Saarland, 66421 
Homburg / Saar, Germany, Tel: +49 (0) 6841/16‑28199; Fax: +49 (0) 6841/16‑
28110; E‑mail: mariz.kasoha@uks.eu

Key words: Wnt/β-catenin signaling, dickkopf-1 (Dkk1), endometriosis, biomarker, 
pathogenicity

Received: July 30, 2019; Accepted: August 23, 2019; Published: August 27, 2019

women. This aberrant expression was characterised by an increased 
apoptosis suggesting that Wnt/β‑catenin signaling could be involved 
in causing granulosa cell atresia [3]. Furthermore, it has been showed 
that Wnt/β‑catenin signaling trigger fibrogenesis associated with 
endometriosis via stimulating fibrotic markers expression of and these 
effects were prevented by treatment with small‑molecule antagonists of 
certain components of this signaling pathway [4]. Zhang et al. showed 
that stimulation of human endometrial stroma cells (HESCs) with 
E2 increased mRNA expression of vascular endothelial growth factor 
(VEGF) and this effect can be prevented when cells were transfected 
with β‑catenin si‑RNA suggesting the plausible role of Wnt/β‑catenin 
signaling in initiating endometriosis via angiogenesis stimulation [5].

Dickkopf (Dkk) proteins, exemplified by Dkk1, are LRP5/6 ligands 
antagonists and considered potent inhibitors for Wnt/β‑catenin 
signaling [6]. Overexpression of Dkk1 is associated with several 
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confirmed endometriosis and no recent pathological finding in uterus 
cavity. Serum samples were obtained from 97 patient women. Patients’ 
characteristics are outlined in Table 1. The median (Range) age for the 
patients at the time of the sample drawn was 34 years (16‑52). Disease 
staging was determined according to the revised American Society 
for Reproductive Medicine (rASRM) [15]. Serum of 75 age‑matched 
healthy women [30 years (19‑52)] was also collected. These healthy 
cohorts were recruited from those who had undergone comprehensive 
medical screening prior to blood donation at the Institute of Transfusion 
Medicine of our university hospital. All serum samples were frozen in 
aliquots at ‑80°C until being analysed.

Tissue samples were collected from 22 women with endometriosis 
during laparoscopic surgery. Specimens included 16 endometriosis 
tissues and 8 normal peritoneal tissues of which 2 matched normal 
peritoneal‑ and endometriosis tissues were collected from the same 
patient. Furthermore, normal endometrium tissue samples were 
collected from 4 women who underwent laparoscopic surgery for 
benign indications other than endometriosis. Endometrial pathology 
was excluded in healthy controls. Tissues were directly flash‑frozen in 
liquid nitrogen and immediately transferred to ‑80°C until used.

All study participants were documented not to be pregnant and 
have no history of malignancies. 

This study was approved by the local Ethic Committee of the 
Medical Association of the Saarland (Reference number: 23/16). 
Human blood samples and tissue samples were collected from all 
individuals after signing a written and informed consent that is 
approved by the Ethic Committee.

Serum analysis

Serum protein levels of Dkk1 were measured by Enzyme‑Linked 
Immunosorbent Assay (ELISA) in 75 healthy women and in 97 patient 
women using Quantikine immunoassay control set 921 for human Dkk1 
(QC241) and Human Dkk‑1 Quantikine ELISA Kit (DKK100B) from 

diseases including various types of cancers [7] and anti‑Dkk1 antibodies 
are being tested experimentally and clinically as potential therapy 
agents in different bone diseases and cancers and preliminary results 
demonstrated a favourable safety profile introducing promising therapy 
options [8,9]. We have previously reported that protein levels of Dkk1 
in peripheral blood are increased in breast cancer patients compared 
with control women. In addition, increased protein expression of 
Dkk1 in breast cancer cells and cancer surrounding tissues has been 
documented [10]. Moreover, elevated blood levels of Dkk1 were found 
to be positively correlated with poor prognosis in lung cancer and 
cervical cancer [11,12]. Therefore, blood levels of Dkk1 could be used 
as non‑invasive diagnostic‑ and prognostic biomarker in certain cancer 
entities. 

Diagnosis of endometriosis in many affected women is often 
delayed resulting in reduced quality of life and decline in reproductive 
potential and fertility imposing a significant economic burden 
[13,14]. Although direct laparoscopic visualization and histologic 
confirmation remains the gold standard for diagnosing endometriosis, 
a non‑invasive tool could facilitate earlier diagnosis and intervention 
that could ultimately improve disease consequences. Blood level of 
Dkk1 is considered as an advantageous biomarker because it is non‑
invasive, has a simple detection protocol, and is inexpensive to quantify. 
Our present study aimed to investigate whether blood protein levels 
of Dkk1 and/or its tissue gene expression are dysregulated in women 
with endometriosis compared with healthy women.

Material and methods
Study participants and sampling

Our study included 188 women consisting of 79 healthy women 
and 109 endometriosis patient women. Details on the study case 
series are illustrated in Figure 1. Patient cohorts were recruited from 
women admitted to our department with signs of endometriosis from 
May 2013 and December 2016. Inclusion criteria were histologically 

Figure 1. Details on the study case series
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R&D Systems® (Germany) according to manufacturer´s instructions. 
Optical density was measured using 96‑well microplate reader (Sunrise‑
Tecan, Life Science). Dkk‑1 concentrations were obtained with a four‑
parameter logistic curve fitted against a standard curve and multiplied 
by the dilution factor using Magellan 7.2 Ink Data Analysis Software 
(Life Science‑Tecan). All measurements were performed in duplicate.

Tissue analysis

Histologic test: Cryosections were developed from obtained tissue 
samples and consequently stained according to the Hematoxylin 
and eosins (H&E) protocol for frozen tissue. Then, stained sections 
were analyzed under Zeiss microscope (Axioskop 40, Carl Zeiss, 
Germany) and selected pictures were captured with attached digital 
camera (AxioCam MRC, Carl Zeiss, Germany) using Axiovision 
Documentation Rel.4.8 program. Histological evaluation was done 
by an experienced pathologist from the department of Pathology at 
our university hospital. Histologic diagnosis of endometriosis was 
confirmed by the presence of endometrial glands and stroma with or 
without haemosiderin‑laden macrophages. All tested peritoneal tissues 
showed negative diagnosis for endometriosis (Figure 2). 

RNA extraction and cDNA synthesis: Levels of Dkk1‑ and β‑catenin 
genes were analyzed in 4 normal human endometrium tissues, 8 
normal peritoneal tissues, and 16 endometriosis lesions. A maximum 
amount of 15‑20 mg frozen tissues were distributed and homogenized 
in 300 µl of RNeasy lysis buffer (Qiagen, Valencia, CA, USA) using 
TissueLyser LT Adapter and stainless steel beads from Qiagen. RNA 
extraction was performed using RNeasy MiniKit (Qiagen, Valencia, 
CA, USA) following the manufacturer’s instructions. Thereafter, 
Ambion® TURBO DNA‑free™ DNase kit (Life Technologies GmbH, 
Darmstadt, Germany) was used to remove contaminating DNA from 
RNA preparations, and to subsequently remove the DNase and divalent 
cations from the sample. Concentration and purity of extracted RNA 
were measured using Thermo Scientific™ NanoDrop 2000. In addition, 
further detecting of RNA integrity was done using Agilent RNA 6000 
Nano Reagents Part I (Agilent Technologies, Waldbronn, Germany) 
and Bioanalyser Agilent 2100 from Agilent Technologies. Afterward, 
reverse transcribed complementary DNA (cDNA) was synthesized 
with the High Capacity cDNA Reverse Transcription Kit as described 
by the manufacturer (Applied Biosystem, Foster City, CA, USA).

Real Time RT-PCR: The PCR efficiency was tested to confirm that 
the results will not be influenced by amplification of contaminating 
DNA in the RNA samples and was found to be in a range between 90% 
and 100% for tested Dkk1‑ and β‑catenin genes. Glyceraldehyde‑3‑
phosphate dehydrogenase gene (GAPDH) was used as a housekeeping 
gene. Quantitative real‑time PCR was performed in triplicates with 

dilutions of 10 ng cDNA using TaqMan® Gene Expression Assays by 
Life Technologies (Table 2) on an Applied Biosystems 7500 Fast Real‑
Time PCR System. All samples with a cycle threshold (Ct) coefficient of 
variation value >5% were retested. In addition, a no template control 
(NTC) was included in each run, and the resulting Ct values were 
normalized to GAPDH mRNA expression. The RT‑PCR data were 
analyzed using the 7500 Software v.2.0.5 (Life Technologies GmbH, 
Darmstadt, Germany).

Statistical analysis: All statistical tests were performed at a two‑
sided comparison‑wise significance level of 5%. Continuous variables 
were analysed descriptively using mean, standard deviation, median 
and range of the observations. Categorical variables were analysed 
descriptively using absolute and relative frequencies. The null hypothesis 
was tested using two tails Student's t‑test and Mann–Whitney U test/
or Kruskal‑Wallis‑Test for parametric and non‑parametric continuous 
data respectively. All data obtained from this study were analyzed using 
SPSS version 21 (IBM, Armonk, NY, USA). 

Results
Serum levels of Dkk1 are increased in endometriosis patients

Serum levels of Dkk1 were measured in 97 endometriosis patient 
women patients [Age: Mean (range): 34 (16‑52) years] and in 75 age‑
matched healthy women [30 years (19‑52)]. Our results revealed that 
endometriosis patients had significantly higher serum levels of Dkk1 
compared with healthy women [Mean (Range): 2999 pg/ml (947‑5104) 
vs 2216 pg/ml (1008‑4109) respectively; p<0.0001] (Figure 3). 

Then, we have compared serum levels of Dkk1 between different 
subgroups according to disease occurrence and disease classification 
and no significant differences were reported (Table 3). 

Gene expression levels of Dkk1 and β-catenin in normal 
endometrium tissues, in normal peritoneal tissues, and in 
endometriosis tissues

For this purpose, we have collected endometrium tissues from 4 
women (aged 26, 44, 44, and 46 years) who underwent laparoscopic 
surgery for benign indications other than endometriosis. In addition, 
we collected normal peritoneal tissues and endometriosis tissues from 
22 patient women. The final tissues that were valid to be used for 

Gene Taqman assay ID

dkk1 Hs00183740_m1

CTNNB1 (ß-catenin) Hs00355045_m1
GAPDHa Hs03929097_m1

Table 2. TaqMan® Gene expression assays used for quantitative RT-PCR

aEndogenous gene

Number of patients %
All patients
Age: Median (Range)years

97
34 (16-52)

100%

Disease occurrence
Patients with first time 
diagnosis
Patients with one recurrence
Patients more than one 
recurrence

54
30
13

55.7
30.9
13.4

Disease classification†
Not deep infiltrated
Deep infiltrated

83‡
14

85.6
14.4

Table 1. Characteristics of patients in whom Dkk1 levels were tested in serum

†Cases were according to the revised American Society for Reproductive Medicine 
(rASRM). ‡ Included 47 cases with minimal-, 17 cases with mild-, and 19 cases with 
moderate endometriosis.

Figure 2. Hematoxylin and eosins (H&E) staining of cryosections of endometriosis tissues. 
Histologic diagnosis of endometriosis was confirmed by the presence of endometrial 
glands (Black arrows) and stroma (Green arrows) with or without haemosiderin-laden 
macrophages

https://www.sciencedirect.com/science/article/pii/S0940960213000794?via%3Dihub#tbl0005
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real time PCR test included 16 endometriosis tissues and 8 normal 
peritoneal tissues, of which 2 matched normal peritoneal‑ and 
endometriosis tissues were available. The rest samples were excluded 
from the study because of the low purity and integrity of the extracted 
RNA. Characteristics of patients in whom gene expression tests were 
performed are listed in Table 4.

Our RT‑PCR results showed no significant difference in dkk1 
expression levels within the three tested tissue groups (Figure 4A). 
However, in the endometriosis tissue group, we found that dkk1 
expression level in 5 deep infiltrated endometriosis tissues was 
significantly higher than it in 11 not deep infiltrated endometriosis 
tissues [Mean (Range) ∆Ct: 3.4±2.8 vs 8.32±4.16 respectively; p=0.032] 
(Figure 4B). Expression levels of dkk1 did not differ according to disease 
occurrence status. 

On the other hand, we found that β-catenin expression levels in 
endometriosis tissues was downregulated compared with normal 

Characteristic Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 p

Disease occurrence Patients with first time diagnosis
3031 (1408-4579)

Patients with one recurrence
2889 (1008-5104)

Patients more than one recurrence
3034 (974-4214) - NS

Disease classification deep infiltrated
2811 (1678-3820)

Minimal
3279 (1408-5104)

Mild
2848 (1953-3647)

Moderate
3145 (947-4597) NS

Table 3. Serum levels of Dkk1 (pg/ml) in different patients subgroups

Results are showed as [Median (Range)]. P value is tested with Kruskal-Wallis-Test. NS: not significant.

Number of patients %
All patients
Age: Median (Range)years

22
35 (24-46)

100%

Disease occurrence
Patients with first time diagnosis
Patients with one recurrence
Patients more than one recurrence

9
7
6

40.9
31.8
27.3

Disease classification†
Not deep infiltrated
Deep infiltrated

16‡
6

72.7
27.3

Table 4. Characteristics of patients in whom Dkk1- and ß-catenin gene expression tests were done

†Cases were classified according to the revised American Society for Reproductive Medicine (rASRM). ‡ Included 7 cases with minimal-, 3 cases with mild-, and 6 cases with moderate 
endometriosis.

endometrium tissues (Figure 5). No other significant differences in 
β-catenin expression levels were reported between other tissue groups. 
In addition, β-catenin expression levels in endometriosis tissues showed 
no significant alteration according to any of patient’s specifications 
including disease occurrence status and disease severity (data are not 
shown). 

Discussion
Endometriosis is considered as a multifactorial disease affected by 

immunological, hormonal, and environmental factors. However, the 
Sampson’s retrograde hypothesis remains the most widely accepted 
theory, of which a main part implicates the epithelial to mesenchymal 
transition (EMT) as the pathogenic mechanism [16,17]. Wnt/β‑catenin 
signaling is considered essential in EMT activation and regulation [18]. 
As aforementioned, aberrant Wnt/β‑catenin signaling has been linked 
to the pathogenesis of endometriosis via various mechanisms [3‑5]. 

Figure 3. Serum levels of Dkk1 (pg/ml) in healthy women and in endometriosis patients. Dkk1serum levels in patients [2999 pg/ml (947-5104)] were significantly higher than those in 
controls [2216 pg/ml (1008-4109)] (p<0.0001)]
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In this study, we showed that significant more abundances of Dkk1 
protein were determined in serum of endometriosis patients compared 
with healthy cohorts. However, we found that Dkk1 serum levels in 
our study cohorts were not affected by disease severity or by disease 
occurrence. Serum Dkk1 is considered as advantageous biomarker as 
it has a simple non‑invasive detection protocol and is inexpensive to 
quantify. However, the great variability and non‑normal distribution 

of its levels affected the chances of identifying a clear cut‑off value or 
significant differences related to the clinical features of the groups. 
Therefore, further large‑scale and multicentre studies are absolutely 
required to confirm our findings introducing serum levels of Dkk1 as a 
diagnostic biomarker in endometriosis.

We further tested weather Dkk1 expression is dysregulated 
too at mRNA level. We determined the expression level of dkk1 in 

Figure 4. Gene expression levels of Dkk1 in different tissue samples. A: Differences in gene expression levels of Dkk1 in normal endometrium-, in normal peritoneal- and in endometriosis 
tissue samples were not significant. B: Gene expression levels of Dkk1 in deep infiltrated endometriosis tissue samples was significantly lower than it in not deep infiltrated endometriosis 
tissue samples

Figure 5. Gene expression levels of β-catenin in different tissue samples. Gene expression levels of Dkk1 in endometriosis tissue samples was significantly lower than it in normal 
endometrium tissue samples
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endometriosis tissues and compared it to its levels either in normal 
endometrium tissues from women without endometriosis or in 
normal peritoneal tissues from women with endometriosis. Moreover, 
we tested β-catenin expression levels to investigate whether Dkk1is 
enrolled in endometriosis pathogenicity directly via its function as an 
inhibitor of the Wnt/β‑catenin signaling. Our results demonstrated 
no significant alteration in dkk1 expression levels within the tested 
tissue groups. However, unlike serum Dkk1 protein concentrations, 
dkk1 expression levels were increased in endometriosis tissues of 
patients with deep infiltrated endometriosis compared to them in 
patients with less disease severity. In addition, there was no significant 
correlation between serum levels of Dkk1 and dkk1 expression levels 
in endometriosis tissues from the same patient. These findings suggest 
that transcript levels by themselves could not be sufficient to predict 
protein levels in this scenario and to thus explain genotype‑phenotype 
relationship. Moreover, as a secreted glycoprotein, a difference in 
secondary modifications on it or its ligands could impact its biological 
properties and functions.

Expression profile of the Wnt/β-catenin signaling´s components 
in endometriosis, particularly Dkk1, has been investigated in a few, 
small, human studies and contradicted results were demonstrated. 
Findings of Pazhohan and co‑workers showed that while Dkk1 gene‑ 
and protein expression levels in both endometriotic lesions and eutopic 
endometrium of endometriosis patients were significantly lower than 
them in the endometrium of healthy subjects, non‑phosphorylated 
β‑catenin (active form of β‑catenin) was more expressed at protein 
level only [19]. Microarray analysis of eight endometrial biopsies from 
patients with endometriosis versus seven ones from women without 
endometriosis identified 91 genes that were significantly upregulated 
and 115 genes that were significantly downregulated including 
Dkk1 gene [20]. Brueggmann and colleagues documented that gene 
expression levels of dkk1 and E-cadherin were downregulated in 
ovarian endometriosis tissues compared with matching endometrial 
samples of patients with endometriosis [21]. Data from these studies 
provided a proof of downregulated expression of dkk1in endometriosis 
tissues when compared to non‑endometriotic tissues from subjects 
with‑ or without endometriosis. On the other hand, it has been showed 
that β‑catenin mRNA expression levels in endometriosis tissues had no 
significant cyclical differences compared to eutopic endometrium from 
women with‑ or without endometriosis [19,22]. However, contradicted 
observations regarding protein expression of β‑catenin were reported 
by the last two studies. In a rat model of peritoneal endometriosis, there 
were no differences in β‑catenin mRNA levels and β‑catenin protein 
levels in endometriosis samples and their matched endometrium 
samples of twenty female rats [23]. 

In our study, although dkk1 expression level in endometriosis 
tissues was almost the same as it in normal peritoneal tissues of 
endometriosis patients and lower than it in normal endometrium of 
subjects without endometriosis, these observations were statistically 
not significant. Nevertheless, β‑catenin mRNA levels in endometriosis 
tissues, but not in normal peritoneal samples, were downregulated 
compared with normal endometrium tissues. These inconsistent 
observations from our study with the others could be relevant to the 
variances in cohorts’ characteristics such as number of tested cases, 
cycle phase, location of endometriosis lesions, and disease stages. 

In conclusions, the present study demonstrated aberrant 
expression of certain components of Wnt/β‑catenin signaling 
in endometriosis patients represented by decreased β‑catenin at 
mRNA expression levels and increased Dkk1 at protein expression 

levels suggesting the enrollment of this transduction pathway in 
endometriosis pathogenicity. To the best of our knowledge, this is 
the first study to investigate serum levels of Dkk1 in patients with 
endometriosis. Hence, Dkk1 could be a useful marker for diagnosing 
endometriosis. However, this hypothesis needs to be further explored 
by doing large‑scale, multicentre studies to prove the suggested role of 
Dkk1 as a potential diagnostic protein biomarker for endometriosis.
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