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ÖZ

Amaç: Vitronektin, çözünür epitelyal-cadherin (sE-cadherin) ve transforming büyüme faktörü-beta 1’i (TGF-β1) içeren ekstrasellüler matriks 
elemanları kanserin invazyonu ve metastazında anahtar rol oynamaktadır. Bu çalışmada endometriyal ve over kanserli hastalarda bu moleküllerin 
serum düzeylerinin klinik önemini belirlemek amaçlanmıştır.
Gereç ve Yöntemler: Bu çalışmada, 28 endometriyum kanseri hastası, 40 over kanseri hastası ve 41 sağlıklı kontrol grubuna ait serum vitronektin 
(VN), sE-cadherin ve TGF-β1 düzeyleri ELISA yöntemiyle ticari kitler kullanılarak ölçülmüştür. 
Bulgular: Total hasta grubunda, sağlıklı kontrollere kıyasla VN, sE-cadherin ve TGF-β1 düzeylerinde anlamlı bir farklılık bulunmuştur (sırasıyla 
p<0,01; p<0,01 ve p<0,05). Serum VN ve sE-cadherin düzeyleri hem endometriyal hem de over kanseri hastalarında kontrol grubuna kıyasla önemli 
ölçüde düşük bulunmuştur (p<0,01). Buna karşın, TGF-β1 düzeyleri, kontrol grubuna kıyasla over kanserinde anlamlı derecede yükselmiştir (p<0,01), 
ancak sağlıklı kontroller ile endometriyal kanserli hastalar arasında anlamlı bir fark bulunamamıştır.
Sonuç: Çalışmamız serum VN ve sE-cadherin düzeylerinin, endometriyal ve over kanserlerinde yeni tanı yöntemleri sağlamak için aday hedefler 
olabileceğini ortaya koymaktadır. 
Anahtar kelimeler: Vitronektin, sE-cadherin, TGF-β1, endometriyal kanser, over kanseri

Objectives: Extracellular matrix components, including vitronectin (VN), soluble epithelial-cadherin (sE-cadherin) and transforming growth factor-
beta 1 (TGF-β1), play a key role in the invasion and metastasis of cancer. The objective of the study was to determine the clinical significance of 
serum levels of these molecules in patients with endometrial and ovarian cancers. 
Materials and Methods: Serum levels of VN, sE-cadherin and TGF-β1 in patients with endometrial (n=28) and ovarian cancers (n=40) and healthy 
controls (n=41) were measured by ELISA using commercial kits. 
Results: A significant difference was found in VN, sE-cadherin and TGF-β1 levels between patients and healthy controls (p<0.01, p<0.01 and p<0.05, 
respectively). Serum VN and sE-cadherin levels were decreased significantly in both endometrial and ovarian cancer patients compared to controls 
(p<0.01, p<0.01, respectively). Conversely, TGF-β1 levels were increased significantly in patients with ovarian cancer as compared to controls 
(p<0.01). There was no significant difference between healthy controls and endometrial cancer patients.
Conclusion: In conclusion, our study reveals that serum VN, sE-cadherin and TGF-β1 levels can be candidate targets for providing new diagnostic 
procedures in endometrial and ovarian cancers.
Key words: Vitronectin, sE-cadherin, TGF-β1, endometrial cancer, ovarian cancer
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INTRODUCTION
Currently, cancer ranks the second most common cause of death 
following cardiovascular diseases.1 Among the gynecological 
malignancies; endometrial and ovarian cancers have the 
highest mortality rate.2 In Turkey the most frequently detected 
gynecological cancer is endometrium cancer.3 According to The 
Association of Public Health Professionals report in Turkey the 
ovarian cancer is the seventh most common cause of cancer 
related mortality with a frequency of 5%.4 

The adherence of cells to the extracellular matriks (ECM) 
underlies maintenance of tissue integrity, cellular movement, 
and extracellular recognition processes.5 It is well known that 
cancer cell formation and dispersion is closely associated 
with loss of cell-cell adhesion and tissue integrity, due to 
excessive proteolytic degradation of the ECM, and altered cell-
ECM adhesion.6 Thus, in recent years, some relatively small 
molecules have generated great interest as a new research 
target in tumor pathogenesis. Vitronectin (VN) is a major plasma 
glycoprotein that execute multiple functions in the regulation of 
cell differentiation, proliferation, and morphogenesis as a cell 
adhesion molecule.7 Recent studies have been shown that VN 
has a role in pathophysiological processes and its biosynthesis 
may be regulated in disease states.8,9 Plenty of in vitro studies 
suggest that tumor invasion is enhanced with modulated VN 
activities in some cancer types.10,11

Epithelial-cadherin (E-cadherin) is an epithelial adhesion 
molecule, the intact function of which is crucial for the 
establishment and maintenance of epithelial tissue polarity, 
structural integrity, cell proliferation and recognition.12 
E-cadherin consists of an extracellular domain, a transmembrane 
segment, and a cytoplasmic domain.13 It plays a pivotal role in 
the suppression of tumor invasion and metastasis.14 Decreased 
E-cadherin expressions were observed in epithelial tumor 
cells, and its expression levels were found to be closely linked 
to loss of cell to cell adhesion and carcinogenesis.15 But, there 
are conflicting results about soluble E-cadherin (sE-cadherin) 
levels in cancer. Some suggest that serum sE-cadherin levels 
were higher,16 while others were revealed that sE-cadherin 
levels were significantly lower17 in patients compared to 
controls.

Transforming growth factor-beta (TGF-β) is a member of a 
family of multifunctional polypeptides and has a significant 
role in regulating cell growth and differentiation, apoptosis, cell 
motility, ECM production, angiogenesis, and cellular immunity.18 
TGF-β are widely expressed in all tissues and has a dual role in 
cancer, acting both as a tumor suppressor in the early stages 
of tumorigenesis by arresting cell cycle progression in late 
G1 phase in epithelial cells and as a promoter of an epithelial 
to mesenchymal transition that has been associated with 
increased tumor growth, cell motility, invasion and metastasis.19 
Some studies have found that TGF-β1 is quickly activated and 
released into the blood and serum and tissue levels of it are 
significantly enhanced in cancer patients.20,21 Increased TGF-β1 
levels were reported in various cancers.22,23

There are inadequate published data to verify the importance 
of serum VN, sE-cadherin and TGF-β1 concentrations in 

endometrial and ovarian cancers, up to now. Therefore, the 
investigation of changes in VN, sE-cadherin and TGF-β1 
expressions and compare patients with healthy individuals was 
aimed for both diagnostic and protective purposes in these 
cancers. 

MATERIALS AND METHODS

Patients
Newly diagnosed sixty eight gynecological cancer patients 
(mean age 58.62±1.70 years) and forty one age-matched 
healthy volunteers (mean age 56.56±1.78 years) were collected 
from Ankara Oncology Training and Research Hospital, 
Ankara, Turkey. Control group consists of 41 healthy individual 
with no systemic or benign/malign diseases. Patients with 
gynecological cancer were divided into two groups; forty of 
the patients (n=40) were ovarian cancer and the rest of them 
were endometrial cancer (n=28). None of the patients had any 
additional disease or had previously undergone any treatment 
and none of the control groups had a history of gynecological 
cancer. The study was approved by Gazi University Oncology 
Training and Research Hospital Medical Ethics Committee, and 
written informed consent was obtained from the patients or 
their relatives. The Declaration of Helsinki was adhered to in 
this study. Gynecological cancer was diagnosed by pathology 
reports, definitely.

Methods

Sample collection and analysis
Peripheral venous blood samples were collected from the 
patients and healthy controls and immediately placed into sterile 
test tubes. The blood samples were centrifugated at 1000Xg for 
15 min at 4°C to obtain serum and kept in eppendorf tubes at 
-80°C until analysis. In the present study, the serum levels of 
VN, sE-cadherin and TGF-β1 from the patients with endometrial 
and ovarian cancers and healthy controls were analyzed and 
compared by ELISA.

Measurement of serum vitronectin levels
The VN levels in serum were measured spectrophotometrically 
by using a commercial assay kit, according to the manufacturer’s 
instructions (GenWay, Nancy Ridge Drive San Diego, CA, USA). 
To carry out the immunological reaction, 100 μL of antibody-
peroxidase conjugate solution was pipetted into each well 
of antibody coated microtiterplate, and subsequently 50 μL 
of standard or diluted sample (500-1000 fold) solution was 
transferred to the plate. Then the plate was sealed with a 
foil and incubated for 2 hours at room temperature by gentle 
mixing. Each well was aspirated and washed four times with 
400 μL of washing buffer. 100 μL substrate solution was 
added to each well, then incubated at room temperature for 
15 min for substrate incubation. After incubation period, 100 
μL stop solution was added into each well in the same order 
as for substrate and the plate was tapped gently to mix. After 
stopping the reaction, optical density at 450 nm of each well 
was measured by Standard microplate reader, and a blank well 
was set as zero. According to the standard concentrations and 
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corresponding optical density values, the standard curve was 
obtained. The concentration of the VN in each sample was 
determined by interpolating from the VN concentration (X axis) 
to the absorbance value (Y axis). The range of standard curve is 
5-320 ng/mL. The intra-assay CV is <4.4% and the inter-assay 
precision is <5.6%.

Measurement of serum sE-cadherin levels

The sE-cadherin levels in serum were measured 
spectrophotometrically by using a commercial assay kit, 
according to the manufacturer’s instructions (Aviscera 
Bioscience, Suite C Santa Clara, CA, USA). 100 μL of Dilution 
Buffer was pipetted to Blank Wells and the same voume of 
standard, diluted sample (20 fold) or positive control was added 
per well. Then plate was covered with plate sealer and incubated 
for 2 hours on micro-plate shaker at room temperature. 
Subsequently, each well was aspirated and washed four times 
with 300 μL 1X Washing Buffer. 100 μL detection antibody 
working solution was added to each well, then incubated at 
room temperature for 2 hours on micro-plate shaker. Later 
on, aspiration and washing step were repeated for four times. 
After the washing step, 100 μL of Streptavidin-Horseradish 
Peroxidase Conjugate was transferred to each well and the 
plate was incubated again on micro-plate shaker, at room 
temperature for 45 min. Next, aspiration and washing steps 
were repeated for four times. 100 μL substrate solution was 
pipetted to each well and incubated one more time, on micro-
plate shaker, at room temperature for 10 min by protecting 
the plate from light. And finally, the reaction was stopped by 
adding 100 μL of stop solution into the wells. Optical density of 
each well was determined within 15 min, using a micro-plate 
reader at 450 nm. By plotting the concentrations of standards 
against optical values, standard curve was obtained. The 
corresponding sample concentrations were then determined by 
comparing the optical density values of samples to the standard 
curve. The range of standard curve is 187.5-12000 pg/mL and 
the sensitivity is 93 pg/mL. The intra-assay precision is <4.8% 
and the inter-assay precision is <6.6%.

Measurement of serum TGF-β1 levels
The TGF-β1 levels in serum were measured 
spectrophotometrically by using a commercial assay kit, 
according to the manufacturer’s instructions (BOSTER 
Biological Tech., Fremont, Pleasanton, USA). 100 μL of prepared 
with different concentration human TGF-β1 standard solutions 
were pipetted into the precoated 96-well plate. For control well, 
100 μL sample diluent buffer was used. And 100 μL of properly 
diluted sample (7 fold) of serum was transferred to each empty 
well. After sealing the plate with a cover, it was incubated at 
37°C for 90 min. Plate content was discarded. Following, 100 μL 
biotinylated anti-human TGF-β1 antibody working solution was 
poured into each well and the plate was incubated again at 37°C 
for 1 hour. Then, the plate in question was washed three times 
with 0.01 M tris-buffered saline (TBS). After the third washing, 
100 μL prepared ABC working solution was added into each 
well and the plate was incubated again at 37°C for 30 min. Plate 
washed five times with the enough volume of 0.01 M TBS. 90 μL 

prepared TMB color developing agent was trasferred into each 
well and the plate incubate at 37°C in dark for 25 min. Then, 
100 μL TMB stop solution was added and the optical density of 
each well was read at 450 nm in a micro-plate reader within 
30 min after adding the stop solution. According to the standard 
concentrations and corresponding optical density values, 
the standard curve was drawn. The corresponding sample 
concentrations were then determined by comparing the optical 
density values of samples to the standard curve. The range 
of standard curve is 15.6-1000 pg/mL and the sensitivity is <1 
pg/mL. The intra-assay precision is <4.1% and the inter-assay 
precision is <6.0%.

Measurement of other blood parameters
Serum levels of total cholesterol, high-density lipoprotein 
(HDL)-cholesterol and triglycerides were measured 
spectrophotometrically on the Roche-Hytachi P-800 
autoanalyser by using a commercial kit (Roche, Mannheim, 
Germany) in all subjects recruited in the study. Concentration 
of serum low-density lipoprotein (LDL)-cholesterol was 
calculated by the standard Friedewald formula.24

Statistical analysis 
SPSS packed programme (version 17 software, SPSS Inc. 
Chicago, Illinois, USA) was used for statistical analyses. The 
results were presented as mean ± standard deviation. Student’s 
t-test was used to compare the results between groups. Mann-
Whitney U test was used to evaluate the results between 
subgroups. Pearson correlation coefficients were calculated 
for relationship between measured parameters. The value 
of p<0.05 was considered as statistically significant, in all 
statistical analyses.

RESULTS
General characteristics and some biochemical parameters 
of patients and control groups were presented in Table 1. No 
significant difference was determined between groups in terms 
of age and quetelet index (p>0.05). 
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Table 1. General characteristics and biochemical parameters from 
gynecological cancer and control

 Total patients
Healthy 
controls p value

Total number of subjects 68 41 p>0.05

Age (years) 58.62±1.21 58.39±1.25 p>0.05

Quetelet index (kg/m2) 28.72±0.40 27.85±0.59 p>0.05

 Biochemical parameters

Total cholesterol (mg/dL) 200.35±6.48 205.10±5.21 p>0.05

HDL-cholesterol (mg/dL) ç.97±1.57 43.32±2.09 p>0.05

LDL-cholesterol (mg/dL) 128.36±5.01 134.80±4.39 p>0.05

Triglycerides (mg/dL) 155.93±9.22 189.51±14.96 p>0.05

HDL: High-density lipoprotein, LDL: Low-density lipoprotein
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Similarly, no significant differences were determined in 
the comparison of total cholesterol, HDL-cholesterol LDL-
cholesterol and triglyceride levels between total patients and 
healthy controls (p>0.05). 

Serum VN (112.72±4.34 μg/mL) and sE-cadherin (5.15±0.40 
ng/mL) levels of patients were found to be significantly lower 
than healthy controls (134.87±4.59 μg/mL and 23.48±2.12 ng/
mL recpectively) (p<0.01). However, in patients, serum TGF-β1 
levels (173.74±12.31 pg/mL) were found to be higher than healthy 
controls (133.50±14.37 pg/mL) (p<0.05, Figure 1).

In patients with endometrial and ovarian cancer, serum VN 
levels (117.07±5.59 μg/mL and 109.68±6.27 μg/mL, respectively) 
were found to be lower than healthy controls (134.87±4.59 μg/
mL) (p<0.01) (Figure 2). The lower VN levels were determined 
in ovarian cancer group compared to endometrial cancer group. 
Similarly serum sE-cadherin levels in endometrial and ovarian 
cancer patient groups (4.76±0.63 ng/mL and 5.42±0.53 ng/
mL, respectively) were found to be lower than healthy controls 
(23.48±2.12 ng/mL) (p<0.01), but the sE-cadherin levels were 
found to be lower in patients with endometrial cancer in 
comparison to ovarian cancer patient group. Serum TGF-β1 

levels were found to be increased significantly in ovarian cancer 
patiens when compared to control group (180.31±11.61 pg/mL 
and 133.50±14.37 pg/mL, recpectively) (p<0.05). However, 
no significant difference was found between endometrial 
cancer patients and healthy controls (164.36±25.10 pg/mL and 
133.50±14.37 pg/mL, recpectively) (p>0.05) (Figure 2).

Using bivariate correlation analysis of the measured 
parameters, positive correlations were found between serum 
VN and sE-cadherin levels (r=0.775, p<0.01) (Figure 3a) and 
negative correlations were found between both VN and TGF-β1 
(r=-0.379, p<0.05) (Figure 3b) and sE-cadherin and TGF-β1 (r=-
0.373, p<0.05) (Figure 3c) in control group. 

Figure 3b. Correlation between serum VN and TGF-β1 in control group, 
The solid line represents the calculated regression line with a correlation 
coefficient (r) of -0.379

VN: Vitronectin, TGF- β1: Transforming growth factor-beta 1, 

Figure 3a. Correlation between serum VN and sE-cadherin in control 
group, The solid line represents the calculated regression line with a 
correlation coefficient (r) of 0.775

VN: Vitronectin, sE-cadherin: Soluble epithelial-cadherin
Figure 1. The comparison of serum concentrations of VN, sE-cadherin and 
TGF-β1 between total patient group and control group

l: A significant difference from control group (p<0.01), H: A significant 
difference from control group (p<0.05), VN: Vitronectin, TGF- β1: 
Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-cadherin

l

H

l

Serum Vitronectin 
(mg/mL)
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Figure 2. The comparison of serum concentrations of VN, sE-cadherin and 
TGF-β1 between endometrial and ovarian cancers and control group

l: A significant difference from control group (p<0.01), VN: Vitronectin, 
TGF- β1: Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-
cadherin

l

l

l

l

l
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Figure 3c. Correlation between serum sE-cadherin and TGF-β1 in control 
group, The solid line represents the calculated regression line with a 
correlation coefficient (r) of -0.373

TGF- β1: Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-
cadherin
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DISCUSSION
Endometrial and ovarian cancers are the most common of the 
gynecologic malignancies in women. Regulation of cellular 
adhesion is provided by signaling pathways between tumor cells 
and the ECM. Cellular adhesion is controlled by the cell surface 
receptor family and integrins. VN, sE-cadherin and TGF-β1 are 
important components of the ECM proteins. Thus, we mainly 
tried to demonstrate the clinical significance of serum levels of 
these molecules in terms of diagnostic purpose in endometrial 
and ovarian cancers. 

There are inconsistent results in the literature concerning 
serum VN levels in various cancer types. In one of the studies, 
Kadowaki et al.25 showed that serum VN levels were elevated 
in breast cancer patients. They concluded that serum VN level 
is very valuable for evaluating clinical assessment of breast 
cancer. Contrary to the aforementioned study, Hao et al.26 
found that the mean value of serum VN level in patients with 
breast cancer at early and late stages were lower than normal 
individuals. Yamada et al.27 studied the plasma concentration 
of VN in control subjects and hepatocellular carcinoma (HCC). 
They obtain similar lower plasma VN levels in patients with 
HCC as compared to control group. No significant difference 
in VN levels was reported by Tugcu et al.28 between control 
and patient groups in various types of cancers apart from 
gynecological cancers. In this study concerning the VN levels 
when compared to control group a significant difference was 
found both for endometrial and for ovarian cancer patient 
groups. Decrease in serum VN levels may be attributed to 
matrix metalloproteinase-2 secreted by tumor cells in ECM.

Cell to cell adhesion is basically mediated by cadherins. There 
are conflicting results in the literature about sE-cadherin in 
cancer. Elevated sE-cadherin levels were reported in gastric 
cancer by Katayama et al.29, later on it was confirmed by 
Gofuku et al.30 In newly diagnosed bladder cancer patients, 
serum sE-cadherin levels were found to be significantly higher 
than normal controls and they suggested that high levels of 

sE-cadherin correlate with higher grade tumors.31 Similarly, 
Liang et al.16 were revealed that the serum sE-cadherin in 
breast cancer patients were significantly higher than controls. 
Shirahama et al.32 indicated that the levels of serum sE-
cadherin did not vary significantly from controls in basal cell 
carcinoma. In colorectal patients, Velikova et al.33 determined 
that there was no statistically significant difference between 
sE-cadherin levels between controls and patients. However, 
Bonaldi et al.17 suggested that sE-cadherin was lower in 
patients with prostate cancer compared to controls. Several 
studies concluded that decreased expression of E-cadherin 
facilitated tumor invasion and metastasis in various tumors 
such as ovarian, endometrial and cervical cancers.34,35 In our 
study we determined that sE-cadherin levels were decreased 
in both cancer groups. We think that low serum sE-cadherin 
levels may be result of decreased E-cadherin expression in 
these gynecological cancers.

For many cancer, circulating levels of TGF-β1 have been 
measured up to now. Elevated serum TGF-β1 levels have been 
observed in various cancer types and have been linked to 
cancers in previous studies. Shim et al.20 evaluated the serum 
levels of TGF-β1 in patients with colorectal carcinoma versus 
healthy controls and their results showed that TGF-β1 serum 
levels in patients were significantly higher than controls. TGF-β1 
has been reported to be enhanced in serum in invasive breast 
cancer patients.36 In a similar manner, it was demonstrated that 
serum concentrations of TGF-β1 in gastric cancer patients were 
significantly higher than controls.37 Han et al.23 were revealed 
that patients with cholangiocarcinomas, HCCs and gastric 
carcinomas presented increased serum TGF-β1 levels than 
non-cancer counterparts. It has been shown that the blockage 
of TGF-β causes upregulation of E-cadherin resulting in the 
reduction of migration and invasion of carcinoma cells38 and 
then TGF-β1 expression negatively correlated with E-cadherin 
expression.39 Our results are consistent with the literature 
in terms of elevated serum TGF-β1 levels and reduced sE-
cadherin levels. It was assumed that increased TGF-β1 levels 
may be associated with decreased E-Cadherin expression in 
endometrial and ovarian cancers.40

CONCLUSION
As a conclusion, our study revealed that when compared 
to control group serum levels of VN and sE-cadherin are 
significantly decreased whereas TGF-β1 level is elevated 
in patients with gynecological cancer. In ovarian cancer, we 
have found marked increase of TGF-β1 and decrease of VN. 
A remarkable decrease in sE-cadherin concentration has been 
determined in patients with endometrial cancer. Although large-
scale studies are required, it was suggested that alterations in 
serum levels of mentioned relatively small molecules in ovarian 
and endometrial cancer may be associated with disease 
progression. Therefore these molecules may be promising 
targets for both diagnosis and therapy.
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