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1  | INTRODUCTION

Endometrial cancer (EC) is the fourth most common type of female 
cancer in developed countries, as well as the most frequent can-
cer of the female genital tract.1 More than 80% of new EC cases 
are diagnosed in post- menopausal women, with a median age of 
63 years.2

Most EC are diagnosed at early stages and the associated 5- year 
overall survival approximates 80%. Nevertheless, the survival rate 
 decreases to 57%- 46% in patients with advanced, high- grade tumors.3

The early detection of EC patients is promoted by the presence 
of symptoms like abnormal vaginal bleeding, which is usually found 
in 93% of women diagnosed with EC. However, many other benign 
disorders may present with similar symptoms.4

As for many other tumors, early detection of EC is crucial to in-
crease patient survival, so that implementation of biomarkers in early 
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Background: The non- invasive diagnostic approach for early detection of endometrial 
cancer (EC) remains limited. To date, human epididymis protein 4 (HE4) has been 
 intensively studied but its diagnostic is controversial in EC. DJ- 1 is an oncoprotein 
secreted by cancer cells, recently identified as a potential diagnostic biomarker for 
breast cancer, melanoma, and pancreatic cancer. The aim of this study was to compare 
the diagnostic performances of DJ- 1 and HE4 measured in EC patients and healthy 
controls (HC).
Methods: Forty- five patients (63.9±12.0 years) with EC and 29 (63.2±13.3 years) HC 
were enrolled. Serum concentrations of DJ- 1 and HE4 were measured using ELISA kits 
developed by R&D (Minneapolis, USA) and Fujirebio Diagnostic (Malvern, PA, USA), 
respectively. Differences between EC patients and HC were assessed by Mann- 
Whitney test and associations were tested by Spearman’s correlation. The diagnostic 
performance was assessed using receiver operating characteristics (ROC) curves 
analysis.
Results: Serum DJ- 1 concentrations were found to be higher in EC patients than in HC 
(9533.6 vs 1988.5 pg/mL; P<.0001). The area under the ROC curve (ROC- AUC) was 
0.95 (P<.0001). At the cut- off of 3654 pg/mL, the sensitivity and specificity were 0.89 
and 0.90, respectively. HE4 serum levels were higher in EC patients than in HC (75.3 
vs 56.2 pmol/L; P=.019), with an AUC of 0.66 (P=.020). The AUC obtained by the 
combination of the two markers resulted 0.96 (P<.0001).
Conclusion: These results suggest that increased serum DJ- 1 levels are associated 
with EC and that this biomarker may be potentially useful for diagnosing EC.
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stages of the diagnostic process would be effective to improving 
 detection of EC.

Despite several biomarkers have been studied and were found 
to be associated with both clinical characteristics and prognosis 
of EC,5,6 none of these has been implemented in clinical practice 
so far.

In particular, Human Epididymis Protein 4 (HE4) has been inten-
sively studied in gynecological tumors, used alone or in combination 
with other biomarkers or clinical/radiological findings,7-14 but its real 
significance and efficacy for management of EC has not been clearly 
demonstrated in clinical practice, so that its diagnostic value remains 
controversial.15

DJ- 1, also known as Parkinson’s disease- associated protein 7 
(PARK7), is a 189 amino acid protein with multiple functions. Beside 
its active role in promoting cell proliferation and cell cycle progres-
sion, DJ- 1 has multifunctional properties as regulatory subunit of 
RNA- binding protein, redox- regulated chaperone, cysteine prote-
ase, and transcriptional co- activator.16 Moreover, over- expression 
of DJ- 1 has been found in many cancer types including oral car-
cinoma and breast cancer.17,18 A previous study also found a role 
of DJ- 1 as oncogene, by modulating PTEN and thus promoting cell 
survival.19 In accordance with this finding, Shu et al.20 showed that 
DJ- 1 expression in EC tissues was higher than in normal endome-
trial tissue and that DJ- 1 tissue levels were associated with cancer 
progression.

Therefore, the aim of this study was to investigate the serum con-
centration of both DJ- 1 in EC patients in comparison to healthy con-
trols (HCs) and for defining its diagnostic performances in EC patients 
compared to HE4.

2  | MATERIALS AND METHODS

2.1 | Patients and samples

The study population consisted of 45 women (mean age, 63.9± 
12.0 years) consecutively diagnosed with EC, who were scheduled 
to undergo radical surgery from January 2008 to December 2010 at 
the Obstetrics and Gynecology Clinics of the University Hospital of 
Verona (Italy). All patients underwent radiological imaging by pelvic 
ultrasonography (US), computed axial tomography (CAT) scanning, 
and/or magnetic resonance imaging (MRI) within 6 weeks prior to 
surgery, to identify the presence of endometrial mass. The histopa-
thology data were then confirmed by surgical resection of tumors, 
and the cancer stage was defined according to the International 
Federation of Gynecology and Obstetrics (FIGO) system criteria.21

The EC patients had the following histological subtypes: serous 
(n=3, 6,7%), endometrioid (n=41, 91,1%), clear cell (n=1, 2,2%). Thirty- 
one patients were at stage I (68,9%), seven at stage II (15,6%), six at 
stage III (13,3%), and one (2,2%) at stage IV (Table 1). As regard to 
the histological grade, nine (20%) cases were grade 1 (G1), 25 (55,6%) 
grade 2 (G2), and 11 (24,4%) grade 3 (G3).

Twenty- nine HC subjects (mean age, 63.2±13.3 years) were re-
cruited from healthy hospital personnel during routine clinical and 

laboratory assessment. In particular, all healthy controls underwent 
gynecologic examinations and transvaginal sonographies in the previ-
ous 2 years. The study was carried out in accordance with the ethical 
standards of the revised Declaration of Helsinki, under the terms of 
relevant local legislation.

2.2 | Laboratory methods

Blood samples were collected prior to any therapeutic procedure 
(i.e., surgery, chemotherapy or radiotherapy), the morning before 
surgery on patients who had fasted overnight and rested for 20 min. 
Blood was drawn in vacuum tubes containing no additives (Becton- 
Dickinson, Oxford, UK). After centrifugation at 1500 g for 10 min at 
room temperature, serum was separated, stored in aliquots and kept 
frozen	at	−80°C	until	measurement.

DJ- 1 serum levels were measured using Human Park7/DJ- 1 
DuoSet ELISA (R&D Systems, Inc., Minneapolis, MN, USA), according 
to manufacturer’s instructions. The limit of detection of this method 
is 6.25 pg/mL, as quoted by the manufacturer. Standard curves were 
generated by a four parameter logistic (4- PL) curve- fit analyses to 
 determine concentrations of the unknown samples.

The serum concentrations of HE4 were determined using an EIA 
kit developed by Fujirebio Diagnostic, Inc. (Malvern, PA, USA), and 
performed according to the manufacturer’s specifications on Triturus 
Analyser (Diagnostics Grifols, Barcelona, Spain). This test is a solid- 
phase, non- competitive immunoassay based on direct sandwich 

TABLE  1 Demographics and clinical features of EC patients and 
healthy controls

Variables EC patients (n=45)

Age, yr (±SD) 63.9 (±12.0)

≥55	yr,	n	(%) 41 (91.1)

<55 yr, n (%) 4 (8.9)

FIGO stage, n (%)

I 31 (68.9)

II 7 (15.6)

III 6 (13.3)

IV 1 (2.2)

Histological grade, n (%)

1 9 (20.0)

2 25 (55.6)

3 11 (24.4)

Histology, n (%)

Clear cells 1 (2.2)

Endometrioid 41 (91.1)

Serous 3 (6.7)

Healthy controls (n=29)

Age, yr (±SD) 63.2 (±13.3)

≥55	yr,	n	(%) 4 (13.8)

<55 yr, n (%) 25 (86.2)
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technique using two mouse monoclonal antibodies, 2H5 and 3D8, 
against two epitopes in the  C- WFDC  domain of HE4. Total impreci-
sion, is <10%.

2.3 | Statistical analysis

The results of measurement were reported as median and range. 
Tumor marker concentration was compared between groups using the 
Mann- Whitney test. The correlation between variables was assessed 
with Spearman’s correlation coefficient (r). The level of statistical sig-
nificance was set at P<.05. The diagnostic performance for both HE4 
and DJ- 1 was calculated by means of receiver operator characteris-
tic (ROC) curves. Statistical analyses were performed with GraphPad 
Prism 5.0 (GraphPad Software, Inc., San Diego, CA, USA).

3  | RESULTS

The median serum concentration of DJ- 1 and HE4 was found to be 
significantly higher in EC patients compared to HCs (DJ- 1: 9533.6 
(2516.5- 47 938.7) vs 1988.5 (290.2- 5534.3) pg/mL, P<.0001; HE4: 
75.3 (27.9- 781.8) vs 56.2 (24.4- 107.6) pmol/L, P=.019). The median 
serum concentration of both DJ- 1 and HE4 was not significantly 
higher in advanced- stage (III- IV) cancer than in the early stage (I- II) 
(P=.86 and P=.46, respectively) (Table 2).

The area under the curve (AUC) for identifying EC patients 
vs healthy controls was 0.95 (95% CI: 0.91- 0.99, P<.0001) for 
DJ- 1, and 0.66 (95% CI: 0.54- 0.78, P=.019) for HE4, respectively 
(Figure 1).

The best ROC curve- derived cut- off of DJ- 1 was 3654 pg/mL, 
displaying 0.89 sensitivity and 0.90 specificity, respectively. The best 
ROC curve- derived cut- off of HE4 was 64 pmol/L, displaying 0.64 
sensitivity and 0.62 specificity, respectively.

No significant correlation was observed between HE4 and DJ- 1 
concentration (r=.25; P=.09).

The AUC obtained by the combination of the two markers resulted 
0.96 (P<.0001).

4  | DISCUSSION

The worldwide incidence of EC is rapidly increasing, and this malig-
nancy now represents the fourth most common cancer in women in 
developed countries.1,22

The vast majority of EC patients present with signs or symptoms 
that allow a diagnosis in the early stages, so displaying an excellent 
prognosis (5- year overall survival between 75%- 90%).23,24

Despite the high frequency, no effective screening has been de-
veloped for this type of cancer so far, and no sensitive or specific 
biochemical markers were proven to be really clinically useful in early 
diagnosis or monitoring of EC.

Many studies and meta- analysis have focused on evaluating the 
clinical significance of HE4 in EC in the past decade.15,25-28

According to published data, serum HE4 is seemingly helpful for 
distinguishing EC from healthy and benign disease, the major advan-
tage being its higher specificity.

Despite these encouraging results, all studies concluded that the 
available information is still insufficient for estimating the real value of 
HE4 in clinical practice.

Unlike some other investigations,29,30 we failed to find a statisti-
cally significant correlation between HE4 level and FIGO stage in our 
study. This finding is in agreement with two other published studies, 
both reporting that this biomarker may be useful for predicting the 
degree of myometrial involvement in EC.31,32

These conflicting results could be attributed to the different study 
populations. In particular, only 15.5% of our patients were diagnosed 
at advanced stage. The discrepancy may also be attributable to other 
variables which may influence HE4 concentration, such as renal func-
tion, hormonal levels, age, later menarche, or smoke.33,34

Stages HE4, pmol/L P value DJ- 1, pg/mL P value

Stage I- II 73.9 (27.9- 781.8) .46 9443.2 (2516.5- 47 938.7) .86

Stage III- IV 118.3 (30.9- 381.1) 12 327.3 (2744.6- 44 036.9)

TABLE  2 Serum levels of HE4 and DJ- 1 
in different cancer stages

F IGURE  1 DJ- 1 (A) and HE4 (B) ROC 
curves performed on EC patients and 
healthy controls
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DJ- 1 is over- expressed in many types of cancer tissues and is also 
actively released by cancer cells, so that it may be considered a poten-
tially useful cancer biomarker.17,18,35

Yuen et al.36 showed that primary human malignant non- small 
cell lung carcinoma and esophageal squamous cell carcinoma 
tumor samples were both characterized by substantial DJ- 1 over- 
expression at both mRNA and protein levels compared with normal 
adjacent control tissue, so emphasizing that over- expression DJ- 1 
is confined to tumor cells but increases with cell transformation. 
Notably, DJ- 1 acts as a key negative regulator of tumor suppressor 
PTEN, so promoting cell proliferation and cells transformation.37

DJ- 1 has been originally identified as potential tumor antigen in 
the circulation of breast cancer patients,38 and in pancreatic juice of 
patients with pancreatic cancer,39 so supporting the hypothesis of ex-
tracellular secretion of DJ- 1.

In 2013 Shu et al.20 first observed that DJ- 1 expression in EC 
tissues was higher than in tumor- adjacent tissues and normal endo-
metrial tissues. Shortly afterward, Morelli et al.40 measured DJ- 1 con-
centrations with Western Blotting in serum samples of 15 patients 
with EC and 20 healthy women, concluding that DJ- 1 serum values 
were higher in EC patients than in healthy controls.

Taken together, the results of our study, which has been per-
formed a larger population, are in accordance with these observations. 
Notably, our original even if preliminary findings also demonstrate for 
the first time that the diagnostic performance of DJ- 1 is higher than 
that of HE4 in patients with EC, so paving the way for additional in-
vestigations about the clinical significance of this easily measurable 
cancer biomarker.

Nevertheless, additional studies will be needed to assess di-
agnostic thresholds, to confirm the role of DJ- 1 in cancer and 
defining the clinical utility of this biomarker in diagnosing and 
monitoring EC.
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