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Objective: Prompt diagnosis and management are essential for saving the adnexal organs from infarction in cases of ovarian torsion (OT). This 
study aimed to determine the diagnostic significance of signal peptide, complement C1r/C1s, Uegf, and Bmp1 (CUB), and epidermal growth 
factor-like domain-containing protein-1 (SCUBE-1) levels in cases of OT, an emergent ischemic condition, and the relationship of SCUBE-1 with 
oxidative stress parameters.
Methods: This prospective study was conducted among 15 OT patients and 20 age- and gravidity-matched healthy women. SCUBE-1 serum 
concentrations were determined by using enzyme-linked immunosorbent assays. In addition, oxidative stress was evaluated by measuring the 
serum levels of advanced oxidation protein products (AOPP), ferric reducing ability of plasma (FRAP), and glutathione (GSH). 
Results: The SCUBE-1 titers were significantly higher in the patients with OT than in the controls (p = 0.008). In addition, serum FRAP and GSH 
levels were significantly lower in the OT patients than in the controls (p < 0.001 for both). Serum AOPP levels were higher in the OT patients, but 
this trend was not statistically significant (p > 0.05). Furthermore, there were no correlations between SCUBE-1 levels and age, gravidity, parity, 
cyst size, and AOPP, FRAP, or GSH levels (p > 0.05).
Conclusion: We believe that SCUBE-1 may be a promising biomarker for the early diagnosis of OT.
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Introduction 

Ovarian torsion (OT) is a rare and emergent condition defined as 
the rotation of the ovarian peduncle around its own axis, completely 
or incompletely. Although OT can occur at any stage of life, it is most 
common during the reproductive years. Therefore, the prompt man-
agement of OT is very important for the reproductive health of wom-
en affected by this condition. Unfortunately, the diagnosis and surgi-
cal intervention in OT cases may be delayed because OT can present 
with nonspecific clinical findings, such as the sudden onset of severe 

pain, vomiting, nausea, leukocytosis, fever, and a palpable adnexal 
mass [1]. Overall, the pathological and radiological findings vary 
based on the extent of the vascular structures involved. Reduced ve-
nous return, ovarian enlargement, edema, and interstitial hemor-
rhage appear during the very beginning of torsion. Subsequently, 
the arterial flow of the ovary is disrupted, and ovarian ischemia and 
necrosis occur [2]. Thus, the diagnosis may be delayed.

Although several imaging techniques are available, such as gray-
scale ultrasonography (USG), Doppler USG, and computed tomogra-
phy (CT), the correct diagnosis of OT is difficult because of its non-
specific findings [3,4]. Ovarian cysts should be considered first in the 
differential diagnosis because patients with ruptured ovarian cysts 
present with acute abdominal signs resembling OT that are difficult 
to differentiate with certainty preoperatively [5]. Therefore, several 
markers, such as ischemia-modified albumin and interleukin (IL)-6 
levels, have been studied to determine whether they can be used to 
make an early diagnosis of OT [6,7].
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Signal peptide, complement C1r/C1s, Uegf, and Bmp1 (CUB), and 
epidermal growth factor-like domain-containing protein-1 (SCUBE-1) 
is a newly described cell surface protein. The SCUBE-1 expressed in 
endothelial cells and activated platelets has been found to be re-
sponsible for ischemic complications [8,9]. Previously, SCUBE-1 levels 
and oxidative stress parameters have been investigated in various 
ischemic diseases, such as acute coronary syndrome, acute ischemic 
stroke, and acute mesenteric ischemia [9,10]. However, the role of 
SCUBE-1 and its relationship with oxidative stress parameters has not 
previously been studied in patients with OT. To the best of our knowl-
edge, this is the first study to evaluate the relationship of serum 
SCUBE-1 levels with oxidative stress parameters, with the goal of as-
sessing SCUBE-1 as a biomarker for diagnosing OT. 

Methods

This prospective study was conducted between June 2015 and July 
2017 at the Departments of Obstetrics and Gynecology and Clinical 
Biochemistry of the Harran University Medical Faculty in Sanliurfa, 
Turkey. This study conformed with the principles of the 2008 Declara-
tion of Helsinki and was approved by the local ethics committee of 
the Harran University Medical Faculty (15.06.2015/No. 121). Detailed 
information was provided to all the women enrolled in this study, 
and written informed consent was provided by all participants.

This study included 15 women who underwent laparotomies or 
laparoscopies due to OT and 20 healthy age- and gravidity-matched 
controls with no history of abdominal pain. Individuals with diabetes 
or hypertension, pregnant women, and patients with a tubo-ovarian 
abscess, ruptured ovarian cyst, endometriosis, or hydrosalpinx were 
excluded. The diagnosis of suspicion of OT was made based on USG 
results (Voluson 730 Expert scanner; GE Healthcare, Milwaukee, WI, 
USA) showing ovarian enlargement and the absence of Doppler ve-
locity in the ovarian peduncle. In addition, patients’ defense was eval-
uated during the USG examination. The preoperative diagnosis of OT 
was confirmed intraoperatively in all patients with adnexal torsion.

Each woman’s age, marital status, gravidity, parity, blood pressure, 
and operation type were documented. Venous blood samples were 
collected preoperatively when the OT diagnosis was made for bio-
chemical comparisons between the groups. 

1. Blood collection and immunoassay procedures
The serum was obtained via centrifugation at 4,000 g for 15 min-

utes at 4°C. The plasma samples were immediately stored at –80°C 
until analysis. 

1) SCUBE-1 assay
A human SCUBE-1 enzyme-linked immunosorbent assay kit (Cat 

no. E-EL-H5405; Elabscience Biotechnology, Houston, TX, USA) was 
used, and the results were measured in nanograms per milliliter. The 
other blood analyses were performed within 2 hours of the blood 
sampling using a hematology analyzer (CELL-DYN Ruby; Abbot, Ab-
bott Park, IL, USA) in the biochemistry laboratory of Harran University 
Medical Faculty.

2) Glutathione assay
Glutathione (GSH) levels were assessed through a reaction with 

ophthalaldehyde (1 mg/mL ophthalaldehyde in methanol) using a 
modified version of the technique of Koyuncu et al. [11]. The GSH 
samples were assessed via a microplate reader (SpectraMax M5; Mo-
lecular Devices, San Jose, CA, USA) with 345 nm excitation and 425 
nm emission. The results were expressed as nanomoles per milliliter 
in the serum.

3) Ferric reducing ability of plasma assay
The ferric reducing ability of plasma (FRAP) assay has been present-

ed as a novel method for assessing antioxidant power, in which the 
ferric to ferrous ion reduction at a low pH causes a colored ferrous-
tripyridyltriazine complex to form [12]. The results were expressed as 
micromoles per liter in the serum.

4) Advanced oxidation protein products assay
The spectrophotometric determination of the advanced oxidation 

protein products (AOPP) was performed using a modification of the 
method of Witko et al. [13]. AOPP concentrations were expressed as 
micromoles per liter of chloramine-T equivalents. Until the study 
ended, the researchers were unaware of the serum levels of the stud-
ied biomarkers in relation to the participants’ clinical characteristics 
(age, gravidity, etc.).

2. Statistical analysis
All analyses were performed using IBM SPSS ver. 20.0 (IBM Corp., 

Armonk, NY, USA). All data were expressed as mean and standard 
deviation. Comparisons of the groups were performed with the non-
parametric Mann-Whitney U-test. Correlations between the parame-
ters were assessed using the Spearman correlation test. Differences 
in the groups’ biochemical parameters were analyzed using the in-
dependent-samples t-test. A p-value < 0.05 was considered to indi-
cate statistical significance.

Results

The demographic and clinical features of the groups are presented 
in Table 1. The mean cyst size was 66.60 ± 23.76 mm, and the biggest 
cyst was 125 mm in the OT group. Most of the cysts were located in 
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the left adnexal region (11 patients). A laparoscopy was performed in 
eight patients (53.3%), and a laparotomy was performed in seven 
(46.7%). In terms of the treatment modality, detorsion with cyst exci-
sion was performed in nine patients (60%) and salpingo-oophorec-
tomy was performed in six (40%). The mean torsion time was 24.4 ±  
14.8 hours (range, 7–48 hours). We detected defense and rebound 
positivity in all patients during the USG examinations. In addition, no 
participants in either group had a previous history of pelvic opera-
tion. All participants had normal arterial blood pressure readings.

The preoperative circulating SCUBE-1 levels were significantly high-
er in the OT group than in the control group (1.40 ± 0.25 ng/mL vs. 
1.22 ± 0.09 ng/mL; p = 0.008) (Figure 1). A receiver operating charac-
teristic (ROC) analysis was performed and shown in Figure 2. The area 
under the curve (AUC) was 0.68 (95% confidence interval [CI], 0.50–
0.87). According to the ROC analysis, the cutoff value of 1.13 ng/mL 

for SCUBE-1 had a sensitivity of 80% and specificity of 93.3%. When 
we used a cutoff value of 1.20 ng/mL for SCUBE-1, the values of both 
sensitivity and specificity were 60%.

The serum AOPP level was slightly higher in the OT patients than in 
the control group (45.4 ± 20.5 μmol/L vs. 37.2 ± 8.0 μmol/L, p > 0.05); 
however, this difference was not statistically significant. The serum 
FRAP and GSH concentrations were significantly lower in the OT pa-
tients than in the controls (263.3 ± 43.3 μmol/L vs. 323.0 ± 44.4 μmol/L 
and 6.0 ± 0.8 nmol/mL vs. 7.9 ± 1.5 nmol/mL, respectively; p < 0.001 
for both). Spearman correlation analysis showed that there were no 
correlations between SCUBE-1 levels and AOPP, FRAP, GSH levels, and 
age, gravidity, parity, torsion time, or ovarian cyst size (all p > 0.05). 

Discussion 

In this study, we found significantly higher serum SCUBE-1 levels 
and significantly lower levels of antioxidant parameters (FRAP and 
GSH) in patients with OT. AOPP levels were also higher in the OT pa-
tients, but this trend did not show statistical significance. 

No previous study has evaluated SCUBE-1 levels in patients with 
adnexal torsion. Nevertheless, in many studies, elevated SCUBE-1 
levels have been found in acute ischemic events, such as acute coro-
nary syndrome, ischemic stroke, pulmonary embolism, and acute 
mesenteric ischemia [9,10,14,15]. Ulusoy et al. [16] reported elevated 
SCUBE-1 levels in hemodialysis patients with no clinically acute isch-
emic events. They suggested that various factors, such as sex, systolic 

Table 1. Demographic and clinical characteristics of both groups

Variable OT group 
(n = 15 )

Control group 
(n = 20 ) p-value

Age (yr) 30.0 ± 8.6 29.9 ± 7.0 NS
Gravidity 1.8 ± 1.6 1.9 ± 1.6 NS
Parity 1.6 ± 1.4 1.5 ± 1.3 NS
Marital status 
   Unmarried 7 (46.7) 5 (25) NS
   Married 8 (53.3) 15 (75) NS
Blood pressure 
  (systolic/diastolic, mmHg)

112/80 ± 10/5 114/80 ± 9.2/5.1 NS

Values are presented as mean ± standard deviation or number (%).	
OT, ovarian torsion; NS, not significant.

Figure 1. Serum SCUBE-1 levels in the ovarian torsion (OT) and con-
trol groups. SCUBE-1, signal peptide, complement C1r/C1s, Uegf, and 
Bmp1 (CUB), and epidermal growth factor-like domain-containing 
protein-1.
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and diastolic blood pressure, blood urea nitrogen, and creatinine, 
could explain this elevation. In addition, elevated SCUBE-1 levels 
have been reported in some chronic diseases, including hyperten-
sion and Hashimoto thyroiditis [17,18]. Therefore, we excluded pa-
tients with chronic diseases (as mentioned above), and the blood 
pressure readings of our patients were within the normal range. 

USG is the first-line imaging modality used in the diagnosis of OT; 
however, its sensitivity and specificity have been reported to be 46% 
and 74%, respectively [3]. The appearance of arterial or venous flow 
in the Doppler USG can not rule out the diagnosis of OT because of 
the dual blood supply of the ovaries (from both the ovarian artery 
and the arterial branches of the uterus) [4]. Kato et al. [19] and Fujii et 
al. [20] showed that a diffusion-weighted imaging modality had high 
sensitivity for the diagnosis of the early stages of OT. Although some 
multimodal imaging techniques can be used to diagnose OT, an ac-
curate diagnosis is difficult due to the nonspecific findings and the 
long list of differential diagnoses. Ruptured ovarian cysts should be 
considered first in the differential diagnosis because patients with 
ruptured ovarian cysts present with acute abdominal signs, with 
some resemblance to OT, and are difficult to clearly differentiate pre-
operatively [5]. All participants in this study underwent conventional 
USG and Doppler USG examinations, while CT was only performed 
for a patient with a huge abdominopelvic mass in order to exclude 
other differential diagnoses, such as a ruptured ovarian cyst. Because 
our control group was composed of healthy women without any ab-
dominal pain, SCUBE-1 elevation may not be helpful to differentiate 
OT from other causes of acute abdominal pain. Therefore, we believe 
that more comprehensive studies, including suitable control groups, 
will be necessary to elucidate the role of SCUBE-1 in such clinical situ-
ations.

The laparoscopic approach is currently preferred for many OT pa-
tients [21]. According to Galinier et al. [22], a conservative approach 
toward the ovaries after detorsion is safe and effective. We chose lap-
aroscopic interventions, as an early and less-invasive method of per-
forming detorsion, for eight women in order to maintain the integrity 
of their ovaries. The correction of the ovarian circulation after detor-
sion disrupts the tissue injury and leads to a pathological process 
known as ischemia/reperfusion (I/R) injury, which is caused by oxida-
tive stress. Oxidative stress creates an imbalance between the pro-
duction of reactive oxygen species and the detoxification of the 
body’s reactive intermediates. This imbalance leads to the overpro-
duction of free radicals, which can be seen in many ischemic diseas-
es, or to a decrease in the antioxidant enzyme capacity [23]. Many 
studies have shown that oxidative stress is activated by the OT pro-
cess, and have recommended using antioxidant agents (e.g., seleni-
um or N-acetylcysteine) to minimize the I/R injury to the ovaries dur-
ing or before reperfusion [24,25]. The finding of our study that levels 

of antioxidant agents (FRAP and GSH) were significantly lower in OT 
patients suggests that these antioxidant molecules were consumed 
by the body in cases of OT. 

However, we found no correlations between SCUBE-1 levels and 
AOPP, FRAP, or GSH levels. The lack of a correlation between SCUBE-1 
levels and the oxidant and antioxidant parameters might have been 
due to the small sample size of this study. No previous study in the 
literature has published findings regarding the relationship between 
SCUBE-1 and oxidative stress.

In a recent experimental study, Ozler et al. [26] showed a significant 
decrease in ovarian reserve after conservative adnexal torsion sur-
gery by measuring the serum levels of anti-Müllerian hormone, in-
hibin B, and estradiol in rats. They argued that conservative surgery 
alone was insufficient to preserve ovarian function. Because a pro-
longed duration of torsion may lead to a loss in ovarian function, an 
early diagnosis is important to protect the ovary from ischemia and 
necrosis [5]. Daponte et al. [6] demonstrated that increases in certain 
inflammatory markers in the serum, such as IL-6, can play an impor-
tant role in the early diagnosis of patients with adnexal torsion. In a 
clinical study, Dai et al. [9] reported that SCUBE-1 was detectable in 
the serum as early as within 6 hours after the onset of ischemic 
symptoms, suggesting that it could be a good marker for acute isch-
emic diseases. Although we did not establish a correlation between 
the degree of torsion and the measured SCUBE-1 levels, we showed 
that serum SCUBE-1 levels were elevated within 48 hours after the 
clinical onset of the disease. Hence, we suggest that SCUBE-1 might 
be a valuable marker in acute OT cases. However, the AUC value of 
0.68 (95% CI, 0.50–0.87) detected in the ROC analysis indicated that 
SCUBE-1 had a poor discriminatory power as a diagnostic test for OT. 
This weakness may have been due to the small number of OT pa-
tients or variations in the duration and severity of the disease in our 
study. 

Several studies have shown that some serum biomarkers, such as 
serum d-dimer, IL-6, IL-8, tumor necrosis factor-alpha (TNF-α), heat 
shock protein 70, and ischemia-modified albumin, can play a role in 
the early detection of OT [7,27-29]. Kart et al. [29] studied the diag-
nostic value of plasma d-dimer levels in an experimental rat OT mod-
el and found a significant correlation between plasma d-dimer levels 
and the histopathological damage scores of ovarian injuries. Cilgin et 
al. [28] investigated the role of serum heat shock protein 70 in a rat 
model and suggested that levels of this protein seemed to be a use-
ful serum marker for the early detection of OT. Aran et al. [7] showed 
that serum ischemia-modified albumin levels were correlated with 
the histological scores of the specimens in an experimental rat OT 
model. In our previous experimental rat study, we detected an in-
crease in several oxidative stress parameters (total oxidant status, 
paraoxonase, and lipid hydroperoxide) and TNF-α levels. We also 
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found that these markers were correlated with the histopathological 
damage scores of ovarian injuries [25].

We chose to study SCUBE-1, a new ischemic marker, during the ear-
ly stages of OT and found that it may be a useful marker for making 
an early diagnosis. However, this study had some limitations. First, 
the number of subjects included was relatively low because an OT is 
a very rare condition. Second, we did not present data on the levels 
of other ischemic markers, such as ischemia-modified albumin and 
malondialdehyde. Third, no data were obtained regarding time-de-
pendent changes in SCUBE-1 levels and oxidative stress parameters. 

Although many studies on OT have been case reports or experi-
mental studies, we used a prospective study design, and the charac-
teristics of the patients (age, marital status, and relative torsion time) 
were homogeneous in the study groups. In addition, this is the first 
study to evaluate SCUBE-1 levels in OT patients. These represent 
some of the strengths of our study.

In conclusion, we showed that elevated serum SCUBE-1 levels may 
be an acute ischemic marker in patients with OT. In addition, SCUBE-1 
levels can be used effectively to support the early diagnosis of OT. 
However, we believe that further clinical research is required to vali-
date our findings, to improve their implementation in practice, and 
to shorten the delay in the diagnosis of OT. 
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