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Abstract
Objective: Parkinson’s disease protein 7 (PARK7/DJ-1) is an important antioxidant multiprotein against inflammation and oxidative stress. We therefore
planned this study to demonstrate the association between maternal PARK7 levels and the occurrence of preterm premature rupture of membranes
(PPROM).
Materials and Methods: We enrolled 80 pregnant women; 50 PPROM patients and 30 healthy controls, into this cross- sectional study between the 24th
and 36th gestational weeks. Furthermore, we measured serum PARK 7 levels using enzyme-Linked immunosorbent assay method.
Results: Plasma PARK7 levels were higher in PPROM patients compared to those in the healthy controls (p<0.001). With a cutoff value of 2.57 pg/mL;
PARK 7 had a 92% sensitivity, 86% specificity, 88% positive predictive value and 83% negative predictive value (p<0.01) for PPROM. PARK7 had positive
correlation with blood leukocyte levels (p<0.001), C-reactive protein levels (p<0.001), and negatively correlated with birth weight and birth week.
Conclusion: PARK 7 is overexpressed in PPROM patients. Due to its anti-inflammatory and antioxidant properties, PARK7 may be a novel marker in better
understanding the pathophysiology and prediction of the prognosis PPROM. Further large-scale studies are needed.
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Öz
Amaç: Parkinson hastalığı protein 7 (PARK7) enflamasyon ve oksidatif strese karşı önemli bir antioksidan multiproteindir. Bu çalışmayı preterm prematüre
membran rüptürü (PPROM) hastalarında maternal PARK (DJ-1) düzeyini araştırmak için tasarladık.
Gereç ve Yöntemler: Kesitsel çalışmaya 24-36. gebelik haftaları arasında 50 PPROM ve 30 sağlıklı kontrol hastası olmak üzere toplamda 80 hasta dahil
edildi. Enzim-Bağlı immünosorbent tahlili yöntemiyle maternal serum PARK 7 seviyeleri ölçüldü.
Bulgular: PPROM hastalarında sağlıklı kontrollere göre plazma PARK7 düzeyleri daha yüksekti (p<0,001). PARK7, kanda lökosit düzeyleri (p<0,001), CRP
düzeyleri (p<0,001) ile pozitif, doğum ağırlığı ve doğum haftası ile negatif korelasyon gösterdi.
Sonuç: PARK 7, PPROM hastalarında aşırı eksprese edilmektedir. Anti-enflamatuvar ve antioksidan özelliklerinden dolayı PARK7, PPROM patofizyolojisini
ve prognozunu öngörmede yeni bir belirteç olabilir. Daha geniş çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Preterm prematür membran rüptürü (PPROM), oksidatif stres, enflamasyon, Parkinson hastalığı protein 7 (PARK 7), DJ-1

PRECIS: Maternal serum PARK7 levels are elevated in PPROM patients. PARK 7 levels can be combined with WBC, CRP, PCT in PPROM followup.
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Introduction
As the cause of approximately one-third of preterm births,
preterm premature rupture of membranes (PPROM), has an
incidence of 3% of all pregnancies. PPROM is defined as the
rupture of the amniotic membrane which leads to leakage of
amniotic fluid before 37 weeks of gestation(1). Although risk
factors like history of PPROM in previous pregnancies, second or
third trimester vaginal bleeding, vitamin deficiency, connective
tissue diseases, smoking, alcohol use, low body mass index
(BMI), diabetes mellitus are known, the etiopathology is not
fully understood. Besides, PPROM cannot be predicted(2-4). The
complications associated with PPROM include chorioamnionitis
(CA), oligohydramnios, prematurity, and intrauterine death(5,6).
Among the predisposing factors, the most potential risk factor
is infection and inflammation. Infection leads to releasing of
proinflammatory cytokines from amniotic membrane and
decidua(7). Infection is seen with a frequency of 15%-25% in
the antepartum period and 15%-20% in the postpartum period
in PPROM patients(8). The aim of the follow-up period is to
monitor closely the clinical signs of infection and then deciding
the time of active labor with close monitoring of signs of CA
until reaching the 34th week of gestation, if possible.
Currently, there are no accepted diagnostic markers predicting
the risk of CA. White blood cell count (WBC), C-reactive
protein (CRP), Procalcitonin (PCT), interleukin-6 (IL-6),
fasting blood glucose and heat-shock proteins are the most
studied markers(9-11). WBC increases physiologically during
gestation and is increased further with exogenous antenatal
steroids administered. Thus, its value in CA clinical diagnosis is
limited. CRP, another marker increased physiologically during
pregnancy, has limited value in the clinical practice of CA
because it increases in the late period of the infection. PCT is an
acute phase reactant that shows monocyte activity and does not
increase in normal pregnancy. Many studies are inconsistent
with its predictive power for CA(12-14).
PARK 7, also known as Parkinson’s disease protein 7 (PARK7/
DJ-1), has the gene on the short arm of chromosome 1
(1p36.12- 1p36.33), and was first identified with Parkinson’s
disease(15,16). It has been identified in more than 20 tissues
including fetal membranes and placenta, and its main role is to
provide cellular protection against oxidative stress(17). In neural
tissue, it is responsible for astrocyte activation during oxidative
stress, regulating genes such as glutamate cysteine ligase,
extracellular superoxide dismutase (SOD3) or manganese
superoxide dismutase(18).
PARK-7 expression increases especially in sepsis, in
concordance with its role in impairing bacterial clearance with
decreasing ROS production(19). The increased PARK-7 binds to
p47phox, a critical component of NADPH, thereby disrupting
the NADPH oxidation complex. PARK-7 performs this function
by facilitating Nox2 (gp91phox) ubiquitination(19). Macrophage
and concurrent cytokine stimulation from the bone marrow due
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to increased endotoxin levels secondary to infection increases
DJ-1 mRNA and protein expression(20).
To this respect, we hypothesized that PARK-7 expression and
its maternal serum levels in PPROM patients should be higher.
In this pilot study, we investigated the efficacy of measuring
PARK7 levels in maternal serum in subclinical infections such
as PPROM without CA.

Materials and Methods
This cross-sectional study was carried out in the Samsun
Training and Research Hospital between January 1, 2019 and
January 1, 2020. The study was approved by the Local Ethics
Committee with the approval number of CAEK 2019/2/13 in
accordance with the 2003 Helsinki Declaration. We enrolled
80 pregnant women between 24 and 34 weeks gestation: 50
women with a history of PPROM were included in the study
group while 30 women with healthy pregnancy course were
accepted as healthy controls.
The gestational age (GA) of patients were confirmed with the last
menstrual period and Crown-rump length. PPROM diagnosis
was made based on the patient’s history, vaginal speculum
assessment and sonographic evaluation of the amniotic fluid
and for indecisive cases, sampling from vaginal fluid was made
with Amnisure (Qiagen, Germany).
Any
chronic
systemic
disease
(pregestational
or
gestational diabetes, hypertension, preeclampsia, hypohyperparathyroidism, hepatitis, asthma, cardiac pathologies
and renal disease), any cervical dilatation in administration,
presence of placental abnormalities (placenta previa, morbidly
adherent placenta), cerclage presence in cervix, any acute
infection symptoms, emergent labor indication such as nonstress test. Abnormality or abruption of placenta, and presence
of fetal anomalies were excluded from the study.
After admission to inpatient clinics, urine cultures and rectovaginal Beta Streptococcus cultures were obtained from
all patients. Serum Park-7 levels measured at the time of
admission to the hospital, no more than 12 hours after the
PPROM diagnosis. Besides, Park-7 level is measured before
administration of antibiotics, steroids or magnesium sulfate.
Routine prophylactic antibiotics were started (for 48 hours
IV ampicillin and oral azithromycin for 6 days, and then oral
ampicillin until labor) All PPROM patients received two doses
of betamethasone treatment 24 hours apart for antenatal lung
maturation. For fetal neuroprotection, intra-venous 4 g loading
dose in 15 minutes continued by 1 g/hour magnesium sulfate
was given for patients under 32 weeks of gestation for 24 hours.
Patients were monitored closely with daily WBC, PCT and CRP
for CA risk.
CA was diagnosed in the presence of at least three of the
following symptoms: fever (≥38 °C), vaginal discharge, maternal
tachycardia (>100 beats/min), fetal tachycardia (>160 beats/
min), abdominal pain, uterine tenderness, and leukocytosis(21).
Pregnancy termination was performed in patients diagnosed
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with CA and placenta was sent to pathology for histopathological
confirmation of diagnosis.
Patients without inevitable labor, without a sign of CA and
amniotic fluid index ≥5 were followed-up until 34 week of
gestation and then delivered.
Biochemical Analysis
Serum procalcitonin, CRP and WBC count were measured in
the first day of admission to inpatient clinics. WBC level was
determined with the Sysmex XP-300(®) kit. Hematology
Analyzer (Sysmex, America, Inc.) CRP was measured using
the immunoturbidimetric assay. Pars Azmin, Tehran, Iran)
Procalcitonin value was measured with BRAHMS PCT kit
(Roche Diagnostic, Mannheim, Germany). A serum level equal
to or greater than 2 ng / mL was considered positive for CA(7).
We collected 5 cm3 of maternal serum after 12 hours of fasting
on the first day of hospitalization in a biochemistry tube. Then,
we centrifuged it at 1000 rpm and 2 °C-8 °C temperature for
15 minutes. The supernatant of the serum was placed in 1.5 mL
Eppendorf tubes and stored at -80 °C. Maternal serum plasma
PARK 7 level was measured using the ELISA kit, following the
manufacturer’s instructions (Recombinant Human PARK7/DJ-1
Protein (His Tag); catalog no: PKSH030826, Cusabio Biotech
Co. Ltd. China).
Statistical Analysis
Data was analyzed using the Statistical Package for the Social
Sciences version 20 (SPSS Inc). The distributions of all the
continuous variables were tested using the KolmogorovSmirnov test. The variables with normal distribution were
compared between two groups using an independent samples
t-test, and were compared among more than two groups using
ANOVA.
The results were expressed as the mean ± standard deviation.
The Mann-Whitney U test was used to analyze the nonnormally
distributed variables involving two groups, while the KruskalWallis test was used to analyze variables involving more than
two groups, and the results were expressed as median and
interquartile range. If the values were significantly different
in the Kruskal-Wallis test and ANOVA, then, the Bonferroni-

adjusted Mann-Whitney U and Tukey-Kramer Post-hoc tests
were performed, respectively.
The chi-squared test was used to compare the categorical
variables, and data obtained were presented as proportions.
The correlations were assessed using Spearman’s correlation
coefficient, along with their related p-values. A two-tailed
p-value of less than 0.05 was considered statistically significant.

Results
The demographics and laboratory results of the patients are
demonstrated in Table 1. There was no difference in maternal
age, BMI, and GA between the PPROM and control groups.
WBC accounts, serum CRP levels, and serum PARK 7 levels
were significantly higher in the study group (p<0.01) (Figure
1).
GA at birth, birth weight and Apgar scores were significantly
lower in the PPROM group (Table 2).
With a cutoff value of 2.57 pg/mL; PARK 7 had 92% sensitivity.
86% specificity, 88% positive predictive value and 83% negative
predictive value (p<0.01) for PPROM. Receiver operating
characteristic curve of PARK 7 for prediction of PPROM is
demonstrated in Figure 2.
PARK 7 negatively correlated with GA at birth, birth weight,
10th minute Apgar scores (p<0.01), and positively correlated
with WBC and serum CRP levels (p>0.05) (Table 3).

Discussion
PARK 7 is overexpressed in PPROM patients and a cutoff
value of 2.57 pg/mL seemed to have a high sensitivity and
specificity for predicting PPROM. Due to its anti-inflammatory
and antioxidant properties, PARK7 could be considered a
novel marker in better understanding the pathophysiology and
prediction of the prognosis of PPROM.
PARK 7, denominated after the discovery of familial Parkinson’s
disease, proves to be an important antioxidant stress regulator
especially in hypoxia-induced cellular response(22). It protects
endothelial cells, macrophages, fibroblast cells, neurons,
and pancreatic islet cells against oxidative stress in high

Table 1. The basic characteristics and laboratory parameters
Parameters

PPROM n=50

Control n=30

Age (years)

31.9±3.2

31.5±4.2

0.84

BMI, (kg/m )

27.9±1.9

27.6±2.1

0.89

GA, sampling, (w)

28.9±1.9

29±1.7

0.75

WBC, On admission (count/mL)

12.4±2.6

9.5±1.9

<0.001

CRP, On admission (mg/dL)

13.4±4.1

6.3±2.1

<0.001

PCT, On admission (ng/mL)

0.52±0.41

0.50±0.35

0.43

PARK 7 values (pg/mL)

4.83±1.78

2.05±0.44

<0.001

2

p-values

PPROM: Premature rupture of membrane, BMI: Body mass index, GA: Gestational age, W: Week, WBC: White blood cells, CRP: C-reactive protein, PCT: Procalcitonin, SD: Standard
deviation Data are expressed as median (interquartile) or mean (± SD). p-value <0.05 is significant
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Figure 2. Receiver operating characteristic (ROC) curve of PARK 7
for prediction of PPROM

Figure 1. PARK 7 levels according to the groups

Table 3. Correlation analyses between maternal serum PARK 7 and
clinical parameters

Table 2. Perinatal outcomes
Outcomes

PPROM
n=50

Control
n=30

p-values

PARK 7 n (50)
PPROM 					r

GA at birth (w)

30.3±2.3

39.3±1.1

<0.001

Age

-0.04

0.74

Birth weight (g)

1598±543

3272±198

0.009

BMI

-0.19

0.18

1-min Apgar score

5.8 (4-8)

8 (6-10)

<0.001

GA at sampling

-0.07

0.59

5-min Apgar score

8.5 (6-10)

9.2 (8-10)

<0.001

GA at birth

-0.5

0.001

Birth weight

-0.49

0.001

Apgar 5

-0.07

0.58

Apgar 10

-0.45

0.001

WBC

0.29

0.039

CRP

0.57

0.001

PCT

0.17

0.23

PPROM: Premature rupture of membrane, GA: Gestational age

oxidative stress conditions such as Hydrogen peroxide (H2O2),
6-hydroxydopamine and high glucose(23).
The mean range of serum PARK-7 levels in healthy individuals
differs from study to study. In a study for chronic pancreatitis
and pancreatic cancer, healthy controls had a mean level of
0.6236 (0.4221-2.0) ng/mL(24). In two studies conducted for
Parkinson’s disease (PD), serum concentrations of PARK-7 were
found at 18.1(±12.8) ng/mL and 2.49 (±0.60) ng/mL, and in
both studies, no significant difference was observed in serum
levels between PD and controls(25,26).
PARK-7 is stained immunohistochemically in the
syncytiotrophoblast, cytotrophoblasts, vascular endothelial
cells, and stroma, and the immunoreactivity is found to be
higher in the syncytiotrophoblast of preeclamptic placentas
compared to healthy placentas(27).
According to the aforementioned studies, PARK-7 seems to
increase in diseases associated with inflammation and hypoxia
induced cells such as pancreatitis pancreatic cancer, and
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r: Spearman’s coefficient. p values <0.05 is considered statistically significant

preeclampsia, but serum level does not differ in PD, where
expression is increased in neural tissue(26).
The main events attributed to the physiopathology of PPROM:
inflammation, infection, oxidative stress and collagenolytic
enzyme activation resulting impaired apoptosis of fetal
membranes(28).
Increased mitochondrial activity and ROS production against
oxidative stress induces PARK 7, which has increased expression
in severe preeclampsia in patients with defective trophoblastic
invasion in the placenta(29,30).
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On the other hand, there must be a balanced matrix metalloproteinase (MMP)/(tissue inhibitor of metallo-proteinase)
TIMP system is involved in the production of collagen, which
is necessary for membrane health(31). PARK 7 down-regulation
decreases the expression of MMP 2 and MMP 9(32). To this
respect, PARK-7 overexpression is expected in PPROM in
which the MMP system is over-expressive. In this study, with a
cutoff value of 2.57 pg/mL; PARK 7 had 92% sensitivity. 86%
specificity, 88% positive predictive value and 83% negative
predictive value (p<0.01) for PPROM.
Limited studies on PARK 7 were conducted in pregnancy and
most of them focused on migration, cellular adhesion, and
invasion in trophoblasts(30,32). Especially, it is more expressed
from syncytiotrophoblast and cytotrophoblast cells in the 1st
trimester than the 3rd trimester(32). In humans, fetal membranes
play a role both during normal birth and in PPROM. Studies
have not yet clearly defined how this balance is disturbed
in PPROM, but proteases can activate MMPs with infection
or inflammation of membranes thereby causing collagen
catabolism and membrane rupture. PARK-7 levels were found
to be positively correlated with WBC and serum CRP levels,
consistent with the aforementioned hypothesis. After rupture
of membranes, subclinical infection and inflammation rate
increases with time, and this may increase serum PARK-7
levels(19). In our study, we measured PARK-7 levels not more
than 12 hours after diagnosing PPROM. Therefore, the effect
of possible infection and inflammation on PARK-7 levels is
minimized.
Study Limitations
Limitations of this study included small sample size and lack
of follow-up of serum WBC, CRP and PARK-7 levels that we
cannot conclude the rise of PARK-7 is limited to antenatal
period.

Conclusion
To date, the relationship between plasma PARK-7 levels in
healthy pregnancy and PPROM was unknown. To the best
of our knowledge, this is the first study evaluating maternal
serum PARK7 levels in PPROM patients. PARK 7 levels can be
combined with WBC, CRP, PCT in the follow-up of PPROM.
Further studies with large series are warranted to confirm these
findings.
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