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Öz
Amaç: Bu çalışmanın amacı geç başlangıçlı preeklampside serum kathepsin B, D ve L düzeylerini değerlendirmektir.
Gereç ve Yöntemler: Çalışmaya 100 preeklamptik ve 40 sağlıklı olmak üzere 140 gebe hasta dahil edildi. Kathepsin B, D ve L serum düzeyleri ölçülerek, 
preeklamptik ve kontrol grupları arasında karşılaştırıldı.
Bulgular: Serum kathepsin B ve D düzeyleri preeklamptik grupta kontrol grubu ile karşılaştırıldığında anlamlı olarak daha yüksek saptandı. Kathepsin L 
düzeyleri açısından gruplar arasında istatistiksel olarak anlamlı bir fark yoktu. Kathepsin B düzeyleri şiddetli preeklampsi bulguları olan kadınlarda diğer 
preeklamptik olgularla karşılaştırıldığında istatistiksel olarak anlamlı daha yüksek bulundu.
Sonuç: Geç başlangıçlı preeklampsili kadınlarda serum kathepsin B ve D düzeyleri kontrol ile karşılaştırıldığında anlamlı olarak daha yüksekti. Geç 
başlangıçlı preeklampside kathepsin B ve D umut verici biyobelirteçler olabilir.
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Abstract

Objective: The aim of the study was to assess serum cathepsin B, D, and L concentrations in women with late-onset preeclampsia.
Materials and Methods: One hundred forty pregnant women were enrolled in the study, of which 100 subjects were preeclamptic and 40 were healthy 
controls. Serum concentrations of cathepsin B, D, and L were measured and compared between the preeclamptic and control groups. 
Results: Cathepsin B and D concentrations were significantly higher in the preeclamptic group compared with the control group. There was no statistically 
significant difference between the groups in terms of cathepsin L concentrations. Cathepsin B concentrations were significantly higher in women with 
preeclampsia with severe features compared with those with preeclampsia alone. 
Conclusion: Women with late-onset preeclampsia have significantly higher serum cathepsin B and D concentrations than controls. Cathepsin B and D may 
be promising biomarkers in women with late-onset preeclampsia.
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Introduction

Cathepsin proteases have been suggested to be involved in a 
variety of cellular processes such as apoptosis, angiogenesis, 
cell proliferation, and invasion(1). The important roles of 
cathepsins have been implicated in normal and abnormal 
placentation;(1) however, research on the serum concentrations 
of cathepsins in preeclampsia is limited.

Preeclampsia is one of the leading causes of maternal-fetal 
morbidity and mortality, affecting approximately 3-5% of 
all pregnancies(2). Determining late-onset preeclampsia, 
which is more common than the early-onset preeclampsia,(2) 
and identification of high risk individuals may be helpful 
for close monitoring and to minimize adverse outcomes in 
clinical practice. The aim of the study was to assess serum 
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cathepsin B, D, and L concentrations in women with late-
onset preeclampsia and to determine the impact of cathepsins 
with regard to the presence of severe features.
Cathepsin B and L are cysteine proteases that have important 
roles in placental development and in the physiology of 
normal and pathologic conditions. Cathepsin B is reported 
to be predominantly located in placental and decidual 
macrophages, which may be important in mediating villous 
angiogenesis and decidual apoptosis, and cathepsin L is found 
to be expressed in invasive cytotrophoblasts(1). Both cysteine 
proteases are determined to have critical roles during normal 
placentation and in the etiology of preeclampsia(1). Cathepsin 
D is an aspartic protease that participates in the trophoblast 
invasion process,(3) and the contribution of cathepsin D is 
also suggested in the pathogenesis of preeclampsia(4,5).
However, there are a limited number of studies that evaluated 
serum concentrations of cathepsins in preeclamptic women 
and the studies had small sample sizes. Additionally, to our 
knowledge this is the first study to evaluate serum cathepsin 
B, D, and L concentrations in late-onset preeclampsia.

Materials and Methods

After obtaining written informed consent from all participants, 
one hundred forty pregnant women were enrolled in the 
study, of which 100 subjects were preeclamptic (late-onset 
preeclampsia diagnosed at ≥34 weeks gestation) and 40 were 
healthy controls. The study protocol was approved by the 
Marmara University Ethics Committee (approval number: 
09.2017/411). 
Preeclampsia and severe features were defined according 
to current recommendations based on the 2013 American 
College of Obstetricians and Gynecologists’ consensus 
guidelines(6). The common inclusion criteria for both 
groups were: singleton pregnancy at ≥34 weeks gestation, 
normal fetal morphology, non-smoking, and the absence of 
concomitant disease. 
Serum concentrations of cathepsin B, D, and L were measured 
using an enzyme-linked immunosorbent assay (ELISA) by 
using the human cathepsin B, D, (Elabscience, Houston, TX) 
and L (Invitrogen, Carlsbad, CA) ELISA kits according to the 
manufacturer’s instructions and then compared between the 
preeclamptic and control groups.

Statistical Analysis

All data were analyzed using the Statistical Package for 
the Social Sciences 20.0 for Windows program (IBM SPSS 
Statistics for Windows, Version 20.0. Armonk, NY: IBM 
Corp). The distribution of data was measured using the 
Kolmogorov-Smirnov test. Data are presented as mean ± 
standard deviation or n (%). Student’s t-test was used for 
comparisons of means, and the chi-square test was used 
to compare categorical variables between the two groups, 
as appropriate. Pearson’s correlation test was used for the 

correlation analyses. The receiver operating characteristics 
(ROC) curve of cathepsin B in predicting severe preeclampsia 
was analyzed. The results were considered significant if p 
values were <0.05, and highly significant if p<0.01. 

Results

One hundred forty pregnant women were enrolled in the 
study, of which 100 subjects were preeclamptic (late-onset 
preeclampsia diagnosed at ≥34 weeks’ gestation) and 40 were 
healthy controls. Twenty-six subjects in the preeclamptic 
group had severe features.
Cathepsin B concentrations were significantly higher in 
the preeclamptic group compared with the control group 
(4.24±3.51 ng/mL vs. 2.04±1.97 ng/mL, respectively; 
p<0.001). Cathepsin D concentrations were significantly 
higher in the preeclamptic group compared with the control 
group (4.97±1.24 ng/mL vs. 4.20±1.65 ng/mL, respectively; 
p<0.01). There was no statistically significant difference 
between the groups in terms of cathepsin L concentrations 
(Table 1). 
There were no statistically significant differences between the 
groups in terms of age, body mass index, and gestational age. 
Systolic and diastolic blood pressures and serum uric acid 
concentrations were significantly higher in the preeclamptic 
group (Table 1). The mean value for 24-hour urine protein 
in the preeclamptic group was 2980.12±2516.33 mg/24 
h. Cathepsin B concentrations were found to be positively 

Table 1. Clinical and biochemical characteristics of the groups

Preeclampsia 
n=100

Control 
n=40

p

Age (years) 29.93±6.03 28±6.60 0.099

Gestational age 
(weeks)

36.52±1.89 37.12±1.45 0.072

BMI (kg/m2) 31.42±4.51 30.13±4.06 0.118

Nulliparous n (%) 52 (52) 23 (57.5) 0.556

Systolic blood 
pressure (mm/Hg)

153.27±14.41 117.97±12.20 <0.001a

Diastolic blood 
pressure (mm/Hg)

97.38±10.03 72.80±10.40 <0.001a

Uric acid (mg/dL) 5.62±1.56 4.60±1.15 <0.001a

Cathepsin B (ng/
mL)

4.24±3.51 2.04±1.97 <0.001a

Cathepsin D (ng/
mL)

4.97±1.24 4.20±1.65 0.003a

Cathepsin L (ng/
mL)

2.54 ±1.38 2.19±0.73 0.131

Values are expressed as mean ± standard deviation or n (%), BMI: Body mass index
ap<0.01. 
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correlated with uric acid concentrations (r=0.343, p<0.01) in 
women with preeclampsia. Cathepsin B concentrations were 
significantly higher in women with preeclampsia with severe 
features (n=26) compared with those with preeclampsia 
alone (6.89±3.51 ng/mL vs. 3.31±3.02 ng/mL, respectively; 
p<0.001). The ROC curve of cathepsin B in predicting severe 
preeclampsia was analyzed. The area under the curve of 
cathepsin B was 0.81 (95% CI: 0.71-0.90) and the optimal 
cut-off level was 4.71 ng/mL, yielding 85% sensitivity and 
74% specificity. 

Discussion

Preeclampsia is a multifactorial clinical state that adversely 
affects several vital organs and increases the morbidity and 
mortality of both the fetus and the mother(7-9). Although there 
is growing evidence and there are many theories addressing 
its heterogeneous nature, the pathogenesis is not yet fully 
understood(7-9).
The aim of the study was to evaluate cathepsin concentrations 
in women with late-onset preeclampsia and to determine the 
impact of cathepsins with regard to the presence of severe 
features. To our knowledge, this is the first study to emphasize 
the importance of cathepsin B, D, and L serum concentrations 
in women with late-onset preeclampsia.
In our study, we found significantly higher serum 
concentrations of cathepsin B and D in the preeclamptic 
group compared with the control group; however, cathepsin 
L concentrations were similar between the two groups. 
Moreover, cathepsin B concentrations were found to be 
positively correlated with uric acid concentrations in women 
with preeclampsia. Our data also indicate that cathepsin B 
concentrations were significantly higher in women with 
preeclampsia with severe features compared with those with 
preeclampsia alone, emphasizing the importance of cathepsin 
B in women with preeclampsia and in the subgroup of 
preeclamptic women with severe features.  
Cysteine cathepsins are lysosomal peptidases that 
comprise cathepsin B and cathepsin L, which have many 
physiologic roles in different organs and tissues including 
cancer progression, tumor proliferation triggers, invasion, 
and metastasis,(10,11) and it has been demonstrated that 
abnormal concentrations and activities may correlate with 
various physiologic processes and human diseases, such 
as neurodegenerative disorders,(12) regulation of apoptosis, 
immune responses, inflammatory diseases,(13) cancer,(11,14,15) 
psoriasis,(16) and cardiovascular(17,18) and kidney diseases(19).
In a study evaluating serum concentrations of cathepsin B 
and L that included 40 women with preeclampsia and 38 
women as controls, higher concentrations of cathepsin B 
and L were reported in women with preeclampsia; however, 
no statistically significant difference was reported between 
women with severe preeclampsia compared with subjects 
with mild preeclampsia(20). The distribution and abnormal 

expression concentrations of cysteine cathepsins were also 
reported in preeclamptic placentas indicating their important 
roles during normal placentation and in the etiology of 
preeclampsia(1).
Circulating concentrations of cathepsin B and D were 
determined in a cohort of 72 pregnant women in which 25 
were preeclamptic and 47 were normotensive. In accordance 
with our study, cathepsin B concentrations were found to be 
significantly increased in preeclamptic women, whereas in 
contrast to our data, no significant difference was found in 
cathepsin D concentrations between the preeclamptic and 
control groups, and no correlation was found between the 
cathepsin concentrations and the severity of preeclampsia(21). 
The differential expression or aberrant release of cathepsin 
proteases from trophoblasts or other types of cells were 
suggested to have a key role in the pathophysiology of 
preeclampsia(21).
Cathepsin D is a lysosomal aspartic proteinase that plays a 
key role in protein degradation and in apoptotic processes 
that are induced by oxidative stress, cytokines, and aging(22). 
Few studies have evaluated the impact of cathepsin D in 
women with preeclampsia. In a study evaluating cathepsin 
D activity in the umbilical cord, it was reported that 
preeclampsia was associated with a reduction in the activity 
of cathepsin D in human umbilical cord(5). The placentas of 
preeclamptic subjects were also evaluated by Kim et al.,(23) 
and an overexpression of cathepsin D in the placentas 
from preeclamptic patients was demonstrated suggesting 
a trigger of apoptosis. In another study, circulating serum 
concentrations of cathepsin D were found to be significantly 
lower in the preeclamptic group (n=15) than in normotensive 
pregnancies (n=35) and also similar to those in non-pregnant 
healthy patients (n=20); however, a limited number of 
preeclamptic cases were included in the study and further 
studies with larger sample sizes were suggested(4). In our 
study, we found that serum cathepsin D concentrations were 
significantly higher in the preeclamptic group compared with 
the control group.

Study Limitations

The limitation of the study is its small sample size. Further 
studies with larger sample sizes are needed.

Conclusion

This is the first study to demonstrate the impact of cathepsin B, 
D, and L on late-onset preeclampsia. There are few previously 
published studies with small sample sizes that have reported 
conflicting results about the importance of cathepsins in the 
pathogenesis of preeclampsia. The present study shows that 
women with late-onset preeclampsia have significantly higher 
serum cathepsin B and D concentrations than controls, and 
cathepsin B concentrations are even higher in the subgroup of 
preeclampsia that has severe features. In summary, the study 
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suggests that cathepsin B and D may be promising biomarkers 
in women with late-onset preeclampsia. Moreover, cathepsin 
B may be useful in early identification of preeclamptic women 
with severe features.
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