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Abstract

Purpose To compare the circulating levels of cathepsins B

and D in preeclamptic and normotensive pregnancies.

Methods Seventy-two pregnant patients were enrolled in

this study. Of the 72 pregnant patients, 25 were

preeclamptic and 47 patients were normotensive. Serum

levels of soluble cathepsins B and D were measured with

an enzyme-linked immunosorbent assay (ELISA) kit.

Results Cathepsin B levels were significantly higher in

preeclamptic women than normotensive pregnant women

(125.9 vs. 41.9 ng/mL; p = 0.013). The serum levels of

cathepsin D were lower in preeclamptic women, but the

differences were not significant (129.3 vs. 200.9 ng/mL;

p = 0.077). However, cathepsin B and D levels were not

correlated with severity of preeclampsia and small for

gestational age. The serum levels of cathepsin D were

inversely correlated with uric acid in preeclamptic patients

(r = -0.527; p = 0.03).

Conclusion The serum levels of cathepsin B levels were

increased significantly in preeclamptic women. Correlation

with severity of preeclampsia needs further investigation to

clarify the role of cathepsin B.
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Introduction

Preeclampsia (PE) is a gestational multisystem disease that

affects 3–5 % of pregnancies. It remains one of the most

challenging diseases in obstetrics worldwide, with

increased maternal and neonatal morbidity and mortality.

Perinatal consequences include stillbirth, preterm delivery,

fetal growth restriction (FGR), neonatal complications, and

later sequelae [1]. Although there has been a boom of

research on PE, the etiology and pathophysiology are still

debatable and need to be clearly established. Placental

abnormalities, oxidative stress, endothelial dysfunction,

inflammation, and immunity are all thought to be involved

in disease progression [2].

Normal placentation requires interactions between fetal-

derived trophoblast cells and maternal decidualizing uter-

ine stroma. The invasiveness of trophoblast cells depends

on the production of proteases, particularly matrix metal-

loproteases (MMP), plasminogen activators, and cathepsins

[3, 4]. In PE, endovascular trophoblast invasion is restric-

ted to the peripheral, decidual segments of the spiral

arteries, leading to incomplete modification of maternal

spiral arteries and less placental perfusion. Abnormal

expression of proteinases, such as cathepsins, may con-

tribute to this syndrome.

The cathepsin proteases are major lysosomal enzymes

that are important for placental development, in mice [5] as

well as humans [6, 7]. In general, these enzymes are

involved in protein degradation and processing, and have

been implicated in a variety of cellular processes, such as

apoptosis, angiogenesis, cell proliferation, and invasion [6].

They also play essential physiological roles in antigen

presentation, bone remodeling, and epidermal homeostasis,

and several family members are associated with tumor

development and progression [8, 9].
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Cathepsin proteases include the cysteine proteases

cathepsin B (CB) and cathepsin L (CL), as well as aspartyl

protease cathepsin D (CD). CB is predominantly located in

placental and decidual macrophages and trophoblasts,

indicating that it may play a role in mediating trophoblast

invasion, villous angiogenesis, and decidual apoptosis [6].

CD is the most significant aspartic protease and is widely

distributed in animal and human cells. It is reportedly

correlated with invasion and phagocytic activity in rodent

trophoblasts [10]. Several studies on animal studies have

indicated the roles of CB and CD in normal and pathologic

placentation [5, 10, 11]. However, research on changes in

serum concentrations of cathepsins in PE in humans is

limited, although one study reported significantly elevated

serum levels of CB and CL in PE [12].

In the present study, we compared the circulating levels

of CB and CD in preeclamptic and normotensive preg-

nancies to further elucidate the etiology and pathophysi-

ology of PE.

Materials and methods

A cross-sectional cohort study of patients with

preeclampsia at Kang Dong Sacred Heart hospital was

conducted from September 2011 and May 2015. We ana-

lyzed blood samples from 72 patients with normotensive

pregnancies (n = 47) and PE (n = 25). Patients were

recruited from the Department of Obstetrics and Gyne-

cology, Kang Dong Sacred Heart Hospital in South Korea.

The normotensive women had no signs of gestational

complications or fetal distress, and all of the delivered

healthy babies were of appropriate size for gestational age.

One sampling was each taken in the third trimester for the

normotensive and preeclamptic pregnant patients. For the

preeclamptic patients, samples were taken at admission

immediately following the diagnosis of disease onset and

before the use of intravenous magnesium.

PE was defined as gestational hypertension [systolic

blood pressure (SBP) C140 mmHg or diastolic blood

pressure (DBP) C90 mmHg] arising after 20 weeks of

gestation on at least two occasions (4 h to 1 week apart)

with proteinuria (C300 mg in a 24-h urine collection or one

dipstick measurement C1?) [13]. The preeclamptic

patients were divided into subgroups according to clinical

manifestations [i.e., the presence and severity of small-for-

gestational-age (SGA) infants]. Severe PE was defined as

the presence of one or more of the following criteria: blood

pressure [160/110 mmHg, proteinuria C2 g/day, throm-

bocytopenia, elevated liver enzymes, low platelet (HELLP)

syndrome, and FGR. SGA was defined as an infant whose

birth weight was below the tenth percentile for gestational

age. All of the patients were non-smokers. We excluded

patients with multiple gestations, chronic hypertension,

diabetes, nephritic syndrome, thyroid diseases, other

metabolic disorders, fetal anomalies, or isolated SGA.

Immediately after collecting 2 mL of blood from each

patient, the serum was centrifuged at 2500 rpm for 10 min

at room temperature and stored at -70 �C until analysis,

with only one freeze/thaw cycle for allocation of sample

aliquots. Serum levels of CB and CD were determined

using enzyme-linked immunosorbent assay kits (ELISA;

CB: ABCAM, Cambridge, UK; CD: Abnova, Taipei,

Taiwan) according to the manufacturer’s protocol. Samples

from each patient were measured in parallel and in

duplicate to avoid interassay variance. According to the

manufacturer’s specifications, the assay range was

156–10,000 pg/mL, and the average sensitivity for CB was

5 pg/mL. For CD, the assay range was 156–10,000 pg/mL,

and the average sensitivity was 10 pg/mL. All of the sub-

jects provided informed consent prior to sample collection.

This study was approved by the Institutional Review Board

at the Kang Dong Sacred Heart Hospital, Hallym

University.

Statistical analysis

We calculated 28 patients with preeclampsia appropriate

with power of 80 %, ratio of unexposed to exposed of 2

and 5–10 % of prevalence of preeclampsia among the

unexposed. Statistical analysis was performed with the

SPSS for Windows software package (ver. 21.0; SPSS Inc.,

Chicago, IL, USA). All of the measured values are pre-

sented as medians and interquartile range. Comparisons

were performed using the non-parametric Mann–Whitney

U test, and the correlations between parameters were

analyzed using Spearman’s rank correlation coefficient,

with p values less than 0.05 indicating statistical signifi-

cance. A receiver-operating characteristic (ROC) curve

was used to determine the relationship between the sensi-

tivity (true positive rate) and the false positive rate, and to

select the best cutoff concentrations of serum CB and CD

for the prediction of PE using MedCalc software (ver.

14.8.1; MedCalc, Mariakerke, Belgium).

Results

A total of 83 patients were recruited. During the run-in

period, there was no dropout among preeclampsia, but 11

patients in normal pregnancy group dropped out, because

they were lost to follow up. Tables 1 and 2 summarize

the clinical and laboratory characteristics of the 72

enrolled patients. There were no statistically significant

differences in age, nulliparity, or weight gain between

preeclamptic and normotensive patients. However, the
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subjects with PE had higher mean blood pressure values

and prepregnancy BMI, and lower birth weight and ges-

tational age at delivery, compared with the normotensive

pregnancy group (p\ 0.05). In total, 10 and 13 of the

preeclamptic subjects were characterized as having severe

PE and SGA infants, respectively. The serum CB and CD

concentrations are shown in Figs. 1 and 2. CB levels were

significantly higher in PE than in normal pregnancy

(p = 0.013). CD levels were lower in PE than in normal

pregnancy, but the difference was not significant

(p = 0.077).

Correlation between serum concentrations of CB

and CD and other clinical results

Maternal age, maternal blood pressure, and prepregnancy

BMI did not correlate with CB and CD either in

preeclampsia and normal pregnancy group (p[ 0.05). We

compared CB and CD levels between patients with mild

and severe PE, and in PE patients with and without SGA.

The median CB and CD concentrations were not signifi-

cantly different according to the severity of PE and SGA

(Fig. 3). We evaluated the correlations between both

Table 1 Clinical

characteristics
Preeclampsia (n = 25) Normotensive (n = 47) p value

Age (year) 35 (29–36) 31 (29–36.5) 0.488

Prepregnancy BMI (kg/m2) 23 (19.9–26.5) 19.7 (19.2–22.5) 0.017

Nulliparity (%) 14 (56) 26 (55.3) 0.506

Weight gain (kg) 11 (8–13.5) 12 (7.5–16) 0.758

Mean blood pressure (mmHg) 118 84 \0.001

Severe preeclampsia (%) 10 (40) –

GA at delivery (weeks) 36 (32–37) 38 (36–39) \0.001

Fetal weight (kg) 2 (1.4–2.7) 3.1 (2.8–3.4) \0.001

Male (%) 12 (48) 29 (61.7) 0.318

SGA 13 (52) –

BMI body mass index, GA gestational age, SGA small for gestational age

Table 2 Laboratory results
Preeclampsia Normotensive p value

Cathepsin B 125.9 (77.7–133.5) 74.9 (52.4–98.4) 0.013

Cathepsin D 129.3 (104.2–233.6) 200.9 (139.8–214.5) 0.077

24 h urine protein (mg) 1422.5 (417.3–5024.5) –

Uric acid (mg/dL) 5.5 (4.7–6.4) –

CRP (mg/L) 4.7 (1.9–8.1) –

CRP C-reactive protein

Fig. 1 Median cathepsin B serum concentrations in normotensive

and preeclamptic patients

Fig. 2 Median cathepsin D concentrations in normotensive and

preeclamptic patients
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enzymes and other markers of PE severity. The CD con-

centration showed an inverse correlation with uric acid

level (r = -0.527; p = 0.03) (Fig. 4). There were no

significant correlations between CB and 24-h urine protein,

C-reactive protein, or uric acid.

Predictive value of CB

A final predictive model was constructed and used to select

the cutoff values to classify serum CB levels as elevated or

not elevated (area under the curve = 0.736; SE = 0.08,

p = 0.013; Fig. 5). A cutoff value of 123.5 ng/mL

appeared to represent a reasonable compromise between

the sensitivity of 88 % and specificity of 53.3 %.

Discussion

This study designed to assess the association between

cathepsins and preeclampsia demonstrated that CB levels

in serum were significantly higher in preeclamptic patients,

whereas CD levels were lower in that group. Also, serum

concentration of CB levels more than 123.5 ng/mL can be

useful for the clinical management of preeclampsia.

However, there were no correlations between severity of

PE and CB and CD levels. Also, CB and CD levels were

not correlated with SGA status.

CB was the first member of the lysosomal cysteine

protease family to be described, and it possesses both

endopeptidase and exopeptidase activities [14]. It degrades

or modifies proteins, such as albumin, collagen, fibrinogen,

fibronectin, and IgG [15, 16]. The function of CB in pla-

centation is important, as it is involved in trophoblast dif-

ferentiation, morphogenesis of the placental villous tree,

and angiogenesis in the early villus; it exerts these actions

by expressing factors, such as vascular endothelial growth

factor (VEGF) [17–19]. Veranou et al. [6] reported higher

concentrations of cathepsins B and K, but lower concen-

trations of cathepsins L and F, in preeclamptic placentas

compared with normal placentas. Therefore, it is likely that

deregulation of this enzyme may cause abnormal placen-

tation such as PE.

The systemic inflammatory response is evoked by the

diminished perfusion and hypoxic environment caused by

abnormal trophoblastic invasion in PE. A previous study

showed that the secretion of inflammatory cytokines in

preeclamptic women is markedly increased [20], which

may explain the elevated CB concentration seen in the

inflammatory response of PE. Studies on cathepsins have

demonstrated that cathepsin S is released from macro-

phages, where CB mRNA is also expressed, and from

Fig. 3 Median values of serum cathepsins B and D according to the

severity of preeclampsia and small for gestational age. There were no

correlations

Fig. 4 Correlation of cathepsin D serum concentrations and uric acid

levels in preeclampsia (r = -0.527, p = 0.03)

Fig. 5 Receiver-operating characteristic curve showing the screen-

ing characteristic of cathepsin B in the prediction of preeclampsia

1148 Arch Gynecol Obstet (2016) 294:1145–1150

123



microglial cells induced by cytokines that are increased

during inflammatory processes [21]. Larsson et al. [22] also

demonstrated significantly elevated serum levels of CB

during the inflammatory response. Another hypothesis

posits that CB is abundantly secreted into the maternal

blood from the syncytium because of ischemia/hypoxia of

the placenta, which represents one of the main features of

PE. Cathepsins are active under low-pH and hypoxic

conditions.

We previously demonstrated that serum CD levels were

significantly lower in preeclamptic patients than in the

normotensive subjects (129.3 vs. 202.1 ng/mL, p = 0.033)

but similar to those in non-pregnant patients (118.1 ng/mL)

[23]. We also found that compared with the non-pregnant

subjects, there was significant elevation of CD level in the

normotensive pregnant subjects (p\ 0.001). However, the

median CD concentration was not significantly different

according to the severity of PE and small for gestational

age. With this result, we hypothesized that it may not be

produced or activated sufficiently in preeclamptic patients,

thus leading to pathological, clinical manifestations of PE.

In the present study with more number of cases, we found a

similar trend toward decreased levels of CD in

preeclamptic compared with normotensive pregnancy, but

the difference was not significant, and there was no cor-

relation with severity of disease. The method used in this

study to detect serum levels of CD may not appear to

accurately predict disease activity. However, one intriguing

finding was that CD levels were inversely correlated with

uric acid levels. Higher levels of uric acid are associated

with a poor perinatal outcome in PE; [24] therefore, lower

levels of CD may explain the severity of PE.

Kim et al. [25] used Western blotting to show CD

overexpression in placenta from preeclamptic patients. The

majority of hormones, proteins, and enzymes are synthe-

sized in the syncytium. CD may be abundantly expressed in

placenta, such that circulating levels are lower, as was the

case in our study. A previous study on high-temperature

requirement A1 (HtrA1), a serine protease secreted from the

placenta, showed that its concentration in maternal plasma

is inversely correlated with its placental expression [26].

The limitations of our study are the following. First,

being a cross-sectional study, it is difficult to determine

whether elevated cathepsin B is a cause or consequence of

preeclampsia. Second, all the measurements were held on

after the onset of disease. We need to measure cathepsins B

and D in the first and second trimesters of pregnancy,

before the onset of disease, to elucidate its diagnostic

value. Third, the sample size was too small to restrict the

power for proving relationships between the severity of

preeclampsia and the proteases. Nevertheless, our study has

several strengths as well. This study is the first study

conducted to investigate serum cathepsins B and D at the

same time in preeclampsia. Abnormal expression of these

proteases may be important clue to solve the pathophysi-

ology of preeclampsia in the future.

In conclusion, we demonstrated the CB is significantly

increased in the serum of women affected by PE, in con-

trast to serum concentrations of CD that decreased in this

condition. Differential expression or aberrant release of

cathepsin proteases from trophoblasts or other types of

cells may indicate abnormal placentation, thus further

exacerbating the pathologic condition of PE. Therefore,

genetic and histopathologic methods should be used to

determine why serum concentrations of these enzymes are

deregulated in this disease state and further investigation

and prospective clinical trials are needed to elucidate the

exact role of cathepsins B and D in preeclampsia.
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