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Introduction
Preeclampsia (PE) is a syndrome specific to pregnancy. It 

complicates 2-8% of pregnancies. It is a main cause for maternal 
as well as fetal morbidity and mortality all around the world 
[1]. It classically appears around gestational age of 20 weeks 
with symptoms of hypertension and proteinuria [2]. PE is a 
multifactorial disease. PE was thought to be due to placental 
ischemia (The two-stage theory); it states that partial or lack of 
cytotrophoblastic invasion of spiral arteries causes poor placental 
blood supply, causing placental ischemia, which in turn, releases 
inflammatory substances that leads to endothelial dysfunction 
(ED). This leads to the manifestations of PE [3]. Also, PE was 
thought to be due to imbalance between antiangiogenic factors 
such as; soluble fms-like tyrosine kinase 1 (sFlt-1) as well as 
soluble endoglin (sEng), and pro-angiogenic factors such as; 
placental growth factor (PLGF) as well as vascular endothelial 
growth factor (VEGF). Increased antiangiogenic factors levels and  
decreased levels of pro-angiogenic factors lead to generalised ED  

 
of maternal blood vessels, hypertension, renal endotheliosis and 
coagulopathy [4]. 

Pregnant females suffering from PE have serious complications 
such as liver rupture, pulmonary edema, renal failure, eclampsia, 
or HELLP syndrome and death [5,6]. Moreover, PE may cause 
early rupture of membrane and preterm delivery causing cerebral 
palsy [7,8]. Offspring of preeclamptic mothers may suffer from 
premature delivery, low birth weight, IUGR or intrauterine fetal 
death [7].

Tumor necrosis factor super family (TNFSF) is a family of 
cytokines consisting of 19 ligands [9]. Tumor necrosis factor-like 
weak inducer of apoptosis (TWEAK, TNFSF12) is one of the TNSF. 
It is a 249-amino-acid (aa). It has two forms; membrane-bound 
protein (mTWEAK) and soluble form (sTWEAK). mTWEAK is 
processed proteolytically by furin, releasing a 156-aa, soluble form 
(sTWEAK) [10]. TWEAK binds to its receptor; fibroblast growth 
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factor-inducible 14 (Fn14) [11]. Both mTWEAK and sTWEAK can 
bind to Fn14 [12]. It was discovered that CD163 is the scavenger 
receptor for TWEAK [13]. CD163 is expressed by macrophages. It 
can bind to TWEAK and allow the internalisation and production 
of sTWEAK. Hence, this mechanism represents a negative 
regulatory pathway of TWEAK/Fn14 [14]. The main source of 
sTWEAK in inflammatory conditions is macrophages [15-18]. 
Also, it is produced by non-immune cells, such as endothelial cells 
and renal cells [19].

TWEAK/Fn14 signaling is important in many biological 
activities such as angiogenesis and inflammatory responses 
[20,21]. Also, TWEAK/ Fn14 interaction was found to increase 
VEGF expression via the NF-κB pathway. TWEAK can cooperate 
with FGF-2 as well as VEGF-A in tumor angiogenesis [12]. It was 
discovered that sTWEAK is linked to ED in chronic kidney disease 
(CKD) patients. Soluble TWEAK is considered an independent 
predictor for ED in addition to its role in angiogenesis [22]. 
Moreover, it was discovered that in young patients suffering from 
primary hypertension, sTWEAK serum concentrations were 
decreased, than the non-hypertensive group [23].

 Up till now, few data is known on the function of sTWEAK in PE, 
whose pathogenesis was proved to be linked to angiogenesis and 
ED. Our aim in this study was to compare sTWEAK concentrations 
in Egyptian women with PE to sTWEAK concentrations in 
gestational age-matched healthy pregnant women and to correlate 
its levels with maternal and fetal outcome.

Materials and Methods
Patients

This study was made on eighty pregnant females in the 3rd 
trimester of pregnancy; forty pregnant females with preeclampsia 
and forty gestational age-matched females without preeclampsia. 
All subjects were recruited from the Obstetrics and Preeclampsia 
units of the Department of Obstetrics and Gynecology at El-Shatby 
Maternity University Hospital. Approval of the ethics committee 
was obtained and a written informed consent was taken from each 
patient. The criteria for diagnosis of preeclampsia were; newly 
developed hypertension (blood pressure≥140mmHg systolic and 
≥90mmHg diastolic at least 4 hours apart) after 20 weeks gestation, 
with or without newly developed proteinuria (≥0.3 grams in a 24 
hour specimen of urine or urinary protein/creatinine ratio ≥0.3). 
Exclusion criteria were; twin or multiple pregnancies, diabetes 
mellitus (DM), previous renal disease, chronic hypertension 
and receiving medications for any disease. All participants were 
subjected to detailed history taking regarding demographic data 
such as age, gravidity, parity and last menstrual period (LMP) as 
well as medical history including hypertension, DM, hepatic and 
renal diseases. 

Routine laboratory measurements
Venous blood samples from participants were obtained. 

Hemoglobin, platelet count and white blood cell count, were 
measured using 3 part differential automated cell counter 

Sysmex, Sysmex, Kobe, Japan KX-21N. Alanine transaminase 
(ALT), aspartate transaminase (AST), serum creatinine and 
serum urea were assessed by standard laboratory methods using 
RxL dimension autoanalyser. A random urine sample was also 
collected from the participants and urinary protein was measured 
by turbidimetric method while urinary creatinine was measured 
by RxL dimension autoanalyser. Then, urinary protein/creatinine 
ratio (uPCR) was calculated.

Measurement of Serum sTWEAK
Blood samples were collected, samples were allowed to clot 

for 30 minutes before centrifugation for 15 minutes at about 
1000×g. Serum was removed, aliquot was prepared and samples 
were stored at -80 ℃ until the time of analysis. The concentrations 
of sTWEAK in serum were determined by an enzyme-linked 
immunosorbent assay (ELISA) kit (Human Tumor necrosis factor 
ligand superfamily member 12, ELISA Kit. catalog No.: E1883h. 
Wuhan EIAab® Science Co., Ltd. Wuhan, CHINA). A microplate 
photometer was used for readings at a wave length of 450nm. The 
results were expressed as pg/mL.

Ultrasonographic examination for biometry, liquor, 
movements and flow resistance in the umbilical artery was done 
using Voluson P8 ultrasound machine; GE®. Follow up was done 
till delivery as well as correlation of sTWEAK levels with maternal 
and fetal outcome.

Statistical analysis 
Data were fed to the computer and analyzed using IBM SPSS 

software package version 20.0 (Armonk, NY: IBM Corp). Number 
and percent were used to describe qualitative data. Verification 
of the normality of distribution was done using the Kolmogorov-
Smirnov test. Range (minimum and maximum), mean, standard 
deviation and median were used to describe quantitative data. 
Significance of the obtained results was judged at the 5% level 
(variables expressed as mean±SD. were statistically significant at 
p≤0.05). The used tests were; Chi-square test used for categorical 
variables, to compare between different groups. Also, Fisher’s 
Exact or Monte Carlo correction test was used for the correction 
for chi-square when more than 20% of the cells have expected 
count less than 5. Moreover, Student t-test was used for normally 
distributed quantitative variables, to compare between the two 
groups. In addition, Mann Whitney test was used for abnormally 
distributed quantitative variables, to compare between the two 
groups. Also, regression analysis was used to detect the most 
independent/affecting factor for the parameters that affect 
sTWEAK.

Result
Table 1: Comparison between the studied groups according to clinical 
characteristics.

Cases (n = 
40)

Control (n 
= 40) Test of Sig. P

Age (years)
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Min. - Max. 17.0 - 37.0 18.0 -36.0

t= 0.327 0.745Mean±SD. 24.78±5.98 25.15±4.11

Median 23 25

Gravidity

Min. -Max. 1.0- 10.0 1.0-5.0

U= 636.000 0.103Mean ± SD. 2.88±1.88 2.18±1.15

Median 3 2

Parity

Min. – Max. 0.0-8.0 0.0-4.0

U= 671.000 0.197Mean ± SD. 1.53±1.47 1.13±1.11

Median 2 1

G.A (weeks)

Min.-Max. 28.0-38.0 28.0-41.0

U= 660.000 0.163Mean±SD. 35.43±2.85 36.28±2.65

Median 36 37

Systolic Blood Pressure (mmHg)

Min. - Max. 115.0-175.0 110.0-135.0

U= 24.500* <0.001*Mean±SD. 156.0±9.62 117.0±5.75

Median 155 117.5

Diastolic Blood Pressure (mmHg)

Min. - Max. 70.0 -115.0 70.0 - 85.0

U= 31.000* <0.001*Mean±SD. 98.13±5.74 76.25±6.18

Median 100 77.5

U, p: U and p values for Mann Whitney test for comparing between 
the two groups
t, p: t and p values for Student t-test for comparing between the two 
groups

*: Statistically significant at p ≤ 0.05

Figure 1: Comparison between the studied groups according to 
blood pressure (mmHg).

Clinical characteristics of preeclamptic females and the 
healthy controls are shown in Table 1. There was no significant 
difference discovered between the two groups regarding age, 
gravidity, parity and gestational age (GA). The mean systolic blood 

pressure was 156.0±9.62 and 117.0±5.75mmHg for PE group and 
control one, respectively. We discovered a statistically significant 
difference between the studied groups concerning systolic blood 
pressure (p<0.001) (Figure 1), while, the mean diastolic blood 
pressure was 98.13±5.74 and 76.25±6.18mmHg for patients 
with PE and healthy pregnant group, respectively. A significant 
difference was discovered between the studied groups regarding 
diastolic blood pressure (p<0.001) (Figure 1).

Table 2: Comparison between the studied groups according to routine 
laboratory investigations.

Cases (n = 
40)

Control (n = 
40)

Test of 
Sig. P

Hemoglobin (g/dL)

Min.-Max. 9.20 - 13.30 9.50 -13.40

t= 1.248 0.216Mean±SD. 11.24±0.99 10.98± .89

Median 11.5 11.05

Platelets (×103/uL)

Min. -Max. 95.0 -400.0 130.0 -428.0

t= 0.351 0.726Mean±SD. 234.65±70.90 240.30±72.91

Median 229.5 238

WBCs (×103/uL)

Min. - Max. 4.80-11.25 4.00-11.00

t= 0.984 0.328Mean±SD. 6.84±1.96 6.42±1.88

Median 6.45 6.4

ALT (U/L)

Min. -Max. 37.0 - 87.0 12.0 -24.0

U= 0.0* <0.001*Mean±SD. 50.83±10.14 17.27±3.83

Median 48 16

AST (U/L)

Min. - Max. 20.0 - 56.0 12.0-30.0
U= 

156.500* <0.001*Mean±SD. 33.90±8.67 21.45±5.23

Median 33.5 21

Serum Creatinine (mg/dL)

Min. - Max. 0.40 - 0.80 0.30 - 0.70

t= 2.807* 0.006*Mean±SD. 0.66±0.09 0.60±0.09

Median 0.65 0.62

Serum Urea (mg/dL)

Min. - Max. 12.0 - 26.0 12.0 -21.0

t= 3.554* 0.001*Mean±SD. 19.53±2.76 17.53±2.24

Median 19.5 18

t, p: t and p values for Student t-test for comparing between the two 
groups
U, p: U and p values for Mann Whitney test for comparing between 
the two groups
*: Statistically significant at p ≤ 0.05
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Figure 2: Comparison between the studied groups according to 
blood pressure (mmHg).

Figure 3: Comparison between the studied groups according to 
serum creatinine (mg/dL).

Figure 4:  Comparison between the studied groups according to 
serum urea (mg/dL).

The routine laboratory investigations of both groups 
are shown in Table 2. There was no statistically significant 
difference discovered between the studied groups concerning 
the hemoglobin, the platelet count and the white blood cell 
count. The mean ALT was 50.83±10.14 and 17.27±3.83U/L for 
patients with PE and healthy pregnant group, respectively. We 
discovered a statistically significant difference between the two 
groups concerning ALT (p<0.001) (Figure 2). The mean AST was 
33.90±8.67 and 21.45±5.23 U/L for patients with PE and healthy 
pregnant group, respectively. There was a statistically significant 

difference discovered between the two groups (p<0.001) 
regarding AST. The mean serum creatinine was 0.66±0.09 and 
0.60±0.09 mg/dL for PE group and control one, respectively. A 
statistically significant difference was discovered between the 
studied groups concerning serum creatinine (p=0.006) (Figure 3). 
The mean serum urea was 19.53±2.76 and 17.53±2.24mg/dL for 
patients with PE group and control one, respectively. A statistically 
significant difference was discovered between the studied groups 
regarding serum urea (p=0.001) (Figure 4). 

Table 3: Comparison between the studied groups according to urine 
protein/creatinine ratio (uPCR). 

Cases (n = 40) Control (n = 
40)

Test of 
Sig. P

Protein in Urine (mg/dL)

Min.-Max. 21.32 - 64.22 2.76 - 14.70

U= 0.0* <0.001*Mean±SD. 34.38±11.73 7.47±3.27

Median 31.83 6.53

Creatinine in Urine (mg/dL)

Min. -Max. 34.98- 124.20 43.86- 125.30
t= 

6.776* <0.001*Mean±SD. 82.46±22.76 111.53±14.78

Median 81.2 115.25

uPCR (mg/g)

Min. - Max. 301.90-956.0 29.90-127.30

U= 0.0* <0.001*Mean±SD. 431.91±165.85 66.58±26.30

Median 362.9 61.3

U, p: U and p values for Mann Whitney test for comparing between 
the two groups
t, p: t and p values for Student t-test for comparing between the two 
groups 
*: Statistically significant at p ≤ 0.05

Figure 5: Comparison between the studied groups according to 
protein in urine (mg/dL).

Urinary protein, urinary creatinine and urinary protein/
creatinine ratio (uPCR) are shown in Table 3. The mean protein 
in urine was 34.38±11.73 and 7.47±3.27mg/dL for patients with 
PE group and control one, respectively. A statistically significant 
difference was proved between the studied groups concerning 
protein in urine (p<0.001) (Figure 5). The mean creatinine in urine 
was 82.46±22.76 and 111.53±14.78 mg/dL for patients with PE 
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and healthy pregnant group, respectively. There was a significant 
difference proved between the different studied groups regarding 
creatinine in urine (p<0.001) (Figure 6). The mean uPCR was 
431.91±165.85 and 66.58±26.30mg/g for PE group and control 
one, respectively. There was a statistically significant difference 
discovered between the studied groups concerning uPCR ratio 
(p<0.001) (Figure 7). 

Figure 6: Comparison between the studied groups according to 
creatinine in urine (mg/dL)

Figure 7: Comparison between the studied groups according to 
urine protein/creatinine ratio (uPCR) (mg/g).

Table 4: Comparison between the studied groups according to sTWEAK.

Cases (n = 
40)

Control (n = 
40) T P

sTWEAK (pg/mL)

Min. - Max. 300.6 - 587.4 305.6 - 613.0

2.586* 0.012*Mean±SD. 395.1±64.74 432.8±65.73

Median 388.5 430

t, p: t and p values for Student t-test for comparing between the two 
groups

*: Statistically significant at p ≤ 0.05

The sTWEAK levels of both groups are shown in Table 4. 
The mean sTWEAK was 395.1±64.74 and 432.8±65.73pg/mL 
for patients with PE and healthy pregnant group, respectively. A 
significant difference was discovered between the two studied 
groups concerning to sTWEAK (p=0.012) (Figure 8). 

Figure 8:  Comparison between the studied groups according to 
sTWEAK (pg/mL).

Table 5: Comparison between the studied groups according to 
ultrasonographic examination.

Ultra Sound
Cases (n 

= 40)
Control 
(n = 40)

Test of 
Sig. P

No. % No. %

Amniotic Fluid

Normal 32 80 40 100 X2= 
8.889*

FEp= 
0.005*Oligohydramnios 8 20 0 0

U.A Doppler

Normal 32 80 40 100
X2= 

8.889*
FEp= 

0.005*High flow resistance 
in umbilical artery 8 20 0 0

Estimated Fetal Weight (kg)

Min. - Max. 1.20 - 
2.90 1.40-3.40

U= 
151.000* <0.001*Mean±SD. 2.17±0.51 3.03±0.47

Median 2.3 3.2

χ2, p: χ2 and p values for Chi square test for comparing between the  
two groups 
FEp: p value for Fisher Exact for Chi square test for comparing between 
the two groups
U, p: U and p values for Mann Whitney test for comparing between 
the two groups
*: Statistically significant at p ≤ 0.05

Figure 9:  Comparison between the studied groups according 
to amniotic fluid.
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The ultrasonographic examination results of the studied 
groups are shown in Table 5. In the PE group, 80% had adequate 
amount of amniotic fluid. However, 20% of the PE group had 
oligohydramnios. While in the control group, 100% of the 
pregnant females had adequate amount of amniotic fluid. There 
was a significant difference proved between the studied groups 
(FEp=0.005) (Figure 9). In the PE group, 80% had normal flow 
resistance in the umbilical artery. However, 20% of the PE group 
had high flow resistance in the umbilical artery. While in the 
healthy pregnant group 100% of the pregnant females had normal 
flow resistance in the umbilical artery. There was a significant 
difference discovered between the two groups (FEp=0.005) 
(Figure 10). The mean estimated fetal weight was 2.17±0.51 
and 3.03±0.47kg for PE group and control one, respectively. A 
significant statistical difference was proved between the two 
different groups was detected according to estimated fetal weight 
(p<0.001) (Figure 11). 

Figure 10:  Comparison between the studied groups according 
to U.A Doppler.

Figure 11:  Comparison between the studied groups according 
to estimated fetal weight (kg)..

Maternal and fetal outcome of both groups is presented in Table 
6. In the PE group, 90% had good maternal condition. However, 
5% of the PE group had headache and 5% of the PE group had 
headache together with eye affection. While in the control group, 
100% of the pregnant females had good maternal condition. No 
statistically significant difference was discovered between the 
studied groups (MCp=0.121). Regarding the neonatal outcome, 
in the PE group, 80% had well babies. However, 20% of the PE 
group had IUGR. While in the control group, 100% of the pregnant 
females had well babies. There was a statistically significant 

difference discovered between the two groups (FEp=0.005) (Figure 
12). The mean birth weight was 2.47±0.43 and 3.27±0.20kg for 
patients with PE and healthy pregnant group, respectively. There 
was a significant statistical difference discovered between the 
different two groups concerning birth weight (p<0.001) (Figure 
13).

Figure 12:  Comparison between the studied groups according 
to neonatal outcome.

Figure 13:  Comparison between the studied groups according 
to birth weight (kg).

Table 6: Comparison between both groups according to maternal and 
fetal outcome.

Outcome
Cases (n = 

40)
Control 
(n = 40)

Test of 
Sig. P

No. % No. %

Maternal Condition

Good 36 90 40 100

X2=3.464 MCp=0.121Headache 2 5 0 0

Headache, eye 
affection 2 5 0 0

Neonatal Outcome

Well baby 32 80 40 100 X2= 
8.889*

FEp=0.005*
IUGR 8 20 0 0

Birth Weight (kg)

Min. – Max. 1.60 - 3.50 2.20-3.50

t=10.791* <0.001*Mean ± SD. 2.47±0.43 3.27±0.20

Median 2.48 3.3

χ2, p: χ2 and p values for Chi square test for comparing between the 
two groups
MCp: p value for Monte Carlo for Chi square test for comparing between 
the two groups
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FEp: p value for Fisher Exact for Chi square test for comparing between 
the two groups
t, p: t and p values for Student t-test for comparing between the two 
groups
*: Statistically significant at p ≤ 0.05

Table 7: Univariate correlation between sTWEAK (pg/mL) for total 
sample (n=80) and different parameters.

sTWEAK (pg/ml)
Univariate

B(95%C.I) P

Age (years) 2.416(-0.518 – 5.350) 0.105

Group -37.719(-66.761 - 
-8.676) 0.012*

Gravidity -9.797(-19.110 - 
-0.485) 0.039*

Parity -11.754(-23.072 - 
-0.436) 0.042*

G.A (weeks) 0.782(-4.721 – 6.285) 0.778

Systolic blood pres-
sure (mmHg)

-0.613(-1.320 – 
0.094) 0.088

Diastolic blood pres-
sure (mmHg)

-0.716(-1.923 – 
0.492) 0.242

Hemoglobin (g/dL) 2.252(-13.870 – 
18.375) 0.782

Platelets (×103/uL) -0.030(-0.243 – 
0.183) 0.781

WBCs (×103/uL) -1.897(-9.793 – 
5.998) 0.634

ALT (U/L) -0.570(-1.382 - 
-0.242) 0.166

AST (U/L) -0.979(-2.570 – 
0.612) 0.224

Serum creatinine 
(mg/dL)

-50.253(-212.09 – 
111.58) 0.538

Serum urea (mg/dL) 1.374(-4.267 – 7.014) 0.629

Protein in urine (mg/
dL)

-0.701(-1.639 – 
0.236) 0.140

Creatinine in urine 
(mg/dL) 0.523(-0.100 – 1.145) 0.099

Urine protein/cre-
atinine ratio (uPCR) 

(mg/g)

-0.043(-0.112 – 
0.026) 0.218

Amniotic fluid -30.399(-80.366 – 
19.569) 0.229

U.A Doppler -30.399(-80.366 – 
19.569) 0.229

Estimated fetal 
weight (kg)

17.029(-6.020 – 
40.077) 0.145

Birth weight (kg) 26.082(-2.280 – 
54.444) 0.071

B: Unstandardized Coefficients 

C.I: Confidence interval

#: All variables with p<0.05 was included in the multivariate

*: Statistically significant at p≤0.05

A positive correlation was found between sTWEAK and the 

study group (p=0.012), gravidity (p=0.039) and parity (p=0.042) 
in the total sample (Table 7). Moreover, multivariate linear 
regression analysis showed that the association between sTWEAK 
and the study group (β=-0.251, p=0.027) was still significant 
after adjusting for other parameters. Therefore, the study group 
was discovered to be the only strong independent factor affecting 
sTWEAK (Table 8).

Table 8: Multivariate Linear regression analysis for sTWEAK (pg/mL) 
in the total sample.

B 
(95%C.I) SE Beta T p

(Con-
stant) 444.363 16.217 27.401* <0.001

Group
-33.663(-
63.491 - 
-3.836)

14.976 -0.251 2.248* 0.027

Gravidity
-0.578(-
23.459 - 
22.303)

11.488 -0.014 0.05 0.96

Parity
-9.126(-
36.552 - 
18.300)

13.77 -0.177 0.663 0.51

R2 = 0.114, adjusted R2= 0.079, SE = 64.82, F = 3.258*, p = 0.026

B: Unstandardized Coefficients 
C.I: Confidence interval
SE: Standard error 
Beta: standardized Coefficients
t: Student t-test
#: All variables with p<0.05 was included in the multivariate
*: Statistically significant at p ≤ 0.05
THMs (sTWEAK) = 444.363- (33.663* Group) - (0.578* Gravidity) - 
(9.126* Parity)

Discussion
In this study, a significant difference was discovered between 

the patient group and the control one regarding systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) (p<0.001). This 
agrees with the standard criteria for diagnosing preeclampsia, 
as described by the American College of Obstetricians and 
Gynecologists. Similar to our findings, Yildirim ZK et al. [24] 
discovered that SBP and DBP showed a highly significant elevation 
in the preeclamptic females than the healthy pregnant females. In 
addition, Fasshauer M et al. [25] found that SBP and DBP were 
increased in preeclamptic females than healthy controls. Moreover, 
in our study we found a statistically significant difference between 
the different groups concerning routine laboratory investigations 
such as ALT, AST, serum creatinine and serum urea (p<0.001, 
p<0.001, p=0.006 and p=0.001, respectively). Mohsen M et al. 
[26] performed a study on 90 women; 60 with PE and 30 healthy 
pregnant controls. This study showed a highly statistically 
significant elevation in the preeclamptic group than the healthy 
pregnant group in ALT as well as AST levels. Similarly, Yildirim ZK 
and his colleagues [24] proved that serum creatinine levels were 
significantly higher in the patient group compared with the control 
group. This was reinforced by, Fasshauer M and his colleagues [25] 
who found that serum creatinine levels were elevated significantly 
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in preeclamptic females than healthy pregnant females.

Also, in ours, we discovered a significant difference between 
the different groups as regards uPCR (p<0.001). In concordance 
with us, Yildirim ZK et al. [24] stated that uPCR increased 
significantly in the PE group than the healthy control group. This 
was reinforced by a study performed by Demirci O et al. [27] who 
found that uPCR had increased values in the preeclamptic group 
than the control one.

In our study, the mean sTWEAK was 395.1±64.74 and 432.8± 
65.73pg/mL for patients with PE and healthy pregnant group, 
respectively. The maternal serum sTWEAK concentrations 
decreased significantly in PE patients than healthy controls 
(p=0.012). Our results may be attributed to the fact that in PE the 
antiangiogenic factors increase and the angiogenic factors decrease 
[28-31]. The imbalance between angiogenic and antiangiogenic 
factors, thus, causes endothelial dysfunction (ED), which has an 
important role in the clinical manifestations of PE [32]. ED was 
proved to be highly related to the decreased level of sTWEAK. 
Moreover, it was discovered that sTWEAK has an angiogenic effect 
[33]. Therefore, the decrease in sTWEAK levels that occur due 
to ED may lead to PE. Also, sustained increase of blood pressure 
leads to chronic inflammation, which in turn increases Fn14 level. 
Thus, binding of Fn14 to sTWEAK increases, causing a decrease 
of sTWEAK levels. In addition, CD163 expressing macrophages 
during inflammation are increased, causing breakdown of 
sTWEAK in addition to end organ damage.

In agreement with our findings, Yildirim ZK et al. [24] 
performed a study aiming to test serum sTWEAK levels in 
preeclamptic females in addition to healthy pregnant females 
with similar gestational age. Maternal serum sTWEAK levels were 
measured in thirty three patients suffering from preeclampsia 
and thirty three healthy pregnant controls. The sTWEAK 
concentrations decreased significantly in patients suffering from 
preeclampsia (332±144pg/mL) than in normal pregnant controls 
(412±166pg/mL) (p=0.04). This was explained by the hypothesis 
that sTWEAK is decreased due ED or because of its role in the 
pathogenesis of PE via angiogenic imbalance.

Similarly, Karadurmus N et al. [23] found that serum sTWEAK 
concentrations decreased significantly in primary hypertensive 
group compared to control one. Moreover, the sTWEAK 
concentration in serum was negatively correlated with SBP as 
well as DBP. It was also found that the mean plasma asymmetrical 
dimethyl arginine (ADMA) levels increased significantly in 
the primary hypertensive group. High ADMA concentration in 
plasma is considered an indicator of ED [34]. ADMA was proved 
to be more in patients suffering from systemic atherosclerosis, 
hypercholesterolemia, essential hypertension and end-stage 
renal failure [35]. These diseases are related to an impairment 
of the NO-pathway as well as ED [34]. In concordance, Böger 
RH [36] discovered that ADMA levels were increased in plasma 
of hypertensive patients. These results were attributed to the 
presence of the scavenger receptor of sTWEAK; CD163, which 

can sequester and degrade sTWEAK under proinflammatory 
conditions [37,38].

This was supported by Ates I et al. [39] who performed a 
study on primary hypertensive (HT) patients with/without 
asymptomatic organ damage (AOD), aiming to measure sTWEAK as 
well as IL-17A serum concentrations in AOD. Also, they correlated 
sTWEAK and IL-17A levels with; carotid intima media thickness 
(CIMT), proteinuria, retinopathy as well as the left ventricle mass 
index (LVMI). The sTWEAK concentration decreased significantly 
in the hypertensive patients suffering from AOD compared to those 
not suffering from AOD. The sTWEAK concentration in serum 
negatively correlated with the microalbuminuria level, proteinuria 
level, LVMI, mean 24-h SBP and duration of hypertension. This was 
explained by the fact that, chronic increased blood pressure can 
cause chronic inflammation, during which, Fn14 concentration is 
increased, thus Fn14 binding to sTWEAK is increased, leading to 
a decrease in the sTWEAK concentration in serum [40]. Moreover, 
during inflammation, CD163 (the scavenger receptor of sTWEAK) 
expression is increased by inflammatory macrophages. Thus, the 
sTWEAK break down is increased causing a decrease of serum 
sTWEAK concentrations [37]. 

This was supported by, Yilmaz M I et al. [41] who reported 
that, in chronic kidney disease (CKD), sTWEAK concentrations 
decreased gradually with the decrease of estimated glomerular 
filtration rate (eGFR). Moreover, they discovered an independent 
relationship between sTWEAK levels and ED in subjects suffering 
from CKD. This was also explained by, increase the expression 
of TWEAK or its receptor; Fn-14, by endothelial cells [42,43] It 
was proved that during inflammation, the expression of Fn14 
increases and vascular cells are sensitized to TWEAK, causing 
apoptosis and producing proinflammatory substances [44-46] 
Thus, in CKD patients decreased sTWEAK concentrations may 
be a compensatory mechanism to guard against the apoptotic 
complications resulting from increased Fn14 activation [46]. Also, 
it was reported that during inflammation, macrophages which 
express CD163 increase, therefore binding, internalization and 
degradation of sTWEAK increase as well [37]. Thus, the sTWEAK 
decrease in CKD patients may also be due to the CD163 increase, 
in patients suffering from late stage CKD [38,47]. Another 
explanation, is that sTWEAK concentrations in serum decrease in 
patients with CKD due to TWEAK defective shedding [41]. 

Moreover, Kralisch S et al. [48] stated that sTWEAK 
concentrations are lower in type two diabetes mellitus and end-
stage renal disease patients than control patients. The sTWEAK 
concentrations in plasma decrease with the increase of ED and 
increased mortality risk.

Also, in ours, we discovered a significant difference between 
the different groups as regards amniotic fluid and U.A Doppler 
(FEp=0.005) as well as fetal outcome such as neonatal outcome 
and fetal birth weight (FEp=0.005 and p<0.001 respectively). In 
another study, conducted by Yildirim ZK et al. [24] it was found 
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that fetal birth weight increased significantly in the PE females 
than the healthy females.

Moreover, in our study, a positive correlation was found 
between sTWEAK and the study group (p=0.012), gravidity 
(p=0.039) and parity (p=0.042) in the total sample. Multivariate 
linear regression analysis showed that the association between 
sTWEAK and the study group (β=-0.251, p=0.027) was still 
significant after adjusting for other parameters. Therefore, the 
study group was the only strong independent factor affecting 
sTWEAK. Similar to us, Yildirim ZK et al. [24] discovered that, 
in the linear regression analysis model formed by parameters 
considered potentially related to sTWEAK levels (age, the study 
group, the level of proteinuria, serum uric acid levels and systolic 
blood pressure), the study group was proved to be the only 
independent variable related to sTWEAK level (β=0.663, p=0.009). 

Conclusion
In our study we concluded that maternal serum sTWEAK 

concentrations decreased significantly in patients suffering 
from preeclampsia than healthy controls. The study group was 
proved to be the only strong independent predictor of circulating 
sTWEAK in preeclampsia patients. Further studies are needed to 
specify the exact role of sTWEAK in PE pathogenesis and state if 
sTWEAK can be considered as a promising predictor marker for 
preeclampsia diagnosis.
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