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ABSTRACT
The study aimed at the evaluation of angiogenic factors genes, such as Transforming Growth

Factor-β3 (TGF-β3) and Urotensin II receptor (UT) genes expression in the placental tissue of
women suffering from mild and severe preeclampsia as predictive tests for the progression of
preeclampsia. Qualitative and semiquantitative RT-PCR was done for UT receptor and TGF-β3
genes in total 75 placental tissue samples from 50 women with PE (25 with severe PE and 25 with
mild PE) and 25 normal pregnant women used as a control group. Both markers increased in the
PE group than normo-tensive pregnant (p#0.01). There was a significant association between both
TGF-β3 and UT positivity and the severe PE (p#0.01). The UT and TGF-β3 expression in PE was
highly associated with the severity of the PE (p#0.01) which suggests them as PE severity
biomarkers. The combination between them increased their significance (74% sensitivity with
absolute specificity). Women with preeclampsia have high UT levels that are directly related to
TGF-β3 and can be considered to play an important role in preeclampsia progression that may have
prognostic and therapeutic impacts on these patients.
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INTRODUCTION
Preeclampsia  (PE) is  one  of the  hypertensive   disorders  that   complicate   pregnancy  after

20 weeks of gestation, characterizes by proteinuria and hypertension and associated with
significant morbidity and mortality to both mothers and fetuses (Wang et al., 2009).

The precise cause of PE remains elusive but it is believed to be multi-factorial (Grill et al.,
2009). Multiple risk factors have been described in PE including maternal age, obesity and first
pregnancy and pre-existing medical conditions (Hutcheon et al., 2011) in addition to the placental
hypoxia due to reduced perfusion and endothelial dysfunction and oxidative stress (Mansour and
Harb, 2010; Mansour et al., 2011a).

Worldwide, the incidence of PE ranges between 2-10% of all pregnancies (Osungbade and Ige,
2011), accounting for 15% of maternal deaths and an estimated 50,000 maternal deaths per year.
Preeclampsia may be mild or severe depending on the degree of blood pressure elevation, degree
of proteinuria and the presence of signs and symptoms, including epigastric pain, severe headache
and blurred vision. However, severe PE can result in bleeding disorders and death (Cross et al.,
2012). Abnormalities in the angiogenic balance have been proposed to as having a major role in the
molecular cascade causing maternal endothelial dysfunction and systemically reduced perfusion
in PE (Bdolah et al., 2005).
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Transforming Growth Factor-β3 (TGF-β3) is one of the angiogenic factors that plays a role in
trophoblast differentiation and makes the extravillous trophoblasts to exhibit a less invasive and
more proliferative phenotype (Zhao et al., 2012; Lee et al., 2010).

Urotensin II (UII) is a cyclic peptide that binds to its receptor urotensin II receptor (UT), it
elicits an endothelium-dependant vasorelaxation and an endothelium-independent
vasoconstriction, UII has also been reported to be a proangiogenic agent increasing angiogenesis
both in vivo and in vitro in endothelial cells (Proulx et al., 2008). It is up-regulated in patients with
cardiac complications, portal hypertension and other hypertensive disorders, as well as in hypoxic
conditions (Albertin et al., 2009). High circulating levels of UII have been observed in patients with
PE (Balat et al., 2005; Gould et al., 2010), so it can be a plausible candidate for involvement in the
pathogenesis of this disease (Gould et al., 2010).

The aim of this study is to assess the expression relationship (UT) and (TGF-β3) genes in
placental tissue samples from women with severe and mild PE in comparison with normal pregnant
women in order to clarify possible role of these genes in the onset and progression of PE.

MATERIALS AND METHODS
Participants: In a case-control study 75 pregnant women in the 3rd trimester of pregnancy were
included in this study. Fifty patients were classified into two groups of PE (ACOG Committee on
Obstetric Practice, 2002) mild PE group (25 women mean age: 25.20±5.672, with systolic/diastolic
blood pressure equal to or more than 140/90 mm Hg and more than +1 proteinuria on a urine
dipstick) severe PE group (25 women mean age: 26.46±6.578, with systolic/diastolic blood pressure
equal to or more than 160/110 mm Hg and more than and +2 or more proteinuria on a urine
dipstick). In addition to age-matched 25 normotensive healthy pregnant women volunteers (control)
their mean age was 25.28±4.596, they shared the same socio-economic status of the PE groups. All
subjects were chosen during their routine outpatient checkup at Ain Shams obstetrics hospital
clinic, from 2010-2012. All women gave their informed consent to participate in the study which
was approved by the Research Ethics Committee of Ain Shams University, Faculty of Medicine. All
groups were primigravida and were not under any therapeutic regimen, they didn’t have any
clinical or laboratory renal insufficiency, chronic hypertension, diabetes mellitus, multiple
gestation, neoplasia or neurological disorders.

Tissue samples: Placental tissue samples were obtained immediately after delivery in a Petri dish
on ice, tissue blocks (approximately 1 cm3 each) were dissected from the standard locations on the
maternal face of the placentas as previously described (Sood et al., 2006). Villous portions were
harvested by dissecting free of blood vessels and connective tissue and washing off adherent blood
clots  by  ice  cold saline. Villous tissues were wrapped in aluminum foil and immediately stored
at -80°C until needed for RNA extraction.

mRNA extraction: The RNA extraction was performed by TriFastTM kit (PeQLab Biotechnologie
GmbH Corpo-ration, Erlangen, Germany) which was based on a modified salt precipitation
procedure  in  the presence of highly effective RNase inhibitors and then treated with DNase
(Mayer, 1995) and was kept at -80°C till its use in RT-PCR.

Semi-quantitative  analysis   of  UT  and  TGF-β3  mRNA  by multiplex  Rt   PCR
(Mansour et al., 2011b): It is a demanding amplification technique which allows the simultaneous
detection of several RNA targets in a single tube. Housekeeping β actin with UT and with TGF-β3
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Fig. 1: RT-PCR analysis for placental tissue UT receptors and β-actin RNA (180, 300 bp,
respectively)   by    agarose    gel    electrophoresis    and    ethidium    bromide   staining,
MW Lane: Molecular weight 100 bp ladder standard (1500-100 bp), Lanes 1-6: Placental
tissue  samples  from  PE  patients  showing  positive  UT  receptor  and  β-actin bands,
Lane 7 and 8: Two placental tissue samples from the control group show bands of β-actin
and no band for UT receptors

primers, respectively were added together in single tubes and multiplex RT-PCR reactions were
done for them. Two micrograms of RNA was converted to cDNA using QIAGEN One Step RT-PCR
Kit (QIAGEN, USA) by using 3 pm mLG1 from each of β actin primers (the sequences of these
primers  were  chosen  according  to  Smith  et  al.  (2001) (GenBank accession number 001101.3).
Its  sense  primer   was   5’-CTACGTCGCCCTGGACTTCGAGC-3'   and   antisense   primer  was
5'-GATGGAGCCGCCGATCCACACGG-3'.  Together  with  25  pm   mLG1   of   UT   sense   primer
5?-ACCGTCATGAGCAGCGAGCG-3? and antisense primer 5?-GGGCAGGCACAGGCTCTTGG-
3?(GenBank accession number 018949.1) (Nguyen et al., 2012) in a tube and with TGF-β3 sense
primer 5?-AGATCTGGGGCGCCTCA-3? and antisense primer 5?-TGTCGCACGTGGGGTCT-3?
(GenBank accession number 003239.2) (Fahey et al., 1996) in another tube. Conditions for RT-PCR
were optimized in a Hybaid thermocycler. The experimental procedure was carried out according
to the QIAGEN One-Step RT-PCR Kit. First step of Rt was done at 60°C for 60 min, then PCR
activation was at 95°C for 15 min. The reaction parameters of UT with the β actin was as follows:
Denaturation at 95°C for 1 min, annealing at 54°C for 1 min, extension at 72°C for 1 min (for 35
cycles) and then final extension at 72°C for 10 min. The same parameters were used for TGF-β3
with the  β-actin  tubes  except  for  annealing which was at 60°C for 1 min. The gene products of
β-actin, UT and TGF-β3 and were detected at 180, 469  and  300  bp,  respectively,  as  shown in
Fig. 1 and 2. All the amplification products were separated on 2% agarose gel and observed by
ethidium bromide staining and visualized in a digital imaging system (Molecular Analyst, Bio-Rad,
Cambridge, MA).

The semi-quantitation  was  done  by  using “Quantity one” computer program version 4.6.3,
Bio-Rad Laboratories, USA. Expression of β-actin in each sample was determined as a control for
reaction efficiency and to normalize sample to sample variation in RNA amount. The signal
intensity in agarose gel of UT and TGF-β3 mRNA for each sample was determined relative to that
of β-actin in the same sample. All contaminated wastes included in this study have been sealed and
discarded in strong impermeable biohazard bags for further safe transport of theme according to
Ain Shams University hospitals infection control biohazard waste disposal policy.
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Fig. 2: RT-PCR analysis for placental tissue TGF-β3 and beta actin RNA (469, 300 bp, respectively) 
by agarose gel electrophoresis and ethidium bromide staining, MW Lane: Molecular weight
100 bp ladder standard (1500-100 bp), Lanes 1-6: Placental tissue  samples   from   PE  
patients   showing   positive    TGF-β3   and  $-actin  bands, Lane 7 and 8: Two placental 
tissue  samples from the control group show bands of β-actin and no band for TGF-β3

Statistical analysis: Data were expressed as positivity rates, correlations between variables and
the chi-square analysis (χ2) of the association with category variables. The threshold value for
optimal sensitivity and specificity of UT and TGF-β3 were determined by Receiver Operating
Characteristics (ROC) curve. The cutoff value that maximized the sum of sensitivity and specificity
was chosen for discrimination between normal and PE groups. The specificity, Positive Predictive
Value (PPV), Negative Predictive Value (NPV) and accuracy were calculated according to standard
statistical  methods.  All  statistical  analysis  were  performed  using   the   software  package
SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL). Significant P value considered when it
is #0.05.

RESULTS
Concerning the comparison between severe PE, mild PE and control groups as regards the

clinical data and pregnancy outcome, there was a high statistical significant difference (p#0.01)
between the three groups as regards gestational age, birth weight, systolic and diastolic blood
pressure, placental weight and BMI but there was no statistical significant difference (p>0.05)
between the two groups as regards maternal age, as shown in Table 1.

The qualitative positivity rate of UT and TGF-β3 is indicated in Table 2. The best cutoff point
for UT mRNA to discriminate PE and normal groups using the ROC curve was 0.640 (Fig. 3). The
UT mRNA was more than the cutoff value in 80% (20/25) of the severe PE subgroup and in 64%
(16/25) of the mild PE subgroup. In the control group no UT expression 0% (0/25), with highly
significant difference between the three groups (p#0.001). The best cutoff point for TGF-β3 mRNA
to discriminate PE and normal groups using the ROC curve was 0.630 (Fig. 3). The TGF-β3 mRNA
was more than the cutoff value in 80% (20/25) of the severe PE subgroup and in 48% (12/25) of the
mild PE subgroup. In the control group no TGF-β3 expression 0% (0/25), with highly significant
difference between the three groups (p#0.001), as shown in Table 2. The β-actin was positive in
placental tissue samples of all groups of the study.

Expression of  UT  in  placental  tissue  samples  from  pre-eclamptic  women was detected by
RT-PCR which showed 72% sensitivity, 100% specificity, 81.3% accuracy, 100% PPV and 64.1%
NPV and for TGF-β3, the values were 64% sensitivity, 100% specificity, 58.1% accuracy, 100% PPV 
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Fig. 3: ROC curve analysis for RT-PCR technique, expression of UT receptor and TGF-β3 gene in
severe  PE  group  versus  normal  group  to  calculate the best cut off value. For UT
receptor II: Arrow denotes cut off point at 0.64 at which UT sensitivity is 72% and 
specificity  is 100%  area  under  the  curve is 0.843, standard error is 0.044 and confidence
limit is 0.756-0.930. For TGF-β3: Arrow denotes cut off point at 0.630, at which TGF-β3
sensitivity is 64% and specificity, is 100%. Area under the curve is 0.791, standard error is
0.051 and confidence limit is 0.692-0.980

Table 1: Study population demographic and clinical characteristics
Clinical data and pregnancy
outcome (Mean±SD) Severe PE Mild PE Control F p
Maternal age (year) 26.76±6.578 25.20±5.672 25.28±4.596 0.599 0.552
Systolic blood pressure (mm Hg) 173.60±16.04 134.60±4.89 112.60±8.66 199.7 0.00**
Diastolic blood pressure (mm Hg) 114.00±10.00 92.40±4.36 0.74±5 208.8 0.00**
Gestational age (weeks) 36.12±1.48 38.24±1.87 38.60±1.38 30.1 0.00**
Birth weight (g) 2329.00±410.77 2966.00±279 2978.00±402.61 43.2 0.00**
Placental weight (g) 308.04±13.82 416.88±15 450.00±14.880 651.2 0.00**
BMI 30.24±3.153 27.28±2.836 27.28±4.228 6.1 0.004**
SD: Standard deviation. p value  was  calculated  by  one-way  ANOVA  test. **Highly    significant    at   p#0.01:    PE:   Preeclampsia,
BMI: Body mass index

Table 2: UT and TGF-β3 positivity rate and semiquantitative RT-PCR analysis in all groups of the study
Semiquantitative RT-PCR Severe PE (n = 25) Mild PE (n = 25) Control (n = 25) F p
(UT/β-actin) (Mean±SD) 0.642±0.330 0.510±0.39 0.070±0.188 22.671 0.00**
Range 0.002-0.913 0.002-0.890 0.002-0.590
Mean rank 50.02 43.14 20.84
(TGF-β3/β-actin) (Mean±SD) 0.598±0.308 0.370±0.392 0.091±0.207 16.667 0.00**
Range 0.002-0.823 0.002-0.822 0.002-0.510
Mean rank 50.28 40.28 23.44

Severe PE (n = 25) Mild PE (n = 25) Control (n = 25)
------------------------- ------------------------ -----------------------

Qualitative positivity rate No. % No. % No. % χ2 p
UT
$0.64 18 72 16 64 0 0 52.321 0.00**
<0.64 7 20 9 36 25 100
TGF-β3
$0.63 16 64 12 48 0 0 20.513 0.00**
<0.63 9 20 13 52 25 100
**Highly significant at p#0.01
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Table 3: Combined sensitivity, specificity, accuracy, positive predictive value and negative predictive value for UT and TGF-β3 in normal
pregnant women versus sever PE

Parameters Sensitivity (%) Specificity (%) NPV (%) PPV (%) Accuracy (%)
UT 72.0 100 64.1 100 81.3
TGF β3 64.0 100 58.1 100 76.0
Combination of UT and TGF β3 74.0 100 65.8 100 82.7
NPV: Negative predictive value, PPV: Positive predictive value 

Table 4: Correlation between placental UT and TGF-β3 expression and pregnancy outcome and clinical data in PE group 
UT receptor TGF-β3
------------------------------------------------------- ------------------------------------------------------

Clinical data and pregnancy outcome Correlation coefficient (r) p Correlation coefficient (r) p
Maternal age 0.156 0.252 0.176 0.220
Gestational age -0.338 0.017** -0.414 0.003**
Systolic blood pressure 0.160 0.267 0.178 0.215
Diastolic blood pressure 0.145 0.316 0.201 0.161
Placental weight -0.182 0.205 -0.326 0.021*
Birth weight -0.380 0.007** -0.506 0.000**
BMI -0.007 0.961 0.021 0.883
Correlation coefficient (r) calculated by pearson’s test. *Significant at p#0.05 and **Highly significant at p#0.01

Table 5: Concordance between expression of both UT and TGF-β3 by semiquantitative RT-PCR in preeclampsia group
Urotensin II receptor
------------------------------------------------------------------------

TGF-β3 Total Positive >0.64 n (%) Negative #0.64 n (%) χ2 p
Positive >0.63 n (%) 32 31 (86.1%) 1 (7.1%) 27.282 0.00**
Negative #0.630 n (%) 18 5 (13.9%) 13 (92.9%)
Total 100 36 14
**Highly significant at p#0.01, TGF-β3: Transforming growth factor-β3

and 76% NPV but for the combination of both genes, the values were increased to be 74%
sensitivity, 100% specificity, 65.8% accuracy, 100% PPV and 82.7% NPV, as shown in Table 3.

About the correlation between placental UT and TGF-β3 expression and pregnancy outcome and
clinical data in patients of PE group, the expression of both genes was negatively correlated with
gestational age and birth weight with high significance (p#0.01). There was positive correlation
between the expression of both genes and maternal age, systolic and diastolic blood pressure but
this was not significant (p>0.05). About the correlation with BMI, it was negative with UT
expression and positive with TGF-β3 expression with no significance in both cases. About the
correlation with placental weight, it was negative and not significant with UT but it was negative
and significant (p<0.05) with TGF-β3, as shown in Table 4.

High concordance was found between placental expression of both UT and TGF-β3 in PE group,
31 out of 36  cases  were  positive  for  expression  of  both  TGF-β3  and UT (86.1%) and 13 out of
14 cases were negative for expression of both TGF-β3 and UT (92.9%) by semiquantitative RT-PCR,
as shown in Table 5.

DISCUSSION
Preeclampsia (PE) is a serious hypertensive disorder during pregnancy and remains the leading

cause of maternal and neonatal mortalities and morbidities in the world. It is a multi-systemic
disease with features such as new onset of hypertension and proteinuria after 20 weeks of
gestation. To date, the factors and mechanisms involved in the pathogenesis of PE remains poorly
understood (Ma et al., 2013).

Urotensin II (UII) is a peptide that binds to its urotensin II receptor (UT) causing
vasoconstriction and angiogenesis in endothelial cells. It plays a role in many hypertensive
disorders and hypoxic conditions (Zhu et al., 2006) and can be a plausible candidate for involvement
in the pathogenesis of PE.
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The TGF-β family of multifunctional cytokines regulates endothelial cell growth and
angiogenesis, affects the nature of immune responses and can affect various functions of
trophoblasts. Members of the TGFB superfamily especially TGFβ3 has been found to inhibit the
invasion of human trophoblast cells under the hypoxic condition (Chen et al., 2010).

In our study, we found that UT mRNA was more than the cutoff value in 72% of the severe PE
subgroup and in 64% of the mild PE subgroup. In the control group no UT expression 0%, with
highly significant difference between the three groups (p#0.001), these results were in consistence
with previous study by Gould et al. (2010) which quantified differences in UT expression between
normal and pre-eclamptic placentas using Western blotting that showed significance (p#0.05) this
study  also  hypothesized  that  increased  sensitivity  to  UII  in  PE  might  be  achieved  by the
up-regulation of placental UT and that hypoxia might influence this increase of UT expression via
HIF-1α (Hypoxia Inducible Factor-1α) over expression.

In our study, we found that TGF-β3 mRNA was more than the cutoff value in 64% of the severe
PE subgroup and in 48% of the mild PE subgroup. In the control group no TGF-β3 expression 0%,
with highly significant difference between the three groups (p#0.001), these results were in
consistence  with  previous  studies (Zhao et al., 2012; Lee et al., 2010) which found increase in
TGF-β3 expression in placental tissue of PE.

In this study, there was high concordance between expression of both UT and TGF-β3 by
semiquantitative  RT-PCR  in  PE group, samples expressing both genes are representing 86.1%
(No. 62) of the total number of samples expressing the two genes (No. 72) and the PE samples not
expressing both genes are representing 92.9% (No. 26) of the total number of samples not
expressing the two genes (No. 28). According to these findings, we are trying to suggest possible
explanations; we are suggesting that placental over expression of HIF-1α due to local hypoxia in
PE promotes the expression of both TGF-β3, an inhibitor of extravillous trophoblast differentiation
and UT, this considered indicative of persistent hypoxic conditions in the human placenta. Another
suggested explanation is that UII can increase the expression of TGF-β1 in cardiac fibroblasts as
recorded by Dai et al. (2007) and this was mediated by binding to UT, this may occur also between
UII and TGF-β3 (Dai et al., 2007).

In the present study, there was positive correlation between (maternal age, systolic, diastolic
blood pressure and BMI) and expression of both UT and TGF-β3. The UII is a potent
vasoconstrictor and TGF-β3 causes exaggerated inflammatory response and generalized maternal
endothelial cell activation; subsequently increase the expression of both genes increases systolic
and diastolic blood pressure. There is significant negative correlation between (gestational age and
birth weight) and expression of both UT and TGF-β3. So we concluded that expression of UT may
have a role in pregnancy outcome through its effect on the extent of placental invasion which
subsequently affects fetal nutrition, placental weight and birth weight.

As regards the pre-pregnancy BMI in the present study, the mean BMI in kg mG2 of severe PE
subgroup is 30.24±3.153 kg mG2, while in the mild PE subgroup it is 27.28±2.836 kg mG2 and in
normal control group it is 27.28±4.228 kg mG2. The difference is significant between the three
groups of the study (p#0.01) indicating its role in the disease development and progression. This
is in consistent with other studies (Na et al., 2011; Anderson et al., 2012). Na et al. (2011) recorded
the mean BMI of PE and normal groups were 27.4±4.2 and 26.0±2.9, respectively. Anderson et al.
(2012) study concluded that obese women require attentive surveillance for the development of PE.
The mechanism by which obesity increases the incidence of PE could include increased insulin
resistance  (McDonald  et  al.,  2013).  Insulin  resistance  has  been  associated  with  endothelial
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dysfunction and increased secretion of endothelin-1, a potent vasoconstrictor. In addition, insulin
resistance results in reduction of nitric oxide, increasing the risk of hypertension and
cardiovascular diseases (Valerio et al., 2011).

CONCLUSION
In conclusion, the results of this study demonstrate that placental expression of UT and TGF-β3

is high in pregnancies complicated with PE in comparison to normal pregnancies that may have
a direct role in the pathogenesis of the disease and can be used as therapeutic targets. This can be
considered as an attractive point for larger multicentric researches.
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