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Introduction

Pre-eclampsia (PE) is a disease of pregnancy resulting

from a maternal physiological response to abnormal pla-

centation. It is a multisystem disorder affecting approxi-

mately two to seven percent of all pregnancies in the United

Kingdom and is a significant cause of maternal and fetal

morbidity and mortality [1]. The onset and clinical course

are unpredictable. The disease occurs after the 20th week of

gestation and is characterized by: hypertension, proteinuria,

and /or edema [2]. It has been suggested that PE might orig-

inate from an abnormally shallow endovascular cytotro-

phoblast invasion in spiral arterioles which may lead to

relative placental ischemia and increased inflammatory re-

sponse [3]. A reliable early marker of PE would permit pa-

tient identification and possible prophylaxis if available, or

at least predicting / avoiding complications. A large num-

ber of tests have been proposed to predict PE, beginning

from blood pressure measurement and proteinuria deter-

mination, to Doppler ultrasound evaluation and/or blood

and urine biochemical markers [4]. Urotensin II (UII) is a

cyclic peptide of 11 amino-acids that was initially isolated

from fish urophysis and subsequently discovered in mam-

mals including humans [5]. The human isoform was iden-

tified in 1998.A cyclic hexapeptide region of the molecule

is responsible for the biological activity and is absolutely

conserved between species [6,7]. The gene for UI is located

on chromosome 1 p36- p32 and encodes a peptide that is

considered the most potent endogenous vasoconstrictor dis-

covered to date [8]. The UII receptor, also referred to as the

hypocretin receptor, is a G-protein coupled receptor which

binds the peptide hormone UII [9]. It was originally iso-

lated as an orphan receptor, expressed in neural and sen-

sory tissues and named GPR14, or sensory epithelial

neuropeptide-like receptor (SENR), which is widely ex-

pressed in cardiovascular, pulmonary, central nervous,

renal, and metabolic systems [10]. UII has emerged as a

contributor to cardiovascular physiopathology. [11, 12]

Higher circulating levels of U-II have been observed in pa-

tients with PE, inferring a possible role for this ligand in

this disease [13, 14].

In this study, the role of UII gene and serum levels in the

development / progression of PE was evaluated.

Materials and Methods

A total of 80 pregnant women were recruited from the hospital’s

outpatient clinic during the period of January 2012 to July 2012

and were subdivided on the basis of presence/severity of PE into

three groups, mild PE (n=30), severe PE (n=30), and healthy preg-

nant women as control (n=20). Full history taking and thorough

physical examination was done for all subjects. Those with any

past or present history of a medical condition (e.g. chronic hyper-

tension, cardiac disease, diabetes mellitus) were excluded. A full

informed consent was taken from all subjects before commence-

ment. The medical ethics committee of the faculty of medicine ap-

proved the study design. All enrolled subjects promptly received

the appropriate treatment according to the standard protocols.

For all subjects, eight ml of venous whole blood were with-

drawn, where serum urea and creatinine, and enzymatic activity

of alanine amino transferase (ALT) and aspartate amino trans-

ferase (AST) were measured using a clinical chemistry analyzerRevised manuscript accepted for publication August 27, 2013
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[15]. Complete urine analysis was also done. Serum UII level was

measured by enzyme-linked immunosorbent assay (ELISA) [16]

and molecular studies including DNA extraction from peripheral

blood leucocytes were also done. Detection of S89N polymor-

phism in the UTS2 gene using polymerase chain reaction / re-

striction fragment length polymorphism (PCR / RFLP) technique

was done as follows: PCR amplification using specific primers

forward primer (50-gtgcctgtctgtctgcattca-30) and reverse primer

(50-gagtcctgtaaaaccagctacag-30), restriction digestion of PCR

products using Afa I enzyme and 3% agarose gel electrophoresis

of digested PCR products. The 89S is expected to show three

bands with 161, 84, and 18 bp, while 89N shows two bands with

245 and 18 bp [17].

Statistical analysis was done using SPSS software version 20 (Sta-

tistical Package of Social Sciences, Chicago, Illinois, USA). The

data of the nominal variables were summarized in the form of fre-

quency or percentages. The Chi-Square test (χ2 test) was used with

a Monte Carlo estimate of the exact p-value. Fisher’s Exact Test was

also used to compare proportions of nominal clinical data variables.

To compare observed frequencies of different genotypes in a group

of subjects to the Hardy-Weinberg equilibrium (HWE) expected fre-

quencies in the same group of subjects, chi-square goodness of fit

test with one degree of freedom was used [18, 19].

Results

There was no difference in terms of age among the stud-

ied groups (mild PE: 27.57 (SD 6.06) years, severe PE

group: 29.90 (SD 5.82) years, and control: 28.45 (SD 5.42)

years). No difference was shown in terms of parity (mild

PE: 0.77 (SD 0.86 ), severe PE group: 1.33 (SD 1.42), and

control group: 1.0 (SD 0.86) ) nor regarding gestational

age at the time of recruitment (mild PE: 36.80 (SD 1.10)

weeks, severe PE group: 36.20 (SD 1.81) weeks, and con-

trol group: 37.15 (SD 1.60) weeks) (Table 1).

A statistically significant difference in the UII geno-

type frequencies between patients and control groups was

found. (p = 0.0211*) The mild PE patients had a higher

frequency of the homo-mutant genotype “CC” than con-

trols (23.3 % vs 20 %), a higher frequency of the hetero-

mutant genotype “AC” than controls (46.7 % vs 40 %)

and a lower frequency of the wild genotype “AA” than

controls (30 % vs 40 %). Meanwhile, patients with se-

vere disease had a higher frequency of the homo-mutant

genotype “CC” than controls (50 % vs 20 %), a lower fre-

quency of the hetero-mutant genotype “AC” than con-

trols (33.3 % vs 40 %), and a lower frequency of the wild

genotype “AA” than controls (16.7 % vs 40 %). (Table 2,

Figure 1)

The mean serum UII, however, showed a significant

difference between the studied groups (mild PE: 84.10

(SD 6.81) pg/ml, severe PE group: 180.53 (SD 11.27)

pg/ml, and control group: 44.10 (SD 6.46) pg/ml). (Table

2, Figure 2)

Comparing the observed and expected values of UII

genotype frequencies in patients with mild, severe PE

and in controls, no significant difference was noted

whether in the homo-mutant, hetero-mutant or the wild

Table 1. — Comparison between the studied groups ac-
cording to age, parity, and gestational age 

Mild PE Severe PE Control Test of sig.

(n = 30) (n = 30) (n = 20)

n % n % n %

Age (years)

< 25 10 33.3 5 16.7 3 15.0

25 – 30 11 36.7 12 40.0 12 60.0 p = 0.234

> 30 9 30.0 13 43.3 5 25.0

p1 p = 0.296 p = 0.215

p2 p = 0.343

Min. – Max. 20.0 – 40.0 20.0 – 41.0 19.0 – 40.0

Mean ± SD 27.57 ± 6.06 29.90 ± 5.82 28.45 ± 5.42 Fp = 0.299

Median 25.50 30.0 28.50

p1
Scheffep = 0.305 Scheffep = 0.871

p2
Scheffep = 0.690

Parity 

0 14 46.7 11 36.7 6 30.0

1 10 33.3 8 26.7 9 45.0

2 5 16.7 5 16.7 4 20.0 -

3 1 3.3 3 10.0 1 5.0

>3 0 0.0 3 10.0 0 0.0

Min. – Max. 0.0 – 3.0 0.0 – 5.0 0.0 – 3.0

Mean ± SD 0.77 ± 0.86 1.33 ± 1.42 1.0 ± 0.86 0.326

Median 1.0 1.0 1.0

p1 0.160 0.305

p2 0.671

Gestational age (weeks)

Min. – Max. 34.0 – 38.0 32.0 – 38.0 32.0 – 40.0

Mean ± SD 36.80 ± 1.10 36.20 ± 1.81 37.15 ± 1.60 0.086

Median 37.0 37.0 37.50

p1 0.317 0.729

p2 0.103

p: p value for Chi Square test; Fp: p value for F test (ANOVA);

Scheffep: p value of Post Hoc test (Scheffe); *: Statistically significant at p ≤ 0.05;

p1: p value between mild PE and each other group 

p2: p value between severe PE and control

Table 2. — Comparison between the studied groups in
terms of UII gene and serum levels.

Mild PE Severe PE Control Test of sig.

(n = 30) (n = 30) (n = 20)

n % n % n %

UII Gene

Wild 9 30.0 5 16.7 11 55.0

Hetero 14 46.7 11 36.7 7 35.0 c2p = 0.015*

Homo 7 23.3 14 46.7 2 10.0

p1
c2p = 0.147 c2p = 0.178

p2
c2p = 0.005*

Serum UII

Min. – Max. 70.0 – 98.0 167.0 – 201.0 34.0 – 55.0

Mean ± SD 84.10 ± 6.81 180.53 ± 11.27 44.10 ± 6.46 KWp <0.001*

Median 85.50 176.0 46.0

p1
MWp <0.001* MWp <0.001*

p2
MWp <0.001*

p: p value for Chi Square test; KWp: p value for Kruskal Wallis test

MWp: p value for Mann Whitney test; c2p: p value for Chi Square test 

p1: p value between mild PE and each other group 

p2: p value between severe PE and control 

*: Statistically significant at p ≤ 0.05
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genotype. This agrees with hardy Weinberg equilibrium

model (Tables 3, 4, 5).

Discussion

PE and eclampsia may occur in as many as eight per-

cent of pregnancies and remain a leading cause of ma-

ternal and fetal morbidity and mortality [20]. It could be

argued that screening for hypertensive disorders should

be given a higher priority, than the currently screened-

for conditions at routine antenatal care visits.[21] The

maternal and fetal short- and long-term outcomes, how-

ever, remain uncertain, thus advocating the search for a

reliable, fairly accurate method for early detection and/or

prediction of the disease. High-dose UII eventually lead

to a series of clinical symptoms of PE. Therefore, the UII

could be used as a serologic indicator of disease pro-

gression and severity.

The results of this study suggested that UTII single gene

(S89N) polymorphism is related to the development of PE,

which may be, according to the authors’knowledge, the

first report on this gene polymorphism’s involvement in

the development of hypertension with pregnancy. Further

studies are needed to investigate the prevalence of other

single nucleotide gene polymorphisms in PE [17, 22].

Moreover, UII was also reported to be a proangiogenic

agent and, thus, a potential partner in disease pathogenesis.

Balat et al. reported a significant increase in the circulating

Figure 1. — UII gene frequencies in studied groups.

Figure 2. — Serum UII in studied groups.

Table 3. — The observed and expected values of the geno-
type frequencies among UII gene in mild PE group.

Observed Expected 2 p
Homozygote 9 p2n 8.5

reference (wild)

Heterozygote 14 2pqn 14.9
0.117 0.732

(hetero)

Homozygote 7 q2n 6.5

variant (homo)

Table 4. — The observed and expected values of the geno-
type frequencies among UII gene in severe PE group.

Observed Expected 2 p
Homozygote 5 p2n 3.3

reference (wild)

Heterozygote 10 2pqn 13.3
1.875 0.171

(hetero)

Homozygote 15 q2n 13.3

variant (homo)

Table 5. — The observed and expected values of the geno-
type frequencies among gene in control group 

Observed Expected 2 p
Homozygote 8 p2n 7.2

reference (wild)

Heterozygote 8 2pqn 9.6
0.556 0.456

(hetero)

Homozygote 4 q2n 3.2

variant (homo)
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levels of UII in PE, whereas Cowley et al. reported no dif-

ferences between PE and normal pregnancy [23, 24].

Despite the last two decades of research on this condi-

tion, the ability of clinicians to predict PE prior to the onset

of symptoms has not improved remarkably. A serum test

that directly predicts an impending need for delivery, al-

lowing targeted prenatal care, could offer huge clinical ben-

efits as delivery is currently the only cure for PE [25]. UII,

a potent hypertensive agent, has significantly elevated

serum levels in numerous disease conditions, including es-

sential hypertension, atherosclerosis, heart failure, diabetes,

renal failure, and metabolic syndrome. As such, serum UII

may be a useful biomarker in detecting PE onset or pro-

gression and the UII gene receptor is emerging as a prom-

ising target for therapeutic intervention [26].

In agreement with the present study, Liu et al. verified

UII serum levels in severe PE to be significantly higher

than control group [27].

Yanyan et al. reported a significant difference between

PE patients and control groups regarding serum UII levels

[28]. Sakamato et al. concluded that UII in serum increases

as pregnancy advances, decreases rapidly after delivery,

and its concentration during pregnancy correlates with ges-

tational week, thus confirming that UII is derived mainly

from the placenta [29]. Our results also agreed with a report

by Tan et al. who pointed out an association between the

UTS-II 143 G⁄A polymorphism and gestational diabetes in

pregnant Chinese women. Because PE is frequently asso-

ciated with gestational diabetes, they hypothesized that the

UTS-II 143 G⁄A polymorphism may be associated with PE

[30]. Another study done by Gould PS et al. showed that

there is an upregulation of UII receptor in PE that causes in

vitro placental release of soluble vascular endothelial

growth factor [31]. Dikensoy et al. concluded no signifi-

cant association between the UTS-II S89N polymorphism

and PE [32].

Conclusion

UII gene polymorphism and UII serum level may be

among very important biomarkers sharing in the patho-

genesis, progression, and severity of PE. All results of cur-

rent and previous studies confirm a promising role of UII

in detection of severity, or prediction of the disease occur-

rence. The combined screening for both gene polymor-

phism and serum levels of UII in pregnant women at risk of

developing the disease would be a real value in the man-

agement of such a life-threatening condition. Further re-

search is still needed to verify these results.

Acknowledgments

The authors wish to thank Dr. Ahmed Gomaa and Dr.

Mona Bakir for their sincere effort during most of the steps

of this study. 

The study was entirely funded by Alexandria University-

administered research funds together with the Obstetrics

and Gynecology Department’s own funds.

References

[1] Sibai B., Dekker G., Kupferminc M.: “Pre-eclampsia”. Lancet, 2005,

365, 785.

[2] Beaulieu M.D.: “Prevention of pre-eclampsia”. In: Canadian guide
to clinical preventive Health care. Ottawa: Health Canada, 1994,

136. 

[3] Campbell S., Pearce J.M., Hackett G., Cohen–Overbeek T., Hernan-

dez C.: “Qualitative assessment of uteroplacental blood flow: early

screening test for high risk pregnancies”. Obestet. Gynecol., 1996,

68, 649.

[4] Kliman H.J.: “Uteroplacental blood flow the story of decidualization,

menstruation and trophoblast invasion”. Am. J. Pathol., 2000, 157,

1759.

[5] Davenport A.P., Maguire J.J.: “Urotensin II: fish neuropeptide

catches orphan receptor”. Trends Pharmacol. Sci., 2000, 21, 80. 

[6] Coulouarn Y., Lihrmann I., Jegou S., Anouar Y., Tostivint H.,

Beauvillain C., et al.: “Cloning of the cDNA encoding the urotensin

II precursor in frog and human reveals intense expression of the

urotensin II gene in motoneurons of the spinal cord”. Proc. Natl.
Acad. Sci. USA, 1998, 95, 15803.

[7] Saetrum Opgaard O., Nothacker H., Ehlert F.J., Krause D.N.: 

“Human urotensin II mediates vasoconstriction via an increase in in-

ositol phosphates”. Eur. J. Pharmacol., 2000, 406, 265.

[8] Ames R.S., Sarau H.M., Chambers J.K., Willette R.N., Aiyar N.V.,

et al.: “Human urotensin-II is a potent vasoconstrictor and agonist for

the orphan receptor GPR14”. Nature, 1999, 401, 282. 

[9] Douglas S.A., Dhanak D., Johns D.G.: “From ‘gills to pills’:

urotensin-II as a regulator of mammalian cardiorenal function”.

Trends Pharmacol. Sci., 2004, 25, 76.

[10] Tal M., Ammar D.A., Karpuj M., Krizhanovsky V., Naim M.,

Thompson D.A.: “A novel putative neuropeptide receptor expressed

in neural tissue, including sensory epithelia”. Biochem. Biophys. Res.
Commun., 1995, 209, 752.

[11] Ong K.L., Lam K.S., Cheung B.M.: “Urotensin II: its function in

health and its role in disease”. Cardiovasc. Drugs Ther., 2005, 19, 65.

[12] Vaudry H., Do Rego J.C., Le Mevel J.C., Chatenet D., Tostivint H.,

et al.: “Urotensin II, from fish to human”. Ann. N Y Acad. Sci., 2010,

1200, 53. 

[13] Balat O., Aksoy F., Kutlar I., Ugur M.G., Iyikosker H., Balat A.,

Anarat R.: “Increased plasma levels of urotensin-II in preeclampsia-

eclampsia: a new mediator in pathogenesis”. Eur. J. Obstet. Gynecol.
Reprod. Biol., 2005, 120, 33.

[14] Cowley E., Thompson J.P., Sharpe P., Waugh J., Ali N., Lambert

D.G.: “Effects of pre-eclampsia on maternal plasma, cerebrospinal

fluid, and umbilical cord urotensin II concentrations: a pilot study”.

Br. J. Anaesth., 2005, 95, 495.

[15] Burtis C.A., Ashwood E.R., Bruns D.E.: “Tietz Text Book of Clini-

cal Chemistry and Molecular Diagnostics”. 5th ed. St Louis: Elsevier

Saunders Company,  2012, 685-6, 680-4, and 575-6.

[16] Ames R.S., Sarau H.M., Willette R.N., Ohlstein E.H., Bergsma D.J.,

Douglas S.A.: “Human urotensin II is a potent vasoconstrictor and

agonist for the orphan receptor GPR14”. Nature, 1999, 401, 282.

[17] Dikensoy E., Balat O., Gurol Ugur M., Pehlivan S., Oguzkan Balci

S.: “Association between urotensin II gene polymorphism and pre-

eclampsia”. Eur. J.Obstet. Gynecol. Reprod. Biol., 2010, 151, 140.

[18] Puri B.K.: “SPSS in practice: an illustrated guide”. 2nd ed. London:

Arnold, 2002.

[19] Lydersen S., Pradhan V., Senchaudhuri P., Laake P.: “Choice of test

for association in small sample unordered r × c tables”. Stat. Med.,
2007, 26, 4328. 

[20] Duley L.: “The global impact of preeclampsia and eclampsia”.

Semin. Perinatol., 2009, 33, 130.



Study of Urotensin II gene and serum levels in relation to pre-eclampsia398

[21] Greer I.A.: “Pre-eclampsia matters”. BMJ, 2005, 330, 549.

[22] Yi L., Gu Y.H., Wang X.L., An L.Z., Xie X.D., Shao W., et al.: “As-

sociation of ACE, ACE2 and UTS2 polymorphisms with essential

hypertension in Han and Dongxiang populations from north-west-

ern China”. J. Int. Med. Res., 2006, 34, 272.

[23] Balat O., Aksoy F., Kutlar I., Ugur M.G., Iyikosker H., Balat A.,

Anarat R.: “Increased plasma levels of urotensin-II in preeclampsia-

eclampsia: a new mediator in pathogenesis?” Eur. J. Obstet. Gynecol.
Reprod. Biol., 2005, 120, 33.

[24] Cowley E., Thompson J.P., Sharpe P., Waugh J., Ali N., Lambert

D.G.: “Effects of pre-eclampsia on maternal plasma, cerebrospinal

fluid, and umbilicalcord urotensin II concentrations: a pilot study”.

Br. J. Anaesth., 2005, 95, 495.

[25] Farag K., Hassan I., Ledger W.L.: “Prediction of preeclampsia: Can

it be achieved”. Obstet. Gynecol. Surv., 2004, 59, 464.

[26] Carmine Z., Mallamaci F.: “Urotensin II. a cardiovascular and renal

update”. Curr. Opin. Nephrol. Hypertens., 2008, 17, 199.

[27] Liu Y., Li Y., Xu X., Chen X., Chen H.: “Neurokinin B and urotensin

II levels in pre-eclampsia”. J. Matern. Fetal Neonatal. Med., 2010,

23, 869.

[28] Na S., Shim J.Y., Jung B.K., Won H.S., Lee P.R., Kim A.: “Urotensin-

II 143 G/A Polymorphism is not associated with the Risk of

Preeclampsia in Korean Women”. Am. J. Reprod. Immunol., 2011 66,

423. doi: 10.1111/j.1600-0897.2011.01022.x. Epub 2011 May 27.

[29] Sakamoto R., Osada H., Iitsuka Y., Masuda K., Kaku K., Seki K.,

Sekiya S.. 2Profile of neurokinin B concentrations in maternal

and cord blood in normal pregnancy”. Clin. Endocrinol., 2003,

58, 597.

[30] Tan Y.J., Fan Z.T., Yang H.X.: “Role of urotensin II gene in the ge-

netic susceptibility to gestational diabetes mellitus in northern Chi-

nese women”. Zhonghua Fu Chan Ke Za Zhi, 2006, 41, 732.

[31] Gould P.S., Gu M., Liao J., Ahmad S., Cudmore M.J., Ahmed A.,

Vatish M.: “Upregulation of urotensin II receptor in preeclampsia

causes in vitro placental release of soluble vascular endothelial

growth factor receptor 1 in hypoxia”. Hypertension, 2010, 56,

172.

[32] Dikensoy E., Balat O., Ugur M.G., Pehlivan S., Balci S.O.: “Asso-

ciation between urotensin II gene polymorphism and pre-eclamp-

sia”. Eur. J. Obstet. Gynecol. Reprod. Biol., 2010, 151, 140.

Address reprint requests to:

F.M. SHAWKY MOIETY, M.D.

Shatby University Hospital, 

Obstetrics & Gynecology Department.,

Shatby, Alexandria 21526 (Egypt) 

e-mail: fmoiety@gmail.com


