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INTRODUCTION

 Pregnancy induced hypertension syndrome (PIH) 
is a high-incidence disease of pregnant women 
that can damage the heart, brain, kidney and other 
organs. PIH reduces uterine and placental blood 
perfusion and can severely impair foetal survival. 
The possibility of risk occurrence increases in a PIH 
patient suffering from congestive heart failure.1–3 
VEGF, a cytokine on the surface of vascular 
endothelial cells, macrophages and nurse cells, is 
involved in vascular formation and reconstruction; 
VEGF combines with a specific receptor to increase 
vasopermeability.4–6 VEGF is significant in the 
maintenance of vascular integrality and normal 
permeability and has a critical regulatory function 
in pathological physiology associated with 
hyperplasia of vascular endothelial cells.
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AbstrAct
Objective: This	study	was	conducted	was	to	detect	vascular	endothelial	growth	factor	(VEGF)	levels	in	
peripheral	blood	of	patients	with	pregnancy-induced	hypertension	(PIH)	syndrome	and	to	investigate	VEGF	
correlation	with	PIH	occurrence.
Methods: Double-antibody	enzyme-linked	immunosorbent	assay	and	fluorescent	quantitative	polymerase	
chain	reaction	were	used	to	detect	VEGF	levels	in	the	peripheral	blood	of	non-pregnant	women	(normal	
group,	30	cases),	normal	pregnant	women	(pregnancy	group,	30	cases)	and	PIH	patients	(PIH	group,	30	
cases).
Results: VEGF	level	 in	the	pregnancy	group	was	significantly	higher	than	 in	the	normal	group,	and	the	
difference	between	these	two	groups	was	significant	(P	<	0.001).	In	the	pregnancy	group,	VEGF	reached	
the	maximum	level	at	the	metaphase	stage	of	pregnancy	and	started	to	decrease	at	advanced	pregnancy.	
VEGF	level	in	the	PIH	group	was	significantly	lower	than	in	the	pregnancy	group	at	advanced	pregnancy	(P 
<	0.01),	and	VEGF	level	significantly	and	gradually	decreased	with	PIH	aggravation	(P <	0.05).
Conclusions:	The	significant	decrease	of	VEGF	level	after	pregnancy	was	possibly	an	important	factor	of	
PIH	pathogenesis.
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Patients with pregnancy induced hypertension syndrome

 VEGF is mainly expressed on the surface of 
placental syncytiotrophoblast cells and invasive 
chorionic trophoblast cells during pregnancy; VEGF 
is particularly expressed at the vascular bud site at 
early pregnancy, during which syncytiotrophoblast 
cells are abundant.7–10 VEGF has an important 
function in vascular endothelial damage, and 
various growth factors have an important function 
in disease. However, information on PIH expression 
is lacking. In this study, we used fluorescent 
quantitative polymerase chain reaction (PCR) and 
enzyme-linked immunosorbent assay (ELISA) 
to detect VEGF level in the peripheral blood of 
patients with PIH and investigated the participation 
of VEGF in PIH incidence.

METHODS

Objects and grouping: 1) The PIH group comprised 
30 PIH patients hospitalised in the Gynaecology 
and Obstetrics Department of our hospital from 
May 2010 to April 2011. The diagnosis code and 
classification criteria  used were the same as those 
in a previous study.11 Among these 30 PIH cases, 
14, 10 and 6 cases had mild, moderate and severe 
PIH, respectively. The average age was 26.2±5.6 
years old, and the average pregnancy duration 
was 35.3±3.1 weeks. 2) The pregnancy group 
comprised 30 randomly selected cases of normal 
healthy pregnant women admitted in our hospital 
at the same period. Ten cases of pregnant women 
in the early, metaphase and advanced pregnancy 
stages were included. The average age was 25.3±4.9 
years old, and the average pregnancy duration was 
27.6±4.7 weeks. 3) The normal group comprised 30 
randomly selected cases of normal non-pregnant 
women examined in the hospital at the same 
period, and average age was 25.2±3.8 years old. 
Women in all three groups did not have histories of 
hypertension, heart disease, diabetes mellitus and 
liver and kidney diseases. This study was conducted 
in accordance with the declaration of Helsinki and 
with approval from the Ethics Committee of the First 
Affiliated Hospital of Xinxiang Medical University. 
All participants provided written informed consent.
Specimen acquisition and processing: Elbow vein 
blood (2 ml) was drawn from all subjects on an 
empty stomach and the blood was injected into 
non-anticoagulation glass tubes. Venous blood was 
centrifuged for ten minutes at 4,000 r/min and 4 °C 
to obtain the serum. The serum was stored at –70°C.
ELISA detection: ELISA was performed according 
to the instructions on the VEGF ELISA kit (Roch, 
USA).

Fluorescent quantitative reverse transcription-
polymerase chain reaction (RT–PCR): The total 
RNA of nucleated cells in peripheral blood was 
extracted, and absorbance was detected with an 
ultraviolet spectrophotometer at 260 and 280 nm 
to calculate optical density (OD)260/OD280. The 
ratio value should be between 1.75 and 1.95. For 
fluorescent quantitative RT–PCR test, the relative 
quantitative method was used to detect changes 
in gene expression. The Δ Δ cycle threshold (CT) 
method was used for quantitative analysis if 
the feasibility test verified that the difference of 
amplification oblique line between target gene and 
internal reference was less than 0.1. In addition, real-
time RT–PCR reaction was performed according to 
the manufacturer’s instructions.
Reaction conditions: A total of 40 cycles were 
performed at 95 °C for 10 s, 95 °C for 5 s and 60 °C 
for 34 s. VEGF PCR reaction and another PCR 
reaction with GAPDH as the internal reference were 
simultaneously conducted. The relative expression 
amount of VEGF-mRNA in the specimen was 
calculated according to the following formulas: ΔCT 
(target gene) = target gene CT - internal control gene 
CT and ΔΔ CT = ΔCT (target gene) - ΔCT (standard 
value). The relative total amount of target gene was 
2-ΔΔ CT. The CT value represented the number of 
cycles necessary for the fluorescence signal in each 
reaction tube to reach the set threshold. In addition, 
the CT value was negatively related to VEGF mRNA 
expression level;  an increase in CT value indicated 
a corresponding decrease in VEGF mRNA level. 
The VEGF and internal primer sequences used are 
shown in Table-I.
Statistical Analysis: All data were expressed as  

±s .  Two-sample t test was used for comparison 
between groups. Statistical software SPSS 15.0 was 
used. Significant difference was set at P < 0.05.

RESULTS

ELISA result: As shown in Table-II, the pregnancy 
group showed significantly higher serum VEGF 
level than the non-pregnant normal group, and the 
difference between these two groups was extremely 
significant (P < 0.001). In addition, VEGF level of 

Table-I: Primer sequences used in this study.
Primer	 															Sequence	(5′-3′)	 Product
	 	 length(bp)

VEGF AAGATCCGCAGACGTGTAAATGTT 100
  CGGCTTGTCACATGCAAGTA 
GAPDH CTTAGCACCCCTGGCCAAG 150
 GATGTTCTGGAGAGCCCCG
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pregnant women was highest at metaphase stage and 
lowest at advanced pregnancy stage. The average 
VEGF level of the PIH group was significantly 
lower than that of the pregnancy group. The VEGF 
level of the PIH group was significantly lower (P < 
0.01) than that of the pregnancy group at advanced 
pregnancy. The VEGF level gradually decreased 
with PIH aggravation. The VEGF level in severe 
PIH was significantly lower than in moderate PIH, 
and the difference was statistically significant (P < 
0.05).
Fluorescent quantitative RT–PCR: The relative 
quantitative method 2-ΔΔCT was used to compare 
VEGF mRNA expression level in peripheral blood 
of women in normal non-pregnant, PIH and 
pregnancy groups. The VEGF mRNA expression 
level of normal non-pregnant women was 
considered as the standard. The relative expression 
levels of VEGF mRNA in peripheral blood of 
the pregnancy and PIH groups were compared. 
Statistical analysis showed significant differences 
in peripheral blood VEGF mRNA expression levels 
among the three groups (P < 0.05). The PIH and 
pregnancy groups showed significantly higher 
VEGF mRNA expression levels in peripheral 
blood than the non-pregnant normal group (P < 
0.05). PIH group showed significantly lower VEGF 
mRNA expression level than the pregnancy group 
at advanced pregnancy (P < 0.01). VEGF level 
gradually decreased with PIH aggravation, and 
VEGF level at severe PIH was significantly lower 

than at moderate PIH (P < 0.05) (Table-III). This 
finding was in agreement with the ELISA results.

DISCUSSION

 VEGF, also known as vascular permeability 
factor (VPF), is a functional glycoprotein with 
high biological activity. VEGF undergoes specific 
combination with receptors FIT-1 and KDR and 
subsequently promotes vascular endothelial 
cell division and proliferation, increases 
vasopermeability, regulates the apoptosis signal 
transduction pathway of endothelial cells and 
increases cell resistance to the apoptosis process.12,13 
Studies showed that VEGF has an important 
function in the implantation process of fertilised 
ovum and in vascular formation in the placental 
growth process during the entire pregnancy period. 
VEGF mRNA expression level in placental tissue 
and VEGF level in peripheral blood obviously 
increased after pregnancy.14,15 In the present study, 
VEGF level in serum of normal pregnant women 
was significantly higher than in non-pregnant 
women, and the maximum level was observed at 
metaphase pregnancy. Serum VEGF level started to 
decrease at advanced pregnancy stage.
 The possible mechanisms underlying the increase 
in VEGF level during pregnancy include the 
following:16–18 1) trophoblastic villi were relatively 
hypoxic during the development process at early 
pregnancy; 2) maintenance of adequate blood 
circulation was required during placental growth; 
and 3) blood and oxygen supply was required 
in the foetal growth process. Previous studies 
confirmed that the expressions of VEGF and its 
receptors in placental tissue were detected during 
the entire pregnancy period and that expression 
intensity increased with progressing pregnancy19. 
These findings suggest that VEGF has an important 
function in placental vascular development and 
function maintenance. Increasing VEGF level helps 
maintain the integrality and normal permeability 
of maternal blood vessels and is significant for 
regulating maternal cardiovascular adaptation 
to pregnancy. In addition, VEGF has a critical 
regulatory function in the pathological physiology 
associated with hyperplasia of vascular endothelial 
cells.19
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Table-II: Comparison of VEGF level among the PIH, 
Pregnancy and control group ( ±s).

	Group	 Case(n)	 VEGF(ng/L)

Normal 30 12.98±3.99
pregnancy 30 149.39±27.15*
Early 10 145.04±23.69
Mid-term 10 183.84±49.02
Late 10 118.37±34.29
PIH 30 62.25±24.33#

Mild 10 87.26±11.24
Moderate 10 57.64±11.74
Severe 10 35.44±9.37Δ

P < 0.001 verse normal group;  
# P < 0.01 verse late Pregnancy in the 
Pregnancy group; P < 0.05 Δ moderate PIH group.

Table-III: VEGF mRNA expression among the PIH, pregnancy and control group.
Group	 Case	(n)	 Δ	CT	value	 Δ	Δ	CT	 2-ΔΔ	CT	 		P	value

Normal 30 12.72±1.47 0.00±1.47 1.00 
Pregnancy 30 8.97±0.95 -3.75±0.95 13.45(6.96~25.99) P < 0.05
PIH 30 10.50±1.03 -2.22±1.03 4.66(2.28~9.51) P < 0.05
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 VEGF level in peripheral blood was higher in 
PIH patients than in non-pregnant women, but was 
significantly lower than in homochronous normal 
pregnant women. VEGF is mainly expressed in 
placental syncytiotrophoblast and invasive chorionic 
trophoblast cells during pregnancy, especially at the 
vascular bud site at early pregnancy, during which 
syncytiotrophoblast cells were strongly positive.20 
The decrease in VEGF level in the peripheral 
blood of PIH patients suggests that VEGF affects 
the differentiation and proliferation of nurse cells, 
causes invasive functional disorder of nurse cells 
and affects the physiological changes of spiral 
arterioles. In addition, VEGF level in the serum of 
PIH patients is related to disease condition. VEGF 
levels decrease with aggravating disease condition, 
suggesting that the decrease in VEGF level down 
regulates placental local VEGF expression in PIH 
patients and directly inhibits local vascular growth 
and development to induce the occurrence of PIH.
 Therefore, a decrease in VEGF synthesis 
and release may be an important factor in PIH 
pathogenesis. The resulting vascular endothelial 
damage possibly worsens with lower VEGF levels; 
therefore, PIH disease condition worsens. VEGF 
level in the serum of PIH patients is negatively 
related to disease condition. The decrease in VEGF 
level becomes more significant with increasing 
PIH severity, suggesting that the decrease in VEGF 
synthesis and release may be an important factor in 
PIH pathogenesis.
 This experiment is a preliminary study. A large 
sample size is recommended for future studies. 
VEGF expression and the reference range of serum 
VEGF should also be investigated in the future.

REFERENCES
1. Mohan SK, Venkataramana G. Status of lipid Peroxidation, 

Glutathione, Ascorbic acid, Vitamin E & Antioxidant Enzymes 
in patients with pregnancy--induced hypertension. Indian J 
Physiol Pharmacol. 2007;51(3):284-288.

2. Lao-Nario BT. Nursing care of patients with pregnancy-induced 
Hypertension (continuing education credit). Philipp J Nurs. 
1988;58(4):15-25.

3. Roach VJ, Hin LY, Tam WH, Ng KB, Rogers MS. The incidence 
of pregnancy-induced Hypertension among patients with 
carbohydrate intolerance. Hypertens Pregnancy. 2000;19(2):183-
189. http://dx.doi.org/10.1081/PRG-100100134

4. Kilian O, Alt V, Heiss C, Jonuleit T, Dingeldein E, Flesch I. New 
blood vessel formation & expression of VEGF receptors after 
implantation of platelet growth factor-enriched Biodegradable 
Nanocrystalline Hydroxyapatite. Growth Factors. 2005;23(2):125-
133. http://dx.doi.org/10.1080/08977190500126306.

5. Liu Z, Kobayashi K, van Dinther M, van Heiningen SH, 
Valdimarsdottir G, van Laar T. VEGF & Inhibitors of TGFbeta 
type-I receptor kinase synergistically promote blood-vessel 
formation by inducing alpha5-integrin expression. J Cell 
Sci. 2009;122(Pt 18):3294-3302. http://dx.doi.org/10.1242/
jcs.048942.

6. Mylona E, Nomikos A, Alexandrou P, Giannopoulou I, 
Keramopoulos A, Nakopoulou L. Lymphatic & blood vessel 
morphometry in invasive breast carcinomas: relation with 
proliferation and VEGF-C and -D proteins expression. Histol 
Histopathol. 2007;22(8):825-835.

7. Andraweera PH, Dekker GA, Laurence JA, Roberts CT (2012). 
Placental expression of VEGF family mRNA in adverse 
pregnancy outcomes. Placenta. 2012;33(3):467-472. http://
dx.doi.org/10.1016/j.placenta.2012.02.013.

8. Clark DE, Smith SK, Sharkey AM, Charnock-Jones DS. 
Localization of VEGF and expression of its receptors flt 
and KDR in human placenta throughout pregnancy. Hum 
Reprod. 1996;11(5):1090-1098. http://dx.doi.org/10.1093/
oxfordjournals.humrep.a019303.

9. Demir R, Kayisli UA, Seval Y, Celik-Ozenci C, Korgun 
ET, Demir-Weusten AY. Sequential expression of VEGF and its 
receptors in human placental villi during very early pregnancy: 
differences between placental vasculogenesis and angiogenesis. 
Placenta. 2004;25(6):560-572. http://dx.doi.org/10.1016/j.
placenta.2003.11.011.

10. Demir R. Expression of VEGF receptors VEFGR-1 and 
VEGFR-2, angiopoietin receptors Tie-1 and Tie-2 in chorionic 
villi tree during early pregnancy. Folia Histochem Cytobiol. 
2009;47(3):435-445. doi: 10.2478/v10042-009-0100-5.

11. Le J. Obstetrics & gynaecology. The fifth edition. Beijing: 
people’s medical publishing house. 2000;pp 114.

12. Klagsbrun M, D’Amore PA. Vascular endothelial growth factor 
and its receptors. Cytokine Growth Factor Rev. 1996;7(3):259-
270. http://dx.doi.org/10.1016/S1359-6101(96)00027-5.

13. Xie B, Tam NN, Tsao SW, Wong YC. Co-expression of vascular 
endothelial growth factor (VEGF) and its receptors (flk-1 and 
flt-1) in hormone-induced mammary cancer in the Noble rat. 
Br J Cancer. 1999;81(8):1335-1343. http://dx.doi.org/10.1038/
sj.bjc.6692206.

14. Cooper JC, Sharkey AM, Charnock-Jones DS, Palmer CR, Smith SK. 
VEGF mRNA levels in placentae from pregnancies complicated 
by pre-eclampsia. Br J Obstet Gynaecol. 1996;103(12):1191-1196. 
http://dx.doi.org/10.1111/j.1471-0528.1996.tb09627.x.

15. Wheeler T, Evans PW, Anthony FW, Godfrey KM, Howe DT, 
Osmond C. Relationship between maternal serum vascular 
endothelial growth factor concentration in early pregnancy and 
fetal and placental growth. Hum Reprod. 1999;14(6):1619-1623. 
http://dx.doi.org/10.1093/humrep/14.6.1619.

16. Meuris S, Nagy AM, Delogne-Desnoeck J, Jurkovic D, Jauniaux 
E. Temporal relationship between the human chorionic 
gonadotrophin peak and the establishment of intervillous blood 
flow in early pregnancy. Hum Reprod. 1995;10(4):947-950.

17. Vonnahme KA, Wilson ME, Li Y, Rupnow HL, Phernetton 
TM, Ford SP. Circulating levels of nitric oxide and vascular 
endothelial growth factor throughout ovine pregnancy. J 
Physiol. 2005;565(Pt 1):101-109. http://dx.doi.org/10.1113/
jphysiol.2004.082321.

18. Walter LM, Rogers PA, Girling JE. Differential expression 
of vascular endothelial growth factor-A isoforms in the 
mouse uterus during early pregnancy. Reprod Biomed 
Online. 2010;21(6):803-811. http://dx.doi.org/10.1016/j.
rbmo.2010.07.005.

19. Palm M, Basu S, Larsson A, Wernroth L, Akerud H, Axelsson O. 
A longitudinal study of plasma levels of soluble fms-like tyrosine 
kinase 1 (sFlt1), placental growth factor (PlGF), sFlt1: PlGF ratio 
and vascular endothelial growth factor (VEGF-A) in normal 
pregnancy. Acta Obstet Gynecol Scand. 2011;90(11):1244-1251. 
http://dx.doi.org/10.1111/j.1600-0412.2011.01186.x.

20. Shiraishi S, Nakagawa K, Kinukawa N, Nakano H, Sueishi 
K. Immunohistochemical localization of vascular endothelial 
growth factor in the human placenta. Placenta. 1996;17(2-3):111-
121. http://dx.doi.org/10.1016/S0143-4004(96)80004-X.

Patients with pregnancy induced hypertension syndrome


