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ABSTRACT: to assess PAPP-A gene expression, serum PAPP-A and insulin levels in maternal blood of 

preeclamptics and to compare them with normotensive pregnant women. Control 60 women with Preeclampsia 

and 30Nonpreeclampsianormotensive women as control. Three groups were chosen; mild preeclampsia group 

30 women, severe preeclampsia group 30and control group 30 women. Maternal blood samples for PAPP-A 

and Insulin were collected from the patients at second trimester and compared. Term placentas were collected 

from Egyptian women delivering at University Hospital from the gynecological and Obstetrics Department, 

Mansoura University, two hours of delivery. Expression of the PAPPA gene was assayed by quantitative real 

time PCR. Serum PAPPA levels were lowered in maternal blood of preeclamptic as compared to normotensive 

mothers (P < 0.001). Insulin levels were significantly increased in preeclamptic mothers as compared to 

normotensive mothers (P < 0.001). Insulin had a positive correlation with PAPPA gene expression in MPE 

group and it is highly statistically significant in preeclamptic mothers. PAPPA levels had a positive correlation 

with PAPPA gene expression in SPE group with highly statistically significant in sever preeclamptic mothers. 

Measurement of insulin, serum PAPPA and PAPPA gene expression may be useful in predicting the risk of 

preeclampsia. 
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I. INTRODUCTION 
The placenta acts as the interface between fetus and mother during gestation. Abnormal placental 

development leads to serious consequences for both fetal and maternal health, such as intrauterine growth 

restriction and preeclampsia[1].Pregnancy-associated plasma protein-A (PAPP-A) is a large highly glycosylated 

protein complex which has been shown to be responsible for the cleavage of insulin-like growth factor (IGF) 

binding proteins, which are inhibitors of IGF action in several biological fluids. Since IGFBPs have a key role in 

the modulating IGF activity, PAPP-A could be important in regulating fetal growth and development and in 

trophoblastic invasion of the deciduae[2]. PAPP-A is a well-known first trimester serum marker of pathological 

pregnancies. Since serum PAPP-A is reduced in the first trimester of pregnancies with fetal trisomies, PAPP-A 

in combination with other markers has been used for noninvasive early detection of trisomies. It is also reported 

that maternal serum PAPP-A is reduced in various complicated pregnancies such as fetal growth restriction and 

preeclampsia [3]. Insulin is a hormone that facilitates the transport of glucose from the bloodstream into cells. In 

response to increased blood sugar after a meal, pancreas secretes insulin into the bloodstream. When insulin 

resistance occurs, the normal amount of secreted insulin is not sufficient in order to deliver glucose into the 

cells. Pancreas subsequently increases its production of insulin to deliver blood sugar into the cells. Obesity and 

pregnancy are among the factors which can create insulin resistance. For these conditions there are theories that 

can explain etiology. Obesity is a cause of insulin resistance in modern societies. Obesity is often accompanied 

by an increase in fat cell size. This causes changes in adipokines, including a reduction in adiponectin and an 

increase in tumor necrosis factor alpha and free fatty acids which increase insulin resistance [4].Preeclampsia, 

which is characterized by pregnancy-induced hypertension and proteinuria, complicates3–4% of pregnancies 

and thus is a leading cause of maternal and fetal morbidity and mortality [5].There are no early gestation 
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screening tests available to predict the occurrence of preeclampsia, and the only effective therapy for established 

preeclampsia is delivery. Prophylactic strategies, including calcium supplementation and aspirin therapy, have 

been mostly unsuccessful [6, 7]. Novel therapeutic targets, identified preferably during early gestation when 

there is time for therapeutic modification, are needed for future clinical trials aimed at preventing preeclampsia. 

Mild preeclampsia is associated with the lowest maternal and neonatal mortality and morbidity rate, while 

severe preeclampsia before 35 weeks into pregnancy is associated with significant maternal and prenatal 

complications. Severe preeclampsia occurs when blood pressure reaches over 160/110 and proteinuria is above 

5 g in 24-hour urine collection[8]. Many metabolic changes during pregnancy increase adipose tissue and 

subsequently insulin resistance. Various placental hormones, in addition, alter maternal physiology to supply 

embryonic requirements. There is also a 30-fold increase inhuman placental lactogen [hPL]that leads to the 

secretion of insulin from pancreas [9]. Studies show that hPL plays a role in insulin resistance [10]. 6-fold 

increase in human chorionic growth hormone is another factor causing insulin resistance [11]. Blood glucose 

and insulin levels were measured 2hours after a 75 g oral glucose use in pregnant women; results showed that 

people with high blood insulin levels have higher risk for preeclampsia [12]. However, other studies found no 

relationship between elevated insulin and risk of preeclampsia[13, 14].Hence, the present study was planned to 

assess PAPPA gene expression, maternal insulin and PAPPA levels in blood of preeclamptics and to compare 

them with normotensive pregnant women. 

 

II. MATERIALS AND METHODS 
2.1 Study participants 

Sixty patients with Preeclampsia were collected from the gynaecological and Obsteric department, 

Mansoura University, Egypt (mean age: 30.7.±4.3 years) between August 2015 and September 2016. Three 

strictly, gestational age matched groups were constructed. The first group consisted of 30women who were 

diagnosed as mild preeclampsia (MPE) during routine prenatal visits at second trimester. The second group 

consisted of 30 women who were diagnosed as severe preeclampsia(SPE)and the third group consisted of30 

healthy control pregnant whose blood samples were taken during prenatal visits at second trimester of the 

gestational week that matches the other two groups and these women were followed up to delivery. Ages of 

women, gravidity, pregnancy outcomes, blood pressure values, maternal weights and height were recorded. 

Body-mass indexes were calculated. Participants were excluded if they had a pregnancy termination, a major 

anomaly, a twin pregnancy, or if the pregnancy outcome was unknown (i.e. if they did not deliver at our 

hospital). Thirty other pregnant women were put in the control group .Controls were women who entered 

University Hospital, Mansoura University, Mansoura, Egypt Obstetric Maternal Study cohort within 2wk of 

each case and who remained normotensive and non proteinuric throughout pregnancy. Women with a history of 

diabetes; thyroid, liver, or chronic renal disease; or preexisting chronic hypertension (defined as blood pressure 

>140/90 or need for antihypertensive medications before pregnancy or before 20 wk gestation) were excluded. 

Ethical approval: All study participants have provided a written informed consent, and the study protocols 

have been approved by the Coordinating Ethics Committee of the Internal Medicine University Hospital, 

Mansoura University, Mansoura, Egypt Obstetric Maternal Study cohort. All experiments were performed in 

accordance with the approved guidelines. 

The 30 women were assigned to the control group who were matched according to Weight, BMI, maternal age, 

and gestational age after assessing their files in the center and choosing most similar women to form healthy 

group to preeclamptic groups  ) Table 1(. 

 

2.2 Methods 

Insulin levels were measured by radioimmunoassay from samples taken from mothers in the second 

trimester of pregnancy.. Insulin was measured by ELISA (Linco, St. Charles, Missouri) with intra-assay CV 6.0, 

inter-assay CV 10.3, and sensitivity was 2 μU/ml. The quantitative determination of PAPP-A in the maternal 

serum was performed with an Immulite/ Immulite1000 device using solid phase, 

chemiluminescenceimmunometric sandwich method. Blood samples were centrifugated as soon as they were 

taken; they were not stored in deep freezer and studied as soon as possible. 

 Fresh samples of 30 human placentas were obtained within 30 min after placental delivery in 

gynaecological and Obsteric department, Mansoura University, Egypt. After a rinse of the samples with normal 

saline, the amniotic membranes and the maternal decidua were removed, then the samples were snap frozen in 

liquid nitrogen and stored at -27
0
C until RNA isolation by using miRNeasy mini kit (Qiagen, cat no. 217004, 

Germany). TaqMan real-time PCR ((provided by Thermo Scientific, U.S.A, cat No. #K1641)Was used to 

quantify the expression of PAPPA gene in placenta. iScript One-Step RT-PCR Kit for Probes (Bio-Rad) was 

used to reverse-transcribe and amplify the RNA template for 40 cycles, and the cycle at which the signal rose 

above a fixed threshold (Ct) was determined. The quantitative PCR amplification was performed using 25 ml 

reaction volumes containing reaction mix (Bio-Rad), Protector RNase Inhibitor (Roche Applied Sciences), 0.5 
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U iScriptRTase, 8.5 ml RNA template (i.e. 425 ng), 0.25 mM each primer, and 175 nM probe. The quantitative 

PCR program consisted of an initial reverse transcription of 30 min at 50 8C, an initial PCR activation step of 

15 min at 95 8C followed by 40 cycles of 1 min at 94 8C, 1 min at 55 8C, and 1 min at 72 8C.The antisense 

probe was generated from a partial human PAPP-A cDNA (572bp corresponding to GenBank
TM

 accession 

number :NM 002581;nucleotides1599-2151),The following primers were used. PAPPA: forward 5
\
 - 

CGGTTCAACTTTGATGGTGGAGAG -3
\
, reverse  5

\
 - ATTCTGGCGACTTGATTGGGCGTG -3

\
. 

 

2.3 Statistical analysis 

Data analysis was done by Statistical package for social science (SPSS) version 16.  The data were 

collected and entered to the computer. Statistical analysis was done using Statistical Package of Social Science 

(SPSS) Version 16 (Chicago, USA), IL 60606-6307. The quantitative data was presented in the form of mean 

and standard deviation. One way Annova f test was used for quantitative data of the three groups followed by 

benferroni test to compare between each two groups.  Pearson correlation coeffient was used to study relation 

between groups. Significance was considered at p value less than 0.05. 

 

III. RESULTS 
The maternal characteristics of each of the outcome groups are compared in Table 1.The patients with 

preeclampsia were not significantly different from the control group in terms of average age, BMI, and 

gestational age “Table1, 2and Figure1, 2”. Levels of fasting insulin ,serum PAPPA ,PAPPA gene expression 

were studied among the case and control groups after the development of preeclampsia. Significant difference 

was found among fasting insulin among the two groups of preeclampsia and control group[𝑃< 0.001] “Table 3 

and Figure 3”. The average fasting insulin increased for both case and control groups. Mean score for the level 

of fasting insulin among people with preeclampsia was higher than that of control group [𝑃< 0.001] “Table 3”. 

According to results of f-test, changes in insulin level were significant for both groups during pregnancy [𝑃< 

0.001] but there was no significant difference between group of mild preeclampsia and control group [𝑃=0.294] 

“Table 4”; therefore, insulin rate increased in both groups. Mean PAPP-A levels were significantly lower in 

preeclampsia compared to their matched control. PAPP-A levels were not different when group with MPE 

compared with SPE group “Figure 4”. PAPP-A was only minimally expressed in control group. PAPP-A was 

significantly lower in control group (0.65±0.39 percent) than in Severe preeclampsia group (P<0.001) or mild 

preeclampsia group (P=0.001).There was statistically significant difference between the groups of preeclampsia 

(P=0.001) “Figure 5”.There was significant direct (positive correlation) between fasting insulin and PAPPA 

expression(r= 0.386)in MPE group. There was significant positive correlation between PAPPA expression and 

Serum PAPPA (r = 0.400) in SPE group “Table 4”. 

 

IV. DISCUSSION 
Several studies have reported an association between preeclampsia and insulin resistance as 

characterized by higher glucose and/or insulin levels when compared with normotensive women, but an 

association between direct measurements of insulin resistance and preeclampsia has not been demonstrated [15-

17]. 

Metabolic studies in women with GDM, a subgroup that has been associated with an increased 

preeclampsia risk, did not find any correlation between multiple measures of insulin resistance And β-cell 

function with the subsequent development of preeclampsia during pregnancy[18].Metabolic origins are 

implicated by differences in preeclampsia compared to normal pregnancy. Maternal hyper insulinemia and 

insulin resistance which support the growing conceptus in normal pregnancy are accentuated in preeclampsia. 

Preeclamptic pregnancies demonstrated 37% lower insulin sensitivity and 70% higher free fatty acid 

concentration at 29 to 39 weeks gestation than was present in control women .Moreover, women entering 

pregnancy with metabolic syndrome are more likely to develop preeclampsia. Obesity triples the risk of 

preeclampsia, yet 90% of obese pregnant women do not develop the disease. Insulin resistance also occurs in 

non-obese metabolic syndrome. Although inflammation and insulin resistance commonly are associated, lack of 

correlation between these processes has been found in studies of hypertensive disorders of pregnancy [19, 20]. 

Maternal serum levels of PAPP-A have long been known to be depressed in the first trimester of 

Down’s syndrome pregnancies[21], which is widely used in prenatal diagnosis. Other chromosomal 

abnormalities and adverse pregnancy outcomes, e.g., intrauterine growth retardation and preeclampsia, are also 

associated with depressed levels of PAPP-A, as is low weight at birth[22].Our study is consistent with 

Bersinger’s and Deveci’s studies that PAPP-A at the early second trimester (17 weeks) significantly decreases in 

preeclampsia even in mild form .It was found that, in pregnancies with subsequent preeclampsia PAPP-A, SP1, 

HPL and PLGF were reduced at 17 weeks of gestation whereas at 25 and 33 weeks only PLGF remained below 

the controls. In growth-restricted pregnancies PAPP-A, SP1 and HPL were reduced at 17 weeks, and only HPL 

continued to be strongly affected thereafter [23]. Deveci et al. also found positive correlation between PAPP-A 
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level and mean blood pressure of the preeclamptic women and concluded that level of PAPP-A is related with 

severity of the disease [24]. There is also some evidence that serum PAPP-A is reduced in the second trimester 

in pregnancies that develop PE, but the levels are increased in cases with established disease [25-27]. 

PAPP-A is expressed in a variety of tissues and cell types, and is potently up-regulated by 

proinflammatory cytokines, such as tumor necrosis factor (TNF)-α and interleukin (IL)-1β). PAPPA is highly 

expressed in human placenta [28, 29]. The mean ±SD of the PAPP-A expression in control, mild preeclampsia 

and severe preeclampsia (0.5±0.39, 1.44±0.47and2.04± 0.37) respectively. PAPP-A expression significantly 

increased in both groups of MPE and SPE, when compared with control group (P = 0.001).We found PAPP-A 

no expression significantly between the group of severe preeclampsia and group of mild preeclampsia (P = 

1.000). Findings in these studies have been inconsistent, probably reflecting lack of power in each individual 

study in combination with the complexity of the disease. Transcriptional comparisons of gene expression in 

sample from women with PE and women with normal pregnancies are therefore often hampered by relatively 

large differences body mass index(BMI), with significant difference between studied groups regard to BMI 

(P=0.021). 

In the present study, there was a statistically significant difference between the groups of women with 

preeclampsia compared to the control group. The mean ± SD of maternal insulin level in control, mild 

preeclampsia and severe preeclampsia were 3.96±1.32, 5.39±1.99 and 9.40±5.19; respectively. Maternal insulin 

level significantly increased in both groups of MPE and SPE, when compared with control group (P = < 

0.001).We found significantly between the group of MPE and group of SPE preeclampsia (P = <1.000).Control 

group was carefully selected among pregnant women who remained normotensive and non proteinuric 

throughout pregnancy.  The results may refer to there is a relation between insulin, serum PAPPA levels and 

PAPPA gene expression and the mechanism and severity of the disease. It is important to keep in mind that the 

study was performed in a special group of patients. These findings dictate further mechanistic studies of insulin 

resistance and the metabolic syndrome in the pathophysiology of preeclampsia and indicate confirmatory tests 

for the predictive value of insulin resistance in other populations. 

 

V. CONCLUSION 
It is possible that the relation between maternal insulin level, serum PAPPA level and PAPPA gene 

expression, we detected, in cases may have been present at baseline, predating pregnancy. This point has 

important therapeutic implications. It is tempting to consider that improving insulin sensitivity in high risk 

women before and during early pregnancy may reduce the risk of preeclampsia taking into consideration other 

metabolic syndromes; however, the power calculation of the sample was low, suggesting that a larger sample is 

needed. 
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Table 1: Case and control matching 

Parameters 

 
Control 

(n = 30) 

Mild 

Preeclampsia 

 (n = 30) 

Severe 

Preeclampsia 

(n = 30) 

Age (year) 29.53± 4.36 30.03± 5.5 31.83± 3.69 

Weight(Kg) 81.1± 12.73 81.4 ± 12.11 86.53 ± 12.98 

Gestational age)Week) 20.72± 4.66 21.2± 3.57 19.83± 3.93 

Body mass index (kg/m
2
) 25.95 ± 3.56 27.30 ± 4.03 28.57 ± 2.92 

Diastolic blood pressure (mmHg) 76.26 ± 3.37 94.33 ± 3.27 105.6 ± 3.23 

Systolic blood pressure (mmHg) 114.30± 6.2 149.13± 5.5 167.2± 6.3 

 

Table 2: Characteristics of subjects 

 
Control 

(n = 30) 

Mild 

Preeclampsia 

(n = 30) 

Severe 

Preeclampsia 

(n = 30) 

Control 

(n = 30) 

Age (year) 29.53 30.03 31.83 NS 

Weight (Kg) 81.1 81.4 86.53 NS 

Gestational age )wk) 20.72 21.2 19.83 NS 

Body mass index (kg/m2) 25.95 27.30 28.57 0.021 

Diastolic blood pressure (mmHg) 76.26 94.33 94.9 <0.001 

Systolic blood pressure (mmHg) 114.30 149.13 149.25 <0.001 

NS: Not statistically significant 

 

Table 3: Insulin, serum PAPPA and The PAPPA gene expression 

Parameters 

 
Control 

(n = 30) 

Mild 

Preeclampsia 

(n = 30) 

Severe 

Preeclampsia 

(n = 30) 

Control 

(n = 30) 

Insulin(μIU/mL) 3.96±1.32 5.39±1.99 9.40±5.19 <0.001 

PAPP-A (ng/ml) 104± 33.15 80.09± 21.74 75.77± 27.03 <0.001 

PAPPA gene expression   0.65±0.39 1.44±0.47 2.04±0.37 < 0.0001 

 

Table 4: Post hoc test between each two group 

 

Insulin (μIU/mL) PAPP-A (ng/ml) PAPPA Gene Expression   

(𝑃 value)Group I  versus     II                  0.294 0.004 < 0.001 

Group I  versua    III                  <0.001 0.001 < 0.001 

Group II versus    III                  <0.001 1.000 < 0.001 

 

Table 5: Correlation between PAPPA expression, insulin and serum PAPPA in the studied groups 

Severe Preeclampsia Mild Preeclampsia control 
PAPPA Gene Expression 

p r p r p r 

0.029 0.400
*
 0.171 0.257 0.209 0.236 Serum PAPPA 

0.778 -0.054 0.035 0.386
*
 0.911 0.021 Insulin 

 Pearson Correlation (r) 

Statistical Significance at P-value <0.05 
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Fig. 1: Bar chart illustrates mean of age, weight, gestational age and MBI among studied groups 
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Fig. 2: Bar chart illustrates mean of SBP and DB among studied groups 
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Fig.3:The average fasting insulin level in control and groups with preeclampsia 

 

 
Fig. 4: Serum PAPPA Level in control and groups with preeclampsia 
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Fig. 5: Bar chart illustrates mean ( SD) of PAPPA expression of the studied groups among studied 

groups 
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