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reeclampsia (PE) is a complex and 

multifactorial disease of pregnancy, 

characterized by hypertension and pro-

teinuria that typically occurs after 20 

weeks of gestation. It is a significant 

cause of maternal and fetal morbidity and 

mortality worldwide. PE is estimated to 

affect 5-7% of all pregnancies globally 

and causes about 10% to 15% of maternal 

deaths (Rana et al., 2019). The incidence 

of PE is higher in developing countries, 

where access to adequate prenatal care 

may be limited. If left untreated, PE can 

lead to serious complications such as pla-

cental abruption, fetal distress, preterm 

delivery, and maternal organ failure 

(Phipps et al., 2019). Consequently, accu-

rate and early diagnosis of PE is crucial 

for improving maternal and fetal out-

comes (Huhn et al., 2020). 

Many theories have been proposed 

to explain the pathogenesis of PE, includ-

ing oxidative stress, endothelial dysfunc-

tion, inflammatory cytokines, genetic and 

dietary factors, and an imbalance between 

proangiogenic and antiangiogenic factors. 

These factors are thought to contribute to 

the development of the endothelial dys-

function that characterizes PE, leading to 

hypertension, proteinuria, and other clini-

cal features of the disease (Opichka et al., 

2021). Despite extensive research, the 

underlying causes of PE are not fully un-

derstood. Improving our understanding of 

the ultimate causes of PE is essential to 

develop better prevention and treatment 

strategies for PE (Johnson and Louis, 

2022).  

Current diagnosis of PE relies on 

the presence of hypertension and pro-

teinuria, which are not always reliable 

indicators of the condition. Therefore, 

there has been a growing interest in iden-

tifying biomarkers that can be used for 

early diagnosis of PE (Kametas et al., 

2022). Advances in genetics, epigenetics, 

and molecular biology have provided new 

insights into the mechanisms underlying 

PE (Amro et al., 2022). Forkhead tran-

scription factor (TF) O1 (also called 

P 
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FoxO1) and SRY (sex determining region 

Y)- box transcription factor 2 (also called 

Sox2) are products of genes that play im-

portant roles in various cellular processes, 

including differentiation, proliferation, 

and survival. Recent study has indicated 

that these transcription factors FoxO1 and 

Sox2 are linked to cell apoptosis and mi-

gration and may be associated with the 

behavior of trophoblast cells in PE (Sher-

idan et al., 2015; Weber et al., 2016).  

Forkhead transcription factor sub-

family O (FoxO) widely exists in various 

mammalian tissues and plays an im-

portant role in metabolism, cell prolifera-

tion, apoptosis, and stress resistance (Xu 

and Wang, 2021). The function of tran-

scription factor FoxO1- a member of 

FoxO- is complex, which is mainly 

through the activation or inhibition of the 

transcription of its downstream target 

genes (Xing et al., 2018). FoxO1 in the 

endometrium has been shown to play an 

important role in the transformation of 

endometrium during menstruation, and in 

the protection of fetal mothers from oxi-

dative damage during pregnancy (Kajiha-

ra et al., 2013). As a transcription factor, 

FoxO1 upregulation was found to pro-

mote adhesion and migration of tropho-

blast cells, thus inhibiting cell motility in 

PE (Chen et al., 2020). Furthermore, 

FoxO1 has been implicated in the patho-

genesis of various diseases, such as diabe-

tes, cancer, and neurodegenerative diseas-

es (Liu et al., 2022). FoxO1 is also known 

to be involved in the regulation of the cell 

cycle, repair of DNA damage, and oxida-

tive stress response (Lu and Huang, 

2011).  

On the other hand, Sox2 is the ma-

jor regulator of the pluripotency of em-

bryonic stem cells. It has a critical role in 

maintenance of embryonic and neural 

stem cells (Wang et al., 2012). Sox2 ex-

pression is found to be regulated by a 

negative feedback loop in embryonic stem 

cells that involves Protein kinase B (also 

called AKT) signaling and FoxO1 (Orms-

bee-Golden et al., 2013). In this work, we 

examined the FoxO1 and Sox2 expression 

levels in sera of PE-Egyptian women and 

whether these can be checked during 

pregnancy to predict PE. 

MATERIALS AND METHODS 

In this study, 41 Egyptian pregnant 

women diagnosed with PE and 39 women 

with normal pregnancies- served as con-

trol group- were enrolled from outpatient 

and inpatient of the Obstetrics and Gyne-

cology Department, Faculty of Medicine, 

Cairo University, Egypt. The study was 

performed with the approval of Faculty of 

Medicine, Cairo University local ethics 

committee and carried out in compliance 

with the Helsinki Declaration (2008) 

(Shaker et al., 2020). Informed consent 

was obtained from all the subjects en-

rolled in this study. The study excluded 

pregnant women with certain pre-existing 

conditions and risk factors, including a 

history of renal disease, diabetes, smok-

ing, chromosomal abnormalities, alcohol-

ism, and fetal congenital abnormalities. 

Characteristics of all enrolled subjects 
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including demographic, biochemical and 

haematological data were deducted from 

their clinical sheets.  

The used technique- for assess-

ment of FoxO1 and Sox2 expression lev-

el- is quantitative PCR (qPCR) technique 

that allows for the quantification of 

mRNA expression levels of both FoxO1 

and Sox2 in a sample. It involves reverse 

transcription of RNA to cDNA followed 

by amplification of the cDNA using spe-

cific primers for FoxO1, Sox2 and a 

housekeeping gene for normalization of 

both. 

RNA extraction 

miRNeasy extraction kit from Qi-

agen (Valencia, CA) was used for total 

RNA extraction from serum, according to 

the manufacturer's instructions. This kit is 

designed for the extraction of both small 

and large RNA molecules, including 

miRNA, from a variety of sample types, 

including plasma, serum, and other bio-

fluids. The kit utilizes QIAzol lysis rea-

gent for cell lysis and RNA stabilization, 

followed by purification of total RNA 

using spin columns. Then, RNA concen-

tration and purification were measured 

using a NanoDrop-2000 spectrophotome-

ter (Thermo Scientific-USA).  

Reverse transcription reactions 

In this study, reverse transcription 

(RT) was performed on 60 ng of total 

RNA using the RT2 strand kit from Qi-

agen (Valencia, CA) following the manu-

facturer's guidelines. The RT2 strand kit 

is designed to convert RNA to cDNA in a 

two-step reaction, involving the reverse 

transcription of RNA to complementary 

DNA (cDNA) using a mix of oligo-dT 

and random hexamer primers, followed 

by a reaction that converts RNA-cDNA 

hybrids to double-stranded cDNA. The 

RT reaction was performed in a final vol-

ume of 20 μl, which contained the RNA 

template, RT2 First Strand Master Mix, 

and RT2 First Strand Enzyme Mix, ac-

cording to the guidelines of the manufac-

turer 

[https://www.qiagen.com/us/products/disc

overy-and-translation-research/pcr-qpcr-

dpcr/qpcr].  

Quantitative PCR (qPCR) 

Expression levels FoxO1 and Sox2 

in serum determined using glyceralde-

hyde-3-phosphate dehydro-genase 

(GAPDH) gene as the internal control 

(Shaker et al., 2020). The expression lev-

els were measured using quantitative real-

time PCR (qPCR) and the Maxima SYBR 

Green PCR kit from ThermoScientific 

(USA) according to the manufacturer's 

instructions; qPCR is a sensitive and ac-

curate technique that enables the quantifi-

cation of nucleic acid molecules in real-

time during the amplification process. The 

primer sequences used for GAPDH were: 

5′-CCCTTCATTGACCTCAACTA-3′ for 

the GAPDH-forward and 5′-

TGGAAGATGGTGATGGGATT-3′ for 

the GAPDH-reverse. These primers were 

designed to specifically amplify the target 

sequences, and GAPDH was used as an 
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internal control to normalize the data for 

variations in RNA input and reverse tran-

scription efficiency. The qPCR reactions 

were performed using a thermal cycler 

with the following conditions: 95ºC for 10 

min, followed by 45 cycles at 95ºC for 

15s, 60ºC for 60s, and 70ºC for 30s. Af-

terwards, melting curve analysis was per-

formed to validate the specific generation 

of the expected PCR product: [95ºC for 

15s, 60ºC for 1 min. and 95ºC for 15s]. 

The relative expression level of FoxO1 

and Sox2 were calculated using the com-

parative Ct (ΔΔCt) method, which in-

volves normalizing the Ct values of 

FoxO1 or Sox2 to the housekeeping gene 

and comparing the normalized FoxO1 Ct 

(or Sox2) value to a control sample, i.e., 

all the relative fold change (RFC) were 

calculated by using the 2
-ΔΔCt

 equation 

(Abd-Elkader et al., 2020).  

Statistical analysis 

 Data were collected and coded to 

facilitate data manipulation and data anal-

ysis was performed using SPSS software 

version 22 (SPSS Inc., Chicago, IL, 

USA). Simple descriptive analysis in the 

form of numbers and percentages for 

qualitative data, and arithmetic means as 

central tendency measurement, standard 

deviations as measure of dispersion for 

quantitative parametric data. For quantita-

tive parametric data, an independent stu-

dent t-test was used to compare measures 

of two independent groups of quantitative 

data. For quantitative nonparametric data, 

Kruskal–Wallis and Mann–Whitney tests 

were used in comparing more than two 

independent groups (Chan, 2003a). Re-

ceiver Operating Characteristic (ROC) 

curve was used to determine the sensitivi-

ty and specificity for the FoxO1 and Sox2 

in predicting PE. P was considered statis-

tically significant at values <0.05 (Chan, 

2003b; Florkowski, 2008). 

RESULTS AND DISCUSSION 

Demographic data 

These were obtained from the two 

studied groups (41 pregnant women who 

had PE and 39 apparently healthy preg-

nant females) and compared as illustrated 

in Table (1). The data were classified into 

maternal and neonatal data. Nonsignifi-

cant differences appeared between the 

two groups in respect to: age, body mass 

index (BMI), gravity, and parity. Blood 

pressure showed a highly significant dif-

ference between the two groups as all our 

PE patients were hypertensive (100%); as 

this is a characteristic of PE (Zhang et al., 

2016). Intrauterine growth retardation 

(IUGR) showed highly significant 

(P<0.001) difference between the two 

groups. This is in line with another study 

made by Roberts and Escudero (2012), 

which referred this condition to problems 

with the blood supply to the placenta. As 

expected, fetal birth weight showed a 

highly significant difference to the sake of 

the control group (P<0.001), which is in 

harmony with preceding work too 

(Mansour et al., 2002). 

Analysis of the clinical data ob-

tained is illustrated in Table (2). Increased 

serum uric acid level in PE group signifi-

cantly than control group was logical, as it 

https://www.researchgate.net/scientific-contributions/E-Mansour-61847213?_sg%5B0%5D=2GEAKssKiLR2BGTiU4sd8rbzT9RH6pTn7BlLmwT-8wD7vESVJX6g37Hlori9TD81xMj3goM.vio1UrxSJO1P13YZdo5D27iFCPkNR3ix7pSTcYUD_r6nzMOMdHCZdUyR_uHRu8f49nmG9THQFD0Kb7fqDSIwrg&_sg%5B1%5D=nH3FgE0-X3peoq8E9mGZw8AjLMXCn9Cvfcs7__L2g5KX-NlSWWUUUus4Be77cnLjkFKsH-Q.XaLaSxaBtMSlFagr37i773BBL89wab8eQGZmpN98BG0_pFuDTjHKoafnd_UBJ2SRSDWzSXRxRMp-bETlaO21iA
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was reflected after deliver to the low feal 

birth weight. This result is in line with 

other study reported that in women with 

PE, maternal serum uric acid level is an 

important parameter for predicting low 

birth weight (Aelie et al., 2019). Increase 

in c-reactive protein (CRP) level to sake 

of the PE group (P<0.001) confirming the 

inflammation status of our PE patients. 

This result was in harmony with another 

study which attributed the elevation of 

CRP in PE to the systemic inflammation 

and endothelial and placental dysfunction 

that are characteristic of this condition 

(Sánchez-Aranguren et al., 2014). Hae-

matological parameters and blood indices: 

mean corpuscular hemoglobin (MCH) and 

mean corpuscular hemoglobin concentra-

tion (MCHC) did not show significant 

difference between the two groups, this 

may be attributed to the small sample 

size. A qualitative evaluation for pro-

teinuria was done and all our PE patients 

had proteinuria ranging from +1 to +4, as 

PE is considered a common reason for 

proteinuria (Müller-Deile and Schiffer, 

2014). 

Expression level of FoxO1 and Sox2 

Our study revealed that FoxO1 

transcription factor decreased significant-

ly in the PE group than the control group 

as shown in Table (3), which is in line 

with a study by Hosaka et al., (2004) who 

had shown that FoxO1 knockout leads to 

embryo death due to vascular dysplasia.  

Another study by Lu et al., (2021) sug-

gested that FoxO1 is not only involved in 

pregnancy but also related to restraint 

stress. This may be referred to indirect 

effect of FoxO1, that is accompanied by 

changes in the β2-adrenergic receptor (β2-

AR) pathway- which is a signaling path-

way that is involved in the regulation of 

many physiological processes- including 

the stress response which may be generat-

ed by mechanical stimuli on the vascular 

wall, that increase with hypertension. This 

explanation may fit with our study as all 

our PE patients were suffering from high 

blood pressure. However, FoxO1 has 

been shown to play a critical role in the 

regulation of glucose metabolism, insulin 

sensitivity, and cell survival as well (Ro-

drigo et al., 2011 and Zhang et al., 2016).  

The FoxO1 pathway has been 

shown to play a role in the acute inflam-

mation process too (Lu et al., 2021). 

When activated, this pathway can lead to 

an increase in glucocorticoid production, 

which in turn can have various effects on 

the body, including reducing insulin 

growth factor-1 (IGF-1) production and 

increasing tumour necrosis factor (TNF) 

alpha/NF-kB signaling, which is associat-

ed with protein hydrolysis (Xu and Wang, 

2021), this explanation is in concordance 

with our results, where all subjects of the 

PE group were suffering from proteinuria. 

This may also explain the highly signifi-

cant difference in CRP between the two 

studied groups.  

Our results revealed also that Sox2 

decreased in the PE group than the control 

group (Table 3), which is in harmony with 

several studies have shown that the gene 

expression level of Sox2 is altered in 



KESHK and SHAKER 170 

preeclampsia. One study found that the 

expression of Sox2 decreased significant-

ly in the placental tissue of women with 

PE compared to normal pregnancy con-

trols (Vishnyakova et al., 2016). Another 

study concluded that it decreased in ma-

ternal serum samples from women with 

PE compared to normal pregnancy con-

trols (Huhn et al., 2020). A third study 

analyzed the gene expression profiles of 

placental tissues from women with PE 

and found that Sox2 was one of several 

genes that were significantly downregu-

lated in the placental tissue of women 

with PE compared to normal pregnancy 

control group (Cui et al., 2021). Together, 

these studies suggest that changes in ex-

pression level of Sox2 may play a role in 

the pathogenesis of this condition. This 

may be explained as Sox2 interacts with 

other transcription factors in multiple sig-

naling pathways to control growth and 

survival (Liu et al., 2013). Świstowska et 

al., (2019) reported its potential inhibitory 

effects on the expression of cyclin D1 and 

CDK4 kinase, where they analyzed the 

gene expression of Sox2 in the stem cells 

of Wharton’s jelly isolated from twenty 

umbilical cords collected during child-

birth.  

Preceding number of abortions had 

reciprocal relationship with both FoxO1 

and Sox2 transcription factors. Such asso-

ciation can be explained as both can lead 

to increase in ROS in endometriosis pa-

tients, which can lead to adverse effects 

on embryos, such as IUGR, spontaneous 

abortion, or fetal dysmorphogenesis (Lu 

et al., 2018). This may encourage for 

more research on this topic as both of 

FoxO1 and Sox2 expression can be used 

to predict PE in pregnant women at risk.  

Correlations between FoxO1 and Sox2 

with the investigated parameters 

Pearson’s and Spearman’s correla-

tions between each of FoxO1 and Sox2 

and the investigated parameters are illus-

trated in Table (4). Both showed inverse 

significant correlation with qualitative 

alb. concentration in urine, and AF vol-

ume. FoxO1 did not show significant cor-

relation with either IUGR or fetal BW, in 

contrast to Sox2. These results are aug-

mented by preceding studies by Świstow-

ska et al., (2019) in Wharton’s jelly-

derived stem cells, by Lien et al. (2020) in 

rats and finally by Brown et al., (2021) in 

mice. Surprisingly, none of FoxO1 or 

Sox2 showed significant correlation with 

CRP, this may be referred to the small 

sample size of the present work.  

Performance of FoxO1 and Sox2 to 

predict PE 

Efficacy of FoxO1 and Sox2 to 

predict PE- during pregnancy- was tested 

using ROC curve analyses (Fig. 1). Fig. 

(1a) shows potentiality of both in predict-

ing PE due the AF volume, while Fig. 

(1b) shows the potentiality of both in pre-

dicting PE due the IUGR. Sensitivity and 

specificity with the cut off values are il-

lustrated in Tables (5 and 6). FoxO1 was 

more sensitive (57.7%) and more specific 

(22.2%), than Sox2 (sensitivity was 

42.3% and specificity was 11.1%), with 

P< 0.01 for both in predicting PE due to 
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the AF volume. While diagnosing PE 

depending on the IUGR showed more 

efficacy for FoxO1; it showed 69.6% sen-

sitivity and 29.8% specificity, at cut off 

value <0.636 RFC. On the other hand, 

Sox2 showed 30.4% sensitivity and 

12.3% specificity, at cut off value <0.685 

RFC in the same context. This implies 

that FoxO1 is more efficient in predicting 

PE depending on either AF volume or 

IUGR. The relatively low performance of 

each of them separately may be attributed 

to the small sample size. Further research 

on larger PE cohort is needed to fully 

assure the role of both biomarkers in pre-

dicting or diagnosing PE. 

CONCLUSION 

 Our results concluded that FoxO1 and 

Sox2 transcription factors may act as 

molecular biomarkers for predicting 

PE.  

 Further studies are needed- on large 

cohort- to confirm their diagnostic and 

therapeutic potentiality in PE, which 

will be a promising step towards im-

proving the early diagnosis and treat-

ment of PE, which could ultimately 

lead to better maternal and fetal out-

comes.  

 Studying polymorphism in both of 

FoxO1 and Sox2 transcription factors 

will be of great importance- as re-

search point- among Egyptian women 

with repeated PE.  

SUMMARY 

Preeclampsia (PE) is a multisystem 

pregnancy disorder that affects about 10 

million women worldwide. It is signifi-

cantly associated with pregnancy-related 

fetal and maternal morbidity and mortali-

ty. PE has been linked to an increased risk 

of cardiovascular disease in women later 

in life too. Determining the exact etiology 

of PE has proved to be a hard task. So, it 

is critical to demonstrate how the gene 

regulatory mechanisms may help as ther-

apeutic targets and diagnosis of PE. We 

assessed the expression level of FoxO1 

and Sox2 transcription factors in sera of 

PE cases compared to control group. 

FoxO1 and Sox2 were estimated in all 

subjects using real time PCR technique, 

acting on mRNA of FoxO1 and Sox2 as a 

starting material in serum. Both FoxO1 

and Sox2 showed decreased expression 

level in PE group than the control group. 

Each of them showed an inverse associa-

tion with the increased preceding abortion 

numbers among the PE patients. Sensitivi-

ty and specificity of both FoxO1 and 

Sox2 for predicting PE were assessed by 

applying receiver operating characteristic 

(ROC) curve analysis; FoxO2 showed 

more sensitivity and specificity than Sox2 

in predicting PE in women at risk. FoxO1 

and Sox2 seem to play a critical role in 

PE pathogenesis. Our results suggest that 

FoxO1 and Sox2 might be promising pre-

dicting and/ or diagnostic molecular bi-

omarkers for PE.  
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Table (1): Demographic data of the studied groups. 

Variable 
Control group 

 (n=39) 

PE group 

 (n=41) 
P 

Maternal data:    

Age:  Years 31.00±6.60 29.73±6.87 N.S. 

(Range) (17-41) (18-42)  

BMI 32.36±4.73 31.20±5.29 N.S. 

BP:    

Systolic 116.79±12.95 164.39±17.57 <0.001 

Diastolic 72.31±7.05 108.29±11.05 <0.001 

IUGR 0.08±0.27 0.49±0.51 <0.001 

Gravity 2.15±2.18 2.10±2.11 N.S. 

Parity 1.64±1.80 1.71±1.60 N.S. 

Neonatal data: 

BW 
3.28±.39 2.84±.49 <0.001 

Values are presented as mean± standard deviation or frequency as numbers (%). BMI: Body Mass 

Index; Bp: blood pressure; IUGR: intrauterine growth retardation; BW: birth weight, N.S.: non-

significant; P< 0.01: highly significant; P< 0.001: very highly significant.  
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able (2): Biochemical and haematological parameters of the studied groups. 

Variable 
Control group 

(n=39) 

PE group 

(n=41) 
P 

Biochemical parameters  

ALT 

AST 

Total Bil. 

Direct Bil 

ALP 

Urea 

Uric acid 

Albumin 

CRP 

 

 

18.36±10.16 

18.46±9.01 

  0.59±0.25 

  0.13±0.09 

73.82±2.13 

26.23±10.20 

 3.46±0.70 

3.19±0.27 

15.15±15.38 

 

33.83±50.05 

36.37±44.05 

0.53±0.26 

0.09±0.08 

74.85±5.98 

25.24±9.96 

3.89±0.70 

3.12±0.39 

  37.24±39.83 

  

N.S. 

<0.05 

N.S. 

N.S. 

N.S. 

N.S. 

<0.01 

N.S. 

<0.01 

Haematological parameters:    

Hgb 

Hct 

RBCs (x10
6
) 

MCH 

MCHC(x10
3
) 

WBCs (x103) 

Platelets 10
3
) 

 

10.74±1.25 

33.34±2.71 

4.15±0.28 

27.08±3.52 

32.24±2.85 

8.12±2.61 

304.26±80.79 

10.74±1.19 

33.41±2.45 

4.09±0.34 

26.73±3.24 

33.33±8.74 

8.23±3.027 

286.78±95.59 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

Values are presented as M±SD. ALT: alanine transaminase; AST: aspartate transaminase; Bil.: biliru-

bin; ALP: alkaline phosphatase; CRP: C-reactive protein; Hgb: haemoglobin; Hct: haematocrite; 

RBCs: Red blood cells; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglo-

bin concentration; WBCs: White blood cells; N.S.: non-significant; P-value< 0.05: significant; P-

value< 0.01: highly significant. 
 
 

Table (3): Expression level of FoxO1 and Sox2 in both groups.  

Variable 
Control group 

(n=39) 

PE group 

(n=41) 
P 

FoxO1          (RFC) 1.0060±0.15 0.50±0.42 <0.001 

Sox2             (RFC) 1.0005±0.05 0.83±0.89 N.S. 

Values are presented as mean± standard deviation; RFC: relative fold change; N.S.: non-Significant; 

P-value< 0.001: very highly significant. 
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Table (4): Correlations between each of FoxO1, Sox2 with different estimated parameters. 

Biomarker FoxO1 

r                                  P   
 

Sox2 

r                              P 

AST 0.294                          <0.01  -0.041                      N.S. 

MAP -0.470                         <0.01  -0.262                     <0.05 

Uric acid    -0.211                            N.S.  -0.275                    <0.05 

CRP    -0.163                            N.S.   -0.085                        N.S. 

IUGR    -0.097                            N.S. -0.363                    <0.01 

BW     0.214                            N.S.   -0.295                    <0.01 

Severity    -0.633                         <0.01   -0.480                    <0.01 

Alb. in urine (qualita-

tive) 
   -0.598                         <0.01   -0.519                    <0.01 

AF     -0.361                         <0.01   -0.323                    <0.01 

MAP: mean arterial pressure (mmHg); CRP: c-reactive protein; IUGR: intra uterine growth retarda-

tion; BW: birth weight; AF: amniotic fluid, Alb.: albumin.  

 

 

 

 

Table (5): Performance of FoxO1 and Sox2 molecular biomarkers to predict PE due to AF    

volume. 

Biomarker AUC 
Cut off val-

ue 
Sensitivity Specificity 95% CI P 

FoxO1   (RFC) 0.278 <0.592 57.7% 22.2% 0.162-0.394 <0.01 

Sox2      (RFC) 0.301 <0.567 42.3% 11.1% 0.153-0.450 <0.01 

RFC: relative fold change; AUC: area under the curve; CI: confidence interval; P< 0.01: highly signif-

icant. 
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Table (6): Performance of FoxO1 and Sox2 molecular biomarkers to predict PE due to IUGR. 

Biomarker AUC 
Cut off val-

ue 
Sensitivity Specificity 95% CI P 

FoxO1   (RFC) 0.361 <0.636 69.6% 29.8% 0.236-0.486 N.S. 

Sox2      (RFC) 0.227 <0.685 30.4% 12.3% 0.091-0.362 <0.001 

RFC: relative fold change; AUC: area under the curve; CI: confidence interval; N.S.: non-significant; 

P<0.001: very highly significant.  

 

 

 

 

 

 

 

Figure (1a) Figure (1b) 

Fig. (1): ROC curve analysis for FoxO1 and Sox2 to predict PE cases (a) due to AF volume, 

and (b) due to IUGR. 

 

 


