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Circulating EGFL7 distinguishes 
between IUGR and PE: 
an observational case–control 
study
Micol Massimiani1,2,8, Silvia Salvi3,8, Grazia M. Tiralongo4, Sascia Moresi3, Heidi Stuhlmann5, 
Herbert Valensise4,6, Antonio Lanzone3,7 & Luisa Campagnolo2*

Isolated intrauterine growth restriction (IUGR) and preeclampsia (PE) share common placental 
pathogenesis. Differently from IUGR, PE is a systemic disorder which may also affect liver and brain. 
Early diagnosis of these conditions may optimize maternal and fetal management. Aim of this study 
was to assess whether Epidermal Growth Factor-Like domain 7 (EGFL7) dosage in maternal blood 
discriminates between isolated IUGR and PE. A total of 116 women were enrolled in this case–control 
study: 12 non-pregnant women, 34 healthy pregnant women, 34 women presenting with isolated 
IUGR and 36 presenting with PE. Levels of circulating EGFL7 and other known pro- and anti-
angiogenic factors were measured by ELISA at different gestational ages (GA). Between 22–25 weeks 
of gestation, EGFL7 levels in early-onset PE (e-PE) plasma samples were significantly higher than 
those measured in controls or isolated IUGR samples (69.86 ± 6.17 vs. 19.8 ± 2.5 or 18.8 ± 2.8 µg/ml, 
respectively). Between 26–34 weeks, EGFL7 levels remained significantly higher in e-PE compared to 
IUGR. At term, circulating and placental EGFL7 levels were comparable between IUGR and late-onset 
PE (l-PE). In contrast, circulating levels of PlGF were decreased in both IUGR- and PE- complicated 
pregnancies, while levels of both sFLT-1 and sENDOGLIN were increased in both conditions. In 
conclusion, EGFL7 significantly discriminates between isolated IUGR and PE.

The kinetics of placental and fetal growth are closely interrelated and are both important features predicting 
prenatal and postnatal health of the newborn, and cardiovascular adaptations in childhood1,2.

Intrauterine growth restriction (IUGR) is defined as the failure of the fetus to achieve its genetically deter-
mined growth potential3. Different underlying causes may explain IUGR, but the majority of cases not associated 
with congenital malformations, genetic anomalies, or infectious etiology are thought to arise from compromised 
utero-placenta circulation. Main features of the placental tissues in IUGR are a reduction in the volume and 
surface area, and inadequate vascularization of the intermediate and terminal villi, that mediate maternal–fetal 
exchange4–6. Although IUGR and preeclampsia (PE) share common features such as ischemic placental disease, 
diffuse maternal endothelial damage and inflammation, the main features of preeclamptic syndrome, are lacking 
in isolated IUGR. However, severe and early-onset isolated IUGR remain to be challenging fetal complications, 
since they predispose to fetal death, neonatal death, neonatal morbidity and neurodisability.

Recent evidence suggests that different angiogenic biomarkers are involved in the pathogenesis of PE. Thus, 
their assessment could be clinically useful in the prediction of the disease onset, severity and timing of deliv-
ery. Epidermal Growth Factor Like Domain 7 (EGFL7) is a largely endothelial-restricted secreted factor that is 
critical for embryonic vascular development. In humans the Egfl7 gene is located on chromosome 9, consists of 
11 exons7,8, and contains miR126, located in intron 79–11. It encodes a 29 kDa protein, encompassing a putative 
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amino-terminal signal peptide domain, an EMI-like domain, and 2 centrally located EGF-like domains7,8. 
Egfl7 was originally identified as an endothelial restricted gene, showing high expression levels in proliferating 
endothelial cells during embryogenesis and physiologic and pathologic angiogenesis7,8,12–14. A role for EGFL7 
has been demonstrated in vascular development, where it promotes endothelial cell proliferation, adhesion, 
migration, sprouting, and invasion12–16. More recently, other sources of EGFL7 have been identified, such as 
primordial germ cells, adult neural stem cells, cancer cells of various human tumors and trophoblast cells17–21. 
We have previously demonstrated that EGFL7 is expressed in human placental villi by endothelial cells, as well 
as by cytotrophoblast and syncytiotrophoblast cells, and that it regulates trophoblast migration and invasion21,22, 
suggesting a potential involvement in placental development. EGFL7 functions by modulating the Notch and 
Epidermal Growth Factor Receptor (EGFR) pathways and binds integrin αvβ3

7,12,21–23. Moreover, we showed that 
circulating levels of EGFL7 increase during normal pregnancy and declines toward term24. Interestingly, in preg-
nant women affected by PE placental levels of EGFL7 are down-regulated21,25, whereas its levels are significantly 
increased in the maternal circulation at term (i.e., 35–40 weeks of gestation)24. Of note, by principal component 
analysis (PCA), we demonstrated that EGFL7 distributes as a separate factor with respect to the three well-known 
angiogenic factors Placental Growth Factor (PlGF), soluble fms-like tyrosine kinase 1 (sFLT-1) and soluble 
Endoglin (sENDOGLIN), indicating that it may represent an additional independent diagnostic marker of PE24.

The aim of this study was to investigate whether EGFL7 may be marker that can discriminate between iso-
lated IUGR and PE. To this end, circulating levels of EGFL7 were compared between pregnancies complicated 
by isolated IUGR and uncomplicated and PE-affected pregnancies. Levels of sFLT-1, sENDOGLIN and PlGF 
were also investigated.

Methods
Patients.  The proposed study is an observational case–control study. Women with a diagnosis of IUGR and 
PE were included as cases, while non-pregnant and healthy pregnant women with uncomplicated pregnancies 
and normally grown fetuses were included as controls. A total of 116 women were enrolled in this case–control 
study, of which 12 were non-pregnant, 34 were healthy pregnant, 34 presenting with isolated IUGR and 36 
presenting PE (29 with early-onset PE, e-PE, and 7 with late-onset PE, l-PE). Only singleton pregnancies were 
enrolled in the study.

Pregnancies were considered complicated by IUGR in case of an estimated fetal weight < 10th percentile 
together with pulsatility index in the umbilical artery > 95° percentile and/or cerebro-placental ratio < 5° per-
centile, according to the definitions from Gordjin et al.26. Cases of IUGR caused by genetic factor, infection, or 
maternal diseases were excluded from the IUGR group.

Women were diagnosed as PE in the presence of a new-onset high blood pressure (> 140/90 mmHg in more 
than two occasions at a distance of four hours) with proteinuria (> 0.3 g/24-h in 24-h urine collection). In the 
absence of proteinuria, PE was diagnosed in the presence of hypertension associated to thrombocytopenia 
(platelet count < 100 000/μL), impaired liver function (raised blood levels of liver aminotransferases to twice 
the normal concentration), new development of renal insufficiency (elevated serum/creatinine > 1.1 mg/dL), 
pulmonary edema, new-onset cerebral or visual disturbances or signs of placental insufficiency and fetal growth 
restriction27. According to the gestational age (GA) at diagnosis, women affected by PE were divided in two 
groups: e-PE (n = 29) if the diagnosis was performed early than 34 weeks and l-PE (n = 7) if the diagnosis was 
performed later than 34 weeks. Among e-PE, 28 women have also a diagnosis of IUGR (28/29: 96.5%).

Women with uncomplicated pregnancies were included as controls and underwent to serial assessment 
from conception to delivery. In particular, in healthy pregnant women, the analysis of EGFL7 was performed 
throughout the entire gestation, within intervals of 3–4 gestational weeks, between 8 and 40 weeks. For each 
interval, at least five samples were analyzed.

Maternal age, body mass index (BMI) and ethnicity, gravidity and parity, highest systolic and diastolic blood 
pressure, maximum proteinuria value for all women were registered. Data on pregnancy outcome were also col-
lected from the electronic hospital obstetric and neonatal records. The perinatal outcome variables investigated 
were GA at delivery, birthweight (g) and birthweight percentile, calculated according to Yudkin et al.28, and Apgar 
Score at 1st and 5th minute. GA was established by ultrasound dating by crown rump length prior to 14 weeks 
of gestation; patients with uncertain GA were not included.

Plasma and placental samples were obtained from the Fondazione Policlinico Agostino Gemelli, IRCCS, 
and Policlinico Casilino, Rome, Italy. The study respected the principles expressed in the Declaration of Hel-
sinki and was approved by the Bioethical Committee of the Catholic University of Sacred Heart of Rome, Italy 
(approval number P575(A1420)/CE/2008) and the Bioethical Committee of the ASL Roma2, Italy (approval 
number 0069765 of April 21, 2017). Informed written consent was obtained from each patient.

Biological samples processing.  Plasma and placental samples were collected under the protocol approved 
by the Bioethical Committee of the Catholic University of Sacred Heart of Rome and the Bioethical Committee 
of the ASL Roma2, Italy.

Briefly, peripheral venous blood was collected into ethylenediaminetetraacetic acid tubes and processed 
within one hour. Blood samples were centrifuged at 1500 × g for 10 min at 4 °C. Plasma was aliquoted and stored 
at − 80 °C until analysis.

Placentas were collected during elective caesarean section. Briefly, placental samples were obtained by multiple 
biopsies in the parasagittal plane with respect to the umbilical cord insertion. We obtained a total of 22 placentas, 
11 placentas from healthy controls, 8 from patients with IUGR and 3 from patients affected by l-PE. All samples 
were immediately frozen in liquid nitrogen and stored at − 80 °C until analysis.



3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:17919  | https://doi.org/10.1038/s41598-021-97482-2

www.nature.com/scientificreports/

Enzyme‑linked immunosorbent assays.  Enzyme-linked immunosorbent assays (ELISAs) were per-
formed using commercial kits. Human EGFL7 kits were purchased from Cusabio Biotech (College Park, Mary-
land, USA). Human sFLT-1, free PlGF, and sENDOGLIN kits were purchased from R&D Systems (Minneapolis, 
Minnesota, USA). Assays were performed according to the manufacturer’s instructions in the Department of 
Biomedicine and Prevention, University of Rome Tor Vergata, Italy. Data on spike/recovery, inter- and intra- 
assay precision were provided by the manufacturer. In details, intra-assay precision was indicated as coefficient 
of variability (CV) % and calculated as < 8% by testing three samples of known concentration twenty times on 
one plate. Inter-assay precision was reported as CV% < 10% and it was obtained by testing three samples of 
known concentration in twenty assays. To confirm these data, we tested five different plasma samples in at least 
three different assays and obtained comparable results. In each ELISA, all samples and standards have been 
tested in duplicate; duplicates always gave similar values of optical density (OD).

Real‑time PCR.  RNA from placental samples was prepared using the TRIZOL Reagent (Roche Diagnostics 
GmbH, Mannheim, Germany), according to the manufacturer’s protocol. RNA quality was assessed by evaluat-
ing the presence of ribosomal RNA bands on agarose gels. RNA was reverse transcribed using random primers 
and the QuantiTect Reverse Transcription Kit (Qiagen, Hilden, Germany) following the manufacturer’s speci-
fications. Gene expression was measured using iTaq Universal SYBR Green Supermix (Biorad Laboratories, 
Hercules, CA). Real-time PCR was performed using LightCycler 96 Real Time PCR System (Roche Diagnostics 
GmbH). Differences among gene expression were quantified using the ΔΔCt method with normalization to 18S 
ribosomal RNA gene. Specific intron-spanning primers for EGFL7 and 18S were designed using Primer Express 
software (Applied Biosystems in Life Technologies, Monza, Italy). Primer sequences are listed below:

EGFL7 (forward) 5’-TCG​TGC​AGC​GTG​TGT​ACC​AG-3’
EGFL7 (reverse) 5’-GCG​GTA​GGC​GGT​CCT​ATA​GATG-3’
18S (forward) 5’-GAG​GCC​CTG​TAA​TTG​GAA​TGAG-3’
18S (reverse) 5’-GCA​GCA​ACT​TTA​ATA​TAC​GCT​ATT​GG-3’

Statistical analysis.  Continuous data were presented as median and interquartile range IQR or as mean 
and standard deviation when normally distributed. The Kolmogorov–Smirnov test was used to assess the nor-
mality of the distribution of the data. Normally distributed data were compared using the two-sample t-test 
between two samples or ANOVA test among more than two groups. A nonparametric analysis (Mann–Whitney 
U test) was used to compare not normally distributed data.

Asterisks indicate the level of statistical significance (*p = 0.05; **p < 0.05; ***p < 0.001; ****p < 0.0001). SPSS 
v20 was used for statistical analysis of the clinical findings, SigmaPlot 12.0 and GraphPad Prism 7 were used for 
statistical analysis of the ELISA experiments.

Results
Maternal and perinatal findings.  Maternal and perinatal outcome findings are described in Tables 1 and 
2. There were no statistically significant differences among groups regarding maternal age, gravidity and parity 
as determined by one-way ANOVA. Maternal BMI was statistically different among groups with higher values 
detectable in women with l-PE, whereas lower values characterized women with e-PE (ANOVA test among 
the groups p < 0.001). Higher blood pressure and proteinuria were found in pregnancies with PE (ANOVA test 
among the groups p < 0.001). Statistically significant difference in perinatal outcomes in terms of GA at delivery, 
neonatal weight and neonatal weight centile was found, with pregnancies complicated by IUGR and e-PE having 
significantly decreased values (ANOVA test among the groups p < 0.001). A significant lower GA at delivery and 
neonatal birth weight were demonstrated in e-PE when compared to IUGR (p < 0.001), whereas no statistically 

Table 1.   Maternal findings of the studied pregnancies. § Two-independent sample t-test (IUGR vs. Controls). 
§§ Two-independent sample t-test (e-PE vs. Controls). $ Two-independent sample t-test (IUGR vs. e-PE). 
§§§ Two-independent sample t-test (l-PE vs. Controls). £ Anova Test among the four groups (Controls vs. IUGR 
vs. e-PE vs. l-PE). IUGR​ Intrauterine Growth Restriction; PE Preeclampsia; e-PE Early-onset PE; l-PE Late-
onset PE.

Controls N° 34 IUGR N° 34 p-value§ e-PE N° 29 p-value§§ p-value$ l-PE N° 7 p-value§§§ p-value£

Maternal age (years) 32.7 ± 4.9 33.4 ± 5.7 0.568 36.2 ± 5.1 0.008 0.048 34.0 ± 4.2 0.508 0.059

Body Mass Index (BMI) (kg/m2) 23.8 ± 3.2 25.9 ± 4.2 0.031 23.3 ± 3.5 0.540 0.012 30.9 ± 3.7  < 0.0001  < 0.0001

Ethnicity Caucasian 100% Caucasian 100% – Caucasian 100% – – Caucasian 100% – –

Highest systolic blood pressure (mmHg) 108.7 ± 15.9 118.8 ± 16.6 0.012 147.8 ± 20.0  < 0.0001  < 0.0001 151.4 ± 10.7  < 0.0001  < 0.0001

Highest diastolic blood pressure 
(mmHg) 69.3 ± 8.7 67.9 ± 13.2 0.604 94.6 ± 12.4  < 0.0001  < 0.0001 100.7 ± 10.2  < 0.0001  < 0.0001

Maximum proteinuria value (g/L) 0.1 ± 0.2 0.1 ± 0.2 0.173 4.2 ± 3.4  < 0.0001  < 0.0001 1.7 ± 0.7  < 0.0001  < 0.0001

Gravidity 1.8 ± 1.1 1.9 ± 1.2 0.668 1.8 ± 1.5 0.866 0.603 1.4 ± 0.8 0.343 0.755

Parity 0.3 ± 0.7 0.5 ± 0.8 0.214 0.3 ± 0.7 0.967 0.255 0.0 ± 0.0 0.253 0.256
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significant difference could be observed in neonatal birth weight percentile and neonatal Apgar at 1st and 5th 
minute.

Levels of circulating EGFL7.  We performed a cross-sectional analysis of plasma samples obtained within 
GA intervals of three to four weeks (Fig. 1A). Consistent with our previous studies, EGFL7 concentrations were 
undetectable in non-pregnant women and were first measurable between 8 and 12 weeks of gestation in healthy 
controls, increasing up to 26–30 gestational weeks and then declining until delivery24. In samples obtained from 
e-PE after the onset of clinical signs, circulating levels of EGFL7 were significantly increased at 22–25 weeks of 
gestation compared to both isolated IUGR and controls (69.86 ± 6.17 µg/ml, 18.8 ± 2.8 µg/ml and 19.8 ± 2.5 µg/
ml, respectively; Fig. 1A). At later stages (26–30 and 31–34), such increase was maintained but was not stati-
cally significant when compared to controls. In women with isolated IUGR-complicated pregnancies, EGFL7 
levels were lower compared to uncomplicated pregnancies at all gestational intervals up to 34 weeks of gestation, 

Table 2.   Perinatal outcome of the studied pregnancies. § Two-independent sample t-test (IUGR vs. Controls). 
§§ Two-independent sample t-test (e-PE vs. Controls). $ Two-independent sample t-test (IUGR vs. e-PE). 
§§§ Two-independent sample t-test (l-PE vs. Controls). £ Anova Test among the four groups (Controls vs. IUGR 
vs. e-PE vs. l-PE). IUGR​ Intrauterine Growth Restriction; PE Preeclampsia; e-PE Early-onset PE; l-PE Late-
onset PE.

Controls 
N° 34 IUGR N° 34 p-value§ e-PE N° 29 p-value§§ p-value$ l-PE N° 7 p-value§§§ p-value£

Gestational 
age at delivery 
(weeks)

39.4 ± 1.3 34.9 ± 3.5  < 0.0001 32.1 ± 2.1  < 0.0001  < 0.0001 37.3 ± 1.1 0.001  < 0.0001

Birthweight 
(grams) 3351.8 ± 406.1 1894.4 ± 632.5  < 0.0001 1271.0 ± 379.5  < 0.0001  < 0.0001 2562.8 ± 556.4  < 0.0001  < 0.0001

Birthweight 
centile (Yud-
kin)

44.2 ± 26.8 7.6 ± 11.7  < 0.0001 3.6 ± 7.2  < 0.0001 0.137 20.9 ± 24.1 0.040  < 0.0001

Apgar 1st 
minute 8.7 ± 0.8 8.1 ± 1.8 0.094 7.4 ± 1.4  < 0.0001 0.069 8.0 ± 1.8 0.733 0.005

Apgar 5th 
minute 9.7 ± 0.5 9.2 ± 1.0 0.014 8.8 ± 0.8  < 0.0001 0.102 9.4 ± 0.8 0.215  < 0.0001

Figure 1.   EGFL7 levels in non-pregnant women, healthy pregnant women, and pregnant women affected by 
IUGR, Early PE and Late PE. (A) Mean (± SE) levels of Epidermal Growth Factor-like Domain 7 (EGFL7) in 
plasma of non-pregnant women (NP), healthy pregnant women (Controls), IUGR-, Early PE- (e-PE) and Late 
PE- (l-PE) affected pregnant women throughout pregnancy as measured by ELISA. Data were compared using 
the two-sample t-test between two samples (p < 0.001 for e-PE vs. CTRL and IUGR at GA 22–25; p = 0.05 for 
e-PE vs. CTRL and IUGR at GA 26–30; p = 0.045 for e-PE vs. IUGR at GA 31–34; p = 0.01 for l-PE vs. CTRL) or 
ANOVA test among the three studied groups (p < 0.001 at GA 22–25 and p = 0.036 at GA 35–40). Statistically 
significant difference within gestational interval is reported. SigmaPlot 12.0 and GraphPad Prism 7 were used 
for statistical analysis. (B) Real-time PCR analysis for EGFL7 gene expression levels in placental samples 
obtained from Controls, IUGR- and l-PE- affected pregnant women at GA 35–40. Data were represented as 
mean (± SE). ANOVA test with post-hoc Bonferroni correction was used for statistical analysis (SigmaPlot 12.0). 
Differences were considered significant at p < 0.05.
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although statistical significance was not met. However, EGFL7 levels in isolated IUGR were significantly lower 
when compared to levels measured in women affected by e-PE (Fig. 1A). Of note, differences between isolated 
IUGR and e-PE were highly significant at 22–25 weeks of gestation (p < 0.001). At term (i.e., GA 35–40) the dif-
ference between circulating levels of EGFL7 in isolated IUGR and l-PE was not significant (Fig. 1A), while, as 
previously reported12, a statistically significant difference was observed between l-PE and controls (p = 0.010).

Levels of placental EGFL7.  Expression of EGFL7 was measured by real-time PCR in a subset of placen-
tal samples collected a term from healthy controls, IUGR- and l-PE- complicated pregnancies (i.e., GA 35–40; 
Fig. 1B). When compared to normal placentas, EGFL7 mRNA expression was significantly decreased in both 
isolated IUGR (p < 0.001) and l-PE samples (p < 0.001; Fig. 1B). Similarly to what observed in plasma samples 
collected at term, the difference between levels of EGFL7 in isolated IUGR and l-PE placentas was not significant 
(Fig. 1B).

Levels of circulating PlGF, sFLT‑1 and sENDOGLIN.  Similar to the analysis performed for EGFL7, 
levels of circulating PlGF, sFLT-1 and sENDOGLIN were measured in plasma samples from controls, isolated 
IUGR, and e-PE and l-PE patients along pregnancy (Fig. 2). Different from what observed for EGFL7, all three 
factors displayed a similar trend in isolated IUGR and in PE. Specifically, PlGF appeared significantly decreased 
between gestational weeks 22 and 30 in both isolated IUGR and e-PE (Fig. 2A). Between 31–34 weeks, PlGF 
remained significantly lower in e-PE, while levels were not significantly different in isolated IUGR and controls. 
No significant differences were observed at term among controls, isolated IUGR and l-PE. Considering the anti-
angiogenic factor sFLT-1, both at 22–25 and at 26–30 gestational intervals its levels were significantly increased 
in isolated IUGR and e-PE (Fig. 2B). Although at gestational week 31–34 its levels appeared still increased com-
pared to controls, differences were not statistically significant. At term, levels of sFLT-1 in l-PE were significantly 
higher compared to both isolated IUGR and controls (Fig. 2B). Similar to sFLT-1, at GA 22–25 and 26–30, sEN-
DOGLIN was significantly increased in both isolated IUGR and e-PE (Fig. 2C). On the contrary, at 31–34 weeks, 
sENDOGLIN levels were significantly increased only in e-PE samples compared to both isolated IUGR and 
controls, which appeared to have comparable levels. At term, significantly increased levels of sENDOGLIN were 
measured in samples from l-PE with respect to isolated IUGR and controls (Fig. 2C).

Discussion
In the present paper, we show that maternal circulating levels of EGFL7, a secreted protein whose function is 
crucial for proper placental development, are increased in PE, but not in isolated IUGR​21,29,30. Indeed, between 
22 and 25 weeks, EGFL7 levels in e-PE plasma samples were more than three times higher than those measured 
in controls or isolated IUGR samples (69.86 ± 6.17 vs. 19.8 ± 2.5 or 18.8 ± 2.8 µg/ml), suggesting a potential 
early diagnostic value of EGFL7 to discriminate between isolated IUGR and IUGR associated to PE. Such dif-
ference, although less striking, was maintained in the 26–30 weeks interval (68.69 ± 8.1 vs. 37.97 ± 9.8 µg/ml). 
In contrast, the know pro- and anti-angiogenic factors PlGF, sENDOGLIN and sFLT-1 showed a similar trend 
in IUGR and e-PE.

EGFL7 expression pattern in isolated IUGR and PE appears peculiar, since its levels are higher in e-PE 
compared to IUGR, and it is different from that of the other known factors PlGF, sFLT-1 and sENDOGLIN. 
Indeed, consistent with previous results31, PlGF was reduced and sFLT-1 and sENDOGLIN were increased in 
both types of pathological samples32–34. These data confirm previously published observations demonstrating 
that the marked increase of circulatory sFLT-1 is detectable a few weeks before the clinical manifestation of 
PE35–37. In contrast to sFLT-1, PlGF concentrations are reduced in PE, as a consequence of its binding to the 

Figure 2.   PlGF, sFLT-1 and sENDOGLIN levels in non-pregnant, healthy pregnant women, IUGR-, Early PE- 
and Late PE- affected pregnant women along gestation. Mean (± SE) levels of Placental Growth Factor (PlGF, 
(A), soluble fms-like tyrosine kinase 1 (sFLT-1, (B) and soluble Endoglin (sENDOGLIN, (C) in plasma of 
non-pregnant women (NP), healthy pregnant women (Controls), IUGR-, Early PE- (e-PE) and Late PE- (l-PE) 
affected pregnant women throughout pregnancy as measured by ELISA. Statistically significant difference 
within gestational interval is reported. Data were compared using the two-sample t-test between two samples 
or ANOVA test among more than two groups. Statistically significant difference within gestational interval is 
reported. SigmaPlot 12.0 and GraphPad Prism 7 were used for statistical analysis.
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increased levels of circulating sFLT-1. PlGF levels are significantly lower in women who subsequently develop 
PE36,38–40. Dysregulated expression of PlGF and sFlt-1 has been proposed to be a consequence of placental syn-
cytiotrophoblast stress41,42. Similar to PE, IUGR pregnancies are characterized by elevated sFLT-1 concentrations 
and reduced PlGF levels38,43–46.

Pregnancies complicated by isolated IUGR and e-PE are both clinically affected by the most severe form 
of intrauterine growth compromise: the similar severity of the fetal growth disorder is revealed by the similar 
birthweight percentile (p = 0.137) although lower gestational age and lower birthweight were detected in e-PE. 
So that, the significant different levels of EGFL7 we observed comparing isolated IUGR and e-PE could reflect 
the contribution of the maternal cardiovascular system involvement and the diffuse endothelial damage to the 
onset of PE. Isolated IUGR is characterized by a phenotype affecting the fetus, which is not closely associated to 
maternal endothelial dysfunction47. Although PE and IUGR share a common etiopathogenesis, which is thought 
to be established by abnormal placentation and reduced placental perfusion47, in PE-affected women pro- and 
anti- angiogenic factors imbalance causes a maternal syndrome characterized by systemic vascular dysfunction 
and multiorgan damage, which is not present in women with isolated IUGR​48. When fetal/placental alterations 
are associated to systemic endothelial dysfunction and multiorgan damage, as in the case of women developing 
PE, EGFL7 in maternal blood becomes significantly increased. Indeed, increased circulating levels of EGFL7 
may be both a marker of placental dysfunction21, and an indicator of maternal endothelial diffuse damage. This 
observation is in line with our previous data in IUGR-complicated pregnancies, in which maternal cardiac adap-
tation was investigated by non-invasive USCOM49. Circulating levels of EGFL7 appeared significantly increased 
exclusively in IUGR patients with abnormal maternal haemodynamic profile and pathological cardiac adaptation 
to the pregnancy49.

Based on these and previous evidence, EGFL7 could be part of a panel of pro- and anti- angiogenic factors, 
which are known to be dysregulated in IUGR and PE32,33. Differently from PlGF, sFLT-1 and sENDOGLIN, its 
value resides in the ability to discriminate pathological conditions of pregnancy such as PE and IUGR. In fact, 
women with IUGR associate to e-PE are identifiable from the significant increase of EGFL7 maternal levels, 
while isolated IUGR, without maternal systemic involvement and diffuse endothelial damage, are characterized 
by low detectable maternal circulating levels of EGFL7 along all gestation.

An additional novel aspect of the reported data is the observation that increased EGFL7 levels in PE-compli-
cated pregnancies can be revealed in the maternal blood already at the onset of the clinical manifestation (i.e., 
22–25 weeks for e-PE). We had already shown that EGFL7 is altered in placenta and in blood of women with 
l-PE (35–40 weeks of gestation)21,24. Here, we show that placental levels of EGFL7 at term are similar between 
isolated IUGR and l-PE and are significantly lower than those measured in healthy controls. Similarly, circulat-
ing levels are not significantly different between the two groups, although levels in l-PE are significantly higher 
than in controls. Therefore, at term EGFL7 does not discriminate between late onset PE and IUGR, differently 
from what observed at the earlier gestational stages. Indeed, at 22–25 weeks of gestation, EGFL7 is significantly 
increased exclusively in PE, suggesting that EGFL7 could be a novel additional early marker to identify PE.

Main limitation of the study is in the small number of samples analyzed at earlier gestational age: our results 
should be confirmed in a larger multicenter prospective study that may be able to confirm our data also in the 
first and second trimester before the onset of clinical signs. A prospective study would also allow to evaluate the 
possible predictive value of EGFL7.

Altogether our findings indicate that circulating levels of EGFL7 are dramatically different in isolated IUGR 
compared to IUGR associated to e-PE already at the beginning of the second trimester of pregnancy, suggesting 
that EGFL7 may help for the early discrimination of the two conditions. It would be interesting to investigate 
if increased levels of EGFL7 can be detected before the onset of clinical manifestations and might represent 
the ideal angiogenetic factor to distinguish between isolated IUGR and e-PE, for which a prospective larger 
observational study in low and high-risk pregnancies would be needed. Indeed, EGFL7 provides additional 
information compared to the other known angiogenic factors, whose levels in the two conditions do not appear 
significantly different.

Received: 6 April 2021; Accepted: 19 August 2021

References
	 1.	 Jaddoe, V. W. et al. First trimester fetal growth restriction and cardiovascular risk factors in school age children: Population based 

cohort study. BMJ 348, g14 (2014).
	 2.	 Burton, G. J., Fowden, A. L. & Thornburg, K. L. Placental origins of chronic disease. Physiol. Rev. 96, 1509–1565 (2016).
	 3.	 Resnik, R. Intrauterine growth restriction. Obstet. Gynecol. 99, 490–496 (2002).
	 4.	 Teasdale, F. Idiopathic intrauterine growth retardation: histomorphometry of the human placenta. Placenta 5, 83–92 (1984).
	 5.	 Mayhew, T. M. et al. Stereological investigation of placental morphology in pregnancies complicated by pre-eclampsia with and 

without intrauterine growth restriction. Placenta 24, 219–226 (2003).
	 6.	 Egbor, M., Ansari, T., Morris, N., Green, C. J. & Sibbons, P. D. Pre-eclampsia and fetal growth restriction: How morphometrically 

different is the placenta?. Placenta 27, 727–734 (2006).
	 7.	 Fitch, M. J., Campagnolo, L., Kuhnert, F. & Stuhlmann, H. Egfl7, a novel epidermal growth factor-domain gene expressed in 

endothelial cells. Dev. Dyn. 230, 316–324 (2004).
	 8.	 Soncin, F. et al. VE-statin, an endothelial repressor of smooth muscle cell migration. EMBO J. 22, 5700–5711 (2003).
	 9.	 Fish, J. E. et al. miR-126 regulates angiogenic signaling and vascular integrity. Dev. Cell 15, 272–284 (2008).
	10.	 Wang, S. et al. The endothelial-specific microRNA miR-126 governs vascular integrity and angiogenesis. Dev. Cell. 15, 261–271 

(2008).
	11.	 Kuhnert, F. et al. Attribution of vascular phenotypes of the murine Egfl7 locus to the microRNA miR-126. Development 135, 

3989–3993 (2008).



7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:17919  | https://doi.org/10.1038/s41598-021-97482-2

www.nature.com/scientificreports/

	12.	 Campagnolo, L. et al. EGFL7 is a chemoattractant for endothelial cells and is up-regulated in angiogenesis and arterial injury. Am. 
J. Pathol. 167, 275–284 (2005).

	13.	 Parker, L. H. et al. The endothelial-cell-derived secreted factor Egfl7 regulates vascular tube formation. Nature 428, 754–758 (2004).
	14.	 Nichol, D. et al. Impaired angiogenesis and altered Notch signaling in mice overexpressing endothelial Egfl7. Blood 116, 6133–6143 

(2010).
	15.	 Schmidt, M. et al. EGFL7 regulates the collective migration of endothelial cells by restricting their spatial distribution. Development 

134, 2913–2923 (2007).
	16.	 Lelievre, E. et al. VE-statin/egfl7 regulates vascular elastogenesis by interacting with lysyl oxidases. EMBO J. 27, 1658–1670 (2008).
	17.	 Campagnolo, L., Moscatelli, I., Pellegrini, M., Siracusa, G. & Stuhlmann, H. Expression of EGFL7 in primordial germ cells and in 

adult ovaries and testes. Gene Expr. Patterns 8, 389–396 (2008).
	18.	 Schmidt, M. H. et al. Epidermal growth factor-like domain 7 (EGFL7) modulates Notch signalling and affects neural stem cell 

renewal. Nat. Cell Biol. 11, 873–880 (2009).
	19.	 Huang, C. H. et al. Expression and clinical significance of EGFL7 in malignant glioma. J. Cancer Res. Clin. Oncol. 136, 1737–1743 

(2010).
	20.	 Campagnolo, L. et al. Different expression of VEGF and EGFL7 in human hepatocellular carcinoma. Dig. Liver Dis. 48, 76–80 

(2016).
	21.	 Lacko, L. A. et al. Novel expression of EGFL7 in placental trophoblast and endothelial cells and its implication in preeclampsia. 

Mech. Dev. 133, 163–176 (2014).
	22.	 Massimiani, M. et al. Epidermal growth factor-like domain 7 promotes migration and invasion of human trophoblast cells through 

activation of MAPK, PI3K and NOTCH signaling pathways. Mol. Hum. Reprod. 21, 435–451 (2015).
	23.	 Nikolic, I. et al. EGFL7 ligates αvβ3 integrin to enhance vessel formation. Blood 121, 3041–3050 (2013).
	24.	 Massimiani, M. et al. Increased circulating levels of Epidermal Growth Factor-like Domain 7 in pregnant women affected by 

preeclampsia. Transl. Res. 207, 19–29 (2019).
	25.	 Junus, K. et al. Gene expression profiling of placentae from women with early- and late-onset pre-eclampsia: Down-regulation of 

the angiogenesis-related genes ACVRL1 and EGFL7 in early-onset disease. Mol. Hum. Reprod. 18, 146–155 (2012).
	26.	 Gordijn, S. J. et al. Consensus definition of fetal growth restriction: A Delphi procedure. Ultrasound Obstet. Gynecol. 48, 333–339 

(2016).
	27.	 Brown, M. A. et al. The hypertensive disorders of pregnancy: ISSHP classification, diagnosis & management recommendations 

for international practice. Pregnancy Hypertens. 13, 291–310 (2018).
	28.	 Yudkin, P. L., Aboualfa, M., Eyre, J. A., Redman, C. W. & Wilkinson, A. R. New birthweight and head circumference centiles for 

gestational ages 24 to 42 weeks. Early Hum. Dev. 15, 45–52 (1987).
	29.	 Lacko, L. A. et al. Altered feto-placental vascularization, feto-placental malperfusion and fetal growth restriction in mice with 

Egfl7 loss of function. Development 144, 2469–2479 (2017).
	30.	 Massimiani, M. et al. Molecular signaling regulating endometrium-blastocyst crosstalk. Int. J. Mol. Sci. 21, 23 (2019).
	31.	 Komwilaisak, R. & Tangkiratichai, P. Maternal serum angiogenic growth factors in intrauterine growth restriction versus normal 

pregnancies. J. Med. Assoc. Thai. 100, 119–124 (2017).
	32.	 Birdir, C. et al. Predictive value of sFlt-1, PlGF, sFlt-1/PlGF ratio and PAPP-A for late-onset preeclampsia and IUGR between 32 

and 37 weeks of pregnancy. Pregnancy Hypertens. 12, 124–128 (2018).
	33.	 Schoofs, K. et al. The importance of repeated measurements of the sFlt-1/PlGF ratio for the prediction of preeclampsia and intrau-

terine growth restriction. J. Perinat. Med. 42, 61–68 (2014).
	34.	 Jeyabalan, A., McGonigal, S., Gilmour, C., Hubel, C. A. & Rajakumar, A. Circulating and placental endoglin concentrations in 

pregnancies complicated by intrauterine growth restriction and preeclampsia. Placenta 29, 555–563 (2008).
	35.	 Stepan, H., Unversucht, A., Wessel, N. & Faber, R. Predictive value of maternal angiogenic factors in second trimester pregnancies 

with abnormal uterine perfusion. Hypertension 49, 818–824 (2007).
	36.	 Levine, R. J. et al. Circulating angiogenic factors and the risk of preeclampsia. N. Engl. J. Med. 350, 672–683 (2004).
	37.	 Hertig, A. et al. Maternal serum sFlt1 concentration is an early and reliable predictive marker of preeclampsia. Clin. Chem. 50, 

1702–1703 (2004).
	38.	 Taylor, R. N. et al. Longitudinal serum concentrations of placental growth factor: evidence for abnormal placental angiogenesis 

in pathologic pregnancies. Am. J. Obstet. Gynecol. 188, 177–182 (2003).
	39.	 Tidwell, S. C., Ho, H. N., Chiu, W. H., Torry, R. J. & Torry, D. S. Low maternal serum levels of placenta growth factor as an anteced-

ent of clinical preeclampsia. Am J Obstet Gynecol. 184, 1267–1272 (2001).
	40.	 Thadhani, R. et al. First trimester placental growth factor and soluble fms-like tyrosine kinase 1 and risk for preeclampsia. J. Clin. 

Endocrinol. Metab. 89, 770–775 (2004).
	41.	 Benschop, L. et al. Placental Growth factor as an indicator of maternal cardiovascular risk after pregnancy. Circulation 139, 

1698–1709 (2019).
	42.	 Redman, C.W. & Staff, A. C. Preeclampsia, biomarkers, syncytiotrophoblast stress, and placental capacity. Am. J. Obstet. Gynecol. 

213, S9.e1, S9-S11 (2015).
	43.	 Tsatsaris, V. et al. Overexpression of the soluble vascular endothelial growth factor receptor in preeclamptic patients: Pathophysi-

ological consequences. J. Clin. Endocrinol. Metab. 88, 5555–5563 (2003).
	44.	 Stepan, H., Geide, A. & Faber, R. Soluble fms-like tyrosine kinase 1. N. Engl. J. Med. 351, 2241–2242 (2004).
	45.	 Wallner, W. et al. Angiogenic growth factors in maternal and fetal serum in pregnancies complicated by intrauterine growth 

restriction. Clin. Sci. (Lond.) 112, 51–57 (2007).
	46.	 Bersinger, N. A. & Ødegård, R. A. Second- and third-trimester serum levels of placental proteins in preeclampsia and small-for-

gestational age pregnancies. Acta Obstet. Gynecol. Scand. 83, 37–45 (2004).
	47.	 Kaufmann, P., Black, S. & Huppertz, B. Endovascular trophoblast invasion: implications for the pathogenesis of intrauterine growth 

retardation and preeclampsia. Biol. Reprod. 69, 1–7 (2003).
	48.	 Young, B. C., Levine, R. J. & Karumanchi, S. A. Pathogenesis of preeclampsia. Annu. Rev. Pathol. 5, 173–192 (2010).
	49.	 Massimiani, M. et al. Treatment of pregnancies complicated by intrauterine growth restriction with nitric oxide donors increases 

placental expression of epidermal growth factor-like domain 7 and improves fetal growth: A pilot study. Transl. Res. 228, 28–41 
(2021).

Author contributions
L.C. and A.L. conceived the idea of the study. S.S., S.M. and G.M.T. carried out patient enrollment and blood 
sample collection. M.M. carried out ELISA experiments. M.M. and S.S. carried out the statistical analysis and 
first draft of the manuscript. H.V., A.L. and L.C. supervised the study and analysis. H.S., A.L. and L.C. reviewed 
the manuscript.

Competing interests 
The authors declare no competing interests.



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:17919  | https://doi.org/10.1038/s41598-021-97482-2

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to L.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Circulating EGFL7 distinguishes between IUGR and PE: an observational case–control study
	Methods
	Patients. 
	Biological samples processing. 
	Enzyme-linked immunosorbent assays. 
	Real-time PCR. 
	Statistical analysis. 

	Results
	Maternal and perinatal findings. 
	Levels of circulating EGFL7. 
	Levels of placental EGFL7. 
	Levels of circulating PlGF, sFLT-1 and sENDOGLIN. 

	Discussion
	References


