
Summary. This study aimed to describe the prevalence
of chorionic distal villous immaturity (DVI) in overt
diabetic/gestational diabetic (OD/GD) women compared
with normoglycemic ones and to analyze the relation of
DVI index (DVII) to placental growth factor (PlGF) and
soluble Fms-like tyrosine kinase 1 (sFlt-1). Three groups
were studied; normoglycemics (n=21), OD (n=17) and
GD (n=20). Maternal blood samples were evaluated
regarding serum levels of PlGF and sFlt-1.
Immunohistochemical methodologies were employed in
term placentae of all subjects to assess DVII and area%
of PlGF and sFlt-1 immunostaining. We found that mean
Hemoglobin A1c (HbA1c) is 5.22±0.15 in
normoglycemics, 6.2±0.3 in OD, and 5.70±0.23 in GD
with significant differences between groups (p=0.012).
DVII was significantly higher in OD (66.6±4.7) and GD
(72.4±4.5) compared to controls (11.6±2.5; p=0.000).
Healthy women have significantly lower levels of PlGF
(86.6±14.5) compared to OD (166.6±22.4, p=0.000) and
GD (150.3±23.97, p=0.000) and their placentae
expressed a significantly lower area% of PlGF (6.5±0.8)
compared to OD (14.8±1.0, p=0.000) and GD (18.8±1.3,
p=0.000). Also, normoglycemic women have
significantly lower levels of sFlt-1 (108.9±12.1)
compared to OD (226.5±18.6, p=0.000) or GD
(197.2±16.8, p=0.000) and their placentae expressed a
significantly lower area% of sFlt-1 (3.2±0.3) compared
to OD (15.4±1.7, p=0.000) and GD (16.9±1.2, p=0.000).
There was significant correlation between DVII and both

serum level and area% of PlGF and sFlt-1 expression in
the 3 groups. This study provided a new score for
evaluating DVI in normal and diabetic placentae and
suggested a role for PlGF and sFlt-1 in regulation of
DVI in diabetic pregnancies.
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Introduction

Diabetes Mellitus is the most common medical
condition to complicate pregnancy, which occurs in 3-
10% of pregnancies and includes pre-gestational type-1
and type-2 diabetes and gestational diabetes. Risks for
the fetus include malformation, spontaneous abortion,
stillbirth, neonatal death, macrosomia and intrauterine
growth restriction. Risks for the mother include severe
hypoglycaemia, diabetic ketoacidosis, progression of eye
or renal disease, preeclampsia and caesarean section.
The risks are the same or higher in type 2 diabetes
compared to type 1 diabetes (Temple et al., 2006). 

In diabetes mellitus, the development of vascular
complications is associated with increased perinatal
morbidity and mortality due to congenital malformations
(Evers et al., 2000; Nelson et al., 2009). These
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complications may be caused by abnormalities of the
placenta. A frequently encountered abnormality is
placental immaturity, and extensive villous immaturity
has been related to antenatal fetal asphyxia and fetal
death (Gheorman et al., 2012). 

Placental maturation is a gradual process that
proceeds throughout pregnancy. During the last months
of pregnancy fetal oxygen and nutrient requirements
increase. The placenta compensates for the increased
needs by an expansion of the materno-fetal exchange
surface, forming the so-called syncytiovascular
membranes (SVM) in the tertiary villi. SVM are very
thin membranes with a maternal to fetal diffusion
distance of only about 3.7 µm that allow efficient
transport (Benirschke and Kaufmann, 2000). 

Villous immaturity is a subjective finding on
histopathological assessment of the placenta, and more
objective evaluations of placental structure may provide
further information on possible differences in villous
immaturity between non-diabetic and overt
diabetic/gestational diabetic (OD/GD) placentae, and
provide a way to correlate the degree of immaturity to
different contributing factors. Increased maternal levels
of circulating glucose, insulin, angiogenic growth
factors, cytokines and inflammatory mediators
throughout gestation may directly impact on some or all
stages of the first and immediate fetal vascular system
(Leach, 2011).

Placental growth factor (PlGF) is a member of the
vascular endothelial growth factor (VEGF) family which
was first identified in placenta but is also known to be
present in heart and lungs. It plays a critical role in
eliciting and sustaining a newly forming vasculature
(Autiero et al., 2003; Cai et al., 2003). Various
mechanisms by which PlGFs can enhance angiogenesis,
including intracellular signal transduction through
vascular endothelial growth factor receptors-1 (VEGFR-
1) (sFlt-1) (soluble Fms-like tyrosine kinase 1).
Activation of sFlt-1 by PlGFs results in intermolecular
transphosphorylation of VEGFR-2 that could increase
VEGF-A mediated angiogenesis (Auterio et al., 2003).
In contrast to VEGF, PlGF and its receptor sFlt-1 have
been largely neglected and therefore their potential for
therapy has not been previously explored. 

Our aim is to describe in a more objective manner,
the prevalence of villous immaturity in OD/GD
placentae as compared with placentae of normoglycemic
women and analyze the relation of immaturity incidence
to the maternal serum levels and placental
immunoexpression of PlGF and its receptor, sFlt-1.
Materials and methods

Case selection

A case control study was done between January
2011 and March 2012. Only term placentae from
gestational age ≥37 weeks pregnancies after caesarian
section or normal vaginal delivery were used. The

gestational period was determined based either on the
last menstrual period of each subject or the crown–rump
length of the fetus measured by ultrasonography. Written
informed consent was obtained from each woman before
recruitment and the collection of placental tissue were
approved by the Research Ethics Committee of Ohud
Hospital, Saudi Arabia. 

The inclusion criteria were a diagnosis of maternal
pregestational or gestational diabetes, no hypertension,
pregnant with one baby and absence of fetal
abnormalities. The pregnant women were classified into
three groups based on their response to the OGTT (oral
administration of 100 g of glucose and blood analysis 3
h later) according to ADA criteria (Rudge et al., 1990)
and and the glucose profile (GP) test, according to
Gillmer’s threshold values (Gillmer et al., 1975; Rudge
et al., 2000). Group 1, normoglycemic (control) (n=21)
with a normal 100 g-OGTT and GP, group 2, women
with pre-existing, documented, overt diabetes (n=17),
either insulin-dependent (type 1) or non-insulin-
dependent (type 2) with an abnormal pre-pregnancy 100
g-OGGT and group 3, gestational diabetes (n=20), with
an abnormal 100 g-OGTT and normal GP.

The course of pregnancy was followed by the usual
antenatal care measures. Maternal blood glucose levels
were monitored at home and reviewed at our hospital
once a week. Maternal blood glycosylated hemoglobin
(HbA1c) was measured. The goal of treatment was to
maintain fasting maternal blood glucose levels below
100 mg/dL and postprandial levels below 120 mg/dL.
Diet counseling was reinforced; human insulin dose has
adjusted (Rudge et al., 2000) and evaluated at weekly
clinic visits in order to maintain targeted glycemic
levels. Glucose levels were determined by the glucose
oxidase method (Glucose-analyzer II, Beckman,
Fullerton, CA, USA). Optimal maternal blood glucose
control was not achieved in all diabetic women due to
non-compliance to recommended diet counseling.
Maternal Blood sampling

5 ml of maternal blood samples were drawn from the
cubital vein in plain tubes during the first stage of labor,
or before receiving anesthesia in cases of elective
caesarean section under completely aseptic conditions
and left for 30-60 minutes for spontaneous clotting at
room temperature then centrifuged at 3000 rpm for 10
minutes. Serum samples were separated into another set
of tubes and kept frozen at -80°C.
Enzyme-Linked Immunosorbent Assay

Total serum levels of PIGF and sFlt-1 in samples
was carried out by ELISA technique, using available
commercial kit (Quantikine R&D Systems, Minneapolis,
USA) using horseradish peroxidase detection in
accordance with the manufacturer’s instructions. 100 µL
of sample for PlGF and 20 µL for sFlt-1 were used.
Samples were assayed as duplicates. The minimum
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detection limit was less than 7 pg/ml and 3.5 pg/ml
respectively 
Placental tissue sampling and handling

Placental samples were obtained within 20 minutes
of delivery by standard procedure; full depth cube of
placental tissue from macroscopically normal placental
disk about 5 cm from the umbilical cord insertion.
Placental tissue fragments were subjected to
conventional histological techniques (fixation and
paraffin embedding), and then serial sections were cut
from each block.
Histological assessment

Deparaffinized sections 5 mm thick were stained
with hematoxylin-eosin and periodic acid shift (PAS)
stains for highlighting carbohydrate containing tissue
elements (basal laminae and extracellular matrix)
(Labat-Robert and Robert, 2012). Staining was carried
out according to the conventional methods (Bancroft and
Gamble, 2002). 

Using a light microscope, the proximal or stem villi
were determined by their large fetal vessels surrounded
by a light microscopically identifiable media, thick
trophoblastic covering, rare fetal capillaries and missing
sinusoids. The distal villi embrace mature intermediate
villi, immature intermediate villi and terminal villi
(Huppertz et al., 2006; Redline, 2012).

Seven histopathological changes (Nagi, 2011; Rudge
et al., 2011) were identified in this pilot study to settle on
the distal villous immaturity in the placental sections; (1)
increased villous diameter (large distal villi), (2)
thickened cellular layer of villous trophoblasts, (3)
increased stromal cellularity, (4) prominent fetal
capillaries, (5) rare or lack of vasculosyncytial
membranes, (6) presence of interstitial fluid and (7)
decreased distal/proximal villous ratio. These features
were examined in the digitized pictures by 2
investigators blind to each other.

Magnitude and extent of distal villous immaturity
was estimated by distal villous immaturity index. A
semiquantitative score was assigned based on absence
(0) or presence (1) of each of the villous immaturity
histopathological features. The total of these scores as
measured in the examined 5 fields was used to calculate
the total score case and of each then within each group
of pregnant women. Distal villous immaturity index
(DVII) was calculated using the following formula: 

Where 7 was the number of histopathological
changes assessed in the placentae of normoglycemic and
OD/GD women, and 5 was the number of fields
evaluated in each placenta. The interobserver agreement
and the intraclass correlation coefficient of the measured
index were analyzed.

Immunohistochemical assessment

For immunohistochemical analysis primary mouse
monoclonal anti-human PlGF (R&D Systems Inc.,
Minneapolis, MN 55413, USA; catalog #MAB2642) and
primary rabbit polyclonal anti-human sFlt-1 (spring
bioscience, 6920 Koll Center Parkway, Pleasanton, CA
94566 USA; catalog #E2801) were used. Staining
procedure was done using an immunoperoxidase
technique by means of Bench-Mark instrument
(recommended by Ventana Company). A positive
reaction for the studied proteins was distinct as a
brownish staining in the cytoplasm as referenced in the
Catalog. For negative controls, incubation was carried
out with a non-specific mouse IgG1 antibody at the same
concentration as the primary antibody (Taylor, 1993).
Computer-assisted image analysis

Tissue sections were examined using an optical
microscope at 4x and 20x magnification for the initial
screening. Measurements were performed at 40x
magnification. For each specimen, 5 high power fields
were randomly selected, photographed and stored.
Images were digitized in a 512x512-pixel matrix, using a
color video camera (digital camera CH-9435 DFC 290).
Digitalized pictures were visualized on a high-resolution
color display. The true color image analysis software
package using image analysis system (Leica Imaging
System, Switzerland & Germany) was run for
manipulation, quantification of the images and data
collection.
Statistical analysis 

Statistical analysis was performed using SPSS
(version 13) statistical package. Data were presented as
means±standard error (SE) or percentages. The means of
the three groups were compared in a one-way analysis of
variance (ANOVA) (followed by the LSD Fisher’s
multiple comparison test, when necessary) or using
Kruskal-Wallis Test. Correlations were evaluated using
Pearson’s test. Multiple linear analyses using forward
stepwise analysis were performed. Statistical
significance was set at p<0.05. 
Results

Clinical criteria

Maternal characteristics and perinatal outcomes of
the study groups were shown in Table 1. The mean
maternal age showed no significant difference between
the studied groups, whereas the gestational age is found
to be significantly higher in the normoglycemic group
(p=0.001). OD showed significantly higher birth weight
(p=0.001) while GD revealed a significantly higher BMI
(p=0.013) compared with other groups.

Overall mean±SEM of Hemoglobin A1c (HbA1c) in

261
PIGF related to DVII in diabetic pregnancy



the studied groups is as follows: normoglycemic
(5.22±0.15), OD (6.16±0.25), and GD (5.70±0.23) with
significant differences between the 3 groups (p=0.012).
For multiple comparisons between groups, LSD test
revealed one significant difference only between
normoglycemic and OD groups (p=0.003).

Multiple linear regressions were performed looking
at prediction of DVII, including possible contributors
such as parity, mode of delivery, maternal weight, gender
of infant as well as gestational age at delivery.
Gestational age at delivery was the only significant
factor (ß coefficient=0.23, p=0.000). Other contributors
were excluded; parity (p=0.073), mode of delivery
(p=0.193), maternal weight (p=0.017), gender of infant
(p=0.425).
Immunoassay of PlGF and sFlt-1 

Maternal serum samples from healthy women had
significantly lower concentrations of PlGF (86.64±14.46
pg/ml) when compared to those from OD (166.6±22.38
pg/ml, p=0.000) or GD (150.32±23.97 pg/ml, p=0.000).
Alternatively, maternal serum samples from healthy
women have significantly lower concentrations of sFlt-1
(108.89±12.14 pg/ml, mean ± SE) when compared to

those from OD (226.49±18.64 pg/ml, p=0.000) or GD
(197.21.21±16.81 pg/ml, p=0.000) (Graph 1).
Histological findings (Figs. 1-3)

Histological sections of normoglycemic placentae
present chorionic villous profiles of various sizes,
compositions and vascularities. The chorionic villi
consist of large proximal ones containing large vessels
and represent the minority (Fig. 1a,a’) and smaller distal
villi containing capillaries represent the majority. Distal
villi include both intermediate and terminal villi (Fig.
1a’). Most of the fields showed typical distal/proximal
villous ratio (Fig. 1a). 

In normoglycemic placentae, the largest component
of the intermediate villi exhibits histological criteria of
maturity while small foci of villi display features of
immaturity. The criteria of maturity involve the presence
of a thin lining of trophoblasts, fine stroma, slight
stromal cellularity due to sinusoid dilatation of blood
capillaries plus the emergence of a subpopulation of
small terminal villi. The terminal villi were determined
by their sinusoidally dilated capillaries that occupy the
main part of the villous stroma (Fig. 2a,a’).

The gestational diabetic placentae exhibited different
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Table 2. Score of histological criteria of distal villous immaturity in the three different studied placentae*.

Histopathological criteria of Normoglycemic human placenta (n=21) Overt diabetic human gestational diabetic P value
villous immaturity (mean±SE) placenta (n=17) human placenta (n=20)

Decreased distal/proximal villous ratio 0.33±0.14 3.29±0.55 3.45±0.51 0.000**
Increased villous diameter 0.33±0.14 3.29±0.55 3.45±0.51 0.000**
Hypercellularity of the stroma 1.14±0.29 4.41±0.21 4.35±0.28 0.000**
Presence of central blood vessels 0.62±0.21 3.41±0.35 3.25±0.33 0.000**
Thickening of trophoblastic basement membrane 0.95±0.30 3.89±0.35 4.40±0.28 0.000**
Rarity of vasculo-syncytial membrane 0.33±0.17 2.24±0.47 3.45±0.4 0.000**
Presence of interstitial fluid 0.33±0.17 2.18±0.4 3.0±0.38 0.000**

* Observations were done with light microscope; ** Significant p<0.05 for F-test.

Table 1. Maternal characteristics and perinatal outcomes of the study groups.

Normoglycemic (n=21) Overt diabetes (n=17) Gestational diabetes (n=20) p-value

Maternal age (years), (mean±SE) 30.76±1.49 32.24±1.86 34.25±1.38 0.273
BMI (kg/m2) 25.3±2.3 26.6±4.2 28.7±7.4 0.013**
Gestational age (weeks), (mean±SE) 39.38±0.23 37.65±0.37 38.1±0.34 0.001**
Parity (no. and %)

Primipara 10 (47.6%) 6 (35.3%) 8 (40%) 0.718
Multipara 11 (52.4%) 11 (64.7%) 12 (60%)

Mode of delivery (no. and %)
Cesarean section 5 (23.8) 7 (41.1) 6 (30) 0.518
Vaginal delivery 16 (76.2) 10 (58.9) 14 (70)

Birthweight (g), (mean±SE) 3196.08±46.81 3570.59±94.03 3107.5±106.97 0.001**
Hemoglobin A1c, (mean±SE)* 5.22±0.15 6.16±0.25 5.70±0.23 0.012**

*Last value before delivery; ** Significant p<0.05 for F-test.



abnormal histological features. These placentae showed
various extents of distal villous immaturity associated
with a decrease in distal/proximal villous ratio (Fig.
1b,b’). The histological criteria of immaturity involved
the presence of larger distal villi with thick uninterrupted
trophoblasts, homogenous thickening of the
trophoblastic basement membranes, hypercellular coarse
stroma (consisting of fibroblasts and Hofbauer cells),
non-peripheral capillaries and paucity of vasculo-
syncytial membranes (Fig. 2b,b’). Some villi showed
increased intercellular spaces (Fig. 3a). Increased
syncytial knots and sprouts (Fig. 3b), perivillous fibrin
deposition and glycogen deposition (Fig. 3c) were
frequent features in hyperglycemic placentae. 

A descriptive analysis of different histological
changes demonstrating villous immaturity were shown
in Table 2. One way analysis of scores of these changes

revealed significant differences among the three types of
placentae (p<0.05). However, Fisher ’s LSD test
determined no significant differences between OD and
GD groups (p>0.05).
Immunohistochemical findings

Immunohistochemical analysis and localization of
PlGF

PlGF immunoexpression was revealed in
normoglycemic and hyperglycemic placentae. In
normoglycemic placentae, diffuse cytoplasmic staining
of PlGF was noticed in the trophoblasts, endothelium of
the villous vessels and in the vasculosyncytial
membrane. The stroma cells display negative or scarce
PlGF expression in all sections (Fig. 4a). The
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Fig. 1. Microscopic pictures of histological sections of normoglycemic (a, a’) and hyperglycemic (b, b’) term (>37 w) placentae. The normoglycemic
placenta shows multiple villi of various shapes and varying diameters from large proximal villi (thick arrows) containing large vessels to small distal villi
embracing both intermediate (thin arrows) and terminal villi (arrow heads) with capillaries in their cores. The normoglycemic placenta shows an
appropriate distal/proximal villous ratio. The hyperglycemic placenta shows larger-sized distal villi with an apparent decrease in the distal/proximal
villous ratio. HE. a, b, x 4; a’, b’, x 20



hyperglycemic placentae showed a similar pattern but
with more extensive stained area and more intense
staining (Fig. 4b).

Study of image analysis data revealed a significant
increase in area percent of PlGF immunoexpression in
OD (14.78±1.04) and GD (18.78±1.32) groups as
compared with the normoglycemic one (6.53±0.75)
(p=0.000). For multiple comparisons between groups,
LSD test determined significant differences between the
three groups (p<0.05) (Table 3; Graph 1). 

Immunohistochemical analysis and localization of
sFlt-1

The normoglycemic and hyperglycemic placentae

exhibited positive sFlt-1 immunohistochemical staining
in the cytoplasm of the trophoblasts, endothelium of the
villous vessels and vasculosyncytial membranes (Fig.
5a). Hyperglycemic placentae showed a comparable
pattern although there was more intense staining. No or
little staining could be detected for sFlt-1 in the stroma
cells of either placentae (Fig. 5b).

A statistical study of the image analysis data of all
specimens revealed that the mean area percent of sFlt-1
immunoexpression is significantly higher in the OD
(15.35±1.65) and GD (16.86±1.17) groups compared to
non-diabetic one (3.24±0.3) (p=0.000). For multiple
comparisons between groups, LSD test demonstrated
that only one non-significant difference existed between
OD and GD groups (p=0.349) (Table 3; Graph 1). 
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Fig. 2. Microscopic pictures of fully mature (a, a’) and immature intermediate (b, b’) villi from term placentae. The mature intermediate villi show fine
stroma, slight stromal cellularity, peripheral capillaries, well developed vasculosyncytial membranes (thin arrows), thin trophoblastic lining (T) and
emerged small terminal villous with sinusoidally dilated capillary occupying most of the villous stroma (TV). The immature intermediate villi show coarse
stroma, increased stromal cellularity, thick-walled non-peripheral capillaries, absent vasculosyncytial membranes and thick continuous trophoblastic
lining (T) with thickened basement membrane (thick arrows). a, b: HE; a’, b’: PAS. x 100
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Fig. 3. Microscopic pictures of histological sections of term
hyperglycemic placentae showing widening of intercellular spaces inside
the villi (a), multiple syncytial knots (thin arrows) and sprouts (thick
arrows) (b), perivillous fibrin deposition (thick arrows), glycogen
deposition (thin arrows) and coarse stroma with high affinity to PAS
stain (arrow heads) (c). a, b: HE, x 20; c: PAS, x 40

Graph 1. Box and whisker plot (median, interquartile range and range) of maternal serum and immunoexpressed area percentage of PlGF and sFlt-1 in
the pregnancy outcome groups.



Study of the distal villous immaturity index (DVII)

The interobserver agreement of DVII represent
82.8% and the intraclass correlation coefficient between
the measured indices of both observers is significant
(r=0.996; p=0.000). 

Amongst the healthy women, the incidence of DVII
obtained after histological assessment of distal villous
immaturity was 11.56±2.47 as compared to an incidence
of 66.55±4.7 in OD and 72.43±4.47 in GD. Thus, the
incidence of DVII in the diabetes cohort was nearly 6
times more than that of controls with significant
differences between the three studied groups (p=0.000). 

Fisher ’s LSD test determined no significant
difference in mean DVII between GD and OD groups

(p=0.303). However, it revealed highly significant
differences between the normoglycemic and both OD
(p=0.000) and GD (p=0.000) groups (Graph 2).
Correlation analysis

Pearson correlation revealed significant correlation
between the measured DVII and both serum level
(r=0.353; p=0.007) and immunostained area percent
(r=0.548; p=0.000) of PlGF in the three studied groups.
Also, there was a significant correlation between the
measured DVII and both serum level (r=0.449; p=0.000)
and immunostained area percent (r=0.704; p=0.000) of
sFlt-1 in the three studied groups (Graph 3). However,
DVII showed non significant correlation to HbA1c
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Fig. 4: Microscopic pictures represent PlGF immunohistochemical stained sections of normoglycemic (a, a’) and hyperglycemic (b, b’) term placentae.
In normoglycemic placenta, there is a diffuse cytoplasmic staining in the trophoblasts (T), endothelium of the villous vessels (thin arrows) and in the
vasculosyncytial membranes (thick arrows) with no staining in the stroma cells (dashed arrows). In hyperglycemic placenta, there is a denser staining in
the trophoblasts (T), endothelium of the villous vessels (thin arrows) and syncytial knots (arrow heads) with slight staining in the stroma cells. anti-PlGF.
a, b, x 40; a’, b’, x 100
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Fig. 5. Microscopic pictures represent sFlt-1 immunohistochemical stained sections of normoglycemic (a, a’) and hyperglycemic (b, b’) term placentae.
In both placentae, there is a diffuse cytoplasmic staining in the trophoblasts (T), endothelium of the villous vessels (thin arrows), in the vasculosyncytial
membranes (thick arrows) and in the syncytial knots (arrow heads) with denser staining in hyperglycemic sections. The stroma cells (dashed arrows)
show negative staining in normoglycemic placenta and slight staining in the hyperglycemic one. anti-Flt-1, a, b, x 40; a’, b’, x 100

Table 3. The percentage of immunostained areas of placental growth factor (PlGF) and Fms-like tyrosine kinase 1 (Flt-1) in the studied groups. 

Variable Normoglycemic (n=21) Overt diabetes (n=17) Gestational diabetes (n=20) p-value

Percentage of PlGF- immunostained areas, (mean±SE) 6.53±0.75 14.78±1.04 18.78±1.32 *P1=0.000
**P2=0.000
**P3=0.000
**P4=0.012

Percentage of Flt-1- immunostained areas, (mean±SE) 3.24±0.3 15.35±1.65 16.86±1.17 *P1=0.000
**P2=0.000
**P3=0.000

P4=0.349

P1: level of significance of difference between the 3 studied groups; P2: level of significance of difference between the normoglycemic and overt
diabetic groups; P3: level of significance of difference between the normoglycemic and gestational diabetic groups; P4: level of significance of
difference between the overt diabetic and gestational diabetic groups; * Significant p<0.05 for F-test; ** Significant p<0.05 for LSD test.



(r=0.192; p=0.149) (Graph 4).
Discussion

Angiogenesis and vascular transformation are
important processes for the normal development of the
placenta and fetus (Choi et al., 2005). The present study
is the first to develop a quantitative objective score for
evaluation of villous immaturity in hyperglycemic
placenta in relation to normoglycemic ones and to assess
whether PlGF and its receptor (sFlt-1) in the maternal
serum and in the placental tissue correlate with the
extent of immaturity of distal chorionic villi.

This study presents a new score for the assessment
of distal chorionic villi degree of immaturity by a
qualitative assessment of overall architecture of villous
tree. Evaluation of this score explores a significantly
higher incidence of distal villous immaturity in overt and
gestational diabetic placentae in relation to normal ones.
Also, the study demonstrates a significant rise in
maternal serum levels and placental tissue expression of
both PlGF and sFlt-1 in overt and gestational diabetes in
relation to normal. Additionally, when considering the
hyperglycemic and normoglycemic cases in concert,
there is a significant correlation between these
parameters and DVII.

Histologically, the hyperglycemic placentae, as well
as few normoglycemic ones, display various features of
distal villous immaturity (DVI). The distribution of
immature appearance is focal and not diffuse. One of the
defining morphological features of distal villous
immaturity is the increase in stromal cellularity (with
evident Hofbauer’s cells) with a lack of the specialized
vasculosyncytial membranes causing an increase in the
diffusion distance. Normally, the growth of distal villous
unit entails increase vascularisation of villi, decrease of
stromal quantity and formation of specific areas of
fusion between relatively acellular syncytiotrophoblast
and capillaries termed vasculosyncytial membranes.
Intercellular matter contains numerous collagen fibers
which make the skeleton of the whole villous tree and
the fibers are mostly situated circularly, in a thin layer
around blood capillaries (Blajiç et al., 2010; Redline,
2012). 

Another feature of DVI is marked thickening of the
trophoblast basement membrane, which was previously
described in various pathological situations, including
maternal diabetes (Liebhart et al., 1974). This thickening
could be due to mucopolysaccharide storage as a result
of impaired villous trophoblastic activity, such as
increased production or decreased turnover of basement
membrane molecules, as the constituents of basement
membrane components are produced by the secretion of
trophoblasts (Chandramouli and Carter, 1975;
Benirschke et al., 2006).

In the present study, in addition to DVI, increased
syncytial knots, sprouts and fibrin deposition and various
other degenerative changes are present in most of the
diabetic placental villi. The pathogenesis of these

abnormalities is still far from being fully understood but
could be due to accumulation of carbohydrate and fat in
the placenta (Tewari et al., 2011). Rudge et al. (2011)
reported 21 histopathological changes in placentae of
OD patients to be developed in the pre-term period and
explained the higher perinatal mortality of diabetic
mothers by the early occurrence of these changes. 

As for the immaturity index in our population,
diabetic women show a significantly increased risk of
DVI compared to non-diabetic controls, although, there
is no significant difference between OD and GD groups.
The GD mothers have controlled glycemic mean and the
placentae of these patients are characterized by a high
index of immaturity (~6 times the normal), despite all
newborns being born at term. The OD mothers have a
higher glycemic mean during pregnancy, and the
placentae of these patients presented the highest index of
immaturity (~7 times the normal). 

Distal villous immaturity is linked with an increased
risk of both intrauterine and neonatal deaths and may be
part of the patho-physiology of increased perinatal
mortality in diabetic pregnancies. The immature
placentae have decreased formation to complete absence
of terminal villi. The formation of terminal villi with
syncytio-vascular membranes and the increase in
capillaries is essential for the increased demands of the
foetus during the last 6-8 weeks of pregnancy.
Especially, oxygen delivery to the foetus is dependent on
diffusion and the diffusion distance is decreased by
formation of these syncytio-vascular membranes in the
last weeks of pregnancy. During this period the placenta
hardly grows and the formation of terminal villi is
essential (Stallmach et al., 2001). 

In accordance with the present results, Redline
(2012) reported the relative villous immaturity to be the
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Graph 2. Error bar represents 95% confidence interval of values for the
distal villous immaturity index (DVII) in the studied groups.



most frequent change in the placenta of pregnant women
with diabetes, despite a nearly optimal metabolic
control. He also observed definite immature features in
at least 30% of villi in a term gestation. These findings

were also pointed out previously by other authors
(Madazli et al., 2008; Tewari et al., 2011).

It is known that the placenta produces numerous
growth factors including an insulin-like growth factor
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Graph 3. Correlation of distal villous immaturity index (DVII) to serum levels and area percent of PlGF and Flt-1 in the studied groups.



and a basic fibroblast growth factor. It also produces
VEGF and PlGF, which are essential for placental
growth and fetal development and represent key factors
in different physiological and pathological conditions
affecting the placenta (Vuorela et al., 1997; Clark et al.,
1998). PlGF shows 53% of similarity with VEGF and
presents its activity through its receptor sFlt-1 (Park et
al., 1994). 

Our observation is that PlGF and sFlt-1 proteins are
immunoexpressed in villous trophoblasts, vascular
endothelium and in the vasculosyncytial membranes of
term placentae. The distribution of PlGF and its
receptors in these cells as well as their existence in the
maternal serum provides evidence that PlGF contributes
to the regulation of placental function and could act as a
tropic factor in chorionic villi and promotes the
development of the fetus (Athanassiades and Lala, 1998;
Clark et al., 1998). Vuorela et al. (1997) demonstrated
similar PlGF immunolocalization in human placenta at
term, implying that PlGF would diffuse across from the
trophoblasts to its site of action in the vascular
endothelium, and that PlGF could also act in a paracrine
manner.

Also, PlGF may contribute to successful
placentation by adaptable trophoblast apoptosis and
function during gestation (Athanassiades and Lala,
1998). Using RT-PCR analysis and in situ hybridization,
Choi et al. (2005) confirmed the existence of PlGF in rat
placenta at various stages of gestation and added that the
expression of PlGF mRNA was increased as gestation
progressed. However, they reported strong PlGF
expression in stroma cells of chorionic villi late
pregnancy which is contradictory to the present 
data.

In this study, we describe higher maternal serum
concentrations and placental immunoexpressed areas of
PlGF and sFlt-1 in the term OD and GD pregnancies
compared with normoglycemic ones. This concomitant
increase in the tissue and serum levels of PlGF and sFlt-
1 in diabetic mothers suggests that placental expression
of PlGF and sFlt-1 mirrors the maternal serum changes
and is consistent with the view that the placenta is the
main source of PlGF during pregnancy (Shore et al.
1997). Also, this proposes serum concentrations of PlGF
and sFlt-1 to be associated with glucose tolerance, and
that these growth factors may be involved in the
pathogenesis of gestational diabetes. 

In accordance with our results, Ong et al. (2004)
suggested that the level of maternal PIGF was
significantly increased in pregnancies complicated by
non insulin dependent diabetes and those with
gestational diabetes. Helske et al. (2001) studied the pre-
gestational diabetic placentae using immunohisto-
chemistry and Western blotting and noted inconsistent
increases in VEGFR-1 (Flt-1) intensity; they also
recorded undetectable PlGF in 38 of 44 samples of
amniotic fluid of mothers with the normal and
complicated pregnancies and a normal concentration of
PlGF in maternal serum, which is contradictory to the

present data. Moreover, Janota et al. (2003) found that
the expression of many angiogenic factors including
VEGF, VEGFR-1 and VEGFR-2 was not different in
normal and type-I diabetes placenta. 

Individual variation in glucose balance and variable
levels of hyperglycemia among the patients could
explain some differences in our subjects because
glycosylation is essential for secretion of angiogenic
factor (Jelkmann, 2001) and advanced glycosylation
end-products have been shown to increase VEGF
expression (in retina) (Lu et al. 1998). Moreover, Pietro
et al. (2010) reported high expression of Flt-1 in women
with normoglycemia, gestational diabetes and clinical
diabetes contrasting with the low levels detected in
pregnant women with mild hyperglycemia.

On relating these factors to DVII, re-analysis reveals
significant correlations between this index and both
maternal serum levels and percentage of
immunoexpressed areas of PlGF and sFlt-1 in diabetic
and non-diabetic groups. The finding of interrelationship
between PlGF and sFlt-1 levels and DVII is compatible
with the postulated roles of PlGF in placental
development and reflects that Impaired villous
maturation despite increased levels of PlGF and sFlt-1
could be due to continuing villous development (affected
by these factors) at the expense of maturation. However,
there are no reports describing this relation in diabetic
pregnancies. 

Thus, our hypothesis is that villous immaturity
presented in hyperglycemic placentae could be due to
excessive PlGF and sFlt-1 expression through affecting
the villous stromal-vascular remodeling. Nonexistence
of direct correlation between HBA1c and DVII supports
our hypothesis that factors other than glycemia could be
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Graph 4. Correlation of distal villous immaturity index (DVII) to
Hemoglobin A1c (HBA1) in the studied groups.



involved in villous immaturity. As described formerly by
Redline (2012), placental growth normally becomes
steady after 37 weeks due to a transition from new
villous growth to terminal villous differentiation.
Increased levels of placental growth factors in diabetes
(fetal hyperinsulinemia) may inhibit terminal
differentiation by promoting continuing growth at the
expense of villous maturation. 

Leach et al. (2009) provided a second pathway
contributing to the immature phenotype in diabetes,
which might be insulin-dependent increases in VEGF
expression leading to proliferation of immature
capillaries with subsyncytial oedema, and stromal
expansion. Subsequently, Hiden et al. (2009) have
discussed dysregulation of the fetal insulin/insulin-like
growth factor system to be involved in placental and
fetal changes observed in diabetes.

Validating the role of growth factors in regulation of
villous angiogenesis, which is closely related to villous
maturity, Mayhew (2002) reported that branching
angiogenesis in villi occurs in a hypoxic background
during normal gestation and is regulated by VEGF and
angiogenic factors. As intervillous oxygen tensions rise,
VEGF is down-regulated but PlGF and Angiopoietin-1
are up-regulated. On talking about pre-gestational
diabetes, he added that the increased fetoplacental
angiogenesis arises following hyperglycemic episodes at
early stages of pregnancy when oxygen tensions are low,
VEGF is up-regulated and branching angiogenesis is
dominant. At this period, transiently high glucose
concentrations might act additively with low oxygen to
increase VEGF expression even further. They might also
have direct toxic effects on pericytes as well as
influencing their association with endothelial cells via
pericyte adhesion to basal lamina. These events would
delay further the stabilization of young capillaries. After
mid-gestation, the effects of high glucose might
diminish, since the period of non-branching
angiogenesis coincides with elevated oxygen tensions
and PlGF levels and down-regulation of VEGF. 
Conclusion

Finally, this study provides clinical, biochemical,
histological and immunohistochemical data and
knowledge for assessment of distal villous immaturity
and suggests a role for PlGF and sFlt-1 in the regulation
of distal villous maturation in diabetic pregnancies.
Further investigations are necessary to establish the
significance of PlGF and sFlt-1 changes in maternal
circulation. Such data may be of potential use in the
diagnosis and treatment of high-risk pregnancies with
placental immaturity. 
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