
Abstract. Background: Survivin (a member of the inhibitors
of apoptosis family) is important for fetal development,
placental survival and differentiation. Intrauterine growth
restriction (IUGR) and fetal macrosomia, due to maternal
diabetes mellitus (DM) are associated with excessive and
decreased feto-placental apoptosis, respectively. The aim was
to study survivin concentrations in cord blood at term in
IUGR, large-for-gestational-age (LGA, due to gestational
DM) and appropriate-for-gestational-age (AGA) pregnancies.
Patients and Methods: Survivin concentrations were
determined in 160 mixed arterio-venous cord blood samples
from IUGR (n=48), LGA (n=11) and AGA (n=101) singleton
full-term infants. Results: No significant differences in survivin
concentrations in cord blood were observed between groups.
The effect of birthweight, customized centile, gestational age,
gender, delivery mode and parity on survivin concentrations
was not significant. Conclusion: Survivin concentrations in
cord blood at term are independent of intrauterine growth,
gender, parity and delivery mode. Thus, they probably do not
reflect the disturbances of feto-placental apoptosis expected
in IUGR and fetal macrosomia due to gestational DM. 

Apoptosis (programmed cell death) regulates cell proliferation
and contributes to tissue and organ homeostasis during
development and differentiation (1). Furthermore, apoptosis is
important for the development of the normal human placenta
(2). Disturbances in feto-placental apoptosis seem to be
associated with abnormal pregnancy outcome, including fetal
macrosomia due to maternal diabetes mellitus (DM) (3) and
intrauterine growth restriction (IUGR) (4, 5).

In this respect, decreased apoptosis in placental cells has
been reported in fetal macrosomia due to DM (3). On the
other hand, an increased incidence of apoptosis in IUGR-
affected fetal membranes has been documented (4-7).
Elucidation of the molecular mechanisms involved in the
control of apoptosis in the IUGR-affected fetal membranes
may provide further insights into the etiology of IUGR (5).
Relatively, apoptosis of IUGR placentas has been correlated
with the expression of proteins involved in apoptosis and cell
turnover (8, 9). However, cord blood levels of apoptosis
markers in fetal macrosomia due to maternal DM have nοt
been reported in the literature, while extremely limited data
exist regarding IUGR (10, 11). 

Survivin (apoptosis inhibitor 4; API 4), a 16.5 kDa a
protein recently described as a member of the inhibitors of
apoptosis (IAP) family (12), probably exerts its action by
inhibiting an apoptotic pathway involving caspases (13).
Survivin, prominently expressed in fetal tissues and
overexpressed in cancer cells (14), is important for normal
fetal development (15). It is also postulated to play critical
roles in placental cell survival and cytotrophoblast cell
differentiation (16). Nevertheless, the perinatal cellular or
extracellular expression of survivin has not as yet been
investigated in large-for-gestational-age (LGA) or IUGR
pregnancies.

This study was based on the hypothesis that umbilical
cord blood concentrations of survivin in IUGR and LGA
(due to gestational DM) cases may differ from respective
concentrations in appropriate-for-gestational-age (AGA)
controls, since the former are associated with excessive (4-7)
and reduced (3) feto-placental apoptosis, respectively. This
hypothesis is further supported by a recent study
demonstrating that the phenotype of peripheral blood
leukocytes in arthritis is affected by extracellular survivin
(17). Therefore, this report aims to evaluate and compare
cord blood concentrations of survivin in IUGR, LGA and
AGA pregnancies at term and correlate them with common
demographic parameters of the studied infants. 
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Patients and Methods

The Ethics Committee of our Teaching Hospital approved the
study protocol. In the time period from January 2007 to June
2007, one hundred and sixty healthy, singleton full-term (mean
gestational age: 38.8±1.1, median 38.4 weeks)  infants, whose
mothers gave informed consent, were included in the study. From
the above, 101 were AGA, 48 were asymmetric IUGR (birth
weight ≤10th customized centile) , and 11 were LGA (birth
weight ≥90th customized centile). The gestation related optimal
weight computer-generated program was used to calculate the
customized centile for each pregnancy (mean 33±29, median
23), taking into consideration significant determinants of birth
weight, such as maternal height and booking weight, ethnic
group, parity, gestational age and gender (18). Gestational age
was estimated using the date of the last menstrual period and
early antenatal ultrasound. Birth weight was measured with an
electronic scale and was found to be mean±SD 3,048±462 g
(median 3,060 g).

Fourteen of the 48 mothers with IUGR offspring presented with
pre-eclampsia (19), 16 presented with pregnancy-induced
hypertension, 10 suffered from various diseases, such as iron-
deficient anemia (4 cases), severe type I DM (2 cases) and
hypothyroidism (4 cases). The remaining 8 women were smoking
>10 cigarettes/day during the whole duration of pregnancy.

Amniotic fluid was diminished in all IUGR cases. For the
evaluation of the amniotic fluid, the largest fluid column on the
vertical plane was assessed and was defined as diminished if <2 cm.
Placental weights were reduced (20) ranging from 230 to 420 g. 

On the other hand, all mothers with LGA offspring presented
with gestational DM, controlled by diet, and placentas were large,
weighing from 650 to 810 g (20). In the AGA group, mothers were
healthy and were either non-smokers or abstained from smoking
during pregnancy. Placentas were normal in appearance and weight,
ranging from 480 to 621 g (20).

Tests for congenital infections were negative in all women of the
three groups and their offspring had no symptoms of intrauterine
infection or signs of genetic syndromes. 

One- and five-minute Apgar scores were ≥8 in all infants.
Ninety-two infants (57.5% ) were boys and 68 (42.5% ) were girls.
One hundred and seven (66.9% ) were born vaginally and 53
(33.1% ) were born by cesarean section. Parity was the first in 108
(67.5% ) cases and in the remaining 52 (32.5% ) cases the second
or more (Table I). 

Mixed arteriovenous cord blood was collected in pyrogen-free
tubes. Plasma was separated by centrifugation and was kept frozen
at –80˚C until assay. The determination of plasma survivin
concentrations was performed by enzyme immunoassay (Human
Total Survivin EIA; Assay Designs, Ann Arbor, MI, USA). The
minimum detectable concentration, intra- and interassay coefficients
of variation were <31.25 pg/ml, 1.85%  and 16.7% , respectively.

Statistical analysis. Data regarding survivin concentrations were not
normally distributed (Kolmogorov Smirnov test); thus, a log-
transformation of the variable representing survivin was performed.
Linear regression analysis was applied to examine the possible
effect of different independent variables such as gender, mode of
delivery, parity, birthweight and centile, using the log-transformed
survivin as dependent variable. Spearman’s or Pearson’s correlation
coefficient was used to detect any positive or negative correlations.
A p<0.05 was considered statistically significant.

Results

No statistically significant differences in survivin
concentrations in cord blood were observed between IUGR,
LGA and AGA groups. 

The effect of group (IUGR, LGA, AGA) (Figure 1),
birthweight, customized centile, gestational age, gender,
mode of delivery and parity on circulating survivin
concentrations was not found to be significant. Additionally,
no significant positive or negative correlations were observed
between survivin concentrations and all the aforementioned
variables. Reference values (median, range) for survivin
were 138.49 pg/ml and 71.54-349.89 pg/ml, respectively. 
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Table I. Demographic data of AGA, IUGR and LGA infants at birth

AGA IUGR LGA 
Mean±SD (Median) Mean±SD (Median) Mean±SD (Median)

Birthweight (g) 3197±296 (3170) 2566±343 (2605) 3781±173 (3850)
Customized centile 39.3±23.4 (33) 5.33±3.8 (5) 94.1 ±3.1 (94)
Gestational age (weeks) 39.0±1.0 (39.1) 38.4±1.4 (38.3) 38.4±0.9 (38.1)

N(% ) N(% ) N(% )

Gender
Male 60 (59.4) 23 (47.9) 9 (81.8)
Female 41 (40.6) 25 (52.1) 2 (18.2)

Mode of delivery
Vaginal 77 (76.2) 24 (50) 6 (54.5)
Cesarian 24 (23.8) 24 (50) 5 (45.5)

Parity
First 70 (69.3) 31 (64.6) 7 (63.6)
Other 31(30.7) 17 (35.4) 4 (36.4)



Discussion

The results of this study indicate a lack of significant
differences in survivin concentrations in cord blood at term
in IUGR and LGA (due to gestational DM) cases compared
to AGA controls. 

Birth of a healthy infant at term is dependent upon normal
placental function and development (4). Conversely,
abnormal placentation is responsible for a wide range of
pregnancy complications, including IUGR (21). In
asymmetric IUGR, typically caused by uteroplacental
vascular insufficiency (22), alteration of the apoptotic process
in the uteroplacental unit has been associated with defective
placentation (23), which results in increased uteroplacental
resistance (4) and reduced placental size at term (5, 24), also
recorded in the present study. The consequences of these
events in placental development are long term and lead to
compromised uteroplacental perfusion and reduced
maternofetal transport of oxygen and nutrients (4). 

Survivin has a dual role during normal fetal development
in apoptosis inhibition and regulation of mitosis (15). It
antagonizes apoptosis in cytotrophoblasts and extravillous
trophoblasts, acting as a significant regulator of
cytotrophoblast cell differentiation (16). Furthermore, it has
been previously reported that survivin is a novel growth
factor-inducible protective gene expressed by endothelial
cells during angiogenesis (25). In this respect, regulation of
endothelial cell survival and maintenance of vascular
integrity by survivin are crucial for normal embryonic
angiogenesis (25, 26). Although data concerning cellular

activities may not be directly extrapolated to extracellular
ones, in two previous studies no differences in umbilical
cord concentrations of angiogenic factors (reflecting
angiogenesis) among full-term IUGR and AGA infants were
documented (27, 28).

In accordance with the present results, a recent study
demonstrated a lack of correlation between apoptosis in the
placenta of IUGR pregnancies and birth weight, multiparity,
gestational age, gender and mode of delivery (29). On the other
hand, exposure to a diabetic milieu decreases apoptosis in
placental cells (3). The lack of differences in survivin
concentrations in cord blood at term between LGA cases and
AGA controls in this study could indicate that survivin
concentrations may not correlate with the decreased placental
apoptosis expected in fetal macrosomia due to gestational DM. 

In conclusion, this study showed a lack of differences in
survivin concentrations in umbilical cord blood in IUGR and
LGA cases compared to AGA controls. Thus, survivin
concentrations in cord blood probably do not reflect the
disturbances of feto-placental apoptosis, expected in IUGR
and fetal macrosomia, due to gestational DM. Parity, gender
and mode of delivery (vaginal or elective cesarean section)
do not seem to have any impact on survivin concentrations in
umbilical cord blood. Furthermore, the results provide a
useful set of survivin reference values in full-term infants at
birth. Additional studies, reporting the placental expression
of survivin in IUGR and fetal macrosomia, due to gestational
DM, are required. 
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