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ABSTRACT: Intrauterine growth restriction (IUGR) is associated
with an increased risk for short stature and diseases in adulthood
thought to be inflicted by fetal programming. We hypothesized that
placental endocrine systems involved in perinatal growth might also
play a role in postnatal growth after IUGR. In a prospective con-
trolled multicenter study, placental gene expression of IGF-binding
protein-1 (IGFBP-1), leptin and 11�-hydroxysteroid dehydrogenase
type 2 (11�-HSD2) were measured in 14 IUGR infants and 15
children born appropriate for gestational age (AGA) proven by serial
ultrasound examinations. Postnatally, IUGR infants experienced a
significantly higher growth velocity than AGA neonates (at 1 y: p �
0.001). Gene expression of 11�-HSD2 at birth correlated positively
with birth length (r � 0.55, p � 0.04) and inversely with growth
velocity in the first year of life (r � �0.69, p � 0.01) in the IUGR,
but not in the AGA group. There was no correlation between gene
expression of placental IGFBP-1, leptin and birth weight, length and
growth velocity during the first year of life. AGA infants showed
significantly higher concentrations of cortisone in venous cord blood
after birth (p � 0.02) as a surrogate of a higher 11�-HSD2 activity
in the fetoplacental unit. In conclusion, placental 11�-HSD2 gene
expression might predict postnatal growth in IUGR. (Pediatr Res 65:
647–653, 2009)

Traditionally, the term “small for gestational age” (SGA)
has been used to describe a fetus or a neonate whose birth

weight or birth length is below the 3rd percentile or ��2
standard deviations below the mean for the infant’s gestational
age and sex. In contrast, intrauterine growth restriction
(IUGR) implies an underlying pathologic process that pre-
vents the fetus from achieving its growth potential. Being born
SGA does not necessarily mean that IUGR has occurred.
Although the term IUGR is often used synonymously with the
term SGA, its use should be restricted to describing infants
whose small size can be attributed to a specific cause and
whose prenatal growth has been confirmed by several anom-
alous intrauterine growth assessments.

Low birth weight is associated with an increased risk for
short stature, insulin resistance, childhood obesity, premature
adrenarche, hypertension, and renal disease (1–3). The process
leading to these diseases in later child- or adulthood is called
perinatal programming (4).

Various placental endocrine regulators have been linked to
IUGR, e.g., leptin, 11�-hydroxysteroid dehydrogenase type 2
(11�-HSD2) and IGF-binding protein-1 (IGFBP-1) (5–7). These
markers might play a role as pathophysiological links between
small birth size and obesity, short stature and hypertension,
respectively, although this still needs to be shown in humans.

In SGA-neonates, the amount of adipose tissue is dramati-
cally less than in neonates born appropriate for gestational age
(AGA) (8). Additionally, body composition is unhealthy in
SGA, as fat is generally deposited centrally (9). The concen-
trations of circulating leptin and adiponectin in individuals
born SGA are lower than in AGA-infants, even after correc-
tion for body mass index (BMI), gender and hyperinsulinemia
(10). A specific development of neurons in the hypothalamus
could only be detected after a postnatal leptin infusion (11).
One could therefore hypothesize that reduced adipose tissue in
IUGR resulting in decreased leptin serum concentrations may
potentially lead to altered hypothalamic programming of ap-
petite regulation and tissue proliferation. It has also been
shown that glucocorticoid excess during fetal life is thought to
play an important role in early-life programming, promoting
growth restriction and leading to adult metabolic, cardiovas-
cular and neuroendocrine disease (12). In normal pregnancy,
the placenta expresses high levels of 11�-HSD2 that builds a
placental barrier by converting cortisol into the inactive form
cortisone, thus protecting the fetus from excess maternal
cortisol (13). MRNA expression of 11�-HSD2 is reduced in
IUGR placenta (7). The impairment of this glucocorticoid
barrier is thought to result in fetal cortisol excess (12). The
hypothesis that excess exposure of the fetoplacental unit to
maternal glucocorticoids reduces birth weight and programs
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subsequent metabolic and neuroendocrine development has
been supported by studies using pharmacological blockade of
11�-HSD2 activity (14) and observations in human hyperten-
sion caused by 11�-HSD2 mutations (15). In the rat, blocking
maternal corticosterone secretion during restraint stress also
blocks stress-induced effects in the offspring (16). Therefore,
elevated fetal cortisol concentrations promote growth restric-
tion and seem to play an important role in programming of
fetal cortisol metabolism, whereas moderate amounts of cor-
tisol are important to facilitate fetal organ maturation (17).

Additionally, fetal growth is influenced by the IGF signal-
ing system (6). The circulating level of IGF-binding protein
(IGFBP)-1, a secreted protein that binds to IGF in extracellu-
lar environments, is elevated in IUGR fetuses (18). In vitro,
IGFBP-1 binds IGFs with high affinity and inhibits IGF
activities on cell growth (19). In animal studies, IGFBP-1
overexpressing transgenic mice showed reduced birth weight
(20). Hypoxia strongly induces the expression of IGFBP-1
(21). In zebrafish embryos, hypoxia treatment resulted in embry-
onic growth retardation and developmental delay, concomitant
with a significant increase in IGFBP-1 mRNA and protein
levels, inhibiting IGF-1 and IGF-2-stimulated cell prolifera-
tion (22). Therefore, in hypoxia-caused IUGR, IGFBP-1
seems to play a major role by binding fetal IGFs and inhibiting
their growth-promoting activities.

We hypothesized that placental endocrine systems involved in
perinatal growth and, potentially, in the process of fetal program-
ming might play a role in postnatal growth after IUGR.

SUBJECTS AND METHODS

We enrolled 14 infants with prenatal ultrasound-proven IUGR (six males,
eight females) and 15 healthy newborns (nine males, six females) in the study.
Inclusion and exclusion criteria are presented in Table 1. All the patients were
of Caucasian ethnicity and were born during 2 y of study period. Initially 16
IUGR babies were recruited, two of them had to be excluded from the study
because of maternal preeclampsia. As we defined IUGR by anomalous placental
Doppler velocimetry, all of the IUGR pregnancies in this study experienced
placental complications and potential hypoxia. Fifty-seven percent of the IUGR
and 40% of the AGA infants enrolled in this study were premature. The
clinical characteristics of the two groups at birth are indicated in Table 2.

Auxological parameters were studied at birth and at 1 y of age in 14 IUGR
infants and 15 children of the control group. Length, weight, BMI (kg/m2),
and head circumference were expressed as a SD score (SDS) and corrected for
gestational age and gender. Birth length and weight were calculated according
to Voigt et al. (23), for head circumference and length at 1 y of age the
reference values from Prader et al. (24) were used. BMI was calculated at 1 y
of age according to Kromeyer-Hauschild et al. (25). Gestational age was
determined from the date of the last menstrual period of the mother and was
confirmed by ultrasound measurements before the 14th week of gestation.
Prematurity was defined as a gestational age �37 wk.

Acquisition of umbilical cord blood. Blood specimens from the umbilical
vein of each placenta were collected after placental delivery in collaboration
with the Department of Obstetrics and Gynaecology at the University of
Erlangen-Nuremberg and were immediately put on ice for transport. After
centrifugation at 5000 rpm for 10 min, aliquots of plasma were stored at
�20°C until further analysis.

Measurement of cortisol and cortisone. Plasma cortisol and cortisone
were measured simultaneously according to a modified method of Vogeser et
al. (26), using liquid chromatography-mass spectrometry/mass spectrometry
with atmospheric pressure chemical ionization in the positive ion mode. The
intraassay coefficients of variation were 2.6–4.0% for cortisone (concentra-
tion range 19–38 ng/mL) and 2.0–5.6% for cortisol (concentration range
55–206 ng/mL).

Measurement of leptin and IGF-1. The concentration of leptin and IGF-1
in venous cord blood was determined using a commercial RIA (Mediagnost
GmbH, Reutlingen, Germany).

Placental tissue acquisition. Fresh samples of human placenta were
obtained in a standardized procedure within 30 min after placental delivery.
Using a sterile scalpel a quadrangular segment (approximately 2 � 2 cm)
along the placental thickness from basal toward chorionic surface was ex-
cised, which was localized at the central region of the placenta. After a rinse
of the samples with normal saline, the amniotic membranes and the maternal
decidua were removed, and then the samples were snap frozen in liquid
nitrogen and stored at �80°C until further processing.

RNA extraction and reverse transcription. Total cellular RNA was ex-
tracted from the placental tissue by TRIzol� reagent (TRIzol�, Invitrogen
GmbH, Karlsruhe, Germany). RNA concentrations were determined spectro-
photometrically. One microgram of RNA was reversely transcribed in a
volume of 20 �L at 37°C for 60 min to synthesize cDNA (chemicals from
Boehringer Mannheim, Germany).

TaqMan real-time PCR. TaqMan real-time PCR (Perkin Elmer, Foster
City, CA) was used to quantify the expression of genes in placenta of IUGR
and AGA. The mRNA expression was normalized to two different house-
keeping genes, hypoxanthine guanine phosphoribosyl transferase (HPRT) and
�2-microglobulin (�2MG), that have been shown not to respond to hypoxia

Table 1. Inclusion and exclusion criteria for the study

Inclusion criteria for IUGR
Gestational age �30 � 0 and �41 � 0 wk
Birth weight � 10th percentile (23)
Ultrasound examination within the first trimester of gestation to

confirm gestational age and to evaluate fetal morphology
Proven placental insufficiency (28)

Elevated pulsatility index (PI) in at least one uterine artery (�1.2)
with or without early diastolic notches

Or elevated pulsatility index (PI) in the umbilical arteries (�2 SD)
or absent/reverse diastolic flow

Shift of fetal growth with a reduction of abdominal circumference
Informed consent of parent

Inclusion criteria for AGA
Gestational age �30 � 0 and �41 � 0 wk
Birth weight �25th and �75th percentile (23)
All pregnancies were dated correctly by ultrasound during the first

trimester of gestation
Normal uterine and umbilical artery Doppler velocimetry during

pregnancy
Informed consent of parent

Exclusion criteria
Multiple (twins/triplets) pregnancies
Chromosomal aberration/syndrome
Congenital infection/TORCH
Primary sepsis evidenced by clinical symptoms or biochemical signs

(immature-to-total neutrophil ratio (IT ratio) �0.25, CRP �10
mg/L or positive blood cultures)

Preeclampsia
Fetal alcohol syndrome or maternal drug
Other congenital or acquired diseases leading to postnatal growth

restriction (severe cardiac malformation, bronchopulmonary
dysplasia, intracranial hemorrhage �II°, hydrocephalus, short
bowel syndrome or other severe malformations)

Large for gestational age (LGA)-newborns �75 percentile (23)

Table 2. Birth characteristics of IUGR and AGA neonates

IUGR
(n � 14)

AGA
(n � 15) Significance, p

Gestational age (wk) 35.5 � 0.8 37.3 � 0.8 0.12
Median and range 35.5 (31–40) 38.0 (30–41)

Spontaneous
delivery/section

1/13 8/7 0.01

Maternal age (y) 29.3 � 1.2 31.6 � 1.4 0.21
Median and range 28.5 (24–37) 32.0 (20–37)

Maternal smoking 3 1 0.33
Placental weight (g) 364 � 29.4 521 � 36.6 0.003

Median and range 390 (190–540) 520 (320–780)

Values are shown as mean � SEM and median (minimum-maximum).
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and that can be detected pseudogene free. The method is established and
validated in our group and has been applied successfully for the quantification
of gene expression in placental biopsies (7,27).

Commercial reagents (TaqMan PCR reagent kit, Perkin-Elmer) and con-
ditions were applied according to the manufacturer’s protocol. A 2.5 �L of
cDNA (reverse transcription mixture) and oligonucleotides at a final concen-
tration of 300 nmol/L (HPRT, 11�HSD2, IGFBP1 forward) or 600 nM
[�2MG, IGFBP1 reverse, 11�-hydroxysteroid dehydrogenase type 1 (11�-
HSD1), leptin] of primers and 200 nmol/L of TaqMan hybridization probe
were analyzed in a 25 �L volume. All of the primers and probes were
purchased from Eurogentec (Belgium) and Sigma Chemical Co. (Germany).
The thermocycler parameters were 50°C for 2 min, 95°C for 10 min, followed
by 40 cycles of 95°C and 60°C for 1 min. Serial dilutions of one of the
samples served as reference providing relative quantification of the unknown
samples. Primers and probes are shown in Table 3.

The study was reviewed and approved by the Ethical Committee of the
Medical Faculty of the University of Erlangen-Nuremberg. It was explained
to each parent who signed a written consent.

Statistical analysis. Results were expressed as mean � standard error of
the mean and median, minimum, maximum. Statistical analyses were per-

formed using GraphPad Prism� Version 4.0c for Apple Macintosh, GraphPad
Software, San Diego, CA (www.graphpad.com). The normal distribution of
the data was determined using the Kolmogorov-Smirnov test. The data were
analyzed using the unpaired parametric (t test) and nonparametric tests (Mann
Whitney test). The correlation analysis was performed using Pearson’s or
Spearman’s linear regression analyses as required. Fisher’s exact test was
used for the analysis of categorical data. The limit of significance was set at
a p value of �0.05.

RESULTS

At birth, there was a significant difference in length, weight,
and head circumference between IUGR and AGA infants as
expected. This difference persisted after 1 y for head circum-
ference but not for BMI and body length (Table 4).

After IUGR, children experienced a significantly higher
growth velocity within their first year of life than control

Table 3. Primers and TaqMan probes used in the study

Human hypoxanthine phosphoribosyltransferase (HPRT)
Forward 5�-CCGGCTCCGTTATGGC-3�
Reverse 5�-GGTCATAACCTGGTTCATCATCA-3�
TaqMan probe 5�(FAM)-CGCAGCCCTGGCGTCGTGATTA-(TAMRA)3�

�2-Microglobulin (�2MG)
Forward 5�-TGACTTTGTCACAGCCCAAGATA-3�
Reverse 5�-CCAAATGCGGCATCTTC-3�
TaqMan probe 5�(FAM)-TGATGCTGCTTACATGTCTCGATCCCA-(TAMRA)3�

Insulin-like growth factor-binding protein-1 (IGFBP-1)
Forward 5�-CTCTCCATGTCACCAACATCAAA-3�
Reverse 5�-GTGCCTTGGCTAAACTCTCTACGA-3�
TaqMan probe 5�(FAM)-AATGGAAGGAGCCCTGCCGAATAGAACTC-(TAMRA)3�

Leptin
Forward 5�-ACAATTGTCACCAGGATCAATGAC-3�
Reverse 5�-GGGCTGTTCAACTCCAATACG-3�
TaqMan probe 5�(FAM)-CAAGGAGACGGCCAAGAAACTGGACTC-(TAMRA)3�

11�-hydroxysteroid dehydrogenase type 1 (11�-HSD1)
Forward 5�-CTTGGCCTCATAGACACAGAAACA-3�
Reverse 5�-TCCTCCTTTGGAGCTGCTTG-3�
TaqMan probe 5�(FAM)-CCATGAAGGCAGTTTCTGGGATAGTCCATA-(TAMRA)3�

11�-hydroxysteroid dehydrogenase type 2 (11�-HSD2)
Forward 5�-CATCACCGGCTGTGACTCTG-3�
Reverse 5�-CGG CAG CCG CAT GTT AG-3�
TaqMan probe 5�(FAM)-AAA GGA GAC AAT TTG GCT CTG C-(TAMRA)3�

Table 4. Auxological parameters of IUGR and AGA neonates

IUGR (n � 14) AGA (n � 15) Significance, p

Birth weight (g) 1680 � 180 2870 � 180 �0.0001
Median and range 1590 (770 to 2750) 3070 (1420 to 3890)

Birth length (cm) 41.5 � 1.5 48.5 � 0.9 0.0004
Median and range 41.3 (32 to 50) 49.0 (42 to 53)

Head circumference at birth (cm) 30.0 � 0.8 33.3 � 0.6 0.004
Median and range 30.0 (25 to 36) 34.0 (29 to 36)

Birth weight SDS 2.8 � 0.3 �0.5 � 0.1 �0.0001
Median and range �2.5 (�4.3 to 1.2) �0.5 (�1.1 to 0.3)

Birth length SDS �2.4 � 0.4 0.0 � 0.2 �0.0001
Median and range �2.2 (�5.0 to 0.6) 0.0 (�1.2 to 1.1)

Head circumference SDS at birth �1.7 � 0.3 �0.2 � 0.2 0.0004
Median and range �1.7 (�3.7 to 1.1) �0.1 (�1.8 to 1.3)

BMI SDS at 1 y of age �1.5 � 0.3 �0.6 � 0.3 0.055
Median and range �1.7 (�3.9 to 0.6) �1.0 (�2.0 to 1.8)

Body length SDS at 1 y of age �1.6 � 0.4 �0.7 � 0.2 0.06
Median and range �1.4 (�5.0 to 0.4) �0.5 (�3.3 to 0.8)

Head circumference SDS at 1 y of age �1.5 � 0.2 �0.7 � 0.3 0.03
Median and range �1.6 (�3.0 to 0.1) �0.7 (�2.7 to 1.1)

Values are shown as mean � SEM and median (minimum-maximum).
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infants (p � 0.001, Fig. 1). Comparing growth velocity be-
tween male and female patients, there was no difference
neither in the IUGR (male: 29.7 � 1.1 cm/y vs. female:
29.9 � 1.6 cm/y, p � 0.93) nor in the AGA group (male:

25.6 � 0.9 cm/y vs. female: 24.8 � 1.5 cm/y, p � 0.63),
indicating that gender did not influence this finding. Gesta-
tional age showed an inverse correlation with growth velocity
in IUGR infants (r � �0.77, p � 0.001) and in AGA infants
(r � �0.58, p � 0.02). When analyzing all patients together,
this inverse correlation between gestational age and growth
velocity persisted (r � �0.69, p � 0.0001).

Considering placental endocrine systems, we found a pos-
itive correlation between gene expression of 11�-HSD2 and
birth length in the IUGR group (r � 0.55, p � 0.04) but not
in AGA infants (r � 0.06, p � 0.82, Fig. 2). Furthermore, the
gene expression of 11�-HSD2 at birth correlated inversely
with growth velocity in the first year of life only in children
after IUGR (r � �0.69, p � 0.01, Fig. 3). There was an
inverse correlation between growth velocity and gestational
age but no relationship was seen for 11�-HSD2 gene expres-
sion and gestational age neither in the IUGR (r � 0.16, p �
0.61) nor in the AGA group (r � �0.30, p � 0.28).

A direct comparison of 11�-HSD2 gene expression be-
tween male and female patients did not show any significant
differences both in the IUGR (male: 0.56 � 0.17 vs. female:
0.53 � 0.16, relative gene expression, p � 0.92) and the AGA
group (male: 0.81 � 0.13 vs. female: 0.60 � 0.06, p � 0.23).
In the AGA group, where eight from 15 children were born by
spontaneous delivery, there was no difference in 11�-HSD2
gene expression between spontaneous and caesarean section
delivery (spontaneous delivery: 0.71 � 0.13 vs. section:
0.74 � 0.11, relative gene expression, p � 0.83).

No correlation was found between gene expression of pla-
cental IGFBP-1, leptin and birth weight, length and growth
velocity during the first year of life (Table 5). Furthermore,
there was no correlation between gene expression of placental
11�-HSD2 and leptin, 11�-HSD2 and IGFBP-1, and leptin
and IGFBP-1 in IUGR and AGA infants (data not shown).
This finding indicates that gene expression of 11�-HSD2,
leptin and IGFBP-1 are not influenced by each other, which
means that they are regulated each in a separate way.

The direct comparison of gene expression data between
IUGR and AGA neonates showed increased mRNA expres-
sion of leptin (IUGR: 2.19 � 0.84, AGA: 1.38 � 0.74, relative
gene expression, p � 0.47) and IGFBP-1 in IUGR neonates
(IUGR: 0.11 � 0.06, AGA: 0.05 � 0.04, relative gene ex-
pression, p � 0.0.06), which was not statistically significant.

Figure 1. Growth velocity in the first year of life. There is a significant
difference between IUGR and AGA infants (p � 0.001). The lines show
the mean.

Figure 2. Positive correlation between birth length SDS and placental gene
expression of 11�-HSD2 in the (A) IUGR group (r � 0.55, p � 0.04) but not in
the (B) AGA group (r � 0.06, p � 0.82). Gene expression is related to the
housekeeping gene hypoxanthine guanine phosphoribosyl transferase (HPRT).

Figure 3. Inverse correlation between growth velocity and placental gene
expression of 11�-HSD2 in the (A) IUGR group (r � �0.69, p � 0.01) but
not in the (B) AGA group (r � 0.38, p � 0.16). Gene expression is related to
the housekeeping gene hypoxanthine guanine phosphoribosyl transferase
(HPRT).

Table 5. Correlation between gene expression of placental IGFBP-1, leptin, 11�-HSD2 and birth weight SDS, birth length SDS, and
growth velocity in the first year of life

Correlation IUGR (n � 14) AGA (n � 15)

IGFBP-1/HPRT and birth weight SDS r � �0.21, *p � 0.47 r � 0.34, *p � 0.22
IGFBP-1/HPRT and birth length SDS r � 0.04, *p � 0.88 r � 0.34, *p � 0.22
IGFBP-1/HPRT and growth velocity r � 0.06, *p � 0.84 r � �0.01, *p � 0.97
Leptin/HPRT and birth weight SDS r � 0.29, *p � 0.31 r � 0.16, *p � 0.57
Leptin/HPRT and birth length SDS r � 0.11, *p � 0.71 r � 0.31, *p � 0.27
Leptin/HPRT and growth velocity r � 0.38, *p � 0.14 r � �0.23, *p � 0.40
11�-HSD2/HPRT and birth weight SDS r � 0.39, *p � 0.17 r � �0.11, *p � 0.69
11�-HSD2/HPRT and birth length SDS r � 0.55, †p � 0.04 r � 0.06, *p � 0.82
11�-HSD2/HPRT and growth velocity r � �0.69, †p � 0.01 r � 0.38, *p � 0.16

Data for mRNA expression are normalized to hypoxanthine guanine phosphoribosyl transferase (HPRT).
* Not significant.
† Significant.
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MRNA expression of 11�-HSD2 (IUGR: 0.30 � 0.05, AGA:
0.33 � 0.04, relative gene expression, p � 0.62) and 11�-
HSD1 (IUGR: 0.63 � 0.09, AGA: 1.11 � 0.41, relative gene
expression, p � 0.31) was decreased in the IUGR group
without reaching statistical significance.

All data for placental gene expression are presented as
relative gene expression normalized for HPRT. The use of the
alternative housekeeping gene �2MG does not change the
main results (data not shown).

To analyze a surrogate of 11�-HSD2 activity in the feto-
placental unit, cortisol and cortisone was determined in the
umbilical vein after birth. Although the comparison of the
cortisol level yielded no differences between IUGR and AGA
children (IUGR: 25.0 � 12.4 ng/mL; AGA: 19.4 � 3.0
ng/mL, p � 0.62), AGA infants showed significantly higher
concentrations of cortisone in venous cord blood (p � 0.02,
Fig. 4). When analyzing the cortisol/cortisone ratio, there was
no difference between IUGR and AGA (IUGR: 0.20 � 0.04;
AGA: 0.16 � 0.02, p � 0.33). Placental gene expression of
11�-HSD2 did not correlate to plasma cortisol (IUGR: r �
�0.18, p � 0.62; AGA: r � �0.11, p � 0.72), plasma
cortisone (IUGR: r � �0.22, p � 0.55; AGA: r � 0.25, p �
0.39), or the cortisol/cortisone ratio (IUGR: r � 0.11, p �
0.76; AGA: r � �0.44, p � 0.11). Neither in the IUGR nor
in the control group, we could detect any correlation between
the plasma concentration of cortisol or cortisone and birth
weight SDS (cortisol: IUGR: r � 0.25, p � 0.49; AGA: r �
�0.16, p � 0.59; cortisone: IUGR: r � 0.57, p � 0.08; AGA:
r � 0.51, p � 0.06), birth length SDS (cortisol: IUGR: r �
�0.10, p � 0.78; AGA: r � 0.01, p � 0.97; cortisone: IUGR:
r � 0.53, p � 0.12; AGA: r � 0.45, p � 0.10) and growth
velocity in the first year of life (cortisol: IUGR: r � 0.45, p �
0.19; AGA: r � �0.47, p � 0.09; cortisone: IUGR: r �
�0.03, p � 0.94; AGA: r � �0.38, p � 0.18).

Furthermore, we measured cord levels of plasma leptin and
IGF-1 as one factor whose active concentration is regulated by
IGFBP-1. The direct comparison of leptin and IGF-1 plasma
concentration yielded no difference between IUGR and AGA
infants (leptin: IUGR: 5.3 � 1.1, AGA: 2.9 � 0.7, p � 0.11;
IGF-1: IUGR: 60.6 � 16.8, AGA: 86.0 � 7.6, p � 0.13). The
concentration of leptin and IGF-1 in venous cord blood as
opposed to placental mRNA did neither correlate to birth
weight (leptin: IUGR: r � �0.52, p � 0.37; AGA: r � 0.01,

p � 0.97; IGF-1: IUGR: r � 0.12, p � 0.82; AGA: r � 0.30,
p � 0.32) nor to growth velocity (leptin: IUGR: r � 0.53, p �
0.36; AGA: r � �0.39, p � 0.19; IGF-1: IUGR: r � �0.14,
p � 0.79; AGA: r � �0.42, p � 0.16).

DISCUSSION

There are multiple studies investigating growth patterns
after IUGR. In most previous studies, IUGR is defined exclu-
sively by birth weight below the 3rd or 10th percentile or
��2 SDS, without further differentiation between IUGR and
infants born SGA. In this study, we defined IUGR by patho-
logical uterine or umbilical artery Doppler velocimetry (28),
shift of fetal growth with a reduction of abdominal circum-
ference in addition to a birth weight below the 10th percentile
according to Voigt et al. (23). By considering these pre- and
perinatal data, we ensure that only children with IUGR and
born SGA are enrolled and examined in our study.

It is well known that infancy is the fastest growing period of
childhood. One third of total growth occurs in the child’s first
2 y, and this is mainly nutrient dependant. About 90% of
newborns with low birth weight show catch-up growth until
2 y of age. The remaining 10% of these children show short
stature in later life (29). Catch-up growth is considered to be
a compensatory mechanism for prenatal growth restriction by
accelerating postnatal growth velocity. Premature cardiovas-
cular and metabolic diseases in adults seem to be enhanced by
a combination of IUGR and later catch-up growth and obesity
(30).

Our data show that gene expression of 11�-HSD2 at birth
correlates positively with birth length and inversely with
growth velocity at 1 y of age in the IUGR group. There is a
potential explanation for this observation. Attenuated placen-
tal 11�-HSD2 activity results in excessive amounts of mater-
nal glucocorticoids reaching the fetus. Increased corticoste-
roids lead to impaired fetal growth and low birth weight.
When this excess is stopped after birth, postnatal catch-up
growth can take place. This is in line with the observation of
impaired growth in children before and after renal transplan-
tation, despite satisfactory organ function, because of the
effects of steroids used for immunosuppression (31). More-
over, corticosteroids induce a hyporesponsiveness to the ac-
tion of growth hormone. In this context, supraphysiological
doses of growth hormone or IGF-1 in vitro and in vivo can
partially overcome the growth-inhibiting effects of glucocor-
ticoid treatment (32).

Glucocorticoid excess during fetal life is thought to play an
important role in early-life programming and may contribute
to adult metabolic, cardiovascular, and neuroendocrine dis-
ease (12). Because our data show a correlation of placental
gene expression of 11�-HSD2 with postnatal growth only in
IUGR and not AGA infants during the first year of life, we
speculate that placental 11�-HSD2 gene expression can be
used as a predictive value for the development of disease in
later life.

Considering birth characteristics of our patients, there is a
marked difference in the rate of spontaneous and caesarean
section delivery between the two groups, which might be a

Figure 4. Concentration of cortisone in the umbilical vein after birth. There
is a significant difference between IUGR and AGA infants (p � 0.02). The
lines show the mean � SEM.
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potential confounding factor. However, we analyze data from
IUGR and AGA infants separately and perform correlations
between 11�-HSD2 gene expression and birth length and
growth velocity only within each group. In this context, the
mode of delivery should not influence the results. Moreover,
we find no difference in 11�-HSD2 gene expression between
infants born by caesarean section and infants born by sponta-
neous delivery in the AGA group, where the number of
patients for each subgroup is almost equal. The effect of
gender on 11�-HSD2 gene expression as another potential
confounding factor was also analyzed and did not change the
results. As we did not obtain information on postnatal nutri-
tion from the parents, we could not evaluate the potential
influence of different feeding practices on the lack of differ-
ence in BMI at 1 y of age between IUGR and AGA infants.

Placental 11�-HSD2 activity and expression are reduced
in pregnancies complicated with fetal growth restriction (33).
In parallel, gene expression of 11�-HSD1 is also decreased in
children born SGA (7). Our data are in line with these
findings; however, our results do not reach significance pre-
sumably due to the limited number of patients. Moreover, it
has been shown that 11�-HSD2 mRNA expression paralleled
11�-HSD2 activity and protein expression (34). Changes in
the activity of 11�-HSD2 and the consequent disequilibrium
between cortisol and cortisone are thought to be a key mech-
anism for metabolic and cardiovascular disorders in later adult
life after IUGR. Analyzing the concentrations of cortisol and
cortisone in the umbilical vein after birth, we found no
alterations between the cortisol/cortisone ratios of IUGR and
AGA children. This is in line with data showing that serum
cortisol/cortisone ratio does not necessarily reflect potential
alterations in 11�-HSD2 activity (35). However, in our pa-
tients, there was a significantly higher plasma concentration of
cortisone in AGA infants. This is consistent with a higher
placental 11�-HSD2 expression in the AGA placenta, allow-
ing for more conversion of cortisol to cortisone (7).

We could, however, find no relation between postnatal
growth and umbilical vein steroid concentrations. There are a
number of possible interpretations. One explanation might be
the mode of delivery: Although in the IUGR group, in 93% of
all cases, caesarean section was performed, eight from 15
children of the control group were born by spontaneous
delivery. Thus, placental 11�-HSD2 activity regulating the
amount of maternal glucocorticoids reaching the fetus might
be concealed by maternal and fetal cortisol synthesis during
the stress of delivery. Moreover, confounding factors like
prenatal glucocorticoid exposure could influence the results,
especially when a ratio between two separate values is ana-
lyzed. The combination of these influences might result in the
absent sensitivity of cord blood steroid concentration for
predicting growth in the first year of life.

As a consequence, only the measurement of placental 11�-
HSD2 gene expression seems to allow a prediction model for
postnatal growth after IUGR. It was the primary goal of our
study to investigate whether the placental expression of spe-
cific genes related to fetal growth and metabolism might be of
predictive value for postnatal growth. In addition, 11�-HSD2
gene expression is easy and fast to determine and would

therefore be a parameter for early prediction of later events in
the child’s life that is easier to handle than determinations of
cortisol/cortisone concentrations in umbilical blood.

In contrast to 11�-HSD2, there was no correlation between
gene expression of placental IGFBP-1, leptin and birth weight,
length and growth velocity during the first year of life. Al-
though potentially involved in perinatal growth and the pro-
cess of fetal programming, placental IGFBP-1 and leptin gene
expression do not seem to be adequate predictors for postnatal
growth in the first year of life. Potentially, their mechanism of
influence on programming of metabolic disease after birth is
not reflected by placental gene expression. They might act via
different mechanisms.

In conclusion, our data show that gene expression of 11�-
HSD2 at birth correlated inversely with growth velocity in the
first year of life in the IUGR, but not in the AGA group.
Further investigations in a large cohort are needed to demon-
strate whether postnatal growth and programmed metabolic
disorders could be predicted by gene expression of placental
endocrine factors.
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