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INTRODUCTION

Intrauterine fetal development is a complex, madtibrial process. Fetal growth is
determined by maternal, fetal and environmentalofa¢c and defects in any of these may
result in slowing down the growth rate or the euahtdevelopment of intrauterine growth
restriction (IUGR). One needs to fully apprecidie tynamics of physiological, normal fetal
growth before the pathology of IUGR can be fullydarstood. Although IUGR may be
regarded as a fetal adaptive response, it comes @ice as it leads to increased fetal
morbidity and mortality.

The pathological mechanisms in the background dBRUmay involve multiple factors
including maternal, fetal, placental and environtaknMaternal factors may result from
medical illness, nutritional deficiency or a ramgfesocioeconomical problems. Among fetal
factors, chromosomal abnormalities, other develogalaliseases or intrauterine infections
are most prominent. Environmental factors may idelalcohol, nicotine or recreational
substance abuse, or, less commonly, exposure taticador chemicals. Nevertheless, the
most common etiology of IUGR is abnormal placefuakction. Abnormal placental function
may result from defective development of the plégemplacental inflammation, partial
placental abruption or, less commonly, umbilicaidcdefects.

Normal physiological fetal growth is regulated thgh a complex interplay of genetic and
endocrine mechanisms. Functional balance of genes/ed in the regulation of intrauterine
fetal development and the maintenance of the plogical hormonal milieu are both crucial
in determining physiological fetal growth.

The placenta plays a fundamental role in guaramgegilequate oxygen and nutritional supply
to the fetus during intrauterine development. Tikithe primary area where functionality of
growth regulating genes becomes significant. Witiikese genes regulate a wide range of
physiological processes, it is primarily the baknecf these various processes which
determines the normality of intrauterine growththifs balance is disrupted, abnormal growth
will ensue.

In the present paper, the expression pattern afrabgenes involved in the regulation of
intrauterine fetal growth is described. In addifias the changes in expression of the
regulating genes were interpreted in face of aasediclinical pathology, our findings may

provide important new data for the future of clalipractice in this area.



STUDY AIMS

In this paper we describe differences in IGF gex@ression patterns, in carbohydrate and
insulin metabolism, apoptotic gene activity andgene activity of the 1fthydroxysteriod-
dehydrogenase 2 gene (thought to be prominenteimegulation glucocorticoid metabolism)
between placental samples from IUGR pregnanciesugemormal pregnancy. The results of
the genetic studies were correlated with clinigadihgs so that the role of changing patterns
of gene expression in the development of cliniathplogy could be identified. Associated
changes in several clinical parameters were idedtthat facilitated the clinical interpretation
of altered gene expression patterns. These clinpmbmeters included fetal gender,
gestational weight gain, gestational increase mybnass index (BMI), maternal birthweight,

type of delivery and presence or absence of impgnidital asphyxia.

Before the study the following set of research tjoas were asked:
1. Maternal factors: Is there a significant difference in median mateage between the
IUGR and normal pregnancy groups? Is there a réffiee in maternal age
distribution? What is the median gestational ag¢ha time of delivery of IUGR

fetuses?

2. Gestational factors: Was there impending intrauterine fetal asphyxias@né during

gestation? What was the frequency of cesariamoseict IUGR pregnancies?

3. Nutritional factors: Is there a difference between gestational weigint gad increase

in maternal BMI during gestation?

4. Birthweight: What is the distribution between more severe (Odicgntile
birthweight) vs. less severe (5-10 percentile kigight) cases? Is there a relationship
between percentile birthweight and gestational Wegpin? Is there a relationship
between percentile birthweight and maternal birigiw® What is the distribution of
fetal gender in the IUGR group?

5. Umbilical cord blood testing: Is there a difference in insulin or glucose levels
umbilical cord samples from IUGR or normal pregnas®

6. Gene expressionis there a difference in gene expression of the-IlABF-II and
IGFBP-3 genes between the IUGR and normal pregnagmoyps? What is the
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relationship between expression of these genescaribhydrate metabolism in the

IUGR and normal pregnancy groups?

7. Gene expression vs. fetal parametelsthere a correlation between placental activity
of the IGF-I, IGF-Il and IGFBP-3 genes and the @egof growth restriction? Is there
a correlation between placental activity of the IGKSF-11 and IGFBP-3 genes and

fetal gender?

8. Apoptosis: Is there a difference between gene expression eofptbapoptotic Bax
gene or the antiapoptotic Bcl-2 gene in the IUGRn@smal pregnancy groups? What

is the role of apoptosis in the development of LPGR

9. Apoptosis vs. fetal genderts there a relationship between the Bax and Bcéfleg

activity with fetal gender?

10.115-hydroxysteriod-dehydrogenase 2 gends there a difference between i1
hydroxysteriod-dehydrogenase 2 f1HSD2) gene activity between the IUGR and
normal pregnancy groups? What is the role of ababfetomaternal glucocorticoid
metabolism in the development of IUGR?

11.118-HSD2and clinical correlations: Is there a relationship betweenpiSD2 gene
activity and the degree of growth restriction? tHere a relationship betweenfitl
HSD2 and fetal gender? Is there a relationshipvée 1B-HSD2 and gestational
age? How is 13-HSD2 placental gene activity affected by impendinggauterine

fetal asphyxia?

M ATERIALS AND METHODS

During the study period between January 1, 2010 Jamdiary 1, 2011 we compared gene
expression patterns from 101 IUGR placental sampéesi40 normal pregnancy placenta
samples in the Second Department of GynecologyQ@ipstetrics, Semmelweis University,

Budapest, Hungary. A total of 37 umbilical corangdes were taken for analysis of serum

insulin and glucose levels immediately followinglidery. Clinical parameters analyzed



included maternal age, gestational age at delivéistribution of fetal gender, gestational
weight gain, and gestational increase in BMI, makmbirthweight, type of delivery and
presence or absence of impending intrauterine &stathyxia.

Diagnosis of IUGR was established on the basiseotgntile birthweight adjusted for fetal
gender and gestational age with a cutoff valueOgpdrcentile. The IUGR group was divided
into 2 subgroups on the basis of degree of grow#triction: the more severe growth
restriction (0-5 percentile) vs. less severe grorgtiriction (5-10 percentile). In the majority
of cases, the assumed etiology for IUGR were imgrane infections, chromosomal
abnormalities, miscellaneous developmental dissrdethe fetus, maternal malnourishment,
multiple pregnancy and abnormal placental functibagnosed after ruling out structural
placental disorders.

Impending intrauterine fetal asphyxia was diagnosiesbugh cardiotocography and/or
Doppler flow study, or presence of meconium.

Placental samples of 2x2x2 cm (8 ¥mvere obtained after delivery. Demographic and
clinical data extracted included maternal age,rpateage, obstetric history, history of genetic
disorders, general medical history, maternal bidigit, gestational age at delivery, fetal
gender, gestational weight gain, gestational irsgeima BMI, gestational abnormalities of
carbohydrate metabolism, miscellaneous medica¢sBes during gestation, birthweight and
apgar score.

Whole RNA was extracted from placental samples sudzkequently total quantity of RNA
measured. Reverse transcription was performedR ®&s performed with MX3000 Real-
time PCR (Stratagen) equipment.

Changes in gene expression were analyzed throughsample t test with a confidence
interval of 95%. Degree of freedom was determitiecbugh theWelch-Satterthwaite
correction. Results of gene expression studies were categoage(d) overexpression if t
Ln**>1, p<0.05; (2) underexpression if £n<-1, p<0.05; (3) no change if ¥h<1,>-1,
p<0.05.

Models using SPSS software were created for asabfsiemographic and clinical variables.
ANOVA and linear regression were used for analysisassociations between multiple
variables; where dichotomous outcomes were prdegistical regression was performed. A

cutoff value of p<0.05 was chosen for statistieghgicance.



RESULTS

Median maternal age in the IUGR group was 30.82&4/&ars, not substantially different
from median age in the normal pregnancy group &13412; p>0.05). Median gestational
age at delivery was also similar in the two groug&t3.02 weeks in the IUGR group and
38+1.76 weeks in the control group (p>0.05).

Regarding type of delivery, vaginal delivery ocearrin 39 out of 101 cases (38.6%) in the
IUGR group, while 61.4% delivered via cesareanisect The respective numbers in the
normal pregnancy group were 89 out of 140 case8¥®ifor vaginal delivery and 38.7% for
cesarean section. Impending intrauterine fetalhysp was a more common clinical
indication for cesarean section in the IUGR groBp ¢ases; 30.7%) compared to the normal
pregnancy group (33cases; 23.6%).

Mean gestational weight gain was 10.9 kg in the RUG@oup vs. 14.8 kg in the normal
pregnancy group. Corresponding changes in BMI waerencrease of 4.1 in the IUGR group
and 5.3 in the normal pregnancy group.

Within the IUGR group severe growth restrictionrifimveight 0-5 percentile) was seen in 31
cases (30.7%) while the less severe growth resmi¢birthweight 5-10 percentile) occurred
in 80 cases (69.3%). The more severe form of drawstriction was also associated with
gestational weight gain: it was most commonly obseé with a weight gain of 3-9 kg or 14-
17 kg compared to those pregnancies where gesahtiggight gain fell between 10-13 kg.
The more severe growth restriction also correlatgd maternal birthweight: those women
who gave birth to infants with more severe grovetriction had had a median birthweight of
2830 gram, which was significantly different frolmetmedian birthweight of women (3120
gram) who gave birth to infants with less severawgi restriction (p<0.05). Fetal gender
distribution was 37 males and 64 females (M:F 0iB8he IUGR group vs. 73 males and 67
females (M:F 1.09) in the normal pregnancy group.

In umbilical cord samples, both insulin and glucéseels were found to be significantly
higher in the normal pregnancy group than in th&RJgroup.

In the gene expression studies it was found thtt tie IGF-1I gene and the IGFBP-3 gene
were overexpressed when compared to the normahg@neg group (1.67-fold overexpression
for IGFII, p<0.04; 1.55-fold overexpression for IBF-3, p<0.03). In contrast, there was no

difference in IGF-I gene activity between the twoups.



There was no correlation between fetal gender dadeptal expression of the IGF-1 and
IGFBP-3 genes. However, in placental samples tdkam pregnancies with male fetal
gender, a 1.02-fold overexpression (p<0.03) ofl@-11 gene was detected. There was no
association between fetal gender and the degrgeuith restriction within the IUGR group.
There was no difference between gene activithefroapoptotic Bax gene between the two
groups. In contrast, the antiapoptotic Bcl-2 geves significantly underexpressed in the
IUGR group as compared to the normal pregnancy pyre@.17-fold decrease in gene
activity; p<0.04).

There was no association between fetal gender andoBBcl-2 gene expression within the
IUGR group. Similarly, no correlation could be ebsd between Bax and Bcl-2 genes and
the degree of growth restriction within the IUGRgjp.

The 1B-HSD2 gene was also underexpressed in the IUGRpgnath a -1.28-fold decrease
in gene activity (p<0.05) vs. the normal pregnagoyup. On the other hand, no significant
association was observed betweerB-HED2 gene expression and the degree of growth
restriction in IUGR (Ln2: 0.22; p<0.03). Similarly, no association coulddatected between
11B-HSD2 gene expression and fetal gender in the Id@&Rp (LnZ: 0.09; p<0.06).

No change in gene expression of th@-HSD2 gene could be detected when the subgroup of
IUGR pregnancies where IUGR was diagnosed befoee 38" gestational week was
compared to the normal pregnancy group (p<0.02)thé& same time, in the subgroups where
IUGR was detected either between gestational wégkd7 or gestational week >37 there was
a significant and roughly similar decrease infHSD2 gene expression with a -1.19-fold
and -1.31-fold decrease in gene activity, respebtiyp<0.04). In the IUGR pregnancies
where impending intrauterine fetal asphyxia wasgueltsed, 18-HSD2 gene expression
decreased both compared to normal pregnanciesimjiending intrauterine fetal asphyxia
present (-1.24-fold decrease in gene activity; P4D. and to IUGR pregnancies without

impending intrauterine fetal asphyxia (-1.41-fokttease in gene activity; p<0.03).

CONCLUSIONS

Intrauterine growth restriction was found to bengigantly more common in maternal age

groups 17-24 years and 35-44 years compared tgrages 25-31 years or 32-34 years.



There was a significantly higher occurrence of cema section in the IUGR group compared
to the normal pregnancy group. Impending intranéefetal asphyxia was also significantly
more common in the IUGR group than in the normabpancy group. Our findings confirm
that emergent delivery occurs more commonly in IlU&Rnhpared to normal pregnancy and
the most common clinical indication for this remsimpending intrauterine fetal asphyxia.
Gestational weight gain and BMI were also foundb® different between the groups.
Specifically, IUGR was more commonly seen with eitiery low (3-9 kg) or higher than
average (14-17 kg) weight gain compared to avevagght gain (10-13kg); increase in BMI
was also significantly less in IUGR compared to mleemal pregnancy group. A correlation
with a similar pattern was detected between gestatiweight gain and the degree of growth
restriction within the IUGR group: a more severevgh restriction with 0-5 percentile
birthweight was more commonly seen with either viery (3-9 kg) or higher than average
(14-17 kg) gestational weight gain compared to ayemweight gain (10-13kg).

The more severe form of growth restriction was associated with a lower birth weight in
the mother compared with maternal birthweight ia liss severe form of growth restriction.
This raises the possibility that genetic factorymplay an important role in the background of
intrauterine growth restriction.

In IUGR pregnancies post-delivery umbilical cordailse and insulin levels are significantly
lower than in normal pregnancy. Placental geneesgion of IGF-I was not different in the
IUGR and normal pregnancy groups; at the same twth IGF-Il and IGFBP-3 were
overexpressed. We speculate that this increasedtyaif the IGF-1l gene may reflect an
important role of IGF-II in a prioritized organ tfibution of energy in situations where fetal
energy supply is reduced.

Severity of growth restriction in IUGR may not benparily determined by the activity of the
IGF system; other factors possibly including genétfluences may play a more prominent
role. There was a significant gender-associatdérdifice in gene activity of the IGF-2 gene
in [IUGR with an overexpression of IGF-2 in maleufats.

As we had a relatively large patient population; fimdings strongly support the idea that
IUGR is associated with a decreased activity of Be-2 gene resulting in decreased
inhibition of apoptosis in IUGR. Thus, these fingls partly fulfill prior expectations
regarding a change in gene expression of apoptegidating genes. However, this change in
gene expression is confined to a diminished agtigit antiapoptotic regulatory genes; an

increase in proapoptotic gene activity was not se€here was no change in Bax or Bcl-2



gene expression in association with either theakegf restriction or fetal gender distribution
in the IUGR group.

In our relatively large patient population we coaldo confirm that the gene coding for the
type 2 isoenzyme of 11-beta-hydroxysteriod-dehydnage is underexpressed in IUGR as
compared to normal pregnancy. We found no corogldietween placental expression of the
118HSD2 gene and postnatal growth rate following amarpregnancy. We propose that
abnormalities in the fetomaternal glucocorticoidtaelism play an important role in the
development of fetal programming and that a chamddB-HSD2 gene activity is an integral
part of this mechanism. A resultant increase utgtorticoid exposure during gestation may
predict an increased propensity for cardiovascutatabolic and neuroendocrine disorders
later in adult life.

It seems that there is no direct correlation betwEB-HSD2 gene expression and the degree
of growth restriction in IUGR. Similarly, BtHSD2 gene expression does not seem to
depend on fetal gender. On the other hand, thegehim expression pattern of theB1HSD2
gene is dependent on the time point in gestatiamhath IUGR first appears: when IUGR is
diagnosed before gestational week 33, gene expresdi the 1B-HSD2 gene shows no
change compared to normal pregnancy cases. Howewen IUGR is detected at a later
gestational age, a decrease iB-HISD2 gene activity can be seen. We conclude ttheat
starting point for the decline in fHSD2 gene activity must be around gestational Wik
This raises the possibility that it is the lasbBtweeks of the gestational period that plays the
key role in the development of fetal programming.

Gene activity of 1g-HSD?2 is further lowered in IUGR cases where impegdntrauterine
fetal asphyxia is also present. A reduced fetghyer supply seems to be an important factor
in the decline of 13-HSD2 gene activity; this decline in izHSD2 gene activity may be in

turn an important mediator of the deleterious ¢ffdxy the low oxygen environment.
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