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ABSTRACT
Objective : Elevation of maternal
serum a-fetoprotein in mid trimester is
associated with fetal death, preterm
delivery, and fetal growth restriction.
Placental ischemia may be the com-
mon underlying pathogenesis of these
outcomes. Thus, we tested angioge-
nin a potent inducer of neovasculari-
zation, in mid trimester amniotic fluid
of patients with elevated maternal ser-
um o-fetoprotein values to determine
whether a-fetoprotein elevation is due
to ischemia with subsequent stimula-

tion of neovascularization.

Study design : We designed a
case-control study of singleton gesta-
tions undergoing mid trimester amino-
centesis for standard genetic indica-
tions. Patients with elevated maternal
serum o-fetoprotein levels > 2.0 multi-

71

ple of the median, n = 9 at triple
screen were matched with 18 con-
trols. On the basis of maternal age,
race and parity, the median elevation
of maternal serum a-fetoprotein in the
study population was 4.01 multiples of
the median (range 2.65 to 7.24) multi-
ples of the median. Inclusion criteria
were (1) pregnancy outcome informa-
tion available, (2) no evidence of fetal
structural or chromosomal anomalies
and (3) genetic aminocentesis.
Amniotic fluid was immunoassayed
for angiogenin; sensitivity 0.026 ng/
ml. Angiogenin and maternal serum
o-fetoprotein values were normalized
with use of natural log transformation
for statistical analysis.

Results : Angiogenin values were
significantly elevated in patients with
high maternal serum a-fetoprotein lev-
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el [median 31.1 (range 9.2 to 54.6)
versus 17.1 (range 9.0 to 29.2) ng/mli,
P = 0.02]. Mean gestational age at
sempling; maternal age, and year of
amniccentesis were not significantly
different between the study and con-
trol groups (each P > 0.05). There
was a’significant increase in preterm
deliveries and small-for-gestational
age neonates in the patients with ele-
vated maternal serum «-fetoprotein
levels (each P < 0.01).

Conclusions : Mid trimester amni-
otic fluid angiogenin levels are signifi-
cantly elevated in patients with elevat-
ed mid trimester maternal serum -
fetoprotein levels. Because angioge-
nin is a known marker of tissue ische-
mia, resulting in neovascularization,
we hypothesize that elevation of ma-
ternal serum a-fetoprotein levels at
triple screen is due to placental ische-
mia.

Key words : Elevated maternal
serum o fetoprotein-Angiogenin-
Fetopiacental ischemia.

INTRODUCTION
Neovascularization is a common
response of tissues to the presence of
ischemic damage and chronic inflam-
mation (). The polypeptide angioge-
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nin, a known potent inducer of neo-
vascularization (2), plays a role in the
vascular development of the fetus and
in the neovascularization that accom-
panies diseases and wound healing
(3), Messenger ribonucleic acid en-
coding angiogenin is expressed in al-
most every tissue or cultured cell line
examined (2), including normal epi-
thelial cells, fibroblasts, and peripher-
al blood cells (4:5), Because patients
with elevated maternal serum o-
fetoprotein (AFP) in the second tri-
mester have previously been shown
to be associated with adverse perina-
tal outcome, including preterm deliv-
ery, intrauterine growth restriction,
and fetal death (6:7), we hypothesized
that placental ischemia may be the
common underlying pathogenesis of
elevated maternal serum AFP. Thus,
we tested angiogenin in mid trimester
amniotic fluid of patients with elevated
maternal serum AFP levels to deter-
mine whether AFP elevation is due to
ischemia with subsequent stimulation
of angiogenesis.

MATERIALS AND METHODS
For this case-control study we
used a database of women with sin-
gleton gestations who underwent mid
trimester aminocentesis for standard
genetic indications at genetic unit, de-
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partments of Obstetrics & Gynecology
and Clinical Pathology, Zagazig Uni-
versity, between March 2004 and Ma-
rch 2005. Inclusion Criteria were ma-
ternal serum AFP 2 2.0 multiples of
the median, pregnancy outcome
available, gestational age at amino-
centesis 15 to 20 weeks and no evi-
dence of fetal structural or chromoso-
mal anomalies. Patients with elevated
maternal serum AFP levels (2 2.0
multiples of the median) at triple
screen were matched with control
group patients on the basis of year of
aminocentesis, maternal age, and
parity. Gestational age was confirmed
or established by ultrasonographic fe-
tal biometry at time of aminocentesis
(< 20 weeks gestation). SGA was de-
fined as birth weight < 10th percentile
for gestational age (8). After amino-
centesis the amniotic fluid specimens
were centrifuged (100 to 150 g for 9
minutes) to remove cellular compo-
nents for karyotype determination,
and the supernatant samples were
frozen at -20°C. Demographic data
including gestational age at amino-
centesis and delivery, pregnancy
complications such as pre labour rup-
ture of membranes, chorioamnionitis,
preterm labour, and neonatal birth
weight were collected by chart re-
view.

Angiogenin levels were measured
in supernatant sample of amniotic
fluid by enzyme-linked immunoassay
(ELISA) (R & D Systems, Minneapo-
lis). The ELISA was validated for am-
niotic fiuid and samples were assayed
in duplicate. The ELISA sensitivity for
amniotic fluid was 0.026 ng/ml, and
the inter-assay and intra-assay coeffi-
cients of variation were 4.6% and
2.9%, respectively. The ELISA used
is specific for angiogenin and does
not cross-react or interact with human
interleukin-1c, interleukin-1p, interleu-
kin-2,3, interleukin-4, interleukin-6, in-
terleukin-7, interleukin-8, tumor necro-
sis factor- o or tumor necrosis factor-

B.

Serum «-feto protein levels were
measured by Immulite. Immulite 1000
AFP is a solid phase, two-site se-
quential chemiluminescent immuno-
metric assay (Diagnostic products
corporation "DPC", USA). AFP triple
screen which include Estradiole, HCG
and AFP for exclusion of mongol or
any congenital anomalies in pregnan-
Cy to be confirmed by aminocentesis
if one of triple screen giving positive
results.

Statistical analysis included 712
analysis and Fisher's exact test for
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categorical variables, and the Mann-
Whitney U test for non parametric
data, with P < 0.05 considered signif-
icant. Angiogenin level were normal-
ized with natural log transformation
for statistical analysis.

RESULTS

Nine patients with elevated
maternal serum AFP values were
matched with 18 controls. There were
no significant differences in mean
maternal age, nulliparity, or female
neonatal gender between patients
with elevated maternal serum AFP
levels and controls (Table 1). Mean
gestational age at amniotic fluid
sampling, year of sampling, and
indication for amniocentesis were also
not significantly different between the
two groups. Gestational age at deliv-
ery and neonatal birth weight were
significantly lower in patients with
elevated maternal serum AFP levels
(Table I).

Pregnancy outcome characteris-
tics of the patients with elevated ma-
ternal serum AFP levels are shown in
Table (II).

Angiogenin was detected in all
samples of amniotic fluid. Amniotic
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fluid angiogenin levels were signifi-
cantly higher in patients with elevated
maternal serum AFP levels compared
with controls [median 31.1 ng/ml
(range 9.2 to 54.6 ng/ml) versus me-
dian 17.1 ng/ml (range 9-29.2 na/mi)].
P = 0.02. Although the average gesta-
tional age in the patients with elevat-
ed maternal serum AFP levels was
preterm, by definition of < 37 weeks,
this was due to the patient with a fetal
death at 21 weeks.

However, after removal of this pa-
tients and her controls, the significant
difference remained for both gesta-
tional age at delivery and birth weight
(37.6 £ 1.2 versus 39.7 + 1.5 weeks,
P = 0.003, and 2576 + 494 gm versus
3650 + 535 gm, P < 0.0001, respec-
tively). In addition, five (55%) of the
patients with elevated maternal serum
AFP levels were delivered of SGA ne-
onates compared with none of the
controls. A significant difference (P =
0.002), and a seventh neonate was at
the 10th percentile. Also, two patients
(22%) with elevated maternal serum
AFP levels were delivered preterm
compared with none of the controls
and ninth neonate attract congenital
heart disease compared with noné of
the controls.
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Table (I) : Obstetric characteristics (Values are mean + SD or number and percent.)

Items Elevated maternal Control Significance |
scrum AFP (n=9) (n=18) :

Matemnal age (yr) 30226 304£2.1 P=09
Nulliparous 6 (66%) 13 (72%) P=06
l Gestational age at sampling (wk) 18109 18417 P=0.6
l Gestational age at delivery (wk) 358+5.7 397+14 P =0.009
1 Birth weight (gm) 2307 £ 932 3662 = 505 P <0.0001
Female neonatal gender 6 (66% 10 (55%) P=07 |

Table (If) : Pregnancy and outcome characteristics ol patients with
elevated maternal serum AFP levels

MoM. Multiples of median: FDU. Fetal death in utcro. PROM. Prelabour rupture of membrancs:
SGA. Small lor gestational age.
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Citse Maternal Gestational Birrth Angiogenin s T
scrum AFP age at weight value (ng/ml)
(MoM) delivery (wk) (gm)

| 401 21 150 16.9 SGA. FDU. multiple mycloma |
2 7.24 34 2012 336 | SGA.PTL
3 3.86 36 2078 311 SGA. PROM. PTL i
4 444 37 2350 33 SGA I
5 2.85 37 2820 378 Algohyvdramnios ;
6 6.31 38 2230 Wit SGA ‘
7 2.65 38 2730 16.5 Birth weight at 10" percentile

2.78 38 2835 54.6 '

295 3! Congenital heart discase
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DISCUSSION

Patients with elevated maternal
serum AFP levels in the early second
trimester had significantly levels at the
time of genetic amniocentesis, these
patients also were significantly more
likely to have poor pregnancy out-
comes, including stillbirth, fetal growth
restriction, and preterm delivery. In
addition, because the study patients
were delivered earlier. The mean fetal
birth weight was significantly lower
than that of the control group. Elevat-
ed levels of angiogenin have been re-
ported in patients destined to be deliv-
ered preterm.

Angiogenesis is mediated by gro-
wth factors and precise regulation of
the synthesis and degradation of the
extracellular matrix. Growth factors
that stimulate angiogenesis include
angiogenin, tumor necrosis factor-c,
and series prostaglandins (11,12),

Macrophages, tumor cells, and
platelets produce and release these
angiogenic  modulators (14'15). In-
ter-estingly, some of the mediators of
angiogenesis are also closely in-
volved in the pathogenesis of preterm
delivery tumor necrosis factor-o
has been identi-fied as a marker
for preterm delivery in mid trimester
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amniotic fluid (1),

Prostaglandins, which indirectly
stimulate angiogenesis are also stim-
ulators of uterine contraction and la-

bour ( 7).

Our working hypothesis is that an
elevation of angiogenin is a marker
for placental ischemia. In support of
this is the clinical observation that the
prevalence of fetal growth restric-
tion is significantly higher among pre-
term deliveries compared with term
deliveries (16,18),

Growth restriction in karyotypically
and structurally normal fetuses is
considered secondary to placental
ischemia in up to two thirds of cases
and results from a decreased uterop-
lacental vascular supply resulting
from failed conversion of the spiral
arterioles.

It is possible that preterm delivery
and growth restriction are two out-
comes from a spectrum of potential
outcomes after placental ischemia,
ranging from fetal death (in cases
of severe ischemia or inadequate
neovascularization) to term delivery
of healthy appropriate-for-
gestational-age infants (when neo-
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vascularization is successful with
minimal damage).

Growth restriction and preterm
delivery may have similar etiopatho-
genic mechanisms, including abnor-
mal placentation, ischemia, and
chronic inflammation. These condi-
tions are related and closely linked,
as shown by the significant proportion
of patients with preterm delivery and
SGA neonates (13),

The origin of angiogenin in the am-
niotic fluid is unknown. The messen-
ger ribonucleic  acid for angiogenin
is produced by almost all tissues
examined, including normal epithelial
cells, fibroblasts, and peripheral blood
cells (2),

Further studies are needed to
identify the source of angiogenin in
the amniotic fluid. Further studies
include the correlation of mid trimes-
ter amniotic fluid angiogenin level with
placental lesions to better under stand
the pathologic processes, in situ hy-
bridization for cellular localization of
angiogenin release, and correlation of
mid trimester amniotic fluid angioge-
nin with maternal serum angiogenin
levels. An elevation of mid trimester
amniotic fluid angiogenin appear to

identify patients at risk for spontane-
ous preterm delivery.

In conclusion, because angio-
genin is a known marker of tissue
ischemia resulting in neovasculari-
zation, the etiology of elevation of
maternal serum AFP levels at triple
screen may be due to placental
ischemia.
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