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Summary

Purpose: Delineate whereas ADAM-12 levels at first trimester of pregnancy may be used as a marker for hypertension-preeclamp-
sia (PE) and intrauterine growth restriction (IUGR). Materials and Methods: The present is a case control study. Serum ADAM-12 of
women presenting for routine assessment of risk for chromosomal abnormalities at 11+0 to 13+6 weeks of gestation was measured. The
study group comprised of 98 pregnancies that subsequently developed pregnancy-induced hypertension (PIH) or PE or small for ges-
tational age fetuses (SGA), and were compared to 100 uncomplicated pregnancies. Results: There was no statistically significant dif-
ference of mean log multiple of the expected median (MoM) of ADAM12 between control group and the group that consisted of all
women with complicated pregnancy (PE, PIH, and SGA). ADAM-12 levels in women who developed PE during pregnancy were sig-
nificantly lower than in women of control group (mean log MoM: 0.109 vs 0.008, p = 0.010). Similarly, ADAM-12 levels in women
who developed PE and/or PIH were significantly lower than in women of control group (mean log MoM: 0.066 vs 0.008, p = 0.015).
There was no significant difference of ADAMI12 levels between controls and pregnancies with SGA fetuses. Conclusion: Maternal
serum levels of ADAM-12 at the first trimester are significantly lower in women who later develop PE when compared with women

with uncomplicated pregnancies.
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Introduction

Preeclampsia (PE) affects about 2% of pregnancies and
remains a major cause of perinatal morbidity and mortality.
The underlying pathophysiology for PE is thought to be im-
paired placentation due to inadequate trophoblastic invasion
of the maternal spiral arteries, and this hypothesis is con-
firmed by histological and Doppler studies of uterine arter-
ies [1]. Hypertension during pregnancy is distinguished in
pregnancy-induced hypertension (PIH) and pregnancy with
hypertension accompanied with proteinuria that is called
PE. PE is further distinguished in early (<34 weeks of ges-
tation) and late PE (>34 weeks of gestation) [2].

Etiology of PE is multifactorial and remains basically un-
known. Genetic predisposition, impaired placentation, im-
munological disorders, and pre-existing hypertension of the
background of hypertension-PE. Over the last decade re-
search has focused on identifying biochemical markers that
could predict early on in pregnancy the onset of PE [3].

Biochemical marker ADAM-12 (a disintegrin and met-
alloproteinase) is associated with intrauterine growth re-
striction (IUGR), PE, and chromosomal abnormalities
[4-6]. ADAM-12 is produced by the placenta and is a part
of the ADAM proteins’ group, which consists of more than
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15 members. ADAM proteins play a key role in adhesion
and apoptosis of cells.

In humans ADAM-12 is found in two forms. The soluble
ADAM-12 (sADAM-12) is expressed in placenta, whereas
ADAM-12-L is expressed in several different tissues.
ADAM-12 exerts a proteolytic action on growth factors
IGFBP-3 and IGFBP-5 and participates in regulation of ac-
tion of insulin- growth factors, such as PAPP-A [7, 8]. Dis-
integration of IGFBP-3 stimulates growth of tissues and
consequently non-disintegration of IGFBP-3 is associated
with restriction of growth. Biochemical markers that have
been associated with hypertension and PE are PAPP-A, B-
hCG, placental growth factor (PIGF), PP13, and anti-angio-
genic protein soluble FMS-like tyrosine kinase-1 [sFIt-1] [9].

In the first trimester, uterine artery Doppler pulsatility
index [PI] alone has a sensitivity of around 20-30% for the
detection of PE. This sensitivity is better for the prediction
of early PE (40-50%), but this is improved by the addition
of measurements of maternal serum biochemistry [10].

Small for gestational age (SGA) are considered the fe-
tuses whose growth and weight is beneath the 10% per-
centile adjusted for the gestational age. SGA fetuses are
distinguished by those that are constitutionally small due
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to genetic predisposition, those whose growth is restricted,
have abnormal Doppler flow in the vessels, and are called
IUGR fetuses. In [UGR fetuses there is usually abnormal
flow in umbilical artery (increased resistance) and abnor-
mal Doppler flow in middle cerebral artery (low resistance-
low PI- redistribution) and later in the ductus venosus when
hypoxia has established absent or reversed flow. The first
step is the distinction of true [UGR fetuses, associated with
signs of abnormal feto-placental Doppler flow from con-
stitutionally SGA fetuses that have a normal Doppler meas-
urements and perinatal outcome.

IUGR is associated with a poorer perinatal outcome, in-
cluding impaired Doppler cerebro-placental ratio and an es-
timated fetal weight (EFW) below the 3™ centile. Once the
diagnosis is established, differentiating into early- and late-
onset [UGR is useful and distinguishes two quite different
clinical situations concerning perinatal outcome and onset
of PE [11-15].

The aim of the present study is to delineate where the
biochemical marker ADAM-12, measured in maternal
serum during the first trimester of pregnancy, could be used
as an early predictor for hypertension-PE and [UGR.

Materials and Methods

The present is a case control study. Screening was performed in
pregnant women that presented in the Fetal — Maternal unit of the
3" Department of Obstetrics & Gynaecology of Attikon Univer-
sity Hospital for routine assessment of risk for chromosomal ab-
normalities by measurement of fetal nuchal translucency thickness
and PAPP-A and free B-hCG at 117 to 13" weeks of gestation.
Gestational age was determined by sonographic measurement of
fetal crown—rump length (CRL).

The authors obtained a thorough medical history which in-
cluded several maternal characteristics and subsequently blood
was drawn. The serum harvested from whole blood was stored at
-80 C for future biochemical analysis. Written informed consent
was obtained from the women agreeing to participate in the study
which was approved by Ethical committee of “Attikon” Univer-
sity Hospital.

The study population comprised of 98 pregnancies that subse-
quently developed PIH or PE or SGA fetuses — neonates, and 100
uncomplicated pregnancies, that delivered appropriate for gesta-
tional age and phenotypically normal neonates, as control group.

All women are of Greek origin and none of them had history of
hypertension. In those pregnancies that were complicated by SGA
neonates (SGA group), PE (PE group) and PE and/or PIH (PE
and/or PIH group) maternal serum concentration of ADAM-12
was measured at 11'°— 13*¢ weeks of gestation. SGA group in-
cluded pregnancies in which birth weight of neonates was below
the 10" percentile adjusted for gestational age. Serum ADAM-12
was measured by a quantitative enzyme—linked immunoassay
technique using two kits (human ADAM 12—-immunoassay, Lot
306455, Lot 312925). Each sample was diluted twice and results
of ADAM-12 are expressed in ng/ml.

Statistical analysis

Median ADAM-12 concentrations were obtained by the an-
tilogarithm to the predicted ADAM12 values as obtained from lin-
ear regression analysis of the logarithm of ADAM-12 by
gestational days in the control group. Afterwards all ADAM-12

Table 1. — Demographics and clinical characteristics of
the control and pathological groups.
Control Pathological
n=100 n=98
n (%) n (%) )4
Maternal age, mean (SD) 35.1(5.0) 35.4(6.5) 0.715%
Racial origin
Greek 100 (100)  98(100) -
Other 0 (0) 0 (0)
BMI (kg/m?), mean (SD) 26 (3) 26.1(4.7)  0.844%
Smoking
No 93 (93) 91 (92.9) 0.969*
Yes 7(7) 7(7.1)
Diabetes
No 100 (100) 90 (91.8) 0.003**
Yes 0 (0) 8(8.2)
Hypertension
No 98 (100) 98(100) -
Yes 0 (0) 0 (0)
Conception
Spontaneous 100 (100) 95(96.9) 0.119%*
IVF 0 (0) 3(3.1)
Previous pregnancies
0 76 (76) 78 (79.6) 0.542%*
1 22 (22) 20 (20.4)
2 2(2) 0 (0)
Gestational age (weeks), 12 12 03540
median (IQR) (11.0-12.2) ~ (11.0-12.1)
Birth weight, median (IQR) 3200 2100 <0.0010
(3000-3385)  (1950-2500)
Gestational age at birth 20,0010
(weeks), median (IQR) 39.1(39-40) 38 (37-38) )
SGA
No 100 (100) 23(23.5) <0.001
Yes 0 (0) 75 (76.5)

iStudent’s #-test; *Chi-square test; **Fisher’s exact test; OMann-Whitney test.

measures were expressed as multiple of the expected median
(MoM) in the control group. The logarithm of MoM was com-
pared between the study groups.

Categorical variables are presented as absolute and relative fre-
quencies. Quantitative variables are presented with mean and stan-
dard deviation (SD) or with median and interquartile range (IQR).
Chi square and Fishers’s exact tests were used for the comparison
of proportions between the study groups. When the normality as-
sumption was satisfied, the Student’s #-test was used for the com-
parison of means of continuous variables between two groups and
the Mann-Whitney test when the distribution was not normal. All
p values reported are two-tailed. Statistical significance was set at
0.05 and analyses were conducted using SPSS (version 19.0).

Results

ADAM-12 was measured in 100 normal pregnancies and
98 complicated pregnancies. Demographics and clinical char-
acteristics for both groups are shown in Table 1. The two
groups were similar in terms of maternal age, BMI, smoking,
conception, number of previous pregnancies, and gestational
age at the time of ADAM-12 measurement. Eight women
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Table 2. — Demographics and clinical characteristics of the control, PE , and PE and/or PIH groups.

Control SGA PE and/or PIH PE
n=100 n=75 n=43 n=15
A B C D Avs.B Avs. C Avs.D
n (%) n (%) n (%) n (%) P )4 )4
Maternal age, mean (SD) 35.1(5.0) 35.8 (6.9) 35.3(5.9) 36.1 (6.6) 0.437% 0.835 0.490
Racial origin Greek 100 (100) 75 (100) 43 (100) 15 (100) - - -
Other 0(0) 0(0) 0(0) 0(0)
BMI (kg/m?), mean (SD) 26 (3) 25.8 (4.7) 26.9 (4.2) 26.7 (3.8) 0.778% 0.158 0.371
Smoking No 93 (93) 68 (90.7) 43 (100) 15 (100) 0.573* 0.102*%*  (0.592%*
Yes 7(7) 7(9.3) 0(0) 0(0)
Diabetes No 100 (100) 67 (89.3) 43 (100) 15 (100) 0.001** - -
Yes 0(0) 8 (10.7) 0(0) 0(0)
Hypertension No 98 (100) 75 (100) 43 (100) 15 (100) - - -
Yes 0(0) 0(0) 0(0) 0(0)
Conception Spontaneous 100 (100) 72 (96) 40 (93) 12 (80) 0.077*%  0.026%*  0.002**
IVF 0(0) 3(4) 3(7) 3(20)
Previous pregnancies 0 76 (76) 61 (81.3) 31(72.1) 15 (100) 0.496**  0.564**  0.079%*
1 22 (22) 14 (18.7) 12 (27.9) 0(0)
2 2(2) 0(0) 0(0) 0(0)
Gestational age (weeks), 12 12 11.7 11
median (IQR) (11.0-12.2)  (11.1-12.1)  (11-12) (11-12) 0.4900 0.2420 0.3560
Birth weight, 3200 2000 2790 2440
median (IQR) (3000-3385) (1923-2350) (1995-3100) (1995-3424) <0.0010  <0.001¢  <0.0010
Gestational age at birth 39.1 38 38 38
(weeks), median (IQR) (39-40) (36-38) (36-38) (36-39) <0.001¢  <0.0010  <0.001¢
SGA No 100 (100) 23 (53.5) 4(26.7) - <0.001*  <0.001%**
Yes 0(0) 20 (46.5) 11 (73.3)

IStudent’s t-test; *Chi-square test; **Fisher’s exact test; OMann-Whitney test.

Table 3. — Mean log MoM of ADAM-12 in the study
groups.

log MoM
Group Mean (SD) Minimum Maximum  p*
Control 0.008 (0.155) -0.313 0.351
Pathological -0.012 (0.232) -0.505 0.502 0.470
PE -0.109 (0.191) -0.283 0.127 0.010
PE and/or PIH  -0.066 (0.184) -0.359 0.188 0.015
SGA 0.025(0.234) -0.505 0.502 0.576

*p value vs. control group.

(8.2%) in the complicated group had diabetes. Birth weight
and gestational age at birth were significantly lower in that
group. Seventy-five infants (76.5%) in the complicated group
were classified as SGA. In that group 43 (43.9%) women had
PE and/or PIH and 15 (15.3%) women had only PE.

Table 1 and 2 present the demographics and clinical
characteristics for SGA, for women with PE, and women
with PE and/or PIH. The SGA group, the PE group, and the
PE and/or PIH group were similar when compared to the
control group in terms of maternal age, BMI, smoking,
number of previous pregnancies, and gestational age when
ADAM-12 was measured. Diabetes was more frequent in
the SGA group. IVF was more frequent in the PE group and
the PE and/or PIH group and as expected the birth weight

and gestational age at birth were significantly lower in the
aforementioned groups and the SGA group as compared to
the controls.

Mean log MoM of ADAM12 for all study groups are de-
scribed in Table 3. There was no statistically significant dif-
ference of mean log MoM of ADAM-12 between control
group and the group that consisted of all women with com-
plicated pregnancy (regardless if it was PE, PIH or SGA).
On the contrary, ADAM-12 levels in women who developed
PE during pregnancy had a mean log MoM of -0.109, which
was significantly lower than the mean log MoM of 0.008 for
ADAMI12 levels observed in samples from women of the
control group (p = 0.010). Similarly, ADAM-12 levels in
women who developed PE and/or PIH during pregnancy had
a mean log MoM of -0.066, which was significantly lower
than the mean log MoM of 0.008 for ADAM12 levels ob-
served in samples from women with normal pregnancies (p
=0.015) (Figure 1). Furthermore, no significant difference
was found in mean log MoM of ADAM-12 when compared
between pregnancies with SGA infants and controls.

Discussion

ADAMS-12 is a protease with important role in muscle de-
velopment and neurogenesis [16]. The gene of ADAM-12
produces two different transcripts: one long form attached to
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Figure 1. — Error bars of log MoM of ADAM-12 in the study
groups.

the membrane, and one shorter that is soluble. Concentration
of ADAM-12 is studied in many different conditions dur-
ing pregnancy and is found to be altered when pathology is
involved. Specifically, maternal serum concentrations of
ADAM-12 are lower in pregnancies of fetuses with tri-
somies, such as 18 and 21 [17]. Similar results are reported,
also, in pregnancies with other aneuploidies and SGA fe-
tuses [18].

ADAM-12 is a biological marker that has been studied in
chromosomally abnormal and IUGR fetuses, and less ex-
tensively in PE. The present study shows that women that
eventually developed PE and/or hypertension during preg-
nancy had statistically significantly lower levels of ADAM-
12 during the first trimester. The same statistical significance
was revealed when women only with PE were studied and
compared to the control group. No statistical significance
in ADAM-12 serum levels was revealed among women
with SGA neonates and the control group. The present re-
sults seem to be in accordance to the conclusions presented
by other research groups, such as Laigard et al., el-Sharbiny
et al. [4-7]. In particular, Laigaard et al. reported signifi-
cantly lower concentrations of ADAM-12 in the first
trimester in a population of 160 women with PE compared
to 324 healthy women with uncomplicated pregnancies [4].
Spencer et al. reported that ADAM-12 can be used as a
marker for chromosomal abnormalities [17].

Some research groups published less promising results.
Poon et al. report that measurements of ADAM-12 con-
centrations at first trimester do not predict SGA and PE
[19].

Up-to-date studies indicate that ADAM-12 may have a
role in cellular activity and development. ADAM-12-L, that
is mainly located at the cellular membrane, as well as the
soluble form (s-ADAM-12,. are supposed to be produced

by trophoblasts. Some researchers support that ADAM-12
contains receptor areas, like integrins, and this is the man-
ner in which they affect differentiation and cellular survival.

Placentas of preeclamptic women appear to express
higher levels of adhesive substances, such as integrins. It is
possible that decreased levels of ADAM-12 affect the time
required for differentiation and development of the cells.

Previous studies indicate that ADAM-12 disintegrates
IGFBP-3 and IGFBP- 5, and it is known that the function
of IGF axis is crucial for the development of PE. IGFBP-3
appears to have inhibitory effect on the development of
cells. In case of lower levels of ADAM-12, IGFBP-3 will
not disintegrate and development of cells is inhibited [20].
Other researchers support that ADAM-12-L interacts with
heparin—binding—epidermal growth factor, with placenta
leukine aminopeptidase and with other growth factors [21].

Thus, in order to develop a complete screening tool for
PE it is important to combine evaluation of risk factors
(such as genetic predisposition, history of PE in previous
pregnancy, etc.) along with biochemical markers (such as
PAPP-A, inhibin, PLGF, ADAM-12) and Doppler meas-
urements at first trimester. False positive results will be sig-
nificantly decreased and early detection of high-risk
women for developing PE will give the chance for early in-
tervention and therapy [11].

Conclusion

Maternal serum levels of ADAM-12 are significantly
lower during the first trimester in women who later develop
PE during pregnancy when compared to the levels of
women with normal pregnancies. Thus, ADAM-12 could
be a useful prediction marker for PE, especially when used
in combination with other biological markers or Doppler
measurements. Maternal serum levels of ADAM-12 are
non statistical significantly different during the first
trimester in women who later had fetuses SGA when com-
pared with levels of ADAM-12 in normal and uncompli-
cated pregnancies.
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