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Abstract

Aims: There is no study in the literature about ischemia-modifi ed albumin (IMA) and 
hepatocyte growth factor (HGF) levels in amniotic fl uid for Down syndrome cases. The aim of 
this study was to investigate the changes of IMA and HGF in Down syndrome cases at 16-20 
weeks of gestation compared to normal fetuses.

Methods: For this prospective case-control study, following reaching the number of 20 women 
(study group) who had the prenatal diagnosis of Down syndrome, maternal and gestational age-
matched pregnant women with normal constitutional karyotype were selected for the control 
group (n = 74) from the stored amniotic fl uid samples. 

Results: Mean women and gestational ages were comparable between the two groups. 
Amniotic fl uid IMA (1.32 ± 0.13 vs. 1.11 ± 0.11 ABSU, respectively, p < 0.001) and  HGF (2743.53 
± 1389.28 vs. 2160.12 ± 654.63 pg/mL, respectively, p = 0.008). Levels were signifi cantly higher 
in pregnant women having Down syndrome fetuses compared with women having normal 
fetuses. The amniotic fl uid IMA levels for the diagnosis of Down syndrome, and the sensitivity 
and specifi city were calculated as 95.0% and 71.6% for the limit value 1.171 cm3, respectively. 

Conclusion: In cases with suspected Down syndrome, the diagnosis of Down Syndrome 
may be made in approximately 1 hour with high sensitivity and specifi city by measuring the IMA 
level in the amniotic fl uid sample taken for fetal karyotyping.

the most important disadvantage of diagnostic tests is that 
they create a small risk of procedural miscarriage [1].

Down syndrome is the most common chromosomal 
abnormality, which is the incidence estimated between 
one in 1000 to one in 700 live births and no signiϐicant 
differences between societies. But, if we take into account 
medically induced abortions and stillborns, it is increased to 
approximately one in 450 births [2]. Assisted reproductive 
techniques and advanced-age pregnancies have increased 
in recent years. This situation caused the pregnancy to shift 
to advanced ages and naturally caused an increase in Down 

Introduction
The most common fetal aneuploidy in pregnancy is trisomy 

21 (Down Syndrome), which is a frightening dream for both 
the mother and the clinician. Fetal aneuploidy screening 
during pregnancy is one of the routinely recommended tests. 
Many current screening and diagnostic tests have been deϐined 
for trisomy 21, which is seen in an average of 700 live births. 
Although screening tests do not make a deϐinitive diagnosis, 
when they give a high-risk result, this result needs to be 
conϐirmed with a diagnostic test. While another limitation of 
screening tests is that they can give false positive test results, 
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syndrome cases. For this reason during the last 20 years, an 
increase of 10% in the number of pregnancies with Down 
syndrome has been noticed [3].

For trisomy 21, one of the most common genetic syndromes 
in pregnancy, many screening tests have been described for 
years. The basic screening tests used today are maternal 
serum screening tests (double test, triple test, quadruple 
test) and diagnostic tests (chorionic villus sampling (CVS), 
amniocentesis, cordocentesis) [2]. Apart from these, the 
non-invasive prenatal screening test (NIPT) with the highest 
sensitivity is another screening test. All screening tests have 
a 5% - 10% false positive risk, and diagnostic tests have an 
average of 1% fetal loss risk. All these rates pave the way for 
the search for a fast, effective, and highly sensitive screening 
test in prenatal Down Syndrome screening [4].

Although the main role of cytokine change in pregnancy 
has not been shown, it is known to be important in fetal growth 
and development [5]. There are studies reporting that some 
fetal complications are also associated with the intrauterine 
oxidative stress process [6,7]. In this context, the oxidative 
stress process varies in fetal Down syndrome compared to 
healthy pregnancies [8].

In a previously published study, we reported that the 
serum IMA value increased during pregnancy [9]. Similarly, we 
reported that amniotic ϐluid cytokine and IMA levels changed 
in cases with false positive ϐirst-second trimester biochemical 
Down Syndrome screening test results [10]. All these studies 
have led us to the idea that amniotic ϐluid cytokine and IMA 
levels will also be affected in real Down Syndrome cases and 
this can be used in the prenatal diagnosis of Down Syndrome. 
For all these reasons, a research plan was made in this way.

Biochemical markers with high sensitivity and rapid results 
are required in the diagnosis of Down syndrome. Because 
fetal karyotype analysis, which is a deϐinitive diagnostic test, 
gives results within at least 21 days. There is no study in the 
literature about IMA and HGF levels in amniotic ϐluid for 
Down syndrome cases. This prospective study was planned 
to investigate the change of IMA and HGF in Down syndrome 
cases compared to normal fetuses.

Materials and methods
Totally 94 amniotic ϐluid samples from women who had 

conϐirmed intrauterine live fetuses at 16-20 weeks of gestation 
were included in this prospective case-control study. The 
study was conducted in a high-risk pregnancy unit of a tertiary 
hospital for a one-year duration. Totally 94 women were 
included. Following reaching the number of 20 women (study 
group) who had the diagnosis of Down syndrome, maternal 
and gestational age-matched pregnant women with normal 
constitutional karyotypes were selected for the control group 
(n = 74) from the stored amniotic ϐluid samples. Only singleton 
pregnancies were included. Women having a  history of acute 
or chronic systemic disease (endocrinologic, cardiovascular, 
pulmonary, or urinary system diseases) and taking any 

medication other than vitamin and iron supplements, and 
having any type of anomalous fetus were not included.

During transabdominal amniocentesis for various 
indications (abnormal serum ϐirst or second trimester Down 
syndrome screening test result or advanced maternal age 
etc.), all amniotic ϐluid samples were stored during two years 
of the study. Almost 2 mL - 3 mL clean amniotic ϐluid sample 
which was not used for the amniotic ϐluid genetic analysis was 
centrifuged at 900 g for 10 min to remove the supernatant and 
then stored at –80 0C until ϐinal analysis. 

Reduced cobalt to albumin-binding capacity (IMA level) 
was analyzed using the rapid and colorimetric method 
developed by Bar-Or and co-workers [11]. In our laboratory, 
the albumin-binding capacity assay within-run percent 
coefϐicient of variation (CV%) of women samples averaged 
2.1% [12]. IMA has a short half-life, returning to baseline 
values in 6 h – 12 h [13].

Amniotic ϐluid hepatocyte growth was measured with 
commercially available ELISA kits. HGF (catalog number ELH-
HGF-001, RayBiotech, Inc, Norcross, USA) concentrations were 
measured by ELISA. The intra- and inter-assay coefϐicients of 
variation were as follows: < %10% and < %12%, respectively

Student t-test or Mann-Whitney U-test (in case of non-
parametric distribution) was used for the comparison of 
amniotic ϐluid IMA levels and clinical characteristics between 
the study and control groups. The correlation coefϐicient 
was determined by Pearson’s test. Statistical analyses were 
performed with SPSS (version 13.0). Statistical signiϐicance 
was set at p - 0.05. Amniotic ϐluid IMA levels are expressed in 
ABSU (abs orbance unit), and amniotic ϐluid HGF levels were 
expressed as pg/mL.

Institutional ethics board approval was obtained for this 
case-control study (Approval number: 2012/24). 

G-power computer-assisted sample size calculation 
program was used for sample size calculation. Based on our 
preliminary study results following givens effect size d = 1, 
α err prob = 0.05, Power (1-β err prob) = 0.95, Allocation 
ratio N2/N1=3 were accepted. The calculated total minimum 
number was 60 (N1 (Down syndrome group) = 15, N2 (Control 
group) = 45). 

Results
Mean women's age (35.50 ± 6.40 vs. 33.61 ± 6.61, 

respectively) were comparable between the study and 
control groups. The comparison of clinical characteristics of 
the pregnant women having Down syndrome fetuses (study 
group) compared with women having normal fetuses (control 
group) was given in Table 1. 

Amniotic ϐluid IMA levels were signiϐicantly higher in 
pregnant women having Down syndrome fetuses compared 
with women having normal fetuses (1.32 ± 0.13 vs. 1.11 ± 
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Discussion
Biochemical test analysis from the amniotic ϐluid is a 

relatively new approach in the prenatal diagnosis of Down 
syndrome. According to the results of the research, the level 
of IMA in the amniotic ϐluid of Down syndrome cases was 
found to be statistically signiϐicantly higher than in cases with 
normal euploid karyotype.

The NIPT test yields result within an average of 10 days, 
while the diagnostic test CVS or amniocentesis gives deϐinite 
results in at least 21 days. During this period, the patient's 
anxious expectation increases. It is clear that there is a need 
for biochemical tests that can reduce the anxiety of the 
patient, give results within a few hours, and can be performed 
immediately in the same clinic. Our study, which measured the 
IMA and HGF levels in amniotic ϐluid and yielded signiϐicant 
results, may be useful in eliminating this deϐiciency in the 
literature.

The role of cytokines in human pregnancy is not exactly 
understood [5]. The cytokine interactions between the 
fetoplacental unit and the maternal immune system are 
important for fetal development and growth [6,7]. Several 
cytokines are detectable in human Amniotic ϐluid (AF), such 
as HGF, interleukins, GM-CSF, TNFα (tumor necrosis factor-
alpha) and IFNγ (interferon gamma). The level of cytokines 
may alter with gestation, the onset of labor, infection, etc. 
in AF [10,14-20]. A small number of studies had also linked 
amniotic ϐluid HGF, IMA, and interleukins to fetal growth, 
ischemia, and/or inϐlammation processes [10,20].

There are research results showing that the fetal oxidative 
stress process is affected in fetuses with Down syndrome. 
One of the most important pieces of evidence of the inϐluence 
process is the change in the gene expression of the SOD-1 
(superoxide dismutase-1) enzyme, which has an important 
role in the oxidative stress process located on the 21st 
chromosome [21]. It was reported that this enzyme level was 
higher in amniotic ϐluid samples obtained from cases with 
Down syndrome compared to healthy pregnancies [22,23]. It 
has also been reported that increased SOD-1 enzyme activity 
augments the oxidative stress process, resulting in increased 
hydrogen peroxide levels [24-26].

The binding capacity of the modiϐied N-terminal end of 
albumin decreases the transition of metals such as Cu+2, 
Co+2, and Ni+2 in free radical damage, free iron and copper 
exposure, energy-related membrane damage, hypoxia, and 
acidosis [27-29]. This modiϐied form of albumin is called 
ischemia-modiϐied albumin (IMA) [30]. IMA occurs not only 
in ischemic heart diseases but also in different ischemia 
models affecting other organs due to high oxidative stress 
[27]. Serum IMA levels increase in arthroscopic knee surgery, 
systemic sclerosis, skeletal muscle ischemia after exercise, 
diabetes mellitus, liver diseases, some cancers, infection, and 

0.11 ABSU, respectively, p < 0.001, Student t - test, Figure 1). 
Furthermore, amniotic ϐluid HGF levels were signiϐicantly 
higher in pregnant women having Down syndrome fetuses 
compared with women having normal fetuses (27 43.53 ± 
1389.28 vs. 2160.12 ± 654.63 pg/mL, respectively, p = 0.008, 
Student t - test). 

Considering the prenatal diagnosis of Down Syndrome 
in the whole group, ROC analysis showing the relationship 
between amniotic ϐluid IMA levels in the second trimester and 
Down syndrome was given in Figure 2. The amniotic ϐluid IMA 
levels for the diagnosis of Down syndrome, and the sensitivity 
and speciϐicity were calculated as 95.0% and 71.6% for the 
limit value 1.171 cm3 (AUC 92.9%, p < 0.001, 95% CI 0.876-
0.982), respectively. A positive correlation was found between 
IMA and HGF levels (r = 0.241, p = 0.019).

Table 1: Comparison of the clinical characteristics of the pregnant women having 
down syndrome fetus (study group) compared with women having normal fetus 
(control group).
Clinical characteristics Study group (n = 20) Control group (n = 74) p

Age (year) 35.50 ± 6.40 33.61 ± 6.61 0.256a

Gravida (no.) 3.38 ± 1.98 2.20 ± 1.30 0.007b

Parity (no.) 1.84 ± 1.52 0.95 ± 1.15 0.008b

Gestational age (week) 17.91 ± 1.45 17.50 ± 1.33 0.262b

Values are given as mean and standard deviation aStudent- t - test, bMan-Whitney U 
test were used for comparison. 

Figure 1: Comparison of amniotic fl uid IMA in pregnant women having Down 
syndrome fetuses compared with women having normal fetuses.

Figure 2: ROC analysis showing the relationship between amniotic fl uid IMA and 
fetal Down syndrome.
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peripheral vascular diseases in non-cardiac ischemic diseases 
[30]. Oxidative stress biomarkers in scleroderma patients 
also increased and IMA levels were found to be high [31]. 
The increase in SOD-1 level, which was a marker of oxidative 
stress in Down syndrome cases, suggested that Down 
syndrome cases were exposed to higher oxidative stress in the 
intrauterine period. This situation supports the hypothesis 
that the measurement of amniotic ϐluid IMA level, which is 
an easily measurable indicator of oxidative stress, may be an 
effective biomarker in the diagnosis of Down syndrome. IMA, 
which was found to be high in amniotic ϐluid in our study, also 
supported this argument.

HGF is abundant in the placenta and is important in 
the process of placental fetal growth. Although it has not 
been deϐined as an important indicator in IUGR cases in the 
literature [32], it has been reported to be associated with the 
development of macrosomia, affecting lipid metabolism [33], 
liver regeneration, and immunomodulation processes [34]. 
According to another current experimental study results, HGF; 
In case of acute liver failure, it reduces endoplasmic reticulum 
stress by showing an antiapoptotic effect. In addition, in 
the case of acetaminophen-mediated liver damage, an 
antiapoptotic and antioxidant effect was created by amniotic 
ϐluid-derived HGF therapy. In this way, it can be concluded 
that HGF may have the potential to correct oxidative stress-
mediated damage [35,36].

According to our extensive literature research, no research 
could be found regarding the change of HGF in the amniotic 
ϐluid in Down's syndrome cases. Only one case partially related 
to the subject was reported. High serum HGF level in Down 
syndrome cases with the transient myeloproliferative disease 
also supports the argument that HGF may be a separate 
biomarker in Down syndrome cases.

Increased HGF levels in Down syndrome cases can be 
evaluated within the scope of a protective response to the 
existing increased intrauterine oxidative stress (due to 
increased amniotic ϐluid IMA level) [37].

Down syndrome (trisomy 21), has an immunological 
deϐiciency. These patients frequently present with three clinical 
ϐindings; increased susceptibility to infection, increased risk of 
malignancy, and increased incidence of autoimmune diseases 
due to developing autoantibodies. Based on one study result, 
there are abnormalities in the humoral and cellular response 
levels in these patients [38]. T cell maturation of the thymus 
gland was impaired in patients with Down syndrome than 
in normal fetuses. Cellular immunity is markedly affected 
and CD4 / CD8 ratio is decreased [39]. There are literature 
data showing that HGF is involved in the immunomodulation 
process [34]. In our study, the increased amniotic ϐluid HGF 
level in Down syndrome cases may be protective purposes 
within the scope of correcting the existing immunologic defect 
in Down syndrome.

As a result of our study, we reported that IMA was a 
marker that could be used in the prenatal diagnosis of Down 
syndrome, not HGF. The weak correlation coefϐicient was 
related to the change in IMA and HGF. We thought that the 
IMA and HGF changes were related to each other, but due to 
the weaknesses of our study, we could not demonstrate this 
with a good correlation coefϐicient. For this, further studies 
with large series are needed.

The most important limiting aspect of our study was that it 
included a low number of Down syndrome cases. In addition, 
the lack of molecular data on cytokines was another limiting 
aspect of the study. Further studies including larger series and 
molecular study results may conϐirm the accuracy of our data 
and support our hypothetical mechanism.

Conclusion
In our study, it was stated that a possible oxidative 

stress-mediated mechanism may prevail in cases of Down's 
syndrome. In this context, the high level of IMA in amniotic ϐluid 
may be useful in the prenatal diagnosis of Down syndrome. In 
cases with suspected Down syndrome, the diagnosis of Down 
Syndrome may be made in approximately 1 hour with high 
sensitivity and speciϐicity by measuring the IMA level in the 
amniotic ϐluid sample taken for fetal karyotyping.

The most important clinical use of the study was that it 
predicted the diagnosis of prenatal Down Syndrome with high 
sensitivity in a short time. In other words, the couple with high 
anxiety can be informed about whether their baby is Down by 
measuring the level of amniotic ϐluid IMA with 90% sensitivity 
without waiting for 21 days for a deϐinitive result.
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