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Abstract

Background: Down Syndrome (DS) has a very high morbidity, according to statistics, the incidence rate of DS is as
high as 1:700 among the new born babies. At present, there are still no effective prevention or treatment methods
for the disease. We used a Western Blot technique to validate differentially expressed proteins between DS foetal
umbilical cord blood plasma and healthy foetal peripheral blood plasma from pregnant women to identify new
prenatal diagnostic biomarkers for down syndrome (DS) and establish a new non-invasive prenatal diagnosis
method.

Methods: We collected maternal peripheral blood (8 with foetal DS and 8 from normal foetuses) from April 2013 to
January 2014, and separated the plasma. We combined the clinical characteristics and clinical differentially
expressed proteins between DS foetal umbilical cord blood plasma and healthy foetal umbilical cord blood plasma
to identify specific protein marker candidates and prepared monoclonal antibodies, which were then used for
Western Blot technique to analyse the candidate markers.

Results: In the DS foetal maternal plasma, serum amyloid P-component, Apolipoprotein E, Nucleosome assembly
protein 1-like 1, Complement factor B,ERO1-like protein alpha, 2-oxoglutarate dehydrogenase-like, and Thymosin
beta 10 were up-regulated proteins compared to the healthy control group, and the DS group showed higher
expression, which agreed with the results from the DS foetal umbilical cord blood plasma.

Conclusion: The up-regulated amyloid P-component, Apolipoprotein E, Nucleosome assembly protein 1-like 1,
Complement factor B, ERO1-like protein alpha, 2-oxoglutarate dehydrogenase-like, Thymosin beta 10 all are up-
regulation, all of them have potential to be prenatal diagnosis biomarkers for DS, and these biomarkers can further
reveal the pathogenesis of DS.
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Background

Down’s Syndrome (Down Syndrome, DS), trisomy of
chromosome 21, mongolism or DS is the most common
paediatric euchromosome aberration birth defect caused
by diseases [1] and is associated with a number of dele-
terious phenotypes, including cognitive impairment,
heart defects, childhood leukaemia and altered immune
responses [2]. These deleterious phenotypes are thought
to result from interactions between chromosome 21
(Hsa21) genes and Hsa2l genes interacting with other
disomic genes [2, 3].

As one of the most common birth defect genetic dis-
eases associated with chromosome aneuploidy, DS was
first completely described in 1866 by Dr. John Langdon
Down. It was confirmed that DS is caused by a chromo-
some abnormality in 1959 [4]. DS has a very high morbid-
ity; according to statistics, the incidence of DS is as high
as 1:700 among newborn babies [5]. At the present, there
are no effective prevention and treatment methods for the
disease. Traditional prenatal screening and prenatal diag-
nosis have some shortcomings, and new methods for
non-invasive prenatal diagnosis are restricted by various
factors in their clinical application. Amniotic cavity punc-
ture, chorion, and umbilical cord blood sampling of pre-
natal diagnosis are traumatic and lead to complications
such as bleeding, infection and spontaneous abortion [5,
6]. Additionally, traditional prenatal screening has a high
error rate and produces false positives [7]. The combin-
ation of alpha fetoprotein (AFP), human choionic gonado-
tophin (HCG), free estriol (uE3) and inhibin A is the most
popular method to screen for the disease. However, stud-
ies have shown that its detection rate is merely 60-75%
with a 5% false positive rate [8].

It is important to find a safe and effective screening
method. One such strategy is to look for new potential
biomarkers using non-invasive proteomic approaches.
Recent research on whole genome protein relative quan-
titation in maternal blood from pregnancies with DS foe-
tuses has shown that some proteins show significantly
different expression compared with normal maternal
blood, which provided a theoretical basis to identify spe-
cific DS foetal protein markers from maternal blood [9].
The umbilical cord is a bridge between the mother and
foetus where CO, and O,, metabolic waste, and nutrient
exchange occur. Hormones and proteins are also trans-
ferred from the mother to the foetus by the umbilical
cord. Thus, we chose umbilical cord blood to investigate
DS biomarkers because it may transfer proteins and
growth factors into the maternal circulation system. The
current study found that cell-free foetal DNA (cf-DNA)
can be used to screen pregnant women with trisomy 21
with a lower false positive rate than maternal serum
screening (MSS), which means better accuracy for de-
tecting DS [10].

Page 2 of 8

In our early work, we obtained proteome information
from umbilical cord blood plasma from mothers with
DS foetuses using Isobaric Tags for Absolute and Rela-
tive Quantitation (iTRAQ), which has been proposed for
the discovery of plasma biomarkers [11].

In this work, we selected 7 proteins that are clinically
significant and differentially expressed between umbilical
cord blood plasma from pregnant women with DS foe-
tuses and umbilical cord blood plasma from pregnant
women with healthy foetuses as candidate biomarkers.
We used Western Blotting to validate the candidates in
maternal plasma to identify new biomarkers for a DS
prenatal diagnostic and establish a new non-invasive
prenatal diagnosis method.

Methods

Clinical samples and ethics statement

Sixteen maternal peripheral blood samples were col-
lected from Shenzhen people’s hospital in this study. All
the women included in the study were between 26 and
46 years of age (mean of 30.0 years old) and were in the
metaphase stage of pregnancy (the 16th to 18th week of
gestation). Collected maternal blood from pregnant
women who accepted an Oscar Test was immediately
centrifuged at 12000 rpm/min for 15min. The plasma
was separated into two 1.5mL Eppendorf tubes and
stored at — 80 °C until further analysis.

Upon completion of the foetal karyotype, we had
plasma from 8 women carrying a DS foetus and 8
women with normal foetuses. As mentioned in their
medical files, all women used as controls gave birth at
term and had no pregnancy-related complications.

This study was undertaken with the approval of Shen-
zhen people’s hospital Human Subjects Review Commit-
tee, Guangdong, China. Written informed consent was
obtained from all the pregnant women who participated
in the study.

Candidate markers

We identified 7 proteins (Apolipoprotein E (ApoE),
ERO1-like protein alpha (EROI1L), Serum amyloid
P-component (SAP), Complement factor B, 2-oxogluta-
rate  dehydrogenase-like =~ (OGDHL), Nucleosome
assembly protein 1-like 1 (NAPIL1), and Thymosin
beta-10 (Tp10)) from proteome information and umbil-
ical cord blood plasma with a DS foetus [11] as candi-
date biomarkers according to their clinical significance
and differential expression in umbilical cord blood
plasma.

Antibodies

All primary antibodies used in this study were provided
by Abcam (Abcam Inc., Cambridge, MA, UK). The
GAPDH (internal control) antibody was obtained from
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Kangcheng (Kangcheng Inc., Shanghai, China) and the
secondary  antibody, peroxidase-conjugated  goat
anti-rabbit IgG, was obtained from southern biotech
(southern biotech Inc., Shanghai, China).

Total protein extraction

Double distilled water was added to plasma (1:1), shaken
well and placed on ice. Then, 5x loading buffer was
added and the solution was mixed and boiled for 10 min.
After recovery at room temperature, the sample was
centrifuged and stored at — 20 °C.

Preliminary protein sample quantitation

The standard sample was diluted according to Table 1
and the experimental sample was diluted 20 times. Then,
20 ul from each experimental and standard sample was
plated into a 96-well plate.

Next, 200 pl of working liquid was added to each well
and the plate was incubated for 30 min at 37 °C in the
dark. The following steps were performed according to
kit’s instructions (Nanjing KeyGEN Biotech. CO., LTD.,,
Nanjing, China).

SDS-PAGE, protein transfer and immunoblotting
Briefly, 15 pg of total protein lysate was loaded into pre-
cast 10-20% criterion SDS—-PAGE gradient gels (Land,
Guangzhou, China) and run under reducing conditions,
followed by transfer to PVDF membranes (MILLIPORE).
The membranes were activated in methanol for 5s
and rinsed with TBST for 5min (repeated three times)
before blocking (5% skimmed milk powder, 0.5% Tween
20, and 1x TBS [0.1M Tris—HCI and 0.5M NaCl0)
overnight at 4°C. The membranes were incubated with
primary antibodies at an appropriate diluted concentra-
tion for 2 h at 37 °C, followed by washing with TBST (re-
peated three times), incubation with the corresponding
secondary goat anti-rabbit IgG antibody for 1h at 37°C
and further washing. Then, chemical glow fluorescent
substrate was evenly placed on the surface of the mem-
brane and it was incubated for 5min and placed in the
cassette for imaging (medical X-ray film was obtained
from Kodak).

Table 1 the dilution of the standard sample

Vial Volume of Volume and source Final BSA
Diluent of BSA Concentration (ug/ml)
A 70ul H20 10ul BSA 250
B 40ul H20 40ul A 1251
C 45ul H20 30ul B 50
D 40ul H20 40ul C 25
E 40ul H20 10ul D 5
F 40ul H20 0
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Statistical methods

The SPSS 17.0 statistical software was used for the ana-
lysis. Using the t test, P<0.05 was considered statisti-
cally significant.

Results

The standard curve

The standard curve using BSA concentrations (x-axis)
and the OD value (y-axis) is shown in Fig. 1. From the
curve, we can see that the linear relationship is ideal,
with R%=0.9945 (R>0.98), suggesting that the protein
concentration can be detected.

The OD value of each sample’s total protein read from
microplate reader is shown in Table 2. The total protein
concentrations in the DS group were 27.677 pg/pl,
25.610 pg/pl, 27.456 pg/ul, 29.503 pg/pl, 30.015 pg/pl,
29.804 pg/pl, 29.804 pg/pl, and 30.236 ug/ul. The total
protein concentrations in the NC group were 29.222 ug/
ul, 29.042 pg/pl, 27.707 pg/ul, 28.871 pg/pl, 30.728 pg/l,
30.236 ug/pl, 29.042 pg/pl, and 29.403 pg/ul. We calcu-
lated the protein loading volumes for the DS group
(1.45ul, 1.56ul, 146l 1.36ul, 1.33pl, 1.34pl, 1.34 4],
and 1.32pl, respectively) and the NC group (1.37 pl,
1.38 pl, 1.44 pl, 1.39 pl, 1.30 pl, 1.32 pl, 1.38 pl, and 1.36 l,
respectively).

Western blot results

The expressions of the candidate protein markers are
shown in Fig. 2. There were obviously more bands in the
DS group than the normal control group (Fig. 2a, b),
and the DS group IOD value was higher (Fig. 2c). All
the P values were less than 0.05 (Table 3), as analysed by
t test, so there were statistical significances between the
DS and NC group candidates. OGDHL, SAP, ApoE,
NAP1L1, TP10, Complement factor B, and ERO1L were
differentially expressed in the maternal blood plasma,
with fold changes of 1.541, 1.336, 1.527, 2.188, 14.776,
2.567, and 14.776, respectively. Tp10 showed the most
obvious difference, with a fold change as high as 14.766,
followed by ERO1L, with a fold change of 11.1.

Discussion

At present, many studies have studied the relationship be-
tween proteome and DS by various molecular techniques.
Abdeldayem et al [12]. used Fisher score, Chi score, and
correlation-based subset to select the most important pro-
teins related to learning and memory from mouse model of
DS. Wong [13] et al. found that amyloid precursor protein
(APP) in DS placentas at RNA and protein levels had sig-
nificant overexpression by qPCR, western blot, and immu-
nohistochemistry. In this study, we reported on 7 proteins
(OGDHL, SAP, ApoE, NAP1L1, TR10, Complement factor
B, and EROIL), that have been proven to be differentially
expressed in umbilical cord blood from a pregnancy with a
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DS foetus [10]. The expression of each candidate protein
markers are shown in Fig. 2. It can be seen that the band of
each candidate protein marker in the DS group is signifi-
cantly more than that of the control group (Fig. 2a, b).The
results showed that the seven candidate biomarkers were
up-regulated in peripheral blood plasma from pregnant
women with a DS foetus (Fig. 2c and Table 3), The candi-
date biomarkers were also up-regulated in umbilical cord
blood from foetuses, showing basically identical results with
the mother. Consequently, all 7 proteins are potential DS
biomarkers.

ApoE, encoded by the Apolipoprotein E gene, contains
299 amino acids [14]. ApoE is present in most organs and
participates in lipoprotein catabolism. Studies have reported
that ApoE isomer specificity influences changes in nerve fi-
bres and amyloid plaques [15, 16]. A series of articles fo-
cused on neuropathology have reported that apolipoprotein
is associated with Alzheimer’s disease (AD). AD is a

degenerative disease of the central nervous system
characterized by progressive memory disorders, cognitive
dysfunction, personality changes, and language barriers.
Characteristic pathological changes also occur. For ex-
ample, cells promote amyloid deposition [ that causes age
spots and excessive phosphorylated tau protein that forms
tangles in nerve cells, while neurons inhibit glial cell hyper-
plasia [17]. Pathology research has shown that Ee4 is also
linked to Alzheimer’s disease [18]. It is generally accepted
that DS and early AD are related to the development of
nervous pathological lesions [19]. Apolipoprotein E and
nerve fibre changes in AD are associated with amyloid pla-
ques, which are also present in patients with DS. Thus, we
speculate that apolipoprotein E may be associated with the
occurrence of DS. Serum amyloid P-component, which is
composed of 233 amino acids, is a five polymer glycopro-
tein [20]. Serum amyloid P-component synthesis mainly
occurs in the liver and can interfere with lipoprotein

Table 2 Each sample’s total protein concentration and loading volume

Number DS NC
OD value total protein loading volume ul Number OD value total protein loading volume ul
concentration ug/ul concentration ug/ul

1 2.862 27677 145 1 3016 29222 137
2 2656 2561 1.56 2 2.998 29.042 1.38
3 2.84 27456 1.46 3 2.865 27.707 144
4 3.044 29.503 1.36 4 2.981 28871 1.39
5 3.095 30.015 1.33 5 3.166 30.728 13
6 3.074 29.804 1.34 6 3117 30.236 1.32
7 3.074 29.804 1.34 7 2.998 29.042 1.38
8 3117 30.236 1.32 8 3.034 29403 1.36
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Fig. 2 The relative expression level of each candidate protein in DS group and NC group (a, western blot detects the expression level of each
candidate protein marker in the DS group; (b), western blot detects the expression level of each candidate protein marker in the NC group; (c),
differential expression analysis of candidate protein markers in DS group and NC group)

metabolism by activating and adjusting the complement
system and participating in amyloid formation [21]. Serum
amyloid P-component has been found in atherosclerotic
plaques, the brains of patients with AD and type II diabetes
amyloid plaque deposits [22]. Palumbo et al. also found that
lipoprotein and serum amyloid P-component are present in
amyloid deposits at the same time [23]. Research by
Urbanyi et al. suggests that serum amyloid P-component
plays an important role in neurodegenerative diseases such
as AD. The research also suggests that DS is associated

Table 3 Differentially expressed analysis of protein marker

candidates

Name of IOD value Ratio t v Pvalue
protein DS NC

OGDHL 417515 2734311 1.527 3392 7 0004
SAP 1060.39 272.948 1.541 5241 7 0001
AopkE 931.223 1381596 1336 1432 7 0048
NAPTL1 1104.078  504.591 2.188 3164 7 0016
TB10 1000.59 67.761 14766 6381 7 O
Complement 919313 358.087 2.567 4104 7 0.005
factor B

EROTL 2639.731 237812 1.1 5571 7 0001

with neurologically degenerative diseases [24]. This finding
suggests that serum amyloid P-component may be associ-
ated with the pathogenesis of DS.

OGDHL is encoded by the OGDHL gene. The corre-
sponding gene is localized in the q shoulders (cytogen-
etic band 10q11.23, OGDHL) of the 10th human
chromosome [25]. OGDHL is a functionally active isoen-
zyme of oxoglutarate dehydrogenase (OGDH) and is
present in brain tissue [26]. OGDHL and OGDH, which
are components in the multienzyme OGDH complex
(OGDHC), are preserved during purification and show
comparable quantities to OGDH, which is the first and
rate-limiting component in the multienzyme (OGDHC)
whose malfunction is associated with neurodegeneration.
Bunik [27] et al. analysed the non-parametric multipoint
linkage of a high-resolution genome screen of 437
Alzheimer disease families and showed Alzheimer’s dis-
ease linkage with the chromosome locus 10p14. In this
study, OGDHL is upregulated, and its over expression
may be associated with the pathogenesis of down’s
syndrome.

Thymosin 10 (TB10) is a natural small molecule poly-
peptide that is widely distributed in many tissues with
proven biological activities as an actin-sequestering
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protein involved in cell motility [28]. TB10 is associated
with cell proliferation, cell morphology, cell migration
and endocytosis, as well as participating in cytoskeleton
assembly and presence [29]. TP10 is differentially
expressed in embryogenesis and neurogenesis. Anadon
[30] reported that 13-thymosin shows high expression
levels in both process formation and in motor neurons,
whereas its expression in adu neurons drops to un-
detectable levels in the developing rat cerebellum [31].
In recent years, Thymosin beta 10 has been reported to
be associated with cancer biology [32]. In this study, we
believe that TB10 overexpression may be associated with
cognitive impairment in DS patients. Our results showed
that the expression differences in TP10 could have sig-
nificance for prenatal screening and the diagnosis of DS.
NAPI1L1 belongs to the nucleosome assembly protein 1
(Nap1) family. NaplL1 and Napl are highly homologous
and are both histone molecular chaperones. It can also
import histones into the nucleus, combine with DNA, and
participate in gene transcriptional activation and mitosis
[33]. Steer et al. reported that Xenopus NAP1L mRNA is
predominantly expressed in oocytes than in adults, and it
becomes progressively tissue-restricted as embryonic de-
velopment progresses, suggesting that Nap1L1 is a mater-
nal mRNA and has a prominent role in early development
[34]. There are also some reports said that NaplL1 plays
an important role in the development of cardiac or stem
cells that differentiate into myocardial cells. A study found
that myocardial cell differentiation inhibits the expression
of Nap1L1 in in vitro models and can promote iPS cell dif-
ferentiation into myocardial cells, which may play a role
by adjusting Notch signal channels [35]. Though NAP1L1
has been associated with embryonic development and the
differentiation of myocardial cells, it has yet to be further
studied to prove whether it is associated with DS.
Complement factor B, which is composed of 764
amino acids, is synthesized mainly by the liver and mac-
rophages, plays an important role as a C3 convertase
and is a complement system specificity factor that ap-
pears to bypass the activated pathway [36]. Strohmeyer
et al [37]. reported that complement factor B is present
in the frontal cortex in AD patients and its concentra-
tion is significantly increased, indicating the activation of
the alternative pathway and suggests the favourable al-
ternative pathway activation of chronic diseases found in
Alzheimer’s patient brains [38]. Research has also found
that complement factor B was significantly increased in
peripheral blood serum from pregnant women with DS
foetuses. Additional studies suggested that complement
factor B is associated with brain diseases and that there
is a connection between DS and the complement system
[39]; thus, it is speculated that complement factor B may
be associated with brain damage in down’s syndrome. In
our study, the concentration of complement factor B in
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maternal blood plasma from a mother with a DS foetus
was also significantly increased. Thus, we can assume
that this protein can be used as a potential marker for
DS prenatal diagnosis.

ERO1-L, is a flavoprotein that is mainly present in the
endoplasmic reticulum; it is encoded by a gene located
on chromosome 14 in humans [40]. ERO1-L-promoted
endoplasmic reticulum stress can cause Ca’* release,
which triggers the apoptosis pathway. Studies have
shown that ERO1-L and induced nitric oxide synthase
(iNOS) participate in oxidative stress and inflammation
induced by microglia [41, 42]. Neurons and oxidative
stress induced by microglia are the main factor for the
pathogenesis of neurodegenerative diseases such as Par-
kinson’s disease and Alzheimer’s disease [43]. AD often
occurs in the DS patients at the age of thirty [44]; thus,
ERO1-L a may be associated with pathogenesis of the
DS, especially being related to cognitive impairment in
patients with DS. In this study, ERO1-L in maternal
plasma from mothers with a DS foetus was 2639.731,
and 11.1 times higher than the control group. These sig-
nificant differences in expression make it a potential bio-
marker for prenatal screening of DS.

Conclusion

We reported were up-regulated in DS foetal cord blood
plasma and in maternal plasma from pregnant women
with DS foetuses, demonstrating that the proteins have
clinical significance. Thus, we believe the 7 proteins can
be biomarker proteins for prenatal screening for down’s
syndrome. More testing and validation are needed for
the application of these 7 proteins in the clinical as well
as clarifying the pathogenesis of DS. These data will
allow for the early diagnosis of DS. Absolutely, there are
many popular molecular techniques that can be used to
detect prenatal diagnostic markers such as Fisher score,
Chi score, and correlation-based subset [12]. We will
consider using these molecular techniques for further
research.

The proteins serum OGDHL, SAP, ApoE, NAPILI,
TPR10, Complement factor B, and EROIL are all
up-regulated and have the potential to be prenatal diag-
nosis biomarkers for down’s syndrome. Moreover, these
biomarkers can further reveal the pathogenesis of DS.
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