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Abstract 

Background: Down Syndrome (DS) affects 3 per 1000 births and is a significant 
cause of fetal loss. Currently screening tests detect ~85% of affected pregnancies, 
with a 5% false-positive rate, whilst diagnosis requires invasive tests such as 
amniocentesis which is associated with a ~1% risk of miscarriage. More effective 
screening methods, or Non Invasive Prenatal Diagnosis (NIPD) methods, are 
required to reduce the need for invasive diagnostic tests.  
Aim: This study aims to investigate inter-alpha trypsin inhibitor heavy chain 4 (ITIH4) 
as a potential biomarker in DS pregnancies.  
Method: Samples include 8 non-pregnant controls and 7 pregnant women known to 
be carrying a DS fetus. 1D Western Blot analysis was carried out on all plasma 
samples, and 2D Western blot (2-DE) was subsequently carried out on samples of 
interest. Real-time PCR was undertaken to determine the sex of the fetuses.  
Results: 125kDa ITIH4 was identified in all samples using Western Blot analysis. 
ITIH4 is cleaved by kallikrein into a 35kDa fragment and a 100kDa fragment which is 
rapidly cleaved to yield a 70kDa fragment. Results for DS samples KC05 and KC06 
suggested only the 35kDa fragment was present, whilst all other samples 
demonstrated the presence of the full 125kDa ITIH4 protein, as well as the presence 
of the 35kDa fragment in some cases. DS samples KC01 and KC05 underwent 2D 
Western blot. Results for KC05 again only presented the 35kDa fragment, whilst 
KC01 presented both the fragment and full ITIH4 protein in contrast to the previous 
1D Western Blot which had only demonstrated the presence of the full ITIH4 protein.  
All DS fetal genders were successfully identified. 
Conclusion: ITIH4 was successfully identified using the 1D and 2D Western Blot, in 
all samples. Reasons for the presence of different fragment of ITIH4 in different 
plasma samples remain unclear and require further investigation. Further research 
needs to be undertaken to compare euploid samples with known trisomy samples on 
a larger scale to identify whether ITIH4 could be an effective biomarker in DS 
screening.  
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Introduction  
Down Syndrome (DS) occurs in 1-3 per 1000 births (including terminations) [1]. As 
25% of DS foetuses in the second trimester do not survive to term, the occurrence is 
significantly higher, with an even greater loss from the first trimester [2]. Currently, 
prenatal screening tests for DS involve assessing the levels of a combination of 
maternal serum markers, including human chorionic gonadotropin (hCG), 
pregnancy-associated plasma protein-A (PAPP-A) [3], alpha-fetoprotein (AFP)[4], 
inhibin A [5] and unconjugated estriol (uE3) [6] and measuring fetal nuchal 
translucency thickness using ultrasonography at 10-14 weeks gestation[3]. These 
methods have a detection rate of 80-87% and an associated 5% false-positive 
rate[7]. However, these methods are not diagnostic and a positive test means 
parents will be offered invasive procedures including amniocentesis after 15 weeks 
gestation or chorionic villus sampling (CVS) between 11 to 14 weeks gestation [8]. 
These invasive procedures are associated with an ~1% risk of miscarriage[9], 
potentially to a healthy fetus falsely diagnosed as at risk through current screening 
methods.  

Noninvasive Prenatal Diagnosis 
The risks associated with the invasive procedures described above highlights the 
need for early Noninvasive prenatal diagnosis (NIPD) that can be offered routinely as 
part of antenatal care [10]. After free fetal DNA (ffDNA) was shown to be present in 
maternal plasma and serum by Lo et al.,[11] using real-time PCR, and through 
advances in molecular techniques, the reality of using NIPD routinely is getting 
closer [10]. Nucleated red blood cells (NRBC), trophoblasts and CD34+ 
hematopoietic progenitors  have all been proven to be present within the maternal 
circulation, however, their application for clinical testing has been limited due to 
difficulties in reproducible techniques [12]. The methods for isolation of fetal cells, 
including Magnetic-based separation systems (MACS) and flow-sorting separation 
systems (FACS) also need to be improved before fetal cell analysis can have clinical 
applications [13].  

Dhallan et al., [14] identified two out of three DS samples, with fetal DNA 
distinguished from maternal DNA through single nucleotide polymorphisms (SNPs). 
Fetal DNA was enriched using formaldehyde [15][14]. However, there is a significant 
amount of controversy surrounding the efficacy of this method [16][17][18]. 
Nonetheless, Lo et al., [19] was able to use PCR amplification to determine the ratio 
of SNPs in PLAC4 mRNA (expressed by the placenta and transcribed from 
chromosome 21). From this it was possible to determine chromosome dosage 
(Figure 1) and determine DS in 90% of affected heterozygous fetuses. Fan et al., 
[20] sequenced ffDNA using high-throughput shotgun sequencing direcly from 
maternal plasma. Through this it was possible to measure the over and 
underrepresentaiton of the chromosomes in the fetus, this enabled 100% of DS 
fetuses to be detected. A significant advantage of these two methods is that they are 
polymorphism independent, unlike previous work by Dhallan et al., [14]. However, 
currently these methods have only been tested on a small scale. Chiu, et al., [21] 
has recently begun large scale validity trials that have used multiplexed maternal 
plasma DNA sequencing analysis to detect trisomy 21 fetuses with 97.9% specificity 
and 100% sensitivity, suggesting the suitability for them to be used clinically with the 
potential to reduce the need to invasive diagnostic procedures by 98%.  
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DS Biomarkers 
Whilst other methods involving ffDNA are improving, the use of biomarkers is still the 
current clinical method and therefore identifying proteins that are differentially or 
preferentially expressed in a disorder such as DS is useful for the development of 
rapid, sensitive and potentially diagnostic assays[22]. A complex interaction and 
balance of intracellular and extracellular signals affects the progression of pregnancy 
through to delivery, and it is thought that fetal abnormalities such as DS are able to 
disturb this balance [23]. Nagalla et al., [24] highlighted differences between protein 
abundance in DS serum samples when compared to the controls, within the first and 
second trimester. A long term goal of the Special Non-Invasive Advances in Fetal 
and Neonatal Evaluation (SAFE) Network of Excellence (NoE) is to identify a panel 
of biomarkers that are more informative than current DS markers, therefore 
increasing the detection rate and decreasing the need for invasive diagnostic tests. 
With the advances in proteomic techniques there is an opportunity to identify such 
biomarkers and improve prenatal screening or to potentially find diagnostic markers 
[10].  Michel et al., [25] identified 36/49 proteins from both amniotic fluid (AF) and 
maternal plasma, demonstrating that noninvasive methods of acquiring samples 
could become as useful as those obtained through invasive means and without the 
risks of unneccesary miscarriage. However, as described above current screening 
methods use serum and there is variation in the use of either plasma or serum 
across many studies involved in biomarker detection. Whilst serum has cells and 
clotting factors removed through clot formation, leaving just proteins and other 
molecules representative of the whole body system, plasma includes cellular 
material and clotting is prevented through the presence of anticoagulants such as 
EDTA [26].  

Several studies have used proteomic analysis on both serum and plasma to identify 
differentially expressed protein markers in DS. Kolialexi, et al., [27] analysed second 
trimester plasma samples using two-dimensional gel electrophoresis (2-DE) and 
matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-
TOF-MS)  to identify nine differentially  expressed proteins. Whilst Tsangaris, et al., 
[28] identified seven proteins as differentially expressed in the second trimester of 
DS pregnancies compared with the control, again using 2-DE and MALDI-MS. 
However, this was carried out on amniotic fluid and therefore does not fulfil the role 
of a NIPD method, nonetheless it could be used to highlight potential biomarkers to 
investigate within maternal blood.  

Nagalla et al., [24] investigated the presence of biomarkers in maternal serum for 
both the first and second trimester, which could have a significant role in future early 
DS screening programmes. Fluorescence 2-D gel electrophoresis (2D-DIGE), 2-D 
liquid chromatography-chromatofocusing (2D-CF) and  MALDI-TOF-MS were used 
to identify over 50 proteins that were differentially expressed betweem DS and 
control pregnancies. Kolla et al., [29] used a more novel approach involving isobaric 
labelling (iTRAQ) in conjunction with mass spectrometry using MALDI TOF/TOF with 
plasma samples from the first trimester. This again, identified approximately 50 
proteins that were either up- or down- regulated in DS pregnancies. However, these 
were not all in conjunction with Nagalla et al [24]. These studies have all highlighted 
the ability to identify potential biomarkers, however, more large scale studies need to 
be carryed out to identify whether they could be used clinically. Nonetheless, Kolla et 
al., [29] and Nagalla et al., [24] identified inter-alpha trypsin inhibitor heavy chain 4 
(ITIH4) as being upregulated in DS pregnancies, with Nagalla et al [24] highlighting a 
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3. Results

3.1. Commercial Rat and Mouse Antibodies Cross-React with M. natalensis T Cell Receptors and
Intracellular Cytokines

Commercial rat and mouse antibodies against T cell receptors (CD3, CD8, CD4)
and effector molecules (TNF-� and IFN-  ) were evaluated for their cross-reactivity with
M. natalensissplenocytes (Table 3). Spleens fromM. natalensiswere harvested and stained
with T cell receptor antibodies from different clones and analyzed by �ow cytometry. We
found that M. natalensisCD3 and CD8b receptors were recognized by rat anti-CD3 clone
CD3-12and rat anti-CD8b clone 341, respectively. No CD4 antibodies tested in this study
cross-reacted with M. natalensissplenocytes (Table 3). In addition, we could demonstrate
that M. natalensisIFN-  and TNF-� cytokines were recognized by rat anti- IFN-  , clone
DB-1, and mouse anti- TNF-� clone MP6-XT22,respectively (Table 3).

Table 3. Antibodies tested in this study.

Speci�city Antibody Conjugate Clone Reference Vendor
Cross-React with

Mastomys

Mouse

Puri�ed
anti-mouse CD4

N/A GK1.5 100401 Biolegend No

CD3e PE 145-2C11 100307 Biolegend No
CD8a APC 53.6.7 100711 Biolegend No
IFN-  APC XMG1.2 505809 Biolegend No

TNF- �
Brilliant Violet

785
MP6-XT22 506341 Biolegend Yes

TNF- � PE MP6-XT22 12-7321-41 eBioscience Yes

Rat/Human/
Mouse

CD3 FITC CD3-12 MCA1477F Bio-Rad Yes

Rat CD3 FITC G4.18 559975 BD No
Puri�ed anti-rat

CD8b
N/A 341 200702 Biolegend Yes

CD8b PE eBio341 12-0080-82 ThermoFisher No
CD8a APC G28 200609 Biolegend No
CD8a BV421 OX-8 740041 BD No
CD8b BV421 341 742915 BD No

Puri�ed anti-rat
CD8a

N/A OX-8 201701 Biolegend No

Puri�ed anti-rat
CD4

N/A W3/25 201501 Biolegend No

CD4 BV786 OX-35 740912 BD No
CD4 BV786 OX-38 743093 BD No
CD4 APC W3/25 201509 Biolegend No

IFN-  AF647 DB-1 562213 BD Yes
IFN-  PE DB-1 559499 BD Yes

Rat/mouse/rabbit TNF-� PE TN3-19.12 559503 BD No

Note: antibodies that recognized M. natalensisare highlighted in bold.

3.2. ConA Mitogen Ef�ciently Induced M. natalensis T Cell Proliferation In Vitro

ConA [ 41,42], PHA [ 43–45], and LPS [46,47] are the most commonly used mitogens
targeting lymphocytes as they do not require antigen presentation to activate T cells and
have been used to describe general immune responses, such as proliferation and cytokine
production, in these cell populations. To optimize the in vitro assay for the induction of T
cell proliferation and differentiation into mature effector cells, spleens from M. natalensis
were harvested and stimulated with these three mitogens and T cell proliferation was
measured at different time points (0, 3, 4, 5, and 6 days) post-stimulation. Recombinant
mouse IL-2 was added to a subset of these samples to assess the impact of IL-2 signaling
on activated cell survival, which by itself failed to stimulate T-cell proliferation. The CTV-














