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Abstract
Background: Current study focused on discovering protein biomarkers from the maternal serum of βthalassemic trait mothers carrying the normal fetus and β-thalassemic major fetus.
Method: Serum samples from β-thalassemic trait mothers carrying major (N=5) and normal fetuses
(N=5) were studied. IVS1-5 thalassemia mutation was common among β-thalassemic trait mothers
who were carrying homozygous β-thalassemic fetus (IVS1-5/ IVS1-5 mutation) or normal fetus (no
mutation). We employed two-dimensional gel electrophoresis and mass spectrometric analysis to
explore differentially expressed maternal serum proteins from thalassemia carrier couples having the
same β-thalassemia mutation. Western blotting was performed for one of the identified proteins to
validate our data.
Results: Ten proteins were identified in maternal serum of β-thalassemic trait mothers carrying the βthalassemic major fetus and normal fetus. Among these, Serotransferrin, Haptoglobin, Alpha-1 antitrypsin (A1AT), Apo-lipoprotein A1, and Fibrinogen-beta chain were found to be up-regulated in
mothers carrying major fetuses and are known to be associated with pregnancy-related disorders. The
expression of A1AT was validated through western blotting.
Conclusion: Proteins identified in the current study from maternal serum are reported to contribute to
hereditary disorders. We suggest that these can serve as putative screening markers for non-invasive
prenatal diagnosis in β-thalassemic pregnancies.
Keywords: IVS1-5 Mutation, Maternal Serum, Prenatal Diagnosis, β-Thalassemic Major Fetus.

Key notes


Current methods used for prenatal diagnosis of β-thalassemia are risky.



We used proteomics approach to study maternal serum of β-thalassemic trait mothers carrying β-



thalassemia major and normal fetuses.
Proteomics may offer a Non-invasive prenatal testing method to screen β-thalassemia major and
normal fetus when both parents have the same IVS1-5 mutation.
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Introduction
β-thalassemia is a genetic disorder caused due to deficiency or absence of β globin resulting in mild or
severe anemia. β-thalassemia major has heterozygous beta chain mutations whereas β-thalassemia
minor patients are heterogynous with one normal copy of the β-globin gene having mild clinical
symptoms1. In Pakistan, approximately 5-7% of the population is β-thalassemia carriers 2. The only

cure for β-thalassemia is bone marrow transplantation, which is difficult and expensive 3. To control
the situation, secondary prevention strategies including carrier screening, genetic counseling, and
prenatal diagnosis for β-thalassemia carrier mothers has been implemented 4.
Prenatal diagnosis of β-thalassemia is currently conducted through amniocentesis at 16-18 weeks and
chorionic villus sampling (CVS) between 11 and 14 weeks gestation. However, they are invasive
procedures and carry a high risk for both mother and fetus 5. Since the last decade, focus has been
shifted to the development of non-invasive prenatal diagnosis (NIPD) procedures through estimating
circulating cell-free fetal DNA (cffDNA) in the plasma and serum of pregnant women 6,7.
NIPD using cffDNA has a significant limitation when both the parents carry the same mutations. In
this case, if a fetus is only carrier and also has inherited the same maternal mutation then it cannot be
surely considered as fetal mutation, because maternal mutation can also be detected in maternal
plasma after the release of mother’s own cells, irrespective of fetal mutational status. NIPD using
cffDNA only perfectly works in a condition when the father and mother both are carrier of different
mutations, using exclusion approach of paternal mutation in the fetus as the paternal mutation cannot
be detected in maternal plasma.8, 9

IVS1-5 is the most common β-thalassemia mutation in Pakistan.10 Therefore, most of the couples
share the same mutation, and it is impossible to distinguish maternal mutation from fetal and paternal
mutation. Currently, thalassemic status of a fetus is diagnosed through an invasive procedure by
analyzing fetal DNA from amniotic fluid or CVS of a fetus11,12. Mass-spectrometric proteomics
techniques offer innovative opportunities to study the distribution of proteins present in fluids and
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tissues13. It has potential to investigate specific protein markers from maternal serum for the diagnosis

of fetal chromosomal abnormalities, pregnancy-related complications.14

The objective of the current study was to explore β-thalassemic carrier maternal serum proteome to
compare differentially expressed proteins in mother’s carrying β-thalassemia major and normal
fetuses. Although limited set of samples were analyzed, we believe our data can serve as a starting
point for larger case studies.

Material and methods
The study was conducted after approval from the Institutional Bioethics Committee (IBC), University
of Karachi (IBC KU-91/19). Samples were collected from “Omair Sana Foundation”, after getting
informed consent. All procedures were conducted following Helsinki guidelines 15. Clinical details of
β-thalassemic mothers are given in Table 1. The study group comprised of β-thalassemia trait mothers
carrying β-thalassemia major fetuses (MSTF) (N=5) and β-thalassemia trait mothers carrying normal
fetuses (MSNF) (N=5). Fetal IVS1-5 homogeneous mutation was checked in CVS tissues through
single ARMS-PCR for the diagnosis of the β-thalassemia10. Serum was separated from three ml
venous blood sample and stored at -80 °C until further analysis.
Removal of abundant proteins
Abundant proteins were depleted using ProteoExtract® Albumin/IgG Removal Kit (Merck-Millipore).

Total protein concentration was estimated using the BCA assay kit (Pierce BCA protein assay,
Thermo Scientific) followed by protein precipitation by ReadyPrep 2-D cleanup kit (Bio-Rad
laboratories USA).
Two dimensional gel electrophoresis (2-DE)
Precipitated protein (~ 80µg) from each sample was solubilized in 2D rehydration buffer and applied
on IPG strips 3-10 NL (Bio-Rad) through passive rehydration. For first dimension, Isoelectric
focusing (IEF) was conducted on Multiphor II (GE Healthcare) system while in second dimension,
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proteins were separated using SDS PAGE in a vertical system (BioRad). Coomassie brilliant blue G250 was used for staining.
Image analysis
PDQuest software (BioRad) was used for comparing protein expression patterns from the gel images.
Intensities of all spots were analyzed using t test comparing groups. p<0.05 was considered as
statistically significant. Differentially expressed protein spots were excised using EXQuest Spot cutter
(Bio-Rad).
Mass spectrometry analysis
For MS/MS analysis, in-gel digestion of differentially expressed protein spots was performed. Gel
spots were incubated in 10 mM DTT for 45min and then in 55mM iodoacetamide followed by
digestion with 2ng/µl trypsin (Promega). Reconstituted dried peptides were subjected to Mass
spectrometer (Impact II UHR QqTOF, Bruker) for MS/MS analysis. The MGF files were generated
using Bruker Compass Data Analysis software version 3.0.
Data analysis using mascot
MASCOT database search engine was used for protein identification against the Swiss-Prot database
(protein database). Only statistically significant (p<0.05) hits were reported as identified proteins.
Western blot for A1AT
Western blot was performed to validate the expression of Alpha 1 anti-trypsin (A1AT). 20µg total
protein was applied on 12% SDS–PAGE followed by transfer of protein bands to the PVDF
membrane. After blocking, membrane was incubated with 1:100 Rabbit A1AT polyclonal Antibody
(PAB697Hu01, Cloud-Clone Crop) overnight followed by incubation with 1:2000 HRP-Linked
Caprine Anti-Rabbit IgG Polyclonal Antibody (SAA544Rb19, Cloud-Clone Crop.) Blot was
visualized using diaminobenzidine while for imaging, a gel scanner (Micro Teck- Bio 6000) was
employed.
String interaction database
STRING database (https://string-db.org) was used to determine the protein-protein interaction of
identified proteins with others functional interacting proteins.
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Results
The study was conducted on β-thalassemia carrier mothers carrying β-thalassemia major fetuses
having homozygous mutations and normal fetuses having no thalassemia mutation. Clinical details of
the β-thalassemia carrier mothers are shown in Table 1. After two-dimensional gel electrophoresis, all

gels were analyzed using PDQuest software. A total of 75 ± 11 and 65 ± 15 proteins were observed in
maternal serum of β-thalassemia carrier mothers having major and normal fetuses, respectively.
Sixteen spots were found to be consistently upregulated in maternal serum of mothers carrying major
fetuses at a significance level of p<0.05. Figure 1 shows two-dimensional gel patterns of maternal
serum from β-thalassemia carrier mothers having major fetuses and normal fetus depicting
differentially expressed spots. Labeled spots were subjected to MS/MS analysis and were identified
using the MASCOT search engine. Among multiple matches, proteins having high sequence coverage
along with the perfect match with iso-electric point and molecular weight were chosen. The list of
identified proteins is given in Table 2.
For validation, Western blot analysis of AIAT was performed. We found up-regulation of A1AT in
maternal serum mothers carrying the β-thalassemic major fetus, thus confirming our earlier
observation (Figure 2).
STRING database was used to perform protein-protein interaction analysis of identified proteins.
Most of the differentially expressed proteins were found to be linked with each other except GLP2R
and LIRF1, which did not show interaction to any other identified protein. String analysis showed a
strong association of HP, FGB, A1AT/SERPINA1, APOA1, TF, ACTR3 and ALBU with each other,
suggesting their interactive role in pregnancy and fetal growth and development. Although ACTR3
showed interaction with TF, but its role in pregnancy is yet unknown. The database had no result for
the IGLC2, therefore it was excluded. (Figure 3).

Discussion

This article is protected by copyright. All rights reserved

Accepted Article

Prenatal diagnosis of β-thalassemia is currently implemented on fetal samples through CVS at 11–14
weeks of gestation. CVS procedure carries a high risk of miscarriages and maternal cell
contamination 11. Mass spectrometric (MS) techniques have facilitated comparative analyses of biofluids from healthy and disease-affected patients for the identification of specific biomarkers 16. Thus,
the proteomics approach can be used for NIPD to identify differentially expressed pregnancyassociated proteins for the detection of fetal abnormality. Comparative proteome analyses of maternal
serum from pregnant mothers carrying Down syndrome affected fetuses and normal fetuses have been
conducted to study disease-specific potential protein biomarkers17-19. Pursuing a similar approach, we
aimed to identify differentially expressed proteins in maternal serum of β-thalassemia trait women
carrying β-thalassemia major and normal fetuses.

In the current study, we found ten differentially expressed proteins in maternal serum of β-thalassemia
carrier women having major fetuses as compared to β-thalassemia carrier women carrying the normal
fetus. One of our identified protein is Serotransferrin (TF), which is a well-known iron-binding
protein responsible for iron transport from maternal serum to the fetus through the placental receptormediated process20. Our data indicate elevated levels of TF in β-thalassemia carrier mothers carrying
major fetuses as compared to those carrying the normal fetus. The increase of TF in maternal serum
can be correlated with the increasing demand for iron in fetoplacental unit 21, thus justifying the
higher levels identified in our study. The elevated level of TF is studied as a biomarker in maternal
serum and amniotic fluid of the DS fetus and is associated with intra-amniotic infection and in
chromosomal anomalies of the fetus18.
Alpha 1 anti-trypsin (A1AT) is an acute phase response protein that acts as an anti-inflammatory
agent22. In our study, A1AT was found to be up-regulated in group of women carrying the major

fetus. Similar pattern was reported in DS pregnancies, and it was argued that it could be due to the
inflammation linked with abnormal fetal genetic constituents19. The up-regulation of A1AT in the
maternal serum of β-thalassemic mothers carrying a major fetus was also confirmed by western blot
analysis. Therefore, an elevated level of AIAT in β-thalassemic maternal serum is likely to be
associated with abnormal fetuses.
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Elevated level of Apo-lipoprotein A1 (apoA1) is observed during pregnancy which is estrogensensitive23. An elevated level of apoA1 can have multiple clinical implication and may help in
evaluating fetal status since it is involved in embryonic development and growth24. ApoA1, therefore,
is considered as an indicator of maternal-fetal complications linked with pregnancies in DS19. We also
found up-regulated ApoA1 in β-thalassemic carrier mothers carrying major fetuses suggesting its role
in fetal complications.
Haptoglobin (Hp) is known as an acute-phase reactant that has antioxidant and immune-modulatory
properties and is found elevated in inflammation or trauma condition 25. Hp might have an important
role in the reproduction process. It is reported that haptoglobin might also contribute to immune
response inside the uterus of pregnant women and is required to maintain the fetoplacental unit 26. The
results of our study show increased Hp in β-thalassemia carrier mothers carrying major fetus. Similar
results were observed in the maternal serum of women having DS pregnancies19.
Another protein identified in our study is the Fibrinogen beta chain (FIBB). It is a well-known acutephase protein that is increased in many conditions. Alteration in the fibrinogen level in maternal
serum can be due to genetic and environmental factors27. Results of our study show increase level of
fibrinogen β-chain in β-thalassemia carrier mothers carrying major fetus as compared to normal fetus
Elevated level of fibrinogen is also found in defected amniotic fluid DS pregnancies 28.
We report up-regulation of Ig lambda-2 chain C region (IGLC2), Actin-related protein T3, Liganddependent nuclear receptor-interacting factor 1 (LRIF1), glucagon-like peptide 2 receptor (GLP2R) in
the serum of women carrying a major fetus. The role of these proteins, however, has not been
identified in pregnancy and β-thalassemia to date.
Current study presents the first proteomic profiling of maternal serum of β-thalassemic minor women
carrying β-thalassemia major and normal fetuses. Identified proteins are mainly involved in fetal

growth and development during the first trimester of pregnancy. It is not surprising to note that these
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are also suggested as biomarkers in maternal serum of DS pregnancies17-19. Although co-occurrence
of β-thalassemia and Down syndrome is rare29, the identification of common markers still is
interesting. This, however, could be a limitation of our study and more investigations are required to
identify β-thalassemia specific markers. We suggest that NIPD of the β-thalassemic fetus is possible
through proteomics by identifying differentially expressed proteins in maternal serum of women. Our
study provides preliminary data and more studies on a larger dataset are required to establish noninvasive biomarkers for fetal screening using a proteomics approach.
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Table 1: Clinical data of β-thalassemic carrier mothers

Parameters

Mother carrying major fetus

Mother carrying normal fetus

Number of mothers

5

5

Age

24.2 ±3.7 years

25.4±3.2 years

Gestational week

12.8 ±1.8

11.6 ±2.1

Hb

10.2g/dL

10.4 g/dL

MCV (mean corpuscular value)

67.0 fL

65.2 fL

β-thal mutation of mother

IVS1-5

IVS1-5

β-thal homozygous Mutation of fetus

IVS1-5 / IVS1-5

No thalassemic mutation
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Table 2: List of up-regulated proteins in maternal serum of β-thalassemic trait mothers carrying major
fetus.

Spot Identified Proteins

1

GENE
Name

UNIPROT Score

Haptoglobin component-2

HPT

Haptoglobin component-3

HPT

Haptoglobin component-4

HPT

5

Serotransferrin

TRFE

P02787

6

Serotransferrin

TRFE

P02787

7

Alpha 1 anti-trypsin

A1AT

P01009

8

Apo-lipoprotein A1

APOA1 P02647

9

Serum albumin

ALBU

P02768

10

Serum albumin

ALBU

P02768

4
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290

69.9 %

0.048771

300

58 %

0.004329

232

50 %

0.049996

120

29 %

0.028967

550

30 %

0.015083

230

19.6 %

0.036498

955

71 %

0.00032

926

62 %

0.043847

553

5.92 %

0.001381

126

16.7 %

0.026629

Number

HPT

3

P-Value

Accession

Haptoglobin component-1

2

Coverage

P00738
P00738
P00738
P00738

Accepted Article
11

Actin-related protein T3

ARPT3

P61158

12

Ligand dependent interacting factor 1

LRIF1

Q5T3J3

13

Ig λ-2 chain C region

1GLC2

P0DOY2

14

Ig λ-2 chain C region

1GLC2

P0DOY2

15

Glucagon like peptide 2 receptor

GLP2R

O95838

16

Fibrinogen beta chain

FIBB

P02675
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24

3%

0.003734

15

0.9 %

0.019336

30

58 %

0.002328

114

50 %

0.011998

20

3.9 %

0.000187

340

49 %

0.019584
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Figure legends:
Figure 1: Representative two dimensional gel showing differential protein expression in maternal
serum of β-thalassemic major fetus (A: MSTF), normal fetus (B: MSNF). Identified proteins are

encircled.
Figure 2: Western blot analysis of A1AT in maternal serum of mothers having β-thalassemic major
fetus (MSTF) and normal fetus (MSNF). Graph shows band intensity for MSTF and MSNF.
Figure 3: Network analysis of differentially expressed serum proteins as obtained from STRING.
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