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Abstract

In this report we’ve compared the plasma pro-
tein profiles of 4 individuals in a family. Father
and the younger son both are hemoglobin (Hb)
Eb-thalassemic {Cod 26 (G-A)/IVS 1-5 (G-C)},
but the father never requires transfusion,
whereas the younger son requires monthly blood
transfusion. Mother and the elder son are HbEE
{Cod 26 (G-A)/Cod 26 (G-A)} without any histo-
ry of transfusion. Proteomic study was done on
the plasma fraction of the blood following ammo-
nium sulphate precipitation. Proteins were sep-
arated by 2D-gel electrophoresis, expression of
proteins compared by densitometry and proteins
identified by tandem MALDI mass spectrometry.
Proteins responsible in hemolysis, hypercoagu-
lation and hemoglobin scavenging have shown
differential regulation, establishing the relation
between the differences in the levels of plasma
proteins with the progression of the disease
phenotype, manifested in the extent of transfu-
sion dependence of the patient. 

Introduction

The hemoglobin (Hb) E-b is one of the com-
monest forms of hemoglobinopathies world-
wide.1 The HbE mutation is located near the
junction between the first exon and the first
intron of the b-chain gene. Nucleotide
sequence change near the consensus splice
site region activates a cryptic splice site, which
is not normally used for mRNA processing.
This new splice site competes with the normal
splice site. Some mRNAs are still processed
using the normal splice site and thus produce
a protein with a Lys instead of a Glu at position
26. The variant (HbE) is thus innocuous in its
heterozygous and homozygous states.2 The pri-

mary clinical importance of HbE trait arises
when the bE allele interacts with other b-tha-
lassemia mutations leading to a moderate to
severe anemia known as HbEb-thalassemia.3

In this paper we are presenting a classical case
which shows that, not only different b-tha-
lassemia mutations can give rise to variety of
clinical consequences, but also same b-tha-
lassemia mutation upon interacting with bE

allele can lead to variety of clinical manifesta-
tion of the disease condition. Here, two mem-
bers of the family (the father and the younger
son) even after having identical b chain muta-
tion, shows marked difference in terms of clin-
ical severity and transfusion requirement. 

Materials and Methods

We describe clinical details of a thalassemic
family showing an unusual and interesting
pattern of blood transfusion requirement
between two members of identical b globin
mutational background. In the family, the
father (P1, Table 1) is HbE-b-thalassemic with
no history of blood transfusion. Though his
hemoglobin was found to be less than normal
(6.8 g/dL) never experienced any clinical com-
plications and physiological manifestation of
anemia, even after doing vigorous physical
work. Mother (P2, Table 1) is HBEE and has no
history of blood transfusion. Elder son (P3,
Table 1) is also HbEE, like mother and never
had blood transfusion. As per classical symp-
toms of HbEE patients, the mother (P2) and
the elder son (P3) both maintain good hemo-
globin level and are asymptomatic in terms of
expression of anemic features. Younger son
(P4, Table 1), is HBE-b thalassemic like his
father, however, is highly anemic and requires
monthly blood transfusion, starting from an
age of 8 months. We have also included a non-
related HbE-b thalassemic sample (P5) having
similar clinical features as that of the P4 to val-
idate or confirm the plasma proteome of P4. 

Peripheral blood samples were collected
from every member of the above-mentioned
family, patient and normal volunteers in vials
containing 5 mM ethylenediaminetetraacetic
acid. Written consent was taken from adults
and in case of children it was taken from the
parents as per guidelines of institutional ethi-
cal committee. The handling of all human
blood samples was carried out in accordance
with the guidelines established by the Local
Ethical Committee. For the patients P4 and P5
who are on regular blood transfusion, periph-
eral blood was taken after transfusion gap of
45 days, the maximum gap they could with-
stand. Plasma and red blood cells were separat-
ed using 75% percoll for the proteomic studies,
as described earlier.4

As per protocol all members of the affected

family were evaluated for baseline clinical
investigations, which are as follows: fetal
hemoglobin (HbF), HbA0, HbA2, hemoglobin,
mean cell volume, mean cell hemoglobin,
mean cell hemoglobin concentration, red cell
distribution width and hematocrit. The hema-
tologic data (Hb and complete blood count)
were obtained by automatic analysis (Cell
Counter: Medonic 530, cell counter: Medonic
530; EMerck, Darmstadt, Germany) and Hb
variants (HbA, HbF and HbA2/E) were estimat-
ed by high performance liquid chromatography
(HPLC) (Bio-Rad Lab., Hercules, CA, USA)
using manufacturer’s protocol. 

DNA was isolated from white blood cells,
using a DNA isolation kit for mammalian blood
(Qiagen, Venlo, The Netherlands). Patients
were screened for five common b-thalassemia
mutations of Eastern India5-7 like IVS1-1 (G-T),
IVS1-5 (G-C), codon 8/9 (+G), codon 26 (G-A),
and Fr. 41/42 (−TCTT). The screening was per-
formed by polymerase chain reaction (PCR)
based technique, amplification refractory
mutation system (ARMS) as described by Old.8

Direct DNA sequencing of the b-globin gene
was also done to further confirm the muta-
tions. Salting out with 20% ammonium sul-
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phate was done to deplete the high abundant
proteins from the plasma fraction as described
in our earlier work.9 The depleted plasma frac-
tion was then dialyzed against 10 mM Tris, 5
mM KCl, pH 7.5, at 4°C, which was then used
for 2D gel experiments. The protein sample
was then separated by 2D gel electrophoresis
(Bio-Rad) and the gels were stained following
the protocol as described in our earlier work
and densitometry analysis done using the
PDQuest (V 7.1) software package (Bio-Rad). 

Results and Discussion

Mutational studies
The clinical features of the family members

are given in Table 1. The HPLC results indicate
that the father (P1), the younger son (P4) and
the non-related sample P5 are HbE-b-tha-
lassemics and the mother (P2) and the elder
son (P3) are HbEE. These data were recon-
firmed by the results obtained from ARMS-
PCR. The genotype of the four members on the
basis of b globin mutations are following: P1
and P4 are Cod 26 (G-A) / IVS 1-5 (G-C), P2 and
P3 are Cod 26 (G-A) / Cod 26 (G-A). 

P2 and P3 are homozygous for HbE, hence no
other b mutations were found in them, which
confirm their homozygous state of HbE. P1 and
P4 have another b mutation IVS 1-5 (G-C) along
with Cod 26 (G-A), responsible for making them
compound heterozygous i.e. HbE-b-tha-
lassemia. These mutational studies also con-
firm that, P4, who is the main concern of this
study, inherits HbE [Cod 26 (G-A)] allele from
mother (P2) and other mutated b [IVS 1-5 (G-
C)] allele from father (P1) (Figure 1). 

Differences in the fractionated
plasma proteome 

On comparing the normalized intensities of
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Table 1. Clinical data of the members of the family in study.

Clinical parameters        P1 (father)           P2 (mother)            P3 (elder brother)        P4 (younger brother)        P5 (unrelated sample)

Hemoglobin (g⁄dL)                           6.8                                  11.2                                          11.4                                                4.1                                                     5.7
MCV (fL)                                             48.5                                 54.2                                          50.3                                               57.0                                                   79.9
MCH (pg)                                            17.2                                 21.1                                          21.2                                               16.6                                                   27.8
MCHC (%)                                          35.4                                 38.9                                          42.2                                               29.2                                                   34.9
Rdw (%)                                              29.0                                 23.6                                          22.2                                               26.4                                                   32.4
Hct (%)                                               19.3                                 26.8                                          27.1                                               14.2                                                   16.6
HbA2/E (%)                                         83.2                                 73.6                                          90.3                                               17.8                                                   28.1
HbA0 (%)                                             8.1                                   3.6                                            2.1                                                70.3                                                   36.8
HbF (%)                                               5.3                                   2.1                                            1.7                                                 4.0                                                    33.6
P3 (%)                                                   3.3                                   5.3                                            5.1                                                 4.7                                                     ND
History of BT                                       No                                  No                                            No                                 1st BT on 8 months,                       1st BT on 1½ years, 
                                                                                                                                                                                              then on monthly BT                      then on monthly BT
MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; Rdw, red cell distribution width; Hct, hematocrit; ND, not detected; BT, blood transfusion.

Figure 1. Pedigree of the family along with major clinical and mutational data. Hb,
hemoglobin.

Figure 2. Histogram plots showing change in relative densities of the 6 differentially reg-
ulated proteins in the plasma fraction. Since this was a case study, statistical analysis on
the test samples were not done. Deviations from the mean of two normal (empty bar) and
homozygous E (in slanted striped bar) samples are shown. The inset shows a 2D gels of
normal and P4. N, normal; P1, father; P4, younger son; P2+P3, averaged P2 (mother)
and P3 (elder son); P5, unrelated HbE-b-thalassemic sample; HPHU1, haptoglobin pre-
cursor 1, PREPROAPO A1, preproapolipoprotein A1, TRNFRN, transferrin; HPHU2,
haptoglobin precursor 2; AK 1, adenylate kinase 1; PLSMN, plasminogen.
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the protein spots of the gels in the five individ-
ual samples, few proteins have shown differen-
tial expression. Haptoglobin precursor 1
(HPHU1) and preproapolipoprotein A1
(LPHUA1) shows decrease in all five samples
compared to the normal samples. On the other
hand, the samples P4 and P5 who are heavily
transfusion dependent show down regulation
of haptoglobin precursor (HPHU2) and adeny-
late kinase 1 (Q5T9B7). HPHU1 and LPHUA1
show down regulation in all. The plausible
explanation for the down regulation of hapto-
globins could be due to the fact that erythro-
cytes are exposed to varying degrees of oxida-
tive stress, leading to differential hemolysis.
Haptoglobins in the plasma scavenge for free
hemoglobin released due to hemolysis, thus
leads to a decrease in the level of haptoglobin
in these samples. Preproapolipoprotein A1 is
found primarily on high-density lipoprotein
cholesterol. It has been observed that the down
regulation of apolipoprotein A1 is related to
the increase of pulmonary hypertension,
which is a manifestation of acute or chronic
hemolysis10,11 (Figure 2).

Transferrin (Q53H26) and plasminogen
(Q5TEH4) show down regulation in the P1, P4
and P5. The extent of down regulation is lesser
in P5, which could be attributed to the pres-
ence of very high level of HbF (33%).12 The low-
ering of the transferrin levels could be due to
iron overload, commonly resulting from fre-
quent blood transfusion.13 Plasminogen is an
inactive precursor of plasmin, and is involved
in fibrinolysis. Chronic hypercoagulable state
is observed in thalassemic patients undergo-
ing regular transfusion, like in case of P4.
Lowering of the plasminogen level could be a
manifestation of this state.14 Since father does
not take any transfusion, we can only assume
that the decrease in plasminogen in father is
due to the maintenance of homeostasis from
oxidative stress produced in the blood.

The haptoglobin precursor (HPHU2) and
adenylate kinase 1 (Q5T9B7_HUMAN) are the
two proteins, which is seen to be down regulat-
ed only in P4 and P5 as compared to normal. In
this case, haptoglobin precursor (HPHU2) can
be explained in the same light as haptoglobin
precursor (HPHU1). Adenylate kinase 1 in
plasma has been reported to play a role in the
irreversible breakdown of any adenosine
diphosphate (ADP) accessible to it. The aggre-
gation of platelets by ADP, in turn is thought to
play a role in homeostasis and thrombosis. It is
inferred that degradation of ADP leads to the

reversal of aggregation. Hence the down regu-
lation of adenylate kinase 1 is seen in case of
the transfusion dependent patients, who are
prone to thrombolytic events.15 As shown in
earlier work,4 redox regulator proteins like,
peroxiredoxin 2 (prdx2), thioredoxin, Cu-Zn
superoxide dismutase and chaperones like
hsp70 and a hemoglobin stabilizing protein
show marked increase in erythrocyte cytosol
and the extent of increase depends on the
extent of HbE percentage present in the sam-
ples. It is seen in our earlier proteomic study4

that patients having HbE levels ranging in
between 50-60% show higher changes in these
proteins compared to those with >80% HbE, as
observed here in case of P1 with 83.2% HbE. 

To summaries, we have seen that the
genomics study of the family showed that P1
and P4 has the exactly identical mutation in
their b globin gene, but the father showed no
clinical manifestation, whereas the younger
son is severely anemic and requires blood
transfusion every month. Proteomic study
revealed that few plasma proteins, involved in
hemoglobin scavenging, hemolysis or hyperco-
agulation show differential changes between
the strongly transfusion dependent patients,
P4 and P5 from those of normal individuals
and the ones who do not need blood transfu-
sions, P1, P2 and P3 indicating the changes to
be specific to the disease conditions.
Erythrocytes from the P4 and P5 undergo
oxidative stress, are prone to hemolysis and
found to have tendencies of hypercoagulation.
Taken together, this report shows the impor-
tance of differential protein expressions in the
clinical presentation of the disease as well as
the modulators of globin synthesis.16 The com-
bination of both genomic and proteomic
approaches could provide a better understand-
ing of the disease progression and pathophys-
iology. 
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