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Abstract
Glanzmann’s Thrombasthenia (GT) is an inherited platelet function disorder due to a defect in platelet glycoprotein αIIb and / or β3. For 
the detection of unknown mutations affecting the genes αIIb and β3, screening techniques followed by sequencing are in use.  Mutation 
screenings, such as Single Stranded Conformation Polymorphism (SSCP), Denaturing Gradient Gel Electrophoresis (DGGE) and 
Conformation Sensitive Gel Electrophoresis (CSGE) are useful methods in analyzing patients group in a larger volume.  The phenotypic 
variability of hematological disorders can be explained using these techniques. However, low cost and high detection efficiency techniques 
are preferred, particularly, in developing countries. In our experience, we studied a platelet function disorder in a larger volume using the 
technique, CSGE, which is comparatively an efficient, low cost and high throughput for the mutation screening in a larger volume.  The 
study included 45 GT patients to analyze the mutation in the genes ITGA2B and ITGB3 which code for αIIb and β3 respectively. Mutation 
screening, followed by sequencing, revealed mutations in 80% unrelated GT patients. In our experience, CSGE is helpful in finding the 
mutations in GT patients.
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frequency of GT is found in the Iraqi-Jewish population in which 
700 cases have been analyzed for molecular defects [15]. A review of 
177 patients with GT has been reported that include 12 GT patients 
from United States, 55 patients were from Israel and Jordan, and 42 
from South India [7]. In certain ethnic groups, such as South Indian 
Hindus, Iraqi Jews, French gypsies and Jordanian nomadic tribes, 
thrombasthenia may actually be a common hereditary hemorrhagic 
disorder. GT is relatively frequent in some highly inbred populations 
such as Indians [16]. The high incidence of this disorder suggests 
the need of cost-effective, high efficient screening techniques in 
analyzing the genetic defect.  Mutation screenings, such as Single 
Stranded Conformation Polymorphism (SSCP), Denaturing Gradient 
Gel Electrophoresis (DGGE) and Conformation Sensitive Gel 
Electrophoresis (CSGE) are the appropriate techniques especially 
when analyzing patients group in a larger volume.    

Introduction
Mutation screening is an economic approach in the DNA 

analysis that enables mutation detection, proper genetic counseling, 
carrier detection and prenatal diagnosis in inherited bleeding 
disorders.  Glanzmann’s Thrombasthenia (GT) is an autosomal 
recessive inheritance with a world- wide distribution [1-5]. The 
clinical complications in GT include lifelong bleeding with easy 
bruising, epistaxis, menorrhagia and gastrointestinal bleeding [6,7]. 
GT is caused by mutations in the genes ITGA2B and ITGB3, which 
encode αIIb or β3 respectively that result in qualitative or quantitative 
abnormalities of the platelet membrane proteins [8-13]. GT occurs 
in high frequency in certain ethnic populations with an increased 
incidence of consanguinity such as in Indians, Iranians, Iraqi Jews, 
Palastinian and Jordanian Arabs and French Gypsies. A nationwide 
survey in Japan identified 192 GT patients in 1991 [14]. The highest 
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Single Stranded Conformation Polymorphism (SSCP) is a 
technique based on polymorphic differences in strand mobility result 
from the effects of primary sequence changes on the folded structure 
of a single strand of DNA [17,18]. The primary sequence changes alter 
the intramolecular interactions that generate a three-dimensional 
folded structure [19]. The molecules may thus move at a different rate 
through a non-denaturing gel. SSCP involves the amplification by 
PCR of a discreet segment of genomic DNA, denaturing the double-
stranded DNA into single strands and analysis on a non-denaturing 
polyacrylamide gel.  SSCP has been used to analyze genetic mutations 
in patients with Glanzmann’s Thrombasthenia [20-23]. Though the 
method is simple to perform, it is time consuming and less sensitive to 
pick up genetic variations. This technique has the overall sensitivity of 
70%. However, a study from western part of India reported that, along 
with other mutation screening, the SSCP failed to identify mutations 
in 50% (12 out of 22 GT patients) of the GT patients [24]. There are 
multiple conditions of analysis that can be applied to increase the 
sensitivity [25]. However, a major limitation for SSCP is fragment 
sizes which sometimes determine the sensitivity of the technique to 
detect mutations [26].

Denaturing Gradient Gel Electrophoresis (DGGE) is a technique 
involves the amplification of DNA by PCR followed by electrophoresis 
through a gradient of increasing concentration of a denaturing agent 
(such as urea or formamide) or temperature leading to a partial 
melting of the double stranded DNA around the Tm of the mutated 
region. This results in an abrupt decrease in the mobility of the DNA-
fragment [27-32]. This assay requires the presence of both a wild-type 
allele and a mutant allele is and therefore very sensitive in identifying 
heterozygous carriers. In the literature, it has been reported that 
DGGE sensitivity is comparatively better than SSCP with a fragment 
length of up to 600 bp. This correlated with a report from France 
in which the investigators used DGGE for identifying sequence 
alterations in genes, that code glycoprotein IIb and IIIa, from 20 GT 
patients [33]. They identified mutations in 16 out of 20 GT patients 
(80%). Though the sensitivity of DGGE in detecting mutations of GT 
is better than SSCP, DGGE has the disadvantages of relatively low- 
throughput in terms of sample analysis, complex primer design to 
include GC clamps in terms of extensive optimization and high cost 
in terms of special equipment.

Conformation Sensitive Gel Electrophoresis (CSGE) is a 
mutation-screening technique based on the principle of heteroduplex 
formation.  This method relies on the differential migration of DNA 
heteroduplex in comparison with homoduplex and is rapid and 
non-radioactive [34]. Patient’s DNA band is analyzed on the basis 
of appearance of additional or abnormal bands in comparison to the 
normal controls.  An extensive visual examination of the CSGE gel 
is essential to compare all samples with the wide type DNA band.  
Samples containing additional/abnormal bands are further sequenced 
to determine the nature and position of the mutations or nucleotide 
change.  The sequences are manually compared with the wild type 
sequence.  CSGE is high efficient, low cost and its sensitivity is also 
higher than SSCP, hence can be used routinely.  For fragments in the 
size range of 200–800 bp, sensitivity of 88% has been detected, and a 
reduction in the maximum size of the fragment has been associated 
with an increase in the detection rate [35,36]. [Table 1] describes about 

the sensitivity of screening techniques in patients with Glanzmann’s 
Thrombasgthenia. 

Mutation screening in Glanzmann’s Thrombasthenia: Our 
experience with CSGE

Previously, for the detection of mutations affecting αIIb and 
β3 genes, screening method like Single Stranded Conformation 
Polymorphism (SSCP) has been applied in most of the developing 
countries like India, but showed less sensitivity in mutation 
identification. Though other techniques like DGGE and dHPLC are 
high sensitive, because they require specialized equipment and high 
cost, we chose CSGE which is an enhanced method of mutation 
screening at low cost, to analyze the mutational defect in patients 
with Glanzmann Thrombasthenia. Nucleotide changes in either 
of ITGA2B or ITGB3 gene was screened first by CSGE followed by 
sequencing of defective exons.  The study included 45 GT patients 
with an age ranging from 5 months to 46 years. GT was diagnosed in 
these patients on the basis of clinical and hematological parameters.  
CSGE involved DNA amplification by PCR, heteroduplex formation 
and gel run on Conformation Sensitive Gel Electrophoresis for all the 
30 exons and promoter of the ITGA2B and 15 exons and promoter 
of ITGB3.  4 out of 45 GT patients did not show band shift in any of 
the exons of the ITGA2B and ITGB3.  A total of 25 exons of ITGA2B 
and 12 exons of ITGB3 showed band sift by CSGE.  5 out of 30 exons 
(Exons 2,3,7,27 and 29) of ITGA2B and 3 out of 15 exons (Exons 4,8 
and 11) of ITGB3 showed no band shift.  Table 2 describes about the 
band shift identified by CSGE [38].  

Sequencing revealed mutations in 36 of 45 (80%) unrelated GT 
patients. Of these, 22 patients (48.8%) showed defect in ITGA2B and 
14 patients (31.1%) showed defect in ITGB3. In 9 out of 45 (20%) 
GT patients, no gene alterations were identified, however, their 
hematological tests including platelet aggregation and flow cytometry 
revealed that they were definite GT. GT patients with no possible 
causative mutations were may be due to defect in a regulatory element 

Table 1: Mutation screening in Glanzmann’s Thrombasthenia.

Table 2: Overall CSGE results.

Method Advantage Disadvantage Sensitivity (Ref)

SSCP Simple Time consuming, low sensitivity 50% [24]

DGGE High Sensitivity
Low-throughput, requires 
specialized equipment, time 
consuming, 

80% [33]

CSGE

High efficiency, 
relatively higher 
sensitivity, low 
cost

Time consuming 80% [37]

CSGE results ITGA2B gene
(n=30 exons)

ITGB3 gene
(n=15 exons)

Exons

Abnormal Band observed 25 exons 12 exons

No band shift observed 5 exons 3 exons

Patients

Band shift seen in any of the exons 41 out of 45 GT patients (91%)

Without any band shift in any of the exons 4 out of 45 GT patients (8.8%)
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affecting the transcription of the genes ITGA2B and ITGB3 [39]. 
CSGE also plays an important role in the detection of carrier status 
in families of GT patients [40].  Based on these results, we conclude 
that CSGE can successfully be applied in analyzing mutations in GT 
patients. This method of CSGE can be used not only to screen for 
mutations, but also helpful in identifying carrier status in family 
members of the patient. Once the defective exon and the mutation 
causing GT in the patient are identified, the same defect can be looked 
for in the family members using CSGE.  Thus CSGE is an effective 
technique to screen for mutation not only in patients but also in 
family members. Once the defective exon in a patient is identified, the 
particular exon can be analyzed by CSGE in parents and siblings of 
the patient, before proceeding to direct sequencing [Table 2]. 

Conclusion
In practice, no single screening technique can detect 100% 

mutation; however, a simple, rapid and high sensitive mutation 
screening is reasonable and may help in the mutation analysis. Single 
Stranded Conformation Polymorphism a is older method and less 
sensitive, moreover not reliable for fragment sizes greater than 200bp. 
Denaturing Gradient Gel Electrophoresis is reliable for mutation 
screening under controlled conditions, but, it requires use of GC 
clamp on one of the primers used for PCR and the optimization is 
difficult. Conformation Sensitive Gel Electrophoresis is simple, 
practical and has high detection efficiency at low cost. The sensitivity 
of CSGE is higher than conventional SSCP. Though other technique 
such as Denaturing High-Performance Liquid Chromatography 
gives very high sensitive for mutation analysis, equipment is very 
costly and cannot be made available for routine use. In countries 
like India, Iran, Iraq and Palestine where an increased incidence of 
consanguinity is common, mutation techniques that involves high 
cost and low throughput are not preferred. Also, the need is in such 
that the technique should be high sensitive in detecting mutations 
and it should be affordable for routine use.  Based on the above, and 
also based on our experience, it is clear that CSGE fulfills the need of 
high throughput samples, high sensitivity and low cost in mutation 
detection and thus plays an important role in identifying mutations. 
Thus it is concluded that mutation screening by CSGE is extremely 
useful in identifying mutations in patients affected with Glanzmann’s 
Thrombasthenia.
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