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Abstract Haemoglobinopathies including B-thalassemia
and sickle cell anaemia (SCA) are considered to be clas-
sical monogenic diseases. There is considerable clinical
variability between patients inheriting identical B-globin
mutations. The reasons for this variability are not well
understood. Previous studies have suggested that a variety
of genetic determents influence different clinical pheno-
types. The genetic variants that modulate HbF levels have a
very strong impact on ameliorating the clinical phenotype.
In the present study 6,500 blood samples from suspected
cases were analysed using HPLC, ARMS-PCR, RDB
techniques. Patients with P-thalassemia and SCA were
classified into mild, moderate, severe according to the
severity score based on Hb levels, age of onset, age at
which patients received their first blood transfusion, the
degree of growth retardation and splenectomy. Patients
with B-thalassemia and SCA were analysed for Xmnl
polymorphism and association between this polymorphism
and severity of B-thalassemia and SCA was evaluated. We
found a significant difference in genotypic and allelic fre-
quencies of Xmnl polymorphism between mild and mod-
erate and mild and severe cases. There was a significant
difference in high and low percentage of HbF in CC, CT
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and TT bearing individuals. The TT bearing individuals
were found to have a high percentage of HbF in (-thalas-
semia as well as SCA. This study confirms that increased
v9-globin expression associated with Xmn1 polymorphism
ameliorates the clinical severity in -thalassemia as well as
SCA in the study population.
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Introduction

The haemoglobinopathies are a very heterogeneous group
of congenital hemolytic anemias. Among the inherited
disorders of blood B-thalassemia constitutes the major bulk
of monogenic disorders in India. B-Thalassemia is seen
practically in every population group in India. There are
nearly 30 million carriers in India with a wide geographic
variation in the frequency. Three main structural variants
of haemoglobin seen in Indian population are HbS (Codon
6 A—T), HbE (Codon 26 G—A) and HbD (Codonl21
G—C). HbS causes sickle cell anaemia (SCA) which is
seen in the scheduled tribes and scheduled castes of Cen-
tral, Southern and Western parts of India. The Sickle Cell
gene is mainly concentrated in Madhya Pradesh, Orissa,
Chhattisgarh, Jharkhand, Gujarat and Andhra Pradesh,
where the carrier frequencies range from 5 to 40 %.
Clinical manifestations of [-thalassemia and SCA are
extremely variable. Despite seemingly genotypes the
patients with B-thalassemia and SCA have a remarkable
variability in anemia, growth, development, hepatosplen-
omegaly and transfusion requirement. However, what is
not well understood is the marked variability of the clinical
manifestation. Possible factors that influence the severity
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of anaemia in the patients may be inherited or non-
inherited.

Previous studies have shown that the co-inheritance of
o-thalassemia or the presence of genetic variants that sus-
tain fetal haemoglobin (HbF o,y,) production has a strong
impact on ameliorating the clinical phenotype. Increased
levels of HbF are of no consequences in healthy adults but
have been shown to confer major clinical benefits in
patients with B-thalassemia and SCA. A shift from y —
globin expression occurs around birth and underlies the
switch from fetal to adult Hb production. The major hae-
moglobin is HbA (a,f,) by the sixth month of age [1].
Individuals with SCA have been reported to have HbF
ranging from 1 to 30 % [2]. Residual amounts of HbF also
continue to be Synthesised such that the majority of the
adults have <1 % HbF. High HbF levels are known to
reduce the severity of symptoms by minimising the degree
of imbalance of o and B-globin chains. Among genetic
factors, Xmnl polymorphism, a common variant (C—T) at
position —158 upstream of the Yy globin gene has been
associated with increased HbF in normal individuals, B-
thalassemia and SCA [3-5]. HbF can strongly influence the
heterogeneity of B-thalassemia and SCA. The frequency of
Xmnl polymorphism and its association with HbF levels in
B-thalassemia major and SCA patients have not been
investigated in the South Indian population from Andhra
Pradesh. Therefore, the present study was carried out with
an aim to investigate the frequency of Xmnl polymor-
phism and evaluate its association with HbF levels and
severity of the disease in B-thalassemia and SCA patients
in this ethnic group.

Materials and methods
Study population

The Institute of Genetics and Hospital for Genetic diseases
is a premier institute in the country involved deeply in
multidisciplinary research in the area of human genetics.
Patients are generally referred by practicing physicians or
get registered themselves. A total of 6,500 individuals who
visited this institute during January 2005 to December
2012 were included in the study. The majority of cases
come from different districts of Andhra Pradesh with Hy-
derabad as its capital. The patient population is represen-
tative of the disease pattern of this region. Information on
clinical characteristics of the patients was collected by
using a structured questionnaire.

All the cases were analyzed by HPLC for detection of -
thalassemia, SCA, hemoglobin variants, and HPFH. We
used the HPLC technique with the B-Thalassemia Short
Program of Variant Bio-Rad.
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Clinical severity

The patients who had two B-thalassemia alleles and two
Hbs (HbSS) alleles were categorized into mild, moderate,
and severe groups according to the scoring system pro-
posed by Sripichai et al. [6]. Parameters that showed cor-
relation with disease severity at r > 0.3 were included in
the multiple logistic regression analysis. These were
hemoglobin level, age of onset, age at which patients
received their first blood transfusion, age at thalassemia
presentation, the degree of growth retardation, and sple-
nectomy (Table 1). The scoring system consisting of these
six clinical criteria scored 0, 0.5, 1, or 2 according to
clinical presentation. Patients whose severity score was
<3.5, 3.5-7.5, and >7.5 were considered as mild, moderate,
and severe cases, respectively.

Molecular studies

Genomic DNA was extracted from the whole blood sam-
ples using the phenol-chloroform method. Amplification
refractory mutation system (ARMS) PCR and reverse dot
blot (RDB) hybridization were used to screen the specific
mutation in patients with B-thalassemia as reported previ-
ously [7]. Specific mutation in the SCA was confirmed by
PCR-RFLP technique. The 110 bp product was amplified
using the primers: Forward 5'-ACACAACTGTGTTCACT
AGC-3' and Reverse primer 5'-CAACTTCATCCACGTT
CACC-3'. The amplified fragment (110 bp) was digested
with MsII restriction enzymes (Fermentas fast digest) by
incubating at 37 °C for 5 min. The mutant T (T20) allele
lacks the MSII restriction site, and remains uncleaved as
100 bp, while it is present in the A (A20) allele. The wild
type A allele was detected as two fragments of 56 and
54 bp followed by separation of fragments by electropho-
resis in non-denaturing polyacrylamide gel and visualized
after silver staining. Xmnl polymorphism —158 (C—T)
was detected by PCR-RFLP technique. A 650 bp fragment
was amplified using the primers 5'-AACTGTTGCTTTAT
AGGATTTT-3and 5-AGGAGCTTATTGATAACTCAG
AC-3. The 650 bp product was digested with Pdml
restriction enzyme (Fermentas fast digest) by incubating at
37 °C for 5 min followed by separation of fragments on
3 % agarose gel. The C allele lacks the PdmlI restriction
site, while it is present in the T allele. The T allele was
detected as two fragments of 450 and 200 bp.

Statistical analysis

Hardy—Weinberg equilibrium was tested for Xmnl poly-
morphism. The association between the genotype and
severity was examined by odds ratio with 95 % confidence
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Table 1 Clinical severity criteria and scoring for classifying B-thalassemia and SCA patients

11 Criteria Status Score Status Score Status Score
Age at onset (years) >10 0 2-10 0.5 <2 1

Hb at steady state >17.5 0 6.0-7.5 1 <6 2
Age at first transfusion >10 0 4-10 1 <4 2
Growth and development Normal 0 + 0.5 Retarded 1
Splenectomy No 0 Yes 2

Age at thalassemia presentation (years) >10 0 3-10 0.5 <3 1

Severity category: Mild 0-3.5, Moderate 3.5-7.5, Severe 7.5-10

The scores were obtained by dividing the coefficients of the selected significant parameters by the smallest significant coefficient by rounding the

resulting number to the nearest integer

interval (CI) and Chi squared analysis using Open Epi
software (Department of Epidemiology, Rollins School of
Public Health, Emory University, Atlanta, GA, USA).
Allelic frequencies were calculated according to the num-
ber of alleles observed and the total number of alleles
examined. The association of different genotypes with HbF
percentage was evaluated by Two-way ANOVA. Statistical
significance was defined as p < 0.05.

Results

A total of 6,500 individuals were tested using HPLC,
ARMS-PCR and RDB techniques for one of the hetero-
geneous group of congenital anaemia’s which include Hb
variants (D-thalassemia, E-thalassemia, and SCA) and B-
thalassemia. The break of the analysed cases was in
agreement with our previous reports [7, 8]. Only the
patients possessing two alleles (n = 420) of B-thalassemia
gene (P-thalassemia major) were genotyped for Xnml
polymorphism. 200 SCA patients were also genotyped for
Xmnl polymorphism. These patients were grouped into
sub-groups (mild, moderate, and severe) based on the
severity of the disease determined by the severity score as
reported previously (8) (Table 1). The clinical and bio-
chemical characteristics of B-thalassemia and SCA patients
have been given in (Tables 2, 3), respectively. A significant
difference was observed in age, weight, baseline Hb levels,
hematocrit (%), HbF (%) between mild, moderate, and
severe groups in P-thalassemia as well as SCA patients.
Genotypic frequencies and allele frequencies of Xmnl
polymorphism and mean HbF levels in B-thalassemia and
SCA patients have been given in Table 4. There was a
statistical significant difference in the mean HbF levels
between the three genotypes in both the groups
(p < 0.001). HbF levels were found to be higher in indi-
viduals with the TT genotype followed by CT and CC
genotype in B-thalassemia as well as SCA patients. There

was a significant difference in the genotypic distribution
and allele frequency between mild and moderate as well as
mild and severe cases in both the groups (Tables 5, 6, 7, 8).
However, there was no significant difference in genotypic
distribution and allelic frequencies of Xmn1 polymorphism
between moderate and severe cases in P-thalassemia as
well as SCA (Tables 6, 8). With regard to Xmnl poly-
morphism there was a significant difference in the high and
low percentage HbF levels between the three genotypes in
both the groups (Tables 9, 10). The TT bearing individuals
were found to have a high percentage of HbF in both the
groups. However, in SCA patients the frequency of TT
genotype individuals bearing high percentage of HbF was
significantly higher in comparison with [-thalassemia
patients indicating that the influence of the Xmnl site on
expression of HbF is more in case of SCA than in [-
thalassemia.

Discussion

The clinical manifestations of SCA and B-thalassemia are
extremely variable in severity. The patients show a
remarkable variability in anaemia, growth development,
hepatosplenomegaly and  transfusion  requirements
increased. The reasons for this are not well understood. A
number of factors like age, sex, co-inheritance of o-thal-
assemia and genetic factors such as DNA sequence varia-
tions within the B-globin gene cluster and also falling
outside the HB genes have been identified to ameliorate the
disease phenotype [9-13]. HbF levels or F cell (Hb con-
taining erythrocytes) numbers have been shown to ame-
liorate the disease severity of B-thalassemia major as well
as SCA. A sequence variation C—»T —158 Hb S, later
termed as Xmnl (rs 7842144) has been shown to promote
the expression of Hb y© and to contribute to HbF vari-
ability [9, 14]. Independent studies have confirmed the
association between Xmnl T allele and increased HbF and
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Table 2 Clinical data and

A . L Parameter Mild Moderate Severe p value
blOChleCﬁl. chara}cterlsncs of (n = 103) (n = 204) (n = 113)
B-thalassemia patients
according to the severity (data Age (years) 17.95 &+ 11.53 19.23 & 14.26 14.89 + 10.03 0.009
expressed as mean £ SD) Male: female 65/38 73/131 40/73 ns
Weight (kg) 37.78 £+ 14.82 33.78 £+ 14.10 28.56 £+ 10.15 <0.001
Baseline Hb level (g/dL) 8.01 £ 1.16 712 £ 1.17 6.20 £+ 1.15 <0.001
Hematocrit (%) 26.03 + 3.78 2425 + 4.05 22.16 + 4.01 <0.001
Data are expressed as Hemoglobin F (%) 49.40 + 18.32 2391 + 3.79 18.36 & 11.75 <0.001
mean + SD, ns not significant
Table 3 Clinical data and Parameter Mild Moderate Severe p value
blocheml.cal characte.rlstlcs of (n = 117) (n = 63) (n = 20)
SCA patients according to the
severity (data expressed as Age (years) 16.85 + 10.63 20.23 £ 11.26 15.88 + 10.12 0.009
mean £ SD) Male: female 60/57 37126 o1 ns
Weight (kg) 36.88 + 13.72 3298 £+ 13.11 29.66 £+ 11.16 <0.001
Baseline Hb level (g/dL) 8.71 £ 1.06 7.21 £ 1.07 5.99 £+ 1.11 <0.001
Hematocrit (%) 25.03 £ 1.78 2323 +£3.05 20.16 £ 3.01 <0.001
Data are expressed as Hemoglobin F (%) 45.40 + 19.32 2291 + 3.16 17.36 + 11.55 <0.001
mean £ SD, ns not significant
Table 4 Distribution of Genotype cC CT TT Total C T Total
genotype frequencies and allele
frequencies of Xmnl B-Thalassemia patients 225 138 57 420 588 252 840
polymorphism and mean £ SD
of HbF levels in B-thalassemia (53.5 %) (32.8 %) (13.5 %) ©.7) ©.3)
and SCA patients Mean £ SD of HbF levels 3.7+ 1.6 67 +47 161+94 p<0.001
SCA patients 21 82 99 200 124 276 400
(10.5 %) (41.0 %) (49.5 %) (0.31)  (0.69)
Mean £ SD of HbF levels 3.8+ 1.0 7.6+47 193 +84 p<0.001

FC in patients affected with different hemoglobinopathies
[15-18]. Negal et al. studied the association of Xmnl
polymorphism with increased levels of HbF in hemato-
logically and genetically distinct forms of SCA in Africa.
They found that the individuals bearing the Senegal hap-
lotype and Arab Indian characteristics exhibited the Xmnl
polymorphism which associated strongly with increased
levels of HbF and therefore more minimal clinical mani-
festations [19]. In another study by Lettere et al. showed
that Xmnl polymorphism in homozygotes accounted for
2.2 % of the variation in levels of HbF in 1,275 SCA
patients from the African American Cooperative Study of
Sickle Cell Disease [20].

A study carried out by Pandey et al. in 60 sickle
homozygous and 75 sickle B-thalassemia patients found
extremely significant differences of haematological
parameters among patients with and without Xmnl poly-
morphism and concluded that high HbF levels were found
in Xmnl carriers and therefore sickle cell patients were
greatly influenced by this polymorphism [21]. Another
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study from Western Iran in B-thalassemia patients reported
similar results [14].

T allele has also been associated with milder disease in
the SCA and [B-thalassemia [22, 23]. A genetic interaction
between the Xmn1 and y© and a locus on chromosome 8q
has also been reported to influence the adult F cell levels
[24]. There is no evidence for dominance at the locus based
on statistical analysis, which suggests an additive effect of
the T allele of Xmnl polymorphism [25]. The Xmnl
genotype has been shown to account for 13-32 % of the
total F cell phenotypic variation in a non anaemic Euro-
pean population [26]. However, presence of T allele does
not always dictate the presence of high HbF phenotype.
High HbF has also been associated with B-haplotypes that
do not include this gene [27-29]. The quantative trait is
characterised by genetic heterogeneity. Therefore, to pro-
duce a full high HbF phenotype, the Xmnl must exist on a
genetic background requiring the presence of additional
factors. The high HbF expression has clearly been shown to
ameliorate the disease severity in B-thalassemia and SCA.
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Table 5 Distribution of genotype frequencies and allele frequencies
of Xmnl Polymorphism in mild, moderate and severe cases with 3-
thalassemia

Genotype Mild Moderate Severe

(n = 103) (n = 204) (n=113)
CC (%) 27 (27) 78 (38) 46 (41.0)
CT (%) 34 (33.0) 71 (35) 43 (38.0)
TT (%) 42 (40) 55 (28) 25 (22)
C 88 (0.4) 227 (0.5) 135 (0.6)
T 118 (0.6) 181 (0.5) 93 (0.4)

Table 6 Odds ratio and p values of mild, moderate and severe cases
with B-thalassemia

Genotypes  x° Odds 95 % p value
ratio CI
Mild cases versus TT versus 6.8 22 1.2-3.9 0.01
moderate cases CC
TT versus 6.0 1.8 1.1-3.0 0.01
CC+CT
TversusC 9.13 1.6 1.1-2.3  0.002
Mild cases versus TT versus 9.1 28 1.4-5.6 0.002
severe cases CC
TT versus 89 24 1.3-4.4 0.002
CC+CT
TversusC 11.7 1.9 1.3-2.8 0.001
Moderate versus TT versus 0.7 1.2 0.7-2.3 0.3
severe cases CC
TT versus 0.9 1.3 0.7-22 0.3
CC+CT
TversusC 0.7 1.1 0.8-1.6 0.3

Table 7 Distribution of genotype frequencies and allele frequencies
of Xmn1 Polymorphism in mild, moderate and severe cases with SCA

Genotype Mild Moderate Severe
(n=117) (n = 63) (n = 20)
CC (%) 30 (25.7) 26 (42) 10 (53)
CT (%) 34 (29) 15 (24) 4 (22)
TT (%) 53 (45.3) 22 (35) 6 (25.0)
C 94 (0.4) 67 (0.5) 44 (0.7)
T 140 (0.6) 59 (0.5) 16 (0.3)

However, it is not known if the effects translate to a
selective advantage for carriers of HbF alleles in a region
with a high incidence of these diseases. Genetic studies
have shown that individuals with this disease concurrent
with high HbF levels can maintain normal fitness levels
that would otherwise be severely limited by the debilitating
consequences of these haemoglobinopathies.

In the present study, we have evaluated the association
of Xmnl polymorphism with mild, moderate and severe

Table 8 Odds ratio and p values of mild, moderate and severe cases
with SCA

Genotypes  »° Odds 95 % p value
ratio CI
Mild cases versus TT versus 4.0 2.0 1.04.3 0.04
moderate cases CC
TT versus 1.8 1.5 0.8-2.9 0.1
CC+CT
TversusC 5.5 1.6 1.0-2.6 0.01
Mild cases versus TT versus 3.8 2.9 0.9-8.9 0.05
severe cases CC
TT versus 1.6 1.9 0.6-5.3 0.2
CC+CT
T versusC 21.0 4.0 2.1-7.6  0.001
Moderate versus TT versus 0.009 0.9 0.2-4.0 0.9
severe cases CC
TT versus 0.1 1.2 04-3.7 0.6
CC+CT
TversusC 6.8 2.4 1.2-4.7 0.001

Table 9 The influence of Xmnl polymorphism and percentage of
HbF in B-thalassemia patients

Genotype CC CT TT p value
(n =21) (n = 82) (n = 99)

High 523.8%) 37 (44.0 %) 72 (73.0 %) 0.0001*
percentage 55+0435 994+450 19.6 &£ 7.63
of Hb F

Low 16 (76.1 %) 45 (56.0 %) 27 (27.0 %) 0.0001*
percentage 38 4+ 10 354 0.691 1.4+0.744
of Hb F

TT versus CC: 12 = 22.8, Odds ratio = 4.3 (2.3-8.1), p < 0.01; TT
versus CC+CT: 12 = 16.9, Odds ratio = 3.3 (1.8-6.0), p < 0.01

* p Value calculated by two way ANOVA

Table 10 The influence of Xmnl polymorphism and percentage of
HbF in SCA patients

Genotype CC CT TT p value
m=225 (=138 (n=57)

High 79 35.0 %) 72 (52.0 %) 40 (70.0 %) 0.016%
percentage 72 4+ 138 994537 180+ 113
of Hb F+

Low 146 66 (48.0 %) 17 (30.0 %) 0.0001*
percentage (65.0%) 3740708 4.9 +5.1
of Hb F+ 31 4 0680

TT versus CC: }52 = 17.8, Odds ratio = 8.5 (2.8-25.5), p < 0.01
TT versus CC+CT: 12 = 20.8, Odds ratio = 3.8 (2.1-6.9), p < 0.01
* p Value calculated by two way ANOVA

groups of P-thalassemia as well as SCA. A significant
association of TT genotype and T allele was observed with
milder disease phenotype. In addition, we also evaluated
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Table 11 Xmnl polymorphism and its association with HbF Variability in Indian population

Polymorphism Region Association Reference Year
—158 9y (C—>T) Xmnl Western Xmnl polymorphism modulating the severity of Panigrahi et al. [17] 2005
polymorphism in HbE-B-thalassemia
Indian population Arab Indian A strong association between the XmnI-Cy site and Garner et al. [26] 2000
FC levels
New Delhi The presence of Xmn-1 polymorphism and IVS 1-1 Aditya et al. [30] 2006
mutation lead to a milder phenotypic presentation
and a delay in onset of blood transfusion
Uttar Pradesh The prevalence of Xmn1-%y polymorphism was Oberoi et al. [31] 2011
high in B-thalassemia Intermedia patients
Chhattisgarh Xmnl polymorphism was associated with Hb F Das [32] 2012
levels in SCA
New Delhi The phenotypes of Indian sickle cell patients were Pandey et al. [21] 2012

greatly influenced by Xmnl polymorphism

the association of Xmnl polymorphism with HbF levels to
estimate whether this variant modifies the phenotype of
homozygous B-thalassemia as well as SCA by modulating
HbF levels. A significant difference in the high and low
percentage of HbF in CC, CT and TT bearing individuals
(p < 0.01) was observed. TT genotype associated signifi-
cantly with high HbF in B-thalassemia as well as SCA. The
association of Xmnl polymorphism with disease severity
has been studied in different parts of India (Table 11).
However, this is the first study evaluating the association of
this polymorphism with HbF levels and disease severity in
B-thalassemia as well as SCA in a South Indian population
from Andhra Pradesh. Our previous study shows that
another genetic modifier ZHX2 G779A variant is not
associated with disease severity and HbF levels in the same
population [8]. This study confirms that increased y°-glo-
bin expression associated with the Xmnl polymorphism
ameliorates the clinical severity in -thalassemia as well as
SCA in the study population.

The patients were also assessed based on the age at
diagnosis. 70 %of the TT bearing individuals were diag-
nosed after 1 year of age while 30 % were diagnosed at
<1 year of age. In individuals with late diagnosis the mean
HbF levels were found to be significantly higher in com-
parison with individuals with an early diagnosis
(p = 0.004). The strength of the present study is that we
have employed a large number of patients in the study and
evaluated the association of this polymorphism with HbF
levels in different severity groups.

This suggests that the screening of —158 Xmnl vy
polymorphism and HbF levels in early childhood may help
in the management of [-thalassemia major and SCA
patients and possibly prevent severe complication in our
population. Understanding the roles played by genetic
modifiers in haemoglobinopathies will revolutionize the
diagnosis, treatment and prevention.

G
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