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An Insight in Understanding the Symptomatology of β-Thalassaemia Major - II 
Most of the symptoms of β-thalassaemia major are considered to be due to anaemia and massive iron overload in the body [1]. 
Despite of regular blood transfusion and iron chelation, delayed growth, risk of infection & thrombosis, asthenia, and exercise 
intolerance remain a major reason of debility for  patients, and a major concern for treating physicians [1]. Treatment with 
Hydroxyurea (HU) in β-thalassaemia major and intermedia has ameliorated the need of blood transfusion [2-6]. One consistent 
finding in these patients is subjective improvement (as reported by almost mothers of these kids) in quality of life, vitality, better 
exercise tolerance, improved food intake and energy level within a couple of weeks of exposure to the drug despite of minimal 
or no change in haemoglobin level [2-6]. This improvement persisted during the course of treatment even in partial responders 
(who were maintaining an Hb of 6-7 g/dl). Recently, additional benefit of HU on iron chelation/reduction in serum ferritin has 
been reported [7, 8]. 

How exactly does HU work in β-thalassaemia is poorly understood. Effects of HU at sub-cellular level i.e. on intracellular 
anti-oxidant levels, metabolic pathways, handling of trace elements required for enzymes in different metabolic pathways, 
oxygen binding and dissociation from haemoglobin-F are not entirely known. Our group has previously reported interesting 
results of proteomics, metallomics, metabolomics and genomics in β-thalassemia patients with and without the institution of HU 
[9-13]. Primary and secondary genetic modifiers, like beta globin gene mutations and presence or absence of XMN-1, 
HSB1L-MYB, and BCL-11A polymorphisms, have been found to significantly influence the response of HU in improving 
haemoglobin levels in beta thalassemia patients [14]. 

Excessive α-globin chains in red cells cause irreversible oxidative damage to inner part of red cell membrane lipids and proteins 
by hemichromes formation and increasing intracellular calcium concentration, resulting in severe haemolytic anaemia [6]. 
Prolonged severe anaemia stimulates erythropoietic activity culminating in hepatosplenomegaly due to extramedullary 
erythropoiesis. It further causes iron overload induced dysfunctions of various organs, thrombosis, diabetes mellitus, severe 
infections, and growth retardation [7].

It has recently been reported that the Metallomic profile of β-thalassaemia patients is markedly deranged. After commencement 
of HU, Eight out of nineteen analyzed elements, in the serum of β-thalassemia patients, were shown to be corrected. HU not only 
improved Hb levels in these patients but also reduced metal dysregulations resulting in normalization of many metallomic 
pathways [9]. As these metals function as important cofactors and also as part of many enzymes at sub-cellular level, their 
dysregulation explains some of the symptomatology of this disease. This HU induced normalization effect at metallomics level 
possibly translates into improved quality of life and exercise tolerance in β-thalassaemia patients [13]. 

Studying metabolome of β-thalassemia patients, to understand unclear pathophysiological mechanisms of thalassemia and for 
prognostic evaluation, started to unveil many interesting and important differences in serum metabolites of β-thalassemia patients 
and normal subjects. Many studies have shown that dysregulation of metabolomic profile is common in β-thalassemia patients. 
Studies of the biomarkers for lipid peroxidation-induced DNA damage, plasma substance P and soluble P-selectin as indicator of 
hypercoagulability in these patients, adipo-cytokines related to haemolytic and inflammatory biomarkers, biomarkers of iron and 
oxidant-antioxidant homeostasis have provided important information to comprehend the symptomatology of  β-thalassaemia 
major and intermedia. 

Recently, metabolic pathway analysis has reported alterations in fatty acid, glycolytic, galactose, pyruvate, propanoate, 
glycerophospholipid, and sucrose metabolism along with fatty acid elongation in the mitochondria, glycerolipid, glyoxylate and 
dicarboxylate metabolism pointing towards a major metabolic shift in β-thalassemia patients compared to healthy individuals 
[13]. Follow up studies in these patients after exposure to HU revealed reversal of many of these metabolic pathways towards 
normal. This sheds some light on how asthenia, growth retardation, and many other body functions are compromised in 
thalassaemia syndrome.

Our group also performed proteomics studies in pre- and post- HU-treated β-thalassemia patients, and compared the results in 
responders and non-responders to HU treatment. One important initial finding was that serum paraoxonase activity and 
malondialdehyde serum concentrations remain unaffected in response to hydroxyurea therapy in β-thalassemia patients [11]. 
This implies that HU does not adversely affect metabolic pathways in these patients. Extension of this work revealed that 
twenty-one proteins were found to be significantly different in pre- vs post- HU treated groups (unpublished data). Interesting 
finding is reversal of dysregulated proteins towards normal in HU treated patients. 

Studies on sub-cellular pathways have started to provide important information on the pathophysiology of thalassaemia 
syndrome. Haemoglobin-F augmentation utilizing HU is now better understood than ever before. There still are many important 

questions which remained unanswered. Many in-depth studies are needed to extract all the answers. 
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