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Abstract: Thalassemia is genetic blood disease cause by absence or decrease of one or more of 

the globin chain synthesis. Beta thalassemia is characterized by one or more mutations in beta 

globin gene. Absence or reduced amount the of beta globin chains cause ineffective 

erythropoiesis which leads to anemia. Beta thalassemia has been further divided into three main 

forms: Thalassemia minor/silent carrier, major and intermedia. More severe form is thalassemia 

major in which patients depend upon blood transfusion for survival and high level of iron occur 

as a consequence of consistent blood transfusion. Over loaded iron invokes the synthesis of 

reactive oxygen species that are toxic in redundancy and triggering the impairment to vascular, 

endocrine and hepatic system. Thalassemia can be diagnosed and detected through various 

laboratory tests such as blood smear, prenatal testing (genetic testing of amniotic fluid), DNA 

analysis (genetic testing) and complete blood count. Treatment of thalassemia intermedia is 

symptomatic but it can also be managed by splenectomy and folic supplementation. While 

thalassemia major can be treated by transplantation of bone marrow, regular transfusion of blood 

and iron chelation treatment, stimulation of fetal hemoglobin production, hematopoietic stem cell 

transplantation and gene therapy. 
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1. Introduction  

Thalassemia is categorized by abnormal production or reduction in rate of formation of normal 

alpha (α) globin or beta (β) globin subunits of hemoglobin (Hb) A. Hemoglobin A comprises of 

two alpha and two beta globin subunits (α2; β2). Genes responsible for making β globin  are 

positioned on chromosome 11 while α globin genes are found on chromosome 16 [1]. 

Hemoglobin is protein that is present in red blood cells (RBCs) which is accountable for carry 

the oxygen from alveolus to tissues. There are three types of hemoglobin that are present in 
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normal adult such as HbA, HbA2 and HbF that consist of α2; β2, α2; δ2 and α2; γ2 respectively 

as shown in Figure 1 [2].  

   

Thalassemia is categorized as β, α, δ γ, δβ as well as γδβ, depending upon which globin chain is 

affected. While α and β thalassemia are two major categories of thalassemia and occurrence 

depends upon two genes for β globin and four genes for alpha thalassemia [3, 4]. It is produced 

by more than numerous hundred modifications in the consistent DNA segment. The unpaired 

globin chains are not stable.They precipitous in cells which lead to immature destruction of 

precursors of RBCs and shortening of life-span of mature RBCs in blood. Hemoglobin breaks 

down in iron and heme that catalyze chemical reactions and produce the reactive oxygen species 

(ROS), which cause the impairment of hepatocytes as well as functions of islets of Langerhans 

[1]. 

2. Beta-thalassemia 
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 Beta-thalassemia is described by absent or reduction in rate of synthesis of βglobin chain [5]. It 

was first time defined by Cooley and Lee in 1925 [6]. The β thalassemia is a consequence of 

substitutions of bases on introns, exons as well as on the promoter regions of β globin genes 

while αthalassemia is a consequence of deletions that remove α gene [7]. It is further categorized 

according to decreased (β+) or absent (β0) globin chain production which might lead to 

microcytic and hypochromic anemia as well as wide range of syndromic forms [8]. 

3. Types of Beta thalassemia 

Beta-thalassemia major 

 It is most severe type of thalassemia which is known as Cooley’s anemia that occurs either when 

individuals are homozygous (B+/B0, B0/B0) or compound heterozygous (B+/B+) for more 

severe mutations in β chain [9, 5]. It usually induces between six months and two years. In major 

thalassemia, patients undergo severe  anemia (heart failure, fatigue and cachexia) and level of Hb 

might be < 7g/dl and Hb F < 90%, which result in bone marrow expand to compensate the loss 

of RBCs which led to  bone abnormalities, enlargement of spleen and restriction of  growth. The 

extreme hemolysis leads to pulmonary hypertension, lithiasis and formation of leg ulcer. 

Furthermore, hypercoagulability is also an impediment of this disorder. Regular management 

with transfusions of blood or blood products might be overload the iron in various organs which 

result in diabetes, hypopituitarism complications in liver and endocrine glands such as 

hypothyroidism, hypopituitarism, hypoparathyroidism, dark metallic pigmentation of the skin, 

cirrhosis, cardiac arrhythmia, and myopathy which can lead to 71% death of patients who have 

thalassemia major [8]. Other complications are HIV infection like prolonged hepatitis B; C, 

osteoporosis and occlusion in blood as well as patients who possess liver infection have high risk 

of liver cancers [10]. 
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 Beta-thalassemia intermedia 

Thalassemia intermedia is a hetrogenous genetic mutation in which individual have little bit 

ability for production of β chain of hemoglobin  (B+/B+, B+/B0). In some situations both α and 

β mutations co-occur [5]. It occurs between 2 and 6 years, have milder anemia and level of 

hemoglobin varies between 7 and 9-10 g/dL and transfusion of blood is not needed. The sufferer 

can survive without or only occasionally require blood transfusion as represented in Table I [11]. 

When bone marrow expand with increasing age, patients may develop many complications such 

as growth retardation, bone abnormalities infertility and high concentration of iron in several soft 

tissue owing to elevated the iron immersion in gastro intestinal tract as a result of hemolysis [12]. 

 Beta thalassemia minor 

 It is also termed as thalassemia carrier/trait that occurs when one copy of β globin gene is 

normal and one copy is defective (B0/B, B+/B), minor experimental phenotype due to the 

existence of single normal copy of βglobin gene [5, 9]. Thalassemia minor mostly occurs during 

physiological stress or pregnancy and in childhood. It is an asymptomatic condition; sometimes 

have a mild anemia due to abnormalities in morphology of erythrocyte [13]. Level of Hb might 

be >10 g/dl in βthalassemia minor or carrier patients. There is a 25% possibility of homozygous 

thalassemia at each gestation if both maternities are carriers [14]. 
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Table I.  Beta thalassemia genotypes clinical features/laboratory features. 

β Thalassemia  Globins 

Chain 

β Gene Clinical features Laboratory 

features  

References 

Thalassemia 

Major 

(Usually at 4-6  

Months or child 

younger than 2 years) 

α 2 β2, α 

2 δ 2, α 2 

γ 2 

α 2 δ 2, α 

2 γ 2 

β+/ β+ 

β0/ β0 

 Anemia 

Hepatosplenomegaly 

Growth retardation 

Require chronic 

transfusion; iron 

overload  

 

Hb <7g/dl 

Hb F <90% 

HbA2 

normal or 

high 

HbA  

absent 

[8] 

Thalassemia 

Intermediate 

(presentation at later 

age) 

α 2 β2, α 

2 δ 2, α 2 

γ 2 

 

β+/ β0 

β+/ β+ 

 

Milder anemia 

hepatosplenomegaly 

Hb 7-

10g/dl 

Hb F >10% 

HbA 2 4-

9% 

HbA 5-

90%   

 [11] 

 

Thalassemia 

minor (Trait) 

α 2 β2, α 

2 δ 2, α 2 

γ2 

 

β+/ β 

β0/ β 

 

Asymptomatic 

Normal to mild 

anemia  

No splenomegaly 

Hb >10g/dl 

Hb F 2.5-

5% 

HbA2 4-

9% 

HbA  

>90% 

[14] 
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4. Hereditary transmission  

Beta thalassemia is a congenital autosomal recessive condition. Children are obligate 

heterozygotes when parents are affected and bring mutation in a single copy of β globin 

chromosome. At beginning, every offspring of heterozygous parentages has 25% chance of being 

unaffected and not carrier, 25% possibility of being affected and 50% possibility of being an 

asymptomatic carrier [5, 15]. 

5. Pathophysiology  

 Figure 2 shows that deficiency (ß0) or declined (ß+) amount of β globin chains cause ineffective 

erythropoiesis which leads to anemia. Erythropoiesis is a result of excess unpaired alpha-globin 

chains that form unbalanced and insoluble compounds that precipitous in erythroid precursors in 

the bone marrow and injured the plasma membrane of red blood cells as well as leads to 

premature destruction of the erythrocytes. This progression mostly occurs in precursors of 

immature RBCs and in mature RBCs which are called ineffective erythropoiesis/ hemolysis 

which cause the anemia [16]. Anemia encourages the production of erythropoietin which results 

in up to 25 to 30 times normal bone marrow expand and the abnormalities occur in bones. The 

bone marrow compensates the loss of RBCs with accelerated production of RBCs, while it is not 

sufficient to avoid from severe anemia. Breakdown of erythrocytes cause release of heme which 

result in increases iron absorption in gastrointestinal tract [17]. High absorption of iron occurs 

due to inadequate repression of hepcidin (protein that controls duodenal intake of iron). 

Increased erythropoiesis and consistent blood exchange lead to overload the iron. Overloaded 
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iron is an extremely oxidative with lipid peroxidation of membranes and affects numerous 

organs, especially heart by formation of toxic free radicals [18]. The common inclusions are 

hemichromes which formed when oxidization of αchain subunits take place which interact the 

proteins spectrin and ankyrin on the membrane. Due to these abnormalities there are increases in 

cholesterol and phospholipids in membranes and membranes become less stable and more rigid 

because α chain that are oxidized interact with protein [19]. 
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6. Medical Indices/Complications 

Iron overload 

Individuals who have more severe forms of β thalassemia major or intermediate deposit the iron 

within the reticuloendothelial system as a consequence of exchange of blood. Overloaded iron 

appears within various endocrine tissues such as hepatic parenchyma, as well as more slowly in 

the tissues of heart. Homeostasis of iron in normal humans is accomplished by controlling the 

concentration of iron [20]. Each day 1 mg of iron is forfeited from the physique, via detaching of 

the epithelium cells from urinary system, colon, dermis and other endodermal tissues,  while 1 

mL of transfused blood possess 1 mg of iron which results in 200 milligram of iron is deposited 

in tissues. Patients with severe thalassemia who have blood transfusion, a significant capability 

of deposit the iron due to lacking excretory mechanism of iron from body [21]. During the 

cellular apoptosis overloaded iron discharges the RBCs which result into ineffective 

erythropoiesis, that prohibit the management of hepcidin through hepatic system. Hepcidin is a 

peptide hormone which consists of 25-amino-acid that prohibiting the absorption of dietary iron 

and deleteriously normalizes flow of iron into serum. It also discharges the accumulated iron 

from hepatocytes and liberates the iron from kuffer cells [20, 22]. Ferroportin is a multipass 

transmembrane protein which acts as an iron exporter in spleen and kuffer cells of liver. Primary 

human hepatocytes of thalassemia patients have suppressed the production of hepcidin in serum 

as well as reduction of growth differentiation factor 15 (GDF15) prohibited the suppression of 

hepcidin [17]. Suppression of hepcidin manifestations allows iron release from macrophages and 

to increase absorption of iron from the intestine. Recently the pathological and normal regulation 

for synthesis of hepcidin has been studied [23]. Synthesized miniature- hepcidin that has a longer 

half-life when orally given to mice showed reduction in absorption of iron in mice and also has 
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been recommended as prospective useful mediators in severe beta thalassemic patients [24]. 

After iron release from cells, it is conveyed to the bone marrow and other soft tissue, while up to 

20_25 mg iron may circulate as transferrin-bound iron in 24-hour round, while < 1% of the total 

body iron remains in circulation at any one time. Iron which is not bind with transferrin or non-

transferrin-bound iron (NTBI) is also developing in serum in numerous conformations 

containing in complex with proteins as well as citrate [25]. Overloaded iron may cause damage 

in endocrine glands, blood vessels, diabetes, infertility and cirrhosis in liver as shown in figure 3 

[26]. Non-transferrin-bound iron enters into tissues through numerous cellular channels that are 

capable for destruction of cells rather than using the transferrin receptors [27]. Thalassemia 

patients have the potential to diminish the non-transferrin-bound iron by administrations of 

chelators [25, 28]. Administration of chelators through intravenously is more effective than 

subcutaneous administration at reducing NTBI.  Various oral chelators such as desferrioxamine 

removed iron mainly by abolishing the liable plasma iron in serum whereas deferiprone and 

deferasirox were competent to efficiently admittance as well as diminish the intracellular labile 

iron segments [29]. Various stratagems have formulated to perceive labile plasma iron (LPI), a 

portion of the non-transferrin-bound iron pool, activates metabolically by interrelating with 

components of membrane and affected the plasma membrane through invoke the production of 

free radicals or reactive oxygen species which stimulate the oxidative stress as well as lead to 

lipid peroxidation, oxidation of DNA and protein as shown in figure 4 [26, 30]. 
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Hepatitis 

Patients of thalassemia have a high threat of virus-related contagion. For example, pathological 

hepatitis due to prolong receiving blood and blood transfusion products. Incidence of  hepatitis B 

for thalassemic patients and donors can greatly reduce due to availability of  vaccines  but 

hepatitis C is a greatly difficult among these patients due to  lack of a vaccine [31,32]. 

Osteoporosis 

 Osteoporosis almost occurs in all thalassemia patients which results in multiple fissures such as 

pain in bone. It also reflects density of minerals in axial bone arises swiftly than fringe bone in 

old age. Endocrine deficiencies, expansion of bone marrow, potential toxicity of chelators and 

iron toxicity is also result of osteoporotic in patients of beta thalassemia [33]. Accumulation of  

iron  at a point of 7 mg/g (dry weight) in hepatocytes might be tolerated, but due to regular 

transfusion without iron chelation liver fibrosis can occur which result in iron overload and 

cannot absolutely eradicated from liver which can  increase the risk of liver carcinoma [34]. 
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7. Diagnosis 

 Thalassemia can be diagnose and detect through various laboratory tests such as blood smear, 

prenatal testing (genetic testing of amniotic fluid), DNA analysis (genetic testing) complete 

blood count (CBC), iron studies and hemoglobinopathy [35]. DNA analysis test is used to help 

detect mutations in genes of βand αglobin-chain. It can also help to determine carrier status of 

thalassemia but it not done routinely. Some mutations shows no symptoms while some decline 

the formation of βglobin chain in αthalassemia as well as some completely prevent the making of 

beta globin [36]. 

Hematologic diagnosis 

 Thalassemia intermedia is categorized by MCV between 50 and 80 fL, Hb level from 7 to 10 

g/dl as well as MCH from 16 and 24 pg. Thalassemia carrier/silent is categorized by increased 

Hb A2 level with  decline MCH and MCV. Thalassemia major is described by decline MCV > 

50 < 70 fl, MCH > 12< 20 pg. and (>10 g/dl) Hb level [5, 15]. 

8. Prevention 

 Beta-thalassemia might be prevented by identification of carrier, prenatal diagnosis and genetic 

counseling [37]. Genetic counseling offers evidence for risk of carriers of both parents and risk 

in offspring. Prenatal diagnosis can be carried out by study of gene take out from cells of fetus 

about 15-18 weeks of gestation or sampling at 11 week of gestation from chorionic villi. 

Examination of fetal DNA in serum of mother and investigation of fetal cells in maternal blood 

might be useful to detect mutations in father [38]. Lymphocytes, trophoblasts and nucleated 

erythrocytes (NRBCs) are the three types of cell which are utilized as sources of fetus DNA [39]. 

Burden of thalassemia can be reduced by prevention of birth of homozygotes. Since the last two 

decades numerous Mediterranean and western countries have succeeded to make substantial 
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alteration in the population of homozygote. Some republics such as Turkey, Lebanon, Iran, 

Canada, Egypt, Malaysia, Pakistan and China also have Thalassemia Control Programs [40]. 

9. Treatment 

No treatment is needed to the people who have thalassemia traits. They might be deliberate 

genetic counseling because mutant gene can pass to their offspring (Mustafa et al, 2016). 

Individuals with βthalassemia intermedia will experience a mild anemia in their life. They may 

be sentient like normal people however consistent monitoring will require and blood transfusion 

can be occasionally needed. Iron supplementation is not given, while folic acid supplementation 

is often recommended [41]. Individuals with thalassemia intermedia will also experience a 

hypersplenism which may cause growth retardation and worsening anemia and various other 

mechanical disturbances due to splenomegaly. Treatment of thalassemia intermedia is 

symptomatic but it can also be managed by splenectomy [42]. 

Splenectomy 

In thalassemia major and thalassemia intermedia, over activity of the spleen occurs as a 

consequence of severe hemolysis. Splenomegaly in early age may be prevented after initiation of 

a regular blood transfusion. However, hypersplenism can develop in children among 5-10 years 

of age. Splenectomy protects the patients against poor health and growth retardation by 

decreasing the transfusion requirement, improving the level of Hb as well as decline the 

accumulation of iron [43].  Removal of spleen is suggested when a requirement of transfusion is 

>200 to 220 mL RBCs/kg with 70% hematocrit as well as 250-275 ml/kg packed RBCs with 

60% hematocrit per year. A meningococcal and pneumococcal vaccine prior to surgical removal 

of spleen is recommended while after splenetic antimicrobial prophylaxis with penicillin is 

suggested for reduction of irresistible infections [44]. 
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Iron chelation therapy 

In case of regular transmission of blood, each RBC contains 200 mg of iron which results in 0.3-

0.6 mg/kg per day iron accumulated [45]. Iron chelators are categorized into 3 classes 

(deferasirox (DFX), (deferiprone, (DFP) and (deferoxamine (DFO). Removal of iron is one of 

the most important managements for those individuals who have blood transfusion [46]. 

Deferoxamine (DFO) is derivative from treptomyces pilosus with half-life of 8-10 minutes and 

has a molecular weight of 657. It enters into parenchymal cells of liver where it chelates the iron 

as the iron chelator feroxamine in plasma and bile. Duration of dose differ from patient to patient 

and depend upon how much iron is overloaded after transfusion [10]. The initial use of 1 week 

regularly in transfusion dependent patients of  thalassemia, the recommended dose of DFO is 30-

40 mg/kg  daily each week  and 40-50 mg/kg and consequently to 60 mg/kg in teenagers and 

grownups respectively. Chelation therapy inaugurates, after 20-25 RBCs units are transferred 

between 2 and 4 years of age [47]. In 1980s DFP which is artificial compound initially well-

known in the New York. Half-life of Defriprone is 1.5-4 hours in plasma and it is absorbed by 

the Gastro intestinal tract. Dose is recommended daily 75 mg/kg daily, administration verbally in 

3 allocated dosages with mealtimes and this dose might be augmented 100 mg/kg per day [48]. 

Defriprone infiltrates cell membranes more swiftly than deferoxamine and it is capable for 

chelating intracellular iron (Figure 4). It has efficacy for improving function of cardiac by 

eradicating iron from cardiac as well as preventing cardiac diseases induced by overloaded iron 

[49]. Regular observation of complete blood count on a weekly basis is required as 1% of the 

patients treated with DFP in case of prospective threat of agranulocytosis. Deferasirox DFX 

(Exjade), hugely bioaccumulative chelator that is immersed in the gut and accepted in 2005 for 

use in transfusional overloaded individuals [50]. Half-life of deferasirox is 12-18 hours and 
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recommended orally once a day. Prescribed dosage is 20-30 mg/kg daily but some individuals 

may get assistance through increasing the dosage up to 40 mg/kg daily it is effective both in 

grownups as well as offspring [51]. 
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Transplantation of bone marrow 

Relocation of bone marrow is still remains the main conclusive treatment, reachable for patients 

of thalassemia [52]. Main efficacious transplantation of bone marrow was completed in 1980s. 

The results in young patients are 3 % mortality rate and 87% thalassemia free survival. But BMT 

has few disadvantages such as human leukocyte Antigen matched compatible donor is required 

for this remedial process [53]. The best results with very young individuals are: rejection rate is 

23 %, mortality rate is 7% and thalassemia frees survival rate is 70 %. Treatment for thalassemia 

through bone marrow transplantation is still not available for all Indian patients [54]. 

In low socio-economic countries, the current management available for majority of β-thalassemia 

major patient is effective chelating therapy and management of complications of overloaded iron 

as well as consistent transfusion of packed red cells [55]. 

Blood transfusion 

The transfusion therapy in β-thalassemia major is to maintain level of hemoglobin in plasma and 

to correct anemia which is result of endogenous erythropoiesis [56]. Blood transfusion therapy 

should be started in case of severe anemia after confirmation the diagnosis of thalassemia. 

Though, individuals, who have Hb >7 g/dl, various aspects like growth retardation, increasing 

splenomegaly, facial changes as well as expansion of bone, should be measured. Regular blood 

transmission would not be late till after the second - third year, because multiple red cell 

antibodies might be developed and suitable blood donors are difficult to find. Numerous 

transfusion treatments have been projected over the years; however the utmost extensively 

conventional goal at pre-transfusion hemoglobin near to 9 to 10 g/dl as well as a post-

transfusionl level of hemoglobin should be 13 to 14 g/dl. This inhibits impairment of organs, 

retardation of growth as well as malformations of bones which might be leads to normal quality 
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and activity of life [57] Frequency of blood transfusion depends on numerous causes such as 

level of hematocrit and Hb as well as weight of the patient [47]. Blood transfusion therapy 

should not transfer RBCs more than 15 to 20 ml/kg daily to evade a profligate rise in volume of 

blood. Efficiency of transfusion therapy should be examined via pre and post transfusion level of 

hemoglobin as well as hematocrit because these quantities can enable to monitor iron intake and 

requirement of RBCs [5]. 

Gene therapy 

In gene therapy stem cells of patients are utilized for permanent cure of βthalassemia major. First 

a hematopoietic stem and progenitor cells (HSPCs) of patients are harvest from either peripheral 

blood, bone marrow or umbilical cord blood. After that the tissues/cells are   susceptible to a 

treatment that introduces designed modifications into the genome. The normal β or γ gene is 

transferred into the host cell’s genome via a lentiviral vector. Transfer of globin gene into 

progenitor hematopoietic cells is also being deliberate in human [58]. The cells that contain 

desired genes are again inserted into patients where they multiply and proliferate   in the bone 

marrow. Induced pluripotent stem cells (iPSCs) might be used to avoid the need for high-

modification proficiencies in future gene therapies (Figure 5). In this method somatic cells which 

consist of fibroblasts first isolated from patient and then remodeled into a pluripotent form 

through manifestations of numerous aspects such as Sox2, Klf4, Oct3/4 and C-Myc [59]. Then 

induced pluripotent stem cells are susceptible to accomplish the anticipated alteration in genes.  

An appropriately reformed clone is then prolonged in vitro. After sufficient expansion, induced 

pluripotent stem cells are then distinguished into hematopoietic stem and progenitor cells. These 

HSPCs cells are then transferred back into the individual. While this strategy would overcome 

but this therapy will control many of the extents in directly harvestation of HSPCs from patient 
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but   HSPCs derived from  iPSC is not yet feasible  for HSCT because these cells have limitation 

for multiply in bone marrow. 

  

Transplantation of hematopoietic stem Cell  

 Thalassemia major might be treated by transplantation of stem cell [60]. This scheme is used in 

the management of various ailments such as thalassemia. In this therapy, stem cells from the 
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bone marrow of healthy persons are sequestered and transmitted to patients of thalassemia. 

Nearly 80 percent of transplant recipients were successful by this treatment [61]. Graft vs host 

disease (GVHD) is the most significant and hazardous problem in transplantation of bone 

marrow which might be leads to death of transfer recipients [62]. 

Induction of fetal hemoglobin production 

  Individuals with long term manifestation of thalassemia, induction fetal hemoglobin enhance 

the lifetime of RBCs. There are various drugs which are used for stimulation of production of 

fetal hemoglobin such as hydroxyl urea. Hydroxyurea might be used for cure of both thalassemia 

and sickle cell disease. Hydroxyurea enhances the   production of gamma-globin and also 

improves hematological and quantifiable signs in patients of thalassemia intermedia [9, 63].  

Hydroxyurea acts as a cytotoxic compound for synthesis phase of the cell cycle and also a 

ribonucleotide reductase inhibitor [64]. It regulates and increase expressions of fetal hemoglobin 

gene GATA-2 related to apoptosis and cell cycle as well as suppress the countenance of GATA-

1 gene. It can also induce proliferation of progenitor cells and enhance the amount of 

erythropoietin [65]. 

10. Conclusions 

Beta-thalassemia is induced by modifications in the β-globin gene which result in completely 

absent or reduction in rate of synthesis of normal βglobin chain. The absence of βglobin chain 

and excessiveness of the unmatched α-globin chains cause oxidative strain and premature 

destruction of RBCs which result in severe anemia. Blood transfusion therapy recovers the 

anemia but aggravates the iron overload. It can be prevented by premarital screening, prenatal 

diagnosis, genetic counseling and carrier detection. Gene therapy and transplantation of bone 

marrow is still remains the only absolute therapy accessible for thalassemia patients. 
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