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& STUDY OF IRON OVERLOAD
USING ORAL EXFOLIATIVE
CYTOLOGY IN
BETA THALASSEMIA
MAJOR PATIENTS



INTRODUCTION

Thalassemia are group of inherited disorder of haemoglobin synthesis
caused by genetic mutations that reduce or prevent the synthesis of either alpha or
beta globin chain of haemoglobin'. Most forms are inherited in a autosomal
recessive fashion from asymptomatic parents who are the gene carriers and also
have one in four chances of having an affected child. The disease spectrum has
variations from silent asymptomatic carriers to transfusion dependency for

survival®,

Thalassemia affects approximately 4 % of every 10,000 live birth throughout

the world®. It is about 1.5 % of global population are carriers of beta thalassemia .

In the homozygous state of beta thalassemia gene results in severe or total
suppression of beta chain synthesis, clinically characterized as Thalassemia major
or Cooleys anemia causes severe transfusion dependent anemia®. The heterozygous
state knows as beta thalassemia trait, causes milder form of disease. Thalassemia
intermedia presents as milder form than beta thalassemia major but more severe

than the beta thalassemia trait*.

Beta thalassemia major is characterized by severe anemia,
hepatosplenomegaly, growth retardation, endocrine dysfunction and skeletal
changes due to ineffective erythropoiesis which leads to bone marrow expansion.
Many patients with beta thalassemia requires regular packed red blood cell

transfusion to overcome the effects of anemia®.



Transfusion therapy reduces compensatory bone marrow expansion and

permitting normal or near normal growth and development®.

These patients undergoes repeated blood transfusions results in iron
overload, which is a common complication encountered in these patients who
do not receive effective iron chelation therapy. It is mainly because of
increased absorption of iron in gastrointestinal tract and the body has no effective

means of excreting the excess iron’.

Iron is an essential nutrient for every human cells. It plays role in cellular

metabolism and erythropoietic function and becomes highly toxic in excess®.

Normally, an individual requires 1-2 mg/ L of elemental iron
physiologically, and it is available in daily diet. On each unit of packed red cell
contain 200-300mg iron. On repeated blood transfusion leads to increased
accumulation of iron in the tissue parenchyma causing multiorgan failure and signs

of iron overload usually seen after 10 -12 transfusions’.

The iron overload on the body can be estimated in the blood by measuring
serum ferritin, serum iron and total iron binding capacity. Liver biopsy is a widely
followed definitive test for assessing the parenchymal iron overload. Bone marrow
biopsy is indicated in iron overload associated with reticuloendothelial system.

These procedures are invasive and may not be feasible in every occasions®.

A clear clinical need is evident for quantitative, noninvasive, safe, accurate,
and readily available means of measuring body storage iron to improve the diagnosis

and management of patients with iron overload from such disorders as hereditary

2



hemochromatosis, thalassaemia major, sickle cell disease, aplastic anemia, and

myelodysplasia among others'®.

A Non invasive test to asses iron overload is exfoliative cytology and the
smears from buccal mucosa is stained with Perls Prussian blue. It is a simple,

painless, bloodless and quick procedure.

This study is being carried out to demonstrate iron overload in patients with -
thalassemia major undergoing blood transfusions using Perl’s Prussian blue reaction

and compared with serum ferritin levels.

The staining kit consists of potassium ferrocyanide, which reacts with ferritin
in the cells to form a blue colored compound. This blue colored compound is visible

under light microscopic study as blue granules.

Hence, this study can be used to assess iron overload as a very simple, non-

invasive procedure.



AIM AND OBJECTIVES

Aim:

To correlate iron overload in exfoliative squamous cells from buccal mucosa

with serum ferritin level among Beta Thalassemia Major patient.

Objective :
e To analyze iron overload by examining exfoliated squamous cells from buccal
mucosa using Perls Prussian blue method.

e To analyze serum ferritin level



REVIEW OF LITERATURE

CLASSIFICATION OF THALASSEMIA

[—-Thalassemias

GENOTYPE ABNORMAL CLINICAL SEVERITY
HEMOGLOBIN
B-Thalassemia major Homozygous  B-thalassemia | Severe requires blood

(BO/BO, B+/p+, pO/B+)

transfusions

B-Thalassemia intermedia

(BO/B+, B+/B+, BOIB, B+/B)

Severe but does not require
regular blood transfusions

B-Thalassemia minor

Heterozygous

(BO/B, B+/B)

B-thalassemia

Asymptomatic with mild or
absent anemia

red cell abnormalities seen

dp0/thalassaemia Homozygous 60/630 Similar to Thalassaemia
intermedia

dp0/thalassaemia Heterozygous 6p0/63 Similar to Thalassaemia minor
5-20%

HbLepore Homozygous Lepore/Lepore Similar to Thalassaemia major

HbLepore HeterozygousHbLepore /3 Similar to Thalassaemia minor

o-Thalassemias

Silent carrier —/o ala Asymptomatic no red cell
abnormality

a-Thalassemia trait —/— o/o. OR—/a —/a Asymptomatic like B-
thalassemia minor

HbH Disease ———lo Severe resembles S
thalassemia

Hydropes fetalis —[——I- Lethal in utero without

transfusion




BASED ON REQUIREMENT OF BLOOD TRANSFUSION CLASSIFIED
INTO
I.NON TRANSFUSION DEPENDENT THALASSEMIA
1. Occasional transfusion required —
e / Thalassemia Intermedia
e [ Thalassemia Trait
e o Thalassemia Trait
e HbC/ g Thalassemia
e Mild HbE/g Thalassemia
e HbH with g Thalassemia Trait
e Homozygous HbE/C Trait
2. Intermittent transfusion required —
= S Thalassemia Intermedia
= Deletional HbH
= Non deletional HbH
= Moderate HbE/f Thalassemia
I.TRANSFUSION DEPENDENT THALASSEMIA
= Thalassemia Major
= Non deletional HbH
= Survived Hb Barts hydrops

= Severe HbE/p Thalassemia



HISTORY

In olden era, a disease known as anemia splenic infuntum that included

several

children

conditions but could not well distinguished from one another . These

were born normal and grew well until 6 month of age and developed

abdominal distention, pallor and facial bone deformities giving the children a

Mongolian appearance.

In 1925, Cooley and Lee observed the disease in Italian and Greek childrens
who were coming from malarial area™.

In 1932, George H Whipple and William L Bradford published the
pathological finding in this disease”.

In 1940, Wintrobe reported the presence of familial hematopoietic disorders
in adults of Italian origin?.

In 1943 & 1947 — Silvestroni and Bianco defined the hematologic, clinical
and epidermiologic characteristics of thalassemia minor and its relationship
with thalassemia major*?

In 1949, J.B.S. Haldane suggested that thalassemia had reached its high
frequency in tropical regions because heterozygotes are protected
against malaria.

In 1968, Cligg discussed the unbalanced chain synthesis of thalassemia™.

In 1977, R.B Thampson reported that § Thalassemia are due to genetically

determined defect of A chain synthesis®’.



The word thalassemia comes from Greek word thalasea means “ sea “ are
endemic in the Mediterranean basin, Middle east, Tropical African, Indian

subcontinents and Asia®.

The Thalassemia syndrome are heterogenous group of disorders of adult
haemoglobin only in 1930 and 1940 it become apparent that this disease first
described with severe anemia, bone changes and splenomegaly results from a

defective synthesis of either alpha globin or beta globin chain of haemoglobin*,

The Beta thalassemia disorders are due to mutations that impair the normal
process of beta globin chain production. Normally two globin chains are encoded by a

single beta globin gene on chromosome 11%.

In the homozygous state (8 / g~ p*1 °, f°% B° ) cause severe transfusion
dependent anemia called 8 thalassemia major . In the heterozygous state (8%/ £°)
causes mild to moderate microcytic anemia called as $ thalassemia trait. Patients with

heterozygosity are some what resistant to malaria.
EPIDERMIOLOGY

The inheritance of thalassemic mutations represents a significant public health
problem in a majority of nations (71% of 229 countries). It is estimated that upto 1.5%
of the entire population may carry a genetic mutation affecting hemoglobin production
and about 270 million persons and approximately 1% of couples worldwide are at risk
for having children with an haemoglobin disorder.

S — Thalassemia are widely distributed in Mediterranean population, Middle east,

part of India, Pakistan and Southeast Asia. The disease is common in Tajikistan,

8



Turkmenistan, Kyrgyzstan, and the People’s Republic of China. Because of extensive
migration from areas of high gene frequency such as Mediterranean regions, Africa ,
Asia to America. The alpha and beta thalassemia genes and the clinical disease are
relatively common in North and South America®.

S-thalassemia occurs sporadically in all racial groups and has been observed in the
homozygous state in persons of pure Anglo-Saxon heritage and thus the patient’s
racial background does not hinders the diagnosis.

The Jp-thalassemias have been observed sporadically in many racial groups
although no high-frequency populations have been seen. Similarly the hemoglobin
Lepore syndromes have been found in many populations but with the exceptions of
central Italy, Western Europe, and parts of Spain and Portugal.

Thalassemia affects approximately 4 % of every 10,000 live birth throughout the
world®. It is about 1.5 % of global population are carriers of beta thalassemia 2.

The estimated annual worldwide number of births is 22 989 for f-thalassemia major,
9568 for HbH disease (the intermediate form of a-thalassemia), and 19,128 for
HbE/p-thalassemia,5183 for Hb Bart hydrops fetalis syndrome.

S thalassemia prevalence in America( 0- 3%), Eastern Mediterranean ( 2 -18 %),
Europe ( 0- 19% ), South East Asia ( 0 -11%), Sub Saharan African( 0-12 %),
Pakistan (5 -7%), Iran 7% . The highest incidence are seen in Cyprus 14 % , Sardinia
12%, South East Asia and the prevalence varies among different countries around the
world* .

The thalassemia genes may have resulted from drift, independent mutation and

provide the overall basis for their world distribution.



The high gene frequency of beta thalassemia in these region shows evidence for
protection of individuals with beta thalassemia against Plasmodium falciparum
malaria”.

PREVALENCE OF BETA THALASSEMIA IN INDIA

Beta thalassemia prevalence across India varies between 5 — 15%. There are
25% chances of developing homozygous p thalassemia child for a £ thalassemia

carrier couple®®.

Ten percent of the total world thalassemia are born in India every year. Around

180 different mutations which leads to beta thalassemia have been identified .

In India the frequency of thalassemia is increased due to the consanguinity and
endogamous mating, it is assumed that the tribal communities in India are facing these

problem in large scale®.

In India carrier frequency of g thalassemia varies from 4.05 to 20% and birth
incidence of £ thalassemia homozygote to be 11,316 per year in India. Northern,
Western and Eastern parts of India have a greater frequency, Gujarat has highest
frequency of beta thalassemia trait ( 10 — 15%), followed by Calcutta(10%), Punjab

(6.5%),Delhi(5.5%), Tamilnadu(4%), Kerala (0.6%).

Based on the population distribution the higher number of frequency of beta
thalassemia is seen in the group of people Bhanishali(15%), Lohana(13%),

Sindh(8%), Assam(5%), Bangalan(3.7%) and Ahan (1%).

10



GENETIC AND MOLECULAR PATHOLOGY

GENETIC CONTROL AND HEMOGLOBIN SYNTHESIS

The normal haemoglobin molecule is a tetramer of two alpha-like chains
(alpha or beta ) with two beta-like chains (beta, delta, gamma, or epsilon).
Combinations of these chains produce six normal hemoglobins. Three are embryonic
hemoglobins (Hb gower 1, Hb gower 2, Hb Portland 1&2 ) and two adult
hemoglobins (Hb A, Hb A2). The alpha-like globin gene is located on chromosome1l6,

and beta-like globin gene cluster is on chromosome11®.

Ge by mh gy 0h b
o Gower | Hyh Porn Hoh Gower? e HBA Higbly

Enoryo Fn;us An'ul

Figure 1 — Genetic control of Haemoglobin synthesis
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The embryonic switch to fetal globin genes (o to y and C to «) will start in the
early pregnancy and is completed at 10 weeks of gestation then the fetal switch to
adult globin genes (y to ), which occurs during the perinatal period and these globin

gene switches results in changes in the Hemoglobin composition 2.

When an individual inherits one cluster of five functional genes on
chromosome 11 from the each parent ,genotype for normal g chain synthesis is
designated as f / . When two a -globin genes (a 1 and a2) are inherited on each

chromosome 16,the normal genotype is designated as o /o .

CHANGES IN GLOBIN GENE EXPRESSION

The series of developmental switches is synchronized throughout the
developing hematopoietic tissues. Some form of “time clock” is built into the
hematopoietic stem cell at the chromosomal level, and the regulation appears to occur
in a complex manner involving both developmental stage-specific trans-activating
factors and the relative proximity of the different genes of the -globin gene cluster to
LCR( locus control region). KLF1 (erythroid Kruppel like factor), BCL11A and MYB
a developmental stage—enriched protein, activates human S-globin gene expression

and is involved in human y- to -globin gene switching®.
GENETIC MUTATIONS IN THALASSEMIA

Nearly 200 different mutations have been described in patients with B-
Thalassemia and related disorders®®. Genetic defects that cause a decrease or absent
production of a particular globin chain include single nucleotide or point mutations,

small insertions or deletions or large deletions®.
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All mutations result in either the absence of the synthesis of B-globin chains

[BO-thalassaemia] or a reduction in synthesis [+-Thalassemia].

THALASSEMIA MUTATIONS IN INDIA

MUTATIONS FREQUENCY
IVS1-5(G—C) 48% - Commonest
619 bp deletion 18% - Sindhis, Gujaratis
IVS1-1(G—T) 9%
FR 41/42 (TCTT) 9%
FR 8/9 (+G) 5%
CODON 15 (G —*A) 6%

The most common five mutations found in Indian subcontinent are IVSI-5
(G—C), Del 619,IVSI-1 (G—T),Fr 41-42(-TTCT) and Fr 8-9 (+G)%. In the Sind and
Gujarati populations of Pakistan and India the common gene deletion is 619-bp
deletion at the 3’ end of the f gene and it accounts for approximately 50 percent of -

thalassemia alleles®*%,

Daletions
y:
e -
AR 2 FWNs2 P77 ——
\_( WYY W ‘
PR & IFSSPL SPL F& BPL SPL F5 PO A
NS NS NS
—
Point mutations 100 bp

Figure 2: Mutations in Beta Thalassemia
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In the Indian 619-bp deletion removes the 3’ end of the  gene but leaves the 5’
end intact. Many of the other deletions remove the 5’ end of the gene and leave the ¢

gene intact. Homozygotes for these deletions have p0-thalassemia.

Heterozygotes for the Indian deletion have increased hemoglobin A2 and F

levels similar to those seen in heterozygotes for the other common forms of g-

thalassemia®.
SPLICING MUTATIONS.

These are the most common cause of B*-thalassemia. Most of these mutations
are within introns, and few are located within exons™.GT at the 5’ (donor) and AG at
the 3’ (receptor) sites’.Some of these mutations destroy the normal RNA splice

junctions and completely prevent the production of normal -globin mRNA, resulting

in B°-thalassemia.
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Figure 3 : Splicing mutation in Beta Thalassemia
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In some “ectopic” splice site within an intron which leads to the flanking
normal splice sites and both normal and abnormal splicing occurs and some normal

B-globin MRNA is made, resulting in f*-thalassemia™.

Different varieties of f-thalassemia involve single-base substitutions within the
consensus sequence of the 1VS-1 donor site*. The substitution of the G in position 5

of IVS-1 by C or T results in severe p+-thalassemia®.

Mutation IVS 1-1 (G-T) causes the change in splice junction results in
ineffective RNA processing. 1VS I-5 (G-C) destroys consensus sequences around the
splice junction which are important for splicing. Mutation at codon 15 (G-A) causes a

nonsense codon, terminating the synthesis of beta-globin at a premature stage®*.

Another class of processing mutations involves the polyadenylation signal site
AAUAAA in the 3" untranslated region of f-globin mRNA, a T—C substitution in this
sequence leads to one-tenth the normal amount of S-globin mRNA which results in

severe f+-thalassemia phenotype®’.
PROMOTER REGION MUTATIONS

Several mutations are in or around the 5'flanking sequence of S-globin genes,
they reduce binding of RNA polymerase reducing the rate of mMRNA transcription to
20% to 30% and causes moderate decrease in S-globin chain causing p+-thalassemia

phenotype?.
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5’-UTR Mutations

In the 50-nucleotide region, numerous mutations of single-base substitution
and minor deletions have causing mild effects on gene transcription. Heterozygotes
have normal or borderline red cell indices and HbA2 and compound heterozygotes,

with severe p-thalassemia alleles usually have a mild phenotype.

In mutation at the p-globin gene mRNA capsite (Cap +1 ASC) in the

homozygotes shows hematologic values consistent with thalassemia trait®°.
CHAIN TERMINATOR MUTATIONS.

These are the most common cause of B’-thalassemia.There are two subtype
mutations. In the most common type - stop codon within an exon and the other type,
small insertions or deletions that shift the mRNA reading frames (frameshift
mutation). Both block translation and prevent the synthesis of any functional B-

globin®,

Base substitutions that change an amino acid codon into a chain termination
codon(nonsense mutations) prevent translation of the mRNA which result in A°

thalassemia®®>!. The codon 17 mutation is common in Southeast Asia®**®

The insertion or deletion of one, two, or four nucleotides in the coding region
of the S-globin gene which disrupts the normal reading frame and results in translation
of the mRNA, in the addition of anomalous amino acids until a termination codon is
reached in the new readingframe.?®?* Two mutations—the insertion of one nucleotide
between codons 8 and9 and a deletion of four nucleotides in codons 41 and 42—are

common in Asian Indians®*
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PATHOGENESIS

In beta thalassemia reduced or absent production of beta globin chain which
diminishes hemoglobin synthesis and produces microcytic, hypochromic RBCs
and unequal production of the alpha - or beta-globin chains causing an imbalance
in the o/p chain ratio which leads to decreased survival of RBCs and their

precursors>,

The unpaired excess alpha chains forms as inclusion bodies and gets
precipitated in the developing RBCs and this causes oxidative stress and damage to
cellular membranes®. Excess a-chains oxidation results in the formation of
hemichromes, whose basic structure composed of covalent binding of distal

histidine E7 to the sixth coordination site of the heme iron.

Denatured a-chains and irreversible hemichromes precipitates as inclusion
bodies which occurs during early differentiation and throughout erythroid
maturation®®. In the red cell membrane, a-Chain precipitation causes structural and
functional alterations which causes changes in stability, deformability and red cell

hydration.

Protein 4.1, a major component of the cytoskeleton, undergoes partial
oxidation in p-thalassemia which results in defective capability in formation of
the spectrin—protein 4.1-actin complex, which is essential in maintaining the

cytoskeleton stability*®.
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PATHOGENESIS OF BETA THALASSEMIA
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Figure 4 : Pathogenesis of Beta Thalassemia
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In S-thalassemia, red blood cells loses K+, and stores Ca2+ and are dehydrated,
resulting in altered deformability. The free « - chains are subjected to degradation and
the formation of denatured a-globin protein, heme and free iron, which play a role in

damaging erythroid precursors and red cell membranes.

Through Fenton reaction, the free iron generates reactive oxygen species,
which causes lipid and protein peroxidation and results in damage of red cell
membranes and intracellular organelles®. In the membrane of S-thalassemic red cells,
elevated levels of iron are associated with denatured Hemoglobin and are thought to
decrease red cell survival.** These features triggers the apoptosis and the apoptotic
RBC precursors are subsequently phagocytized and destroyed in the bone marrow by
activated macrophages. The premature death of RBC precursors in the bone marrow is

called ineffective erythropoiesis®’.

Due to ineffective erythropoiesis the bone marrow attempts to produce RBCs
but could not able to release sufficient viable cells into the circulation. The cells that
are released into the periphery are laden with inclusion bodies and are rapidly
sequestered and destroyed by macrophages in the spleen (extravascular hemolysis).

This results in ineffective production and increased destruction of RBCs.

In beta-thalassemia major, due to severe uncompensated anemia stimulates an
increase in erythropoietin production by the kidney and results in massive marrow
erythroid hyperplasia and extra medullary hematopoiesis®. The expanding mass of
red cell precursors erodes the bony cortex, impairs bone growth, and produces skeletal

abnormalities.
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Extramedullary hematopoiesis involves the liver, spleen, and lymph nodes, and
in extreme cases produces extraosseous masses in the thorax, abdomen, and pelvis and
as an serious complication of ineffective erythropoiesis causes increased absorption of
iron in the gut by suppression of hepcidin level will results in secondary injury to

parenchymal damage®®.
CLINICAL FEATURES

In beta-thalassemia, the child during fetal life and upto 6 months of age does
not show any clinical manifestation because of Hb F is the predominant circulating
hemoglobin. The disease manifest between 6 and 24 months of age, after completion

of the gamma to beta switch.

To compensate for the decreased expression of the beta-globin gene, the
gamma- and/or delta-globin genes are usually upregulated, but in beta-thalassemia

major this increase is insufficient to correct the a/f chain imbalance®.

Initial symptoms in beta thalassemia are child becomes progressively anemic
and have feeding problems with recurrent diarrhoea, irritability, fever,

hepatosplenomegaly and failure to thrive®.

MAIN CLINICAL FEATURES ARE
e Bone deformities
e (Osteoporosis
e Cholelithiasis
e Thromboembolic complications

e Jaundice
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e Long term blood transfusion — causing iron overload and transfusion
induced infections.
BONE DEFORMITIES
Inadequate red cell transfusions lead to the development of typical bone
abnormalities, caused by increased erythropoiesis and expansion of the bonemarrow .
The skull is large and deformed by frontal and posterior bossing with increase
thickness in diploe. The outer and inner tables are thin and the trabeculae arranged in

vertical striations resulting in a“hair-on-end” appearance™®.

There will be prominence of

e Malar eminence

e Mangoloid slant of eye

e Hypertrophy of maxilla leading to exposure of upper teeth*.

Delayed pneumatization of the sinuses, depressed base of nose. Severe
malocclusion with a rodent-like appearance is due to overgrowth of the maxilla. Due
to the consequence of increased erythropoiesis causes expansion of metacarpal and
metatarsal bones. The ribs are broad often with a “rib-within-rib” appearance and the
vertebral bodies are square. The trabeculation of the medullary space gives the bones a

mosaic pattern.

Premature fusion of the humeral and femoral epiphyseal lines due to shortening
of long bones which resulting in causing stunned growth®. Extramedullary
erythropoiesis gives rise to masses that protrude from bones where red marrow

persists.
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Overgrowth of vertebral bodies can cause cord compression and paraparesis.
As a consequence of extramedullary marrow growing in the middle ear causes
audiologic impairment and compressive optic neuropathy causes progressive visual

loss “°.

OSTEOPOROSIS

The thalassemia patients have reduced bone mineral density and more
susceptibility to fractures. The males are more commonly affected than the females,
this represents an important complication causing morbidity in both sexes of adult

patients.

Varietions in the genetic and acquired factors plays the role in the pathogenesis
of osteoporosis in thalassemia major and it is multifactorial. Severe osteoporosis is
associated with the polymorphism at the Spl site of the collagen type |

gene(COLIAL).

Other factors that contributing to osteoporosis is ineffective hematopoiesis with
progressive bone marrow expansion and exogenous factors such as endocrine
dysfunction, iron overload and chelation therapy, vitamin deficiencies, and decreased

physical activity.

Defective osteoblastic activity is the major pathogenetic mechanism for
osteoporosis and there is evidence of increased osteoclast activation. It is suggests
that the receptor activator of nuclear factor Ob ligand (RANKL)/osteoprotegerin
(OPG) pathway mediates osteoclast proliferation in thalassemia and contributes to

osteoporosis.
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Bone pain of varying severity is a common complaint among adult patients and it is
due to the expanded bone marrow with consequent pressure on the cortical bone. Back
pain is sometimes associated with compression fractures and intervertebral disc
degeneration. Osteoporosis is a progressive disease thus early detection, prevention,
and treatment are essential for effective control of this potentially debilitating

condition.

CHOLELITHIASIS

Gallstones may occur in thalassemia but the frequency is variable, depending
on the transfusion regimens and amount of inefficient erythropoiesis, hemolysis,
timing of splenectomy. It is associated with presence of the (TA)7 promoter mutation

of uridine diphosphoglucuronosyl transferase gene.

Regular ultrasonography of the gallbladder should be done. cholecystectomy

should be performed ,if gallstones are present at the time of splenectomy,.

THROMBOEMBOLIC COMPLICATIONS

Thalassemia patients have an increased risk to develop thromboembolic
manifestation. The increased tendency of thromboembolic manifestations was found
to be 10% in patients with thalassemia intermedia and 4% in patients with thalassemia
major . In female, history of splenectomy and degree of anemia were thombophilic

risk factors.

The presence of a chronic hypercoagulable state in the thalassemia is due to

procoagulant effect of the anionic phospholipids exposed on the surface of damaged
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circulating red cells and to endothelial derangement the inflammatory state associated
with thalassemia®’,

Concomitant prothrombotic conditions in thalassemia patients after the first
decade of life frequently include insulin-dependent diabetes, estrogen therapy, atrial

fibrillation, and postsplenectomy thrombocytosis®’.
JAUNDICE

Due to the excessive destruction of RBCs and their precursors leads to release
of hemoglobin and causes increase in the level of plasma indirect bilirubin. The

bilirubin can diffuse into the tissues causing jaundice®.
IMAGING FEATURES IN BETA THALASSEMIA

Radiologically, the skeletal changes in thalassaemia are most striking in the
skull there is extreme thickening of the diploe, the inner and outer plates become
poorly defined and trabeculae between the plates become elongated, producing a

bristle like crew cut or hair-on-end appearance of the surface of the skull.

In rib shows a features of rib-within rib appearance and is noted particularly
in the middle and anterior portions of the ribs. This findings consist of a long linear
density within or overlapping the medullary space of the rib and running parallel to its
long axis.

The proliferation of marrow within the frontal and facial bones impedes
pneumatization of the paranasal sinuses. This results in hypertrophy of osseous

structures and a consequent prominence of lateral margins of the malar eminences
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together with anterior and medial displacement of developing teeth and ethmoidal
sinuses are not involved, a factor attributable to the absence of red marrow in the sinus

walls.

Figure 5.X ray showing Hair on end appearence
Intra-oral roentgenograms in some cases reveal a peculiar trabecular pattern of
the maxilla and mandible, characterized by an apparent coarsening of some trabeculae

and the blurring and disappearance of others, resulting in a salt and pepper effect®.

Magnetic resonance imaging (MRI) in the thalassemia cases, there is a
replacement of fatty marrow by the hypercellular area. Microradiography and x-rays

detects the reduced and irregular mineralization of the bone *'.

Ultrasound imaging and evaluation may reveal gall bladder with pigment

stones and splenomegaly.
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IRON OVERLOAD IN BETA THALASSEMIA

NORMAL IRON METABOLISM

Iron is an essential micronutrient required for adequate erythropoietic function,
oxidative metabolism and cellular immune response. The human body has no effective
means of excretion of iron and on increased level of iron, it is highly toxic and hence
needs regulation of absorption of dietary iron from the proximal duodenum is essential

in iron homeostasis.

Normally total body iron content in men is around 6 gm and 2.5gm in women,
and it is divided into functional and storage compartment. It is limited that 1-2mg of
loss of iron every day through sloughing of intestinal mucosal cells, menstruation and

other blood loss.

About 80% of functional iron is found in haemoglobin, myoglobin and iron
containing enzymes. The main site for iron storage is in liver and mononuclear
phagocytes. The intracellular storage of iron in the form of ferritin and hemosiderin

and it circulates in plasma in bounded form to transferrin®>.

Dietary iron is found in Haem(10%) and non Haem(90%) forms. The non haem
forms which will be in ferric state ( Fe** ) will be reduced to ferrous state by
ferrireductases and then transported and their get absorbed at the apical surface of
duodenal enterocyte through divalent iron transporter. Iron is exported across the
basolateral membrane of enterocyte by means of ferroprotin and hephestin in contact

with blood, where it bind to transferrin and transported to circulation.
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Transferrin bound iron enters the targeted cells mainly erythroid cells, immune
and hepatic cells through a receptor mediated endocytosis. The senescent erythrocytes
undergoes phagocytosis by reticuloendothelial system macrophages and the haem is
metabolised by hemeoxygenase and stored as ferritin. The level of plasma ferritin

correlates with the body stores.
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Figure 6. Normal iron metabolism
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Ferritin is a ubiquitous protein-iron complex and in the liver most ferritin is
stored within the parenchymal cells and in other tissues, such as the spleen and the
bone marrow it is found mainly in macrophages. Intracellular ferritin is located in the
cytosol and in lysosomes, in which partially degraded protein shells of ferritin
aggregate into hemosiderin granules. The iron is later released from macrophages and

bound to transferrin and transported to bone marrow*.
IRON REGULATION BY HEPCIDIN

Iron absorption is regulated by hepcidin, a small circulating peptide that is
synthesized and released from the liver in response to increases in intrahepatic iron
levels. Transferrin receptors (TfR1 and TfR2) with the membrane protein hereditary
hemochromatosis protein (HFE) regulates the hepcidin production by sensing the iron
levels in the body and stimulates the hepcidin. Hepcidin inhibits iron transfer from the
enterocyte to plasma by binding to ferroportin and causing it to be endocytosed and
degraded. As a result, as hepcidin levels rises iron becomes trapped within duodenal

cells in the form of mucosal ferritin and is lost as these cells are sloughed™.
PATHOGENESIS OF IRON OVERLOAD IN BETA THALASSEMIA

In cases of beta-thalassemia require regular blood transfusion to reduce the
chronic anemia and multiple blood transfusions causes increased gastrointestinal iron
absorption lead to iron overload . A patient who receives more than 10 units of blood
per year, accumulates 3 g of iron each year in the absence of any iron chelation

therapy. Excess iron is toxic and causes serious and irreversible organ damage such
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as cirrhosis, diabetes, heart disease, and hypogonadism which lead to significant

morbidity and mortality if untreated.
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Figure 7. Pathogenesis of iron overload in beta thalassemia
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The excess iron in beta-thalassemia patients saturates the ability of the
transferrin iron transport system and leading to non transferrin bound iron (NTBI) and
labile plasma iron (LPI) starting to circulate in plasma and gets deposited inside
susceptible cells. NTBI enters cells by other cellular channels including L-type
voltage-dependent Ca2+ channel(LVDCC), a divalent cation transporter and Zipl4, a

member of the SLC39A zinc transporter family.

Long-term uptake and accumulation of NTBI and LIP, its redox active
component leads to increased levels of storage iron and labile cellular iron. Tissues
susceptible to iron accumulation by this mechanism include the liver, endocrine

system and myocardium.

When the cellular labile iron pool exceeds the capacity of the cell to synthesize
new ferritin molecules, a critical concentration is reached that can generate reactive
oxygen species (ROS). The Reactive oxygen species like hydroxyl radicals, increase

lipid peroxidation and organelle damage leading to cell death and fibrogenesis.

Iron overload can also contribute to ineffective erythropoiesis to an extent
depending on the disorder. It is suggested that the production of growth differentiation
factor 15 (GDF15) which is derived from cytokine family and inhibition of hepcidin
synthesis due to the protein called twisted-gastrulation 1 (TWSG1) and it is leading to

the increased iron absorption in beta-thalassemia patients.

It is also suggested that on increased erythropoiesis, bone marrow and spleen

erythroblasts increasingly produce erythroferrone, which directly acts on the liver to
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inhibit hepcidin production and causes increased iron mobilization and absorption

during periods of erythropoietic stress.

Hepcidin inhibition by the liver serine protease TMPRSS6 has also been seen
in beta thalassemia patients. Serum levels of cytokine (GDF15) are elevated in
patients with homozygous beta thalassemia, while intermediate levels are found in

carriers of alpha-thalassemia and in beta-thalassemia trait carriers>.
CLINICAL MANIFESTATION OF IRON OVERLOAD IN ORGANS
IRON OVERLOAD IN HEART

70% of the deaths of patients is due cardiac complications and which are the
most common complication of iron overload resulting in heart failure and arrhythmias.

The prevalence of heart failure is significantly higher in males than in females.

MECHANISM

Heart disease caused by iron overload is mainly by injury to the phospholipids
of mitochondria and lysosomes is mediated through the labile iron-mediated
peroxidation. In the absence of chelation, subclinical dysfunction appears in the

second decade of life or when approximately 20 g of iron have been accumulated.

However cardiomegaly and left ventricular function deterioration progress to
congestive heart failure and sudden death from arrhythmias can occur. In
asymptomatic thalassemia patients with normal myocardial mass the early
manifestation to occur is diastolic dysfunction where the systolic function is mildly

impaired.
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The classic picture of end-stage iron-induced cardiomyopathy

combination of

e Left ventricular diastolic dysfunction
e Pulmonary hypertension

e Right ventricular dilatation.*

Although chelation therapy plays a crucial role in preventing or correcting the
cardiac damage in thalassemia patients but iron accumulation may occur in patients
with good compliance and low ferritin and liver iron concentration. The prognosis for

thalassemic patients with heart failure has always poor.
IRON OVERLOAD IN LIVER

Liver disease is a major complication of thalassemia major and is caused by the
damage produced by iron overload and the effects of transfusion-transmitted viral
infections. In the absence of chelation hepatic siderosis is start to appear from the

early stages of iron loading and progresses to fibrosis and cirrhosis.

The mechanisms of the effect of iron is suggested that peroxidation of
intracellular organelles and membrane components by reactive oxygen species is the
major cause of tissue toxicity and organ damage. Iron mediated oxidation and the
consequent loss of integrity of RNA is considered an important contributing factor to

disease development.®
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IRON OVERLOD IN ENDOCRINE GLANDS

Iron deposition in the endocrine glands occurs either directly or through the
hypothalamic—pituitary axis. High ferritin levels, poor compliance with chelation, and
splenectomy increase the risk of endocrinopathies. Intensive iron chelation can

normalize the iron load and prevent or even reverse endocrine dysfunction.

GROWTH RETARDATION

Stunted growth is common in thalassemia and is characterized by normal
growth during childhood, decreased growth velocity at the end of the first decade of

life.

The causative factors for growth failure which includes

Iron overload free radical toxicity

e Desferrioxamine toxicity

e Zinc deficiency anaemia

e Delayed puberty

e Primary hypothyroidism

e Liver cirrhosis

e Defect in the Growth Hormone-Insulin- like Growth Factor-1 (GH-1GF-1)

axis.

In Thalassaemic patients, there will be lower serum IGF-1 and normal GH

reserve which shows the relative GH resistance but improves growth with GH

therapy. The linear growth in childhood is disturbed due to anaemia, ineffective
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erythropoiesis, high ferritin levels & desferrioxamine treatment. Due to
desferrioxamine therapy and iron loading may have effects on local IGF-1 production
and paracrine growth regulation which affects the growth plate results in stunted
growth.*®

HYPOGONADISM AND PUBERTY

Sexual immaturity is a severe complication of severe thalassemia and primary
gonadal failure due to gonadal iron deposition. Iron deposition on gonadotrophic cells
of the pituitary gland which results in secondary hypogonadism due to impaired

response of FSH and LH to GnRH stimulation.

Iron toxicity on adipose tissue has shown to cause impaired synthesis of Leptin

and leading to delay in sexual maturation.

Leptin is a polypeptide hormone produced by adipose cells due to expression of
the ob gene and acts as a signal to initiate puberty. Gross iron overload in the pituitary

hypothalamus and gonads is progressive even with chelation therapy.

Delayed onset of menarche, oligomenorrhoea, secondary amennorhoea, breast
size at Tanner Stage 2 or 3. Attenuated testicular size ,decreased fertility in men with
thalassemia major are attributed to lower sperm count and sperm motility, and
proportion of sperm with normal morphology is significantly lower are common

manifestations of significantly elevated serum iron and ferritin levels™.
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HYPOTHYROIDISM

Hypothyroidism is the second most common endocrine disorder after
hypogonadism. The majority of patients have subclinical or mild forms. Central

hypothyroidism is less frequently encountered.

Regular assessment of free thyroxine and thyroid-stimulating hormone is
recommended after the first decade of life. Thyroid ultrasonography may show an

irregular echogenic pattern with thickening of the capsule.

Abnormal thyroid function has been reversed to with intensive chelation

therapy with DFO or in combination with DFP.
HYPOPARATHYROIDISM.

Hypoparathyroidism affects 3% to 10% of thalassemia patients and is attributed

to iron deposition in the parathyroids. Males are more affected than females.

Early detection requires periodic estimation of calcium homeostasis. Symptoms

are paresthesias, muscle pain. When severe, tetany and even convulsions occurs.

Extreme hypocalcemia is a late event. Intracranial calcifications have been
reported in 40% of patients with hypoparathyroidism in the absence of symptoms.*®In
mild cases, normalization of calcium and phosphate with calcitriol and careful

monitoring of the serum calcium are warranted.
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LABORATORY INVESTIGATIONS

The following investigations used in the diagnosis of beta thalassemia.

e Complete Haemogram

e Peripheral smear

e Reticulocyte count

e Bone marrow examination

e Biochemical test

o Kleihauers Test ( Acid Elution test)

e Hemoglobin Electrophoresis

e Naked eye single tube red cell osmotic fragility test (NESTROFT)

e High performance liquid chromatography(HPLC)

e DNA molecular analysis

e Globin chain synthesis

o Amplification refractory mutation system (ARMS) — PCR for point
mutation

e Polymerase chain reaction( PCR ) and Multiplex PCR

e Minisequencing

e Reverse DOT Blot analysis
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COMPLETE BLOOD COUNT

The laboratory results can vary from borderline abnormal to markedly
abnormal. This depends on the type and number of globin gene mutations. The
haemoglobin value range from 3-7g/dl and hematocrit are decreased but the RBC
count can be disproportionately high relative to the degree of anemia, which can lead
to very low MCV-60 -70fl and mean cell haemoglobin (MCH) -12-18pg . The mean
cell hemoglobin concentration (MCHC) is also decreased. The RBC distribution width
(RDW) is elevated reflecting anisocytosis in untreated beta-thalassemia major but it is

normal in beta-thalassemia minor.

PERIPHERAL SMEAR

The blood film shows

Moderate to severe hypochromia with severe anisopoikilocytosis .
e Fragment RBCs, teardrop cells, target cells also may be seen.
e Basophilic stippling, Pappenheimer bodies may be noted.

e Numerous nucleated red blood cells seen as a result of defective

hemoglobinization and dyserythropoietic features.

e In children with massive splenomegaly the anemia becomes severe with

neutropenia and thrombocytopenia®.
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RETICULOCYTE COUNT

The reticulocyte count is elevated, which indicates that the bone marrow is
responding to a hemolytic process. In homozygous beta-thalassemia, it is typically 2%
to 8%, disproportionately low relative to the degree of anemia and inadequate
reticulocytosis reflects the ineffective erythropoiesis. The absolute reticulocyte count

is rarely high, although it tends to increase after splenectomy’.

After splenectomy, the usual features of hyposplenism are present such as
Howell-Jolly bodies, target cells, lymphocytosis, thrombocytosis and giant platelets.
Pappenheimer bodies are very 