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OUTLINE

STRUCTURE & FUNCTION OF HEMOGLOBIN

Inheritance
Human globin genes

Structure

GENE ACTION AND GLOBIN SYNTHESIS
HB SWITCHING
MOLECULAR PATHOLOGY OF HB DISORDERS
     -THALASSEMIA
     -THALASSEMIA
SICKLE CELL ANEMIA

GENETICS

α
β



INTRODUCTION

Hemoglobinopathies are the commonest
monogenic diseases in the world

Inherited as autosomal recessive traits

>5% of world population carry genes for
clinically-significant disorders of Hb

Cause significant morbidity

Human globin genes were the first to
be cloned; therefore they constitute
the first “molecular disease’





STRUCTURE AND FUNCTION OF HB





STRUCTURE AND FUNCTION OF HB (CONT.)



STRUCTURE AND FUNCTION OF HB (CONT.)



HUMAN GLOBIN GENES



GENE STRUCTURE CONTD







MOLECULAR PATHOLOGY OF

HEMOGLOBIN DISORDERS



DISTRIBUTION OF SOME CLINICALLY SIGNIFICANT HB VARIANTS



MOLECULAR PATHOLOGY OF

THE    THALASSEMIASα



ALPHA-GLOBIN GENOTYPES AND CLINICAL SYNDROMES 

Genotype Clinical Syndrome

-a/aa

Silent carrier or alpha thal minor; 
a+ thal trait (mild microcytic, hypochromic
anemia)

-a/-a
--/aa

Homozygous a+ thal
or a0 thal trait (mild – moderate anemia)

--/-a
Hemoglobin H disease (moderate to severe
anemia)

--/--

Hydrops fetalis or homozygous alpha
thalassemia; Barts hemoglobin (incompatible
with life)



THE    THALASSEMIASβ



DEFECTIVE      -GLOBIN GENE TRANSCRIPTIONβ







THALASSEMIA TRAITβ



THALASSEMIA INTERMEDIAβ



THALASSEMIA MAJORβ



SPECTRUM OF TRANSFUSION
REQUIREMENTS IN THE THALASSEMIAS





PATHOPHYSIOLOGY





-THALASSEMIA MAJOR-MANAGEMENTβ





MONITORING AND FOLLOW UP
Growth pattern, skeletal changes and organomegaly
Iron status

Serum ferritin
Liver and Heart MRI T2*

Screen for hepatitis and AIDS
Liver function tests
Hormonal assays

Diabetes, hypothyroid, gonadotropin deficiency
Echocardiography
BMD and Osteoporosis prevention

Diet, exercise
Hormone supplementation
Osteoclast-inhibiting medications



SICKLE CELL ANEMIA



INHERITANCE OF SICKLE CELL DISEASE





PATHOPHYSIOLOGY OF SICKLE CELL DISEASE



THE SICKLE RED BLOOD CELL (SS RBC) AS SOURCE
OF MULTIPLE PATHOPHYSIOLOGIC PATHWAYS. 



HYPOTHETICAL MECHANISMS OF SCD CLINICAL SUBPHENOTYPES





GENOTYPE/PHENOTYPE CORRELATION IN SCD

Phenotype of SCD is variable

The most important of the factor is the beta S globin gene
haplotype

Haplotype is a combination of alleles at multiple linked loci
that are transmitted together
In the beta S gene, this is determined by RFLPs in the
flanking regions of the gene cluster 





BETA S HAPLOTYPES AND CLINICAL SEVERITY

Target organ dysfunction is directly related to haplotype
background

The mildest disease is associated with the Saudi
Arabia/India (SAI) and the Senegal (SEN) haplotypes

The most severe disease is associated with the Bantu (BAN)
haplotype

Benin (BEN) and Cameroon (CAM) are intermediate



HB F LEVELS AND CLINICAL SEVERITY



COMPLICATIONS OF SCD IN CHILDREN



COMPLICATIONS OF SCD



SICKLE CELL DISEASE PEDIATRICS: 
CLINICAL FEATURES

Vaso-occlusive Episodes (VOE)
Infections/Sepsis - 

S. pneumoniae 
N. meningitidis 
H. influenzae

Acute Chest Syndrome
Splenic Sequestration
Aplastic Crisis
Stroke
Priapism (adolescents)



MODIFIERS OF DISEASE SEVERITY



EFFECTS OF      -THALASSEMIA IN
SICKLE CELL ANEMIA

α

CELLULAR:
Decreased Mean Corpuscular Hemoglobin Concentration
Decreased Hb S polymer
Decreased RBC cation loss
Decreased RBC density
Increased RBC deformability



FACTORS INFLUENCING HB F LEVELS
IN SICKLE CELL ANEMIA



DIAGNOSIS

Screening with solubility and sickling tests
Hb electrophoresis
Cellulose acetate

Citric agar
Isoelectric focusing (IEF)

High-performance liquid chromatography (HPLC)
Point-of-care testing kits
Molecular studies



NEWBORN SCREENING
GENETIC COUNSELLING
COMPREHENSIVE CARE

Penicillin prophylaxis
Health surveillance

TCD, abdominal ultrasound, hip X-ray/MRI etc
Immunization (pneumococcal)
Malaria chemoprophylaxis
Disease-modifying drugs

Hydroxyurea
CURATIVE THERAPY

Stem-cell transplant
Gene therapy

MANAGEMENT



HIGH PREVALENCE IN SSA
WHO GUIDANCE FRAMEWORK CALLS

National policy
Early infant diagnosis
Supply of essential drugs and devices

Hydroxyurea and POCT diagnosis
Capacity building
Integration into NCD programs

PEN, PEN-Plus
Immunization
Child/maternal services

ADVOCACY
Most important

PUBLIC HEALTH IMPLICATIONS
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