Inherited Hemoglobin
Disorders



The inherited disorders of hemoglobin are common
among many parts of the world. Different hemoglobins
are synthesized in the embryo, fetus & adult. Each
adapted to particular oxygen requirements. All
hemoglobins are tetramers made up of two different
pairs of globin chains. Single hem group is attached to
chain.

The main hemoglobin in the postnatal life is Ho A
(a2B2). The B like globin genes form a linked cluster on
chromosome 11. The a like globin genes form a linked
cluster on chromosome 16.
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Classification of genetic disorders of Hb:

1. The thalassemias: inherited disorders of
hemoglobin in which synthesis of one or
more globin chains is reduced or absent.

2. The structural variants: inherited
disorders of hemoglobin in which there is
a change of hemoglobin structure leading
to instability of the hemoglobin molecule
or abnormal oxygen transport. They
usually result from point mutation.




The Thalassemias

They are a heterogeneous group of genetic diserders of
hemoglobin synthesis, all of which result from reduced
production of one or more of the globin chains of
hemoglobin. Most thalassemias are inherited in a
Mendelian recessive way. Heterozygotes are usually
asympto Ic; while severe forms result from
homozygrgﬁﬁa or 3 thalassemia or compound
heterozygosity for different molecular forms of aorf o
thalassemia.

ThalasS®™messare classified according to the
obin into:
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B Thalassemia

The (3 thalassemia is the commonest thalassemia
& It produces the most severe form of the
disease. It is prevalent in the Mediterranean parts
of Africa, Middle East, India & South East Asia.
Most of 3 thalassemia mutations are point
mutations affecting the transcription or translation
of B chains. Complete absence of B chain is
called B° & partial reduction is called B+. The
homozygous state is  thalassemia major while
the heterozygous is 3 thalassemia minor.



Geographical Distribution of Thalassemia
and Hemoglobin Disorders

thalassaemia

4 3 o s s .\‘.
sickle cell anaemia [




V'Y

1

‘
Y
—
(]
=

-~

&

: A
X E E T {T.‘ Levels
. of defective
: CAA A T A function
' CAT T A A
H CTA G A A
"~ Flankin Flanking
NC GT AG GT AG NC Transcription
L
5 i —— 3'
L
Processing
5' CAP
AAAA-A
o
Nucleus - AAAA-A
Cytoplasm
Initiation
Translation
T Termination
Ribosome % UAA
Transfer RNA Q Post-
translational
Amino ‘L stability
acid Growing
chain

Finished

G&g&o quo Processed */ chain

chain



B thalassemia major (homozygote

or double heterozygote)
B chain synthesis is reduced or absent while a
chain is synthesized in normal amounts leading
to imbalance. The excess a chain will precipitate
In the red cell precursors leading to their
iIntramedullary destruction (ineffective
erythropoiesis) as well as destruction of the
mature red cells in the spleen leading to
splenomegaly.
The anemia will stimulate the bone marrow
expansion leading to serious deformities of the
skull & long bones.
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Patients present in the first year of life with failure
to thrive, poor feeding, repeated infections, pallor
& splenomegaly. They suffer from ill health &
severe anemia that can lead to cardiac failure.
Without regular transfusion, growth &
development are retarded. Bone marrow
expansion will lead to skull bossing & overgrowth
of zygoma giving rise to mongoloid facies &
malocclusion of teeth. Radiologically, there is
widening of the medulla with thinning of the
trabeculae & cortex.
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1. The complete blood picture shows low hemoglobin,
low MCV, low MCH.

2. The blood film shows hypochromic microcytic red
cells with prominent anisocytosis, poikilocytosis,
red cell fragments & nucleated cells.

3. Mild reticulocytosis( because of ineffective
erythropoiesis: most of the red cells are destroyed
Inside the marrow not in the circulation)

4. Hemoglobin electrophoresis: characteristically in B° the
major hemoglobin is HbF> 90% with HbA2 being a
minor component & no HbA. In case of §+, HbA is
present in reduced amount & HbF is the major
hemoglobin (30-90%) with HbAZ2.
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p thalassemia minor or trait (heterozygote)

Carriers of § thalassemia are usually
asymptomatic except in periods of stress such
as pregnancy. There is mild anemia (Hb 9-11
g/dL), low MCV, low MCH & the blood film shows
hypochromic microcytic red cells. The
characteristic finding is elevated HbA2 (>3.5%)
on Hb electrophoresis
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o Thalassemia

The a thalassemias occur widely throughout
the world especially in south east Asia but it is
uncommon in lrag.

Normally, there are two a globin genes on
chromosome 16. So every individual inherit 2 a
genes from each parent & the normal genotype
is (aa/aa). That is to say four a genes are
necessary for normal a chain synthesis.

Most a thalassemias result from gene deletion.
Deletion of one gene is called a+(—a ) &
deletion of 2 genes is called aO( ——).
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4. Four gene deletion (— —/——-): Hb Bart’'s
hydrops fetalis.

This iIs a common cause of fetal loss In
south east Asia. The affected infants
produce no a chains.

This leads to the formation of Hb Bart’s (y,)
with a very high oxygen affinity. They are
still born or die shortly after birth.
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Pathophysiology:

Hb S results ffom substitution of glutamic
acid by valine at position 6 of B chain. Hb S
will form crystals upen deoxygenation & the
red cells will assume sickle shape. This
process is reversible in the beginning but
repeated cycles of sickling & desickling will
lead to formation of irreversibly sickled cells.
Sickle cells have shortened survival leading
to hemolytic anemia. Also because of their
rigidity they block the small vessels leading
to vaso -occlusive crises.



Wild-type haemoglobin DNA

mRNA

Normal haemoglobin

-—
—e

Glu

—

)

Mutant haemoglobin DNA

Sickle cell haemoglobin

- -




Oxygenated

Deoxygenated
HbS

............... 1
L
[ -
| LY
e
F "
L 5
I ~
L
L
-
b
LY
S
.,
b
.
[
-
b
LY
J.‘r
-
.--".
-
-._l.
L

HbS molecules Sickle polymer Red cell

Polymerized
HbS




o)



oY

Biconcave
Reticulocyte disc

Unobstructed flow

) !;'7 ‘
Irreversibly
Initiation of  sjckled cell

vaso-occlusion = =

Vaso-occlusion and

red cell sickling _



The carriers are usually asymptomatic
except under hypoxic conditions like
anesthesia & unpressurized aircraft. The
complete blood picture is normal.

Diagnosis is confirmed by a positive
sickling test & Hb electrophoresis which
will reveal both Hb A & Hb S.
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Symptoms start towards the end of first year
of life as the protective effect of Hb F is lost
(Hb A becomes the main Hb after 6 months
of age). The patients suffer from chronic
hemolytic anemia with complications called
crises. Growth & development are usually
normal. The disease can manifest as:



*VVaso-occlusive crises: result from blockage of
the microcirculation by sickled cells. The
may present as one of the following:
Hand & foot syndrome: painful dactylitis,
may lead to shortened digits.
Brain syndrome: present as stroke.
present like chest
Infection.
Priapism: can lead to permenant
disfigurement & loss of function if not
treated soon enough.
due to repeated infarction
of the splenic artery.
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* erythropoiesis stops
temporarily due to parvovirus infection.
May need blood transfusion. Usually
recover spontaneously.

* Sequestration crises: there is a rapid
enlargement of the liver or spleen due to
entrapment of the sickled cells.

* Infections: the commonest cause of
mortality,

*

* Leg ulcers over the medial malleolus.
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Lahorato ./ findings

1. Anemia: HB Is around 6-8 g/dL.

2. Reticulocytosis up to 20 %.

3. Blood film shows sickle cells.

4. Sickling test Is positive

5. Hb electrophoresis: the major Hb is Hb
S with a variable amount of Hb F.

There i1sno Hb A.HF interferes with

the sickling process, so the

higher it is, the less severe the disease

will be.
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