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F ,Bbiﬁ%ﬁu're

— —— s—

Stzcchi RBC C contains hemoglobin.

2 A ik 1 hemoglobln molecule consists
oru
: — Fi tj'::“globin chains (2 alpha, 2 beta).
—‘Each globin chain has an iron containing
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-~ heme molecule.
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Chromosome 11 - beta globin cluster

synthesis of the o globin
chains are found on
Chromosome @ ; there are
two genes on each
chromosome

® The genes directing the
non-a globins are found on
Chromosome @ ; there is
one pair of genes for each
non-o. chain
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= — Promoter region mutations

— ﬁ'fpfoduce B* thal by reducing transcription
- Chain terminator mutations

e
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stop codon or frameshift leading to stop codon
Splicing mutations

most common defect, usually in introns
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¢ [jke all proteins, the
“blueprint” for

hemolobln exists in DNA
e The protein chain

ot S assumes its
PR conformation
e The individual globin
SR chains then aggregate
T in precise molecular
orientation

~_ Pleated sheet
T nl ryp rotein structure
when cartain amachoﬂs are pvsssm
beme alpha helicas and pleatad shae!

Q ntomary protein mud ure
a prot neisting of more than one
amino aud cham
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HENMOY b‘bm%posm@nb'

e Both proteins must be present

o the nemogleninttorpick U
and release oxygen normally.

® (One of the component
proteins Is called

“alpha”
® The other
“non-alpha”
Commonly
“gamma”
“beta” (B)
“delta”

Hemoglobin A
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=PAdeguate iron supply

— e[<e[t ate synthesis of
Dra oporphyrln
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NEnal Hemoglobin —

_ Hemoglobin A

¢ [n the normal adult,
Hemoglobin A (a.,[3,)
IS the most prevalent,
comprising about
95% of all
hemoglobin
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¢ [wo minor hemoglobins
alSO occur:

— Hemoglobin A2,
composed of two alpha
and two delta globins
(0,0,) comprises 2-3.5%
of hemoglobin

— Hemoglobin F, two alpha
and two gamma globins
(o,y,), Mmakes up less
than 2% of hemoglobin

~ ~-Hemoglobin A2
— J

Hemoglobin F



REVIEW of Hemoglobin:Sti
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) Ale JJJJI ér proteln with a mass of 64.4 kd
wn;r uting 95% of RBCs dry weight

[F}-fE :the aduIt there are three hemoglobin types
= ormally’ present:

?_":J'Hgb A: 2 alpha & 2 beta chains (a,B,) 95%
~ o Hgb A2: 2 alpha & 2 delta chains (a,5,) 3%
- ® Hgb F: 2 alpha & 2 gamma chains (o.,y,) 2%
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Alpha Globin
Beta Globin Genes

—

® The alpha chains
and the non-alpha
RN TN chains are made in
et precisely
rhromasame 11 Chromosome 16 amounts, despite
the differing
number of genes
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Synthesis e

Alpha (o) and gamma
(v) globin are generated

during fetal
development

® The beta () protein is
not expressed in large
guantities before birth

- e After birth the y-globin
AR diminishes, replaced by
a rising p-globin.

e Delta (0) globin is an

adult globin seen in the
older infant



Apnermalities,of Hem@gds‘lﬁ%‘ —

J JL)J ders of abnormal hemoglobin
Synt e5|s are called hemoglobinopathies

= emogloblnopathles may result in
_..:*1émoly5|s because of changes in
nemoglobin so/ubifity or because of
/nstabilities in the hemoglobin molecule

® Such changes are caused by either
or defects
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Abnormalities of Eéfn%
(11)8 — E

- Structur abnormalltles are due to alterations
In) Hnlel 1ypept|de seguence changing the

ffle JJéPh ar structure and, often, the function
Bi:the globin chains

— amples
— ~® Hgb SS (Sickle cell disease)
-~ e Hgb AS (Sickle cell trait)
== ~ e Hgb C disease
® Hgb SC disease
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13161 - abnormalities are
SECO g dary to decreased rates of globin
synthe5|s

~ % [-thalassemia
-~ ® g-thalassemia
® Hgb E




SSemias

e,é: :

ribed by Cooley and

iiicla
rlistofles ' P

nia was fi

edlterranean ancestry
s s group of anemias are also known

JS: -,_'.:“ 5£ T -
—— @o1ey s Anemia

- ,-’-'-;-5: = »Medlterranean Anemia

‘ = s Thalassemia is a genetically determined defect in
"fhemoglobln synthesis
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Jihalassemia -ngc{romes(ﬁf- —

o Sorre mute e mav resulitin inan O broaduce

efmallamoeunts oft hemoglobin

sually; only one of the sets of hemoglobin genes is
JJ‘F—‘PF"'

=0r example one of the two beta globin genes may fail to
roduce a normal quantity of beta chain protein

3;_ --; == The alpha globin gene set will continue to produce a

-..»J‘-‘.-ﬂ- ".:.:_ o
= An develops in the amount of alpha chain and
~ =  Dbeta chain protein in the cell

— — There is too much alpha chain for the amount of beta chain
that is present

/4

¢ In this example, it would be beta thalassemia, because it is the
beta chain gene that has failed
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Bilhalassemia J"
S &5 r filz asser;l.la“z
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WVerallele e OGUEES 0 heta
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08 b rrs] ssemla
= Jérac e dllele produces some beta chains

J He utatlons
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= — BYB, B B — thalassemia minor or trait
= BO B+, B* B+, B BY— thalassemia major
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= Malaria Regions V

merthalassemiastarea™
diverse group of genetic
blood diseases by
absent or decreased
production of hormal
hemoglobin, resulting in
a microcytic anemia of
varying degree

The thalassemias have
a distribution
concomitant with areas
where P, falciparum
malaria is common



Jetd halassemia Minor SP""
(r ,zygou!%‘ﬁﬂ

BRIIS ]‘ :’:"I‘*ne of the thalassemias

55‘,,1 ehain production is less than normal due
{0 the failure of one of the genes coding for
. ___,;;c a chains
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=5 Tpha chain production continues at a near

— ---norma rate

=% The alpha chains combine with the available
beta chains resulting in




Beta I halassemia mgg@s. 1

(hieter zygou!Hﬁ*)

\lr)m dldelta chains combine form
fcreased

J ey re IS an excess of alpha chains normal
el IMa chain production does not function
== Trectly, the rate of gamma chain production

‘/

~  Isgreater than normal, resulting in increased

ﬂ"""

- amounts of

e The Importance of identifying heterozygous
beta thalassemia is to prevent costly
Investigations and appropriate
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Sialassemia m ‘qh'%r (I)
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- e Anisocytosis slight;
REMmoglobin, Hematocrit reflected in near hormal

ghe decheased but the _ G o
R _j(” eunt is usually e Slight poikilocytosis with

an
o al or Inicresgse ® Moderate basophilic

=1 Emoglobm seldom stippling

—

~ below 9.5 g/dL e Indexes characteristically
———— -'. - — If Hgb is <9.3 g/dL, discordant
S ~ unlikely B thalassemia — MCV slightly decreased
= minor — MCH decreased
e Morphology ; — MCHC normal

usually normal

hypochromic or increased



Ndlassemia major (Dﬁ» S—
oM Zyg0U§>‘(wB°)

Wellfat: birth:
Jr‘\/éljv Jlfe threatening anemia by one or two
eru ‘of age

J JJC orted with blood transfusions; result in iron
> erload

=% In-  beta thalassemia major there is a complete failure
-~ 0of beta chain production; no Hgb A present

- e Delta and gamma chain production is increased
® As a result there is raised levels of Hgb A2 and Hgb F

® Excess erythropoietin stimulates marrow
— Extramedullary hematopoiesis
— Splenomegaly

Bet:
H




Sabpratory Dlagn05|s
BRlihC assemmajor )

» Anemia is severe - Hgb 2.0 to 3.0 g/dL

e Hematocrit and RBC count decreased;
' iIndexes uniformly depressed

— The MCV, MCH and MCHC are all
decreased

— The RDW is increased

® Morphology is severe hypochromia,
microcytosis, marked anisocytosis and
poikilocytosis
— Many target cells, schistocytes,
basophilic stippling; many NRBCs
® Retic count - relative increase 5 to 10%
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8fe are four genes coding for alpha chain
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e ctlon
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: alpha thalassemia depending on the number
and location of the abnormal genes




o. Gene Map
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a-Thalassemia Syndromes

a Genotype

Normal

Heterozygous
a - Thal - 2 (*=g'd)

Heterozygous
oL - Thal =1 (alsocalled

o

Homozygous
ot - Thal - 2 (remczyeous)

Compound Heterozygous
o -Thal - 1 & 2 (sl

Homozygous
a.-Thal-1

o Clinical Syndrome

Normal

Silent Carrier
of « Thalassemia

« - Thalassemia Trait

« - Thalassemia Trait

Hb - H Disease

Hydrops Fetalis
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