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GLOBIN GENE CLUSTERSGLOBIN GENE CLUSTERS
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HUMAN HEMOGLOBINSHUMAN HEMOGLOBINS
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THALASSEMIATHALASSEMIA

• Thalatta
 

-
 

Greek for the “sea”
 

in Xenophon’s 
Anabasis

• Historical ties to Mediterranean populations in 
Greece and Italy

• Quantitative disorders of hemoglobin 
synthesis
• α

 
thalassemia

• β
 

thalassemia
• Abnormal α:β

 
globin

 
ratio



THALASSEMIATHALASSEMIA

β-thalassemia
α-thalassemia

Hb

 

E



αα--THALASSEMIATHALASSEMIA

• α
 

thalassemia -
 

most common single 
gene disease syndrome in the world

• α+
 

thal prevalence:
• 5-10% Mediterranean
• 20-30% West African
• Up to 68% in Asia/Pacific Rim

• Increased prevalence of malaria in α+
 thal: ? A natural vaccination



αα--THALASSEMIATHALASSEMIA

•• Normal:Normal:
––

 
4 4 αα

 
globinglobin

 
genesgenes

•• Abnormal:Abnormal:
––

 
00--3 alpha 3 alpha globinglobin

 
genesgenes

––
 

Small DNA deletions (meiotic crossover Small DNA deletions (meiotic crossover 
events)events)

––
 

Large DNA deletions (Southeast Asian)Large DNA deletions (Southeast Asian)
––

 
Less common point mutations (Less common point mutations (HbHb

 Constant Spring)Constant Spring)

α2 α1
3’5’

α2 α1
3’5’



αα--THALASSEMIA DNA DELETIONSTHALASSEMIA DNA DELETIONS

•• Small DNA deletions: Remove 1 Small DNA deletions: Remove 1 αα
 

genegene
––

 
3.7 kb deletion, rightward (z box); 3.7 kb deletion, rightward (z box); ( ( --

 
αα3.73.7))

––
 

4.2 kb deletion, leftward (x box); 4.2 kb deletion, leftward (x box); ( ( --
 

αα4.24.2))
––

 
Nonreciprocal homologous recombination Nonreciprocal homologous recombination 
event: event: --αα

 
/ / αααα

 
and and αααααα

 
/ / αααα

α2 α1ψα1

5’ 3’
x y zx y  z

α3.7
α4.2Asia



αα--THALASSEMIA DNA DELETIONSTHALASSEMIA DNA DELETIONS

•• Large DNA deletions: Large DNA deletions: 
––

 
Remove 2 Remove 2 αα

 
genes, gives rise to genes, gives rise to  α α0 0 

phenotypephenotype
––

 
Southeast Asian variant (SEA; Southeast Asian variant (SEA; ΔΔ20 kb)20 kb)

––
 

Mediterranean variant (MED)Mediterranean variant (MED)

α2 α1ψα1ψζ1ζ2

5’ 3’
THAI

MED

SEA



HB CONSTANT SPRINGHB CONSTANT SPRING

NondeletionalNondeletional
 

αα
 

GlobinGlobin
 

Variant ( Variant ( ααCSCSαα
 

))
•• Common in Asia (Thailand, Cambodia)Common in Asia (Thailand, Cambodia)
•• Slow migration on electrophoresis due to Slow migration on electrophoresis due to 

increased size of increased size of αα
 

globinglobin
 

proteinprotein

Mutation at Stop CodonMutation at Stop Codon
•• TAA (stop) TAA (stop) →→

 
CAA (glutamine)CAA (glutamine)

•• Longer Longer globinglobin
 

chain, 141 AA chain, 141 AA →→
 

172 AA172 AA
•• ThalassemicThalassemic

 
phenotype (1%) as elongated phenotype (1%) as elongated 

globinglobin
 

is unstable and denatures in cellis unstable and denatures in cell



αα--THALASSEMIATHALASSEMIA

α2 α1

α2 α1

α1

α2 α1

α1

α1

α2 α1

α1

Normal

1 Gene 
Deletion

2 Gene 
Deletion 
(trans)

2 Gene 
Deletion 

(cis)

3 Gene 
Deletion

4 Gene 
Deletion



Clinical Disease Deletion Genotype α:β ratio

Silent Carrier 1 gene α α/- α 0.75:1

α-Thalassemia Trait 2 genes - α/- α
α α/- -

0.5:1

Hb H Disease 3 genes - α/- - 0.25:1

Hydrops Fetalis 4 genes - -/- - 0:1

αα--THALASSEMIATHALASSEMIA

• 30% of African Americans are silent carriers

• 1-2 % of African Americans have α-thal trait



αα--THAL: SILENT CARRIERTHAL: SILENT CARRIER

•• Silent carrier = 1 gene deletionSilent carrier = 1 gene deletion

•• Birth: 1Birth: 1--2% 2% HbHb
 

BartBart’’s (s (γγ
 

44

 

))
•• No anemia and normal morphology of No anemia and normal morphology of 

rbcsrbcs

α1

α2 α1



αα--THAL TRAITTHAL TRAIT

•• 2 gene deletion: either 2 gene deletion: either -α/-α
 

or αα/--

•• BirthBirth: Excess : Excess γγ--globinglobin
 

production; production; 33--8% 8% 
HbHb

 
BartBart’’ss

•• AdultAdult: Minimal : Minimal HbHHbH
 

((ββ
 

44

 

; excess ; excess ββ
 

chains)chains)
•• AnemiaAnemia: : hypochromichypochromic, , microcyticmicrocytic

–– HbHb
 

99--11 gm/11 gm/dLdL
–– MCV 65MCV 65--75 75 fLfL

α2 α1

α1

α1or



HB H DISEASEHB H DISEASE
•• 3 gene deletion3 gene deletion

•• BirthBirth: : 2020--50% 50% HbHb
 

BartBart’’ss
MCV < 100 MCV < 100 fLfL

•• AdultAdult: : excess excess ββ
 

chainschains
 

= 5= 5--30% 30% HbHHbH
 

((ββ44

 

))
Heinz body positive (denatured Heinz body positive (denatured HbHb))

•• AnemiaAnemia: : hypochromichypochromic, , microcyticmicrocytic

α1



HB H DISEASEHB H DISEASE
•• AnemiaAnemia: : hypochromichypochromic, , microcyticmicrocytic

 (MCV 60 (MCV 60 fLfL))
–– Moderate anemia Moderate anemia 

–– HbHb
 

9.5 + 1.5 gm/9.5 + 1.5 gm/dLdL
–– HctHct

 
2525--32%32%

–– Smear: Smear: rbcrbc
 

fragments, tear drops, targetsfragments, tear drops, targets



HB H DISEASEHB H DISEASE
Clinical FeaturesClinical Features

Mild to moderate hemolytic anemiaMild to moderate hemolytic anemia
Heinz body positiveHeinz body positive--

 
HbHb

 
BartBart’’s and s and HbHb

 
H both H both 

precipitate and cause precipitate and cause rbcrbc
 

lysislysis
Most often nonMost often non--transfusion dependent transfusion dependent 

Symptomatic transfusionSymptomatic transfusion
+/+/--

 
icterusicterus, gallstones, leg ulcers, , gallstones, leg ulcers, 

splenomegalysplenomegaly
SplenectomySplenectomy

 
possible if transfusion dependentpossible if transfusion dependent

Supportive careSupportive care
Increased FeIncreased Fe2+2+

 
absorption -

 
iron overload 

common in pts. > 35 years



NONDELETIONAL NONDELETIONAL HB H DISEASEHB H DISEASE
•• 2 gene deletion and unstable structural 2 gene deletion and unstable structural 

variantvariant

•• A more severe A more severe hemolytic anemiahemolytic anemia
–– Diagnosis: younger age due to symptomsDiagnosis: younger age due to symptoms
–– Larger spleenLarger spleen
–– More red cell transfusionsMore red cell transfusions
–– Higher Higher HbHb

 
H: average 16%H: average 16%

–– Higher Higher HbHb
 

BartBart’’s: 3%s: 3%
–– Maybe 30% require Maybe 30% require splenectomysplenectomy

α1α2CS



α2CS α1
5’ 3’

↓
 

normal α1 transcript

α2 α1
5’ 3’

75% 25%

HB CONSTANT SPRINGHB CONSTANT SPRING

Normal α-globin
 transcription

interference

Constant Spring α-
 globin

 
transcription

-

 

Explains more severe 
phenotype of nondeletional

 
Hb

 

H disease



HYDROPS FETALISHYDROPS FETALIS

•• 4 gene deletion 4 gene deletion --
 

no no αα--globinglobin

•• A A nonimmunenonimmune
 

hydropshydrops
•• Birth:Birth:

100% 100% HbHb
 

BartBart’’s and s and HbHb
 

HH
Embryonic Embryonic hemoglobinshemoglobins
Fetal demise from severe anemiaFetal demise from severe anemia

•• Rx: Transfusion support Rx: Transfusion support in in uteroutero
 

and after and after 
birth; stem cell transplantationbirth; stem cell transplantation
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ββ--THALASSEMIATHALASSEMIA
•• NormalNormal

−−
 

2 2 ββ
 

globinglobin
 

genesgenes
−−

 
Large gene cluster on chromosome 11Large gene cluster on chromosome 11

•• AbnormalAbnormal
−−

 
0 or 1 0 or 1 ββ

 
genegene

−−
 

Majority are point mutations: Majority are point mutations: ββ++

 

or or ββ00

 

thalthal
−−

 
Rare DNA deletionsRare DNA deletions

•• δβδβ--thalassemia versus HPFH (hereditary persistence thalassemia versus HPFH (hereditary persistence 
of fetal hemoglobin)of fetal hemoglobin)

ψβ βδε γAγG

5’ 3’



ββ--THALASSEMIA MUTATIONSTHALASSEMIA MUTATIONS

Promoter mutations -
Typically β+

 

thal

Exon

 

1 Exon

 

2 Exon

 

3

1.5 kbGTTGG
↓↓
AC

β0

 

thalβ+

 

thal

Hundreds of single nucleotide mutations giving 
rise to absent or decreased beta globin

 
message



ββ--THALASSEMIA TRAITTHALASSEMIA TRAIT
•• A A ββ00

 
or or ββ+ + mutation on 1 allelemutation on 1 allele

•• Imbalance of Imbalance of αα::ββ
 

chain synthesis chain synthesis 
ratioratio

•• HypochromicHypochromic, , microcyticmicrocytic
 

anemiaanemia
−−

 
HbHb

 
99--11 gm/11 gm/dLdL

−−
 

Low MCV (65 Low MCV (65 fLfL))
−−

 
Normal RDW (Normal RDW (nlnl

 
range 11.5range 11.5--14.5)14.5)

−−
 

Must differentiate from Iron DeficiencyMust differentiate from Iron Deficiency
•• MCV/RBC < 13 = MCV/RBC < 13 = ββ

 
thal traitthal trait

•• Elevated Elevated HbHb
 

AA22
 

(>3.5%) and (>3.5%) and HbHb
 

FF



ββ--THAL TRAIT WORKUPTHAL TRAIT WORKUP

•• Family HistoryFamily History
•• CBC with differentialCBC with differential

•• Look at MCV, RDW, RBCLook at MCV, RDW, RBC
•• SmearSmear
•• Hemoglobin electrophoresisHemoglobin electrophoresis

•• Cellulose acetateCellulose acetate
•• Citrate agarCitrate agar
•• HPLC for quantitative HPLC for quantitative HbHb

 
AA22

 

and Fand F



ββ--THAL TRAIT WORKUPTHAL TRAIT WORKUP

Hb
 

12.3
MCV 67.5
ARC 56,600

HPLC:
HbA

 
95.8%

HbA2

 

4.2%



ββ--THALASSEMIA INTERMEDIATHALASSEMIA INTERMEDIA

•• Moderate disease severityModerate disease severity

•• By definition, nonBy definition, non--transfusion dependenttransfusion dependent

•• Wide allelic spectrum of diseaseWide allelic spectrum of disease
−−

 

ββ00

 

/ / ββ++

 

thalassemiathalassemia
−−

 

ββ0 0 / / ββ00

 

thal plus thal plus αα--thalassemiathalassemia
−−

 

Elevated Elevated HbHb

 

F productionF production

•• Increased absorption of ironIncreased absorption of iron



ββ--THALASSEMIA MAJORTHALASSEMIA MAJOR

•• ββ00

 

alleles on both chromosomesalleles on both chromosomes

•• By definition, transfusion dependentBy definition, transfusion dependent

•• Imbalance of Imbalance of αα::ββ
 

chainschains

•• Severe Severe hypochromichypochromic, , microcyticmicrocytic
 

smear with smear with 
severe severe poikylocytosispoikylocytosis

•• HbHb
 

ElectrophoresisElectrophoresis
•• Birth: FBirth: F
•• Later: FALater: FA22



ββ--THALASSEMIA MAJORTHALASSEMIA MAJOR
••

 

By definition, transfusion By definition, transfusion 
dependentdependent

••

 

Untreated = massive HSM, Untreated = massive HSM, 
hypersplenismhypersplenism, skeletal , skeletal 
dysplasiadysplasia, life threatening , life threatening 
infections, premature deathinfections, premature death

••

 

HbHb

 

2.0 2.0 ––

 

4.0: mostly fetal 4.0: mostly fetal HbHb

••

 

Transfusion therapy to turn off Transfusion therapy to turn off 
patientpatient’’s own blood generation!s own blood generation!



ββ--THALASSEMIA MAJORTHALASSEMIA MAJOR
••

 
By definition, transfusion dependentBy definition, transfusion dependent

••
 

Monthly transfusion replacement Monthly transfusion replacement 
therapytherapy

••
 

Long term complications: Too much ironLong term complications: Too much iron
––

 
LiverLiver

––
 

HeartHeart
––

 
Endocrine organsEndocrine organs
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ββ--THAL MUTATIONS THAL MUTATIONS 
AFFECTING HB FAFFECTING HB F

•• ββ--thalassemia ordinarily has elevation of thalassemia ordinarily has elevation of 
HbHb

 
AA22

 

(>3% with slight  (>3% with slight   HbHb
 

F)F)

•• DeletionalDeletional
 

mutations significantly mutations significantly 
increasing increasing HbHb

 
F production classically F production classically 

grouped into 2 broad categories:grouped into 2 broad categories:

•• GGγγAAγγ
 

Hereditary Persistence of Fetal Hereditary Persistence of Fetal 
Hemoglobin (HPFH)Hemoglobin (HPFH)

•• GGγγAAγγ
 

((δβδβ))00

 
ThalassemiaThalassemia



HPFH AND HPFH AND δδββ--THALASSEMIATHALASSEMIA

 
 

 HPFH δβ-Thalassemia 
 

 
Red cell morphology 
 

 
Normal 

 
Abnormal 

 
MCH 

 
Nearly normal 

 
Decreased 

 
Hematocrit 
 

 
Normal  

 
Slightly decreased 

 
 
Hb F (%) 
 

 
15-30 

 
1-15 

 
HB F distribution in RBCs

 
Pancellular 

 
Heterocellular 

 
 

• Clinical Phenotypes in Heterozygotes



••
 

A rare and extreme A rare and extreme 
example of effect of example of effect of 
HbFHbF

••
 

Molecular basis Molecular basis --
 

large large 
ββ--globinglobin

 
gene cluster gene cluster 

deletionsdeletions
••

 

DeletionalDeletional

 

HPFHHPFH
••

 

δβδβ--thalassemiathalassemia

••
 

Increased total Increased total HbFHbF
 and F cells in HPFHand F cells in HPFH

Pancellular

 

HbF

 

in HPFH 
(an F cell)

Heterocellular

 

HbF
In GGγγAAγγ

 

((δβδβ))00

 

ThalassemiaThalassemia

PANCELLULAR VS. PANCELLULAR VS. 
HETEROCELLULAR HB FHETEROCELLULAR HB F
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••

 

Defined:Defined:
––

 
Structural change in the hemoglobin moleculeStructural change in the hemoglobin molecule

ANDAND
––

 
Thalassemia phenotype (Thalassemia phenotype (↓↓

 
globinglobin

 
expression)expression)

••

 

ExamplesExamples
––

 
HbHb

 
E (most common)E (most common)

––
 

HbHb
 

KenyaKenya
––

 
HbHb

 
KnossosKnossos

––
 

HbHb
 

LeporeLepore
––

 
HbHb

 
MalayMalay

––
 

HbHb
 

Constant SpringConstant Spring

THALASSEMICTHALASSEMIC
 HEMOGLOBINOPATHIESHEMOGLOBINOPATHIES



HEMOGLOBIN EHEMOGLOBIN E

GGT GGT
 

GAG GCC
24 25 26 27

Codon

Ex1 Ex2 Ex3

A [Glu
 

26 Lys]

••

 

Creates an alternate splice donor site in Creates an alternate splice donor site in exonexon
 

1 1 
which decreases which decreases ββ

 
expressionexpression

••

 

Only a % of Only a % of HbHb
 

E is aberrantly spliced (nonfunctional E is aberrantly spliced (nonfunctional 
+ creating + creating β+ transcript)

Hb

 

E [26Lys] transcript

Alt. spliced Hb

 

E = β+ nonfunctional transcript



HEMOGLOBIN E TRAITHEMOGLOBIN E TRAIT
•• AsymptomaticAsymptomatic
•• Mild Mild hypochromichypochromic, , microcyticmicrocytic

 anemiaanemia
−−

 
HbHb

 
>12 gm/>12 gm/dLdL

−−
 

Low MCV (74 Low MCV (74 fLfL))
−−

 
Smear Smear ––

 
no nucleated red cells, occasional no nucleated red cells, occasional 

target cellstarget cells
•• HbHb

 
AA22

 

comigratescomigrates
 

with with HbEHbE
 

on on 
cellulose acetate: 19cellulose acetate: 19--34% total 34% total HbHb



HOMOZYGOUS HB EHOMOZYGOUS HB E

•• Usually asymptomaticUsually asymptomatic
•• Mild Mild hypochromichypochromic, very , very microcyticmicrocytic

 anemiaanemia
−−

 
HbHb

 
>10 gm/>10 gm/dLdL

−−
 

Very Low MCV (50 to 66 Very Low MCV (50 to 66 fLfL))
−−

 
Smear Smear ––

 
usually no usually no nRBCsnRBCs, frequent target , frequent target 

cellscells
•• HbHb

 
AA22

 

+ + HbEHbE
 

accounts for >90% of accounts for >90% of 
total hemoglobintotal hemoglobin

•• Occasionally require Occasionally require splenectomysplenectomy



HB E HB E ββ--THALASSEMIATHALASSEMIA

••

 

A common, severe thalassemia in A common, severe thalassemia in 
Southeast AsiaSoutheast Asia

••

 

Transfusion dependent (Transfusion dependent (ieie. Thalassemia . Thalassemia 
major phenotype)major phenotype)

••

 

Compound Compound heterozygosityheterozygosity

••

 

UntransfusedUntransfused

 

HbHb

 

2.3 2.3 ––

 

7.0 gm/7.0 gm/dLdL
••

 

Nucleated Nucleated RBCsRBCs

 

on smear (absent in homozygous on smear (absent in homozygous HbHb

 

E)E)
••

 

Untreated = thal major with massive HSM, Untreated = thal major with massive HSM, hypersplenismhypersplenism, , 
skeletal skeletal dysplasiadysplasia, life threatening infections, premature , life threatening infections, premature 
deathdeath



ψβ βδγAγG

5’ 3’

ψβ βδγAγG

5’ 3’

(δ β)γAγG

HB HB LeporeLepore

 

(δ1-87-β116-146)

(β δ)γAγG βδ

HB antiHB anti--LeporeLepore

Unbalanced meiotic recombination event

HEMOGLOBIN LEPOREHEMOGLOBIN LEPORE



HOMOZYGOUS HB LEPOREHOMOZYGOUS HB LEPORE
••

 

At least three At least three LeporeLepore
 

variants depending on site of variants depending on site of 
meiotic recombinationmeiotic recombination

Washington, Washington, HollandiaHollandia, and Baltimore, and Baltimore

••

 

Clinical and laboratory findings are identical to Clinical and laboratory findings are identical to ββ
 thal major (except electrophoresis)thal major (except electrophoresis)

ElectorphoresisElectorphoresis
Cellulose acetate: coCellulose acetate: co--migrates with migrates with HbHb

 

S (experienced lab :S (experienced lab :LeporeLepore

 
migrates slightly faster as a faint band)migrates slightly faster as a faint band)
Citrate agar: Citrate agar: LeporeLepore

 

coco--migrates with migrates with HbHb

 

AA

Laboratory diagnosis of homozygous Laboratory diagnosis of homozygous HbHb

 

LeporeLepore
HbHb

 

F 80 F 80 --

 

90% 90% 
HbHb

 

A absent A absent 
HbHb

 

AA22

 

absent absent 
HbHb

 

LeporeLepore

 

10% (co10% (co--migrates with migrates with HbHb

 

S)S)



HB LEPORE TRAITHB LEPORE TRAIT
••

 

Clinical and laboratory findings are identical Clinical and laboratory findings are identical 
to to ββ

 
thal trait (except electrophoresis)thal trait (except electrophoresis)

SlightSlight
 

anemia with anemia with slightslight
 

reticulocytosisreticulocytosis
 

((egeg. . HbHb
 

12.0 12.0 
gm/gm/dLdL

 
and absolute and absolute reticulocytereticulocyte

 
count 109,000)count 109,000)

MicrocyticMicrocytic
 

(typical MCV 65)(typical MCV 65)

ElectorphoresisElectorphoresis
 

results for results for HbHb
 

LeporeLepore
 

traittrait
HbHb

 

A decreased (A decreased (egeg. 75%). 75%)
HbHb

 

F slight elevation (2F slight elevation (2--3%)3%)
HbHb

 

AA22

 

decreased or normaldecreased or normal
HbHb

 

LeporeLepore

 

55--15%15%



ψβ βδγAγG

5’ 3’

ψβ βδγAγG

5’ 3’

(γA

 

β)γG

HB KenyaHB Kenya

(β γA)γAγG δδ

HB antiHB anti--KenyaKenya

Unbalanced meiotic recombination

HEMOGLOBIN KENYAHEMOGLOBIN KENYA

β
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