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HemoglobinopathiesHemoglobinopathiesHemoglobinopathiesHemoglobinopathies

Molecular  Pathology of HemoglobinopathiesMolecular  Pathology of Hemoglobinopathiesgy g pgy g p
A genetic defect that results in abnormal structure of given A genetic defect that results in abnormal structure of given 

hemoglobin or chainshemoglobin or chains
Structural mutationsStructural mutations

Altered exterior (Altered exterior (HbSHbS)  )  
Alt d ti it (Alt d ti it (HbMHbM))Altered active site (Altered active site (HbMHbM))
Altered third structure (Altered third structure (Hb GunhillHb Gunhill))
Altered quaternary structureAltered quaternary structureAltered quaternary structure Altered quaternary structure 
Oxygen low affinityOxygen low affinity
Oxygen high affinityOxygen high affinityyg g ff yyg g ff y



ThalassemiaThalassemiaThalassemiaThalassemia
A genetic defect that results in production or abnormally low A genetic defect that results in production or abnormally low 

quantity of a given hemoglobin or chainsquantity of a given hemoglobin or chains
M l l P th l Al h Th l iM l l P th l Al h Th l iMolecular  Pathology Alpha ThalassemiaMolecular  Pathology Alpha Thalassemia

Deletional mutations (Hb H)Deletional mutations (Hb H)
Nondeletional mutations ( Constant Spring)Nondeletional mutations ( Constant Spring)

Molecular  Pathology Beta ThalassemiaMolecular  Pathology Beta Thalassemia
1.1. RNA synthesis and processing is impairedRNA synthesis and processing is impaired
2.2. Premature chain termination Premature chain termination .. ematu e chain te minationematu e chain te mination
3.3. Frame shift mutationFrame shift mutation
4.4. Noncoding intron mutationNoncoding intron mutation



Hemoglobin variantsHemoglobin variantsHemoglobin variantsHemoglobin variants

Over Over 1000 1000 Hb variants have been documented Hb variants have been documented 
few are common and clinically significantfew are common and clinically significantfew are common and clinically significant few are common and clinically significant 

Abnormalities lead to change in molecule structure or Abnormalities lead to change in molecule structure or 
charge that can be detected with appropriate charge that can be detected with appropriate 

h d l ih d l imethodologiesmethodologies



ββ αα andand δδ Chain VariantsChain Variantsββ , , αα and and δδ Chain VariantsChain Variants

Hb SHb S ββ66GluGlu→Val→Val Altered ExteriorAltered Exterior

HbCHbC ββ66GluGlu→Lys→Lys Altered ExteriorAltered Exterior

Hb DHb D ββ126126GluGlu→Gln→Gln

HbEHbE ββ2626GluGlu→Lys→LysHbEHbE ββ

Hb O ArabHb O Arab ββ121121GluGlu→Lys→LysHb O ArabHb O Arab ββ G uG u ysys

Hb GHb G αα6868Asp Asp →Lys→Lys

HbAHbA22'' δδ chain variantchain variantHbAHbA22 δ δ chain variantchain variant



Methods for the Identification of Methods for the Identification of 
H l bi hi &Th l iH l bi hi &Th l iHemoglobinopathies&ThalassemiaHemoglobinopathies&Thalassemia

Cellulose Acetate electrophoresis in Alkaline pHCellulose Acetate electrophoresis in Alkaline pHp pp p
Citrate agar electrophoresis in pH AcidicCitrate agar electrophoresis in pH Acidic
IsoelectricfocusingIsoelectricfocusing
HPLCHPLCHPLCHPLC
Capillary electrophoresisCapillary electrophoresis
Complementary testComplementary testCo p e e ta y testCo p e e ta y test

Solubility TestSolubility Test
Heat instabilityHeat instability
MetHb percentagesMetHb percentages
Chain synthesisChain synthesis
DNA AnalysisDNA AnalysisDNA Analysis DNA Analysis 



Cellulose Acetate Electrophoresis pHCellulose Acetate Electrophoresis pH 88..44Cellulose Acetate Electrophoresis pH Cellulose Acetate Electrophoresis pH 88..44

Surface charge is affected by amino acid substitutionSurface charge is affected by amino acid substitutiong yg y
Hb variant can be quantitated by densitometryHb variant can be quantitated by densitometry
It is not accurate for HbAIt is not accurate for HbA2 2 and HbF percentagesand HbF percentages
HbS d HbG d Hb D i t t thHbS d HbG d Hb D i t t thHbS and HbG and Hb D migrate at theHbS and HbG and Hb D migrate at the

same positionsame position
HbC,HbE and Hb AHbC,HbE and Hb A2 2 migrate at the same position migrate at the same position bC, b a d bbC, b a d b g ate at t e sa e pos t og ate at t e sa e pos t o



Fast HbsFast Hbs



Citrate Agar Electrophoresis (pHCitrate Agar Electrophoresis (pH 66..22))Citrate Agar Electrophoresis (pH Citrate Agar Electrophoresis (pH 66..22))

•• Hb Molecules separate based on their Hb Molecules separate based on their 
h d bili bi i hh d bili bi i hcharge and ability combine with agarcharge and ability combine with agar

•• Used to differenciate variants that Used to differenciate variants that 
comigrate in alkaline pH on cellulose comigrate in alkaline pH on cellulose 

t tt t

← ← --

acetateacetate
•• HbC from E and S from Dand GHbC from E and S from Dand G
•• Can not distinguish between HbD or GCan not distinguish between HbD or G
•• Qualitative methodQualitative method
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IEFIEFIEFIEF

Separates Hb according to their isoelectric point on the gel.Separates Hb according to their isoelectric point on the gel.p g p gp g p g
The gel containing pH gradient.The gel containing pH gradient.
Hb will migrate in electerical field until it encounters part Hb will migrate in electerical field until it encounters part 
that corresponds to its pI.that corresponds to its pI.
Excellent separation but lengthy procedureExcellent separation but lengthy procedure
Q lit tiQ lit tiQualitative Qualitative 



IEFIEFIEFIEF



Anion Exchange ChromatographyAnion Exchange Chromatography
Microcolumn ChromatographyMicrocolumn ChromatographyMicrocolumn ChromatographyMicrocolumn Chromatography



HPLCHPLCHPLCHPLC

Cation exchange chromatography pH Cation exchange chromatography pH 66..44
Amino Acid substitution will alter the Hb retention time relative to Amino Acid substitution will alter the Hb retention time relative to 
HbAHbA
The eluting solution competes with Hb’s attach to resin ,absorbed Hb The eluting solution competes with Hb’s attach to resin ,absorbed Hb 

l l b b d f th ll l b b d f th lmolecules are reabsorbed from the column.molecules are reabsorbed from the column.
Detectors records OD changes over time and outcome is a graphDetectors records OD changes over time and outcome is a graph

NegativNegativ
e



HPLC DiagramHPLC DiagramHPLC DiagramHPLC Diagram

The sample mixture is introduced into the system at the injection port and The sample mixture is introduced into the system at the injection port and 
a mobile phase liquid flowing through the system carries the a mobile phase liquid flowing through the system carries the 
compounds into the column at an acid pH.compounds into the column at an acid pH.p pp p

column Chromchromacolumn Chrom
atogra
msolvent
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HPLCHPLCHPLCHPLC

Improved separation of variants in comparison to gelsImproved separation of variants in comparison to gelsp p p gp p p g
Accurate measurement of Hb AAccurate measurement of Hb A2 2 and HbF , in absence of and HbF , in absence of 
Hb variantsHb variants
HbS and HbC glycated fractions interfere with HbAHbS and HbC glycated fractions interfere with HbA2 2 
quantificationquantification
HbAHbA22 and HbE do not separateand HbE do not separateHbAHbA2 2 and HbE do not separateand HbE do not separate
HbH and Hb Bart’s can be detected in the HbH and Hb Bart’s can be detected in the 
chromatogram but not quantitatedchromatogram but not quantitated
Hb Lepore and HbAHb Lepore and HbA2 2 do not separatedo not separate



Anylate Identification WindowsAnylate Identification WindowsAnylate Identification WindowsAnylate Identification Windows



HPLC Migration of Hemoglobin VariantsHPLC Migration of Hemoglobin VariantsHPLC Migration of Hemoglobin VariantsHPLC Migration of Hemoglobin Variants

CommentsCommentsHbFHbFHbAHbA2 2 ResultResultHemoglobinHemoglobin

Coelution SCoelution S11cc with Awith A22Falsely elevatedFalsely elevatedSS

Coelution of Hb E with ACoelution of Hb E with A22Falsely elevatedFalsely elevatedEE

Coelution of HbG with ACoelution of HbG with A22Falsely elevatedFalsely elevatedG philadelphiaG philadelphia

Coelution of Hb Lepore Coelution of Hb Lepore 
with Awith A22

Falsely elevatedFalsely elevatedLeporeLepore

Falsely Falsely 
elevatedelevated

HbAHbA11cc









Capillary Electrophoresis DiagramCapillary Electrophoresis DiagramCapillary Electrophoresis DiagramCapillary Electrophoresis Diagram

Separation is achieved in a small glass tube Separation is achieved in a small glass tube p gp g
Capillary filled with alkaline buffer (pH Capillary filled with alkaline buffer (pH 99..44))
A few volume (nl) of sample injectedA few volume (nl) of sample injected



Principle of Hbs Separation by Capillary Principle of Hbs Separation by Capillary 
El h iEl h iElectrophoresisElectrophoresis

Mixtures separated due to  Hb Charge  and electroosmotic Mixtures separated due to  Hb Charge  and electroosmotic p gp g
flowflow
Electroosmotic flow is stronger than migration based on Electroosmotic flow is stronger than migration based on 
th hth hthe chargethe charge



As a result all hemoglobins are carried As a result all hemoglobins are carried 
d h h di d f h illd h h di d f h illtowards the cathodic end of the capillarytowards the cathodic end of the capillary



Electrophoregrams were recorded with the location of Electrophoregrams were recorded with the location of 
specific hemoglobins in specific zones. specific hemoglobins in specific zones. p g pp g p

ZZ1515 ZZ1414 ZZ1313 ZZ1212 ZZ1111 ZZ1010 ZZ99 ZZ88 ZZ77 ZZ66 ZZ55 ZZ44 ZZ33 ZZ22 ZZ11ZZ1515 ZZ1414 ZZ1313 ZZ1212 ZZ1111 ZZ1010 ZZ99 ZZ88 ZZ77 ZZ66 ZZ55 ZZ44 ZZ33 ZZ22 ZZ11
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H l bi C lH l bi C lHemoglobin ControlHemoglobin Control

    



HbH,HbA,HbAHbH,HbA,HbA22
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CZE Migration of Hemoglobin VariantsCZE Migration of Hemoglobin VariantsCZE Migration of Hemoglobin VariantsCZE Migration of Hemoglobin Variants
HemogloHemoglo

binbin
InterferesInterferes

with HbAwith HbA2 2 Result Result 
HbAHbA22: zone : zone 33

HbF: HbF: 
zone zone 33

CommentsComments

SS NoNo Hb S: zoneHb S: zone55

EE NoNo Hb E :zone Hb E :zone 44

DD No No 
HbD: zoneHbD: zone66

GG NoNoG G 
philadelphiladel

phiaphia

NoNo
HbG :zone HbG :zone 66

LeporeLepore NoNo Hb lepore: zone Hb lepore: zone 66

Hb CHb C SometimesSometimes Hb C: zone Hb C: zone 22



Normal PatternNormal PatternNormal PatternNormal Pattern



High Hemoglobin FHigh Hemoglobin FHigh Hemoglobin FHigh Hemoglobin F



Hemoglobin ControlHemoglobin ControlHemoglobin ControlHemoglobin Control



HPLC vs. Capillary ElectrophoresisHPLC vs. Capillary Electrophoresis
HPLCHPLC C illC illHPLCHPLC Capillary Capillary 

ElectrophoresisElectrophoresis
Final goalFinal goal Separating compound in Separating compound in Separating compound Separating compound 

a mixturea mixture in a mixturein a mixture

Sample separated Sample separated 
i id fi id f

Column filled with Column filled with 
l tl t

Capillary filled with Capillary filled with 
b ffb ffinside ofinside of solventsolvent bufferbuffer

Deriven byDeriven by pressurepressure Electrical fieldElectrical field
Mixture separated Mixture separated 
due to due to 

Cation Cation --exchange exchange Electrophoretic Electrophoretic 
mobility mobility 
&electroosmotic flow&electroosmotic flow



Screening For Thalassemia

RBC Indices

MCH> 27pg MCH>27 pg MCH< 27 pg

HbA2< 3.3% Hb A2<1.7 % Hb A2< 3.3% Hb A2 > 3.5%

Normal Delta -Thal Further Investigation Minor Beta=Thal



Determination of HbADetermination of HbA2 2 in the Presence of in the Presence of 
Common Hemoglobin Variants by CZE vs. Common Hemoglobin Variants by CZE vs. g yg y

HPLC and CAEHPLC and CAE



Normal PatternsNormal Patterns



HbAHbA2 2 PercentagesPercentages
CZE HPLCCZE HPLCCZE vs HPLCCZE vs HPLC

∆ Normal samples∆ Normal samples∆ Normal samples∆ Normal samples

S l i h bSS l i h bSSamples with HbSSamples with HbS



Measurement of HbAMeasurement of HbA2 2 and HbS&C in and HbS&C in 
S l C i i HbS&HbCS l C i i HbS&HbC

Measurement of HbAMeasurement of HbA2 2 and HbS and HbS 
Samples Containing  HbS&HbCSamples Containing  HbS&HbC in Samples Containing  HbSin Samples Containing  HbS



Measurement of HbAMeasurement of HbA2 2 and HbE in Samples and HbE in Samples 
Containing  HbEContaining  HbE



Measurment of HbAMeasurment of HbA2 2 and HbC in the and HbC in the 
S l C i i HbCS l C i i HbCSamples Containing HbCSamples Containing HbC



ConclusionConclusion
The first group of tests should include red cell indices The first group of tests should include red cell indices 
determination, Hb Adetermination, Hb A2 2 and HbF quantitation , Hb variant detection and HbF quantitation , Hb variant detection 
bb traditional or no el methodstraditional or no el methodsby by traditional or novel methods.traditional or novel methods.

In individuals with hypochromia microcytosis andIn individuals with hypochromia microcytosis and normal ironnormal ironIn individuals with hypochromia microcytosis and In individuals with hypochromia microcytosis and normal ironnormal iron
values values and and normal HbAnormal HbA22 indicate the presence of a thalassemia indicate the presence of a thalassemia 
determinant (determinant (αα--thal,thal,δβδβ--thal ,mild thal ,mild ββ--thal ,double heterozygotesity thal ,double heterozygotesity 
for for αα + + δ δ or or αα+ + ββ--thal).thal).

Discrimination between these genotypes is carried out by Discrimination between these genotypes is carried out by globinglobin
chain synthesischain synthesis and and αα, , ββ, and , and δδ--globin globin gene analysis. gene analysis. c a sy t es sc a sy t es s a da d αα,, ββ, a d, a d δδ g obg ob ge e a a ys sge e a a ys s

Finally,it is recommended to perform  Finally,it is recommended to perform  DNA sequencing.DNA sequencing.


