
1

Data Interpretation ofData Interpretation of HbHb
and  protein and  protein 

ElectrophoresisElectrophoresis

台北醫學大學台北醫學大學 細分所所長細分所所長

李宏模教授李宏模教授

Data Interpretation of Data Interpretation of HbHb and  and  
protein Electrophoresisprotein Electrophoresis

Hemoglobin electrophoresisHemoglobin electrophoresis
Normal Normal HbHb
Pathological Pathological HbHb

Sickle cell AnemiaSickle cell Anemia
αα--thalassemiathalassemia
ββ--thalassemiathalassemia

Protein electrophoresisProtein electrophoresis
NormalNormal
PathologicalPathological

multiple multiple myelomamyeloma
other pathological profilesother pathological profiles
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AnemiaAnemia

Depletion anemiaDepletion anemia
Production defect anemiaProduction defect anemia

AplasticAplastic anemia/ marrow replacementanemia/ marrow replacement
factor deficiencyfactor deficiency

Vitamin B12Vitamin B12
Folic acidFolic acid

iron deficiencyiron deficiency
hemoglobinopathieshemoglobinopathies
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Normal Normal HbHb in fetal stagein fetal stage

Embryonic Embryonic 
Gower 1 = Gower 1 = ζζ22εε2 2 

Portland 1 = Portland 1 = ζζ22γγ22

Gower 2 = Gower 2 = αα22εε2 2 

At birthAt birth
HbHb A = A = αα22ββ2  2  (25%)(25%)
HbHb F = F = αα22γγ2 2 (75%)(75%)
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Normal Normal HbHb in adultin adult

HbHb A = A = αα22ββ2  2  (97%)(97%)
HbHb F = F = αα22γγ2 2 (<1 %)(<1 %)
HbHb A2 = A2 = αα22δδ2 2 (2.5%)(2.5%)
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Pathological conditionsPathological conditions

HemoglobinopathiesHemoglobinopathies
(a)(a) Structural Structural HbHb variantsvariants

Substitution, addition, or deletion of one or Substitution, addition, or deletion of one or 
more amino acids of the more amino acids of the globinglobin

(b) (b) ThalasssemiasThalasssemias
Quantitative defect in Quantitative defect in globinglobin chain productionchain production

(c) Combination of (a) and (b)(c) Combination of (a) and (b)
(d) Hereditary persistence of fetal (d) Hereditary persistence of fetal HbHb

Nomenclature of Nomenclature of HbHb variantsvariants

HbAHbA, , HbFHbF, and , and HbSHbS were first discoveredwere first discovered
Additional variants start from Additional variants start from HbCHbC
Too many variants were found(>500)Too many variants were found(>500)

HbHb with similar with similar electrophoreticelectrophoretic motilitymotility
distinguished by adding the place of discoverdistinguished by adding the place of discover
Some new Some new HbHb were named by ptswere named by pts’’ familyfamily

New systemNew system
HbSHbS B6 B6 GluGlu Val  (E B6 V)Val  (E B6 V)
HbCHbC B6 B6 GluGlu Lys  Lys  (E B6 K)(E B6 K)
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Classification of Classification of HbHb variantsvariants

Amino acid substitutionAmino acid substitution
e.g. Sickle cell anemiae.g. Sickle cell anemia

Deletion and insertionDeletion and insertion
e.g. e.g. thalassemiathalassemia ((αα chain deletion)chain deletion)

Unequal cross over (fusion genes)Unequal cross over (fusion genes)
Chain elongationChain elongation
Frame shift variantsFrame shift variants
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Clinical consequences of abnormal Clinical consequences of abnormal HbHb

Asymptomatic if they donAsymptomatic if they don’’t interfere with t interfere with 
HbHb functions functions unstable unstable HbHb
Produce diseaseProduce disease

affect the stability, shape, or function of affect the stability, shape, or function of HbHb

Homozygous for abnormal Homozygous for abnormal HbHb
HbSHbS

Heterozygous are mostly mildHeterozygous are mostly mild
HbCHbC, , HbDHbD, , HbEHbE but not but not HbAHbA--HbSHbS

Unstable Unstable HbHb

Hemolytic anemia Hemolytic anemia 
HemichromeHemichrome formation formation 

((HemeHeme iron form various side chain with iron form various side chain with globinglobin))

Inclusion body formation (Inclusion body formation (Heinz bodiesHeinz bodies))
Altered oxygen dissociationAltered oxygen dissociation
Altered hemoglobin stability Altered hemoglobin stability Increase Increase 
methemoglobinmethemoglobin (Fe(Fe++++ FeFe++++++)) and and 
sufhemoglobinsufhemoglobin
Altered solubility (Target cells) Altered solubility (Target cells) 
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Sickle cell anemiaSickle cell anemia

B chain 6th amino acid EB chain 6th amino acid E V substitution V substitution 
results in polymerization of results in polymerization of deoxydeoxy form form 
within the red cellswithin the red cells
The The sickledsickled--shape cells block shape cells block 
microcirculationmicrocirculation
Stasis Stasis hypoxia and ischemic infarction of hypoxia and ischemic infarction of 
liver, kidney, heart, bone, nervous systemliver, kidney, heart, bone, nervous system
Hemolytic anemia or even DICHemolytic anemia or even DIC
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Varying clinical severity of the Varying clinical severity of the 
different sickle syndromedifferent sickle syndrome

Sickle cell traitSickle cell trait
SA (30SA (30--40% 40% HbSHbS))(mild severity)(mild severity)
SF (70% SF (70% HbSHbS)) (mild severity)(mild severity)
SC (50% SC (50% HbSHbS)) (+++ severity)(+++ severity)

Sickle cell anemiaSickle cell anemia
hemolytic anemiahemolytic anemia
aplasticaplastic crisiscrisis
vasovaso--occlusiveocclusive

Sickle cellSickle cell--HbCHbC diseasedisease
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ThalassemiaThalassemia

Decreased rate of Decreased rate of globinglobin chain productionchain production
thalassemiathalassemia γ, ε, ζγ, ε, ζ embryonic deathembryonic death

ClassificationClassification
ThalassemiaThalassemia majormajor
thalassemiathalassemia minorminor
thalassemiathalassemia minimaminima

AlphaAlpha--thalassemiathalassemia
BetaBeta--thallasemiathallasemia

ββ++ or or ββ00--thalassemiathalassemia
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Hemoglobin protein has two alpha Hemoglobin protein has two alpha 
subunits and two beta subunits.subunits and two beta subunits.

The two chromosomes #11 have one beta The two chromosomes #11 have one beta 
globinglobin gene each (for a total of two gene each (for a total of two 
genes).genes).

The two The two chromsomeschromsomes #16 have two alpha #16 have two alpha 
globinglobin genes each (for a total of four genes each (for a total of four 
genes). genes). 

Each alpha Each alpha globinglobin gene produces only gene produces only 
about half the quantity of protein of a about half the quantity of protein of a 
single beta single beta globinglobin gene. gene. 
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AlphaAlpha--thalassemiathalassemia

Defective Defective αα--chain synthesischain synthesis
No elevation of HbANo elevation of HbA22 and and HbF HbF 

((↑↑in in ββ--thalassemiathalassemia))

Consequence of diminished Consequence of diminished αα--chain synthesischain synthesis
decrease production of decrease production of HbAHbA, , HbFHbF, HbA, HbA22

Excess Excess ββ--chain and chain and γγ--chainchain
HbHb BartBart’’s (s (γγ44))
HbHHbH ((ββ44))
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The offspring that inherits the 
double deletion from one 
parent and the single from 
the other will have 
Hemoglobin H disease 
(Scenario 1). 

The offspring who inherits no 
alpha genes from the parents 
dies in utero (Scenario 2; 
hydrops fetalis). 

BetaBeta--thalassemiathalassemia

Defective Defective ββ--chain synthesischain synthesis
Diminished (Diminished (ββ++ or or ββ++++)or absent ()or absent (ββ00 ) of ) of ββ--globinglobin
elevation of elevation of HbAHbA22 & & HbFHbF in in ββ--thalassemiathalassemia

Consequence of diminished Consequence of diminished ββ--chain synthesischain synthesis
decrease production of decrease production of HbAHbA, , 
Excess Excess γγ--chain and chain and δδ--chain chain 

HbFHbF
HbAHbA22

No No HbHb BartBart’’s (s (γγ44))
No  No  HbHHbH ((ββ44))
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HbHb electrophoresis (alkaline)electrophoresis (alkaline)

Separation on cellulose acetate (pH8.4)Separation on cellulose acetate (pH8.4)
((--) ) A2A2 S S F F A1A1 (+)(+)

Most frequently usedMost frequently used
Resolve most of the major Resolve most of the major HbsHbs (A1, A2, S, F)(A1, A2, S, F)
A2 can not be separated from CA2 can not be separated from C
Can not resolve Can not resolve HbDHbD, G; and , G; and HbCHbC, E, E



17

HbHb electrophoresis (acidic)electrophoresis (acidic)

Separation on Separation on agaroseagarose gel (pH6.0)gel (pH6.0)
((--) ) FF A  A  S   S   CC (+)(+)

Mostly used in confirmationMostly used in confirmation
E can be separated from CE can be separated from C
HbCHbC, , HbSHbS migrate toward the Anodemigrate toward the Anode
HbAHbA, E migrate toward the cathode, E migrate toward the cathode
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Protein electrophoresisProtein electrophoresis

Multiple Multiple myelomamyeloma and and Immunoglobulins Immunoglobulins 
Data of protein electrophoresisData of protein electrophoresis

Acute reaction pattern Acute reaction pattern 
NephroticNephrotic syndrome  syndrome  
Chronic inflammation  Chronic inflammation  
Cirrhosis of liver  Cirrhosis of liver  
a1a1--antitrypsin deficiency (chronic diseases)  antitrypsin deficiency (chronic diseases)  
polyclonal polyclonal gammopathies  gammopathies  
hypogammaglobulinemia  hypogammaglobulinemia  
Multiple Multiple myelomamyeloma (M spike)(M spike)
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Issues to be discussedIssues to be discussed

Structure and function of Structure and function of ImmunogloblinsImmunogloblins
ClonalClonal deletion and deletion and clonalclonal expansionexpansion
Development of Development of lymphocyticlymphocytic lineagelineage
Multiple Multiple myelomamyeloma
Consequences of multiple Consequences of multiple myelomamyeloma
Normal patterns of protein electrophoresisNormal patterns of protein electrophoresis
Pathological patternsPathological patterns
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Multiple Multiple myelomamyeloma

Maturation of plasma cellsMaturation of plasma cells
Proliferation of Proliferation of plasmacytoidplasmacytoid lymphocyteslymphocytes
Proliferation of plasma cellsProliferation of plasma cells
Principle of data interpretationPrinciple of data interpretation

BloodBlood
HyperviscosityHyperviscosity
CryoglobulinemiaCryoglobulinemia

M spikeM spike
BenceBence Jones Jones proteinuriaproteinuria
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Bone marrow aspirate demonstrating plasma cells of 
multiple myeloma. Note the blue cytoplasm, eccentric 
nucleus, and perinuclear pale zone (or halo). 

multiple punched-out lesions in a patient with multiple myeloma
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BenceBence Jones proteinsJones proteins

The multiple The multiple myelomamyeloma cell clone produces an cell clone produces an 
excess of monoclonal (M proteins) and free light excess of monoclonal (M proteins) and free light 
chain proteins. chain proteins. 
The M proteins may be recognized as The M proteins may be recognized as IgAIgA, , IgDIgD, , 
IgGIgG, , IgEIgE or or IgMIgM, depending on their heavy chain , depending on their heavy chain 
class. class. 
The light chain proteins may be designated as The light chain proteins may be designated as 
kappa or lambda. They may precipitate and kappa or lambda. They may precipitate and 
deposit, producing organ damage. The organ deposit, producing organ damage. The organ 
most commonly affected is the kidney. most commonly affected is the kidney. 
When these monoclonal light chains appear in the When these monoclonal light chains appear in the 
urine, they are called urine, they are called BenceBence Jones proteins. Jones proteins. 
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Routine laboratoryRoutine laboratory

PancytopeniaPancytopenia, abnormal coagulation, , abnormal coagulation, 
hypercalcemiahypercalcemia, , azotemiaazotemia, elevated alkaline , elevated alkaline 
phosphatasephosphatase and erythrocyte sedimentation rate, and erythrocyte sedimentation rate, 
and and hypoalbuminemiahypoalbuminemia. . 
ProteinuriaProteinuria, , hypercalciuriahypercalciuria, or both. Urine , or both. Urine 
dipstick tests may not indicate the presence of dipstick tests may not indicate the presence of 
BenceBence Jones Jones proteinuriaproteinuria. . 
All patients with suspected multiple All patients with suspected multiple myelomamyeloma
require a 24require a 24--hour urinalysis by protein hour urinalysis by protein 
electrophoresis to determine the presence of electrophoresis to determine the presence of 
BenceBence Jones Jones proteinuriaproteinuria and kappa or lambda and kappa or lambda 
light chains. light chains. 
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Protein electrophoresisProtein electrophoresis

Supporting matrixSupporting matrix
Molecular chargeMolecular charge

AgaroseAgarose, cellulose acetate, cellulose acetate

Molecular charge and sizeMolecular charge and size
Starch and Starch and polyacrylamidepolyacrylamide

pH and ionic strength of bufferpH and ionic strength of buffer
pH 8.6 pH 8.6 most proteins are negative chargemost proteins are negative charge
barbital, barbital, TrisTris--barbital, boric acid, barbital, boric acid, TrisTris and EDTA and EDTA 

VisualizationVisualization
CoomasieCoomasie brilliant blue, brilliant blue, PonsceusPonsceus S (albumin>globulin)S (albumin>globulin)
AmidoAmido black (black (agaroseagarose gel), gel), bromphenolbromphenol blue, blue, 
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Data interpretation of protein Data interpretation of protein 
electrophoresiselectrophoresis

Protein electrophoresisProtein electrophoresis
Data interpretation of Data interpretation of 

NormalNormal
Acute reaction pattern (2, 3)Acute reaction pattern (2, 3)
NephroticNephrotic syndrome (4)syndrome (4)
Chronic inflammation (5)Chronic inflammation (5)
Cirrhosis of liver (6, 7, 8)Cirrhosis of liver (6, 7, 8)
a1a1--antitrypsin deficiency (chronic diseases) (9)antitrypsin deficiency (chronic diseases) (9)
polyclonal polyclonal gammopathiesgammopathies (10)(10)
hypogammaglobulinemiahypogammaglobulinemia (11)(11)
Multiple Multiple myelomamyeloma (M spike) (12)(M spike) (12)
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