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Red Blood Cellsfrom Sickle Cell Anemia

e Deoxygenation of SSerythrocytes|eadsto
Intracellular hemoglobin polymerization, |oss of
deformability and changesin cell mor phology.
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Hemoglobin: The Oxygen Transporter

OXYHEMOGLOBIN DEOXYHEMOGLOBIN

OXYHEMOGLOBIN DEOXYHEMOGLOBIN

IAM WORPOLE



Red Blood Cell

Hemoglobin at 34 g/dl:
-Molecular separation
<1 diameter

-Activity coefficient
~350.




Sickle Cell M utation
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Deoxyhemoglobin S Polymer Structure

A) Deoxyhemoglobin S B) Paired strands of C) Hydrophobic pocket

14-stranded polymer deoxyhemoglobin S for 6B Val
(electron micrograph) (crystal structure) 6 %’L,JE
& P B B B , f\f

‘< D) Charge and size prevent
R 6B Glu from binding.

Dykes, Nature 1978; JMB 1979 P2 I a2
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Deter minants of Hemoglobin S
Polymerization

SS erythrocytes

MCHC ~ 32 g/dl

DeoxyHDbS solubility
~16 g/dI

40% 70% 100%
Oxygen saturation

 Intracellular hemoglobin composition

 Intracellular hemoglobin concentration

e Oxygen saturation



Hemoaglobin S Polymerization in SS Erythrocytes

« Maximal at 0% O, sat (oxygen saturation).
* Detected at high O, sat, particularly in dense cells.
 Variabledueto heterogeneity in corpuscular hemoglobin

concentration.
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Dense Cells Impair Filtration
Even at High Oxygen Saturation

(Cell suspension: Hct ~8%)
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Mixtures of HbS with Other Hemoglobins
| ncr ease Deoxyhemoglobin Solubility

e HbA or HbC
Increases deoxyHDb

solubility In mixtures
with HbS.

 HbF or HbA, have
an even greater
“gparing” effect.

Hemoglobin Solubility (g/dl)
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Hemoglobin Polymerization in
AS and SS Erythrocytes
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Polymerization tendency of AS hemoglobin (a,B*B%) hybrid:
0.5 times hemoglobin S (a,3>,)

Noguchi, PNAS 1980; Biophys J 1984



lmpaired Filtr

ation and Polvmer Fraction

e Filtrationisimpaired in AS erythrocytes, but at markedly
lower O2 sat compared with other sickle dueto lower
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(Cell suspension: Hct ~8%)
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Impaired Filtration
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Defective Urine Concentrating Ability
In Sickle Cell Trait

* High osmolality and low O, sat of therenal medullaare
conditionsthat favor polymerization.

* Hemoglobin polymerization correlatesinversely with urine
concentrating ability.

a-Thalassemia reduces % HbS, and polymerization potential.
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Hemoglobin Polymerization In
Sickle Trait Erythrocytes

* Although disease manifestation is not generally associated
with sickletrait individuals, AS erythrocytes can undergo
hemoglobin polymerization at extreme deoxygenation or
dehydration.

 Asin SScells, determinants of polymerization potential in
AS cellsareintracelular hemoglobin composition that is

modified as a function of a-globin genotype, intracellular
hemoglobin concentration and oxygen satur ation.

e Inthekidney, the hyperosmolality and low oxygen tension
of therenal medullaresultsin a urine concentrating defect
associated with HbS polymerization determined by % HDbS.



Therapeutic Approachesfor
Sickle Cell Disease

PRODUCTION CIRCULATION OBSTRUCTION
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INTRACELLULAR HbS
POLYMERIZATION

BONE MARROW
e Strategiesto reduce hemoglobin S polymerization

— Increase hemoglobin F
* Hydroxyurea, butyrate, erythropoietin

— Prevent sickle cell dehydration
e Clotrimazole, Mg*2 pidolate



