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LôEPN: come si manifesta, come si cura
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PAROXYSMAL NOCTURNAL HEMOGLOBINURIA
Epidemiology

Rare disease

ÅBased on EU definition: prevalence (number of affected patients

within the population) <5/10,000

Paroxysmal nocturnal hemoglobinuria

ÅLarge population studies are lacking

ÅPrevalence estimated around 2-10 cases per million

ÅWordlwide distribution, with possible increased rates in Asia 

(overlapping with increased rates of aplastic anemia)

ÅNo gender difference

ÅIncidence (number of new cases within the population) estimated

around 1-2 new cases per million per year

ÅNo age restriction, even if pediatric cases are rare and the highest

incidence is seen in 3rd and 4th decades
Marchiafava and Micheli, 1928

Marsala: a regional wine 

from Sicily, fortified wine 

similar to Porto

Hemoglobinuria: about drinksé
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V Paroxysmal: a condition characterized by an unpredictable clinical 

course, with some recurrent events (the so-called «crisis»)

V Nocturnal: these events appear to be particularly frequents in the 

early morning

V Hemoglobinuria: the typical event is the change in urine 

appearance, with a light red-to-black typical color

PAROXYSMAL NOCTURNAL HEMOGLOBINURIA
??? WHAT A STRANGE NAME???

Hemoglobinuria

V Hemoglobinuria is not hematuria (in the urine you find only 

hemoglobin rather than intact blood cells)

V It gives the name to the disease, since it is one of he most 

evident manifestations (quite impressive especially in old era)

1. Chronic hemolytic anemia with paroxistic crises

Intravascular hemolysis, complement mediated

2. Propensity to thromboembolisms

Often at unusual site, especially veins 

(cerebral veins, hepatic veins, splenic vein)

THE CLINICAL TRIAD OF PNH

3. Variable cytopenia

Stigmata of marrow failure, possible 

overlapping with aplastic anemia (AA/PNH)

EPIDEMIOLOGY: rare disease (1-5 per million/year)
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Proteins Deficient on PNH Blood Cells

Hematopoietic 

Stem Cell
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QuickTimeÊ and a
GIF decompressor

are needed to see this picture.

Courtesy of Luigi Del Vecchio

Rotoli, Nafa and Risitano. 
Principles of Molecolar Medicine, 2006.

RBC are labelled with anti CD59 FITC. 

Three populations of RBC can be seen: 

Å type I cells with normal expression of CD59; 

Å type II cells with partial deficiency of CD59 (Ham test: 3-5 x more sensitive 

to complement than normal cells)

Å type III cells with complete deficiency of CD59 (Ham test: 15-25 x more 

sensitive to complement than normal cells)

THE PIG-A gene
Genotype-phenotype correlation

1. Chronic hemolytic anemia with paroxistic crises

Intravascular hemolysis, complement mediated

2. Propensity to thromboembolisms

Often at unusual site, especially veins 

(cerebral veins, hepatic veins, splenic vein)

THE CLINICAL TRIAD OF PNH

3. Variable cytopenia

Stigmata of marrow failure, possible 

overlapping with aplastic anemia (AA/PNH)

EPIDEMIOLOGY: rare disease (1-5 per million/year)
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THE COMPLEMENT CASCADE REGULATION IN PNH
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THE COMPLEMENT CASCADE REGULATION IN PNH
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MAC-mediated intravascular hemolysis

Chronic intracascular hemolysis with paroxysm

ÅDisfagia

ÅDisfunzioni erettili

ÅSpossatezza

Hemoglobin

ÅHemoglobinuria

ÅAnemia

ÅAbdominal pain

ÅDysphagia

ÅErectile dysfunction

ÅFatigue

with paroxysm

Without the complement inhibitors 

CD55 and CD59 PNH RBC are 

susceptible to complement attack

PNH

Hemolysis of PNH RBC

Complement 

activation

CLINICAL CONSEQUENCES OF HEMOLYSIS IN PNH

Anemia 
ThrombosisHemoglobinuria

Smooth Muscle 

Dystonias including 

Dysphagia, 

Abdominal Pain, 

and Male Erectile 
Dysfunction

Fatigue

Marrow 

failure

1. Chronic hemolytic anemia with paroxistic crises

Intravascular hemolysis, complement mediated

2. Propensity to thromboembolisms

Often at unusual site, especially veins 

(cerebral veins, hepatic veins, splenic vein)

THE CLINICAL TRIAD OF PNH

3. Variable cytopenia

Stigmata of marrow failure, possible 

overlapping with aplastic anemia (AA/PNH)

EPIDEMIOLOGY: rare disease (1-5 per million/year)

Thromboembolism in PNH
Often multiple events, venous thrombosis, peculiar sites

NATURAL HISTORY OF PNH
Impact of thrombosis on survival and relationship with disease category

De Latour et al, Blood 2008
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Red cells

CD55 CD59

Inefficient complement 

inactivation

Intravascular 

hemolysis

Stem cells and 

hematopoietic progenitors

Bone marrow failure

Expansion of PNH clone(s)

Intrinsic growth advantage? 

Extrinsic selective advantage?  

Immune privilege?

?

Platelets Platelets activation 

and aggregation

Propensity to 

venous thrombosis

Other   

GPI-AP??
Microvescicles

ŷ free Hb

NO consumtpion

Impaired 

fibrinolysis (uPAR)

A

B

C

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH PATHOPHYSIOLOGY OF THROMBOSIS IN PNH
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venous thrombosis

CD55, 

CD59? 

Other   

GPI-AP?

RBC 

microvescicles

ŷ free Hb

NO consumtpion

Impaired 

fibrinolysis 

(uPAR)?

C-mediated platelet 

consumtpion

Plt (or endothelial) 

microvescicles?

Pleiotropic role of nitric oxide in vascular homeostasis

NO

Vasoconstriction

Platelet aggregation 

and adhesion 

Release of 

procoagulant factors 

VCAM-1 dependent 

inflammatory cell 

attachment 

Release of 

growth factors 

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

ADMA
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PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

ADMA

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

ADMA

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

ADMA

PATHOPHYSIOLOGY OF THROMBOSIS IN PNH - II

Endothelial activation 

(VCAM-1, ICAM-1)

ADMA

1. Chronic hemolytic anemia with paroxistic crises

Intravascular hemolysis, complement mediated

2. Propensity to thromboembolisms

Often at unusual site, especially veins 

(cerebral veins, hepatic veins, splenic vein)

THE CLINICAL TRIAD OF PNH

3. Variable cytopenia

Stigmata of marrow failure, possible 

overlapping with aplastic anemia (AA/PNH)

EPIDEMIOLOGY: rare disease (1-5 per million/year)

Rotoli et al, Blood 1982

STIGMATA OF BONE MARROW FAILURE IN PNH

Reduced Erythroid Colony 

Formation (BFU-E)

Frequent (pan)cytopenia, 

even severe

Centro Nazionale Ricerche, 1973
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