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Abstract: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired disease caused by clonal expansion of one
or more hematopoietic stem cell (HSC) lines due to a somatic mutation of the phosphatidylinositol glycan anchor
(PIG-A) gene located on Xp22.1. PNH incidence is 1.5-2 cases per million of the population per year. PNH can affect
multiple systems in the body and requires multidisciplinary clinical management. Patients can manifest with severe
pancytopenia, life-threatening thrombosis affecting the hepatic, abdominal, cerebral, and subdermal veins, and
high requirements for blood transfusion due to haemolytic anemia. PNH can also be associated with bone marrow
failure. Advances in diagnostic techniques and a targeted therapeutic approach for PNH have emerged in the last
two decades. Eculizumab, a promising humanized monoclonal antibody against C5, is the first approved therapy

for PNH.
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Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is
a rare acquired clonal hematopoietic stem cell
(HSC) disease characterized by intravascular
chronic hemolytic anemia with acute episodes,
bone marrow failure, and thrombosis. The clon-
al expansion of one or several HSCs with a
somatic acquired mutation in the gene encod-
ing PIG-A is the pathobiological mechanism
that is underlying the development of PNH
[1-3]. The true incidence of PNH is unknown but
it is estimated at 1.5-2.0 cases per milion of
the population per year, with a prevalence of
15.9 cases per milion of the population, similar
to aplastic anemia (AA) [4]. Although PNH has a
special place in the field of hematology, it is a
multisystemic disease. The clinical course of
PNH is usually chronic, with frequent flare-ups;
spontaneous long-term remissions are rare.

Median survival with conventional treatment
(transfusions, steroids, immunosuppressive
therapy etc.) is approximately 10 years, but is
shorter if patients have thrombosis, renal defi-
ciency, bone marrow failure or myelodysplasia
[5-7]. The b5-year survival rate is 65% [8].
Eculizumab is a humanized monoclonal anti-
body directed against the terminal complement
protein C5, and is the first successful targeted
therapy for treatment of complement-mediated
disease. The introduction of eculizumab has
had a significant impact on the management of
PNH. The drug has been shown to reduce
hemolysis and improve symptoms and quality
of life (QoL) of PNH patients [7-9].

The complement system and PNH

The complement system works through a num-
ber of serum proteins that may activate classi-
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Figure 1. Pathogenesis of PNH. A somatic acquired mutation in the gene encoding PIG-A is the pathobiological
mechanism underlying the development of PNH. Affected stem cells are deficient in all GPI-APs that serve as eryth-
rocyte membrane-boundregulators of complement. Deficiency of CD55 and CD59 proteins accounts for the comple-
ment-mediated intravascular hemolysis and other clinical manifestations.

cal, alternative or lectin pathways that converge
into one effector mechanism; the cytolytic
membrane attack complex (MAC). The comple-
ment cascade undergoes disease-specific
derangements that contribute to pathological
outcomes. PNH, cold agglutinin disease (CAD)
and hemolytic-uremic syndrome (HUS) are the
clearest examples of complement-mediated
diseases [10].

The PIG-A gene is required for synthesis of gly-
cosyl phosphatidylinositol (GPI), which anchors
certain proteins to the cell surface. These
include CD55-decay accelerating factor (DAF),
which inhibits the formation and the stability of
the C3 convertase (both C3bBb and C4b2a),
and CD59-membrane inhibitor of reactive lysis
(MIRL), which interferes with the terminal effec-
tor, complement, blocking the incorporation of
C9 onto the C5b-C8 complex. Affected stem
cells (erythrocytes, granulocytes, monocytes,
platelets and lymphocytes) are deficient in all
GPl-anchored proteins (GPI-APs) that serve as
erythrocyte membrane-bound regulators of
complement. Deficiency of CD55 and CD59
proteins accounts for the complement-mediat-

ed intravascular hemolysis that is the hallmark
of PNH (Figure 1) [11]. The hierarchical sub-
scription of CD55 and CD59 to hemolysis indi-
cates that CD59 is the key molecule in the pre-
vention of lysis [12].

Clinical presentations

Patients with PNH can present with multisys-
temic clinical manifestations due to intravascu-
lar hemolysis, thrombosis and bone marrow
failure (Figure 2) [13]. Symptoms are therefore
often non-specific, ranging from loss of vision
(due to retinal thrombosis), headache and nau-
sea/vomiting (due to cerebral thrombosis), pul-
monary hypertension (due to pulmonary embo-
lism), anaemia, through to pain and swelling in
the lower extremities (due to deep vein throm-
bosis), renal failure and erectile dysfunction.

Diagnosis of PNH

PNH is not a simple diagnosis. Detection of GPI-
linked antigens on hematopoietic cells using
monoclonal antibodies and flow cytometry
analysis of peripheral blood cells are required
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Figure 2. Clinical manifestations of PNH.

for the basis of a specific PNH diagnosis and
classification [14]. Flow cytometry is also a tool
for measuring the size of the PNH clone.
Analysis of both erythrocytes and peripheral
blood mononuclear cells is warranted because
clone size will be underestimated if only eryth-
rocytes are examined due to destruction of GPI-
AP deficient cells by complement. Recent trans-
fusions also diminish the ratio of erythrocyte
clone size and can lead to inaccurate clone size
measurements. In addition, specific PNH phe-
notypes are best established by detailed analy-
ses of the erythrocyte population, initial com-
plete blood count, biomarkers of hemolysis
(lactate dehydrogenase [LDH], bilirubin, hapto-
globin), and iron stores.

Flow cytometry

Flow cytometric analysis of CD59 and/or CD55
using antibodies directed against GPI-AP on
peripheral blood cells are informative assays
and most commonly used in the diagnosis of
PNH [14]. But CD55 generally too dim, doesn’t
show good signal/noise ratio, only analysis
of CD59 antibodies on anti-glycophorin A
(CD235a) gated erythrocytes is used to identify
erythrocyte PNH cone size. The advantage of
flow cytometric PNH diagnosis on peripheral
red blood cells is more accurate determination
of the degree of GPI anchor deficiency (PNH
Type Il [complete deficiency], Type Il [partial
deficiency], and Type | [normal expression]
clones). However, this method has low sensitiv-
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ity due to the short half-life
(20-45 days) of circulating
PNH red blood cells, and it
is not sensitive enough to
detect small PNH clones (<
1%) in AA and MDS [13]. In
contrast, granulocyte PNH
clone gives more accurate
estimate of PNH clone size
and flow cytometric granu-
locyte analysis is accepted
as gold standard for PNH
diagnosis, Monocyte analy-
sis is generally performed
to confirm the granulocyte
results. In white blood cell
analysis assessments of
the deficiency of GPI-linked
proteins such as CD24,
CD16 and CD66b on CD15*
granulocytes and the defi-
ciency of CD14 on CD33*
monocytes is needed. However, bacterial lysin
FLAER is the most versatile reagent for detect-
ing PNH in all white blood cells, and demonstra-
tion of at least one GPI-linked protein deficiency
in addition to FLAER is both sensitive and spe-
cific for the diagnosis of PNH [15]. A flare result
of a PNH patient has shown in Figure 3.

Flow cytometric analysis of bone marrow cells
is not diagnostic due to the presence of pro-
genitor cells in the tissue samples. In addition,
no significant correlation has been identified
between cell marker expression and polymor-
phonuclear (PMN) leukocyte count, reticulocy-
tosis, bilirubin and serum LDH [16].

Bone marrow examination

Bone marrow examination is not necessary for
flow cytometry. It should only be performed to
assess bone marrow failure and cytogenetics.

PNH and anemia

The absence of CD59 from the surface of PNH
erythrocytes leads to chronic and acute flare-
ups of intravascular haemolysis due to the
aggregation of C9 into the C5b-8 complex,
which produces a continuous state of comple-
ment MAC activation [17].

The deficiency of CD55 leads to extra-vascular
haemolysis due to a partial reduction or com-
plete loss of its function in the acceleration of
the rate of destruction of membrane-bound
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Figure 3. FLAER results of a patient with PNH. PNH testing on granulocytes using HSFC PNH testing; using SSC-CD45 graph, WBCs and Lymphocytes are gated (A).
and CD45* WBCs are selected for the next graph: SSC-CD15 in which CD15* granulocytes are gated (B). Those granulocytes are analyzed based on their CD24, a
GPI-linked molecule found on granulocytes, and FLAER expression (C). As you can see from (C), 98.7% of CD15* Granulocytes are double negative in terms of CD24
and FLAER which shows their lack of GPI expression and called as “PNH Clone”. Lymphocytes which are gated on SSC-CD45 graph, can be evaluated also based
on their CD24/FLAER pattern. Due to long spans of lymphocytes, we can see the smaller clone size (26.33% of Lymphocytes are lack of GPI) (D). PNH testing on
monocytes using HSFC PNH testing; Using SSC-CD45 graph, WBCs and lymphocytes are gated (E) and CD45* WBCs are selected for the next graph: SSC-CD64 in
which CD64* monocytes are gated (F). Those monocytes are analyzed based on their CD14, a GPI-linked molecule found on monocytes, and FLAER expression (G).
99.19% of CD64* monocytes are double negative in terms of CD14 and FLAER which shows their lack of GPI expression and called as “PNH Clone”. Lymphocytes
which are gated on SSC-CD45 graph, can be evaluated also based on their CD14/FLAER pattern. Due to long spans of lymphocytes, we can see the smaller clone
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size (23.18% of lymphocytes are lack of GPI) (H). PNH testing on RBCs using HSFC PNH testing; using SSC-FSC log
graph, RBCs are gated (I) and those RBCs are further analyzed based on their CD235a expression (J), a molecule
which is found only on RBCs. Finally CD235a* RBCs are analyzed in terms of their CD59 expression. There are 3
types of cells present in PNH positive samples. Type 3 cells are completely negative for GPI and thus negative for
CD59 expression. Type |l cells partially express GPI and thus have dim-CD59 expression. Finally type | cells are
healthy RBCs carrying GPI molecule and have bright CD59 expression (K and L).

C3-convertase. Extra-vascular haemolysis is
lower because CD59 deficiency leads to more
rapid red cell destruction [1]. Bone marrow fail-
ure is also a factor for anemia in PNH.

Renal deficiency in PNH

Renal involvement is usually not clinically
apparent in PNH but damage may occur at any
point in time. Renal failure is the reported
cause of mortality in 8-18% of PNH patients
[18]. Acute kidney injury (AKI) can arise in PNH
due to the release of heme pigments, with sub-
sequent hemoglobinuria, due to intravascular
haemolysis. In addition, hemosiderosis-iron
deposition in the kidneys can cause proximal
tubular dysfunction due to chronic hemolysis
[19]. Chronic renal dysfunction can arise due to
reduced renal blood flow, micro-infarcts and
interstitial fibrosis [20]. On radiological exami-
nation, PNH patients with renal involvement
may exhibit enlarged kidneys, cortical infarcts,
cortical thinning, and papillary necrosis.

Thrombosis in PNH

Thrombosis that immutably occurs in the
venous system is the leading cause of mortality
in PNH (40-67%) and 29-44% of patients with
PNH have been reported to undergo at least
one thromboembolic event during the course of
their disease [21]. Patients who present with
thrombosis have a 4-year survival rate of only
40% [22]. The abdominal and cerebral veins
are the most commonly involved regions in
venous thrombosis. Arterial thromboses can
also be seen in PNH, mostly in the cerebral and
coronary arteries.

The mechanism of thrombosis in PNH depends
on many factors, including PNH clone size,
hemolysis, platelet activation, inhibition of
ADAMTS13 and impaired nitric oxide (NO)
bioavailability.

There is a correlation between PNH neutrophil
clone size and the occurrence of thrombosis,
withan estimated odds ratio for thrombosis risk
of 1.64 for every 10% increase in clone size.
However, recent studies indicate that thrombo-
sis can appear with smaller (10%) clones [23].

Free hemoglobin released from lysed PNH
erythrocytes and uptake of monocyte-derived
microparticles released from GPI-deficient
monocytes upon complement damage (and
which increase tissue factor [TF] expression)
may be directly toxic to endothelial cells (EC).
This is considered an important contributory
factor in thrombosis [24].

PNH platelets undergo exocytosis of the MAC.
Formation of micro vesicles with phosphatidyl-
serine externalization is a potent in vitro proco-
agulant. Fibrinolysis is also perturbed, and PNH
blood cells lack the GPl-anchored urokinase
receptor. Tissue factor pathway inhibitor (TFPI)
requires a GPl-anchored co-receptor for traf-
ficking to the endothelial cell surface [25, 26].

Decreased NO levels may increase the risk of
thrombosis in PNH through a number of mecha-
nisms [27]. Free hemoglobin irreversibly reacts
with NO to form nitrate and methemoglobin.
Lysed erythrocytes release arginase to catalyze
conversion of arginine to ornithine. Arginine is
the substrate for NO synthesis. NO maintains
smooth muscle cell relaxation, inhibits platelet
activation and aggregation, and has anti-
inflammatory effects on the endothelium.

Pregnancy and PNH

PNH occurs slightly more predominantly in
females and can be seen in patients of child-
bearing age. It is difficult to manage pregnant
PNH patients because complications of preg-
nancy can mimic PNH flares. The most common
complication is the increased need for red
blood cell and platelet transfusions. This is
associated with higher maternal and fetal mor-
tality and morbidity due to thrombotic events,
infections, bleeding, anemia and prematurity
[28]. The mortality rate in patients with PNH is
reported as 6-20% during pregnancy and deliv-
ery [29].

The management of PNH in pregnancy depends
on supportive treatment with washed blood
products for symptomatic anemia and throm-
bocytopenia. Pregnant PNH patients have an
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increased need for folic acid replacement due
to hemolysis. There are no prospective trials
concerning the role of anticoagulation inpreg-
nant PNH patients so this issue remains contro-
versial. Aside from anecdotal evidence from
case reports, there are no published studies
evaluating the use of eculizumab in pregnancy.
Animal studies have shown that eculizumab
can cross the placenta, and the drug has been
listed as a a pregnancy category C agent [28].

Classification of PNH

Classification of PNH is necessary for general
clinical management and decision-making with
regard to treatment. In patients with classic
PNH, leukocyte and platelet counts are usually
normal, and the PNH clone is > 50%. These
patients can present with multisystemic mani-
festations; bone marrow examination shows
erythroid hyperplasia. Patients with subclinical
disease have very small clone sizes (around
1%) that are not large enough to produce even
biochemical evidence of hemolysis. Patients
with PNH in the setting of another bone marrow
failure syndrome (AA or MDS-RA) typically have
a small clone (around 10%) and biochemical
evidence suggesting mild hemolysis. Leuko-
penia and/or thrombocytopenia accompany
PNH in this setting [11-14].

Treatment of PNH

Apart from bone marrow transplantation there
is currently no cure for PNH. Interestingly. how-

Historical treatment

In the past, therapy was

often restricted to the treat-
ment and prevention of complications (e.g., red
blood cell transfusions for anemia), but did not
address ongoing hemolysis and its related
symptoms; folate supplements were adminis-
tered to support erythropoiesis and anticoagu-
lation for the prevention of thrombosis [14].
Immunosuppression for the treatment of bone
marrow failure and corticosteroid and andro-
gen therapy have been used in PNH to help
treat the anemia, but controlled data exist to
question the clinical efficacy of this approach in
terms of whether any potential benefits out-
weigh the established risks of such therapies
[30].

Thrombolytic therapy can be recommended for
patients with acute-onset abdominal vein
thrombosis. However, in some patients, throm-
bolytic therapy or anticoagulation is contraindi-
cated because of severe thrombocytopenia.
Managing PNH patients on chronic warfarin
therapy is often challenging. Platelet counts
are usually mildly to moderately reduced.
Maintaining a therapeutic international normal-
ized ratio (INR) is difficult in some patients
because of frequent PNH attacks that may be
associated with anorexia, nausea, and vomit-
ing. The use of oral contraceptives and preg-
nancy may exacerbate the proclivity for throm-
bosis in PNH, and should be considered high
risk [31].

Targeted therapy with eculizumab

Recent laboratory investigations into a target-
ed therapeutic approach for PNH have emerged

Am J Blood Res 2015;5(1):1-9
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in the last two decades, and in particular the
availability of eculizumab makes it necessary to
revise the conventional approach to the treat-
ment of this disease. Eculizumab is a human-
ized monoclonal antibody that blocks the acti-
vation of terminal complement at C5 and pre-
vents the formation of C5a and the terminal
complement complex, C5b-9 [32]. The drug is
delivered in an infusion for approximately 35
minutes, with a 600 mg induction phase of
weekly infusions for the first 5 weeks followed
by 900 mg every 2 weeks.

The impact and safety of eculizumab on the
course of PNH was first established in a dou-
ble-blind, placebo-controlled, 26-week Phase 3
trial (TRIUMPH) involving 87 PNH patients in
2006 [8]. Stabilization of hemoglobin levels in
the absence of transfusions was achieved in
49% of patients. Eculizumab reduced intravas-
cular hemolysis, as shown by an 85.8% lower
median area under the LDH-time curve (in days)
with eculizumab versus placebo (p < 0.001).
Headache was the most common adverse
event, there were no deaths during the study,
and only a single thrombotic event occurred in
a patient in the placebo group. Clinically signifi-
cant improvements in QoL, as measured by
scores on the Functional Assessment of
Chronic lliness Therapy-Fatigue scale (p <
0.001) [8].

SHEPHERD, an open-label, 52-week Phase 3
trial involving 97 PNH patients, the second key
trial designed to evaluate the safety and effi-
cacy of eculizumabreported that 91.7% of
patients maintained complete inhibition of
serum hemolytic activity with every 14-day dos-
ing throughout the duration of treatment, while
only 8.2% of patients demonstrated a return of
terminal complement activity and hemolysis
during the last 1 or 2 days of the dosing inter-
val. The mean number of packed RBC units
transfused was reduced by 52% during treat-
ment, and 51% of patients became transfusion
independent. The most common adverse
events were headache, nasopharyngitis, and
upper respiratory tract infections, which were
seen in 10% of patients. Two patients with a
history of thrombosis experienced a thrombotic
event. QoL was significantly improved in terms
of fatigue and function scores [30]. Complete
inhibition of serum hemolytic activity and
thrombosis, and the improvement in QoL
reported in SHEPHERD demonstrated that tim-

ing, regularity and continuity are important
determinants for treatment outcomes during
eculizumab therapy.

Hematopoietic stem cell transplantation

The only potentially curative treatment for PNH
is allogeneic hematopoietic stem cell trans-
plantation (HSCT). There are few reports on the
use of HSCT for PNH that include small num-
bers of patients. Long-term cure rates as high
as 60% have been reported with ASCT [7].
However, HSCT is not considered appropriate
for all patients, and there are still some unan-
swered questions relating to the use of HSCT
relating to the optimal timing of treatment, the
best conditioning regimen, and the possible
role for transplantation using an alternative
donor.

QoL in PNH

The symptoms of PNH including fatigue, abdom-
inal pain, dyspnea, dysphagia, chest pain and
erectile dysfunction have a major adverse
impact on patient QoL. It is therefore important
to determine QoL even in patients with a small
clone size. Treatment of PNH patients with ecu-
lizumab is associated with significant improve-
ments in physical and social functioning of QoL
[301].

Multidisciplinary organization: PNH education
and study group

PNH has multiple symptoms and signs related
to different organ sites, including the Gl tract,
kidneys, brain and musculoskeletal system.
The first clinical visit of patients with PNH there-
fore varies widely based on the first sign or
symptom. PNH patients can therefore present
at neurology, gastroenterology, nephrology,
general medicine, internal medicine, respirato-
ry, cardiology and hematology clinics. However,
it can take months to years for a patient to
eventually visit the hematology unit and,
because of this delay, patients often undergo
persistant damage to affected tissues resulting
in consistent organ failure.

In our experience it is necessary to adopt a
multidisciplinary approach in order to increase
the rate of early diagnosis. To address this chal-
lenge we have established a new group named
the PNH Education and Study Group (PESG) in
order to bring together scientists with an inter-
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est in PNH. This group contains hematologists,
immunologists, gastroeneteroligists, chest
specialists, cardiologists, nephrologists and
neurologists. The PESG is an open group for all
medical disciplines with the major aim of
increasing awareness of PNH and providing
education to different medical specialities.
Although it has only been established since
2013 it has already organized 12 educational
activities in different regional areas, activities
are organised per specific topic (cardiology,
nephrology etc). The next aim is to extend PESG
educational activities on a nationwide basis.

Conclusion

Contrary to common belief, PNH is not paroxys-
mal, not nocturnal and hemoglobinuria is seen
less frequently. Although PNH has a special
place in the field of hematology it is a multisys-
temic disease. Beyond hematology, other rele-
vant disciplines including immunology, nephrol-
ogy, gastroenterology, cardiology, pulmonary
medicine and neurology should all be involved
in the clinical management of PNH to provide a
multidisciplinary approach.

Clinical trial evidence provides support for the
central role of intravascular hemolysis in the
pathogenesis of the disease, and indicates that
eculizumab is an effective treatment in patients
with PNH. In particular, the long-term adminis-
tration of eculizumab substantially reduces the
risk of thrombosis.

Disclosure of conflict of interest

The authors declare no competing financial
interests.

Address correspondence to: Fahri Sahin, Depart-
ment of Hematology, Ege University School of
Medicine, 35100, Izmir, Turkey. Tel: +90232390-
4293; Fax: +902323437876; E-mail: drfahrisahin@
gmail.com

References

[1] Inoue N, lzui-Sarumaru T, Murakami Y, Endo Y,
Nishimura J, Kurokawa K, Kuwayama M, Shime
H, Machii T, Kanakura Y, Meyers G, Wittwer C,
Chen Z, Babcock W, Frei-Lahr D, Parker CJ,
Kinoshita T. Molecular basis of clonal expan-
sion of hematopoiesis in 2 patients with parox-
ysmal nocturnal hemoglobinuria (PNH). Blood
2006; 108: 4232-4236.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

Brodsky RA, Vala MS, Barber JP, Medof ME,
Jones RJ. Resistance to apoptosis caused by
PIG-A gene mutations in paroxysmal nocturnal
hemoglobinuria. Proc Natl Acad Sci U S A
1997; 94: 8756-8760.

Takeda J, Miyata T, Kawagoe K, lida Y, Endo Y,
Fujita T, Takahashi M, Kitani T, Kinoshita T.
Deficiency of the GPI anchor caused by a so-
matic mutation of the PIG-A gene in paroxys-
mal nocturnal hemoglobinuria. Cell 1993; 73:
703-711.

Biswajit H, Pratim PP, Kumar ST, Shilpi S,
Krishna GB, Aditi A. Aplastic anemia: a com-
mon hematological abnormality among periph-
eral pancytopenia. N Am J Med Sci 2012; 4:
384-388.

de Latour RP, Mary JY, Salanoubat C, Terriou L,
Etienne G, Mohty M, Roth S, de Guibert S,
Maury S, Cahn JY, Socié G; French Society of
Hematology; French Association of Young
Hematologists. Paroxysmal nocturnal hemo-
globinuria: natural history of disease subcate-
gories. Blood 2008; 112: 3099-3106.

Hillmen P, Lewis SM, Bessler M, Luzzatto L,
Dacie JV. Natural history of paroxysmal noctur-
nal hemoglobinuria. N Eng J Med 1995; 333:
1253-1258.

Santarone S, Bacigalupo A, Risitano AM,
Tagliaferri E, Di Bartolomeo E, lori AP, Rambaldi
A, Angelucci E, Spagnoli A, Papineschi F,
Tamiazzo S, Di Nicola M, Di Bartolomeo P.
Hematopoietic stem cell transplantation for
paroxysmal nocturnal hemoglobinuria: long-
term results of a retrospective study on behalf
of the Gruppo lItaliano Trapianto Midollo Osseo
(GITMO). Haematologica 2010; 95: 983-988.
Hillmen P, Young NS, Schubert J, Tagliaferri E,
Di Bartolomeo E, lori AP, Rambaldi A, Angelucci
E, Spagnoli A, Papineschi F, Tamiazzo S, Di
Nicola M, Di Bartolomeo P. The complement
inhibitor eculizumab in paroxysmal nocturnal
hemoglobinuria. N Eng J Med 2006; 355:
1233-1243.

Hillmen P, Hall C, Marsh JC, Elebute M,
Bombara MP, Petro BE, Cullen MJ, Richards SJ,
Rollins SA, Mojcik CF, Rother RP. Effect of ecu-
lizumab on hemolysis and transfusion require-
ments in patients with paroxysmal nocturnal
hemoglobinuria. N Eng J Med 2004; 350: 552-
559.

Risitano AM. Paroxysmal nocturnal hemoglobi-
nuria and other complement-mediated hema-
tological disorders. Immunobiology 2012; 217:
1080-1087.

Parker CJ. Management of paroxysmal noctur-
nal hemoglobinuria in the era of comple-
ment inhibitory therapy. Hematology Am Soc
Hematol Educ Program 2011; 2011: 21-29.
Wilcox LA, Ezzell JL, Bernshaw NJ, Parker CJ.
Molecular basis of the enhanced susceptibility

Am J Blood Res 2015;5(1):1-9


mailto:drfahrisahin@gmail.com
mailto:drfahrisahin@gmail.com

[13]

(14]

(15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

Paroxysmal nocturnal hemoglobinuria: diagnosis and management

of the erythrocytes of paroxysmal nocturnal he-
moglobinuria to hemolysis in acidified serum.
Blood 1991; 78: 820-829.

Bessler M, Hiken J. The pathophysiology of dis-
ease in patients with paroxysmal nocturnal he-
moglobinuria. Hematology Am Soc Hematol
Educ Program 2008; 104-110.

Parker C, Omine M, Richards S, Nishimura J,
Bessler M, Ware R, Hillmen P, Luzzatto L,
Young N, Kinoshita T, Rosse W, Socié G;
International PNH Interest Group. Diagnosis
and management of paroxysmal nocturnal he-
moglobinuria. Blood 2005; 106: 3699-3709.
Hoéchsmann B, Rojewski R, Schrezenmeier H.
Paroxysmal nocturnal hemoglobinuria (PNH):
higher sensitivity and validity in diagnosis and
serial monitoring byflow cytometric analysis of
reticulocytes. Ann Hematol 2011; 90: 887-
899.

Alfinito F, Del Vecchio L, Rocco S, Boccuni P,
Musto P, Rotoli B. Blood cell flow cytometry in
paroxysmal nocturnal hemoglobinuria: a tool
for measuring the extent of the PNH clone.
Leukemia 1996; 10: 1326-1330.

Pu JJ, Brodsky RA. Paroxysmal nocturnal he-
moglobinuria from bench to bedside. Clin
Transl Sci 2011; 4: 219-224.

Nishimura J, KanakuraY, Ware RE, Shichishima
T, Nakakuma H, Ninomiya H, Decastro CM, Hall
S, Kanamaru A, Sullivan KM, Mizoguchi H,
Omine M, Kinoshita T, Rosse WF. Clinical
course and flow cytometric analysis of paroxys-
mal nocturnal hemoglobinuria in the United
States and Japan. Medicine 2004; 83: 193-
207.

Hussain S, Qureshi A, Kazi J. Renal involve-
ment in paroxysmal nocturnal hemoglobinuria.
Nephron Clin Pract 2013; 123: 28-35.

Rachidi S, Musallam KM, Taher AT. A closer
look at paroxysmal nocturnal hemoglobinuria.
Eur J Intern Med 2010; 21: 260-267.

Hill A, Kelly RJ, Hillmen P. Thrombosis in parox-
ysmal nocturnal hemoglobinuria. Blood 2013;
121: 4985-4996.

Socie G, Mary JY, de GramontA, Rio B, Leporrier
M, Rose C, Heudier P, Rochant H, Cahn JY,
Gluckman E. Paroxysmal nocturnal haemoglo-
binuria: long-term follow-up and prognostic
factors. French Society of Haematology. Lancet
1996; 348: 573-577.

Hoekstra J, Leebeek FW, Plessier A, Raffa S,
Darwish Murad S, Heller J, Hadengue A,
Chagneau C, Elias E, Primignani M, Garcia-
Pagan JC, Valla DC, Janssen HL; European
Network for Vascular Disorders of the Liver.
Paroxysmal nocturnal hemoglobinuria in Budd-
Chiari syndrome: findings from a cohort study.
J Hepatol 2009; 51: 696-706.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Aharon A, Tamari T, Brenner B. Monocyte-
derived microparticles and exosomes induce
procoagulant and apoptotic effects on en-
dothelial cells. Thromb Haemost 2008; 100:
878-885.

Mandala E, Lafaras C, Goulis |, Tsioni K,
Georgopoulou V, llonidis G. Treatment of a pa-
tient with classical paroxysmal nocturnal he-
moglobinuria and Budd-Chiari syndrome, with
complement inhibitor eculizumab: Case
Report. Hippokratia 2013; 17: 81-84.
Maroney SA, Cunningham AC, Ferrel J, Hu R,
Haberichter S, Mansbach CM, Brodsky RA,
Dietzen DJ, Mast AE. A GPl-anchored co-recep-
tor for tissue factor pathway inhibitor controls
its intracellular trafficking and cell surface ex-
pression. J Thromb Haemost 2006; 4: 1114-
1124.

Rother RP, Bell L, Hillmen P, Gladwin MT. The
clinical sequelae of intravascular hemolysis
and extracellular plasma hemoglobin: a novel
mechanism of human disease. JAMA 2005;
293: 1653-1662.

Danilov AV, Brodsky RA, Craigo S, Smith H,
Miller KB. Managing a pregnant patient with
paroxysmal nocturnal hemoglobinuria in the
era of eculizumab. Leuk Res 2010; 34: 566-
571.

Ray JG, Burows RF, Ginsberg JS, Burrows EA.
Paroxysmal nocturnal hemoglobinuria and the
risk of venous thrombosis: review and recom-
mendations for management of the pregnant
and nonpregnant patient. Haemostasis 2000;
30: 103-117.

Brodsky RA, Young NS, Antonioli E, Risitano
AM, Schrezenmeier H, Schubert J, Gaya A,
Coyle L, de Castro C, Fu CL, Maciejewski JP,
Bessler M, Kroon HA, Rother RP, Hillmen P.
Multicenter phase 3 study of the complement
inhibitor eculizumab for the treatment of pa-
tients with paroxysmal nocturnal hemoglobinu-
ria. Blood 2008; 111: 1840-1847.

Brodsky R. Paroxysmal Nocturnal Hemoglobi-
nuria. In: Hematology-Basic Principles and
Practices. Shattii RHEBS (Ed). 4th Edition.
Philadelphia, PA: Elsevier Churchill Livingstone;
2005. pp. 419-427.

Thomas TC, Rollins SA, Rother RP, Giannoni
MA, Hartman SL, Elliott EA, Nye SH, Matis LA,
Squinto SP, Evans MJ. Inhibition of comple-
ment activity by humanized anti-C5 antibody
and single-chain Fv. Mol Immunol 1996; 33:
1389-1401.

Am J Blood Res 2015;5(1):1-9



