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Racial Differences in 
Paroxysmal Nocturnal 
Hemoglobinuria Thrombosis and 
Glycosylphosphatidylinositol-
Deficient Granulocytes

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired 
glycosylphosphatidylinositol (GPI)-deficient hematopoietic stem cell 
disorder that is characterized by complement-mediated hemolytic 
anemia, thrombosis, and bone marrow failure. Eculizumab, an 
inhibitor of terminal complement C5, provides patients with PNH 
with a good quality of life by ameliorating hemolysis and thrombosis, 
and promotes a better understanding of the complement-mediated 
molecular pathophysiology of PNH [1-3]. However, the underlying 
reasons for distinct differences in the incidences of thrombosis and 
bone marrow failure between Caucasian and Asian patients with PNH 
are still unknown (West vs. Japan, 32% vs. 4%) [4]. Racial differences 
are more evident in PNH thrombosis than in other conventional 
arterial thromboses (PNH vs. others, 2.4 to 9.8 vs. 1.7 to 3.9-fold 
increase) [4,5], suggesting that the presence of thrombus formation 
is characteristic of PNH. Progression to thrombosis is generally 
attributable to synergistic interactions between hypercoagulation 
and hypofibrinolysis. Hypercoagulability in PNH patients may be 
due to chronic hemolysis, accentuated platelet aggregation, and 
other complement-mediated events, whereas hypofibrinolysis in 
PNH patients is explained by the loss of the urokinase plasminogen 
activator receptor (uPAR) on leukocytes and elevated soluble uPAR 
plasma levels [3,6]. Besides erythrocytes and platelets, leukocytes play 
a critical role in the progression of thrombosis. Thrombotic events 
often occur in patients with leukocytosis due to myeloproliferative 
neoplasms as well as in those treated with granulocyte macrophage 
colony-stimulating factor. In contrast, patients with a plastic anemia-
PNH syndrome showing leukocytopenia manifest clinical thrombosis 
less frequently than patients with de novo PNH maintaining normal 
leukocyte counts [7,8]. In contrast to thrombosis, cytopenias are 
more common in Japanese PNH patients than in those in the United 
States [4]. Based on this background, we attempted to elucidate a 
plausible link between marrow failure-associated leukocytopenia 
and the infrequent complication of thrombosis in Japanese PNH 
patients by analyzing data obtained from our own PNH patients and 
previous findings [1-3,6-10]. We also investigated the reasons for 
racial differences using GPI-deficient (PNH) granulocyte counts in 
PNH thrombosis.

Figure 1A shows a wide range of D-dimer levels as an incidence 
of fibrinolysis in PNH patients with thrombosis. D-dimer levels in 
11 Western PNH patients with thrombosis were significantly higher 
than those in 6 Japanese patients with thrombosis. These results 
suggest that a hypercoagulable state rather than hypofibrinolysis 

in PNH thrombosis is more common in Western PNH patients 
than in Japanese patients. Thrombosis frequently occurred in PNH 
patients with a higher leukocyte count (mean leukocyte count in 
patients with thrombotic events (TE+) vs. no TE (TE-), 5.1x108/l vs. 
3.9x108/l; p=0.006) and more PNH granulocytes (mean number 
of PNH granulocytes in patients with TE+ vs. TE-, 4.4x108/l vs. 
2.4x108/l; p<0.001) (Figure 1B). On the other hand, patients with 
a large percentage of PNH clones, i.e. PNH granulocytes >50%, 
also showed racial differences in PNH thrombosis, whereas these 
differences disappeared when the percentage of PNH granulocytes 
decreased (Figure 1C). These results suggest that thrombus formation 
in PNH is characterized by a hypercoagulable state attributable to 
PNH granulocytes coupled with PNH hemolysis. Of note, the racial 
differences disappeared when assembling PNH patients with a total 
leukocyte count ≥3.0x108/l among patients showing evident hemolysis 
with more than 50% PNH granulocytes (Figure 1D). Taken together, 
although hemolysis contributes to the incidence of PNH thrombosis 
(data not shown), which supports the allegedly identical amelioration 
of PNH thrombosis after the administration of eculizumab [1,3], it is 
no longer regarded as a major cause of racial differences (Figure 1C). 
Of interest, racial differences were detected among patients with a total 
leukocyte count <3.0x108/l containing more than 50% PNH clones 
(Figure 1D), which implies that underlying factors such as genetic 
conditions are involved in conventional thrombus formation, even 
in PNH patients, because these factors make PNH thrombosis likely 
to be less affected by a possible specific feature of PNH granulocytes 
and hemolysis. Alternatively, the number of platelets was not a factor 
causing racial differences (Figure 1E), indicating that simple bone 
marrow failure could not allow conferring a biological distinction 
of PNH thrombosis contributing to racial differences. Therefore, we 
attribute racial differences in PNH thrombosis to the epifunctional 
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causes of PNH granulocytes associated with hypercoagulation, 
including that through a potential molecule specifically expressed or 
absent on PNH granulocytes. However, larger studies are needed in 
order to reach more concrete conclusions.
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Figure 1: Racial differences associated with fibrinolytic states and PNH 
granulocytes in PNH thrombosis. (A) Fibrinolytic states in PNH patients 
with thrombosis. ULN, upper limit of the normal range; JPN, Japanese 
patients; West, Western patients; numbers in parentheses, the number of 
patients examined. (B) Involvements in PNH thrombosis were evaluated using 
GPI-deficient (PNH) granulocyte volumes. TE, thrombotic events; numbers 
in parentheses, the number of patients examined. (C-E) Racial differences 
in Japanese (JPN) and Western PNH patients (West) were assessed using 
PNH granulocyte volumes (C) or total leukocyte (D) and platelet (E) counts 
among patients with more than 50% PNH granulocytes. ULN, upper limit of 
the normal range; numbers in parentheses and on bar graphs, the number of 
patients examined..
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