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Abstract

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired clonal hematopoietic
stem cell disorder characterized clinically by chronic intravascular hemolytic anemia,
deficient hematopoiesis and thrombotic tendency. It is originated from a somatic
mutation of the X-linked phosphatidylinositol glycan class A (PIG-A) gene in a
hematopoietic stem cell resulting in the inability to biosynthesize
glycosylphosphatidylinositol (GPI) anchor with subsequent failure of GPI-anchored
proteins (GPI-APs) to be expressed on blood cells. Deficiency of the GPI-linked
complement regulatory proteins, CDS59 and CDS55, is responsible for the
hypersusceptibility of erythrocytes to the lytic action of complements. It is believed
the PNH is more common in East Asia including Thailand than in the western
countries, possibly due to the geographical difference in the prevalence of aplastic
which is closely related to PNH. Our proposed studies were conducted to elucidate
two aspects of pathogenesis of the disorder; 1) the origin and significances of PNH-
phenotype blood cells (genotype-phenotype study), and 2) mechanism of PNH clonal
expansion. The first issue was explored by immunophenotypic study of blood cells by
flow cytometry and detection of PIG-A mutations by heteroduplex analysis and
nucleotide sequencing. We found that GPI-AP (CD59) negative granulocytes were
more prominent than erythrocytes and could actually reflect the size of PNH clone.
Somatic mutations of the PIG-A were found in all 37 patients studied, and were
mostly small deletions/insertions and base substitutions causing frameshift or
nonsense, leading to the common PNH III phenotype. Severity of the disease (anemia)
was found to be determined by the proportion of GPI-negative granulocytes but not
by the types of PIG-A mutations. The mechanism of PNH clonal expansion was
explored by studying the condition of hematopoiesis in PNH patients (CD34+
enumeration and hematopoietic stem cell culture) and looking at nature of PNH
clones in a cohort of 32 aplastic anemia patients. Approximately 70% of the aplastic
anemia patients showed PNH clones (CD59- granulocytes) during the follow-up
period. Most of the emerging clones were usually transient and appeared during the
status of significant bone marrow failure as represented by more the prominent
leucopenia and thrombocytopenia. By hematopoietic stem cell culture, we found that
PNH is usually associated with a condition of deficient hematopoiesis as shown by
the low CD34+ cells and also BFU-E and CFU-GM. In addition autologous CD8+
cells seemed to depress the CFU-GM. Moreover the CD59+ granulocytes were more
apoptotic than the CD59- counterpart. Our findings suggested that PNH is selected in
the condition which is also responsible for bone marrow failure in aplastic anemia, i.e.,
the autoimmune mechanism or the immunoselection.
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