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Executive Summary

The high prevalence in Thailand of two diseases, thalassemia and malaria, presents both an
opportunity and a challenge to scientists; opportunity to obtain clinical specimens for
studies at the molecular level and challenge to apply the knowledge gained towards the
search of novel therapeutics. Both thalassemia and malana, although affecting a large
proporuon of the world's population, are “neglected diseases™ as judged from the extent of

interest shown by scientists in the developed countries to these two diseases.

Anemia and related pathophysiclogy of thalassemia is not due 1o the reduction of
hemoglobin in red cells per se but results from binding to red cell membrane of unmatched
globin chains which causes oxidative damage to the phospholipid and protein components.
Such red cells are rapidly removed by the body's reticuloendothelial system or may never
even Jeave the bone marrow. The properties of the affected red cell membrane can be
attributed to the species of globin chains bound to it




Data from this project indicate that binding of Hb Constant Spring (CS; the most common
nondeletional a-thalassemic mutation and an important cause of Hb H-like disease in
Southeast Asia) 1o red cell membrane affects both spectrin and protein 4.1 but attachment of
Hb H alone perturbs only the extrinsic membrane protein 4.1. Although thalassemic red
cells are microcytic, Hb H/CS red cells are more normal in size when compared with Hb H
cells. One controlling system of red cell volume is regulation by K-Cl cotransport activity.
hﬁmmufwPMumammnfihﬂmmﬂ:mmmmmﬂﬁr
dehydration state, but this phenomenon did not account for the relative hyperhydration of
Hb H/CS red cells,

One of the hallmarks of thalassemic red cells is the increase in rigidity (reduced
deformability) of the plasma membrane, resulting in their premature destruction by the
body’s reticuloendothelial system. In normal red cells spectrin phosphorylation is
inversely comelated with membrane deformability. Ouwr stmdies showed that the level of
steady state level of spectrin phosphorylation at serine and threonine residues in thalassemic
red cells was not significantly different from that in normal red cells, indicating that
oxidative damage to thalassemic red cells is independent of serine/threcnine
phosphorylation. In the presence of vanadste (an inhibitr of protein tyrosine
phosphatase), tyrosine phosphorylation in f-spectrin was observed in both normal and
thalassemic red cell membrane, a phenomenon not hitherto reported. However, the level of
f-spectrin tyrosine phosphorylation could not be comrelated with phenotypic severity of
anemia nor with degree of oxidative damage to the thalassemic red cell membrane.
Increased deformability of thalassemic red cells may also be due to an increased activity of
transghutaminase which covalently crosslinks proteins through ‘the formation of e(y-
glutamyl) lysine linkages. Changes in transglutaminase were observed with thalassemic
samples which reflected the status of endogenous red cell calcium level mther than an
alteration to or amount of the enzyme.
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One of the effects of oxidative siress to thalassemic red cell membrane is the increase in
miracellular calcium concentration. Previous study from our lsboratory showed that,
contrary to expectation, thalassemic red cell membrane Ca™-ATPase is not impaired, but
had full activity which, however, did not respond to calcium-calmodulin stimulation and
also may be uncoupled to calcium transport. To gain further insight into this unexpected
phenomenon, normal red cells were treated with protein oxidunts (dismide and fers-
butylhydroperoxide) in order to obtain an in wirro model of thalassemic red cells. Afier
exposure to these oxidants, Ca™-ATPase activity and its stimulation by calmodulin were
mhibited but this effect could be reversed upon treatment with dithiotreitol, indicating that
Ca™-ATPase in thalassemic red cell membrane is not modified through sulfhydryl
oxidation.

It is well known that oxidatively damaged red cell membranes or those with activated
complemen components on their surfaces will shed par of their plesma membrane as small
vesicles. By employing the technique of laser flow cytometry and using flucrochrome-
labeled anti-glycophorin antibody (which is specific to red cell membrane) significant
amounts of circulating red cell vesicles were found in thalassemic subjects. These vesicles
were devoid of spectrin (the major component of membrane cytoskeleton), contained
phosphatidylserine on the outer surface, were able to shonen clotting time when incubated
with recalcified plasma, could efficiently activate the alternate complement pathway and had
bound complement C3b. These findings are unique and significant as they serve to link red
cell membrane pertorbations with a group of clinical complications in thalassemia, viz.
repeated infections, sbnormalities in platelet and coagulation functions, platelet
mucrothrombi in pulmonary vascalature (in severe cases), and deficiency in complement.
Although a number of details of the molecular changes to the thalassemic red cell membrane
have emerged from these studies, the oxidative damage inflicted by membrane-bound



globin rémains enigmatic, and further research are needed in order to obtain information
which will provide directions leading to an introduction of effective and appropriate
therapeutic intervention measures which would ameliorate the pathological consequences
brought about by the presence of thalassemic red cells.

It has been previously reported that when human umbilical cord vein endothelial cells are
incubated with either a- or B-thalassemic sera, cell proliferation is decreased. Current
stodies now indicated that cell death was via the apopiotic pathway based on both
morphological (condensation of muclei and cytoplasm, margination of nuclear matrices,
presence of membrane blebbing, and appearance of apoptotic bodies) and biochemical
criteria (cleavage of nuclear DNA into 50-300 kb fragments, and presence of
phosphatidylserine on the cell outer surface). The propensity of sera from thalassemic
individuals to cause endothelial cells to undergo apoptosis may be a contributing factor to
the onset of thromboembolic episodes in such patients.

Patients with f-thalassemia/Hb E have a remarkable variability in saverity of anemia which
cannot be attributed to the nature of the mutations in the f-globin gene. Severity reflects
the imbalance in ¢- 10 B-globin produced. It is becoming more apparent that eukaryotic
mENAs containing nonsense mutations upstream to the normal termination codon are
degraded in order (o prevent the synthesis of truncated proteins which could be toxic to the
cell. Using a novel “real time™ quantitative reverse transcriptase palymerase chain reaction
technique to measure mENA levels in human reticulocytes, a/fi globin mENA ratios were
obtained from f-thalassemia/Hb E subjects revealing an imbalance in wf globin mtios.
Interestingly, a balanced mRNA ratio was seen in normal red cells although there are twice
as many a-globin genes relative to fi-globin genes. Thus the imbalance in o/f globin ratios
in thalassemic red cells is due to both reduced -globin chain syothesis and decreased B-
globin mRNA level.
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Instead of screening at random (#s been done in the past) for potential inhibitors of parasite
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topoisomerase IT in sifu. A repart that pyronaridine, 9-anilino-aza-acridine, inhibits heme
pﬂjmﬂiuﬁm;ﬂmamiqmmﬂumhinpnmﬂhhdmﬂudimﬂlﬂm
wmaﬂmmmmkﬁmm It should be
pmﬂ'ﬂa,inﬁﬁmnn.mdﬁignmﬂhmui&wmthmhiﬂswhinhmmﬂ
hhmgmmmammnmdmmhmmm

The ability to generate P. falcipanam gametocytes (the sexusl forms) in vitro allowed for
mysufﬂmgmuqmcidalnﬂ’ﬂmufawihhlemﬂdimm;m Pyronaridine was the
most effective gamefocytocidal drug, and this together with its' schizontocidal activity
should make pyronaridine highly attractive for clinical use.

hmﬁrmmuuzﬁmyﬂmﬁnnlﬁahmdmmmmﬂydtmnf
I drug resistance and thereby extend the useful lifespan of antimalarial drugs (the few that are
| available), chemotherapy will increasingly involve drug combinations. In vitro studies of
| drug combinations indicated that combining pyronaridine with  chloroguine, quinine,
l mefloguine or artesunate was permissible but not with the antifolates (pyrimethamine and

r cycloguanil} nor tetracycline. The fluoroquinolone antibiotics could be used in combination
't with quinine or mefloguine but not together with pyronaridine or ariesunate.
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The sensitivity of P. falciparum mﬂuunqmndnmmﬁhiuﬁcﬁwuﬂmﬁ
mwmmﬂmqupﬁﬁdMHm
mimhnd:hmdfmﬂmb:mmiﬂnmﬂ:miﬂﬁhhnmh:m:ﬁmmu
mmmmmmﬂmwmﬂmmhmm
inhibition accounts for the sensitivity of the parasite to these antibiotics, DNA pelymerase
Hikewuﬂmimhmdﬁmnhﬁkw}ummnﬁmchm&iamdmmmﬁuﬁmh
h:mnhmﬂogucinhnhgmummimmdidmxyﬂ:ymidimd‘-him This
dh&hﬂuitymnﬂhmpkﬁmﬁhﬂuﬂm&pufmﬁmﬂﬁd:dﬁmﬁmmihr
polymerase.

&nmwmiﬂmﬂ:wgﬂmhm.mmmummhmkufﬂﬂhum
This study demonsirated the presence of P. falciparum ielomersse sctivity in parasites
maintained under continuous culture, thereby accounting for the ability of P. fulciparim K1
mhhuﬁmﬁmmﬂmmmmmms@sn[mﬂm
cell division. Berberine, extracted from Arcangelisia flava (L.) Merr., was able to inhibit

Mmﬁmnummwfmhﬁhiumufmmﬁapmuimgmwﬂlwmtniﬁm
Mvmupwummuprmﬁm;h]mledgeume,ﬂrm
mpﬁmmﬂmqumm&ﬂgunmhaﬂfmmmﬂmuwhuﬁd:
complementary o umique regions of the parasite pens,  The anfisense
MWWMMW:SMIMMWm
better than chloroquine used as control in all experiments. Nevertheless, antisense
strategy holds promise as a potential tool in the development of movel antimalasials
agaimtdmgﬂdnmupmﬂuwhthmtupmmdmt:cmﬁmmlhrumﬁq&umﬂz
field in response to antimalarial drug pressure.
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mmmbﬂm%mﬁj 15 resistant (o artemisinin
derivatives. mmlsdmmhnﬂ-spmiﬁ:fmm.muufwhichishhighﬂ
mﬁ&mwwmmmmmﬂmw
with Hb H. Inldﬁmmhighadmgbinding.mmmﬂiuinmiawujmmmhd
imctivﬂnnufth:dm,ghybuthﬂmhmﬁcandmmﬂmrmmc}rms. Incubation with
&hﬁﬂthﬂﬂhﬂd&m&mmﬁmﬂmﬁmuﬁ:ﬂwmﬂmmﬁdh
pﬂuuﬁﬂh:ﬂiﬂﬁmufﬂn&ug.ﬁ:hmﬁwﬁngnimipmlppmmmdchﬂuhigh
muhmhrwdgh:cymmlicfmdwumdishmhhihfwnmmm}shuishﬂ.mhh
for Hb H or Hb H/Hb CS cells. Although this artemisinin inactivation property is
observed under in vifro conditions, in vivo it may allow ineffective antimalarial artemisinin
mbﬁ;nmhﬂﬂapmmmﬁcudﬂnhsmnicindiﬁdmhwm:hmynﬁmdu
mmmWMmmmmmmmmm
to the appearance of antcunisinin-resistant malaria parasites n arcas where thalassemia s
prevalent.

The original scope of the project was to study thalassemia and malaria However, the
mﬁﬂmwmmmmmummm@:mﬂ, also known as
band 3) can be responsible for the kidney disease, distal renal acidosis (ARTA), prompted
investigations of its possible rols in the etiology of endemic disial renal acidosis found in
Thailand, Recessive inheritance of AE] mutations in dRTA associated with Southeast
Astan ovalocytosis (SAO) in three unrelated Thai families have bsen identified.  Affected
individuals in two families were compound heterozygotes for SAD (deletion of 27 base
pairs) and G701D (glycine to aspartic acid) mutations, and in the ofher family for SAQ and
R602ZH (arginine to histidine). These incidences of autosomal recessive inheritance of
dRTA suggest that carriers for AE! mutations (other than SAQ) must be polymorphic in the
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Thai population. hish}lpﬂlhmmcddmﬂlﬁcmﬁmfnrelﬂmuﬂumhﬂ:nmh:iw
advantage by being protected against malaria, possibly by reduction of cytoadherence of P,
ﬁkxﬁmﬁdauedmduﬂsmmpﬂla{ymsmis.mﬂlhﬁchymhn likely to have fatal
cerchral malaria.
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INTRODUCTION

Research in my laboratory has been guided by the belief that it should be
possible to explain living processes in chemical and physical terms. [In
other words, there is a molecular logic underlying the observed phenomena
of cells and organisms, both normal and pathological. Of the myriad of
questions that can be addressed, successful research in Thailand depends on
two factors: identification of relevant problems and the existence of
advantage over other workers in solving the selected problems.

Originally two. diseases found in Thailand, thalassemia (a hereditary
anemia) and malaria, were chosen for study but the interests of the
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research group has been expanded to cover kidney diseases, one of which,
familial distal renal tubular acidosis, may have an association with malaria.

Thalassemia and malaria are not unrelated diseases as it is believed (but still
not definitively proven) that the existence of thalassemic genes in the
human population at polymorphic frequencies (i.e. greater than 1%) is due
to protection against malaria conferred by these genes to heterozygotes
The carrier frequency of thalassemia in the Thai population has been
estimated to be between 30-40% (18-24 million), with about 500,000
longer poses a life-threatening menace to the Thai population, the most
virnlent species, Plasmodium falciparum (accounting to about 50% of all
malaria cases), is fast becoming resistant to almost all currently used
antimalarial drugs, and thus has the potential to become an important cause
for increase in mortality.

1. THALASSEMIA

Anemia and related pathophysiology of thalassemia is not due to the
reduction of hemoglobin in red cells per se but results from binding to red
cell membrane of unmatched globin chains which causes oxidative damage
to the phospholipid and protein components. Such red cells are rapidly
removed by the body’s reticuloendothelial system or may never even leave
the bone marrow. The properties of the affected red cell membrane can be
attributed to the species of globin chains bound to it. Although a number
of details of the molecular changes have emerged from our previous
studies and others, further research are needed in order to obtain
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mformation which will provide directions leading to an introduction of
effective and appropriate therapeutic intervention measures which would
ameliorate the pathological consequences brought about by the presence of
thalassemic red cells.

1.1 Studies of thalassemic red cell membrane: sulfhydryl
content and K-Cl cotransport
(Investigators: Ms. Nopparat Saeier (M.Sc. candidate), Dr. Prapon
Wilairat)

Hemogilobin Constant Spring (Hb CS) is the most common nondeletional o-
thalassemic mutation and an important cause of Hb H-like disease in
Southeast Asia. Anemia is more severe in individuals with Hb H/CS than
Hb H individuals. The decrease in the level of a-globin in red cells may
be attributed to both a decrease in o™-mRNA levels and the binding of Hb
CS on the cell membrane. Membrane bound globin chains result in
oxidative damage and pathology to the red cells. One indicator of the
oxidative condition is that of reduced sulfhydryl content on membrane
proteins such as spectrin and protein 4.1. In this study we have compared
the oxidative damage to red cell membrane between these two types of «-
thalassemic red cells. Membrane proteins were radiolabelled with ["H] N-
ethymaleimide which bind to sulfhydryl groups and the extent of
radiolabeling were determined.  Specific activity of radiclabeling
(cpm/mg) of spectrin in normal (n=4), Hb H (n=5) and Hb H/CS (n=6) red
cell membranes ranged from 322 - 594, 311 - 410 and 227 - 337,
respectively; the only significant difference was between normal and Hb
H/CS samples (p = 0.025). Protein 4.1 specific activities in normal samples
were between 511-834, in Hb H between 308-575 and in Hb H/CS between
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253-725; significant differences were both seen between normal and
hemoglobin H cells and between normal and Hb H/CS samples (p < 0.05).
These data indicate that binding of Hb CS to red cell membrane affects both
spectrin and protein 4.1 but attachment of Hb H alone perturbs only the
extrinsic membrane protein 4.1.

Although thalassemic red cells are microcytic, Hb H/CS red cells are more
normal in size when compared with Hb H cells. One controlling system of
red cell volume is regulation by K-Cl cotransport activity. Atomic
absorption spectrophotometry was utilized to measure potassiom (K%)
efflux. Measurements of normal red cells (n=7) showed K* efflux was in
the range 2.1-10.6 mM K/l cell/h, for Hb H cells (n=14) 11.9-51.6 mM K/
cell/h and for Hb HACS cells (n=13) 4.52-23.89 mM K/ cell/; there was
significant difference between normal and Hb H samples (p<0.05) and
between normal and Hb H/CS cells (p<0.05), but not between the two types
of oa-thalassemia. For comparison, studies were also conducted on f-
thalassemia/Hb E red cells which showed significant increased activity in
splenectomized cases (n=4) (21.5-65.6 mM K/l cell/h) and less pronounced
increase in non-splenectomized samples (n=6) (11.37-26.38 mM K/ cell/h).
Increased K efflux of thalassemic cells may contribute to their dehydration
state, but this phenomenon did not account for the relative hyperhydration
of Hb H/CS red cells.

T PRI S .
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1.2 Stodies of thalassemic red cell membrane: spectrin
phosphorylation and transglutaminase
(Investigators: Ms. Pompimon Metheenukul (M.Sc. candidate), Dr.
Rutaiwan Tohtong, Dr. Prapon Wilairat)

One of the hallmarks of thalassemic red cells is the increase in rigidity
(reduced deformability) of the plasma membrane, resulting in premature
destruction by the body's reticuloendothelial system. This is caused by
oxidation of red cell membrane through the binding of unmatched globin
chains (o-globin in the case of f-thalassemia and B-globin in the case of a-
thalassemia) to the cytoplasmic side of the membrane.

In normal red cells spectrin phosphorylation is inversely correlated with
membrane deformability. The possibility exits that spectrin
phosphorylation may have been increased in thalassemic red cells.
However, our studies showed that the level of steady state level of spectrin
phosphorylation at serine and threonine residues in thalassemic red cells
was not significantly different from that in normal red cells, despite the
presence of okadaic acid, an inhibitor of serine/threonine phosphatase.
These results indicate oxidative damage to thalassemic red cells is
independent of serine/threonine phosphorylation, although alterations in
phosphorylation status of other minor membrane proteins cannot be
excluded.

In the presence of vanadate (an inhibitor of protein tyrosine phosphatase),
tyrosine phosphorylation in B-spectrin was observed in both normal and
thalassemic red cell membrane, a phenomenon not hitherto reported. The
levels of f-spectrin tyrosine phosphorylation were significantly higher than
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normal controls in Hb H (p < 0.01), Hb HCS (p < 0.05) and pB-
thalassemia/Hb E (nonsplenectomized, nspx) (p < 0.05) subjects, but not in
f-thalassemia/Hb E (splenectomized, spx) cases. After density
fractionation through Percoll, both top (light) and bottom (dense) fractions
of P-thalassemia/Hb E (spx) samples exhibited similar levels of tyrosine
phosphorylation in P-spectrin, ruling out the possibility that a red cell
population with significant increase in f-spectrin tyrosine phosphorylation
may have been masked by a population with lower level of tyrosine
phosphorylation. The level of f-spectrin tyrosine phosphorylation could
not be correlated with phenotypic seventy of anemia nor with degree of
oxidative damage to the thalassemic red cell membrane. This is in contrast
with the situation in sickle cell anemia in which deoxygenation leads to
increased tyrosine Kkinase activity and phosphorylation of red cell
membrane band 3, resulting in enhanced susceptibility to lipid peroxidation
and protein thiol oxidation. On the other hand, P-spectrin tyrosine
phosphorylation may be associated with other phenomena, such as change
in cell shape, ion transport activity, and maintenance of membrane lipid
asymmetry.

Increased deformability of thalassemic red cells may also be due to an
increased activity of transglutaminase which covalently crosslinks proteins
through the formation of e(y-glutamyl) lysine linkages. Transglutaminase
activity in red cells from both Hb H and Hb HACS patients was significantly
lower than that in normal cells (p < 0.1), possibly due to a reduced amount
of the enzyme based on immunoblot analysis (p < 0.05). On the other
hand, transglutaminase activity was increased in red cells from [-
thalassemia/Hb E (spx) patients (p < 0.05), but immunoblot analysis did not
shown any increase in enzyme amount. However, when calcium
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concentration in the transglutaminase assay (transglutaminase is a calcium-
dependent enzyme) was raised to 4 mM, transglutaminase activity of all
thalassemic red cell samples was not different from that of normal control.
These data indicate that the changes in transglutaminase observed with
thalassemic samples reflect the status of endogenous red cell calcium level
rather than an alteration to or amount of the enzyme. The level of red cell
calcium concentration in fi-thalassemia/Hb E (spx) is increased 7-fold over
that in normal red blood cells. Whether elevated transglutaminase activity
in f-thalassemia/Hb E (spx) red cells contributes in any significant way to
membrane rigidity and loss of deformability awaits further analysis.

1.3 Siudies of thalassemic red cell membrane: red blood cell
vesicles
(Investigators: Mr. Prapat Suniyaphol (Ph.D. candidate), Dr. Prida
Malasit (Medical Molecular Biology Unit, Faculty of Medicine
Siriraj Hospital, Mahidol University) Dr. Prapon Wilairat)

It is well kmown that oxidatively damaged red cell membranes or those
with activated complement components on their surfaces will shed part of
their plasma membrane as small vesicles. By employing the technique of
laser flow cylometry and using fluorochrome-labeled anti-giycophorin
antibody (which is specific to red cell membrane) significant amounts of
circulating red cell vesicles were found in thalassemic subjects. The
amount was highest in splenectomized P-thalassemia/Hb E (24736 + 5491
particles/mm’, n = 21), followed by nonsplenectomized [-thalassemia/Hb E
(24736 + 3777 particles/mm’, n = 15) and then nonsplenectomized o-
thalassemia (18960 + 4026 particles/mm’, n = 9); normal controls had
values of 9661 + 1206 particles/mm’, n = 14. Erythrocytes from
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thalassemic patients produced significantly more vesicles in vitro when
cells were incubated in buffer containing Ca™, whereas a negligible amount
was generated when normal red cells were used. The vesicles were
spherical in shape, with an average diameter of 0.3 pm when examined
under the electron microscope. SDS-PAGE analysis of the vesicles showed
them to be devoid of spectrin, the major component of membrane
cytoskeleton. Vesicles contained phosphatidylserine (PS) on the outer
surface as revealed by flow cytometry employing fluorochrome-labeled
annexin V, a PS-specific binding protein. Thalassemic vesicles were able
to shorten clotting time when incubated with recalcified plasma, indicating
the presence of procoagulant activity on the outer surface. Vesicles could
efficiently activate the alternate complement pathway as shown by the
production of C3b in autologous serum in the presence of EGTA-Mg™.
Vesicles also bound C3b as demonstrated by flow cytometry and
immunoblot analysis of membrane.

These findings are unique and significant as they serve to link red cell
membrane perturbations with a group of clinical complications in
thalassemia. Thalassemic patients, especially those splenectomized, are
highly susceptible to repeated infections, show abnormalities in platelet and
coagulation functions, have platelet microthrombi in pulmonary
vasculature (in severe cases), and are deficient in complement. The
presence in thalassemic subjects of circulating red cell vesicles with the
properties described may account for the above phenomena.
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1.4 Studies of thalassemic red cell membrane: calmodulin
response of red cell membrane Ca**-ATPase to oxidants

(Investigators: Namphaung Pengpad (M.Sc. candidate), Udompun
Khansuwan. (Department of Biochemistry, Faculty of Medicine,
Chiang Mai University), Dr. Prapon Wilairat)

One of the effects of oxidative stress to thalassemic red cell membrane is
the increase in intracellular calcium concentration. Our previous study
showed that, contrary to expectation, thalassemic red cell membrane Ca®-
ATPase is not impaired, bu: had full activity which, however, did not
respond to calcium-calmodulin stimulation and also may be uncoupled to
calcium transport. To gain further imsight into this unexpected
phenomenon, the effects of sulfhydryl oxidizing agent, diamide and rert-
butylhydroperoxide on the Ca™-ATPase activity and its response to
(bovine brain) calmodulin were studied in calmodulin-deficient normal
human erythrocyte membrane preparations. Ca™-ATPase activity was
determined by a pyruvate kinase/lactate dehydrogenase coupled enzyme
method. Calmodulin in the presence of 10 pM free Ca™ stimulated
ATPase activity some 3-fold. After exposure to these oxidants, Ca™-
ATPase activity and its stimulation by calmodulin were inhibited but this
effect could be reversed upon treatment with dithiotreitol. These studies
indicate that treatment of normal red cell membrane with sulfhydryl
oxidants did not mimic the property of Ca™-ATPase found in the
oxidized thalassemic red c¢ell membrane. Studies of other oxidizing
conditions need to be conducted.
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1.5 Studies on apoptosis in thalassemia
(Investigators: Dr. Ratana Banjerdpongchai (Ph.D. candidate), Dr.
Ahnond Bunyaratvej (Department of Pathology, Faculty of Medicine
Ramathibodi Hospital, Mahidol University), Dr. Prapon Wilairat)

Multicellular organisms hav: evolved a genetically controlled mechanism
for self destruction when the cells are no longer needed or are damaged.
This process is known as programmed cell death or apoptosis. One of the
well known signals of apoptosis is oxidative stress.

It has been previously reported that when human umbilical cord vein
endothelial cells (HUVEC) are incubated with either o~ or P-thalassemic
sera, cell proliferation is decrzased. Current studies now indicated that cell
death was via the apoptotic pathway based on both morphological
(condensation of nuclei and cytoplasm, margination of nuclear matrices,
presence of membrane blebbing, and appearance of apoptotic bodies) and
biochemical criteria (cleavage of nuclear DNA into 50-300 kb fragments,
and presence of phosphatidylserine on the cell outer surface). DNA
damage in situ was confirmed by the use of terminal deoxynucleotidyl
transferase-mediated dUTP-ilnorescein nick end labeling (TUNEL) assay.
Similar results were obtained by treating HUVEC with low density
lipoprotein (LDL) extracted from f-thalassemia/Hb E plasma. Addition of
noncytotoxic levels of cycloheximide (inhibitor of protein synthesis)
prevented apoptosis of HUVEC induced by both thalassemic sera and LDL,
confirming that the cell death observed required active geme expression.
The propensity of sera from thalassemic individuals to cause endothelial
cells to undergo apoptosis may be a contributing factor to the onset of
thromboembolic episodes in such patients.
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1.6 Quantitation of mRNA in B-thalassemia/Hb E reticulocytes
(Investigators: Dr. Yuwadee Watanapokasin (TRF Post-doctoral
Fellow, Department of Biochemistry, Faculty of Medicine,
Srinakarinvirot University), Dr. Pranee Winichagoon and Dr. Suthat
Fucharoen (Thalassemia Research Center, Institute of Science and
Technology for Research and Development, Mahidol University),
Dr. Prapon Wilairat)

Patients with -thalassemia/Hb E have a remarkable variability in severity
of anemia which cannot be aitributed to the nature of the mutations in the
p-globin gene. Severity reflocts the imbalance in @ to f-globin produced.
It is becoming more apparent that eukaryotic mRNAs containing nonsense
mutations upstream to the normal termination codon are degraded in order
to prevent the synthesis of truncated proteins which could be toxic to the
cell, a phenomenon known as nonsense mRNA degradation. Using a novel
“real time” quantitative reverse transcriptase polymerase chain reaction
(PCR) technmique to measure mRNA levels in human reticulocytes, o/p
globin mRNA ratios were obtained for [’-thalassemia/Hb E (2.4-9.4, n =
20), B*-thalassemia/Hb E (3.1-5.1, n = 11), Hb E trait (1.7-2.6, n = 8) and
normal (1.0-1.2, n = 6) subjects. Thus the imbalance in /B globin ratios
in thalassemic red cells is due to both reduced P-globin chain synthesis and
decreased fi-globin mRNA level. Interestingly, & balanced mRMA ratio
was seen in normal red cells although there are twice as many a-globin
genes relative to PB-globin genes. This was not due to an artifact of the
technique since the o/f glohin genomic DNA measured using the “real
time” quantitative PCR method yielded the expected ratio of 2. This
suggests that the balanced a/p globin mRNA level in normal red cells is
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regulated at the transcription stage of gene expression, and not at the
translation step as previously believed.

2. MALARIA

One of the most pressing need in malaria control is to find new
antimalarial drugs to replace existing compounds to which the parasite, P
falciparum, is rapidly developing resistance. Instead of screening at
random (as been done in the past) for potential inhibitors of parasite
growth, another approach is to identify parasite targets to which can be
specifically targeted a variety of chemicals which have minimum or no
toxicity against human cells Attention has been focused on the malaria
parasite DNA replicating enzymes (including telomerase) as the parasite
divides rapidly within the human host cells (both liver and erythrocyte).
Since DNA replication is 4 basic requirement for survival, malaria
parasites should find it difficult to circumvent this process following drug
treatment. In order to increase the efficacy of antimalarials and to prevent
or delay the emergence of drug resistance and thereby extend the useful
lifespan of antimalarial drugs (the few that are available), chemotherapy in
the future will involve drug combinations. [In vitro studies of possible drug
combinations which have synergistic effects have thus been initiated.
Preliminary work on using an antisense DNA strategy for inhibition of
malaria parasite growth is also reported. In addition, the project
undertook further investigation into the mechanism of resistance to
artemisinin of malaria parasiies infecting thalassemic red cells.
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2.1 Cleavage of DNA Induced by 9-anilinoacridine inhibitors
of topoisomerase 1l in the malaria parasite Plasmodium
JSalciparum.

(Investigators: Saranya Auparakkitanon (M.Sc. candidate), Dr.
Prapon Wilairat)

Derivatives of 9-anilinoacridine, an antitumor drug, have been shown to
inhibit P. falciparum growth in culture and to inhibit parasite DNA
topoisomerase Il activity in vitro. Using KCI-SDS precipitation assay to
detect the presence of protein-DNA complexes within parasite cells, an
indicator of DNA topoisomerase 11 inactivation, derivatives containing 3,6-
diNH, substitutions with 1'-elcctron donating (NMe,, CH,NMe,, NHSO,Me,
OH, OMe), and 1'-electron withdrawing (SO,NH,) groups produced
protein-DNA complexes. However, the antimalarial pyronaridine, 9-
anilino-aza-acridine, did not penerate protein-DNA complexes although it
was capable of inhibiting P. falciparum DNA topoisomerase I1 activity in
vitro. These results should prove useful in future designs of novel
antimalarial compounds direcied against parasite DNA topoisomerase I1.

2.2 The effects of 3.6-diamino-anilinoacridines on heme
polymerization
(Investigators: Kritchei Pooncharoen (M.Sc. candidate), Saranya
Auparakkitanon (Ph.D candidate), Dr. Prapon Wilairat)

Recognition of the ability of pyronaridine to inhibit heme polymerization,
a process unique to the malaria parasite, led us to investigate whether the
related anilinoacridine compounds (see section 2.1) could also exhibit this
property. Heme polymerization was performed by incubating heme (0.4
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mM) ovemight under acid condition, and the heme polymer quantitated by
dissolving the insoluble pelle: in alkali. Of the four C1'-analogues of 3,6
diamino-9-anilinoacridine (OMe, CHZNMe,, NHSO,Me and NMe,), only
the latter was capable of iphibiting heme polymerization at an IC,,
concentration (0.77 mM) which was comparable to that of pyronaridine
(ICy= 0.26 mM) and chloroquine (IC, = 0.25 mM). It should be possible
to design anilinoacridine antirnalarials which are capable of inhibiting both
parasite DNA topoisomerase [l and heme polymerization.

2.3 Gametocytocidal e¢ffects of pyronaridine and DNA
topoisomerase Il inhibitors
(Investigators: Dr. Pomtip Chavalitshewinkoon-Petmitr and
Ganokwan Pongvilairst (Department of Protozoology, Faculty of
Tropical Medicine, Mahidol University), Saranya Auparakkitanon
(M.Sc. candidate), Dr. Prapon Wilairat)

Gametocytocidal activities of pyronaridine and DNA topoisomerase [1
inhibitors against two isolates of multidrug-resistant Plasmodium
falciparum, KT1 and KT3, were determined. After sorbitol treatment,
pure gametocyte cultures of Plasmodium falciparum containing mostly
young gametocytes (stage I and IIT) obtained on day 11 were exposed to
the drugs for 48 h. The efiect of the drugs on gametocyte development
was assessed by counting gametocytes on day 15 of culture. Pyronaridine
was the most effective gamerocytocidal drug against P. falciparum isolates
KT1 and KT3 with IC,, of 6 and 20 nM, respectively. Moreover the IC,,
value of pyronaridine was lower than that of primaquine which is the only
drug used to treat malaria patients harboring gametocytes. Prokaryotic
(norfloxacin) and eukarvotic (amsacrine and etoposide) DNA
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topoisomerase II inhibitors were only effective against the asexual but not
the sexual stages of the malaria parasites. Thus pyronaridine has both
schizontocidal and gametocytocidal activities against the human malaria
parasite, and this dual role should make pyronaridine highly attractive for

2.4 Gametocytocidal effects of 9-anmilinoacridines
(Investigators: Dr. Porntip Chavalitshewinkoon-Petmitr and
Ganokwan Pongvilairat (Department of Protozoology, Faculty of
Tropical Medicine, Mahidol University), Dr. R.K. Ralph and Dr.
W.A. Denny (Cancer Research Laboratory, University of Auckland
Medical School), Dr. Prapon Wilairat)

Pure gametocyte cultures of Plasmodium falciparam, isolate KT1 and KT3,
containing mostly young gametocytes (stage I, IIl and TV) obtained on day
11 were exposed to 13 analogs of 9-anilinoacridine for 48 h. The effect of
the drugs on gametocyte development was assessed by counting
gametocytes on day 15 of culmre, The IC,, values ranged from 0.6 uM to
over 100 pM, with the best compound having C1'-CH,NMe, substitution.
Anilinoacridines with 3,6-diamino moiety had reduced gametocytocidal
activity in contrast to their enhancing effect against the sexual forms,
possibly reflecting differences in drug uptake property or imtracellular
compartmentalization.
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2.5 Studies of gyrase and DNA topoisomerase II inhibitors on
Plasmodium falciperum mitochondria topoisomerase 11
(Investigators: Dr. Porntip Chavalitshewinkoon-Petmitr and R.

Worasing (Department of Protozoology, Faculty of Tropical
Medicine, Mahidol University), Dr. Prapon Wilairat)

P. falciparum DNA topoisomerase II (partially purified) is sensitive to both
eukaryotic and fluorogquinolone antibiotic inhibitors. As the malaria
parasite contains mitochondrion, the possibility exists that the observed
sensitivity to fluoroquinolone antibiotics may be due to the presence of the
mitochondrial form of the enzyme. Purified mitochondrial P. falciparum
DNA topoisomerase II was prepared and tested against a battery of
eukaryotic and prokaryotic inhibitors, Minimum inhibitory concentrations
(MIC) of ciprofloxacin, noriloxacin and ofloxacin were in the range 10-
100 mM, whereas that of the eukaryotic inhibitor etoposide and amsacrine
was > 0.5 mM and 10 mM, respectively. These MIC values were higher
than those previously reported for P. falciparum DNA topoisomerase II
obtained from total parasite extract. The lack of semsitivity of P.
falciparum mitochondrial topoisomerase II to fluoroguinolone inhibitors
suggest that other isoforms of the enzyme may be present whose inhibition
accounts for the sensitivity of the parasite to these antibiotics.
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2.6 Partial purification of mitochondrial DNA polymerase
from Plasmodium falciparum and its sensitivity to
inhibitors
(Investigators: Dr. Parntip Chavalitshewinkoon-Petmitr and Srisucha
Chawprom (Department of Protozoology, Faculty of Tropical
Medicine, Mahidol University), Dr. Prapon Wilairat)

Eukaryotic DNA polymerases can be divided into 5 different types: o, f, 7.
& and e. So far, only the o-like and +ylike (mitochondrion) DNA
polymerases have been identified from total extract of P. falciparum . The
y-like (mitochondrion) DNA polymerase of P. falciparum has been shown
to be highly sensitive to the nucleotide analogue (s)-1-[3-hydroxy-2-
phophonylmethoxypropyl]adenine diphosphate (HPMPApp). To further
characterize P. falciparum DNA polymerase ¥, mitochondria were isolated
from mature trophozoites by differential centrifugation and DNA
polymerase purified from such a preparation using fast protein liquid
chromatography (FPLC). The partially purified parasite enzyme was
characterized as a y-like DNA polymerase based on its sensitivity to the
inhibitors aphidicolin, N-ethylmaleimide and 1-B-D-
arabinofuranosyladenosine-5 -triphosphate. The enzyme was, however,
strongly resistant to dideoxythymidine-5'-triphosphate, and in this respect
differed from the human homologue. Furthermore, P. falciparum DNA
polymerase ¥ was also resistunt to HPMPApp (IC50 > 1 mM), indicating
that the mitochondrial DNA polymerase was not the target of this drug.
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2.7 Studies on drug combinations against Plasmodium
Jalciparum in vitro
(Investigators: Sugumva Utaida (M.Sc. candidate), Phattanapong
Konthiang, Sunan Nakmchai, Dr. Prapon Wilairat)

When 9-anilinoacridines (1'-O-methyl- and 1’-NHSO,Me-3.6-diamino
derivatives), which have previously been shown to inhibit malaria parasite
growth by inhibiting DNA topoisomerase Il activity resulting in the
production of protein-DNA complexes within parasite cells (see section
2,1), were used in combinaticn with cysteine proteinase inhibitors (TLCK,
leupeptin) or cycloheximide (inhibitor of eukaryotic protein synthesis)
additive effects on parasite growth in culture were observed for all
combinations of the compounds. Additive phenomena were also seen in the
combination of artemisinin, «n endoperoxide antimalarial, with antibiotics
(tetracycline, chloramphenicol), cycloheximide or actinomycin D
(anticancer drug). Synergism was obtained through the combination of
hydrogen peroxide and protein synthesis inhibitors (prokaryotic and
eukaryotic), with a marked synergy in the case of
chloramphenicol/hydrogen peroxide combination. However, hydrogen
peroxide combined with actinomycin D or with chloroguine produced an
additive effect. If hydrogen peroxide production in malaria parasites could
be augmented, this would improve the efficacy of chloramphenicol which
is already used in combinaticn with other antimalarials.

Fluoroguinolone is a potent antibacterial drug that is commonly used for
treatment of gastrointestinal tract or wurnary ftract infection.
Fluoroguinolone acts by inhibiting bacterial DNA topoisomerase 11 (DNA
gyrase). Fluoroquinolones are able to kill malaria parasites with IC,, = 10




.

- Ak S G B i N T I B B B B D B b D B Ea

7

UM. Norfloxacin and ciprofloxacin are more effective than ofloxacin and
efloxacin against P falciparum, strain K,. The trophozoite and schizont
stages are more sensitive o norfloxacin than the ring stage. Drug
combinations of fluoroquinolone and currently used antimalarial drugs
were stidied Quinine showed an additive effect with norfloxacin,
ofloxacin and ciprofloxacin. Mefloguine also showed an additive effect in
combination with norfloxacin or ciprofloxacin whereas combination of
mefloquine and ofloxacin showed a synergistic effect. An antagonistic
effect was produced for combinations of pyronaridine or artesunate with
all the fluoroquinolones tesiad. Using a kinetoplast DNA decatenation
assay, partially purified P. folciparum topoisomerase Il was tested against
the fluoroquinolones; no inhibition of the enzyme was observed at
concentrations as high 10° M. Employing the TUNEL technique to
identify fragmented DNA strand breaks in situ (an indicator for inhibition
of topoisomerase II) fluorcquinolone produce a slight increase in the
number of TUNEL" cells. These results demonstrated that fluoroquinolone
can be used in combinatiovn with guimine or mefloguine but not in
combination with pyronaridine or artesunate. Although fluoroquinolones
did not inhibit malaria parasite (nuclear) topoisomerase II activity in vitro
they may inhibit the parasite mitochondrial or plastid enzyme in siru.

Combination studies of pyronaridine with other antimalarials revealed
antagonistic effect with the antifolates (pyrimethamine and cycloguanil) and
tetracycline, and additive effect with chloroguine, quinine, mefloquine and
artesunate. Since pyronaridine is already in clinical use, these data will be
of benefit in the proper choice of drug combinations. The mechanisms for
these observed phenomena nced to be investigated.
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2.8 Studies on the telomerase of the human malaria parasite,
Plasmodium falciparum.
(Investigators: Ms. Nongluk Sriwilaijareon (M.Sc. candidate), Dr.
Apiwat Mutirangura (Department of Anatomy, Faculty of Medicine,
Chulalongkom University), Dr. Songssk Petmitr (Department of
Tropical Nutrition and Food Science, Faculty of Tropical Medicine,
Mahidol University), Dr. Mathurose Ponglikitmongkol, Dr. Prapon
Wilairat)

Telomeres are repeating DNA sequences at the ends of linear eukaryotic
chromosomes that preserve genome stability and cell wiability by
preventing aberrant recombination and degradation of DNA. Telomeric
repeats are progressively shortened after each cycle of DNA replication
due to the inability of DNA polymerase to replace the RNA primers
located at the 5"-ends, resulting in a limit to the number of times a cell can
dividee. However germline and immortalized cells can overcome this
problem by expressing telomerase, a ribonucleoprotein enzyme which
synthesizes telomeres using its RNA component as a template. P
falciparum K1 strain has been maintained in continuous culture for more
than 20 years without any signs of cessation of parasite cell division
indicating that the parasite must have the capacity to repair telomeres
present in its 14 chromosomes. Using a TRAP assay, telomerase activity
was detected in parasite cxtracts obtained from all stages of the
erythrocytic cycle. Telomerase activity was sensitive to inhibition by
RNase A and was enhanced in the late stages compared with the early ring
forms indicating a relationship between activity and development within the
red cell. Among the four dideoxyribonucleoside triphosphates tested,
ddGTP was the most poten! telomerase inhibitor. Berberine, extracted



L —

29

from Arcangelisia flava (L.) Merr., could also inhibit parasite telomerase
activity. These data indicate that P. falciparum telomerase may provide a
novel target for future malaria chemotherapy.

2.9 Antisense oligodeoxynucleotide inhibition of Plasmodium
Jalciparum
(Investigators: Wirat Nimitsantiwong (M.Sc. candidate), Dr. Wilai
Noonpakdee, Dr. Prapon Wilairat).

Advantage was taken of our previous knowledge of Plasmodium
falciparum topoisomerase Il gene sequence to design a number of
antisense (AS) oligodeoxynucleotide (ODNs) complementary to unique
regions of the parasite gene. ASODNs were used to test for their ability
to inhibit growth of P. falciparum K1 strain in culture over 48 h period.
Inhibition of parasite growth was determined by both microscopic
examination and [*H] hvpoxanthine incorporation measurement.
ASODNs added exogenously to the parasite cultures were found to be
able to stimulate hypoxanthine uptake, and therefore ["H] hypoxanthine
incorporation could not be used directly to determine the parasite
inhibition effects of ASODNs. However, microscopic examinations
revealed that ASODNs against P. falciparum topoisomerase II gene could
inhibit parasite growth as well as ASODN directed against P. falciparum
DHFR gene.

ASODNs have been reported to be easily degraded by nuclease in the
culture medium and therefore their efficacy may have been
compromised. Conversion of phosphodiester linkage 1o
phosphorothioate confers resistance to npucleases. [Four antisense
phosphorothioate  oligodeoxynucleotides (PSASODNs) against P.
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Jfalciparum topoisomerase [l mRNA were designed to target the cap site,
the translation initiation site and 2 internal coding regions of the gene,
with one non-sequence specific oligodeoxynucleotide as control. The
antimalarial activities of these PSASODNs were tested against P.
Jalciparum K1 strain in culture. The parasites were exposed to antisense
oligodeoxynucleotides for 48 hours and growth was determined by
microscopic examination and [H] hypoxanthine incorporation.
Microscopic examinations showed that all PSASODNs at 10 pM inhibited
growth of parasites in a target independent manner. However, at lower
concentrations (0.01-0.1 uM) two PSASODNs (targeted at cap site and
initiation site) significantly ‘nhibited growth of parasites compared with
control PSASODNs containing 9 mismatches. Results from [*H]
hypoxanthine incorporation could not be used to measure growth
inhibition of parasites as PSASODNs (similar to ASODN) stimulated
hypoxanthine uptake.

To confirm the results obtained from microscopic examinations,
fluorescence-activated cell sorter assay was employed to measure
parasitemia. Some differences between the two methods were noted. At
low concentration (0.01-0.5 pM) two PSASODNs (targeted at the
initiation site and an internsl coding region close to the initiation site)
significantly inhibited growth of parasites compared with control
PSASODNs containing 9 mismatches.

In summary, the stodies indicated that the antisense
oligodeoxynucleotides that we had designed exhibited antimalarial
properties, albeit the inhibition was not better than chloroquine used as
control in all experiments. The inhibitory concentrations measured
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depended on the assay technique (microscope or fluorescence-activated
cell sorter) reflecting the nonspecific effects that these highly polyanionic
molecules may have on cells in culture. Nevertheless, antisense strategy
holds promise as a potertal tool in the development of novel
antimalanals against drug-resistant parasites which are expected to be
continually emerging from the field in response to antimalanal drug
pressure.

2.10 Inactivation of artemisinin by mnormal and variant
ervthrocytes
(Investigators: Juree Charoenteeraboon (M.Sc. candidate), Tatsanee
Chuchue (M.Sc. candidate), Napawan Ponmee (M.Sc. candidate), Dr.
Phantip Vattanaviboon (Department of Clinical Microscopy, Faculty
of Medical Sciences, Mahidol University), Dr. Sumalee
Kamchonwongpaisan and Dr. Yongyuth Yuthavong (NSTDA) Dr.
Prapon Wilairat)

Plasmodium falciparum infecting alpha-thalassemic erythrocytes (Hb H or
Hb H/Hb C5) is resistant to artemisinin derivatives. Similar resistance,
albeit at a much lower level, is shown by the parasite infecting p-
thalassemia/Hb E erythrocyies. The resistance is due to host-specific
factors, one of which is the higher uptake of the drugs by thalassemic
erythrocytes than normal erythrocytes, due to binding with Hb H. In
addition to higher drug binding, incubation of artemisinin with alpha-
thalassemic erythrocytes resulted in preferential inactivation of the drug.
Both thalassemic and normal erythrocytes have the capability to inactivate
the drug. Addition of serum can protect against inactivation by normal
erythrocytes, but not by thalassemic erythrocytes. Incobation with either
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the hemolysate or the membrane fraction from these erythrocytes also
resulted in preferential inactivation of the drug. The drug was also
inactivated by purified Hb H. It is concluded that the ineffectiveness of
artemisinin derivatives against P. falciparum infecting thalassemic
erythrocytes is due parily to competition of the host cell components for
binding with the drugs, and partly to inactivation of the drugs by the cell
components. The inactivating principle appears to reside in the high
molecular weight cytosolic fraction (MW > 10 kDa) and is heat labile for
normal red cells but is heat smble for Hb H or Hb H/Hb CS cells. Hemin,
but not free iron, also has the capability of inactivating artemisinin.

Although this artemisinin innctivation property is observed under in vifro
conditions, it may allow ineffective antimalarial artemisinin to be presemt
in P. falciparum-infected thalassemic individuals which may afford an
explanation for the recrudescence often seen during drug treatment and
might possibly lead to the appearance of artemisinin-resistant malaria
parasites in areas where thalassemia is prevalent.

——mwr
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3. KIDNEY DISEASES

3.1 Red blood cell band 3 and distal renal tubular acidosis
(Investigators: Dr. Peti Thuwajit (Ph.D. candidate), , Dr. Prida
Malasit and Dr. Pa-tha: Yenchitsomanus (Medical Molecular Biology
Unit, Faculty of Medicipe Siriraj Hospital, Mahidol University), Dr.
Somkiat Vasuvattakul :nd Dr. Sumalee Nimmannit (Renal Division,
Faculty of Medicine Siriraj Hospital, Mahidol University), Dr.
Prayong Vachuanichszanong, Dr. Charoen Kaitwatcharchai and Dr.
Vichai Laosombat (Songklanakarin Hospital, Prince of Songkla
University), Dr. Prapon Wilairat).

The kidney maintains acid-hase homeostatsis by reclaiming all filtered
bicarbonate and excreting acid sufficient in amount to that produced by
systemic metabolism. This acid secretion occurs in the distal nephron,
mediated largely by type A intercalated cells (IC) of the cortical and outer
medullary collecting ducts. Inherited defects in this urinary acid secretion
process is known as primary distal renal tubular acidosis (dRTA), and is
manifested by inappropriate alkaline urine in the presence of systemic
metabolic acidosis or in response to an imposed acid loading test. Primary
dRTA can be inherited in both autosomal dominant and recessive patterns.
Autosomal dominant dRTA has previously been shown to be associated
with mutations in the AE|l anion exchanger gene. This gene encodes for
both the erythroid (eAEl) and the kidney (kAEl) isoforms of band 3
protein. Kidney AEl exclanges bicarbomate for chloride across the
basolateral membrane of the 1ype A IC during urinary acidification, which
requires proton to be transported across the apical membrane. More
recently, AE] mutations linkad to a recessive syndrome of dRTA in two
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Thai siblings have been idcntified. We have now identified recessive
inheritance of AE] mutations in dRTA associated with Southeast Asian
ovalocytosis (SAO) in three unrelated Thai families. SAO individuals have
abnormal shaped red cells :nd are heterozygous for a band 3 deletion,
Affected individuals in two families were compound heterozygotes for
SAO and G701D, and in the other family for SAO and R602H. Sulfate
uptake of dRTA red cells from probands in the former two families did not
differ from those of SAO hetsrozygotes (about half of normal controls) but
in the latter family sulfate uptake of proband was half of that of SAO red
cells. These incidences of autosomal recessive inheritance of dRTA suggest
that carriers for AE] mutations (other than SAO) must be polymorphic in
the Thai population. It iz hypothesized that these carriers for AE]
mutations have a selective advantage by being protected against malaria,
possibly by reduction of cytoadherence of P. falciparum-infected red cells
to capillary vessels, and thereby are less likely to have fatal cerebral
malaria.

3.2. Studies of mutations of polycystic kidney disease 1 (PKD
I) gene
(Investigators: Ms. Wanna Thongnoppakhun (Ph.D. candidate), Dr.
Pa-thai Yenchitsomanus (Medical Molecular Biology Unit Faculty of
Medicine Siriraj Hospital, Mahidol University), Dr. Prapon
Wilairat).

Autosomal dominant polycystic kidney disease (ADPED) occurs mainly
from mutations of polycystic kidney disease 1 (PKDI) gene. A novel
mutation of the- PKDI gene due to a nucleotide substitution in the splice-
receptor site of IVS13 (AG — TG) was identified by analysis of cDNA
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prepared from PKD]-mRNA transcript by long RT-PCR and of PKDI-
specific genomic DNA. The IVS13-2 A—T substitution resulted in an
inactivation of this splice site and utilization of a cryptic splice acceptor site
in exon 14, causing a 74-nucleotide deletion of this exon in the PKDI-
mRNA transcript.  The abnormal transcript was present ectopically in
lymphocytes of the patienis. The deletion leads to a frameshift in
translation and introduces an in-frame termination signal at codon 1075,
producing a truncated protsin about one quarter of the full length
polycystin, which would most likely be inactive. Thus the effect of this
mutation seems to be a "loss of function”. Allele-specific amplification
(ASA) was developed to detcct this mutation in DNA samples from other
members of the affected family. The mutation was present in 11 affected
but absent in 13 unaffected family members, corresponding to the results
of linkage analysis, and it was not observed in 23 unrelated healthy
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ABSTRACT

anmﬁwwﬁnﬂmﬁaﬁmhﬂmrﬂa—
tivaly meffactive agmnst Plasmodivm Biciprum  nlecting
o-thalasseme erythiocytes, namely hemogiobin Tib) H o
HbHHEb Constant Spring erythrocytes, as compamd with thosa
infecting genetically nomua-erythrocytes. The vaniant enythmo-
cytes accumulate radiofabeled #n o @ meuch
highar axtent than the nommal ones, and the acormulated dnoeg
was retained after extensnee washing, in comiras o te dneg n
normal anytherocytes which was mostly removed. Ad initial droeg
concentration of 1 me, mast (B2-88%]) of the dng was found in
tha cytosol frecton of both vari=m and nomme! anyihocytes.
Binding of the drug to hemogiobins accourbed (or 40-700% of
tha total uptaks, Hb H accouwnted for 108 = 27% and 12.4 =

6.2% ﬂuﬂmhmwﬁuﬂmmm
eryttwocytes. HbH bound with 287 = 6.7% of the dnug,
mmmmm bound with
21.8 = 8.3% of the dnyg Binding expeciments showed that HE
H had 5T times the iy of Hb A. For Hb-H,
BT = 0.7 malfmai
2 W = 56 = 17 gaw, and for
Hb A, 8, = 0.74 = 0.18 mol/mol Hb and K, = 224 = 15 uu,
It &5 conchuded that preferentisl binding of

The artemisinins form & group of mtimalarials derived
from Arfemizia annia, an herbal plant bng weed in China for
the treatment of fevers (United Nations Development Pro-
gram ef af,, 1997; Klayman, 1993}, They are sesquiterpenoids
with an endoperoxide essential for antimslarial activity.
DHART is mors active than ariemisinin agein: Plosmodizm
faferparum, and is probably the metabolically active form of
the derivatives already in use or in advanced siapes of devel-
opment. With the threat of muoltidrug-resistant malaria on
the rise, the artemisining, which have proven o be effective
against parasites respsiant to chloroquine and sther drugs,
will be playing an increasing role in antimalaral chemother-
apy. Although na resigtance to thess drups has been reporizd
0 far from the fiekd, it i3 oportant to understand fuctors
that may contribute to the development of resistenes aod
that may reduce the efficacy of the drugs in the fotore.

We have shown previously that the genstic type of the host

This work was supporisd by Molsnal [eskitotes of Heelth [ntemmtioms]
Caldlsboratonns in Infpotious Dissnse Ressarch Granl UDY-AIESETT, & United
Siates Apercy Tor Internsisonal Development Cooperniies Developanerdt Re
seareh Grant TA-UD1-O08 -060. and & Senber Ressaseh Fallowahis (P-W.] fram.
Thaiiand Research Fumil

erythrocytes can influence the efficacy of artemisinin deriv-
athves against P. falciporam (Yuthavong o ol., 1989 Eam-
chonwongpaisan o al., 1994). Parasites in coltore infecting
o-thalassemic erythrocytes, both of the genetic type o-thalss-
gemia Vo-thalessemia 2 {~-a) and o-thalassemds 1/Hb Con-
stant Spring (—/a™a), or of the phenotypes HhH and HhH:
HBECS respectively, are more resistant to the srtemisimins
than the same parasites infecting genetically normal sryth-
rocytes. Resistance is therefore generated from the host, mot
the paragite, snd it cawsed by the competition from the
erythrocytes, which take up the drugs in lage quantities
resulting in low medinm concentration and low drog uptake:
of the parasits. Drug-hinding sites may therefore bs pressm
in the variant erythrocytes and be responaibls for the optake
The aearch for such pessible binding sitss is mportant in the
understanding of the apparent drug resistance of the pars
sile infecting o-thalassemic erythrocytes, and may yield in
formation on the nature of the drog receptor. This artich
reports the results of the study on distribotion and lo
caliration of dihydroartemisinin in o-thalsssemic and nor
mal erythrocytes. It was found that Hb H binds with the

ABBREVIATIONS: DHART, diviroartemisnin Hb, hemoglobing HbH, o-thalassenia 1/a-thalassermia 2 HBHHDCS, e-thalzssemia 1/Mamogic
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drug with much higher avidity than Hb A and that the
former accounts for a significant pertion of the drug taken
up,

Experimental Procadures

Sample preparstions. About 15 ml of vessas blood from
Mmmmﬂuﬂmﬂmmrmd
mormal individusks was collected with citrate-phesph ste-dextros as
anticoaguiant. Whole blood was centrifiged st 800 - g, aL 4" for 15
min, after which plasma snd the bulfy coat wen mmoved. The
packed aryihrocytes wern washed twice with eabture medium com-
pemeef of BPMI 1640 supplemeniad with 35 mm HEPF.3, pH 7.4, 0.2%
Himﬂ.ﬂiﬂlﬁmmMmmmq
rezuspanded in an equal volums of colivre modium, and ool aum-
bers were counsted by an antomsted call counter [Thnicon, Bayer
Diagmestics, Tarrytewn, NY). For DHART inhibdron asaay, the
packed erythrocytes were remspendad in 8 10% bornan.serum-sup
plemenied culiume medium.

DHART inhibition assay. The antimalarial sctivity of DHART
ﬂmmrmm“duﬂm
semic erythmcytes wming the ["HI ineprparntion
meethiod of Desjarding of af, (19791, Alipusts (25 3l of srally diluted
DHART in dimwibylsuliocde wers pipstted into » microtitration
Mats containing 98 fat-botiomed wells. Parnsitized < ythrocyta aus-
pension (200 uly contakning 1.5% hemoteerit with 00579 parasitemia
were sdded. After 24-hr incubmiion in & cancle jur =t 37°, 25 il of
I"Hlhypoxanthine 0.6 sCi, specific setivity 20-30 CVmmol: Amer-
sham, Paisley, UK wern added into each well and the plats was
reincubatod snder the same condition for 18 he. Usimg a cefl har-
vaster | Nune, Roskikle, Denmark), the cell suspension wes aspirated
through glass filter paper ina. 934-AH: Whatman, [ aidstone, 1),
aed washed with distilled water. The disks were driv | and placed in
tolosne-based scmtillation Muid fr counting in o bcommter ILS1A01;
Beckman Iostraments. Pale Abto, CAL IC., valuss wers evalusted
from the sigroetal graph of percent, ["Hihyposanthins incorparmtion
versus bog of drug conesnbratian,

I"CHihydrosrtemisinin scowmulntion. Aliges 1490 ull of
ﬂﬂﬂﬂﬂmmmhﬁhﬂhlﬁﬂﬂdl.ﬁmﬂ
I"*CIDHART |specific activity 12.] mCifmmol: fina! concentration,
1.0 m# in 0.1F dimethylsulfocde (a kind gilt from T, Henneth H.
Dwvis, Jr.. Chemistry and Life Sciences Diviion, Re-sarch Triangle
Institote, MCH in |S-ml microcenirifuge tubs ot 37 for 2 hr (Kom-
chamwongpaisan of af.. 19941 Cails were pelleted by centrifugation
ot 100000 = g for B min. The pacioed erythrocytes wwrw washed with
I ml of culiure medium thros times snd were then imoubated with
T00 b of 2% solivem dodecy] snlfvte solution at 60° for 1 he. Selutions
ware bleached with 400 sl of 15% hydregen peroxide ut 607 for 12 hr,
Four milliliters of Triton-tased liquid sciatillation (luld was added

To study drug retentmon, 70 ul of "*CIDHART-|absled packed

were incubated bn 1 ml of cultnre medivm in tripficates
for a further 3 he, and the mmoants of rediosctivity reomeining within
the cells were messured hourly as described shove fr comparison
with the initial urwashed eells.

I*Cldibydrosrtemsisinia disgribotion within red biood
celle. Ooe valume (T0 pl) of pached |“CIDHART-inbheled arythr-
cytes wis mbxed with hall a voluome of hysis budfer ()0 ms TrissHCL
Lmsi EDTA, pH 8.8), nnd the cnll suspenson was then Fresss-thawed
to lyse the iotact erythrocytes. The membrens (racton wis sepa-
raied by conirifugation at 10,000 = g for 15 min Badisectivity in 105
pl of hemolysabe wes messured, and the amoant of crsg was caloo-
luted. The membeans (raction wes washed e timos with o buffer
cantaining 1 ms EDTA and 0.2 mm {any] Mhierkde in
5 muil Triw HICL, pH 7.6, amd then incubated with 500 10 of 2% sedium
dedecyl sulfste solution ot 80* fior 1 hr. Four milliliters of Triton-
based liguid scintiflation Bukd wos added snd o fisactivity was

Banding of Déhvydroartemisinin 10 Hemoglobm H =~ 493

L]

determined for calealation of Use amoont of the drog in the mem.
brans fraction

Hemoglohin typing by cellulsse sestate gel-electraphore.
#is. Two micraliters of bamslysale from ["“CIDHART-labeled eryh.
mqu-mﬂmqw.
Chemetron, Milane, laly) in Tris-ghycine buffor, pH 8.6, at 2680 V fiyr
40 min. The cellulose acetote plste was stained with Poncesu 5
salution and destamed with 5% acetic acid. Cafloge! was dehydrated
and dried, and the of hamaglabin types wers quantified
mu-mmmmmmw
bin concenirations were aasayed by the cysnmethemoglobin method
{Brown, 19881

Hemoglobin binding espacity. Hemolysatos (10-20 4} frum
pormal sd thalnssemic ned blosd oolls wea separated on & celluloss
acctate plate 83 described sbove Each lans was cul inte areag
eontaining band ot origin, b A, Hb A, Hb H, Hb C5 and nress)
with na Hb band. wrans from the same snmple serp
poolbed and shited with § ml of distilled water by shalking svernight
ai room Lamparsiure, The radiosctivity was detsrmmined after bleads-
ing with 15% hydrogen paroxide in Triton-based liqgoid setntillation
fluid, Drug-binding cxpacity of each Hh was mleolatod 53 moles of
["*Cldrug per mobe of Hb.
mmum—mﬂmm

Tris buuller 10.03 & bis-Tris, pH 6.1, with 0.01% potsssbum cynnide] at
4* for 12 hr. The dialyesd hemolysstes sere loaded anto » carbesy
marthyl cellulose cobumin (1 % 30 cm, CM-52 eoliuloss; Wharrann,
mrd washed with 1<E column velumes ol bis-Tris buffer at a flow mte
ol 50 mifhr, followed by B00 ml of sabt pradient (botwesn (L0300 mod
0,065 &t sodium chioride in bis-Tris buffer) (Schreder and Hoisman,
19800 Ten-malkiliter Eractions of the efluent were mlloctad, Costwe-
tance nowd absorption st 280 snd 415 am were messured. Fractions
fram the same peak of Hb wers poolsd, disbysed in 10 ms phosphate
buffier, pH T4, sl coneentrated. Hb concentrations were sssayed by
the cyanmethemoglobin method.

Binding constani messursssnis Bindiog omstants of
DHART with Hb A and Hb H were messured by dialysis techmigue
(Kabat aod Mayer, 19811 Tha isslated bemeglobin waa dilated to 10
pai with 10 mu phoaphats buller, pH 7.4, and | mi aliguots were
placed in dialyxis tobes (18 mm in dinmster. retaining protein of
madecular mass = 12,000 Da; Sigma, St Leuis, MOL Ench tube was
incubatsd in 1 ml of [PCIDHART (varying from 1 %< 107" m to § =
10 “ mi m the same buffer at 37 for 20 hr. Then 500 ul of the
solutions within and outside the tube was collected, and blesched
with 500 ul of 153 hydrogen peroxide. Foor milliliters of Triton-
measared. The concentrations of bound and free drogs were cales-
kated mnd the binding curves wers slested using the pregram
EMEIFITTER | Cambridge Biosoft, Morthwich, 1THL

Results

P. falciparum was found to be more resistant to dihydro-
of the HbH and the HWH/HBCS types, than when infocting
genetically normal erythrocytes. The IC,, valuss were 9.6 =
1.2 nm for HbH aod 13.7 £ 7.2 oM for HhH/HLCS, which were
8.0 and 11.4 times higher than thet of mfected normal eryth-
rocyte (1.2 = 0.5 nm) This result was similar to thoss for
artesunate (Yuthavong ef al., 1989) and artemisinin (Kam-
chonwongpaisan ef ol , 1994) reported earlier. The variant
arythrocytes tock up higher amounts of dihydroartemisinic
than normsl erythrooytes, another finding similar to the
previous result for artemisinin (Kamchonwongpaisan et al..
1994}, although the magnitude of tha difference was lower for
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dibydronrtersimn. Under the experimental conditions
used, drog uptakes of HbH erythrocytes (0,25 = 0. 1.3 pmol/106
cells) was 2.8 times, and of HhHMHBCS erythroc tes (044 =
0.11 prool/106ceils) was 4.9 times, that for penetically normal
erythrocytes (0,069 = 0,05 pmol/106cella).

Maoat of the drug accommlated by the HbH and HhHHBCS
arythrocytes remained in the cells even after exteasive wash-
ing (B8% and 90°%, respectivaly; (Fig. 1). In contrnat, only 43%
af dibydroartemisinin in genetically normal ery Arcytes re-
eated that the drpg in the thalassemic erythiocytes was
much more tightly bound than that in penetically mormal
erythrocytes.

To investigate the factors responsible for high ‘g opake
by thalassemic erythrocytes, the cells were lysed after expo-
gure to the radiolabeled drug and fractionated inte mem-
brane (pellet) and cytosol (supernatant) fractions. Fig. 2
ghews that most (B2-BA%) of the drug was sssociated with
the cytosol fraction for both genetically normal and thalas-
semic erythrocytes, The remaining drug was located in the
membrane fraction. Drug-binding capacity of various cytoss-
lic companents was investignted further by elect: opheresis of
the lysates. Table 1 shows the amount and percentages of Hb
A, Hb H, and bound dihydroartemisinin calculsted from the
associated radiceactivity, For both HbH and
erythrocytes, Hh H in the cells accounts for about 22-29%
imean 253 = T.T% of the total drug found in the lysate,
although it accounts for only 11-12% (mean 11.7 = 4.4%) of
the total Hb. In contrast, Hb A, accounting for 74-81 {mean
TT.4 = 5.T%) of totel Hb, has anly about 2T% (mean 27.2 =
T35 ) of the total drug assoriated with it The drug-hinding
eapacities of the two types of hemogiobin in these cells, cal-
culated as mmole of drug per mole of hemoglobin, are shown
in Fig. 3. Hb H has about five o seven times as much
dihydroartemizinin bound s Hb A. The drug birdimg capae-
ity of Hb H isolated from HbH nnd HbH/HBCS srythrocytes
wis 179 = 0.24 and 1.35 = 0.52 mmolimol Hb, respectively,
which were 7.5 and 4.7 times higher than drw:-binding ca-
pacity of Hb A (0.24 = 0.14 and 029 = 0.16 mmol/mol Hb,
respectivelyl. The drug-hinding capacty of Hb A in the
thalassemic cells was not different from that in genetically
normal cells.

The marimum binding copacities (8, ) aod disseciation
constants (K for the binding between dihydroartemisinin

:..___'F'—-.__F_‘
1 1 1 H

Tima {B)
Fig L. Hetention of [“Cldibydreartemlainin in mormal md o-thalasee-
mic arythrocytes. [MCIDHART-tabebeil normal and s-the msssmic aryth-
rocyles were incuboted with culturs medios @ 7", Ar geve time aod
hearly inisrvals, cells were sedimanted and mdicectid: § remslEEg o
thee colls wns determined campared with initislly anesh - d sella. Vertiool
frern, ptandarsd deviatson of thres szperiments.
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i Ampant of drug in hoth comporiments is alss demenstraiad
25 percenispes of intsct call,

and Hb H, as well as Hb A, were studied by equilibrium
curves are shown in Fig. A, and the values for B, ad K,
are shown in Table 2. B __ . for Hb H binding waa LE7 = Q.17
malimal Hb, wheress B___ for Hb A binding was (.74 = 0.18
molimol Hb. The K, value for Hb H binding was 68 = 17 g,
abaut I3-fold lower than the value of 224 = 15 pu for Hb A
binding.

Di ;

As in Andings for ertesunate { Yuthavong ef of., 1989 and
artemisinim (Kamchoowongpaisan «f al., 1994), dilydroarte-
misinin shvwed less activity agzinst P, foloporem in calture
when the parasits infected a-thalassemic (Hb H or Hb HHb
Constant Spring) erythrocytes than when it infected pensti-
cally normal red blood cells. We also show here that, as in the
casy of artemisinin {Kamchonwongpaizan of al., 1994), dihy-
dronrtemiginin  was preferentially sccumulated by the
o-thalassemic erythrocytes.

DHART and other derivatives are hydrophobic molecubes
and it is poesible that the high uptake in the thalassemic

was caused by binding with erythrocyte mem-
brane. Indeed, it has been shown [Asawamshasakds et af,
1994} that diliydrosrtemisinin binds with solated erythro-
eyte membrane, although not with intact erythrocytes. The
mambranes of o-thalsssemic erythrocytes have many unique
features (Schrier, 1994), which may account for preferyotial
binding with dihydreartemisinin. However, Fig. 2 shows that
although a significant proportion was associated with the
membrane fraction, most of the drug was located in the
cytosol fraction. Although Asswamahasakda ef al {1554)
showed that the drug binds with membrans proteins to &
greater extent than eytosolic proteins on & drug per protein
basia, the membrane fraction may sccoont for only a small
portion of the drug taken up, in view of the relatively small
amount of membrane proteins compared with cytosolic pro-
mmumﬂﬁuﬂmm-ﬂhmh#ml
is protein-bound. Mevertheless, the possibility remains open
that the erythrocyte membrane may play a crucal rele i
drug It has beseers shyowm eartier (Kamchonwongpat-
gan ef al., 1994) that drug sccumulation in both vanant anc
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TABLE 1
Hemaglohin contest and its asssciated | "] dihpdronrtenisinin in normal and o-thalsssemnic bemol yaaies
otisaned from |0 DEART isbelled neemal s o isissense srydmepiss wers sporeisd ou lloloss sootsis places in Trie-gipoee i, i LG

Hamnl piates
Perresiages of rach hemagishin band =2re sqcimated b5 o denntinae i shies s parmihessss The smosmt of Hi | polfH* calialm ssch band wss mleabsted fem peresn:
cymnmasthemagiobin methed. |40 DHANT s sach His hasel was sluted snd messsrred for caloubation i

Hh ansd Enial Hb cufla mred
s A i M
TR — Tioksd -
St Awmint ol tesd At o Hle Aol of teuad L ot
direg drug
ol ! M il §F o o
HEHHBES
Patient 1 (k] 1K1 b 0026 frits iz
PRI R4 (118 121.50
Pavent 2 171 T 1] LT 54 0.13%
DET. AN 2661 T4 1T
Patient 3 158 a.07% o ooTa 8 0.261
(TE6 En (ELEY 303}
g ar - 048 = 0.02 = =11 0.04]1 = g3 20 = 1 E17d4 = DOTEr
(TAT = 5.6 272 =137 ilt4=azr (ZL5 = 83r
Patiani 4 432 0.014 13 0,020 188 el
{2 iS5 iTH (21T
Paxtent 5 143 [P b | [t L3 L1136
{TH.00 382 imn (351
Patient & 185 [iX-0 2] f-] D48 204 BLIET
iS00 1280 VIEE 1253
150 = 17 0037 = auigo = 0.037 = 0.5~ |88 = 18 0128 = Q.05
HLl=33r 1772 = A2 s =Z7r .7 = 6.7
Mormal 00 QLO&T -— —_ Xz 118

18321 568
* mwas - standard desaiies
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E%-il.i- %I&
5= = 1o
r L. ‘e
5 ‘I‘ 1 . =

T T T Y T
HhA HsH Hba HbH HhA

-a%a)  -m (el
Fig- 1 |“Cldihydrosriemisinin binding cspacity of hamaglshin Hema- Prig A
1g:lunhtliudﬁ-ll'wmm-l-“ Fig. 4 Binding curve of DHART ta hemogiobin. Hb A and Hb H were
ervthrocytes were separated on cellubate scetate plates in Trisghwine  isolzted from o-thadessemic by fon sxchangs chromatagra-

buler, pH B.8. Hb contents and the amsunts of assecisbed drmg were | . 3
imemmured (shown in Tabls 17, This fgure shows meon = stondord devi- 88 described in Experimental Procedures. Mazimum binding capacity
atsom ol drug binding capeeity of Hb A and H [miflimabes of drag per moke ﬂ_lﬂdln_-:dn—-hﬂlmﬂhihhdhmlhlwﬂiﬂi
ul’ HY tthees exparsmunts fod m-lhalessemic hemolysates and one experi-
mend, for noreal hemolysade!,

normal erythrocytes depends on metabolic enorgy, possibly
required for membrane transport of the drug.

In studies with isclated hemogiobin using the reversible
binding model, it was found that Hb H-bound dilydrosrte-
miginin with a higher affinity (lower K,) and & higher max-
i binding capacity (B,__.) than did Hb A (Tahle 2). The there may be a higher extent of covalent binding of dihydro-
binding affinity for Hb H was more than 3-fold thet for Hb A, srtemisinin with hemoglobin in the cellular environment.
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and the maximum hinding capacity of Hb H with the drug
was sbout 2-fold thet of Hb A, The former seemed to bind twa
molecul=s of dibypdroartemisinin, whereas the Istter only
bound one per molecule. Because Hb H has four S-globin
subunits, and Hb A coly two, it is poesible that each molecule
of the drug binds with a f-globin dimer. The mode of binding
of Hb H with the drug emains ta be farther investigated.

because the drug can be activated by intracellular beme anc
iron (Meshnick ef ol., 1996; Paitayatat ef al., 1997).

In =-thalassemic red blood ceils, Hb H bound dibydroarte
miginin five to seven timea as much as Hb A on a molar basis
although it sccounts for only about 12% of the total HI
content. Hb H and Hb A in these erythrocytes account for &
major portion (40-T0%) of drug accumulation, but they an
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TABLE 2
dilrpdrenriemanl-lesuoglsbin compl=r=

Th-——i-l—l—'-#tl_,l-lﬂ.ﬂ“um
wor soaed by agusiilonm thslpem The waless sy ralealstid Poam Taduleg s
Inkeeens i Fiy. 49 muingy the EHIFTTTER pgram.
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Sampls 3 0.5 o]
074 = 018" 2z
HeH
Sampls | LBg T4
Sampla 3 LEp A
Gampls 3 L56 7
L&T = 0T Bz I

nat the oaly fnctors responsible for preferential sccumulation
of the drug. Other factors, not yet identified, must alse be
respangible for drog accummlation of the wariant erythro-

cytes

A fraction of the drug may alse be covalently bound to Hb -
endl other protein components of the thalsssemic erythro-
cytes. There i evidence that iron sndfor heme are imporfant
in the sction of artemisinin sod it dervatives, which pro-
cead through formation of free radicals (Meshnick of al.,
1896; Paitsyaiat of ol , 1997). Bocause thalassemic erythro
cytes have boen shown to be under oidative siress (Shinsr
and Bachmilewitz, 1990}, a portion of the drog may be in-
duced to bind covalently with celinlar protsin componenis,
through the enhanced wiress, possibly through moreesed
Felll}-Fe{III) cycling, after which the drog will become inae-
tive. Failure to remave the bound drag by repeated washing
may reflect both the tight moncovalent binding of the drug
with HbH and its covalent binding with red cell protein
may additionally halp to explain the apparent resistances of
Ko ites infacting a-thal . 't

=N |

=
-

Wa ocknowladge the armanpement for sample procurement and
valusble suggestions by Dr Swthet Fucharoes (Thalsssemis Re
sexrch Canter, hﬂmiﬂd—-ﬂmﬁ.mu
Development, Mahidol University, Nakempathom T31700 and thank
the siafl of Hemntobogy Unit { Ananthars) Building, Siriraj Hospital
Bangioak WIT00) for their help in thalsssemic hlood callertion.

Esforences

Aaswaimalnsshils W, Bonabos i, wruf Menbnack SN (1884 The isteraction of krig
ﬁ‘h.lnﬁ el el memibinne. J Lok Clin el T2RTET-TEL

B 1190 Nl Princisles amd Proossisess, St s, TE-&1,

Demardins BE. Canfield CJ, Hayees JI and Chelay JT0 mﬂlllllllﬂn" 28

| S—y
ek of mavipmadariak -hhtwm.‘-‘
Amitreruicvnd Ageis TETIE-TIA

mnﬂhmlmml——n—-; Sl el o TER-
— 2 mu.hqﬂ.-lh

Fufibon=nhfbusn 5
Resanans cd srvemvisnln of malicis parasdos (Mmoo T-“:ﬂ-i:
M-hhﬁl—ﬂ-.ﬂ“ﬂ_
Fevimd rytnrecytes, J Clin Ineew FISET- AT,

Rlaymsn [H. | 1900 Arnrmune onms, 5 Husoss Medoarmsd Apmes foo Plaan LGOS
Symposium Senes He S0 (Ringhom AD and Refandrin MPB, nds| pp 253255
Suneran Cheosral Sooety Books, Washinpon, DO

ﬂllllnlhﬂ. Toyber TE. s Kamchpnwagpasan © | 1996+ Artsmminm e G

Ferrepheasgorphyrio UL J Mod Cless #0633 538

Sehwrier S L 1 19941 Thadssmsmio: pathaphsiiobey of red call chasges dunn Son bl
Schomeder WA =l Hussszs THY 019800 The Ol rematapraply of Mersmilebin pe
S, Merrel Debber, Mes Yok,
hlﬂm“ﬂﬂmm‘dhﬂh
f1L.5 T2 1 Sewmn Fi { ITe-EF

Lssted Milioms BamkMWerid Henlth Crpusessiie
#1897 Sperial pengrames for resvecch and Erasmng o bropecsl digeasss, in Tireg-
it [Nermers' Progivean [985-95 po 254 Werkl Henlih Orpemication Caserva
T—n“lﬂwﬂlmm-ipﬂ-uw
effery o b pH Sadd dregp sbrucmurs, laciem Plgessgesd $85EE 071
Vuthwrong 7. Bulihen P, Bsywroteey A sad Fucharsen 5 010890 Decreused sensi
ey o arveasnsie amy chlomemine of Moeselive felppaces issing keme
m*ﬂnll-nﬁ-hn-hh’ ronelzni spring sryibracres. J Clin flsersr SERe09-

Sevel reprind reguests tec Dv. Yomgywih Yethavong, Mecionnl Sciemes &
L—h.d.gn.-h_—npq T Bamn ¥ B, Benghoh 10400, Tha
E-muil: yongyuthi@nstda or, ik




Distal Renal Tubular Acidesis and High Urine Carbon Dioxide
Tension in a Patient With Southeast Asian Ovalocytosis

Charoen Kaitwaicharachal, MD, Somidat Vesuvattaku, MD), Ps-thai Yenchitsomanus, PhO),
Peti Thuwalit, MD, Prida Malasit, MD, Duangpom Chuswatana, BSe, Sumitra Mingkum, BSc,
Mitchedl L. Halperin, MD, Prapon Wilairat, PhD, and Sumaiee Nimmannit, MD

= Southaast Asian ovalocytosis (SA0) |5 the besl-documented disease In which mutstion in the anion exchangss-1
{AE1) causes decruased anion (chioride [C-ibicarbonats [HCO, ) transport. Becauss AEY |s alzo faund in Hhe
mlmamhﬂwﬁuhmwmmmmmmmmmmﬂ
the function of AE1 ig critioal for the net excration of acid. Siudiss wars performed In & E3-pear-cld woman with SAD
who presented with proximal muscle weakness, hypokalemia (potassium, T mmodL), @ nomal anion gap type of
mstabolic acidosis (vencus plasma pH, 7.32; bicarbonats, 17 mmabl; snion gap, 11 MEgL), and & low rate of
-ln:-ium1Mﬂmﬂiﬁinhhdhﬁﬂhlﬂdﬂhﬁmm.hmwmmh'
did ot appesr 15 be low because during » furosemide-induced doresis, BH,* sxcraibon ncreased @lmos ihresiold
to & near-narmal vabue (75 pmolLimin). Mevertheiess, her minimum urine pH (8.3) did not decrease sppraciably with
this diuresiz. The besls of the rensl scidfication detect was moai lely & ow distal H* secretbon rate, the st of g6
aficalinized type A Intercalated cell in the distai fephron. Unexpsciedly, when ber uring pH increased 1o 7.7 atter
mmmmmmmmmmmummmﬂmnm
Hg. We speculate that the increase in U—8 Pco; might sriss from & misdirection of AE1 10 the aplcsl membrane of

type A intercalated cells,
o 1999 by the MNafional Kidney Fouwrdation, ine

INDEX WORDS: Band 3 protein; anionic axchangsr; NH,* sxcreiion; MH,* production; U-8 Peoy: H*-ATPase.

ARY ovalocytosis (southesst Asian
ovalocytosis [SAQ]) is common in pans
of southeast Asia and Melanesia. It is the best
documented disease in which mutation in the
anionic exchanger-1 (AE1)"? causes decreased
ity.! The red blood cells (RBCs) in SAD are
resistant to malanial invasion, and this has been
atimbauted o their altered membrane mechanical
properties.

AE] (or band 3 protein) is the major integral
membrane protein of the homan RBC Rt is
composed of two domains with separate func-
tions. The N-terminal 40-kd portion is located in
the cytoplasm and acts as an anchor site 1o the
membrane for components of the RBC skeleton,
B struckare criticel o RBC integmty mmd the
binding of several glycolytic enzymes and hemo-
globin. The C-terminal 55-kd portion spans the
(C1) for bicarbonaie (HCDy") ions.*® The AEL
gene that encodes this RBC anion exchanger is
located on chromosome 1792 1-gter.”

AEL is also found n the basolateral membrsne
of the type A, but not type B, intercalaied cells of
the kidney.%* Most of the H* in the distal neph-
ron is secreted across the aprcal membeame of
type A intercalated cells through vacuolar H*-
adenosine triphosphatase (H*-ATPase). There is
also & role for an H* K*-ATPase in mediating

Amarican Joumnas of Kidney Dissases, Vol 33, No @ (Juma), 1568:

H* secretion across the apical membrane of the
type A intercalared cells. 0 It is likely that homo-
zygosity for SAQ band 3 is lethal, not only
because of the effects on RBC function, but
possibly because HCO, /Cl™ antiport is a critical
component for H* secretion in the distal portion
of the nephron (Fig 1).

At least five sdies implied that mutations of
the AE| pene affected renal acidification. Bae-
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High urine pCOz
Fig1. Proposed mechanism for s nommal increased

. urine Pcog In the patient. Two possible sxplanstions

tor the Increassd urine Fody are & secretion of
H* sndior A greater secration of HCO,™ The harred-
structisre i the collecting dut, and the rec-
gl type A intercalated ool an
ik jaft mvd SA0 patient on e right). Tha
of AE1 in tho patient with 5A0 resulls in mitargeting
of the protein 1o tha spical membrane, whaes |t func-
fions to secrets bicarbonaie and Hwrsby Incresse,
rather than decrasss, the U-8B Poo,,

hner et al'l reporved that renal tobulsr acidosis
{RTA) occured in 3 single family with heredi-
tary elliptocytosis. Rysava et al'*!} supgested
that 2 of 10 patients with hereditary spherocyno-
sit and 2 known AE] gene mumtion (substitotion
of G—A in the first pucleotide of Intron 12,
PRIBRAM band 3], had an incomplete form of
RTA. Cope et al™ implied that both glycosyls-
tion shoormality and band 3 mutation may be
mmmnwmmm{m.
Bruce et al'® reporied an association between
familial dRTA and point motanons of the AEL
gene, and Jarolim et al'® described the associa-
tion of the heterozypous hypomorphic AE] ma-
tation RS89H with dominant dRTA and normal
RBCs.

We report a case with SAO and dRTA in which
the distal H* secretory defect might anse from
an altered snion (HCOy/CH) exchanger in the
:mﬁimﬂﬁnﬂsﬂhnﬂhﬂlm
There was an unanticipated finding of & defect in
distal H* secretion, resulting in a high value for
the urine minus blood carbon dioxide tension
difference (U-B Pcoy)'” Possible implicarions
of this unexpected finding are discussed.
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CASE REPORT

The chisl complaing o o 13- year-old woinssn wes general-
fzed muscle weakness for the past < months. Her pasi
miedical higrory and review of sysems sene unfemarkobie
She was an elier sister i a family with two sibs. Onby she
wnd ber Father had SA0,

O ademkasson. she wa afebrlbe, blood pressure was 1100
mm Hg while supine, respirstory e wis 20 bresthafmis,
and pulse ram was $6 bearsmin. Postursl chamges in tiocsd
peessure and pulse rase were pot detecied. The patient was
alert and orissned. The oaly shnormality oo physical exems-
mticm was & modersie degres of weakness of the proaimal
musscles in afl extremites. Muscle bulk was normal, and the
mtiches were ool wender. Cranial nerve function, ssmsory
ennmilnaTrons; o desn eadon reflexes were pormal.
avalocynosis (T5%) was prominest in the periphesal blood
acidoss with & sormal andon gap in plasma (Table 1);
pelatively bow rame of excretion of NH, *, togesher with a high
-hﬁl{ﬁ.ﬂ-iihhm:nfzmmﬂdw-mhh
5 mn abifity o increase the raie of excradon of NE,”
threedold with & loop dinretic (Table 3); and & fracticoed
gacresion of bicarbonate of only 5% afer & sodium becarbon-
e foad (Teble 41, There was ooe surprising fisding during
the sodiim bicarbomme load which was @ hagh walue for
urine P (Tabbe 41 There was alss & hagh raie of excrethon
of potsssium and rasstubislar [K°] gradient (TTEGY® given
ibe: degres of by polcalemin (Table 2).

The results of amilysis of AEl gene by palymerass chain
reaction'¥ showeed that both the patient and her fatser were
wh-ﬂ-hpuminmll{lﬁhl;.ﬂth
confirmed tha they had the mumstion specific for SAC,
wheress her mother asd younges sister did not cay this
muantion,

Table 2. Urine Valuss on Admission

Croafinine csamnce {mbmin) ]
pH ' 65
MH4* [molimin] 28
Citrabe (premaliming 0.0
Potmsshsm {pmodtmin 28
TIRG 7.1




GRTA AND HIGH URINE Peo, N SAD !

Tubse 3. Urine Values Ater Ored Farosemice

Afer
Cordrni / Chtaf i
ﬂnﬁmmm -] HEaG
{pmcdirm) A 73
pH BT 3
M‘M 28 ]
Cltrais {pmodimina) iy <0E1

Indpﬂtﬂlinmﬂnﬂhnrlu,llﬂﬁv&yhn
menfnﬂm'mufﬂﬂl‘mddnut,nﬂlﬁp
urine pH (>5.5) are all typical for & patient with
8 decreased rate of distal H* seeretion ™ These
results describe our patient with dRTA. whose
disease is associated with the mutstion of AE] ,
gene (deletion of 27-bp in exon [1). Neverthe-
less, o specific renal tissne was obtained be-
cause we coold not do so on ethical
Mmﬂmmﬁrmwﬁhmﬂ

MHm*mimhm:uhw.m. |
ity of ammonia in the renal imgersti-
tinm andfor 3 low rate of H* in the
distal nephron. The high urine pH suggests there
was a low rate of distal H* seeretion. ™ To sssess
whether there was also a low [NHy) in the
medullary interstitium, the patient was sdminis-
tered 4 loop diuretic, and the rate of excretion of
m{q*mmensumlasdmcﬁhudh‘fm
takol et 2l Becauss the rate of excretion of
NH,* increased by almost threefold during the
Furosemide-induced diurcsis (Table 3) to typical
values in healthy subjects with chronic acid
Mdhg,"mhimﬁutzsﬂmﬁumﬂm
tion of NH,* in the patient’s proximal mbutar
cells was not apprecisbly depressed. That her
m‘i:u:pHdHnmdtcmumﬂtrn.uuf:lms
\ﬁmﬁ:dﬂrui:ismuhumﬁmum
that her major defect was 2 low net rate of H*
secretion in her distal nephron ™2 There did not
seem 1o be a major defect of H* secretion in her
pm:imltuhal:hmm:rh:ﬁ::ﬁmlm
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of HOO," after sodium bicarbonate adminisirs.
ton was close to 5% when her plasma bicarbon-

A.Et_ﬂehn.wilhumumluhmmﬂhhu'
intracellular pH.
Measurement of the U-B Pco; in alkatine
urine can provide & qualitative reflection of the
secretion of H* in the distal nephron, 734 A frer
lnﬁnninmhm“':mhhﬂ.ﬂupl-
tent's plasma bicarbonate level was 27 mmal/L
uirtp.l{ilt:uﬂm?.‘?.mdurh::kﬂ:mﬁﬁ
mm Hg (U-B Pco,, 27 mm Hg). The urine Poo,
udU—-IlFm,;hﬂumpuﬁnnuwiﬂihumim}-
15 and incomplete dRTA coinherited
with a mutation in the AE | gene!® were also
feporied (0 be within the normal rnge afier

Inhﬁn:nhtfu:tindimlnﬂl-i*mm.'
First, & recuction in hminal [H*] by the sodiom
bicarbonate load could permit more distm) H*
secretion if the luminal [H*] influences net H*
secretion ® However, thiz sodium bicarbonae
load should also alkalinize type A intercalated
cells further, and this should augment the depres-
llmufﬂ*mtﬂm.hhmta.mnﬂum‘ L
wnlinhimulnmmnﬁmmhidzm}l.ﬂ}
load for 3 days, NH,* excretion was very low
hmmnﬂfﬁnhwﬂihlﬂ*mimﬂmd,&
gradient defect, cansed by an enhanced luminal
membrane permesbility of the collecting tubule
0 permit the back diffusion of H*, is also associ-
ated with dRTA snd & normal ability 10 increase

Taisle 4. Urine Yaluss After Oral Sodiurmn Bicarbonate

Loading With a Uring pH =7.4
Biand Lirna
pH T4 7.
Bitarbonae 26.9 834
mm_;m i 48
Poog (mm Hyg) ag B
(L8] Poog {mm Hg) 27
HEOy™ (%) &




