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Thalassemia and abnormal hemoglobins are the most common single gene
disorder in Thailand. About 30-40% of the Thais carry certain type of abnormal genes. Severe
thalassemia is anemia with associated symptoms. Untreated, the patients die early, at birth or
before, in the case of Hb Bart's hydrops fetalis or in the first two decades of live. Several
thalassemia syndromes have intermediate or moderate clinical symptoms. Their hemoglobin
levels are usually above 7 g/dl associated with mild jaundice and hepatosplenomegaly with no
defective physical development or thalassemic facies. Patients with thalassemia intermedia do
not require regular blood transfusions except when they develop certain complication such as
infections. Many pathophysiologic changes occur in severe and intermediate thalassemic diseases.
Imbalance globin chain synthesis leads to red cell pathology and iron overload lead to free radical
formation and oxidative damage to different tissues/organs. Better quality of lives may be
achieved by the use of antioxidants and iron chelators. This year is the last year of the 3 years
research network supports by The Thailand Research Fund through myself under the Senior
Research Scholar Program (m?ﬁ?%ﬂmﬂa ). The overall achievement of our network during these

last 3 years is summarized as follows.

1. Expression of globin genes in different thalassemia disorders was carried out from
reticulocyte by multiplex quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR).
The result demonstrated that the o-/non-oi-globin mRNA ratio is a good indicator of disease
severity in different thalassemia disorders. In al-thalassemia, the ot-/non-co-globin mRNA ratio is
decreased due to the number of defective a-globin gene. In B-thalassemia/HbE, the o-/non-o-
globin mRNA ratio is more variable ranging from 12.5 to 62.2. Expression of 3- and y-globin
mRNA in [-thalassemia/HbE was further studied. The result showed that y-globin mRNA in
patients with the mild clinical symptom was higher than that of the severe patients. We also
studied expression of HbE, a G to A mutation in codon 26 of 3-globin gene. This abnormal gene
activates a cryptic 5’ splice site in codon 25 leading to a reduction of correctly spliced BE—globin
mRNA, and consequently B+—tha1assemia. The level of correctly and aberrantly spliced BE-globin
mRNAs was messured by allele specific qRT-PCT. The result showed that the correctly spliced
BE—globin mRNA in erythroid cells culture from some clinically mild cases of B-thalassemia/HbE
was higher than that of the severe patients. Therefore, this technique has a potential to designate

the severity of B-thalassemia/HbE patients.
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2. The correlation of biomarkers in active erythropoiesis and other hematologic
parameters including splenectomy in -thalassemia/HbE was studied. The two biomarkers used in
this study are serum erythropoietin (SEpo) and serum transferrin receptor (sTfR). Preliminary data
showed that sEpo and reticulocytes were markedly increased in [-thalassemia/HbE patients.
However, there was no correlation of the two parameters with the disease sevetity. One major
contributing factor is splenectomy. The number of reticulocytes in the splenectomized patients
was higher than those in the non-splenectomized cases. Moreover, we found that the sEpo level
varied accordingly to the patient’s age. The level of sEpo was higher in young patients and
gradually declined in the older age group. Although there was an increase in sTfR, there was no
correlation with the sEpo and disease severity. This reflects that Epo response to erythropoiesis is
not very efficient in [B-thalassemia/HbE. Therefore, sTfR may not be a good indicator of active

and effective erythropoiesis in thalassemia.

3. Study of liver fibrosis by autofluorescence of vitamin A in hepatic stellate cells
(HSCs). In the normal liver, quiescent HSCs store vitamin A in the form of lipid droplets in their
cytoplasmic processes. In chronic injury, activated HSCs that lack both lipid droplets and long
processes display proliferation and transform into myofibroblast. Increased synthesis of
extracellular matrix (ECM) component especially collagen leads to fibrosis and eventually
cirrhosis. This is the first time that the livers of [-thalassemia/HbE patients were studied by
fluorescence microscopy for HSCs. This technique allows us to detect vitamin A in HSCs that
emits autofluorescence when it exposes to ultraviolet. Oil Red O is used to stain lipid and Masson
trichrome stains for fibrous accumulation. The results showed that distribution of
autofluorescence of vitamin A was heterogeneous and centrilobular focal attenuation. Some had
fatty changes within part of the lobule and iron usually accumulates within Kupffer cells and
sinusoid. It is possible that observation of heterogeneous pattern and focal attenuation in HSCs
represents the early liver injury and initiation of fibrous formation. Fibrosis is correlated with the
degree of iron accumulation in the liver and is more pronounced in the splenectomized case of [3-

thalassemia/HbE disease.

4. An increasing numbers of microvesicles and microparticles in thalassemia, especially
[3-thalassemia/HbE, may have occurred from the increased reactive oxygen species (ROS) in
thalassemia. Most of these minute particles originate from platelets and red blood cells. The

results from this study, using flow cytometry to differentiate all cell types and to identify their
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proteins, showed that the levels of ROS in white blood cells, red blood cells and platelets were
significantly higher than that of normal individuals (P < 0.01). In contrast the level of reduced
glutathione (GSH) in these cells, in splenectomized cases, was significantly lower than that of
normal (P < 0.05) except red blood cells. We also found that the origin of microparticles in 3-
thalassemia/HbE is mostly from platelets in comparison to those of normal (P < 0.05). The level
of ROS is also correlated with the numbers of microparticles in [3-thalassemia/HbE. Therefore,
defective cell membranes due to oxidative stress results in the formation of microparticles that

may serve as the major cause of thromboembolic events in B-thalassemia/HbE.

5. Decreased or impaired [3-globin biosynthesis results in the accumulation of unpaired
o-globin chains loading cell membranes with denatured globin chains, heme and iron, and causes
the generation of reactive oxygen species. Excess of iron causes deleterious oxidative reaction in
the red blood cell membrane and results in the loss of phospholipids asymmetry. The present
study was designed to investigate pharmacokinetics of the natural antioxidant, curcumin, in
reducing oxidative stress in 20 normal subjects taking a single dose of curcumin capsule (250 mg)
produced by the Government Pharmaceutical Organization. Although the antioxidant activity of
cucuminoids in vitro was better than that of vitamin E and vitamin C, the antioxidant efficiency in
these subjects was not promising. Curcuminoids in serum was slightly increased while the level
of ROS was slightly decreased, and the level of ROS was most decreasing when the level of
curcuminoids was at its peak. This is probably because curcuminoids will be distributed to the
tissues and slowly released, and the duration of curcumin administration was too short to assess

its changes in the blood.

6. Selection of thalassemic patients who are at risk for having cardiomypathy is essential
as it is the fatal complication in thalassemic patients. Heart rate variability (HRV) is currently
proposed as a strong predictor for mortality in patients with acute myocardial infarction and heart
failure. Its role in thalassemia, however, is still unclear. Therefore, in this study we investigated

the characteristics of HRV in thalassemic mice as well as thalassemic patients.

In thalassemic mice, depressed HRV, an expression of cardiac autonomic modulation,
was demonstrated in the muBH- and double heterozygous HbE/B-thalassemia mice. This is due to
the effect of chronic anemia associated with a certain degree of iron overload that leads to
oxidative damage, similar to that in thalassemic patients. However, the reduced hemoglobin with

increased serum iron and ROS production was found only in the muBH' group. This finding raises

15



the question about the causes of impaired autonomic modulation in double heterozygous HbE/B-
thalassemia group. It is possible that depressed HRV may reflect an early physiologic change in
this mouse model. Although the prognostic value of this depressed HRYV still needs to be further
investigated, these findings indicated that autonomic modulation in these thalassemic mice could

well represent that in 3-thalassemic patients.

In thalassemic pediatric patients, HRV was significantly depressed indicating cardiac
autonomic disturbance in these patients. This sympatho-vagal imbalance was markedly improved
after hemoglobin and hematocrit levels were increased, suggesting that an anemic condition
greatly influences cardiac autonomic function in thalassemic patients. Blood transfusions not only
maintain the level of hemoglobin, but also reduced HRV impairment. Similar to the findings in
mice, HRV may reflect an early physiologic change in thalassemic patients. With a 6-month
period of follow-up, both non-transferrin bound iron and echocardiogram (LVEF, FS, and E/E’)
were not altered, indicating that they may not be sensitive enough to detect early cardiac
disturbance in these patients with preclinical stage of heart disease. With an early change of HRV
parameters found in this study, HRV may be a good candidate for early detection of cardiac

involvement in thalassemia major patients.

7. Expression of L-type calcium channel and iron uptake in cardiomyocytes were studied
in thalassemic mice. Elevated cardiac iron causes iron-overload cardiomyopathy, a condition
which provokes mortality due to heart failure in thalassemic patients. Previous studies have
demonstrated that myocardial iron uptake may occur via L-type calcium channels (LTCC).
However, direct evidence regarding iron uptake via the LTCC as well as its expression and
response of iron overloaded conditions in thalassemic cardiomyocytes has not been investigated.
In this study, cultured cardiomyocytes from genetic-altered [-thalassemic mice and wild-type
mice were used to study expression of LTCC and iron uptake under iron overload condition.
Quantification of iron uptake in cardiomyocytes was performed by Calcein-AM fluorescence
assay. The expression of LTCC was visualized and quantified by the immunohistochemical
method. The result showed that expression of LTCC in cultured cardiomyocytes of thalassemic
mice was significantly greater than those of wild type mice. Furthermore, under iron overloaded
condition, iron uptake into the cultured ventricular myocytes of thalassemic mice were higher
than those of wild type cells (p<0.01). The iron uptake into cells could be prevented by

administration of an iron chelator desferoxamine. However, the iron uptake into cultured
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cardiomyocytes from both types of mice could not be blocked by the LTCC blocker verapamil.
These findings suggest that iron uptake mechanisms in thalassemic cardiomyocytes may be

mediated by other pathways rather than via the LTCC.

8. Variations of drug response, efficacy and toxicity in B-thalassemia patients result from
several factors including liver and renal functions, diseases severity, iron loading status and
polymorphism of gene that encoding drug metabolizing enzymes. Deferiprone (1, 2-dimethyl-3-
hydroxypyrid-one, L1) is an orally active iron chelator and is metabolized predominantly by
glucuronidation to a conjugated product (L1-G) that lack of chelating properties. UGT1A6 has
been recently identified as the isoform involving in the glucuronidation of deferiprone. Three
coding single nucleotide polymorphism (¢cSNPs: S7A, TI81A, R184S) have been identified in a
single allele UGT1A*2. Our research was thus aimed to evaluate the effects of genetic
polymorphism, disease severity and iron loading status on pharmacokinetics of deferiprone. Three
groups of healthy volunteers and [3-thalassemia/Hb E who carry UGT1A6 genotypes *1/1, *1/*2,
*2/*2 were enrolled in this study. Serum and urine concentration-time curves of L1 and L1-G
were constructed after 25 mg/kg deferiprone administration for pharmacokinetic analysis. The
results showed that absorption of L1 was rapid with time for the maximum serum concentration
(T,,) of 50 min in both normal subjects and the patients. In healthy volunteers, the AUC o, of L1
and L1G as well as total 24 hr urinary L1G excretion in genotype *1/*2 were lower than *1/1 and
*2/%2. However, there was no statistically significant difference in any pharmacokinetic
parameters of either L1 or L1-G among the genotypes. The results in the patients showed no

difference between genotype groups.

By the disease severity, 11 and 14 patients were classified as mild-moderate and severe,
respectively. The significant lower in maximum serum drug concentration (C_, ) and area under

serum concentration time curve (AUC o) of L1 and L1G were observed in patients and depended

on disease severity. The significant longer elimination half-life (t,,) of L1 was also found in

172
severe patients (mean + SD; 127.1 + 17.7, 173.9 + 62.8 and 196.5 = 105.4 min for normal, mild-
moderate and severe, respectively). The changes in pharmacokinetic parameters showed good
correlations with iron loading status of the patients. Concentration of L1-iron complex was

increased simultaneously with the level of L1 in blood circulation. Interestingly, the molar

concentration ratio of L1: iron less than 3 could be found in the patients with heavy iron overload
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after 300-480 min of drug administration. ESR spin trapping technique demonstrated enhanced

free radical production in this group of patients.

It can be concluded that iron loading status of the patients was a major factor determining
pharmacokinetics of L1. Thus, for the highest effectiveness with the lowest toxicity, dosage-
regiment of L1 should be considered and monitored according to individual iron status of the

patients.

9. Novel candidates of iron chelators for thalassemias. Desferrioxamine (DFO),
deferiprone (DFP) and deferasirox (DFX) are nowadays promising iron chelators used for
treatment of iron overloaded thalassemia patients. However, due to side effects and continuous
treatment, development of cheap, safe and effective oral iron chelators is required. Antioxidative
natural products are possible to relieve the oxidative stress persisting in the patients. This work
was performed to study iron-chelating activity of curcuminoids, green tea extract (GTE) and
epigallocatechin 3-gallate (EGCG) in thalassemic mice. Heterozygous B-knockout (BKO) and
double heterozygous with HbE thalassemic mice (C57/BL6) were continuously fed with ferrene-
supplemented diet (FSD) and intervened by oral administration of curcuminoids, GTE and
epigallocatechin 3-gallate (EGCG) for 5-6 months. Levels of surrogate markers including blood
hemoglobin, plasma NTBI and plasma MDA were measured. Iron content in their heart, spleen
and liver was also examined using Pearl’s staining and atomic absorption spectrometric

techniques.

Curcuminoids lowered levels of plasma NTBI and MDA in the treated thalassemic mice.
Interestingly, it decreased iron content and weight index considerably in liver and slightly in
spleen. Similarly, GTE and EGCG effectively decreased plasma NTBI levels in the iron-loaded
BKO mice. Although the BKO thalassemic mice were moderately anemia, treatment with CUR,

GTE and EGCG did not enhance their hemoglobin synthesis.

Together with our previous reports HPO derivative, curcuminoids and green tea products
would be candidates of oral iron chelators that can alleviate iron overload and oxidative stress
efficiently in iron loaded-thalassemic mice. In perspectives, these compounds need to be
evaluated for their iron-chelating capabilities in iron-loaded hepatocytes and cardiomyocytes, and

thalassemia patients.
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10. High-throughput screening of potential hemoglobin F enhancing agents. Reactivation
of fetal hemoglobin (Hb F) synthesis should reduce the severity of [3-thalassemia by pairing with
the excess o-globin chains. This approach is based on evidence that (1) newborns with b-
thalassemia disease do not have thalassemia clinical symptom because of the presence of Hb F
production during the first 6 to 8 months after birth, (2) increased production of Hb F has been
shown to be one of the significant genetic factors modifying disease severity, and (3) [3-
thalassemia patients with hereditary persistence of fetal hemoglobin (HPFH) have milder
thalassemia symptoms. Pharmacological stimulation of Hb F production is a potential approach to
therapy for [-thalassemia. Despite a number of clinical trials investigating potential Hb F
inducers, currently available inducers have low efficacy or high toxicity. Therefore, the
identification of new pharmacological agents that can induce Hb F with greater efficacy and less
toxicity is urgently needed. However, a major limitation is the lack of screening assays that can
conveniently detect novel Hb F inducers with high specificity. We have developed stable genomic
reporter assays (GRA) based on a bacterial artificial chromosome (EBAC) containing the human
[3-globin locus with the green fluorescence protein (EGFP) reporter cassette in-frame replacement
at the “y- to "y- globin genes (pEBAC/148 AGyAy EGFP). Human erythroleukemia K562 cell
lines carrying this construct in stably integrated have been shown to respond to a range of known
Hb F inducers. The percent increase of EGFP from the basal level by hydroxyurea and butyrate
(70-80%), cisplatin (442+32%) and hemin (764+145%) mirrored the induction levels of the
endogenous globin genes. High-throughput screening of a 2000 biological active chemical library
as well as 172 natural products have identified 18 compounds that were noted to up regulate y-
globin expression. These compounds were also shown to increase y-globin mRNA expression.
The lead compounds from this screening may serve as a very promising novel therapeutic
compound for -globin chain hemoglobinopathies. They will be further tested on -thalassemia
patients erythroid progenitor culture. The developed cellular assay is proved to be highly

convenient and beneficial for HbF upregulation study in the future.

We have published 24 papers in the peer review international journals and submitted 1
patent. We also presented 29 pieces of works in the international and local scientific meetings.
All together there are 4 master and 10 Ph.D. students graduated during these last 3 years under the

support of Thailand Research Fund.
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