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ABSTRACT

Epigenetic modification dependent DNA methyltransferases (DNMTs) play an important role in tissue- and
stage-specific gene regulation and normal mammalian development. In this study, we show that DNMTs are expressed
at different levels during hematopoietic stem cell (HSC) differentiation to proerythrocytes. DNMT1, DNMT3A, and
DNMT3B were highly expressed at day 7 after differentiation. We used specific siRNA as a tool to probe the
relationship between the expression of DNMTs and erythropoietic differentiation. When introduced siRNA of DMNT1
and DMNT3b in human CD34" cells, these more differentiated into erythrocytes. This was confirmed by glycophorin
A (GPA) positive cell analysis and globin gene expression. GPA" cells increased up to 20~30%, and y- and &-globin
genes increased in siRNA transfected cells. Therefore, our data suggest that suppression of DNA methylation can affect
positively differentiation of HSC and may contribute to expression of erythrocyte lineage genes including GPA and

globins.
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INTRODUCTION

DNA methylation serves as an epigenetic marker
and also regulates tissue specific gene expression, cell
differentiation, genomic imprinting, X-chromosome in-
activation, chromatin structure, carcinogenesis, and ag-
ing. DNA methylation is an epigenetic event in which
the addition of a methyl group to the fifth carbon po-
sition of a cytosine residue occurs frequently in CpG
dinucleotide (Bird, 2002). This event is closely associa-
ted with the modification of chromatin structure direc-
tly linked DNA such as gene promoter regions and
also plays an important role in regulating gene expre-
ssion in normal cells (Bird, 2002). It was known that
methylation of CpG dinucleotides was mediated by at
three DNA methyltransferase (DNMT) families, includ-
ing DNMT1, DNMI3a, and DNMT3b (Bestor, 2000). D-
NMT1 is required to maintain DNA methylation and
ubiquitously expressed in proliferating cells. It locali-
zes to DNA replication foci (Leonhardt et al., 1992).
However, de novo methylases, DNMT3a and DNMT3b
might contribute to an initial reprogramming of DNA

methylation patterns for developing genomes (Okano
et al, 1999; Leu et al, 2003). These enzymes are high-
ly expressed in embryonic cells but are lowly expre-
ssed in adult cells (Bestor, 2000).

In the previous study, it was reported that DNMTs
are highly expressed in human CD34" cells and are
detected in the hematopoietic lineage cells such as pe-
ripheral neutrophils, T lymphocytes, total bone marr-
ow cells (BMCs), and various colonies derived from the
hematopoietic stem cell (HSC) (Mizuno et al., 2001). It
is estimated that DNMTs might be required to main-
tain HSC self-renewal capacity and multipotentiality in-
to their multiple hematopoietic lineages. For example,
DNMTs in hematopoietic differentiation played a role
in human disease such as immunodeficiency, centro-
mere instability, and facial anomalies (ICF) syndrome
and acute and chronic myelogenous leukemia (Maras-
chio et al., 1988; Mizuno et al., 2001).

In human, developmental switch occurs in f -globin
gene locus. In fetal stage, ¢ -globin gene is switched to
y-globin, whereas the y-globin is switched to § -glo-
bin in adult stage (Cao et al., 2004; Stamatoyannopou-
los, 2005). After switching, activated globin promoter
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gene is un-methylated, whereas the inactivated globins
are highly methylated in cells. This phenomenon ex-
plains that the human globin gene is controlled throu-
gh DNA methylation. The y-globin gene of fetal he-
moglobin can be reactivated in red blood cells at adu-
It stage by chemical reagents, such as 5-aza-2’-deoxy-
cytidine and 5-azacytidine (Cao ef al., 2004; Saunthara-
rajah et al,, 2004). Also, inhibitors of DNA methylation
could modify HSC fate and reactivate the erythroid di-
fferentiation potential of the myeloid-restricted cell line
(Baiocchi et al, 2003; Milhem et al., 2004). A number
of pharmacological agents are currently available for
clinical trial to treat the patient with sickle cell disease
(SSD) and B -thalassimia. However, the question of con-
troversial carcinogenic effect of those reagents remains
unsettled (Saunthararajah et al., 2004). Therefore, to en-
sure a safer system to patients, the need to develop the-
rapeutic approach is increasing.

In this study, we studied the differential expression
of DNMTs during human CD34" cells differentiation
into proerythrocytes. Furthermore, we investigated whe-
ther the expression levels of DNMTs connected with
erythropoietic gene expression in human CD34" cells,
differentiated progenitor cells, and K562 cell lines. Fi-
nally, we identified the relationship between DNMTs

and erythropoiesis.

MATERIALS AND METHODS

Isolation and Culture Conditions of Human CD34" Cells

Umbilical cord blood (UCB) samples were donated
from mothers of newborns with the written consents.
The consents were approved by the Institutional Re-
view Board at Chonnam National University Hospital.
Isolation of human hematopoietic progenitor cells was
achieved by magnetic cell sorting (MACS; Miltenyi
Biotec, Auburn, CA, USA) according to the manufac-
turer's protocol. Mononuclear cells contained in the
blood were isolated using Lymphoprep gradient (AX-
IS-SHIELD, Oslo, Norway) and washed twice with
phosphate-buffered saline (PBS) supplemented with 2
mM EDTA (Sigma-Aldrich, St. Louis, MO, USA) and
0.5% bovine serum albumin (BSA; Sigma-Aldrich). Hu-
man CD34" cells were isolated by positive selection
using magnetic beads tagged with anti-CD34 anti-
bodies and a VarioMacs magnet (Miltenyi Biotec). The
purity of the recovered cells was typically more than
85%. Human CD34" cells were cultured in serum-free
liquid medium using QBSF-60 media (Quality Biolo-
gical, Gaithersburg, MD, USA) supplemented with 10
U/ml penicillin/streptomycin (Sigma-Aldrich) and a cock-
tail of cytokine (R&D Systems, Minneapolis, MN, USA)
as follows: days 0 to 3, 10 ng/ml interleukin-3 (IL-3;

Sigma-Aldrich) and 10 ng/ml stem cell factor (SCF; Sig-
ma-Aldrich): days 3 to 7, 10 ng/ml IL-3, 10 ng/ml SCF
and 2 U/ml erythropoietin (EPO; Sigma-Aldrich): and
after day 9, 2 U/ml EPO. After day 9, media were
refreshed every 3 to 4 days and cell density was ma-
intained below 1 x 10°/ml.

Cell line and Erythropoiesis Induction

The K562 cell line was maintained in RPMI1640 me-
dium (JBI, Wel-gene, Korea) supplemented with 10%
fetal bovine serum (FBS; Life Technologies Laborato-
ries, Grand Island, NY, USA) plus 10 U/ml penicillin,
and 10 p g/ml streptomycin. Erythropoietic differentia-
tion was induced in K562 cells by treatment with 40
i M hemin (Sigma-Aldrich) for 4 days.

Construction of siRNA Vectors for DNMT1, DNMT3b
and Transfection in K562 and Human CD34" Cells

pSilence 2.1-U6 hygro vector (Ambion, Austin, TX,
USA) was used for DNA vector based siRNA syn-
thesis. Target sequence of DNMT! and DNMT3b were
as follows (Leu et al, 2003): DNMT1: 5-CCGGAT-
CCTCTGTCCGTITCACATGTGTTTCAAGAGAACACA-
TGTGAACGGACAGATTTTTTAAGCTTCCG-3/,
DNMT3b: 5-GCCGGATCCAGATGACGGATGCCTAGA-
GTTCAAGAGACTCTAGGCATCCGTCATCTTTTTTTAA
GCTTCCG-3'. These oligonucleotides contain a sense
strand of 19 nucleotides followed by a loop sequence
(TTCAAGAGA), the antisense strand, and six timidi-
nes that act as a RNA polymerase III transcriptional
stop signal. Also, the oligonucleotide pairs were de-
signed to contain BamH I and Hind IlI. The paired
oligonucleotides were annealed. Each mixture was first
incubated at 94C for 5 min, then at 25C for 3 min
and at 72C for 3 min at three cycles. It was then li-
gated to pSilence 2.1-U6 hygro vector. The vector was
transfected into K562 cells by electroporation apparatus
(BTX, San Diego, CA, USA) according to the manu-
facturer’s protocol. Stable siRNA expression clones we-
re selected by culturing the cells in 500 u g/ml gene-
ticin for 2 weeks. Human CD34" cells were electro-
porated using a Human CD34 cell Nucleofector Kit (A-
maxa Biosystems, Gaithersburg, MD, USA) according
to the manufacturer’s protocol.

Fluorescence Activated Cell Sorter (FACS) Analysis of
Antigen Expression

Phenotypic differentiation was monitored using the
following antibodies: fluorescein isothiocyanate (FITC)
or phycoetythrin (PE) conjugated CD34, FITC conju-
gated CD36, and PE conjugated GPA. Cells were ana-
lyzed using FACS (Beckman Coulter, Fullerton, CA,
USA). All analyses were paired with the correspon-
ding matched isotype control of the specific mAb
used. All staining and washes were performed in PBS,
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0.1% BSA, and 0.1% sodium azide (Sigma-Aldrich).
Approximately 1 x 10° cells were collected, washed wi-
th FACS buffer and incubated with antibody at 4.

Reverse-Transcription (RT) PCR and Quantitative Real-
Time PCR

RNA isolation was performed using Trizol (MRC, Cin-
cnnati, OH, USA) and Oligo dTs were used to prime
¢DNA synthesis. Total RNA of cells was reverse-tr-
anscribed into cDNA by AMV reverse transcriptase (Ro-
che Applied Science, Indianapolis, ID, USA). Specific
oligonucleotide primers were designed using Primer Ex-
press Software (Applied Biosystems, Warrington Che-
shire, UK). RT-PCR reaction was carried out in a 40
1 1 reaction using TagMan Reverse Transcription Rea-
gent (Applied Biosystems) and real-time reaction was
performed with the SYBR Green PCR master mix (A-
pplied Biosystems). Quantitative real-time PCR was
performed with ABI Prism 7300 Real Time PCR Sys-
tem (Applied Biosystems). The primer used for the real-
time PCR is as follows: DNMT1: sense strand, 5-TG-
TGAGGITCGCTTATATCAAC-3'; antisense strand, 5'-CT-
CATACAGTGGTAGATITG-3, DNMT3b: sense strand,
5-CCAGGGCAAGC AGAAGAGAA-3, antisense strand,
5-TACTCTAATAGGTCCCGTGC-3'.

Western Blotting

Cells were obtained as pellet after centrifugation at
800 x g for 5 min. The pellets were resuspended in
lysis buffer [20 mM Tris-HCl (pH 7.5), 150 mM NaCl,
1 mM NaEDTA, 1 mM EGTA, 1% Triton, 2.5 mM
Na;O.P;, 1 mM beta-glycerophosphate, 1 mM NasVO,,
1 p g/ml leupeptin, 1 mM PMSF] at 4T for 1 hr. Pro-
tein concentrations in resuspended pellets were deter-
mined using a BCA protein assay kit (Pierce, Rock-
ford, IL, USA). Proteins in resuspended lysates were
fractionated in 10% SDS-polyacrylamide gels and trans-
ferred onto PVDF membranes (Bio-rad, Hercules, CA,
USA). The membranes were blocked by incubation in
5% dried skim milk in TBST (0.05% Tween-20 in TBS)
and probed with DNMT1, DNMT3b, and § -actin anti-
body, respectively. Antibody binding was detected by
using an enhanced chemiluminescence kit for western
blotting detection with hyper-enhanced chemilumines-
cence film (Amersham, Piscataway, NJ, USA).

Statistical Analysis
Data are shown as averages and standard devia-
tions. P values were calculated by unpaired Student’s

t-test. All statistical analyses were analyzed with Sig-
maPlot 9.0.

RESULTS

Differentiation of Human CD34" Cells Originating from
Human UCB into Proerythrocytes

To identify influence of DNMTs during erythropo-
iesis, we established in vitro erythropoietic differen-
tiation system of human CD34" cells with UCB. This
system was identified in previous research (Yang et
al., 2007). Namely, human CD34" cells were isolated
from UCB and stimulated in serum-free liquid medi-
um supplemented with SCF, IL-3, and EPO for 12
days. Human CD34" cells, when cultured with medi-
um supplemented with IL-3 and SCF for 3 days, lead
to the full expansion and erythropoietic differentiation
at early stage. Increasing the proportion of human
CD36" cells, committed erythroid precursor having cell
surface marker, GPA, was observed by FACS analysis
(Fig. 1A). Cells were cultured with additional EPO
and cytokine on the same media. The proportion of
human CD34" cells was less than human CD36" cells
at day 7, and GPA" cells were increased after day 3.
It means that such cell population is primarily pro-
normoblast, which is an intermediate stage in ery-
thropoietic differentiation. After that stage, the popula-
tion of GPA" cells was constantly increased up to
about 90% at day 12. GPA is a marker of more ma-

B) © )

Fig. 1. Stem cell differentiation and morphological changes. (A) In
vitro erythropoiesis of human CD34" cells originated from UCB.
FACS analysis shows the percentage by using cell surface marker,
CD34-FITC (#), CD36-PE (M), and GPA-FITC ( ). (B), (C), and
(D) Cell morphology during erythropoietic differentiation by W-
right giemsa stain. The mean change (+S.D.) of three independent
experiments.
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ture erythroid cells. This molecule appears at the ba-
sophilic normoblast stage at which the population of
CD36" cells decreased during erythropoiesis. Also, it
was performed that a number of basophilic normo-
blasts matured into polychromatic normoblasts. Eryth-
rocyte morphology change during in vitro erythropoie-
tic differentiation was identified by microscopy (Fig.
1B, C, and D). During 12 days culture of human CD-
34" cells in cytokine regimen, the expansion level of
these increased up to ~60 fold. Therefore, this result
demonstrates that our culture system provides a useful
model of in vitro erythropoiesis.

Expression of DNMTs during HSC Differentiation

Our data showed that the level of DNA methy-
lation of Line-1 tended to increase in the whole ge-
nome during erythrocyte differentiation (Fig. 2). It is
explained by the fact that DNA methylation during
erythropoiesis is influenced by DNMTs, including DN-
MT1, DNMT3a, and DNMT3b. Therefore, we examined
the gene expression patterns of DNMT1, DNMT3a, and
DNMT3b, during erythropoiesis by real-time PCR and
western blotting with DNMT1, DNMT3a, and DNMT-
3b antibody (Fig. 3). The expression level of DNMTI,
DNMT3a, and DNMT3b mRNA was detected during
erythropoiesis. Interestingly, DNMT3b was expressed
to higher levels than DNMT1 at day 7 (Fig. 3A). How-
ever, after determination of erythroid lineage, we ob-
served that mRNA level of DNMT1 was increased com-
pared to DNMT3b in erythroid cells (Fig. 3A). DNMTs
were detected during in vitro CD34" cells differen-
tiation (Fig. 3B). We confirmed that DNMTs were hi-
ghly expressed at day 7 (Fig. 3B). These indicate that
DNMTs are important to lineage commitment during
erythropoiesis and may regulate several genes. In
differentiation of K562 cells, these are representative of
terminal differentiation of erythropoiesis. DNMT1 was
spontaneously expressed during erythropoiesis (Fig. 2C),
whereas DNMT3a and DNMI3b were expressed at
day 3. These results also indicate that epigenetic modi-
fication throughout DNMTs might play a role in ery-
thropoiesis.

Increment of Erythropoiesis in K562 and Human CD34"
Cells that Suppressed DNMTs

We suppressed the expression of DNMTs using si-
RNA targeted to respective mRNA in K562 cells. We
constructed two separate siRNA vectors that targeted
to DNMT1 and DNMT3b whose sequences were
homologous to the respective 3’-end untranslated re-
gion of the genes, as described, in “Materials and
Methods.” We introduced DNMT1 siRNA, DNMT3b
siRNA, and mock vector at 10 p M into K562 cells
using electroporation, and established stable cell lines
by geneticin for 2 weeks. We identified protein level
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Fig. 2. DNA methylation level during erythropoiesis. (A) Me-
thylation patterns are profiled depending on the LINE repetitive
sequence during erythropoiesis. (B) After bisulfite treatment, in-
dividually sequenced PCR products were obtained from each stage
during erythropoietic differentiation. Blank and filled rectangles
indicate unmethylated and methylated CpGs, respectively. Percent
methylation is the proportion of methylated CpG sites.

of DNMTs in transfected cells by western blotting.
Amounts of DNMT1 and DNMT3b in K562 cells
transfected with DNMT1 siRNA and DNMT3b siRNA,
and both of them, respectively, were significantly lo-
wer than those in wild type K562 cells (Fig. 4A). In
order to induce expression of globin genes on the
transfected cells, we differentiated the cells using
hemin. As shown in Fig. 3B and C, mRNA expression
of y- and ¢ -globin in K562 cells co-transfected with
two types of siRNA was significantly increased com-
pared to in K562 cells transfected with mock vector or
single siRNA. Moreover, y-globin in DMNT3b siRNA
transfected cells was 2-fold decreased than mock and



DNMTs Suppression in Erythropoietic Differentiation 245

-1

Relative fold ratio

0 3 7 9 12
A)

Day (Cytoldne) :

Dumt 1

Dumila

Damish

- Tub ulin i

Day (Hemin): 1 2 3 4

Dnamtl

Dumia (00

Dumish

a-Twlin
©

Fig. 3. DNMTs expression during in vitro erythropoiesis. (A) Real-
time PCR analysis to DNMT1 ([7), DNMT3a (22), and DNMT3b
(W) expression at days 0, 3, 7, 9, and 12. The mean change (+5.D)
of 3 dependent experiments. (B) DNMTs expression during in vitro
erythropoiesis of human CD34" cells induced by cytokines. (C)
DNMTs expression during erythropoiesis of K562 cells induced by
hemin. Both (B) and (C) were analyzed by western blotting analysis
using DNMT1, DNMT3b and a-tubulin antibody.

DNMT1 siRNA transfectant, whereas ¢ -globin in DN-
MT3b siRNA transfected cells was 3-fold decreased th-
an mock and DNMT1 siRNA transfectants.
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Fig. 4. Expression of globins by siRNA of DNMT genes in K562
cells. (A) Western blot analysis by antibody for either DNMT1 or
DNMT3b and o- tubulin on stable siRNA transfected K562 cells.
Fold ratio means the expression ratio of each gene to tubulin. (B)
y-globin and (C) ¢-globin expression pattern by real-time PCR
using primer on stable transfectants. The mean change (+S.D) of
three independent experiments. The values are significantly diffe-
rent on the same day (p < 0.05).

In order to test whether down-regulation of DNMTs
has the same effect on the maturation of primary
cells, we examined inhibition of DNMT1 and DN-
MT3b transcription using the same siRNA on primary
human cells. DNMT1 siRNA and DNMTI3b siRNA we-
re transfected into human CD34" cells using Nucleo-
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fector (Amaxa biosystems). A mock vector was used
as a negative control. Evaluation of transduction effi-
ciency with green fluorescent protein (GFP) as a con-
trol revealed that about 60% of the cells were trans-
fected. This was confirmed by FACS analysis (Fig.
1A). At day 7, erythroid differentiation of transfected
cells was evaluated according to GPA expression. The
rate of GPA expression in the cells transfected with
mock vector was 25.5+11%, whereas co-transfectants
with DNMT1 and DNMT3b siRNA were 51+9.7% (Fig.
5A). As the rate of GPA expression in siRNA co-
transfected cells was increased, human CD34" cells po-
pulation was also decreased. DNMT1 siRNA and DN-
MI3b siRNA co-transfected cells showed not only an
enhanced erythroid differentiation but also an increa-
sed expression of globins, especially ¢ -globin (Fig. 5B).
However, DNMT1 or DNMT3b siRNA transfection to
CD34" cells was not effective to erythropoietic diffe-
rentiation (data not shown). Also, these were not eff-
ective to the y- and & -globin expression (data not sh-
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Fig. 5. Effect of DNMT1 and DNMT3b siRNA for human CD34"
HSCs differentiations. (A) Erythropoietic differentiation by FACS
analysis using anti-GPA (PE) and anti-CD34 (FITC) on mock, or
DNMT1 and DNMT3b siRNA co-transfection at day 7. The mean
change (+S.D) of 3 dependent experiments. (B) The quantification of
the y-(ll) and &-globin(N) mRNAs from DNMT1 and DNMT3b
siRNA co-transfected cell at day 7 by real-time PCR. Results were
normalized to the level of B-actin mRNA. The mean change (xS.D)
of three independent experiments.

own).
These results suggest that co-transfection of DNMT1
siRNA and DNMT3b siRNA might regulate the globin

expression during erythropoiesis.

DISCUSSION

Epigenetic events of DNA and histone markers, DNA
methylation, in totipotent early embryos and pluripo-
tent germ cells play important roles in many biolo-
gical functions. Adult stem cell assumes an aspect
about epigenetic reprogrammings. In previous study, it
was reported that DNMT1, DNMTI3a, and DNMT3b
were expressed at detectable levels in several hemato-
poietic lineage cells (Mizuno et al, 2001). We profiled
expression level of DNMTs at each differentiation sta-
ge during in vitro erythropoiesis, and identified the
relationship of DNMTs and the differentiation of hu-
man CD34" cells into proerythrocytes. Human CD34"
cells possess that the biological properties are easily
influenced by regulatory factor as epigenetic modifica-
tion. For instance, myeloperoxidase, which is essential
for differentiation to myeloid (Lubbert et al, 1991), y-
globin which is activated in the fetal stage of deve-
lopment (Cao et al, 2004), EPO (Yin et al, 2000),
c-fms which is methylated in macrophage, and G-CSF
receptors (Felgner et al, 1999) are controlled by line-
age or site specific methylation. Although epigenetic
events in the adult stem cell has been recently des-
cribed throughout methylation status of specific mo-
lecules, the pattern of global DNA methylation during
differentiation has not been yet studied. In this study,
isolated human CD34" cells underwent a stepwise pro-
gression of epigenetic events during erythropoiesis that
HSC lead to methylation according to differentiation
into erythroid lineage (see Fig. 3). This data suggested
epigenetic machinery such as de novo methylases,
incduding DNMT3a and DNMT3b that are thought to
process a part in the biological incident of human
CD34" cells and may regulate gene expression, which
is essential for erythropoietic differentiation. Especially,
expression of DNMT3b was significantly higher than it
of DNMT1 at day 7. There is the same result as hi-
gher expression of DNMTI3b in human CD34" cells tr-
anscriptosome database (Gomes et al., 2002). However,
DNMT3a is lowly expressed compared to DNMT1 or
DNMTI3b at day 7. Also, protein level of DNMT3a is
uncertainly expressed during erythropoiesis. Therefore,
it is estimated that DNMT3b, de novo methylase, con-
tribute to erythropoiesis by inducing methylation. Also,
we are convinced that HSC may possess the ability
for epigenetic reprogramming.

In this study, we provided an evidence for the in-
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volvement of DNMTs in the regulation of erythro-
poietic differentiation using siRNA. siRNA, known as
silencing of gene expression by RNA interference, has
become a tool to identify functionally relevant mole-
cules. Several reports show that siRNA of several DN-
MTs, especially DNMT1 and DNMT3b leads to reacti-
vation of silenced gene and differentiation (Suzuki et
al., 2004; Oridate et al, 2005). We found that although
the interference of DNMT1 mRNA had some effects
on DNA demethylation of globin genes, here, the com-
bined interference of DNMT3b and DNMTI mRNAs
further enhanced the y and & -globin gene expre-
ssion (see Fig. 4). The interference of DNMT3b mRNA
alone showed only a minimal effect on DNA de-
methylation and gene reactivation. Taken together, the-
se results suggest that whereas DNMTI3b acts an
accessory to support DNMT1 function, DNMT1 is the
key maintenance methyliransferase in this cell line. In
the previous study, physical evidence to support this
idea comes from an immunocytochemical and pull-
down experiment using antibodies specific for DNMT1
showed that both DNMTI and the de novo methyl-
transferases were included in the immunoprecipitated
complex (Leu ef al, 2003). These phenomena were
identified in our results. When DNMTs siRNAs are
introduced into human CD34" cells, expression level of
GPA and globins was increased in normal erythroid
cells during erythropoiesis (see Fig. 5). Especially, ¢
-globin was more increased in both human CD34"
cells and K562 cells than y-globin. It is inferred that
DNA methylation on ¢ -globin promoter region may
be more easily demethylated through suppression of
DNMTs than the other globin promoter regions. It
indicated that DNMTs suppression by siRNA could
enhance erythropoietic differentiation as revealed by
expression of GPA and globins (see Fig. 5). In our
data, the reversibility of epigenetic state offers exciting
opportunities for adjustment of cell fate. To date, it
was reported that epigenetic inhibitors could also mo-
dulate the commitment of multiple lineages through-
out regulation of gene expression (Laird, 2005). There
is an important marker in gene modulation based on
results of therapy for human disease. 5-azacytidine
and 5-aza-z'-deoxy-cytidine were widespreadly used as
demethylating reagent (Li ef al, 1970). These can effec-
tively activate silenced genes throughout inhibition of
DNMTs. These are used for selective chemotherapy
agents against cancer, including SSD. SSD is an in-
herited disease of red blood cells and is caused by
abnormal hemoglobin. A number of pharmacological
agents are currently available for clinical trial to treat
the patient with SSD (Saunthararajah et al., 2003; Sa-
unthararajah et al, 2004). Because y-globin gene of
fetal hemoglobin can be reactivated by 5-aza-2-deo-
xycytidine and 5-azacytidine in adult red blood cells,
these are used for therapy for SSD and B -thalassemia

(Cao et al., 2004; Saunthararajah et al., 2004). However,
these are still in controversy regarding carcinogenic
potential (Saunthararajah et al., 2004).

In conclusion, the DNMTs were generally expressed
in differentiation of HSC into proerythrocytes. Supp-
ression of DNMTs by siRNA stimulates erythropoietic
differentiation by reactivating silenced genes, including
globin and GPA. Therefore, erythropoietic differentia-
tion by suppression of DNMTs using siRNA can be
used as basic data for the possibility to explore new
therapy to treat the patient with SSD and § -thalasse-
mia.
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