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and myelodysplastic syndromes
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Abstract. Preferentially expressed antigen of melanoma
(PRAME), a tumor-associated antigen, is overexpressed in a
variety of hematologic malignancies with a great variation
in expression. The majority of patients with acute myeloid
leukemia (AML) 1-eight-twenty one (ETO)* AML and a
certain number of myelodysplastic syndromes (MDS) have
an abnormally high increase in PRAME expression level.
The landscape of PRAME methylation requires evaluation
in order to determine the most relevant sites and the exact
association of its methylation with expression level and type of
disease. In the present study, bone marrow samples collected
from 8 AMLI-ETO* AML, 4 MDS, 3 AMLI-ETO" AML and
2 normal volunteers underwent bisulfate sequencing to analyze
the methylation status of all four 5'-C-phosphate-G-3' (CpG)
regions within the entire PRAME gene. The median PRAME
transcript level of 15 patients was 204.5% (range, 0.02-710.3%).
PRAME transcript levels were inversely associated with
the degree of methylation of the -389 to -146 CpG sites
(r=-0.69; P=0.002) in the 3' part of the promoter region and
the +132 to +363 CpG sites (r=-0.69; P=0.006) in the exon
1b region. However, not every sample strictly followed this
correlation: Certain samples with high degrees of methylation
demonstrated abnormally high expression levels, and vice
versa. The methylation ratios of CpG sites in exon la were low
for all samples (range, 0.0-13.8%), and those in exon 2 were
similar in 16 samples (range, 72.4-93.4%), with the exception
of one patient with high expression (425.2%) and significantly
low degree of methylation in the PRAME gene (22.2%). MDS
patients revealed similar methylation ratios in the 3' section
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of the promoter region, but tended to have lower methylation
ratios in the exon 1b region (P=0.62 and P=0.09, respectively)
compared with those observed in AMLI-ETO" patients
with AML and similar degree of PRAME overexpression.
Therefore, the hypomethylation of CpG sites in the 3' part of
the promoter region and in exon 1b was typically found with
PRAME overexpression in AML and MDS. Methylation of
other CpG islands, epigenetic and genetic mechanisms, and
type of disease may also be involved.

Introduction

Preferentially expressed antigen of melanoma (PRAME) was
originally identified in a patient with melanoma (1). As a
tumor-associated antigen (TAA), PRAME expression level is
low in normal tissues and normal bone marrow, but it is highly
increased in a variety of solid tumors and hematologic malig-
nancies (1-13). The majority of patients with acute myeloid
leukemia (AML) overexpress PRAME (7-11). Furthermore,
previous studies have reported that the majority of patients
with myelodysplastic syndromes (MDS) overexpress
PRAME (12,13). A high level of variation exists in the PRAME
transcript levels for patients with AML and MDS (8-13). In
particular, the majority of patients with AMLI-eight-twenty one
(ETO)* AML and a number of patients with MDS overexpress
PRAME with abnormally high increases (10,12,13). PRAME
transcript levels detected by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) or quantitative PCR
(@PCR) have been clinically used to determine the prognosis
and monitor minimal residual disease (8-13). In addition to
its clinical usefulness, the molecular mechanism of PRAME
overexpression has also been investigated.

Epigenetic events appear to be the main mechanism
underlying the regulation of gene expression (14,15). It has
previously been revealed that DNA methylation is the main
restricting factor for TAA expression (16). Ikeda ef al (1) first
identified the antigen PRAME and revealed that the demeth-
ylating agent 5-aza-2'-deoxycytidine could activate PRAME
gene expression, which implied that DNA methylation was
involved in the regulation of its expression. Subsequent
studies confirmed this result in AML and chronic myeloid
leukemia (CML) (17-22). However, despite numerous studies
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demonstrating an inverse correlation between methylation of
specific 5'-C-phosphate-G-3' (CpG) sites and PRAME expres-
sion, the CpG island regions studied were different (17-20).
Furthermore, to the best of our knowledge, no studies have
analyzed all the CpG sites of the PRAME gene. The landscape
of PRAME gene methylation remains to be elucidated.

Cloning sequencing of sodium bisulfate-treated DNA
is a classical method used to directly elucidate the meth-
ylation status of every CpG site. As a result of its complexity,
the sample number is typically small (17-20). Therefore,
although a general correlation between the hypomethylation
of specific CpG sites of PRAME and its overexpression was
revealed (17-20), whether the degree of hypomethylation is
associated with the degree of increase in its expression remains
unknown. Furthermore, the association between hypomethyl-
ation of CpG sites and PRAME overexpression has not been
specifically investigated in AMLI-ETO* AML and MDS.

The present study performed bisulfate sequencing of four
CpG island regions in bone marrow samples collected from
15 patients with AML and MDS and 2 normal volunteers. The
present study demonstrated that PRAME expression level was
associated with the methylation status of specific CpG sites
and that their degree of methylation was generally, but not
precisely, associated with PRAME transcript levels.

Materials and methods

Samples. In total, 17 bone marrow samples, which were
collected between January 2010 and November 2011 at
the Peking University Institute of Hematology (Beijing,
China), were included in the present study. The bone
marrow of 15 patients was aspirated prior to treatment.
The patients' median age was 47 years (range, 25-80 years),
and 8 were male while 7 were female. A total of 3 patients
were AMLI-ETO AML, 8 were AMLI-ETO* AML, 3 were
MDS-refractory anemia with excess blasts 2 (RAEB2) and 1
was MDS-refractory cytopenia with multilineage dysplasia
(RCMD). The diagnosis was based on morphological, immu-
nophenotyping, cytogenetic and molecular studies according
to the 2008 World Health Organization classification (23). A
total of 2 bone marrow samples were obtained from normal
volunteers. The present study was approved by the ethics
committee of Peking University Peoples' Hospital (Beijing,
China). Written informed consent was obtained from all
patients prior to enrollment in the present study.

RNA extraction and complementary DNA (cDNA) synthesis.
Mononuclear cells were isolated from bone marrow samples
by Ficoll-Hypaque gradient centrifugation (TBD Science,
Tianjin, China) at 500 x g for 20 min at room temperature.
TRIzol® Reagent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) was used to extract total RNA according
to the manufacturer's instructions. A High-Capacity cDNA
Reverse Transcription kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.) was used to synthesize cDNA from
RNA.

Detection of PRAME transcript levels. TagMan-based qPCR
was performed as previously described (5,10,12). Abelson
tyrosine-protein kinase 1 (ABL) was selected as a control
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gene (24). Primers and probe for PRAME were reported previ-
ously (10,12), and those for ABL were previously reported
by Beillard er al (24). The experiments were performed in
duplicates. The transcript level was calculated as: transcript
level=PRAME transcript copies/ABL copies x100%.

Bisulfate treatment of genomic DNA. DNAzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract
genomic DNA from mononuclear cells. In order to perform
methylation studies, genomic DNA was treated with sodium
bisulfate to convert all methyl-free cytosines into uracils,
whereas methylated cytosines remained unchanged. For each
sample, 1-3 yg genomic DNA was dissolved in 18 pl sterile
water, 2 ul 3 N NaOH was added and the samples were
denatured for 20 min at 42°C. In order to convert unmethyl-
ated cytosines, denatured DNA was incubated in 50 pl 0.1 M
hydroquinone (Sigma-Aldrich; EMD Millipore, Billerica,
MA, USA) and 350 ul 3 M sodium bisulfate (Sigma-Aldrich;
EMD Millipore) for 16 h at 50°C. The Wizard® DNA Clean-Up
System (Promega Corporation, Madison, WI, USA) was used to
purify modified DNA, and the DNA was eluted in 40 ul sterile
water. Subsequently, 5 u1 3 N NaOH was added and incubated
for 15 min at 37°C to complete the DNA modification. A total
of 75 ul 5 M ammonium acetate and 300 ul pure ethanol was
then added, followed by centrifugation at 9,600 x g for 20 min
at 4°C. The DNA was washed with 200 ul 70% ethanol. The
DNA pellet was dissolved in 20 ul sterile water.

CpG island identification and polymerase chain reaction
(PCR) amplification for methylation analysis. A CpG island
was defined by Gardiner-Garden and Frommer (25) as the
observed CpG/expected CpG ratio =0.6, with a GC content
>50% of a 200 bp sequence. CpG islands of the PRAME
gene (GeneBank: NG 000002.1; https://www.ncbi.nlm.nih.
gov/nucleotide/18860922) were identified by submitting its
sequence to www.bio-soft.net/sms/cpg_island.html. A total
of four CpG islands, which were individually located in the
promoter, exon la, exon 1b and exon 2 regions, respectively,
were identified.

AmpliTaqg Gold® 360 DNA Polymerase (Applied
Biosystems; Thermo Fisher Scientific, Inc.) was used for PCR
amplification. The primer pairs for the amplification of the exon
1b region reported by Ortmann et al (19) were used, and those
for the promoter, exon la and exon 2 regions were designed
in house and are presented in Table I. The PCR conditions
were as follows: Incubation at 95°C for 10 min, followed by
11 cycles of touch-down cycling at 95°C for 30 sec, annealing
from 63-56°C with a 0.7°C decrease/cycle for 30 sec and incu-
bation at 72°C for 60 sec, 30 cycles at 95°C for 30 sec and
incubation at 56°C for 30 sec and 72°C for 60 sec, and a final
10-min incubation at 72°C. Each PCR reaction was performed
in duplicates. Amplification products were separated by elec-
trophoresis on a 1.2% agarose gel and purified. Subsequently,
the purified duplicates were pooled together and cloned into a
pCR2.1 plasmid vector (Invitrogen; Thermo Fisher Scientific,
Inc.). Next, DH5a competent cells (Invitrogen; Thermo Fisher
Scientific, Inc.) were transformed according to the manufactur-
er's instructions, and 10 clones/PCR products were sequenced
using primers (forward, 5“-TGTAAAACGACGGCCAGT-3'
and reverse primer, 5-CAGGAAACAGCTATGACC-3"). The
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Table I. Polymerase chain reaction primer sequences and product sizes.

Product
Amplification region Primer sequences size (bp)
Promoter 5-GTTGAATGTTTTAAGTAGAGAGGG-3' (F) 563
5'-TATATACAAAACCCACTTCCTC-3' (R)
Exon la 5'-AGAGGGTTTGGGAGGAAGTG-3' (F) 221
5'-CTCCACCCTACTTTCCCTACA-3' (R)
Exon 2 S-TTTTGGG(C/T)GATTTTATTGGA-3' (F) 610

5'-CCCCTATAATCAAAAACCCTAACT-3' (R)

F, forward; R, reverse.

methylation ratio, expressed as a percentage, is defined as the
ratio of methylated CpG sites/all included CpG sites.

Statistical analysis. Statistical analysis was performed using
SPSS software version 11.5 (SPSS, Inc., Chicago, IL, USA)
and GraphPad Prism 5 (Graphpad Software, Inc., La Jolla,
CA, USA). The association between two variables was indi-
cated by Spearman correlation coefficient r and analyzed by
Spearman's non-parametric correlations. The Mann-Whitney
non-parametric U test was used to compare the levels of the
PRAME transcript between two groups. P-values were from
two-tailed tests and P<0.05 was considered to indicate a statis-
tically significant difference.

Results

PRAME transcript levels. Figs. 1 and 2 present the PRAME
transcript levels of 17 samples. Two normal bone marrow
samples exhibited PRAME transcript levels of 0.1 and 0.2%,
respectively. The median PRAME transcript level of the
15 patients was 204.5% (range, 0.02-710.3%) with the highest
level 35,515 times compared with the lowest level.

Methylation patterns. As presented in Figs. 1 and 2, the meth-
ylation patterns of the four CpG island regions varied among
the patients. For the -389 to -146 CpG sites in the 3'end of the
promoter region and the +132 to +363 CpG sites in the exon
1b region, the degree of methylation decreased as PRAME
transcript levels increased. However, the degree of methylation
was observed to be similar among all samples in the 5' end of
the promoter (Fig. 1, -540 to -420 sites), exon la (Fig. 1, +3 to
+105 sites) and exon 2 regions (Fig. 2, +1542 to +2118 sites).
Almost all CpG sites in the exon la region were unmethylated
for every sample despite whether the PRAME transcript levels
were high or low.

Subsequently, methylation ratios were determined. As
presented in Table II, the methylation ratios of all CpG sites
were significantly inversely associated with the PRAME
transcript levels (P=0.002). Furthermore, the methylation
ratios of CpG sites in the promoter and exon 1b regions, but
not those of the exon la or exon 2 regions, were significantly
negatively associated with PRAME transcript levels (all
P<0.05). Therefore, PRAME transcript levels were negatively

Table II. Correlations between PRAME transcript levels and
methylation ratios of the four CpG island regions.

Region CpG sites r P-value
Promoter -540 to -130 -0.52 0.03*
3' Part of promoter -389 to -146 -0.69 0.00*
Exon la +4 to +105 -0.29 0.26
Exon 1b +132 to +363 -0.63 0.01*
Exon 2 +1,542t0 +2,118  -0.38 0.13
Total -540 to 42,118  -0.86 0.00*

“P<0.05. PRAME, preferentially expressed antigen of melanoma;
CpG, 5'-C-phosphate-G-3'.

associated with the degree of methylation. The methylation
ratios in the exon la region were low for all samples (median,
1.3%; range, 0.0-13.8%), and those in the exon 2 region were
similar in 16 patients (median, 88.9%; range, 72.4-93.4%),
with the exception of 1 patient (No. P13), who exhibited a
significantly low degree of methylation (22.2%). The asso-
ciation between PRAME transcript levels and the degree of
methylation of individual CpG sites in the promoter and exon
1b regions were further analyzed. As presented in Table I11,
for the majority of the CpG sites (-389 to -146 and +132 to
+363), there were significant negative correlations between the
degree of methylation of individual CpG sites and PRAME
transcript levels, but these correlations were not evident for the
-540 to -420 CpG sites. Therefore, PRAME transcript levels
were inversely associated with the degree of methylation of
-389 to -146 CpG sites in the promoter region and +132 to +363
CpG sites in the exon 1b region.

As presented in Fig. 3A, all 17 bone marrow samples were
arranged according to PRAME transcript levels from low to high.
This intuitively revealed that, although PRAME transcript levels
were negatively associated with the degree of methylation, not
all samples obeyed this rule: Patients P3 and P6 demonstrated
relatively low degrees of methylation, and patients P10 and P14
displayed relatively high degrees of methylation, compared with
the general tendency of all the patients (Figs. 1, 2 and 3A). This
was also the case for the individual CpG sites in both the 3' part
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Figure 1. Clone sequencing results of -540 to +314 CpG sites of 17 bone marrow samples from 2 normal volunteers and 15 patients. White color represents
unmethylated cytosines; black color represents methylated cytosines. CpG, 5'-C-phosphate-G-3'; PRAME, preferentially expressed antigen of melanoma;
NBM, normal bone marrow; AML, acute myeloid leukemia; MDS, myelodysplastic syndromes; ETO, eighty twenty one; P, patient; N, normal; RAEB2,
MDS-refractory anemia with excess blasts 2; RCMD, MDS-refractory cytopenia with multilineage dysplasia.

of the promoter and the exon 1b regions. Therefore, a one-to-one
correlation did not exist between the degree of PRAME meth-
ylation and its transcript level.

Comparisons of the degree of methylation of CpG sites
between different regions and between patients with AML and

MDS. As presented in Fig. 3A, the methylation ratio of the
+132 to 4363 CpG sites was closely associated with that of the
-389 to -346 sites for all the samples (r=0.88; P<0.0001). This
demonstrated that the degree of methylation of the sites in the
3'part of the promoter was concordant with that of the sites in
exon 1b regions of the PRAME gene.
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Figure 2. Clone sequencing results of +1,542 to +2,118 CpG sites of 17 bone marrow samples from 2 normal volunteers and 15 patients. White color represents
unmethylated cytosines; black color represents methylated cytosines. CpG, 5'-C-phosphate-G-3'; PRAME, preferentially expressed antigen of melanoma;
NBM, normal bone marrow; AML, acute myeloid leukemia; MDS, myelodysplastic syndromes; ETO, eighty twenty one; P, patient; N, normal; RAEB2,
MDS-refractory anemia with excess blasts 2; RCMD, MDS-refractory cytopenia with multilineage dysplasia.

Fig. 3B presents the association between PRAME transcript
levels and the methylation ratios of the -389 to -146 and +132 to
+363 CpG sites in patients with AMLI-ETO* AML and MDS.
The degree of methylation of the -389 to -146 CpG sites was
similar in comparison with that of the +132 to +363 sites in
patients with AMLI-ETO* AML (P=0.46). On the contrary,

the degree of methylation of the +132 to +363 CpG sites was
significantly lower compared with that of the -389 to -146 sites
in patients with MDS (P=0.021).

The present study also compared AMLI-ETO* AML and
MDS. A total of 9 patients (P7-P15) were included to ensure
similar PRAME transcript levels between the patients (median,
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Table III. Correlations between PRAME transcript levels and
methylation ratios of the individual CpG sites in 17 samples.

-540 to -130 CpG sites +132 to +363 CpG sites
Site r P-value Site r P-value
-540 0.24 0.35 +132 -0.42 0.09
-537 -0.27 0.30 +170 -0.52 0.03*
-512 0.19 0.47 +188 -0.57 0.02°
-498 -0.25 0.33 +204 -0.55 0.02°
-448 0.32 0.20 +212 -0.66 0.00°
-420 0.00 1.00 +239 -0.58 0012
-389 -0.59 0.01* +247 -0.45 0.07
-347 -0.62 0.01* +260 -0.54 0.03*
-345 -0.31 0.22 +262 -0.66 0.00°
-279 -0.60 0.01* +287 -0.56 0.02°
-246 -0.47 0.07 +310 -0.55 0.02°
-189 -0.63 0.01° +312 -0.57 0.02*
-180 -0.54 0.02* +314 -0.56 0.02°
-157 -0.67 0.00* +342 -0.58 0.02¢
-146 -0.63 0.01* +363 -0.57 0.02°
-130 -0.38 0.13

’P<0.05. PRAME, preferentially expressed antigen of melanoma;
CpG, 5'-C-phosphate-G-3'.

AMLI-ETO* AML vs.MDS, 337.7 vs. 330.8%; P=0.81). Patients
with AMLI-ETO* AML demonstrated higher methylation
ratios of the +132 to +363 sites but similar methylation ratios
of the -389 to -146 sites, compared with those in patients with
MDS (P=0.09 and P=0.62, respectively). Therefore, the role of
the methylation status of CpG sites in the promoter and exon 1b
regions may vary between AMLI-ETO* AML and MDS.

Discussion

The physiological role of PRAME remains to be elucidated.
Previous studies have suggested that PRAME serves a role
in the tumorigenic process due to its involvement in growth
and survival, although the results are conflicting (26-28).
Overexpression of PRAME is frequently observed in various
human cancer types, including leukemic malignancies (1-13).
Therefore, the mechanism of its overexpression requires
further clarification in order to improve therapeutic treatment.
Methylation at DNA CpG islands is an important mechanism
that regulates gene expression (14). In the present study, using
the bisulfate sequencing method, it was demonstrated that
PRAME expression was associated with the methylation status
of specific CpG sites, and that the degree of hypomethylation
was generally inversely associated with its transcript levels in
AML and MDS.

Numerous studies have demonstrated that the hypomethyl-
ation of PRAME is correlated with its overexpression (17-20);
however, the results are inconsistent, and certain issues still
require clarification. Bisulfate sequencing is a direct and
comprehensive but complex method used for methylation
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studies. Therefore, previous studies that analyzed PRAME
methylation in leukemia performed clone sequencing in 5 cell
lines, 2 normal controls and 22 patient samples, but did not
include the entire CpG island regions (17-20). Along with the
individual variances between patients, the exact assessment of
the methylation effect may be difficult to determine and may
produce biased results. In the present study, bone marrow
samples collected from 15 newly diagnosed patients and 2
normal volunteers with coverage of 4.6-log of PRAME tran-
script levels were included, in order to make the results more
definite. To the best of our knowledge, the present study included
the largest sample number and CpG island regions in order to
investigate PRAME methylation by bisulfate sequencing.

The region and CpG site that are most associated with
PRAME expression remain controversial.
Roman-Gomez et al (18) analyzed the methylation status
in exon 2 in the chronic phase of blast crisis CML.
Schenk er al (17) investigated both the promoter and exons
la and 1b regions in AML, and demonstrated that PRAME
transcription required the demethylation of two regions: One
in the promoter (between -189 and -130) and one in exon 1b.
Ortmann et al (19) analyzed the methylation status of exon
1b in AML and revealed that its hypomethylation induced
aberrant PRAME expression. Gutierrez-Cosio et al (20)
observed an inverse correlation between PRAME messenger
RNA levels and methylation status in AML by analyzing
the promoter region. The present study searched the entire
PRAME gene and identified four CpG island regions, all of
which were individually reported by others. However, the
present study performed bisulfate sequencing for all these
islands to comprehensively evaluate the PRAME methylation
status. Statistical analysis indicated that PRAME methylation
is generally relevant to its transcript levels. Furthermore, the
degree of methylation of CpG sites in the 3'end of the promoter
and the whole exon 1b regions are significantly negatively
associated with PRAME transcript levels. The present study
also demonstrated that a close association exists between these
two methylation regions in individual patients. Although the
relevant regions investigated were in accordance with a study
by Schenk et al (17), another previous study did not analyze
exon 2, which was identified as being relevant, according to
Roman-Gomez et al (18).

In addition, a relatively higher number samples were
analyzed in the present study compared with previous
reports (17-20), and thus certain exceptions were revealed.
Firstly, the degree of methylation of the relevant two regions
was not always inversely correlated to PRAME expression. In
the present study, in certain samples methylation degree and
expression level were not negatively correlated. A number of
samples with high levels of PRAME methylation exhibited high
expression and vice versa. Secondly, the methylation charac-
teristics of exon 2 for the majority of patients was identified as
a low proportion of methylation and no specific sites of CpG
methylation; however, a patient with AMLI-ETO* AML and
abnormally high PRAME expression level revealed a unique
pattern; almost all CpG sites were unmethylated in 7/10 clones.
These exceptions implied that the degree of methylation in
the 3'end of the promoter and exon 1b regions may serve an
important role, but may not be the only mechanism deter-
mining PRAME transcript levels. The observation that the gene
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expression level was not associated with its degree of methyla-
tion was also reported for other genes (29). Methylation in other
CpG islands and mechanisms, including histone modifications,
small RNA and genetic abnormalities, may be involved (30,31);
this involvement requires further investigation.

It has previously been revealed the majority of patients
with AMLI-ETO* AML and a certain number of patients
with MDS overexpressed PRAME with abnormally high
increases (10,12,13); however, to the best of our knowledge,
no previous studies have investigated the effect of methylation
on PRAME overexpression. Previous studies reported that the
methylation pattern may be associated with the subtype of
disease (32). In the present study, the comparison performed
between patients with AMLI-ETO* AML and MDS with
comparably high PRAME transcript levels demonstrated that
their methylation patterns were not the same. The degrees
of methylation of the two relevant regions were similar for
AMLI-ETO* AML, but different for patients with MDS. As a
result, there was a tendency that the degree of methylation in
AMLI-ETO* AML was higher compared with that in patients
with MDS. This implied that the effect of methylation on the
expression of PRAME may vary between these two types of
malignancies, and PRAME overexpression was more associ-
ated with hypomethylation of exon 1b compared with the
promoter region in patients with MDS. A greater number of
samples should be analyzed by methods such as quantitative
methylation-specific PCR, in order to confirm this result.
The degree of regulation of gene expression by methylation
may be associated with the type of disease. Different types of
leukemia may also be the reason for the variety of methylation
regions, as demonstrated in previous studies (17-20).

The cellular composition of bone marrow is heterogeneous,
and contains blast cells, cells in different stages of differentia-
tion and mature cells, including myelocytes, metamyelocytes,
neutrophils, monocytes, erythrocytes and lymphocytes (23).
The present study did not sort blast cells to perform bisulfate
sequencing. This is mainly because CD34* cells could not
represent the whole abnormal cell population in AMLI-ETO*
M2 and MDS. It was previously reported that blast cells [cluster
of differentiation (CD) 34*] and immature myeloid cells, nucle-
ated erythrocytes and lymphocytes (all CD34), abnormally

overexpressed PRAME and Wilms tumor 1 in MDS (12). In
addition, certain AMLI-ETO* M2 cases are characterized
by an abundance of abnormal myelocytes, which are CD34.
Furthermore, the present study demonstrated that the methyla-
tion degree among clones for sequencing is consistent in the
majority of samples. This implied that normal cells had little
impact on the evaluation. Therefore, mononuclear cells may be
better than blast cells for the evaluation of methylation status
in AMLI-ETO* M2 and MDS.

In conclusion, the methylation status of CpG sites in the
3'part of the promoter and the exon 1b region was generally
associated with PRAME expression level in AML and MDS.
Furthermore, its effects were important, but did not comprise
the sole mechanism regulating PRAME transcript levels; this
may also be associated with the type of disease. Extensive
investigations into the effect of methylation of other CpG
islands, as well as other epigenetic and genetic mechanisms, on
the regulation of PRAME expression are required. The current
study facilitates the comprehensive understanding of the
mechanisms underlying the regulation of PRAME expression,
which may help to improve targeted therapy for hematologic
malignancies.
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