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Abstract. Myelodysplastic syndromes (MDS) are biologically and clinically heterogenous groups of clonal
haematopoietic stem cell diseases characterized by ineffective haematopoiesis and peripheral blood cytope-
nia, with a variable tendency to transform within acute leukaemia (AL). DNA hypermethylation and hypo-
methylation are associated with cancer. Thus, the hypermethylation of DNA is essential for the molecular
pathophysiology of MDS by inactivating genes involved in cell growth, differentiation and apoptosis. It was
documented that the 5-methylcytosine (5mc) immunostaining score of BM haematopoietic mononuclear
cells is higher in MDS patients than in a normal control group, and that the prognosis of the disease signifi-
cantly correlated with global DNA methylation, age and IPSS score. In our study, we analysed the immu-
nocytochemical expression of 5mc in bone marrow (BM) mononuclear cells from 13 MDS patients and a
control group consisting of 13 patients with anaemia of chronic disease. The immunopositivity of 5mc BM
mononuclear cells was statistically significantly higher in our MDS patients than in patients with anaemia
of chronic disease. In most MDS patients (11 out of 13), a higher 5mc immunopositivity of BM mono-
nuclear cells (above 10%) was found. Our results are in concordance with data from literature observing
that a higher percentage of 5mc immunopositive BM mononuclear cells is documented in MDS patients.

Introduction

Myelodysplastic syndromes (MDS) are biologically
and clinically heterogenous groups of clonal hae-
matopoietic stem cell diseases characterized by inef-
fective haematopoiesis and peripheral blood cyto-
penia, with a variable tendency to transform into an
acute leukaemia (AL) [1,2]. MDS is predominantly
seen in older individuals, but may occur at any age.
The annual incidence of MDS is 4/100 000 in the
general population, with a median age of 69 years.
Risk factors are age, prior cancer therapy, environ-
mental toxins, and genetic abnormalities. Clonal
haematopoietic stem cell disorders developed step-
wise with genetic progression, possibly due to a
combination of genetic predisposition and environ-
mental exposures [1-4]. According to the World

Health Organization (WHO) classification based
on cell peripheral blood and BM cell and tissue
morphology, the karyotype and clinical features of
MDS subtypes are: 1) MDS with single lineage dys-
plasia (MDS-SLD); 2) MDS with multilineage
dysplasia (MDS-MLD); 3a) MDS with ring sidero-
blasts and single lineage erythroid dysplasia (MDS-
RS-SLD), 3b) MDS with ring sideroblasts and
multilineage dysplasia (MDS-RS-MLD); 4) MDS
with isolated del(5q); 5a) MDS with excess blasts 1
(MDS-EB-1), 5b) MDS with excess blasts 2 (MDS-
EB-2); 6) MDS-unclassifiable (MDS-U); and 7)
refractory cytopenia of childhood (RCC) [1,5,6].
The international prognostic scoring system (IPSS)
is based on BM blast percentage, number of cyto-
penias, and karyotype. The morphological MDS
subtypes can be categorized into three risk groups
based on survival duration and evolution to AL.
Low risk patients include MDS-SLD, MDS-RS-
SLD, and most patients with isolated del(5q). The
intermediate risk patients are MDS-RS-MLD,
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MDS-MLD, MDS-EB-1, and MDS-U. High-risk
patients are those with MDS-EB-2 [1,7]. Patients
with isolated del(5q) and additional chromosomal
abnormalities or TP53 mutation are associated
with an poorer prognosis [2,7].

The methylation of DNA cytosine is associated
with gene silencing. Genes with abundant 5-meth-
ylcytosine (5mc) in their promotor regions are usu-
ally transcriptionally silent [8-11]. DNA hyper-
methylation and hypomethylation are also
associated with cancer and MDS patients [8-14].
The relationship between MDS, aberrant DNA
methylation, and histone modifications (acetyla-
tion and methylation) has been investigated for
single genes and a combination of multiple genes
via several approaches ranging from biochemical to
molecular and antibody techniques [14-17]. The
hypermethylation of DNA has been documented
as an essential step for the molecular pathophysiol-
ogy of MDS since hypermethylation leads to the
inactivation of genes involving cell growth, differ-
entiation and apoptosis [14-18]. Also, many stud-
ies demonstrated that MDS patients with DNA
hypermethylation suffer from a more aggressive
disease and have an increased probability of leuke-
mic progression. Poloni A et al. and Chandra D et
al. showed that the 5mc immunostaining score of
bone marrow (BM) haematopoietic mononuclear

cells is higher in MDS patients than
in normal control group, with a sig-
nificantly shorter survival correlat-
ed with global DNA methylation,
age and IPSS score [19,20].

Thus, the aim of this study is to
analyse and compare the immuno-
cytochemical expression of 5mc in
BM mononuclear cells from MDS
patients and patients with anaemia
of chronic disease.

Materials and Methods

Standard cytological analysis for the di-
agnosis of haematological disease and
assessment of 5mc immunoexpression
in BM mononuclear cells was done in
13 patients with MDS and 13 patients
with anaemia of chronic disease.
Patients with MDS and the control

group were of similar age, without any statistical differ-
ences between these two groups of patients (p>0.05).
The median age of MDS patients and the control group
was 76, ranging from 59-88 years of age for MDS pa-
tients, and from 58-89 years of age for the control group.
A cytological diagnosis was determined after standard
Pappenheim staining (May-Grünwald and Giemsa solu-
tions) and cytochemical Perls' staining of BM and pe-
ripheral blood smears. Perls' (Prussian blue) staining for
non-hem iron was done for the detection of sideroblasts
and ring sideroblasts [21]. Ring sideroblasts were defined
as erythroblasts containing five or more Prussian blue
positive granules, covering one third or more of the peri-
nuclear area. Ring sideroblasts are numbered on all ery-
throid precursors [1,5,21,22]. According to WHO crite-
ria, the group of MDS patients possessed 2 MDS-SLD
patients with single lineage erythroid dysplasia, 3 MDS-
RS-SLD with single lineage erythroid dysplasia, 4 MDS-
MLD, 1 MDS-EB-1, and 3 MDS-EB-2 patients.

For immunostaining, cytological BM smears left after
Pappenheim and Perls' staining obtained for standard
diagnostic procedure were fixed in cold acetone for 3
minutes (+4oC). Then, BM specimens were immersed in
3.5 N hydrochloric acid for 15 minutes at room tem-
perature, washed in distilled water, and immersed in
TRIS buffered saline to expose the CpG dinucleotides.
Then, the specimens were applied to an anti-5mc mono-
clonal antibody (clone 33D3; Santa Cruz Biotechnology
- 1:50, Abcam - 1:100) and Envision immunoperoxidase
technique (DAKO A/S) [19]. The nucleus immunoposi-
tivity of 5mc BM mononuclear cells was evaluated by

Table 1. Cytomorphology, ring-sideroblasts and 5mc in MDS patients
(N=13) and in patients with anaemia of chronic disease (N=13).

MDS patients Patients with
median (range) anaemia of CD
median (range)

Blasts (%) 4 (2-15) 2 (0-4)
Promyelocytes (%) 7 (3-12) 6 (4-9)
Dysgranulopoiesis 1 (0-2) 0 (0-0)
Dyserythropoiesis 1 (1-2) 0 (0-0)
Dismegakaryopoiesis 0 (1-2) 0 (0-0)
Ring sideroblasts 2 (0-29) 0 (0-0)
5mc immunopositivity (%) 15 (5-41)* 2 (0-6)*

Abbreviations: MDS-myelodysplastic syndrome; Anaemia of CD-
anaemia of chronic disease; 5mc-5methylcytosine; 0-no dyshematopoe-
sis; 1-dyshematopiesis in more of 10% of specific myeloid line; 2-dysh-
ematopoiesis in more of 20% of specific myeloid line.

*statistically significant difference (t-test; p<0,001)
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counting 200 mononuclear cells and determining the
value as a percentage. The results of 5mc immunoposi-
tivity for BM mononuclear cells were tested for normal
distribution by an Anderson-Darling test. The statistical
comparison of 5mc immunopositive BM mononuclear
cells percentages between MDS and anaemia of chronic
disease patients was done using a t-test [23,24]. The
Ethics committee of Clinical Hospital "Sveti Duh" and
Zagreb Medical School granted approval of the study,
and all subjects gave and signed an informed consent.

Results

In patients with anaemia of chronic disease, the
percentages of blasts and promyelocytes were low.
Dyshematopoiesis and ring sideroblasts were not
found (Table 1 & Figure 1A). Dyserythropoiesis
was only found in 2 patients with MDS-SLD.
From these two patients, ringed sideroblasts (6%)
were found in one. In all 3 MDS-RS-SLD patients,
marked dyserythropoiesis with more than 15% of
ringed sideroblasts was documented (Table 2&
Figure 2A&B). All 4 MDS-MLD patients had
dyserythropoiesis and dysmegakaryopoiesis in
more than 10% of the specific myeloid cell line. In
addition, 2 MDS-MLD patients had dysgranulo-
poiesis and ringed sideroblasts (2% and 13%). The
median value of blast and promyelocyte percent-
ages were higher in MDS patients, due to higher
percentages of blasts and promyelocytes from 4
MDS-EB patients (Tables 1&2, & Figure 3A).
Furthermore, all 4 MD-EB patients had dyseryth-
ropoesis and dysgranulopoiesis, while two had dys-
megakaryopoiesis as well (Table 2 & Figure 3A).
The percentages of 5mc immunopositive BM
mononuclear cells (percentage median 15%,

percentage range 5-41%) from MDS patients were
higher and statistically significant when compared
to patients with anaemia of chronic disease (per-
centage median 2%; percentage range 0-6%).
(Table 1, Figures 1B, 2C, &3B). In addition to the
mononuclear BM cells from MDS patients, a cer-
tain amount of 5mc immunopositive mature neu-
trophils with non-segmented and segmented nuclei
were also noticed (Figure 2C & Figure 3B). The
lowest and highest percentages of 5mc immu-
nopositive BM mononuclear cells (5% and 41%)
were found in MDS-MLD patients (Table 2). In 3
MDS-EB patients, the percentages of 5mc immu-
nopositive BM mononuclear cells were above 15%
(16%, 19% and 25%), and in one MDS-EB-2 pa-
tient, only 8% of the 5mc immunopositive BM
mononuclear cells were found (Table 2).

Higher percentages of 5mc immunopositive BM
mononuclear cells were found in 4 patients: 1
MDS-SLD with 22%, two patients (1 MDS-RS-
SLD, 1 MDS-EB-1) with 25%, and one MDS-
MLD patient with 41% (Table 2). One patient
with MDS-EB-1 and 25% 5mc immunopositive
BM mononuclear cells transformed after 1 month
in AML. Three other patients from this group with
a greater 5mc immunopositivity of BM mononu-
clear cells were clinically stable during follow-up
without progression to a higher risk MDS subgroup
or AL. Thus, 1 patient with MDS-SLD with single
lineage erythroid dysplasia was clinically well after
15 months of follow-up, 1 MDS-RS-SLD patient
was stable after 5 months, and 1 MDS-MLD had
no progression of disease on regular follow-up, one
month after diagnosis.

Figure 1. Cytomorphology of normal BM haematopoiesis in patients with anaemia of chronic disease (A), (Pappenheim
X1000); brown nucleus immunopositivity of 5mc in only two haematopoietic cells in the same patient (arrows) (B), (im-
munocytochemical staining X400).
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In 5 of the 13 MDS patients, cytogenetic analysis
was conducted (Table 3). According to the
Comprehensive Cytogenetic Scoring System
(CCSS) [1,25] for myelodysplastic syndromes,
two MDS patients (1 MLD, 1 EB-2) with normal
karyotypes were in the good prognostic subgroup,
one EB-2 patient was in the intermediate prognos-
tic subgroup and possessed trisomy of chromo-
some 8, while two patients (1 RS-SLD, 1 MLD)
were in the very poor prognostic subgroup due to
more than 3 complex cytogenetic abnormalities

being found. The assessment of 5mc immunopositiv-
ity in these 5 MDS patients was intermediate, ranging
from 12% to 19% of BM mononuclear cells (Table
3). One MDS-MLD patient from the good cytoge-
netic subgroup died after 3 months. The other patient
was stable after 1 month of follow-up. The patient
with MDS-EB2 in the intermediate prognostic cyto-
genetic group died after 3 months. Two patients from
the very poor cytogenetic subgroup had different out-
comes, one (RS-SLD) died after 5 months and the
other (MLD) was stable after 8 months of follow-up.

Table 2. Cytomorphology, ring-sideroblasts and 5mc immunoexpresion in patients with MDS (N=13).

MDS patients Blasts Promyelo- DisG DisE DisM Ring 5mc
(%) cytes sideroblasts (%)

(%)

1. SLD-er 4 8 0 1 0 0 15
2. SLD-er 2 4 0 1 0 6 22
3. RS-SLD-er 3 7 0 2 0 29 25
4. RS-SLD-er 2 3 0 2 0 19 11
5. RS-SLD-er 4 6 0 2 0 20 12
6. MLD 4 9 1 1 2 0 12
7. MLD 4 6 0 1 1 13 5
8. MLD 4 12 0 1 1 0 41
9. MLD 4 10 2 1 2 2 15
10. EB-1* 8 9 2 2 2 9 25
11. EB-2 13 4 1 1 0 0 16
12. EB-2 13 3 2 2 1 1 8
13. EB-2 15 10 1 1 0 0 19

Abbreviations: MDS-myelodisplastic syndrome; SLD-er-MDS with single lineage erythroid dysplasia; RS-SLD-er
-MDS with ring sideroblasts and single lineage erythrod dysplasia; MLD-MDS with multilineage dysplasia; EB-1
-MDS with excess blasts 1; EB-2-MDS with excess blasts 2); DisG-dysgranulopoiesis ; DisE-dyserythropoiesis;
DisM-dismegakaryopoiesis; 5mc-5methylcytosine; 0-no dyshematopoiesis; 1-dyshematopoiesis in more of 10% of
specific myeloid line; 2-dyshematopoiesis in more of 20% of specific myeloid line; EB-1*-patient with EB-1 and
transformation to acute leukaemia after 1 month.

Figure 2. Cytomorphology of BM in patients with MDS-with ringed sideroblasts and unilineage erythroid dysplasia – im-
mature erythroblasts, erythroblasts with megaloblastoid and irregular nuclei and two mitosis (arrows) (A), (Pappenheim
X1000); Perl's cytochemical BM staining in the same patient-few ringed sideroblasts (arrows) (B), (X1000); some BM
haematopoietic cells with brown nucleus immunopositivity of 5mc in the same patient (arrows) (C), (immunocytochemical
staining X400).
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Discussion

In this study, the 5mc nucleus immunopositivity of
BM cells in 13 MDS patients and 13 patients with
anaemia of chronic disease (ACD) was analysed.
The age of MDS patients and the control group of
ACD patients was similar, without any statistical
age differences between the two groups. The age
similarity is important since changes in the hemato-
poietic system occur during aging. These changes
include decreased cellularity, reduced production of
red blood cells and lymphocytes, and a relative in-
crease in the production of myeloid cells. Moreover,
hematopoietic stem cells (HSCs) are increased in
aging, and its characterization reveals that there are
upregulated genes in HSCs which are associated
with the activation of the cell cycle, myeloid lin-
eage, and myeloid malignancies [26,27]. However,

Parmentier S et al. analyzed the cytomorphology of
120 healthy BM donors and found certain dyspla-
sia characteristics in BM hematopoietic cells. In
their study, donors under the age of 30 exhibited
more dysgranulopoietic and dysmegakaryopoietic
changes compared to older BM donors [28].
Although the median values of cells that were man-
ifesting dysplasia remained below 10% of a certain
cell lineage, Parmentier S et al. question the cur-
rent WHO threshold of 10% cells with dysplasia of
a certain cell lineage for the diagnosis of myelodys-
plastic change [28]. Therefore, any additional indi-
cator, such as 5mc, contributes to the accuracy of
MDS diagnostics.

Our results demonstrate higher 5mc immunoposi-
tivity in MDS patients (percentage median: 15%;
percentage range: 5-41) when compared to the low

Table 3. Comparison of 5mc immunoexpression of BM mononuclear cells with cytogenetic findings in five (5., 6., 9., 11.,
13.) of 13 MDS patients with cytogenetic analysis.

MDS subtype Cytogenetics Prognostic 5mc (%)
subgroup*

5. RS-SLD-er del 7q; t(7;17); t(15;16); aneuploidy 18, 20, 21, structure very poor 12
abnormality of chromosome 2

6. MLD t(7;11); del 7q; aneuploidy 8, 19 very poor 12
9. MLD normal karyotype good 15
11. EB-2 normal karyotype good 16
13. EB-2 trisomy 8 intermediate 19

Abbreviations: MDS-myelodysplastic syndrome; RS-SLD-er-MDS with ring sideroblasts and single lineage ery-
throid dysplasia; MLD-MDS with multilineage dysplasia; EB-2-MDS with excess blasts 2; 5mc-5methylcytosine;
*prognostic subgroups according Schanz J et al.

Figure 3. Cytomorphology of BM in patient with MDS-EB-2 – blasts, dyserytrhropoiesis with megaloblastoid and irregu-
lar nuclei and dismegakaryopoiesis -micromegakaryoctes (arrows) (A), (Pappenheim X1000); numerous BM haematopoi-
etic cells with brown nucleus immunopositivity of 5mc in the same patient (arrows) (B), (immunocytochemical staining
X400).
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5mc immunopositivity found in anaemia of chron-
ic disease patients (percentage median 2%; percent-
age range 0-6%), with a statistically significant dif-
ference. Our results are in concordance with the
studies of Poloni A et al. and Chandra D et al, as
their reports of higher 5mc of BM mononuclear
cell immunopositivity in MDS patients correlate
with our findings [19,20].

In most MDS patients (8 out of 13), the percentage
of 5mc BM immunopositive was 15% or higher. In
3 MDS patients, 11% and 12% 5mc immunoposi-
tive BM cells were found. In two MDS patients,
the percentage of 5mc was low at 5% and 8%
respectively.

In comparison to the studies of Poloni A et al. and
Chandra D et al. performed on biopsy BM speci-
mens, a somewhat lower 5mc immunopositivity of
BM mononuclear cells was noticed in our MDS
patients, while a similarly low 5mc immunopositiv-
ity of BM mononuclear cells was seen in our anae-
mia of chronic disease patients. The lower 5mc im-
munopositivity findings follow the normal control
group in the studies of Chandra D et al. and Poloni.
A lower 5mc immunopositivity for BM mononu-
clear cells was observed in our MDS patients than
in their studies. This variance is most likely related
to the difference between immunocytochemical
and immunohistochemical techniques requiring an
antigen retrieval procedure [19,20].

When comparing subgroups of MDS patients, the
most heterogeneous was the MLD group. The
MLD group possesses the lowest (5%) and highest
(41%) percentages of 5mc BM immunopositive
mononuclear cells. Results from Poloni A et al. and
Chandra D et al. demonstrate prognostic values of
5mc BM mononuclear cell immunopositivity in
MDS patients, i.e. subgroup of MDS patients with
a 42.53 percentage mean, or 41 percentage median
of 5mc immunopositive BM mononuclear cells
that were associated with poor prognosis [19,20].
In our study, 4 patients had a higher percentage of
5mc immunopositive BM mononuclear cells: 1
MDS-SLD with 22%, two patients (1 MDS-RS-
SLD, 1 MDS-EB-1) with 25%, and one MDS-
MLD patient with 41%. One of these patients,
with MDS-EB-1 and a higher 5mc immunoposi-
tivity of BM mononuclear cells (25%), was

associated with poor prognosis. This patient faced
transformation to AML after one month. Three
other patients from this group with a higher 5mc
immunopositivity of BM mononuclear cells were
clinically stable during follow-up, without any pro-
gression to higher risk MDS subgroups or AL.

However, in the subgroup of increased risk MDS
patients, according to the WHO and IPSS score
systems, one of our MDS-EB-2 patients had a low
percentage of 5mc BM immunopositive mononu-
clear cells (8%). This finding is related to findings
from literature which claim that not only hyper-
methylation, but also the hypomethylation of DNA
could also be found in MDS [14-16,18,29,30].

Aberrant DNA methylation of CpG DNA islands
is an important change in MDS and could poten-
tially become associated with gene mutations that
can be identified in MDS and other myeloid malig-
nancies. Examples of this include ten-eleven trans-
location 1 and 2 (TET1/TET2), isocitrate dehy-
drogenase 1 and 2 (IDH1/IDH2), and DNA
methyltransferase (DNMT) enzymes mutations
[14,15,18,29,30]. Cytosines are methylated by the
addition of a methyl group to the five carbon ring
of their pyrimidine ring, under the action of
DNMT enzymes. Mutations of DNMT3A may
cause a gain or loss of function [8,29,30]. Mutations
of IDH1/IDH2 might interfere with TET2 activi-
ty. TET2 and IDH1/IDH2 mutations induce a
similar biochemical result, the inhibition of TET2
enzymatic activity [14,29-34]. TET1 and TET2
catalyse the hydroxylation of 5mc to 5-methylhy-
droxycytosine (5hmc). It was documented that
TET2 increases 5hmc and decreases 5mc [14,17,29-
34]. According to these results, it was postulated
that 5hmc may be an intermediate step of demeth-
ylation. Thus, lower 5hmc should result in a higher
level of methylation, in addition to a higher level of
5mc. However, some studies found that myeloid
malignancies containing TET2 mutations were as-
sociated with low 5hmc and levels of methylated
DNA [14,29,30,35-38]. An explanation of this ob-
servation is that 5hmc may direct the methylation
of DNA, therefore suggesting that a loss of normal
TET2 activity results in a loss of DNA methylation
[14]. Although some authors found that lower
5hmc resulted in less DNA methylation, Figueroa
ME et al. confirmed hypermethylation in myeloid
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malignancies and MDS patients associated with
TET2 and IDH1/IDH2 mutations [14,36-38].
While these interactions remain unknown, it is evi-
dent that TET2 mutations in myeloid malignancies
impede 5hmc formation, resulting in aberrant
DNA methylation with an influence on gene ex-
pression [14].

According to CCSS, two (1 MLD, 1 EB-2) of the
five MDS patients with assessed cytogenetics were
classified within the good cytogenetic prognostic
subgroup, one (EB-2) was placed in the intermedi-
ate subgroup, and two patients (1 RS-SLD, 1
MLD) were categorized in the very poor prognostic
subgroup [1,16,25]. In 3 of the 5 MDS patients,
common chromosomal abnormalities of MDS
were found. In two patients, a loss of 7q occured,
while a single patient faced trisomy 8 [16]. Although
these 5 patients were in different cytogenetic prog-
nostic subgroups, they all had intermediate 5mc
immunopositivity of BM mononuclear cells rang-
ing from 12% to 19%. Moreover, some of these 5
MDS patients with assessed cytogenetics had differ-
ent outcomes, although they were in the same cyto-
genetic prognostic subgroup. Therefore, other
prognostic factors and cytogenetics influence the
prognosis of MDS. The other prognostic factors in-
fluencing prognosis include BM blast percentage,
cytopenia abundance (i.e. patients with bicytopenia
had shorter survival than patients with one cytope-
nia), and additional factors. The additional factors
include commonly mutated genes in MDS that are,
except for SF3B1, usually associated with an unfa-
vorable prognosis [1,16,25].

In conclusion, the immunopositivity of 5mc BM
mononuclear cells was statistically significantly
higher in our MDS patients than in patients with
anemia of chronic disease. In most MDS patients
(11 of 13), a higher 5mc immunopositivity of BM
mononuclear cells (above 10%) was found. Our re-
sults are in concordance with data from literature
showing that the hypermethylation of DNA and
higher percentage of 5mc immunopositive BM
mononuclear cells are documented in most MDS
patients, especially patients with higher risk.
Although a higher 5mc immunopositivity of BM
mononuclear cells was frequently observed, lower
5mc immunopositivity does not exclude the diag-
nosis of MDS. More studies and clinical trials are
needed to evaluate the sensitivity and specificity of

the immunopositivity of 5mc BM mononuclear
cells as a diagnostic and prognostic marker in MDS
patients. The 5mc BM mononuclear cells immu-
nopositivity association with DNA abnormalities
and gene mutations, as well as other prognostic fac-
tors also needs further evaluation.
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