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ABSTRACT 

Background: Myelodysplastic/myeloproliferative neoplasms (MDS/MPN) are disorders of the hematopoietic stem cell 

as well as evolved entities which have characters of both myelodysplastic syndrome and myeloproliferative neoplasms 

resulting in difficulty in diagnosis. Chronic myelomonocytic leukaemia (CMML), juvenile myelomonocytic leukaemia 

(JMML), atypical chronic myeloid leukaemia (aCML), MDS / MPN-unclassifiable (MDS / MPNU) and MDS / MPN 

with ring sideroblasts and thrombocytosis (MDS / MPN-RS-T) are encompassed in the 2016 MDS / MPN classification 

system (WHO). Each type of MDS/MPN has its specific characteristic feature such as increased number of monocyte 

in CMML, prominent dysplasia in granulocytic lineage in aCML, and increase platelet count in MDS/MPN-RS-T. 

Multiple molecular techniques are used in diagnosis, follow up, and prognosis of hematological malignancy. These 

techniques are used for the detection of molecular and cytogenetic abnormalities. They include conventional 

karyotyping, fluorescence in situ hybridization (FISH), comparative genomic hybridization (CGH), polymerase chain 

reaction (PCR), next-generation sequencing (NGS) technology, and nanopore sequencing. Recent techniques as Next 

generation sequencing (NGS) studies helps in identification of various genetic pathways and somatic mutation. Adding 

the molecular findings to pathomorphologic characters has raised the accuracy of diagnosis in MDS/MPN. 

Objective: to give new trends in diagnosis of myelodysplastic/myeloproliferative neoplasms. 

Conclusion: MDS/MPN has overlapping features of both MDS and MPN, which further make it difficult in diagnosis. 

New molecular techniques such as NGS and nanopore sequencing, detect all types of genetic abnormalities and 

improve the diagnosis of MDS/MPN. 
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INTRODUCTION  
Myelodysclastic / myeloproliferative (MDS / MPN) 

overlap syndromes are categories within malignant 

myeloid clone disorders with (MDS / MPN) 

characteristics 
[1]

. MDS features include cytopenia and 

multiple cell lines dysplasia, and the characteristics of 

MPN include constitutional signs, increased blood 

counts and extramedullary infiltration 
[2].

 

 

PATHOGENESIS OF MDS/MPN 

The underlying pathogenesis for MDS / MPN is 

unclear, as is the point of molecular convergence 

which defines the MDS / MPN category biologically. 

The conventional phenotype of the bone marrow (BM) 

involves accelerated cell death and overlapping 

myeloid subsets resulting in dysplasia and cytopenia 
[3]

.  

 

Since there was no molecular marker that was entirely 

specific for MDS / MPN syndrome it has been found 

that improved molecular characterization and repetitive 

genetic mutations can help explain these disorders. 

These analyses clearly showed considerable molecular 

deficiency heterogeneity and complexity within the 

MDS / MPN community and explained many 

pathways likely to include the pathogenesis of diseases 
[4]. 

 

MDS/MPN CLASSIFICATION in WHO 

Regarding WHO MDS / MPN classification, CMML, 

JMML, aCML, MDS / MPNU and MDS / MPN with 

ring sideroblast and thrombocytosis (MDS / MPN-RS-

T) are included. MDS / MPN – Rs are added to 4th 

WHO classification of myeloid neoplasms has also 

enhanced the integration of somatic molecular 

markers, in particular SF3B1 mutations 
[5,6].

 

Clinical 
Pathology  
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The Refractory anemia with ring sideroblasts (RARS-

T) threshold has declined from 600x103 / lL to 450 

x103 /lL and the parameters of BM have been included 

in this version. RARS-T was also established and 

renamed a separate organization, MDS / MPN with 

ring sideroblasts and raised thrombocytes (MDS / 

MPN-RS-T) are included within fourth edition of 

WHO which released in 2017 
[1,7].

  

 
 

MDS/MPN SUBTYPES 

1. Chronic myelomonocytic leukemia (CMML): 

Chronic myelomonocytic leukemia is known to be 

clonal hematopoiesis stem cell disorder and known 

with a prolonged (more than three months) 

incidence of peripheral blood monocytes (<1x109 / 

L) with BM dysplastic characteristics, with a 

monocyte of around 10 per cent white blood cell 

(WBCs) count. CMML is divided into proliferative 

and dysplastic (MDS-CMML) subspecies in 2016 

WHO classification based on WBCs of ≥ 13 x 109 

/ L for MPN-CMML Classification CMML 
[8,9]. 

The CMML is characterized by absence of both 

BCR-ABL1 fusion gene and PDGFR and FGFR 1 

which may occur secondary in MDS 
[10].

 Peripheral 

monocytes in CMML are typically irregular in 

morphology with bizarre- shaped nuclei and 

cytoplasmic granules. WBCs display leukocytosis, 

but with variable neutropenia, WBCs may be 

normal or slightly decreased 
[11]. 

 

2. Juvenile myelomonocytic leukemia (JMM) 

The uncommon, but severe leukemia occurring 

mainly among children is juvenile myelomonocytic 

leukemia (JMML). This proliferation is charact-

erized mainly by the granulocytic and monocytic 

lines with abnormalities in erythroid and mega-

karyocytic lines. The blasts and promonocytes of 

peripheral blood and BM are less than 20% of the 

WBCs. Mutations with RAS genes are typical of 

JMML while BCR-ABL1 fusion is incomplete 
[12]. 

At diagnosis peripheral blood include leucocytosis 

and thrombocytopenia, with or without anemia. 

The BM aspirate and biopsy are hypercellular with 

proliferation of granulocytic lineage, although in 

some patient’s erythroid precursors may 

predominate. The monocytes of BM are 5-10% less 

prominent than those in the peripheral blood 
[13,14]. 

 

3. Atypical chronic myeloid leukemia (aCML) 
It was considered seldom MDS / MPN subtype 

characterized by hypercellular BM and neutrophil 

lineage involvement, leucocytosis as well as 

morphologically increasing dysplastic neutrophils 

and their precursors. Ph chromosome and BCR 

ABL fusion gene are absent in aCML 
[15]. 

 

4. MDS/MPN with ring sideroblasts and 

thrombocytosis: 

It is also seldom myelodysclastic/ myelo-

proliferative subtype, which has over 450×109/L 

thrombocytosis, more than 15% BM erythroblast is 

ring sideroblast, and less than 5% erythroid and 

granuloid precursor dysplastic characteristics with 

blasts 
[16,17].

 MDS / MPN-RS-T has been a 

subcategory of MDS / MPN by the commonly 

documented gene mutations (JAK2, v617F and 

MPL) and in vitro MDS-like suggested low colony 

forming capability 
[18]. 

 

5. MDS / MPN, unclassifiable 

Un-classification of MDS / MPN (MDS / MPN-U) 

among different MDS-MPN subtypes is still the 

least characterized. At presentation, its clinical, 

laboratory and morphological characteristics 

correlate with the MDS and the MPN. CMML, 

JMML, MDS / MPN-RS-T and aCML do not 

follow the requirements for MDS / MPN-U 
[17,19]

. 
 

MDS / MPN DIAGNOSIS TECHNIQUES  

In diagnosis of MDS / MPN overlap syndromes, 

several molecular methods are employed to detect 

cytogenetic and molecular abnormality. They embrace 

conventional karyotype, hybridization of FISH 

fluorescence in situ, CGH, polymerase chain reaction 

(PCR), Next Generation Nanopore Sequencing, and 

Nanopore Sequencing (NS) 
[20].

 Conventional 

karyotyping is the study of chromosomes and consider 

the gold standard for detecting genetic alterations that 

is more than 10 MB in size. FISH is a molecular 

cytogenetic method, in which commercially single 

stranded DNA with fluorochrome is sampled and the 

fluorescence microscope visualizes hybridization 
[21, 22].

 
 

The CGH is based on quantitative double-color FISH 

along each chromosome. CGH can be used to detect 

genetic imbalances in genomes, and to determine the 

chromosomal abnormality as gain or loss of entire 

chromosomes 
[23].

 PCR is the most widely used 

molecular assay in the diagnosis of malignancies. The 

basic techniques of most PCRs include the enhanced 

application of primers, nucleotides, and enzymes - as 

DNA polymerases and reverse transcriptase - to a 

desired segment of DNA 
[24]

. NGS tests can primarily 

identify all forms of genetic anomalies that many 

laboratories take cheaper, quicker, and easily. The 

fundamental concept is to have many simultaneous 

sequencing reactions in a very small area 
[25].

 

 

Recently, NS is the most common application in the 

fields of medication in which single stranded DNA or 

RNA molecules - through electrophoresis or other 

linear mechanisms - can be forced through biological 

pore to determine their base composition at a certain 

location when an ionic current shift takes place during 

the molecule’s transformation into the pore 
[26]. 

 

CONCLUSION  
MDS/MPN has overlapping features of both MDS and 

MPN, which further make it difficult in diagnosis. 

New molecular techniques such as NGS and nanopore 

sequencing detect all types of genetic abnormalities 

and improve the diagnosis of MDS/MPN. 
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 خلل التنسج النقىي والأورام النقىٌت: تحذٌثاث على هتلازهاث التذاخل
1 حسن هنصىرسور سعٍذ 

هاجذة إبراهٍن هحوذ الوهذي ،
2

دٌنا إسواعٍل بذوي  ،
2 

1
 خوِْرٌخ هصز الؼزثٍخ. ،القبُزح ،هؼِذ ًبصز للجحْث ّالؼلاج ،الإكلٌٍٍكٍخ الجبثْلْخٍبقسن 

2
 خوِْرٌخ هصز الؼزثٍخ.  ،خبهؼخ الأسُز ،جٌبد القبُزحالكلٍخ طت  ،قسن الجبثْلْخٍب الإكلٌٍٍكٍخ

 هلخص البحث    

( ُْ خلل التٌسح الٌقْي ّالأّرام الٌقٌْخالخلفٍخ: هتلاسهخ خلل التٌسح الٌخبػً/ ّأّرام التكبثز الٌخبػً )

اضطزاة فً الخلاٌب الدذػٍخ الوكًْخ للذم ثبلإضبفخ إلى الكٍبًبد الوتطْرح التً لِب سوبد كل هي هتلاسهخ خلل 

لى صؼْثخ فً التشخٍص. ّقذ تن تضوٍي اثٍضبض التٌسح الٌخبػً ّالأّرام التكبثزٌخ الٌخبػٍخ؛ هوب ٌؤدي إ

الذم الٌخبػً الوشهي  أّ اللْكٍوٍب ّلْكٍوٍب اثٍضبض الذم الٌخبػً الٍفؼً  ّاثٍضبض الذم الٌخبػً الوشهي 

هغ  خلل التٌسح الٌقْي ّالأّرام الٌقٌْخغٍز القبثل للتصٌٍف ّ  - التٌسح الٌقْي ّالأّرام الٌقٌْخ غٍز الٌوطً

  - 2012لؼبم  التٌسح الٌقْي ّالأّرام الٌقٌْخفقز الذم الحذٌذي )الأرّهبد( ّكثزح الصفبئح  فً ًظبم تصٌٍف 

هٌظوخ الصحخ الؼبلوٍخ. ّلكل ًْع هي خبصٍخ هوٍشح خبصخ ثَ؛ هثل سٌبدح ػذد الخلاٌب الْحٍذح فً اثٍضبض 

، ّسٌبدح ػذد حبدجٍخ فً اثٍضبض الذم الٌخبػً الالذم الٌخبػً الوشهي  ، ّخلل التٌسح الجبرس فً الٌست الحجٍ

 هغ فقز الذم الحذٌذي )الأرّهبد( ّكثزح الصفبئح خلل التٌسح الٌقْي ّالأّرام الٌقٌْخالصفبئح الذهٌْخ فً 

ّتسُتخذم تقٌٍبد خشٌئٍخ هتؼذدح فً التشخٍص ّالوتبثؼخ ّالتٌجؤ ثأّرام الذم الخجٍثخ. ّتستخذم ُذٍ التقٌٍخ للكشف 

شُْبد الدشٌئٍخ ّالخلٌْخ؛ ًُّ تشتول ػلى التٌوٍظ الٌّْي التقلٍذي ّالتِدٍي فً الوْقغ الفلْري ػي الت

ّالتِدٍي الدًٌٍ الوقبرى  ّتفبػل الجْلٍوٍزاس الوتسلسل ّتكٌْلْخٍب تسلسل الدٍل التبلً  ّتسلسل الٌبًْ. 

وسبراد الدٌٍٍخ الوختلفخ ّالطفزاد ّتسبػذ التقٌٍبد الحذٌثخ؛ هثل دراسبد تسلسل الدٍل التبلً  فً تحذٌذ ال

الوزضٍخ إلى تحسي دقخ  الوْرفْلْخٍبالدسذٌخ. ّقذ أدد إضبفخ الٌتبئح الدشٌئٍخ إلى الخصبئص الشكلٍخ 

 .خلل التٌسح الٌقْي ّالأّرام الٌقٌْخالتشخٍص فً 

 .إػطبء اتدبُبد خذٌذح فً تشخٍص خلل التٌسح الٌخبػً/ الأّرام التكبثزٌخ الٌخبػٍخ الهذف:

 خلل التٌسح الٌقْي ّ هي لكل هتذاخلخ هٍشاد ػلى خلل التٌسح الٌقْي ّالأّرام الٌقٌْخ ٌحتْي الأستنتاجاث:

 الثقْة ّتسلسل الدذٌذح الدشٌئٍخ التقٌٍبد تكتشف. صؼْثخ أكثز التشخٍص ٌدؼل هوب ، الأّرام الٌقٌْخخلل 

 .التٌسح الٌقْي ّالأّرام الٌقٌْخخلل  تشخٍص ّتحسي الدٌٍٍخ التشُْبد أًْاع خوٍغ الٌبًٌْخ

 

 : خلل التٌسح الٌخبػً/ الأّرام التكبثزٌخ الٌخبػٍخ.وفتاحٍتالكلواث ال
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