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The molecular pathogenesis of myelodysplastic syndrome (MDS) is complex due to high rate of genomic heterogeneity.

Significant advances have been made in the last decade in elucidating the landscape of molecular alterations (cytogenetic

abnormalities, gene mutations) in MDS. Seminal experimental studies have clarified the role of diverse gene mutations in

the context of disease phenotypes, but the lack of faithful murine models and/ or cell lines spontaneously carrying certain

gene mutations have hampered the knowledge on how and why specific pathways are associated with MDS

pathogenesis.
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1. Introduction

Myelodysplastic syndromes (MDS) are a group of disorders characterized by the dysregulation in hematopoiesis leading

to uni/ multi-lineage dysplasia in the bone marrow, peripheral blood cytopenias, and increased risk of progression to acute

myeloid leukemia (AML) . Significant advances have been made in the last decade which elucidated the

pathobiology of MDS. However, the molecular pathogenesis of MDS remains complex due to the high rate of genomic

heterogeneity. The intricacy is possibly due to the interaction of genetic mutations in hematopoietic stem cells (HSCs),

bone marrow milieu, and extrinsic factors e.g., dysregulated immunity and chemoradiation therapy . The incidence

of MDS is more common in elderly individuals, highlighting the increased risk of acquired mutations in HSCs and

progenitor cells (HSPCs), which keep on accumulating with age and reach on average 5–10 mutations . The recurrent

genomic mutations affect diverse pathways such as RNA splicing, epigenetics, transcription, signaling, and metabolism 

.

Studies suggest that genomic aberrations in MDS are most commonly due to somatic mutations followed by chromosomal

abnormalities and less often due to germline mutations . In children, several rare genetic bone marrow failure

syndromes predispose to an increased risk of MDS, such as Fanconi anemia, dyskeratosis congenita or telomeropathies,

and Shwachman-diamond syndrome . Besides, we have more evidence of increased risk of MDS with germline

mutations affecting genes such as ANKRD26, CEBPA, DDX41, ETV6, GATA2, and RUNX1 . Therapy-related MDS (t-

MDS) is another spectrum of MDS attributed to the widespread of radiation therapy and treatment with high dose

chemotherapy (cyclophosphamide, melphalan, busulfan, and ifosfamide), and topoisomerase II inhibitors (anthracyclines)

. This MDS subtype is frequently associated with chromosomal abnormalities/complex karyotypes . Broadly, the

most common genes with recurrent somatic mutations in MDS include ASXL1 (10–20%), EZH2 (5–10%), NRAS (5–10%),

RUNX1 (10–15%), SF3B1 (20–30%), SRSF2 (10–15%), STAG2 (5–10%), TET2 (20–30%), TP53 (10–12%), and U2AF1

(5–12%) . Given the high complexity of MDS, it is critical to understand the genomic landscape of patients for

disease classification, risk prognostication, and response to therapies. Here, we aim to review the comprehensive

genomic profiles and understand the pathobiology of MDS by giving an overview of the recent advances in the field.

2. Molecular Targeted Therapies

MDS is characterized by the occurrence of somatic mutations in several cellular pathways as previously described.

Hence, these pathways and their key genes represent proposed targets for pharmacologic therapy.

Therapeutic interventions for splicing factor mutations have been based on the development of pan-splicing modulators.

Bacterially derived products and analogs have shown to bind the SF3B complex and disrupt spliceosome assembly.

Those compounds include a class at low (FR901463, FR901464, FR901465, herboxidienes, pladienolides) and high

stability [E7107 (an analog of pladienolide B), spliceostatin A (SSA; from FR901464), and the sudemycins]. Recently,

H3B-8800, a selective and orally bioavailable modulator of wild type and mutant SF3b, showed a dose-dependent

modulation of splicing. H3B-8800 is a small molecule that was designed on the scaffold of pladienolide with a potency of
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binding to SF3b complexes. Oral administration of H3B-8800 demonstrated preferential induction of apoptosis in several

xenograft models bearing spliceosomal mutations. Data from the phase 1/2 study evaluating the

pharmacokinetics/pharmacodynamics in MDS and related disorders (NCT02841540) were recently reported .

Luspatercept (ACE-536) is a TGF-α sequester and a suppressor of the SMAD2/3 levels that had improved response in

low-grade MDS carrying SF3B1 mutations by increasing erythroid maturation and hemoglobin levels. In a double-blind,

placebo-controlled, phase 3 trial in patients with very-low-risk, low-risk, or intermediate-risk MDS, 93% of the treated

patients harbored an SF3B1 mutation .

HSC showed sensitivity to treatment with aryl sulfonamides (e.g., indisulam). In fact, drug sensitivity correlated with

increased DCAF15 expression levels. Indisulam and other sulfonamides seem to induce the degradation of RBM39 (RNA

binding motif protein 39), causing abnormal mRNA splicing changes such as intron retention and exon skipping .

Moreover, protein arginine methyltransferases (PRMTs) inhibitors (MS023, GSK591) influenced the growth of SRSF2

mutant cells .

Early-phase clinical trials (NCT03433781, NCT03397173) are underway to test the effects of ascorbic acid on MDS

patients with TET2 deficiency in vivo. Vitamin C was reported to restore the hematopoiesis in mouse models and primary

cells with TET2 deficiency .

Targeting IDH1/2 mutants using small-molecule inhibitors is another active area of investigation. Enasidenib (AG-221) is

an oral inhibitor of IDH2 mutant proteins that are involved in the citric acid cycle and catalyze the conversion of isocitrate

to α-ketoglutarate (α-KG). When IDH2 mutations occur, mutant IDH2 proteins elicit neomorphic activity that reduces α-KG

to the oncometabolite (R)-2-hydroxyglutarate (2-HG). Increased 2-HG levels inhibit α-KG proteins (histone demethylases,

TET family-DNA methylcytosine dioxygenases) inducing hypermethylation of histones and arresting cellular differentiation.

AG-221 treatment restores 2-HG levels to normal and unblocks the differentiation of IDH2 mutant cells. Ivosidenib (AG-

120) is a highly specific and reversible inhibitor of mutant IDH1 . AG-120 works through the allosteric competition with

the magnesium ion, which prevents the generation of a catalytically active site.

Novel therapeutic agents, mostly activators, have been generated for mutant p53. PRIMA-1Met (APR-246, APR) is an

investigational small molecule which restores the conformation of p53 and rescues p53 function . More recently, it was

reported that low doses of APR-246 alone or with 5-azacitidine, reactivate p53 and induce apoptosis in TP53 mutant MDS

and AML cell lines and primary cells .

Finally, allogeneic hematopoietic cell transplantation (allo-HCT) is a potentially curative treatment option; however, relapse

occurs in 10–50% of patients with MDS after allo-HCT . High-risk cytogenetics is associated with early relapse, and

most relapses after allo-HCT are postulated to be due to regrowth of the pre-transplant MDS clones or emergence of new

MDS clones . Donor cell MDS and donor cell leukemia are a very rare and complex phenomenon and are only

described in the literature as case reports and case series . The underlying pathogenesis for donor cell MDS is

unknown. Treatment options for these patients are limited and associated with poor prognosis . Chromosome 7

monosomy is the most common karyotype abnormality reported in patients with donor cell MDS/DCL .

3. Conclusions

MDS is a complex disease with a fascinating origin. A plethora of molecular pathway disruptions have been postulated to

explain the heterogeneity of the disease phenotype, but no exclusive genetic drivers are capable of recapitulating all its

aspects. The recent advances in next-generation sequencing were crucial and hallmarked specific gene mutations that

are now part of disease risk stratification and targeted therapeutic modalities. This is the case of SF3B1 mutations, as a

part of the 2016 World Health Organization diagnostic criteria of MDS-RS and TP53 mutations which identify a distinct

disease entity of poor prognosis. Future advancements in the understanding of MDS molecular mechanisms will further

enhance the guidance of clinical decisions to help move forward into individualized therapeutic approaches.
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