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Abstract: Research on the carcinogenesis process is currently focused primarily on understand-

ing its genetic basis and molecular abnormalities that may be predictive factors and therapeutic 

targets. It was clearly confirmed recently that microRNAs are involved in the mechanisms of 

leukocyte development, differentiation, and apoptosis, as well as in the pathogenesis of prolif-

erative diseases of the hematopoietic system. Currently, research strategies allow determination 

of the deregulation of microRNA profiles in relation to other cytogenetic aberrations, as well 

as prognostic factors and primary end points. The problem of the possibility of their use as 

therapeutic targets is also increasingly discussed. In this article, we analyze literature data on 

abnormalities in microRNA expression in proliferative diseases of the hematopoietic system 

in the context of classic cytogenetic and molecular aberrations.
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Introduction
Hematological malignancies belong to a group of clonal diseases of stem and progenitor 

cells. They result from genetic and epigenetic changes that cause disorders of signal 

transduction and gene expression, leading to dysregulation of self-renewal, prolifera-

tion, and differentiation of cells. These processes are multifactorial and multistage.1

Recently published studies on carcinogenesis have focused mainly on genetic 

and molecular disorders that can serve as prognostic factors and become potential 

therapeutic targets.1,2 Three large groups of genes associated with etiopathogenesis of 

cancer have been identified so far: oncogenes, tumor-suppressor genes, and genes that 

provide genome stability. Their dysfunction does not, however, fully represent molecu-

lar changes in carcinogenesis.2,3 Many genetic abnormalities have been described in 

hematological malignancies. They contribute not only to identifying new histoclinical 

entities and prognostic factors but are also used to follow up effects of the therapy.3

It has been revealed that small RNA molecules, known as microRNA, are involved 

in the leukemogenesis (Figure 1).4 MicroRNA are family of short (20–22 nucleotides), 

non-coding RNA molecules that posttranscriptionally mediate gene expression.5 They 

were first described in the 1990s by Ambros et al during studies of Caenorhabditis 

elegans. Shortly after this, microRNAs were identified in many species of animals, plants, 

viruses, and fungi. More than 5,000 genes for microRNA have been described so far.6,7

MicroRNAs play a role in regulation of cell proliferation, differentiation, apop-

tosis, hemostasis, oncogenesis, and angiogenesis. It is estimated that genes coding 
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microRNAs account for 1%–5% of the human genome. 

DNA sequences coding microRNAs are highly conserved, 

and about 70% of them are found in introns and/or exons of 

other genes, whereas 30% are situated between genes coding 

proteins and noncoding RNA.5,6 In most cases, microRNAs 

are negative regulators of gene expression, but their functions 

may be much more extensive, as there have been reports 

about their ability to activate translation. Single microRNAs 

may influence expression of a few genes, whereas genes are 

complementary to different microRNAs.6,7 Over 50% of 

described microRNAs are located within the regions of the 

genome that undergo malignant transformation, ie, fragile 

sites, loss-of-heterozygosity regions, minimal regions of 

amplification, hot spots, or common breakpoint regions. 

This is associated with such aberrations as deletion and 

amplification, point mutation in a gene’s DNA sequence, 

and single-nucleotide polymorphism, which may lead not 

only to changes in the expression of microRNA but also may 

influence formation of complexes between target transcript 

and microRNA.3,6,8

Alterations in microRNA expression in carcinogenesis 

may also result from changes in the regulation of transcrip-

tion. Some microRNAs are controlled by transcription factors 

encoded by oncogenes or suppressor genes, while the expres-

sion of other microRNAs is influenced by changes in the 

methylation status of promoters. Abnormalities in microRNA 

functions may also be associated with damages incurred to 

the complementary sequence in the target gene in the pro-

cess of neoplastic transformation. Quantitative changes in 

mature-microRNA levels may result from abnormalities in 

Dicer1, DGCR8, Drosha, and other proteins associated with 

the process of their biogenesis (Figure 2).5,6

MicroRNA expression in chronic 
lymphocytic leukemia
The first clinical data about dysregulation of microRNAs 

were associated with the pathogenesis of chronic lymphocytic 

leukemia (CLL).6 A lymphoproliferative disorder, CLL is the 

most commonly diagnosed leukemia in adults. It is character-

ized by a highly variable clinical course. Some patients live 

long even without treatment. In other patients, the disease 

is more aggressive, and despite intensive treatment, leads 

to death within 2–3 years. Throughout the last few years, 

many new prognostic factors have been recognized and has 

become a basis for new therapeutic strategies.9,10 These fac-

tors include immunophenotypic antigens of leukemic cells, 

such as the expression of CD38 antigen and ZAP70 assessed 

by flow cytometry, somatic hypermutation of immuno-

Figure 1 Effect of microRNA-expression disturbances on leukemogenesis processes.
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globulin heavy-chain variable-region genes and cytogenetic 

aberrations found in >80% of cases. Deletions of 13q14.3, 

11q23, and 6q12 and trisomy 12 are common abnormalities 

associated with CLL.9–11 It has been proven that in patients 

with deletion of 13q14.3, miR15a and miR16–1 expression 

is inhibited or at very low levels. MiR15a expression reduced 

in 25% of patients with CLL, and low expression of miR16-1 

reported in 45% of cases.12 Monoallelic deletion may result 

in increased expression of Bcl2, which plays a role as an 

apoptosis antagonist. It also leads to the increased expres-

sion of cell-cycle-related genes, including CCND2, CCND3, 

CDK4, and CDK6, whose activity is required for cell-cycle 

G
1
–S transition.13,14 Studies have shown that miR15a and 

miR16-1 expression is inversely correlated with Bcl2 expres-

sion in CLL samples and that these microRNAs negatively 

regulate Bcl2 at a posttranscriptional level.13,15 It has also 

been reported that Bcl2 repression by these microRNAs 

induces apoptosis in a leukemic cell-line model. Abnormal 

expression of miR15a/16-1 resulting from 13q14.3 deletion 

is found in about 66% of patients with CLL.16

MiR34a, a member of the miR34 family, is regulated 

by the tumor-suppressor gene TP53 and contributes to its 

downstream effects on proliferation arrest and induction of 

apoptosis. Low miR34a expression is found in patients with 

chemotherapy-refractory CLL associated with deletion of 

p53, which results in decreased DNA damage response and 

apoptosis resistance, leading in turn to cell-cycle arrest.17,18 

SIRT1 and TLC1 transcription factors, which play an impor-

tant role in cell-death inhibition and overexpressed in most 

cases of CLL, have been identified as a relevant miR34 

target.19 Decreased expression of miR34a has been observed 

in aggressive subtypes of CLL with TP53 gene abnormali-

Figure 2 MicroRNA-biogenesis process.
Notes: The maturation process of microRNAs takes place in two main stages. The RNA II polymerase (Pol II) is mainly responsible for transfer of microRNA genes. As a 
result of transcription, primary precursors are formed, ie, pri-microRNA, in which maturation enzymes from the family of ribonuclease III – Drosha and Dicer – are involved. 
Double-stranded pri-microRNA structures are recognized by the DGCR8 protein, which is associated with Drosha ribonuclease and together with other cofactors of the 
reaction forms a microprocessor complex involved in the processing of pri-microRNA transcripts in the cell nucleus. The pre-microRNA formed as a result of maturation 
is then transported to the cytoplasm using the exportin 5–Ran-GTP protein complex. Within the cytoplasm, the pre-microRNA joins the Dicer ribonuclease. As a result 
of Dicer ribonuclease activity in cooperation with cofactors (argonaute protein, TAR binding protein, or PKR protein activator), double-stranded microRNA duplexes are 
formed. The active form of duplex microRNA is incorporated into the RISC protein, in which it obtains its biological maturity.
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ties, leading to the development of a fludarabine-refractory 

phenotype.20

The decreased expression of miR29c and miR17-5p, 

which is part of the miR17-92 cluster, were also observed 

in patients with refractory CLL. It was demonstrated that 

miR17-5p targets E2F1, p21, and cyclin D, thus suggesting 

its role as a tumor suppressor.20 It is hypothesized, but not 

proven, that high expression of miR331 in CLL patients 

targets SOCS1, whose reduced levels have been previously 

found in many cancers and might allow cell survival, prolif-

eration, and angiogenesis.21

MiR181 is also involved in the development of CLL. 

Decreased miR181 expression increases antiapoptotic pro-

tein levels, including MCL1 and Bcl2. Studies have proved 

that miR181b regulates the expression of TCL1, and its low 

expression has been regarded as an unfavorable prognostic 

factor.22,23 Overexpression of TCL1, which is an important 

lymphocytic survival factor associated with CLL, might also 

be explained by miR29b downregulation.24

MiR155-dependent downregulation of SHIP1 and 

CEBPβ proteins has been observed in leukemic pre-B 

lymphocytes. This results in a block of B-cell differentia-

tion, and might induce reactive proliferation of the myeloid 

lineage.25 MiR155 suppresses the expression of HDAC4 and 

Bcl6 during miR155-dependent leukemogenesis. All these 

processes result in derepression of some of the known Bcl6 

targets, which may block B-cell development and induce 

uncontrolled cell proliferation.26

Recent studies have shown that high expression of 

miR221/222 is associated with resistance to fludarabine and 

may serve as a prognostic marker. It also correlates with 

shorter overall survival (OS) and time to first treatment.27 

MiR21 and miR92 are also considered prognostic factors. 

MiR21 is involved in downregulation of PTEN, CCND2, 

and DPH1, which might act as regulators of the cell cycle.16

MicroRNA expression in Hodgkin’s 
lymphoma
Hodgkin’s lymphoma (HL) is characterized by the presence 

of giant Reed–Sternberg cells and Hodgkin mononuclear 

cells. Although the etiology of the disease has not been 

elucidated, epidemiological and serological studies indicate 

a connection between Epstein–Barr virus infection and HL 

development.28,29 There are two basic types of disease: clas-

sical HL, which covers about 95% of all cases, and nodular 

lymphocyte-predominant HL much less often, affecting 5% 

of patients.29 Data on cytogenetic changes in patients with 

HL are scarce: there have been no large studies that would 

confirm specific gene rearrangements. This is mainly due to 

the small number of malignant cells characterized by a low 

mitotic index, complex karyotype, and poor chromosome 

morphology.30 In the HL population, however, microRNA 

expression has been reported to be abnormal. In classical HL, 

decreased expression of miR520a, miR200a, and miR614 is 

observed. Overexpression, demonstrated for miR20a, miR21, 

miR9, miR155, miR16, miR140, miR18a, miR30b, miR30a-

5p, miR196a, miR374, and miR186, may involve activation 

of the JAK–STAT pathway.31–33 This pathway is also regulated 

by miR135a. Reduction in its expression leads to impaired 

apoptosis and proliferation, which translates into a worse 

prognosis in this group of patients.34 In contrast, the increased 

expression of miR21 and miR30D is associated with resis-

tance to chemotherapy. Additionally, low miR9 expression is 

associated with impairment of cytokine production.35

MicroRNA expression in non-
Hodgkin’s lymphomas
Non-HLs (NHLs) are a heterogeneous group of hematologi-

cal malignancies that originate from lymphatic hematopoietic 

tissue. They are classified into two groups: B-cell lymphomas, 

which constitute about 90% of cases, and T-cell lymphomas, 

which account for about 10% of them. Strong experimental 

data support a critical role of microRNAs in NHL lympho-

magenesis and pathogenesis. It has been demonstrated that 

microRNAs can function either as tumor-suppressive, inhibit-

ing tumor proliferation, or oncogenes, which promote tumor 

escape from apoptosis induced by chemotherapy.36

Diffuse large B-cell lymphoma
Diffuse large B-cell lymphoma (DLBCL) is the most com-

mon type of NHL, representing ~30%–40% of all NHLs. 

Gene-expression profiling has been used to classify these 

lymphomas into three subgroups: germinal center B-cell-

like DLBCL, activated B-cell-like DLBCL, and primary 

mediastinal DLBCL.37 These subtypes can be distinguished 

not only by gene-expression profiles but also by distinct 

microRNA-expression profiles. For example, the miR17-92 

cluster of microRNAs is significantly upregulated in germinal 

center B-cell-like DLBCL tumors. Additionally, miR155, 

miR221, and miR21 are expressed more highly in activated 

B-cell-like DLBCL.36 Recently, it was shown that increased 

expression of miR125a and miR125b activates one of the 

most deregulated pathways in the pathogenesis of DLBCL: 

nuclear factor kappa-light-chain-enhancer of activated B 

cells (NFκB).38 It has been observed that miR155 expres-

sion is ~20–30 times higher in DLBCL cells than in normal 
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cells.39 There are two negative regulators of the PI3K–Akt 

pathway: SHIP1 and PIK3R1, which are both downregulated 

by miR155. In addition, miR155 downregulates BMP.36,40

Current data show that the expression of miR222 is 

associated with shorter progression-free survival (PFS) in 

DLBCL patients treated with R-CHOP (rituximab, vin-

cristine, doxorubicin, cyclophosphamide, and prednisone) 

immunochemotherapy via inducing downregulation of p27 

that might facilitate cell proliferation and survival.39,41 Fur-

thermore, increased expression of miR142, miR146-5p, and 

miR223 and increased expression of miR146a and miR200c 

correlate with longer relapse and PFS in DLBCL patients 

treated with R-CHOP.36

MicroRNA expression is tissue-specific in DLBCL cells 

and microRNA-expression profiles differ, depending on the 

primary tumor site. MiR17-5p is upregulated in DLBCL 

tumors arising from the central nervous system, while 

miR127 is upregulated in DLBCL tumors arising from the 

testes.42 In the diagnosis of primary central nervous system 

lymphoma (PCNSL), microRNAs play an important role as 

disease markers in cerebrospinal fluid. MiR21, miR19, and 

miR92a show a significant presence in the cerebrospinal 

fluid of patients with PCNSL. The role of these microRNAs 

in the diagnosis of PCNSL is high, with 95.7% sensitivity 

and 96.7% specificity.43

Follicular lymphoma
Follicular lymphoma (FL) is a lymphoproliferative disease 

that is derived from B lymphocytes of lymph-gland media. A 

characteristic genetic aberration, described in 70%–95% of 

patients with FL, is the acquired t(14;18), which results in the 

transfer of a chromosome fragment containing the BCL2 gene 

(18q21.3) to the region of the gene encoding the chain severe 

immunoglobulins (14q32.33). The effect of this is excessive 

production of the antiapoptotic Bcl2 protein.44 However, the 

exact mechanisms underlying lymphomagenesis have not 

yet been identified, and t(14;18) fragments have also been 

described in healthy people, which may indicate that these 

processes are more complex. Studies on gene-expression 

profiles in patients with FL confirm that the lymph-node 

microenvironment can play a significant role in FL biology 

as well.44–46

Diagnostic difficulties are caused by cases in which 

t(14;18) is not found. At the same time, it has been shown that 

the presence of t(14;18) and/or morphologically high-grade 

(grade 3A or B) FL is very often not present in CD10-negative 

patients, and these patients require intensive treatment. In 

the context of these data, it is important to look for new 

prognostic factors that would facilitate the diagnosis.45,46 In 

t(14;18)-negative patients, disorders in microRNA profiles, 

such decreased expression of miR16, miR26a, miR101, 

miR29c, and miR138, have also been described.47

It has also been shown that patients with FL have 

low miR17-5p expression, while increased levels of this 

microRNA have been observed in patients with disease trans-

formation in DLBCL. A reverse relationship was found in the 

case of miR31: the expression of this microRNA was high 

in patients in the early stages of the disease and decreased 

as it progressed, while in transforming patients, it may be 

not expressed at all.48 In FL patients, elevated miR20a/20b 

levels have also been reported, which were associated with 

decreased expression of CDRN1A/p21 and overexpression of 

miR194, resulting in a decrease in SOCS2 expression. These 

changes led to disturbances in the lymphomagenesis process 

and affect cell proliferation and differentiation.49

Mantle-cell lymphoma
Mantle-cell lymphoma (MCL) is an aggressive lymphoma 

that is characterized by t(11;14)(q13;q32) resulting in over-

expression of the CCND1 gene. This leads to overproduction 

of cyclin D1, which binds to cyclins dependent on CDK4 and 

CDK6, induces phosphorylation of RB1 and thus inhibits its 

suppressor role, promoting cell migration into the S phase 

of the cell cycle. However, other genetic changes (ATM, 

CDKN2A, TP53, MYC, SYK, and BCL2) are necessary for 

the development of the disease, which affect the deregula-

tion of DNA-repair mechanisms and conditioning the cell’s 

survival. Secondary genetic aberrations regarding 3q and 9q 

are associated with an unfavorable prognosis.50–52

Literature data indicate a link between the loss of the 

coding region miR15/16 and members of the cluster in the 

3’UTR of CCND1 and the overexpression of cyclin D1.53 

In addition, reduced expression of the miR17-92 cluster 

correlates with overexpression of Myc and is associated 

with aggressive disease course. It was also shown that the 

PHLPP2, a key regulator of the PI3K–Akt pathway, is a 

target for this microRNA.54 A potential prognostic value 

predicting the course of MCL is also reduction in miR29 

expression, which leads to activation of CDK4/DK6.55 In turn, 

low miR34a expression results in overexpression of CDK6 

and high expression of the MYC oncogene. Overexpression 

of miR181a leads to a reduction in expression of the gene 

encoding the proapoptotic Bim protein.56

Husby et al57 confirmed the prognostic and predictive 

value of miR18b-expression disorders and proposed intro-

ducing into daily clinical practice the new biological MCL 
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International Prognostic Index (MIPI-B)-miR prognostica-

tor, combining expression levels of miR18b with MIPI-B 

data. Arakava et al,58 in turn, confirmed that the relationship 

between miR15b overexpression and classical MCL transfor-

mation is an aggressive form of MCL. It was also indicated 

that overexpression of miR10a, miR20b, and miR363 trans-

lates into OS reduction. Also, miR127-3p, miR615-3p, and 

miR146a expression may have a potential prognostic value, 

but further studies are required.56

MicroRNA expression in multiple 
myeloma
Multiple myeloma (MM) is a multistage disease characterized 

by proliferation and accumulation of monoclonal plasmacytes 

that produce monoclonal immunoglobulin or their  immuno-

globulin fragments. The first stage in disease development 

is immortalization of B-cells following chromosome trans-

locations within immunoglobulin heavy-chain genes during 

class switching and somatic hypermutations that result in the 

assembly of immunoglobulin-gene-enhancer sequences with 

oncogenes.59,60 The primary translocation of immunoglobulin 

is associated with ectopic expression of CCND1, CCND3, 

and FGFR3/MMSET/MMMAF oncogenes, which induces 

the proliferation of a long-lived plasmablast/plasmacyte 

population.61 Relations between karyotype dysfunctions 

and translocations within the immunoglobulin heavy chain 

have not been fully understood. Literature data indicate that 

karyotype instability may initiate carcinogenesis. Secondary 

translocations often include the MYC gene, and TP53 muta-

tions/deletions are associated with disease progression.59,61

Reduced expression of miR15a has been described in 

relapsed and/or refractory MM.62 At the same time, higher 

expression of miR15a and miR16 has been observed in 

patients with newly diagnosed MM compared to the healthy 

population.63 Literature data also indicate a relationship 

between miRNA17-92 cluster expression abnormalities 

and increased antiapoptotic activity of the Bcl2 protein. 

MCL2 is the molecular target for miRNA29b. Decreased 

MCL2 expression is associated with induction of apoptotic 

processes.64

In MM patients, the miRNA193b-365 cluster is also over-

expressed.65 Expression of miR720, miR1308, and miR1246 

in this group of patients is statistically significantly higher 

than in the healthy population.66 MiR146b, miR140, miR145, 

miR125a, miR151, miR223, miR155, and Let7f regulate 

the expression of Hox9, c-Myc, Bcl2, and Shp1/2, and 

expression changes in these microRNAs may be involved in 

myelomagenesis and be a prognostic factor.67 Also, miR17-92 

clusters are activated by Myc, and disorders in their expres-

sion correlate with MM progression.68 Literature data also 

indicate a relationship between miR15a, miR16-1, miR17, 

miR20, miR92, miR148a, and shorter PFS and miR548d, 

miR373, miR554, and miR888 translate into shorter OS. High 

expression of miR153, miR490, miR455, miR642, miR500, 

and miR296 in MM patients may be treated as a favorable 

prognostic factor.67

Neri et al69 indicated for the first time the relationship 

between disturbances in microRNA-expression profiles and 

bortezomib resistance. Zhang et al70 showed that miR16-5 p, 

miR15a-5p, miR20a-5p, and miR17-5 p were significantly 

downregulated in patients with resistance. Literature data 

indicate that miR21 overexpression may induce resistance 

to dexamethasone, bortezomib, and doxorubicin-induced 

apoptosis.71 In turn, miR27a expression is associated with 

bortezomib resistance.72 In melphalan-resistant patients, 

miR221/222-expression levels are significantly higher and 

the percentage of apoptotic cells lower.73

MicroRNA expression in acute 
myeloid leukemia
Acute myeloid leukemia (AML) belongs to a group of clonal, 

proliferative diseases of the hematopoietic system that origi-

nate from cells at early stages of differentiation. The course 

of these diseases is characterized by inhibition of apoptosis 

and disorders of proliferation, which lead to proliferation of 

immature hematopoietic stem cells and infiltration of other 

tissues and organs of the body. AML is a heterogeneous group 

of diseases, with ~200 recurrent chromosomal abnormali-

ties, including molecular abnormalities, such as mutations 

in FLT3 internal tandem duplication, WT1, NPM1, and 

CEBPA, MLL gene duplications, RUNX1 mutations, and 

chromosomal changes, such as t(11q23), t(8;21), t(8,21), 

inv(16), and trisomy 8.74 In addition to these abnormalities, 

disruptive microRNA expression and epigenetic dysregula-

tion have also been reported. Many microRNAs are hyper-

methylated, including miR124a, which targets EVI1, CEBPA, 

and CDK6,75 miR193a, which targets KIT and WT1,76,77 

and miR34b associated with the regulation of HGM1.78 

It has been demonstrated that the deletion of the MIR145 

and MIR146A genes on chromosome 5q, often observed in 

patients with myeloid disorders, results in neutropenia and 

megakaryocytic dysplasia.79

MicroRNAs associated with the proliferation and differ-

entiation of AML cells include miR155, miR221, miR126, 

Let7, and miR196b. Their expressions differ depending on the 

subtype of the disease.80 Overexpression of miR126 results in 
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the inhibition of programmed cell death caused by decreased 

activity of the tumor-suppressor gene PLK2,81,82 whereas 

increased expression of miR1-2 and miR133a-1 is associ-

ated with aberrant hematopoietic stem-cell proliferation and 

correlates with the incidence of highly aggressive forms of 

AML.83 Repression of miR193 family members leads to the 

increased expression of the CKIT oncogene, which induces 

aberrant cell division and is associated with therapy failure.84 

Overexpression of miR34a and miR221/222 and repression 

of miR23b are also typical of AML. AML cells also exhibit 

significantly increased expression of miR181 family mem-

bers (miR181a and miR181b).6

It has also been proven that microRNA-expression level 

influences the prognosis in patients with AML. Overexpres-

sion of miR199a, miR191, miR20a, miR25, and miR199b 

correlates with shorter survival PFS, while increased expres-

sion of miRlet7b and miR9 is observed only in patients of 

intermediate and high cytogenetic risk.6,85

MicroRNA expression in acute 
lymphoblastic leukemia
Acute lymphoblastic leukemia (ALL) is the most common 

hematological malignancy in children ,with peak incidence 

at 1–4 years of age. It accounts for 76% of all leukemia cases 

in children, whereas it is responsible for only 20% of cases 

in adults.86,87 ALL is a malignancy of lymphoid cells that 

originates from the early stages of B-cell (B-ALL) or T-cell 

(T-ALL) development. This is a heterogeneous disease of 

variable clinical course. The current classification system, 

introduced by WHO, is based on morphology, immunol-

ogy, cytogenetics, and molecular biology. However, patients 

from the same risk group differ in terms of response to 

treatment and prognosis. Chromosomal abnormalities and 

aberrant microRNA expression are seen as likely culprits 

for discrepancies.88

ALL patients present very high expression levels of 

miR128b, miR204, miR218, miR332, and miR181b-1.89 High 

expression of miR128 is typical of ALL, and for this reason it 

is considered a diagnostic tool.88 Numerous microRNAs that 

have been studied have prognostic value. Reduced expression 

of miR124a is an adverse prognostic factor associated with 

higher mortality rate. Hypermethylation of the miR124a 

promoter leads to overexpression of CDK6 and RB1 pro-

tein phosphorylation, which in turn results in abnormal and 

uncontrolled division of ALL cells. Inhibition of miR9 results 

in overexpression of FGFR1 and CDK6, which leads to the 

increased proliferation rate and inhibition of apoptosis of 

ALL cells.6,88

MIR19B, MIR20A, MIR26A, MIR92, and MIR223 are 

regulatory oncogenes. Their increased expression leads to 

the repression of suppressor genes: PTEN, BCL2L11, PHF6, 

NF1, and FBXW7, whereas overexpression of miR142-3p 

leads to the reduced PKA levels.90 Research has also shown 

that microRNAs of the miR9 family (miR9-1, miR9-2, miR9-

3) miR451 and miR709 play a suppression role in the devel-

opment of ALL.6,90 It has also been proven that expression 

of miR196 is significantly reduced in patients with ALL.91 

Let7b is downregulated in B-ALL patients with MLL trans-

locations, while the miR17-92 cluster is overexpressed.88,92

MicroRNA expression in chronic 
myelogenous leukemia
Chronic myelogenous leukemia (CML) is a clonal myelo-

proliferative disorder characterized by translocation 

between the long arms of chromosomes 9 and 22, called 

the Philadelphia chromosome. This aberration is found in 

95% of newly diagnosed CML patients, and results in the 

formation of a hybrid gene, the BCR–ABL fusion gene, 

which encodes the p210 hybrid protein with tyrosine-kinase 

activity. High BCR–ABL p210 oncoprotein levels result 

in uncontrolled cell proliferation, apoptosis deregulation, 

and inhibition of hematopoietic stem-cell adherence to 

matrix molecules.93,94 A number of microRNAs regulate 

the expression of BCR-ABL: miR23a, miR30a, miR30e, 

miR203, miR320, and miR424.95 Overexpression of 

miR203 reduces ABL1 and BCR–ABL1 fusion-protein 

levels.96 MiR199b expression is significantly reduced in 

CML patients.97 C-Myc-dependent aberrant expression of 

the miR17-92 cluster (onco-miR1) has also been observed 

in CD34+ cells.98

Recently, miR191, miR29a, miR422b, miR100, miR326, 

and miR26a were identified as possible predictors for clinical 

resistance to tyrosine-kinase inhibitors. A rapid increase in 

miR146a and miR150 expression and decrease in miR142-3p 

and miR199b-5p were found in patients treated with imatinib. 

Loss of miR217 and miR199b expression has been correlated 

with resistance to tyrosine-kinase inhibitors. Imatinib has 

been demonstrated to induce demethylation of the miR203-

promoter region, resulting in low BCR–ABL1 expression.97

Lower expression of miR130a is associated with poor 

prognosis, indicated by shorter OS, whereas miR370 reduces 

leukemogenesis by targeting the oncogene FOXM1.99,100 

Literature data report that miR17 and miR20a inhibit pro-

apoptotic Bim and subsequent mitochondria-dependent apop-

tosis.101 MiR27a is an important regulator of hematopoietic 

development, as it targets the 3′UTR of RUNX1 transcription 
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factor, a master regulator in hematopoietic development and 

important mediator in the pathogenesis of CML.102,103

MicroRNA expression in myelodysplastic 
syndromes
Myelodysplastic syndrome (MDS) is a group of malignant 

clonal hematological disorders characterized by unilineage 

or multilineage dysplasia, cytopenias, and risk of progres-

sion to AML. In addition to the cytogenetic aberrations 

observed in MDS, current studies have also revealed 

aberrant expression of microRNAs.104 In MDS with dele-

tion of the long arm of chromosome 5 [del(5q)] alleles 

of miR143, miR145, and miR146a are deleted within 

the commonly deleted region located on chromosome 

5q32–5q33.105 Lenalidomide therapy, indicated for this 

group of patients, leads to normalization of expression of 

these microRNA.105,106 Significant differences in microRNA-

expression levels have also been found between high- and 

low-risk groups. Patients with high miR150 levels are more 

often classified in the good-cytogenetic-risk group.106 High 

expression of MCL1, caused by the downregulation of 

miR29a/miR29b plays a role in the leukemic evolution of 

MDS as well.107 It has been found that miR181c, miR181a, 

miR181b, and miR181d are selectively overexpressed in 

high-risk cases of MDS.108 The literature also reports upreg-

ulation of miR720 and miR21, whereas levels of miR210 

and miR155 are increased in CD34+ MDS cells.109–111 At 

the same time, decreased expression of the Let7 family of 

microRNAs was shown.112

MicroRNA expression 
in Philadelphia-negative 
myeloproliferative neoplasms
Myeloproliferative neoplasms (MPNs) are a group of clonal 

hematopoietic disorders in which uncontrolled proliferation 

of hematopoietic bone-marrow stem cells plays a key role 

in the pathogenesis of apoptosis, genomic instability, and 

abnormal expression of adhesion molecules. The discovery 

of the JAK2V617F mutation, the structure of exons 12 and 

14 of the JAK2 gene, and the role of mutations in the MPL 

gene have significantly contributed to the understanding of 

the pathogenesis of this group of diseases. The phenotypic 

diversity of individual MPN forms appears to be the result 

of the presence of additional, different molecular distur-

bances that significantly alter the way the intracellular signal 

is transmitted. Recent studies have confirmed the role of 

microRNA expression in the pathogenesis of this group of 

diseases.113,114

It has so far been confirmed that microRNAs can degrade 

their expression to MPN stem-cell-clone expansion and 

also underlie phenotypic diversity.113 Hypermethylation of 

miR203 is found in patients diagnosed with Philadelphia-

negative MPN. Associations between miR28 overexpression 

and suppression of the region of thrombopoietin receptor 

Mpl and ectopic overexpression of miR433 have also been 

reported to result in abnormal hematopoietic bone-marrow 

stem-cell proliferation. Interestingly, miR134, miR214, and 

miR433 expression is not associated with changes in JAK2 

activity, which may indicate other molecular mechanisms 

underlying the regulation expression of these microRNAs 

in patients with MPN.115,116

In the polycythemia vera population, reduced expression 

of erythropoiesis-related microRNAs (miR15a, miR150, 

miR221, miR223, miR24, and miR103) has been observed 

to result in increased erythropoiesis. Overexpression of 

miR320, miR451, miR144, however, leads to a decrease in 

the expression of inhibitors of erythropoiesis. In patients with 

the JAK2V617 mutation, overexpression of miR143, miR342, 

miR30c, miR150 and Let7a levels is observed. In patients 

with primary myelofibrosis, decreased miR31, miR34a, 

miR95, miR105, miR147, miR149, miR151, miR342, 

miR326, and miR4319 and overexpression of miR10a, 

miR146b and miR223 is observed. In the case of essential 

thrombocythemia, decreased levels of miR34a, miR105, 

miR147, miR149 and miR223 overexpression disorders have 

been demonstrated.113,115,116

Conclusion
Attempts to identify new prognostic and predictive factors 

in patients with hematopoietic systemic diseases have been 

undertaken for many years. Despite many reports on this 

subject, there is still a need to find new indicators. Further 

research is also needed on microRNA-expression disorders 

in patients with secondary hematological malignancies and 

rare MDS/MDN. MicroRNAs seem to be such new and useful 

biomarkers. They exhibit high durability during preparation, 

are highly informative, and their expression profiles can be 

evaluated in both body fluids and cells. These molecules are 

involved in the process of differentiation, development, and 

apoptosis, and abnormalities in their expression are associ-

ated with cytogenetic and molecular aberrations character-

istic of hematopoietic proliferative diseases.

Current trends in experimental hematooncology have led 

to dynamic developments of research on microRNA expres-

sion and their introduction into clinical practice. The main 

assumption of using microRNA in the treatment of proliferative 
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diseases of the hematopoietic system is influencing the control 

of the expression of target proteins involved in their pathogen-

esis. It has been demonstrated so far that inhibition of selected 

microRNAs by introducing knockdown mutations into the 

microRNA in vitro leads to a reduction in tumor-cell prolifera-

tion.117,118 It has also been proven that the role of endogenous 

microRNAs can be played by synthetic oligoribonucleotides or 

microRNA precursors. Their introduction into cells in specially 

designed vectors results in the silencing of gene expression that 

is important for the development or progression of cancer.119,120

The new therapeutic strategy is the use of anti-microRNA 

oligonucleotides, called antagomirs. Their use is related to 

the modification of protein activity by silencing genes for 

microRNAs that regulate their expression.119 Cell-transfec-

tion methods based on the use of microRNA vectors are 

currently developing extremely dynamically, and can bring 

progress in the treatment of proliferative diseases of the 

hematopoietic system.119,120
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