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Abstract 

The contribution of microRNAs (miRNAs) to cancer has been extensively investigated and it became obvious 

that a strict regulation of miRNA-mRNA regulatory network is crucial for safeguarding cell health. Apart 

from the direct impact of miRNAs dysregulation in cancer pathogenesis, genetic variations in miRNAs are 

likely to disrupt miRNA–target interaction. Indeed, many evidences suggested that SNPs within miRNA 

regulome are associated with the development of different hematological malignancies. However, a full 

catalog of SNPs within miRNAs target sites of genes relevant to hematopoiesis and hematological 

malignancies is still lacking. Accordingly, we aimed to systematically identify and characterize such SNPs 

and provide a prioritized list of most potentially disrupting SNPs. Although in the present study we did not 

address the functional significance of these potential disturbing variants, we believe that our compiled results 

will be valuable for researchers interested in determining the role of target-SNPs in the development of 

hematological malignancies.  
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1. Introduction 

MicroRNAs (miRNAs) are a class of small noncoding RNAs that regulate nearly all cellular processes altered 

during tumorigenesis. The contribution of these regulators to cancer has been therefore extensively 

investigated. MiRNAs modulate gene expression by binding most often to 3' UTR target sites of mRNAs and 

interfere with target translation or promote its cleavage and degradation (1). In light of these premises, an 

efficient and strict regulation of miRNA-mRNA regulatory network is critical for safeguarding cell health. 

Over the last few years, many papers have pointed to the miRNA-mRNA regulatory network alterations and 

their fundamental contribution during tumorigenesis (2-5). 

MiRNAs could function as oncogenes or tumor suppressors. Oncogenic miRNAs (e.g.  miR-17-92 cluster, 

miR-21, miR-155 and miR-372/373) are amplified or overexpressed in cancers. On the other hand, in cancer 

tissues tumor suppressor miRNAs (e.g. miR-15a and miR-16-1, miR-34 family, let-7 family and miR-29) 

exhibit a reduced expression profile or may be deleted from the genome (3-5). Moreover, about half of 

miRNAs are located at fragile sites and genomic regions frequently amplified or deleted in human cancers (6, 

7). Regarding hematopoiesis, recent findings indicated that a functional miRNA-mRNA regulatory network is 

crucial for hematopoietic stem cells (HSCs) maintenance and for preserving HSCs potency to produce all the 

cells of the hematopoietic system throughout the organism lifetime. For example, miR-223 regulates 

granulopoiesis (8), miR-221 and miR-222 negatively control erythropoiesis (9) while miR-146, miR-150, and 

miR-181 exert critical roles in promotion of B-lymphocyte development (10). In this framework and given the 

fundamental roles of miRNAs in regulating normal hematopoiesis, it is not surprising that miRNA 

dysregulation may contribute to the development of hematologic malignancies (HMs) (11). Moreover miRNA 

expression profiles could be used to determine leukemias prognosis and to discriminate cancer types including 

AML (acute myeloid leukemia) and ALL (acute lymphoblastic leukemia) (12, 13). 

It is not surprising that genetic and epigenetic aberrations might lead to miRNA misexpression (14-17). The 

most frequent genetic variation in the human genome are SNPs (single nucleotide polymorphisms), occurring 

every one in 300 bp throughout the human genome and not necessarily with equal spacing. SNPs have been 
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extensively studied for defining candidate disease-causing gene regions, and establishing functional 

relationships between genotypic and phenotypic differences (18, 19). Until few years ago, there was a huge 

interest in nonsynonymous SNPs because they shift the codons and often change the protein structure and 

function. The majority of SNPs in the genome are not nonsynonymous SNPs and they occur in non-coding 

regions including intronic, intergenic regions and untranslated regions (UTRs). These SNPs could affect 

individuals susceptibility to complex diseases through modulating gene expression quantitatively (19, 20). 

Unlike nonsynonymous SNPs, elucidation of non-coding SNPs functions is not straightforward because gene 

regulatory elements could not be accurately defined in a complex gene regulation process. However, since 

miRNA-mRNA interaction depends on the thermodynamics of RNA duplex, sequence variations such as 

SNPs at miRNA-binding sites may affect gene expression and mRNA translation. The rationale for this 

assumption is based on the principle of miRNA targeting process which initiates with crucial perfect base 

paring step between target mRNA and the ‘seed region’ (a sequence of 7 nt from position 2 to 8 at 5’-terminus 

of miRNAs) (21). 

Accordingly, a SNP in the miRNA-binding site of a target mRNA (hereinafter referred to as ‘target-SNP’) is 

likely to disrupt miRNA–target interaction, therefore leading to gene expression/translation dysregulation. In 

this regard, the effect of such SNPs on miRNA-mRNA networks is predictable. Target-SNPs could deregulate 

gene expression/translation in hematopoietic tissue and might contribute to the pathogenesis of hematological 

malignancies (20). 

The seminal study in the research field of target-SNPs association with cancer risk, was the 2008 Landi et al. 

paper (22). Thereafter, researchers have found that allele-specific miRNA-mediated regulation of gene 

expression may play a pivotal role in different aspects of HMs including individual’s predisposition, prognosis 

and outcome. For example, it has been reported that rs3660 within KRT81 is a target-SNP (for miR-17, miR-

20a, miR-20b, miR-93, miR-106a, miR-106b, and miR-519d) and associates with longer overall survival in 

patients with multiple myeloma (23, 24). Moreover, homozygous polymorphic genotypes of rs1573613 (in 

ETV6) were associated with increased ALL risk, while carriers of the variant allele of rs9479 (in PML) were at 
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lower risk of ALL and AML (25). Homozygous polymorphic genotypes of rs187729 (in ARHGAP26) and 

rs10514611 (in IRF8) conferred increased risk of CML (chronic myelogenous leukemia). Variant alleles of 

rs187729, rs1573613 and rs9479 were shown to affect binding of miR-18a-3p, miR-34c-5p/miR-449b-5p and 

miR-510-5p, respectively (25). Recently, target-SNPs that occur in genes that are related to specific cancers 

have been identified, catalogued and proposed as candidate disease susceptibility variants. However, a 

comprehensive study that integrates multiple computational evidences to effectively catalog target-SNPs and 

predict their potential consequences in genes relevant to HMs is still lacking. 

In this study, we systematically identified target-SNPs in genes relevant to hematopoiesis and HMs and 

employed various computational tools to predict their functional consequences. 

 

2. Results 

2.1. SNPs residing in miRNA-mRNA binding sites 

All SNPs from dbSNP build 138 have been mapped to the 606,409 experimentally verified miRNA target 

sites. We obtained a final list of 392,753 SNPs residing in miRNA-mRNA binding sites, which has been 

considered for further analyses. 

2.2. Polymorphic miRNA–mRNA binding sites in genes of HM pathways 

Following our workflow, we obtained the full list of polymorphic miRNA-mRNA binding sites in all of the 

genes present in the KEGG pathways related to HMs and we found 373 target-SNPs potentially affecting 816 

unique miRNA-mRNA interaction (interaction of 253 different miRNAs with 46 genes) (see Supplementary 

Material - Table S1).  

2.3. GWAS variants and polymorphic miRNA target sites 

Currently, the NHGRI GWAS Catalog (26) contains more than 30 published association studies and 152 

associated variants related to HMs. We screened GWAS to find genetic variants located in experimentally 
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identified miRNA target sites. We found that one HM-associated GWAS variant (rs7097 associated with 

diffuse large B-cell lymphoma, p-value <7×10
-6

) and three proxy variants lay in miRNA binding sites (Table 

1). Moreover, rs7097 The complete list of variants has been reported in Supplementary Table S1. 

               Table 1. HMs associated SNPs in GWAS located in miRNA target sites.  

SNP GWAS  

variant 

LD 

(r2) 

Population Target 

gene 

microRNA 

rs7097 rs7097a 1 ASN POLR1D miR-425-3p, miR-544a,miR-507 

rs8243 rs2041840 0.99 EUR PRKD3 hsa-miR-329-3phsa-miR-495-3p 

rs2160395 rs2041840 0.98 EUR PRKD3 hsa-miR-145-5p,hsa-miR-27b-

3p, 

hsa-miR-27a-3p 

rs1317082 rs10936599 1 EUR MYNN hsa-miR-135b-5p,hsa-miR-135a-

5p 

rs78176302 rs948562 0.95 EUR ZFP91-

CNTF 

hsa-miR-204-5p 

rs442220 rs2191566 0.9 EUR ZNF155 hsa-miR-708-5p,hsa-miR-28-5p 

 

2.4. Evolutionary conservation of target sites 

We computed PhastCons scores for target sites, which represent an evolutionary conservation measure based 

on 17 vertebrate species multiple alignment. The results showed that 168 out of 462 target sites (~36%) were 

highly conserved (PhastCons score > 0.7), while 179 out of 462 (~39%) were poorly conserved (PhastCons 

score <0.1) (Fig. 1A). Consistent with previous studies, this may represent that a considerable portion of 

miRNA binding sites in HMs-related genes are species specific.  

2.5. Impact of HMs attributed target-SNPs on miRNA-mRNA hybrid stability 

Target-SNPs can affect the hybridization of miRNA-target mRNA through creation or disruption of base 

pair(s). To predict the effect of these SNPs on miRNA-target mRNA hybrid stability, we computed    hybrid 

for each interaction affected by target-SNP, where    hybrid represents change in the stability of hybridization 
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between miRNA and mRNA. A positive value of     represents a decrease in hybrid stability due to the 

target-SNP, whereas a negative value indicates an increase in hybrid stability. The stability of miRNA-target 

hybrid is decreased in 86 out of 740 interactions from 1 up to 6.6 kcal/mol and increased in 347 out of 740 

interactions from 1 up to 7.2 kcal/mol for effect of the SNPs (Fig. 1B).  

2.6. Impact of HM target-SNPs on local RNA structure 

SNPs can also affect miRNA binding by altering local secondary structure, which is not quantified by 

   hybrid. Therefore, we employed RNAsnp to measure the effect of HM target-SNPs on RNA structure. A 

total of 68 target-SNPs were predicted as structure disruptive variants by dmax, (P value threshold of 0.2) (Fig. 

1C).  

2.7. Impact of HM target-SNPs on structural accessibility of target sites 

Previous studies have shown that a change in structural accessibility of target site can alter target recognition 

(27). Therefore, we examined whether the structural accessibility of target sites can be modified by HM 

target-SNPs. The SNP-induced change in target site accessibility was measured by    . The structural 

accessibility of 290 out of 740 target sites were decreased from 1 up to 30.6% and increased in 321 out of 740 

target sites from 1 up to 43% by the corresponding target-SNPs, which indicates that many target-SNPs can 

affect the accessibility of target sites and hereby modulate the expression of target genes (Fig. 1D).   
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Figure1. (A) PhastCons scores for target sites. (B) The bar plot of    hybrid for target sites regarding to 

alternative SNPs alleles. (C) dmax p value distribution. (D) The bar plot of     for HM target-sites, shows 

distribution of target site accessibility changes (in Kcal/mol). 

 

2.8 Prioritized target-SNPs in gene relevant to HMs 

The results of the abovementioned computational measures were combined to prepare a catalogue of 

prioritized target-SNPs in genes relevant to HMs (Table 2). The complete list of target-SNPs used for 

prioritization has been reported in Supplementary Table S2.  
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Table 2.  Prioritized target-SNPs relevant to HMs. a
 Obtained from RegulomDB and HaploReg database. 

b
 TF 

(transcription factor) Motifs affected by SNP. 
c,d

 GERP and Siphy Cons are measures of evolutionary 

conservation and they measure conservation pressure on a single base pair instead of a stretch of base pairs, as 

calculated by PhastCons algorithm. 

 

SNP ΔG dmaxp 

value 

phastCons 

score 

dPu TF Motifsa,b GERPa,c 

 

SiPhy 

Consa,d 

Interaction 

rs1051062 4.4 0.11 0 -4.71 AhR::Arnt + - CCND1::hsa-miR-186-5p 

rs112973508 2.3 0.13 0.4 -2.67 AP-1,HNF1, 

Lhx8,Pax-2 

- - AFF1::hsa-miR-302c-3p, 

AFF1::hsa-miR-520d-3p 

rs139771367 3.4 0.01 1 -1.07 - + + CBFB::hsa-miR-30e-5p, 

CBFB::hsa-miR-30b-5p 

rs146967889 4.3 0.09 0 8.57 HNF4 - - BCL2::hsa-let-7e-5p, 

BCL2::hsa-miR-4770, 

BCL2::hsa-miR-202-3p 

rs187904389 2 0.07 1 8.33 Ets,Nrf-2,PLZF, 

TATA 

+ - CCND1::hsa-miR-142-3p 

rs188589315 6 0.02 0 4.42 EBF,Ets,Foxa 

,GR,TCF12,VDR 

- - PAX5::hsa-miR-193a-3p, 

PAX5::hsa-miR-370-3p 

rs200416354 2.2 0.15 0.5 3.72 Arid3a,Esx1, 

Hoxa3,Hoxd8 

+ + CBFB::hsa-miR-218-5p 

rs200993614 1.5 0.14 0 9.20 DBP,Foxa,Foxd3, 

Nanog,Pou2f2, 

Smad 

- - MS4A1::hsa-miR-379-5p 

rs367727337 1.8 0.18 1 3.81 TEF NA NA MECOM::hsa-miR-382-5p, 

MECOM::hsa-miR-208b-3p 

rs442220 5 0.06 0 20.24 Maf,SIX5,SP1, 

Znf143 

- - ZNF155::hsa-miR-28-5p, 

ZNF155::hsa-miR-708-5p 

rs61764366 2 0.15 0 1.17 AIRE,EBF + - KRAS::hsa-miR-525-3p, 

KRAS::hsa-miR-524-3p 

rs696 1.1 0.07 0 -4.55 STAT - - NFKBIA::hsa-miR-208b-3p, 

NFKBIA::hsa-miR-208a-3p 

rs743582 1.5 0.11 0 1.64 Hsf - - PML::hsa-miR-206, 

PML::hsa-miR-1 

rs80330323 3.4 0.01 0.3 9.76 Foxc1 - - FAS::hsa-miR-34a-5p, 

FAS::hsa-miR-452-5p, 

FAS::hsa-miR-34c-5p 
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rs180805186 2.4 0.20 1 7.51 TATA + + RUNX1T1::hsa-miR-107, 

RUNX1T1::hsa-miR-103a-3p, 

RUNX1T1::hsa-miR-503-5p, 

RUNX1T1::hsa-miR-153-3p, 

RUNX1T1::hsa-miR-15a-5p 

,RUNX1T1::hsa-miR-144-3p, 

RUNX1T1::hsa-miR-16-5p, 

RUNX1T1::hsa-miR-29b-3p, 

RUNX1T1::hsa-miR-29c-3p, 

RUNX1T1::hsa-miR-15b-5p, 

RUNX1T1::hsa-miR-410-3p, 

RUNX1T1::hsa-miR-424-5p, 

RUNX1T1::hsa-miR-376c-3p, 

RUNX1T1::hsa-miR-195-5p, 

RUNX1T1::hsa-miR-497-5p, 

RUNX1T1::hsa-miR-29a-3p, 

RUNX1T1::hsa-miR-338-3p 

 

 

3. Discussion 

Deciphering molecular events and determinants underlying HMs requires demanding and challenging 

researches as HMs still remain a class of diseases with a complex pathogenesis. Results pointed to cytogenetic 

abnormalities and other gene mutations as common events usually occurring in HMs. These abnormalities 

often are integral to the pathogenesis and the subsequent evolution of a hematologic malignancy. In spite of 

this longstanding endeavor to define the genetic lesions that drive HMs and parallel targeted therapy 

improvement, overall survival of HMs (apart from acute promyelocytic leukemia and chronic myeloid 

leukemia) is generally poor. Therefore, studies aimed at finding new molecular marker to refine prognostic 

and predictive models, improve the accuracy of disease diagnosis and identify novel therapeutic strategies are 

welcomed. 

Recently, many studies have focused on the analysis of cancer-related miRNA regulome variations and 

strongly suggested that target-SNPs may play an important role in modulation of  individuals  cancer 
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predisposition (28). Therefore, these studies emphasized the importance of bioinformatics analysis as 

preliminary steps to identify the most relevant functional SNPs that potentially confer susceptibility to cancer, 

and cost-effectively facilitate the prioritization of variants for further experimental validation. In the present 

study, we exploited a bioinformatics approach to systematically identify candidate target-SNPs in HMs. We 

further used several computational tools to predict their functional consequences and characterize the most 

relevant candidate functional variants. Given the intricate network of relationships between miRNAs and their 

mRNA targets, target-SNPs could be considered as mediators and provide new potential diagnostic and 

prognostic marker in initial risk stratification and treatment decision of HMs. Of course, the functional 

significance of these variants remains to be fully elucidated with functional studies (that are beyond the scope 

of the present study) that are needed to confirm the relevance or association of these identified candidate 

target-SNPs in HMs.  

It is generally acknowledged that common algorithms for miRNA target predictions suffer from high false 

positive and false negative rates (27) that, in turn, may lead to an inaccurate selection of candidate variants. In 

order to reduce this limitation, we focused our analysis on a general miRNA targetome dataset in which 

interactions were experimentally supported/validated by CLIP and CLASH experiments. Generally, there is a 

tradeoff between sensitivity and specificity as a consequence of the selection of predictive or experimentally 

validated target sites to study. We decided to choose only experimentally validated target sites, making the 

study more specific but decreasing sensitivity. The inclusion of CLASH based interactions in our miRNA 

targetome dataset enabled us to analyze both canonical and non-canonical binding sites. This dataset includes 

high-confidence 3'UTR, 5'UTR and CDS (coding region) interactions. We combined the results of different 

measures to catalogue and prioritized target-SNPs in HMs relevant genes (Table 2). Interestingly, from the 

listed SNPs, rs1051062 was used in a panel of genetic variants for assessing the risk of developing lung cancer 

(29), whereas rs696 has been reported to be associated with increased risk and bad prognosis in colorectal 

cancers (30) and involved also in the progression of cervical carcinomas (31). The bioinformatics criteria we 
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applied to prioritized SNPs are maybe too stringent as some target-SNPs (e.g. rs1573613, rs9479, rs187729 

and rs10514611) previously reported to be associated with leukemias (2) were not prioritized. 

Overall, our data provides a comprehensive catalog of HMs target-SNPs, their predicted functional 

consequences and important biological processes putatively influenced by these variations. We believe that 

the results of our study will be valuable for researchers interested in determining the role of target-SNPs in 

HMs development. Along with roles in HMs pathogenesis, target-SNPs may emerge as new potent markers 

for efficient diagnosis and prognosis and can be considered as an attractive target for innovative treatment of  

HMs patients. 
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4. Materials and Methods 

The general bioinformatics workflow employed in this study is depicted in Figure 2. We mapped all SNPs 

from dbSNP (build 138) to an experimentally supported miRNA-mRNA binding sites to obtain a dataset of 

target-SNPs. Further, we intersected target-SNPs dataset with the datasets of genes related to HMs pathways 

(including pre-B cell ALL, pre-T cell ALL, AML, CML, CLL (chronic lymphocytic leukemia), MM (multiple 

myeloma), Hodgkin lymphoma, Burkitt lymphoma and lymphoplasmacytic lymphoma), GWAS-SNPs 

associated with HM conditions (including different type of leukemias and lymphomas) and proxy SNPs of 

GWAS-SNP. Then, we tried to predict functional consequences of target-SNPs by performing different 

analyses as follows; (i) evolutionary conservation analysis of target sites, (ii) miRNA-target gen hybrid 

stability analysis, (iii) local RNA structure analysis, (iv) target site accessibility analysis and (v) annotation 

with regulatory elements. 
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Figure 2. Schematic representation of study workflow. 

4.1. Datasets 

4.1.1. SNPs. Human SNP annotations were downloaded from dbSNP build 138 ftp site 

(ftp://ftp.ncbi.nih.gov/snp/organisms/human_9606/) (32). For each SNP, we extracted the following 

information; ID, genomic coordinates, type of polymorphism (microsatellites were discarded from the 

dataset), global minor allele frequency, functional consequences and validation status. 

4.1.2. Experimentally supported miRNA target sites. It is quite well acknowledged that the commonest 

algorithms for miRNA target sites prediction suffer from a high number of false positives (27). Moreover, the 

lack of experimentally validated data on miRNA target sites is a further limitation. For these reasons and to 

focus the analysis on functionally verified targets sites, we exploited data from sequencing-based technologies 

(HITS-CLIP, PAR-CLIP and CLASH) for high throughput target identification. We compiled a dataset of 

experimentally-supported miRNA target sites, which includes CLIP-Seq supported interactions from starBase 

version 2 (33) and CLASH verified interactions extracted from PolymiRTS database (34). 

4.1.3. HMs-related genes. We interrogated the Kyoto Encyclopedia of Genes and Genomes (KEGG) (35) and 

extracted all the gene information to identify HMs-implicated genes. We downloaded the gene lists and the 

information related to pre-B cell ALL (KEGG id: H00001), pre-T cell ALL (KEGG id: H00002), AML 

(KEGG id: H00003), CML (KEGG id: H00004), CLL (KEGG id: H00005), MM (KEGG id: H00010), 

Hodgkin lymphoma (KEGG id: H00007), Burkitt lymphoma (KEGG id: H00008)  and lymphoplasmacytic 

lymphoma (KEGG id: H00011) directly from the KEGG web site.  

4.1.4. GWAS-SNPs associated with HMs. We mined the NHGRI GWAS catalog (accessed April 2015) to 

obtained all SNPs associated (p-value < 1.0 × 10
–5

) with HMs disease/trait. To defined proxy SNPs for 

GWAS-SNPs, we compared subject population in each GWAS with 1000 Genomes Project super-

populations. A SNP in strong linkage disequilibrium (defined as r
2 0.8) with any GWAS-SNP was 

considered as proxy SNP. We mined the Haploreg version 2 database 

(http://www.broadinstitute.org/mammals/haploreg/haploreg_v2.vcf.gz) to obtain LD scores (36). 

 

4.2. Analysis 

4.2.1. Extraction of polymorphic miRNA target sites in HMs. We compiled the polymorphic miRNA 

target sites dataset (target-SNPs dataset) by intersecting SNPs with the experimentally validated miRNA 

target site dataset, using specific tools available on the Galaxy web portal for large-scale interactive data 

analysis (37). To find which genes in the KEGG pathways of different HM conditions has polymorphic 

miRNA binding sites; we intersected the list of these genes with the target-SNPs dataset. To define which 
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GWAS variants and variants in LD is a target-SNP, we intersected the correspondent lists with Galaxy tools 

(37). 

4.2.2. Conservation score of target sites. We used Get Genomic Score tool implemented in Galaxy (38) to 

calculate phastCons conservation score  for each target sites. The average phastCons score for a target site was 

considered as its conservation score. The more conserved target site, the more severe consequences would be 

expected if SNP occur therein.   

4.2.3. Impact of Target-SNPs on hybrid stability. We used the RNAhybrid v2.1.2 software (39) to compute 

  hybrid. This value represents the free energy of hybridization and was used as a measure of hybrid stability. 

To assess the effects of target-SNPs on the stability of miRNA-mRNA hybrids, we defined the      hybrid . 

   hybrid score considered as the differences between   hybrid for alternative (ALT) allele and wild-type (WT)  

of a given SNP (   hybrid =    hybrid (ALT) –   hybrid (WT)).  

4.2.4. Impact of target-SNPs on local RNA secondary structure. We used the RNAsnp program (version 

1.1) (40) to measure the effect of target-SNPs on local RNA secondary structure. The RNAsnp generates the 

base-pairing probability matrix for the WT and ALT alleles using RNA sequence. Then, the program 

computes two statistics; (1) Euclidian distance (d) and (2) Pearson correlation coefficient (r) for all sequence 

intervals (≥50 base) that forms internal base pairs to assess structural difference between WT and ALT allele 

and reports the interval with the maximum base pairing distance (dmax) or minimum correlation coefficient 

(rmin) along with the corresponding empirical P values (40). A SNP considered as structure disruptive target-

SNPs whenever dmax p-value was <0.2 (significance threshold is P<0.2 as defined by RNAsnp). 

4.2.5. Impact of target-SNPs on target sites accessibility. The accessibility of target sites in both WT and 

ALT form were defined as the average probability that each nucleotide in the corresponding sequence is 

unpaired (Pu). Pu values for nucleotides in target sites were computed with RNAplfold program (41) using -u 

option and a window size (W) of 80 and a maximum pairing distance (L) of 40, as used in prior studies (42). 

We considered the SNP-induced changes in structural accessibility as     (So     Pu (ALT) - Pu (WT)) 

4.2.6. Regulatory annotations of target-SNPs. RegulomeDB (Version 1.1) (43) and Haploreg V2 (36) were 

employed to annotate target-SNPs with known and predicted regulatory elements of the genome including 

regions of DNAase hypersensitivity, binding sites and motifs of transcription factors, chromatin state and 

expression quantitative trait loci.  
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Highlights 

 

- Genetic variations in miRNAs are likely to disrupt miRNA–target interaction and are associated with the 

development of different hematological malignancies. 

- Bioinformatics pipelines are useful to prioritize relevant SNPs in miRNA-targets associated with 

hematological malignancies. 

- Prioritized SNPs in miRNAs and their targets can represent useful molecular determinants to investigate in 

order to unravel their crucial role in hematological malignancies. 


