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INTRODUCTION 

The management of patients with chronic myeloid 

leukaemia (CML) in advanced phases is challenging. 

This requires the consideration of different treatment 

approaches, including targeted therapy with tyrosine 

kinase inhibitors, cytotoxic chemotherapy, and allogeneic 

stem cell transplantation.1 Chronic myeloid leukaemia is 
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ABSTRACT 

 

Background: Micro-RNAs control gene expression by destabilizing targeted transcripts and inhibiting their 

translation. In chronic myeloid leukaemia (CML), abnormal expressions of miRNAs have been described. The current 

treatment for newly diagnosed cases of CML is imatinib mesylate which produces rapid haematological responses. It 

is currently impossible to predict whether a patient will develop resistance to imatinib mesylate. This makes 

identification of predictors of resistance to imatinib an important goal in management of patients with CML. 

MicroRNA expression patterns can be used to predict outcome which can be remission or relapse. This study 

therefore, was set to assess the possible use of microRNA 150 for prognostication.  

Methods: Fifty peripheral blood samples previously collected from CML patients who were being treated with 

imatinib mesylate and stored in the refrigerator at +4°C were analyzed for the expression of microRNAs 150. Total 

RNA was extracted from guanidium isothiocynate (GITC) lysate of the blood samples using RNeasy mini spin 

column. The total RNA was converted to complimentary DNA by random hexamer priming using Murine Moloney 

Leukaemia Virus Reverse Transcriptase. Real time Multiplex PCR was used for detecting Breakpoint Cluster Region-

Abelson Murine Leukaemia (BCR-ABL) transcript type.  

Results: The patients’ samples showed an expression of miRNA-150. Correlation of BCR-ABL ratio with miRNA-

150 was done and the Spearman correlation coefficient (Rho) between BCR-ABL1 and miRNA-150 was 0.442 (p = 

0.001; CI = 0.18-0.65) showing that there was a positive correlation between BCR-ABL1 and miRNA-150. The 

coefficient of determination was 20% (CI = 3-42%), which implies that about 20% of BCR-ABL1 ratio could be 

accounted for by the miRNA-150 values.  

Conclusions: Therefore, once patients who are on imatinib achieve molecular remission of the CML, the miRNA-150 

can be useful in predicting outcome which could be relapse or complete molecular remission but is weak at diagnosis 

in predicting such outcome.  
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a malignancy typified by robust marrow and extra 

medullary myeloid cell production.2 The neoplasm has an 

incidence of 1-2 cases per 100,000 adults accounting for 

about 15% of newly diagnosed cases of leukaemia in 

adults.3 The pathogenesis of CML is related to the fusion 

of the Abelson murine leukaemia (ABL) gene on 

chromosome 9 with the breakpoint cluster region (BCR) 

gene on chromosome 22, resulting in expression of a 

onco-protein, termed BCR-ABL.4 This resultant 

constitutively active P210 BCR-ABL tyrosine kinase, led 

to the detailed unravelling of the molecular pathogenesis 

of CML.2 It promotes growth and replication through 

several downstream pathways such as Rat Sarcoma 

(RAS) pathway, Rapidly Accelerated Fibrosarcoma 

(RAF) pathway, c-Jun N-terminal kinases, v-myc avian 

myelocytomatosis viral oncogene homolog (MYC) and 

Signal Transducer and Activator of Transcription (STAT) 

pathways that influence leukaemogenesis by creating a 

cytokine-independent cell cycle with aberrant apoptotic 

signals.5-7 CML therefore, has the propensity to progress 

from a relatively well tolerated chronic phase to an 

almost uniformly fatal blast crisis phase in the absence of 

therapy or sometimes despite it.2 BCR-ABL is necessary 

and sufficient to initiate the chronic phase of CML and 

this provides the rationale for targeted therapy with 

tyrosine kinase inhibitors and the use of imatinib has 

dramatically altered the natural history of the disease, 

improving 10-year overall survival from 20 to 80-90%.8  

Different mechanisms of resistance for imatinib have 

been described. This includes the presence of point 

mutations in the tyrosine kinase domain of BCR-ABL1, 

amplification and over-expression of BCR-ABL1, over-

expression of efflux transporters (such as ATP-binding 

cassette sub-family B member (ABCB1) also known as 

multi drug resistance 1 (MDR1) or p-glycoprotein, and 

ATP-binding cassette sub-family G member (ABCG2) and 

under-expression of uptake transporters such as Solute 

Carrier Family 224 Member 1(SLC22A1).9,10 

MicroRNAs are non-coding, single-stranded RNAs of 

21-25 nucleotides which regulate gene expression by 

promoting degradation of the messenger RNA (mRNA) 

or repressing its translation.11,12 In addition, miRNAs 

have been implicated in the development of human 

cancers, either as tumour suppressors or as oncogenes. It 

is currently impossible to predict whether a patient will 

develop resistance to imatinib mesylate.  

About 20% of patients in early chronic-phase of CML are 

off therapy after 6 years because of resistance or 

intolerance, and most patients taking imatinib remain 

BCR-ABL-positive at the molecular level, indicating 

primary refractoriness of a leukaemic subpopulation. 

Patients with advanced disease often do not respond, or 

they eventually relapse.13 This makes identification of 

predictors of resistance to imatinib an important goal in 

management of patients with CML.14 In CML, abnormal 

expression of several miRNAs has been previously 

described: miRNA-15a, miRNA-16, miRNA-142, miRNA-

155, miRNA-181, miRNA-221, let7a and the polycistronic 

miRNA-17-92 cluster.15 Micro RNAs can regulate the 

effectiveness of imatinib in CML, but it is not yet clear 

how they are able to do this however, a role for 

microRNA expression as a prognostic factor in various 

tumours has also been described.16,17 So, determination of 

gene expression profiles that will likely provide 

additional information beyond what is obtainable with 

current clinical and laboratory approaches, will aid 

management of the subset of patients at high risk of 

relapse or resistance, and this may allow therapy to be 

altered before frank relapse occurs.18 

METHODS 

Briefly, about 5–10mls of the stored peripheral blood 

were studied. The red cells were lysed and homogenized 

in 1 ml of guanidinium isothiocyanate (GTC) containing 

β-mercaptoethanol using the method described by 

Chomczynski and Sacchi.19,20 Total RNA was extracted 

from 350µ of GTC cell lysate using RNeasy Mini kits 

(Qiagen, Crawley, UK) per the manufacturer's 

instructions. Total RNA was converted to complementary 

DNA by random hexamer priming using murine Moloney 

Leukeamia Virus Reverse Transcriptase. Eppendorf 

Master Cycler Multiplex PCR machine was used for 

detecting and quantifying BCR-ABL transcripts and the 

micro RNA 150 in the samples in accordance with the 

manufacturer's instructions.  

Statistical analysis 

Data were analyzed using GraphPad Prism demo 

(Version 6.00) for Windows (GraphPad Software, San 

Diego, CA, USA, www.graphpad.com). Data were 

expressed as absolute ABL quantities, BCR-ABL ratios 

and normalized miRNA values. Summary statistics such 

as means and standard deviations were calculated, and 

scatter plots for the correlation analysis were done. 

Spearman correlation coefficient analysis was determined 

as appropriate. 

RESULTS 

Results of ABL quantity was determined for all 50 

patient samples and it ranged from 1670 to 669000 units, 

whereas the BCR-ABL quantity ranged from 78 to 8799 

units. The mean BCR-ABL ratio which is a ratio of BCR-

ABL to the control gene (ABL) was 20.2 (Table 1). There 

were 44 diagnostic samples as indicated by the BCR-

ABL ratios greater than 1.0 and 6 follow-up samples with 

BCR-ABL ratios less than 1.0.  

The correlation of BCR-ABL ratio with miRNA-150 was 

done to determine the direction and strength of the 

relationship between these variables. The scatter plot is as 

shown in Figure 1.  

The Spearman Correlation Coefficient (Rho) value 

between BCR-ABL1 and miRNA-150 was 0. 442 (p = 
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0.001; CI = 0.18-0.65). This indicates that there is a 

positive correlation between BCR-ABL ratio and 

miRNA-150. The coefficient of determination was 20% 

(CI: 3-42 %), which implies that about 20% of BCR-

ABL1 ratio could be accounted for by miRNA-150 

values. 

 

Table 1: Summary statistics of measured variables. 

+Variable Mean Standard deviation Minimum Maximum 

ABL quantity 29153.60 94547.48 1670 669000 

BCR-ABL1 quantity 1610.46 1526.28 78 8799 

BCR/ABL ratio 20.19 15.89 0.03 56.859 

miRNA150 quantity 284.82 206.52 104 972 

Normalized miRNA 150  4.66 5.71 0.05 31.74 

 

 

Figure 1: Correlation of BCR-ABL1 ratio with 

miRNA-150. 

The relationship between BCR-ABL1 and miRNA-150 

was studied at diagnosis (before remission) and was 

compared to the molecular remission stage where 

molecular remission is defined as the 3log reduction in 

BCR-ABL ratio (Figures 2 and 3). 

 

Figure 2: Spearman correlation at diagnosis and 

before molecular remission. 

The Spearman correlation coefficient at diagnosis (before 

remission) was 0.09 (P = 0.5, CI: -0.25-42); while at 

remission the Rho was 0.39 (p = 0.16, CI: -0.19 -0.77). 

 

Figure 3: Spearman correlation at molecular 

remission level. 

DISCUSSION 

Real time quantitative PCR was used as it is the method 

of choice.21 It measures the copy number of BCR-ABL 

transcripts in each amount of RNA obtained from 

blood.22,23 In our samples, BCR-ABL was detected in 

both diagnostic and follow up samples, ABL being the 

control gene. The RT-qPCR must detect an endogeneous 

control transcript to assess the quality and quantity of 

RNA and to normalize for potential differences between 

tests.22 The control gene detected here was ABL. The 

result is expressed as ratio between BCR-ABL and ABL. 

The ratios greater than 1.0 suggest the samples were 

diagnostic samples whereas ratios less than 1.0 suggest 

they are follow-up samples.24,25 This study therefore had 

44 diagnostic samples and 6 follow up samples. 

The presence of BCR-ABL is related to the pathogenesis 

of CML and is an active tyrosine kinase that regulates 

growth and replication through pathways that influence 

leukaemogenesis by creating cytokine-independent cell 

cycle with aberrant apoptotic signals.4,26,5-7 The 

expression of microRNA 150 was detected in our 

samples. Different sets of miRNAs are expressed in 

different cell types and tissues and are present in plasma 

in a remarkably cell free stable form, resistant to harsh 
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conditions. They have been used as tumour markers for 

different types of cancers including prostate, breast etc. 

MicroRNA measured in samples can also be used for 

diagnostic identification of cancer CML or as circulating 

biomakers of disease progress so detecting microRNA 

150 here is quite significant. 

BCR-ABL in this study showed a positive correlation 

with miRNA-150 at molecular remission level. This 

implies that once patients who are on imatinib achieve 

molecular remission of the chronic myeloid leukaemia, 

the miRNA-150 can be useful in predicting outcome at 

remission. Such outcomes could be relapse or complete 

molecular remission. This was also demonstrated by a 

study which showed that micro RNA 150 levels reduced 

significantly in CML patients after 2 weeks’ therapy with 

imatinib.27 Another study showed that decreased levels of 

miRNA-150 were detected in patients at diagnosis, in 

blast crisis and in 67% of haematological relapses and 

showed significant negative correlation with miRNA-150 

target MYB and with BCR-ABL transcript level.28 The 

Rho value at diagnosis and before remission for miRNA-

150 is 0.09 (CI: -0.25-42) and the P value is 0.59. That 

implies that miRNA-150 level at diagnosis is weak in 

predicting outcome. 

CONCLUSION  

MicroRNA-150 showed a positive correlation with BCR-

ABL1 ratio. Further in vitro studies would be required to 

elucidate the mechanism of the interaction between 

miRNA 150 and BCR-ABL. The strong correlation of 

miRNA 150 and BCR-ABL1 ratio may not be causally 

related since correlation is not causation, however, it can 

give an insight into the biology of BCR-ABL1 kinetics in 

CML 

Contributions of this study to current knowledge 

This study has contributed the following to our 

knowledge on CML in Nigeria 

• MicroRNA 150 are among the microRNAs 

expressed in leukaemic patients in Nigeria 

• MicroRNA 150 can be used to monitor CML patients 

on treatment once they achieve remission 

• This may help to predict outcome. 
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