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Abstract  Introduction. Chronic myeloid leukemia (CML) is a disease of the hematopoietic system of tumor origin, in the 

pathogenesis of which lies a translocation between chromosomes 9 and 22. Aim. Study and analysis of cytogenetic and 

molecular genetic findings in patients with chronic myeloid leukemia, and development of a new diagnostic model. Main 

findings. The material for the study was 204 patients diagnosed with CML. Clinical, laboratory and molecular studies were 

performed, which revealed: out of 204 total patients, 5 patients had additional chromosomal abnormalities (DCA) in standard 

cytogenetic study, and molecular genetic studies showed a high level of correlation of positive BCR::ABL p210 transcripts 

(189 vs. 191, range from 0.009 to 100%; at r=0.979) in 204 patients with CML. 
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1. Introduction 

Chronic myeloid leukemia (CML) is a disease of the 

hematopoietic system, which is of tumor origin, resulting 

from qualitative, quantitative inferiority with impaired function 

of white blood cells – leukocytes, resulting in an increase in 

some of their forms in the peripheral blood [1,5]. 

Peter Cullen first described a patient with acute inflammation 

of the spleen and “milky blood” in 1811. Sometime later in 

1845, when cell staining techniques were not yet in use but 

microscopes were already in use, Scottish pathologist John 

Bennett described in his scientific papers tissues of enlarged 

spleen and liver obtained from two patients who were fatal 

“from blood poisoning.” German pathologist Rudolf Virchow 

literally in 1,5 months published a similar picture, and 2 

years later he, having found almost such a picture, for the 

first time gave a name to the disease of the supposed disease 

as - “splenic leukemia”.  

With the advent of methods for staining cells for microscopic 

examination in 1880, scientists were able to examine cells 

with this pathology in detail. In 1950-1960, American researchers 
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P. Nowell and D. Hungerford on the basis of cytogenetic 

studies found that in all patients with CML one of the 

chromosomes was shortened, and moreover that they had a 

clonal character, which from a single mutated cell develops a 

pathological process [23]. 

Later, Janet D. Rowley determined that in the pathogenesis 

of CML plays not only a shortened chromosome, but also 

there is a translocation between the 9 and 22 chromosomes, 

the 9 chromosome that contains the oncogene ABL is joined 

with the BCR gene located on the 22nd chromosome, and as 

a result, the so-called chimeric hybrid BCR::ABL gene is 

formed. These findings have made a huge contribution to  

the understanding that cytogenetic studies are a mandatory 

method for determining the forms of leukemia, as they play a 

major role in studying the pathogenesis of the disease [6,14]. 

Advances in the study of disease pathogenesis (CML) 

have made it possible to meaningfully change the quality and 

length of life of patients with CML and the question of how 

to completely cure patients with this pathology is currently 

being considered worldwide [2,4,20,21]. 

The disease ranks 3rd among all blood cancers, accounting 

for about 20-25% of cases in North Africa, Europe [13], and 

in Asian countries like India, Japan accounting for about 

30-35% of cases comes in 2nd place and can be diagnosed 

with an incidence rate of about 1-1.5 per 100,000 people in 

all countries of the world [22,26,27]. 
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2. Main Body 

2.1. Purpose of the Study 

Study and analysis of cytogenetic and molecular genetic 

findings in patients with chronic myeloid leukemia, and 

development of a new diagnostic model. 

2.2. Material and Methods of Investigation 

Own data: 204 patients with chronic myeloleukemia  

who were initially admitted (n=134) to the consulting    

and diagnostic department of the Republican Specialized 

Scientific and Practical Medical Center of Hematology 

(RSSPMCH) of MoH RUz for diagnosis and subsequent 

treatment and registered with the same diagnosis in RSSPMCH 

(n=70) were selected for the scientific study. The diagnosis 

was verified on the basis of clinical, laboratory (general 

blood analysis, myelogram with cytochemistry, cytogenetics 

and FISH, molecular genetic studies) data. 

The incidence ratio by gender was 1.4:1 men vs. women. 

The median age was 50 years (from 16 to 74), the peak 

incidence was 50-59 years, but the proportion of young 

patients under 44 years of age was significant: up to 46% 

(Fig.1,2). 

 

Figure 1.  Age differences in the incidence of the disease 

Molecular genetic analysis for BCR::ABL p210 was 

performed among the whole study sample of CML patients. 

The studies were performed on mRNA preparations taken 

from peripheral blood cells and bone marrow of 204 patients 

diagnosed with CML. The level of chimeric BCR::ABL p210 

gene was determined by real-time PCR on a Rotor-Gene   

Q thermocycler. To evaluate the dynamics of changes in 

BCR::ABL gene expression, the International Scale (IS) 

recommended by the Expert Group of European Leukemia 

Net (ELN) was used, while the expression of the control 

ABL gene was considered as 100% [15,18,19,25]. 

Statistical processing of data was performed using Excel 

software (Biostatistics 4.03), which included determination 

of median, maximum and minimum values, correlation 

coefficient. The data were processed in Statistica 5.0 for 

Windows. The results were considered reliable at p<0.05. 

 

Figure 2.  Distribution of patients by gender and age category (n=204) 

2.3. Results and Discussion 

Standard cytogenetic study 

One of the main genetic methods of investigation of CML 

patients is the standard cytogenetic study (SCI). This method 

allows to evaluate the whole chromosomal set of leukemia 

cells and to detect not only Philadelphia (Ph) chromosome, 

which is a marker cytogenetic manifestation of pathogenetic 

translocation t(9;22)(q34;q11.2), but also to estimate the 

number and structural integrity of other chromosomes. 

While the marker translocation t(9;22) and major additional 

rearrangements [12] can be detected by other methods (FISH, 

PCR, PCR-RT), information about rare and therefore poorly 

studied chromosomal rearrangements can only be obtained 

by analyzing GTG-stained metaphase chromosomes. For this 

reason, in the European Leukemia Net (ELN) recommendations 

[7], as well as in the Cytogenetic Recommendations of the 

pan-European system of quality assessment of constitutional 

and acquired cytogenetic studies developed by the European 

Cytogeneticists Association (E.C.A.) [11], the analysis of 

metaphase chromosomes (G-banding) is included in the   

list of mandatory elements of the algorithm of diagnostic 

examination of CML patients and monitoring of the course 

of the disease. 

Along with this, the method of fluorescent in situ 

hybridization FISH is currently one of the most important 

laboratory diagnostic methods for many diseases, including 

CML. The analysis allows to detect in the genetic material of 

blood cells and bone marrow mutant gene, which plays an 

important role in the development of the disease at the 

molecular level. Using this method it is possible to detect a 

pathological clone even in the absence of dividing cells, the 

superiority of the study is that the method can detect the 
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pathological process, using even peripheral blood samples. 

To detect BCR::ABL1 fusion gene, DNA probes labeled with 

different fluorochromes are used, and the chromosome 

rearrangement can be detected in 95% of first-time patients 

with clinical diagnosis of CML [26]. 

Cytogenetic and FISH studies at the stage of diagnosis 

allowed us to identify out of 204 (93% Ph+) patients studied, 

tumor cell clones with variant translocations t(V;9;22) formed 

with the participation of three chromosomes in 2 (0.9%) 

cases and additional chromosomal aberrations (ACA) in 

Ph-positive cells in 3 (1.4%) patients (Table 1). 

Table 1.  Bone marrow karyotypes in newly diagnosed CML patients with 
variant translocations t(V,9,22) and additional chromosomal abnormalities 
in Ph-positive cells 

№ Patient Karyotypes 

1 Sh.F. t(7,9,22)(q22;q34;q11) 

2 N.M. t(8;9;22)(q23;q34;q11.2) 

3 S.N. t(5;6;9;22)(p15.1;q23;q22.1-q34;q11.2) 

4 U.Sh. t(9;14;22)(q34;q32;q11.22) 

5 N.A. t(9;11;22)(q34;q13;q11.2) 

In addition to the pathogenetic translocation t(9;22) 

(q34;q11.2), the cytogenetic manifestations of which are 

derivatives of chromosome der22 (Ph-chromosome) and der9, 

karyotyping using G-banding technology allows to detect 

atypical variants of this rearrangement, as well as additional 

chromosomal abnormalities that arise with increasing genetic 

instability due to the inability of leukemia cells to repair new 

DNA damage and apoptosis. 

Atypical translocation variants involving chromosomes  

9 and 22 (variant translocations) can occur in 5-10% of 

patients [24]. 

 

Figure 3.  Cariogram: a. 46,ХY, t(9;22) (q34;q11.2); b. Translocation of 

BCR::ABL1 (on the Ph chromosome) and ABL1::BCR (altered chromosome 9) 

c. Variant translocation in CML with additional chromosomal rearrangement;  

d. Norm. The two red signals ABL1 and the two green signals BCR lie 

separately. There are no fusion signals (own data) 

The peculiarity of these rearrangements is the involvement 

of fragments of other chromosomes in the recombination of 

chromosomes 9 and 22. In this case, 3 or more chromosomes 

can become participants of variant translocation. However, 

at any number of participants and loci of breaks at variant 

translocation, the chimeric oncogene BCR::ABL1 pathogenetic 

for CML is retained on der22 (Fig. 3). Additional chromosomal 

anomalies (ACA) arising as a consequence of genetic 

instability are independent mutations and are not associated 

with derived chromosomes 9 and 22, in any case, the exchange 

of fragments does not affect the 9q34 and 22q11.2 break loci 

involved in the formation of BCR::ABL1. 

Molecular genetic research. 

Polymerase chain reaction (PCR) is a molecular-genetic 

method that is used both for diagnostic purposes and for 

monitoring therapy in CML [8,10,27]. The sensitivity of this 

method is so high that it is possible to detect a single cell with 

specific DNA from about 105 cells. 

Fundamentals of the method: 

a) total RNA extractions from peripheral and venous 

blood cells, sternum punctate cells; b) reverse transcription 

reactions; c) amplification with “real-time” detection with 

two oligonucleotide mixtures. 

Own results of molecular genetic studies 

When studying the expression of BCR::ABL p210 gene, 

primers to standard variants of BCR::ABL p210 gene were 

used. The studies were performed according to the method of 

BCR::ABL1 gene mRNA detection in clinical material. 

 

Figure 4.  BCR::ABL p210 gene expression (Own data) 

The results of the analysis were interpreted based on   

the expression level of the chimeric oncogene BCR::ABL in 

relation to the expression of the control gene ABL1 (Fig. 4). 

The threshold value for a positive result of the analysis:   

the expression level was >0.01%; for a negative result: the 

expression level was <0.01%. 

Table 2.  Quantification of BCR::ABL p210 transcripts 

Reagent 

kits 

Total 

Number 

patients 

Positive 

response 

(n=/ %) 

Negative 

response 

(n=/ %) 

"AmpliSense®  

Leukemia Quantum 

M-bcr-FRT." 

204 189 (92,7%) 15 (7,3%) 

Nouhau 204 191 (93,6%) 13 (6,4%) 

The analysis of the evaluation of DNA samples from the 

manufacturer of Russian “AmpliSense® Leukemia Quantum 

M-bcr-FRT” of CML diagnostics intended for PCR assay 

showed the following results. Thus, for quantitative evaluation 

of BCR::ABL p210 transcripts in 204 CML patients, expression 

was analyzed by RT-PCR method (Table 2). 
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Along with this, we decided to make changes to the 

instructions from the manufacturer of AmpliSense (Russia), 

in order to develop our own new method. Since, in the future, 

the introduction of a new method in the study of BCR::ABL 

p210 oncogene expression will allow hematologists to monitor 

the condition of patients in the dynamics of treatment, including 

after stem cell transplantation, to study the minimal residual 

disease and predict the occurrence of relapses. 

According to the manufacturers' instructions for the initial 

lysis step, the lysate should have been incubated in the 

refrigerator for 10 minutes, but we decided to increase the 

incubation time by another 5 minutes, because when we set it 

to 10 minutes the results were slightly lower than expected. 

The next improved step was the 4th extraction step, when  

the leukocyte count is 2x106 we should have used 350 µl   

of RLT buffer as indicated in the instructions, and when   

the leukocyte count is between 2x106 and 1x107 we should 

have used 600 µl of buffer. However, this was difficult to 

implement because the leukocyte counts are not the same in 

patients diagnosed with CML before and after chemotherapy, 

so we used RLT buffer according to the amount of pure 

leukocyte extract. 

After making these changes, the amount of extracted RNA 

was sufficient and pure for the next steps of the study. When 

the amount of RNA in the nanodrop with concentration from 

50 to 1500 µg/mol was measured, a high purity coefficient 

was obtained and the result was reliable 260/280=2 23/260 

=1.80. 

Of note, 7.3% and 6.4% of BCR::ABL p210 samples were 

not detected by both methods, the detected differences between 

the AmpliSense®  Leukemia Quantum M-bcr-FRT and Nou 

hau kit did not reach a statistically significant level (χ2=0.4; 

p=0.5; OR=1.2; 95%CI:0.58-2.78). The observed high level 

of correlation of BCR::ABL p210 transcript positivity in  

(189 vs. 191, range 0.009 to 100%; at r=0.979) 204 patients 

with CML demonstrates the concordance of the results 

obtained using comparative methods in detecting bcr/abl 

p210 transcript. In addition, a positive correlation was found 

between the percentage of Ph-positive tumor clones and  

the expression level of BCR::ABL p210. The Spearman's 

rank correlation coefficient was 0.824 (p < 0.001). These 

data allow us to use the level of bcr/abl p210 molecular 

expression to consider the tumor load and, if necessary, to 

make an approximate assessment of the cytogenetic response 

to the current therapy, which is especially important when 

there will be no possibility to perform SCI [9,16,17]. 

After that, we monitored treatment in 70 patients registered 

with CML. For this purpose, molecular genetic study of 

BCR::ABL p210 gene expression in peripheral blood cells 

was repeated after 6 months on average. The study showed 

that in the group of patients (n=70) registered with the 

diagnosis of CML, 14.3% of patients had a large molecular 

response (BMR) and the rest of patients with positive 

response dynamics during imatinib therapy (86.6%) showed 

a decrease in the level of BCR::ABL p210 gene expression by 

an average of 2 lg relative to the previous result. 

Achievement of BMO, defined as BCR::ABL gene 

expression less than 0.1% is the most important criterion of 

molecular response to CML therapy, in our case this drug 

was Glivec (1st generation tyrosine kinase inhibitor). 

According to the literature of world researchers and 

according to ELN recommendations, a period of at least 18 

months is required to achieve a higher BMO result [3,8], and 

our studies lasted less than this period, due to which 86.6% 

of patients currently have insignificantly higher expression 

of the chimeric gene. Moreover, as we mentioned above,  

we have developed a new modified method to determine  

the expression of BCR::ABL p210 gene, in the future it will 

allow patients and hematologists to clarify the pathology 

more in the early stages of the disease and create convenience 

and accessibility in economic terms. 

3. Conclusions  

In conclusion, we can state that the application of all    

the above mentioned diagnostic and treatment monitoring 

methods is reasonable for the study and control of the tumor 

clone, expression level and for the assessment of the 

mutational status of the BCR::ABL chimeric oncogene. 

Molecular-genetic monitoring in the future will allow to 

adequately assess the effectiveness of treatment of this 

disease and, if necessary, to take timely measures to correct 

the therapy [23,24,25]. 

The study is ongoing, as the next stage of work is to clarify 

the relationship and intersectionality of our studies, that is, to 

analyze the correlation between all these parameters listed 

below:  

  age and gender of patients with this pathology.  

  with the results of laboratory tests on the other hand.  

  duration of the period from the moment of clinical 

diagnosis of CML to the beginning of therapy with 

Imatinib drug. 

  duration of Imatinib therapy.  

  time to achieve a complete cytogenetic response.  

  timeframe for achieving a complete molecular response. 
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