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Abstract  

Abnormalities in chromosomes were assessed using cytogenetic and molecular cytogenetic analyses utilizing 

the FISH technique on blood samples from patients diagnosed with chronic lymphocytic leukemia. The study 

included the selection of 50 patients (32 males and 18 females) for both the early diagnosis phase (before 

therapy) and the treatment phase, examining various factors such as sex, age, and occupation. The results 

revealed that most patients in the over-70 age demographic are male. The majority lacked a familial history 

of this condition. Patients with chronic lymphocytic leukemia exhibited a higher prevalence of the 

chromosomal defect deletion (13) (q14) at 43.8%, followed by deletion (11) (q23) at 18.8%. A trisomy 12 

alteration was observed at 12.5%, along with a loss on chromosome 17, also present at 12.5%. Tetraploidy 

occurred seldom (6.2%), notwithstanding the existence of chromosomal defects, specifically deletions (6) at 

q25-q27. The current study indicates that structural chromosomal modifications were more prevalent than 

numerical changes regarding chromosomal aberrations, with both types associated with chronic lymphocytic 

leukemia. 
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Introduction  
Cancer is one of the main causes of death in the world, as it ranks second after cardiovascular disease. The World Health 

Organization (2008) estimated the existence of 12.4 million new cancer cases, and 7.6 million cancer deaths were 

recorded in the world. Leukemia ranked ninth out of the ten common cancers in males in terms of incidence and death 

rate. The tenth out of the ten common cancers in females worldwide. [1] In Iraq, the incidence of cancerous diseases 

increased with a clear increase in the rates of leukemia, as this disease represented the second rank among the ten 

common cancer diseases in Iraq in 2004 (Ministry of Health, Iraqi Cancer Board, 2008) [2]. Chronic lymphocytic 

leukemia is characterized by the occurrence of a series of changes in the genetic material of cancer cells that play an 

important role in the occurrence and development of CLL. These changes include numerical changes of the 

chromosomes and structural changes of the chromosomes [3]. Less than 40% of people have chronic lymphocytic 

leukemia (CLL), yet as people age, their chance of developing the disease rises significantly. Approximately 65 years 

old is the median age of patients at diagnosis. Thirty percent of leukemias are CLL-related, and its frequency is highest 

in Western countries (1.5 to 2.5 per 100,000 person/year) [4]. 

Studies have focused on the cytogenetic and molecular aspects of chronic lymphocytic leukemia to determine the 

chromosomal changes associated with the disease [5]. Fluorescence in situ hybridization (FISH) may detect 

approximately 80% of the relevant genetic abnormalities, but cytogenetic banding analysis can only identify fewer than 

50% of these abnormalities. Fluorescence in situ hybridization (FISH) can detect specific sites of specific DNA sequences 

in metaphase or interphase cells [6]. The aims of the present study include determining the prevalence of chromosomal 

aberrations in patients with chronic lymphocytic leukemia and comparing the frequency of different aberrations. 

Relationship between chromosomal abnormalities in patients with chronic lymphocytic leukemia. Cytogenetic 

evaluation of patients with chronic lymphocytic leukemia (CLL) using fluorescence in situ hybridization (FISH).  

 

Methods 

Collection of samples 
50 patients (32 men and 18 women) with chronic lymphocytic leukemia were included in the study samples. The 

patients were taken from the NanaKeli Hospital for Hematology and Cancer in Erbil City following their diagnosis 

through clinical and laboratory examinations. The patients were in the early stages of the disease (before treatment) and 
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during treatment. After receiving formal authorization and with the help of the medical professionals overseeing 

patients in these facilities, from October 2019 through October 2020. Eight age group samples (four males and four 

females) were selected for the control group, which consisted of healthy individuals.  

 

Blood culture 

Heparinized whole blood (0.5 ml) was combined with 4.5 ml of PB-Max culture medium (which includes fetal bovine 

serum, RPMI-1640, L-glutamine, and antibiotics to promote cell growth), and 0.4 ml of PHA was added as a supplement. 

For 72 hours, culture tubes were incubated at 37 °C; the tubes were then stored at 45 °C for a larger growing surface 

and regular, gentle shaking of each for a whole day.  

 

Harvesting the blood culture 

After three days of incubation, 0.1 mL of colcemid was added to the culture tubes were exposed to colcemid for 60 min 

at 37°C. The tubes were centrifuged at 1500 rpm for 8 minutes, then most of the supernatant medium was removed 

carefully. The remaining cell pellet was gently resuspended in 8 mL hypotonic solution (KCL) and incubated at 37°C 

for 20 min. Then it was centrifuged for 8 min at 1500 rpm, and the hypotonic supernatant was discarded, resuspended, 

and mixed thoroughly, leaving 0.5 ml of pellet. 5 mL of freshly prepared fixative (3 volumes of methanol and one 

volume of glacial Acetic acid (3:1) was progressively applied to each tube with continuous shaking of 5 mL per tube, 

and the tubes were chilled for 20 minutes. Centrifuging the tubes at a speed of 1500 rpm for 8 minutes. Remove the 

supernatant and apply the fixative solution, washing with the fixative solution until a clear filtrate is obtained. A 5 mL 

fixative solution was used to suspend the cells. The final cell suspension may be used to prepare glass slides right away 

or frozen for later use.  

 

Slide Preparation 

 5 to 6 drops of cell suspension were dropped uniformly from an appropriate distance (typically 30 cm) onto a wet, 

chilled, and grease-free slide using a Pasture pipette. The slide was dried at room temperature. The prepared slides 

were kept in a sterile container at 37°C for 1-3 days before staining. 

 

Banding 

After being distilled, the glass slides were left to dry at room temperature for 24 - 48 hours before the trypsin packing. 

The glass slide was placed in a horizontal position on a stand. Trypsin solution was poured onto the slide for 50 - 60 

seconds at room temperature, then the slide was washed with PBS solution cooled in the refrigerator, and the strip was 

dyed directly with Giemsa dye and left to dry at room temperature. 

 

Microscopic Examination 

For chromosomal analysis, an Olympus Microscope was used with an ocular lens of 10X and an objective lens of 100X. 

 

Results and Discussion  
The study samples included 50 patients (32 males, 18 females) with chronic lymphocytic leukemia, CLL, and 8 controls 

(4 males,4 females), their ages ranged between (40-85) years, with an average age of 60 years, from Erbil city and outside 

of the Erbil city. The study was done to determine the chromosomal aberrations in the peripheral blood of chronic 

lymphocytic leukemia patients. The research was also carried out to see how certain disease-related factors can influence 

the rate of results. 

Figure 1 reveals that the majority of patients with chronic lymphocytic leukemia (CLL) lived in Erbil City, where they 

made up 58% of the patient population. Males made up 62% of the patient population, which was higher than females' 

38%. In contrast, 42% of CLL patients lived outside of Erbil City, with males making up 67% of the patient population 

and females 33%. The enormous quantity of environmental toxins and dense population that characterize cities have a 

substantial effect on people's health. The high rate of disease diagnosis among men in the city, as reported in published 

studies, may be related to the buildup of environmental pollution elements [7].  
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Figure 1. Demographic and baseline information of the subjects. 

 

Distribution of chronic lymphocytic leukemia patients, according to age groups and sex 

 The study samples were divided into four age groups, as shown in Figure 2. An increase in the number of patients 

diagnosed with chronic lymphocytic leukemia was observed at the age of more than 60 years [8], revealing that the 

incidence of CLL rises with age and strikes persons under 50 only slightly. The age group that was most common at 

ages equal to or exceeding 70 years was found to be 50–59, followed by the age group (40–49), and the age group (60–

69) was found to be the most frequent at ages under 60. While from the statistics of the Cancer Council in Iraq for the 

year 2004 (Ministry of Health, Iraqi Cancer Board,2008) show the most frequent age group was more than 50 years was 

the age group (50-54), followed by Age groups (60-64), (55-59), (<70), (65-69). The high incidence of chronic lymphocytic 

leukemia in males compared to females may be due to differences like work, the influence of hormones, and genetic 

factors related to sex [9].  It was also found that the number of male patients is 32, the number of females is 18, and the 

proportion of males (64 %) is higher than that of females (36%) [10].  provided support for these findings, indicating 

that the average ratio of CLL in males compared to females is 2, with a range of 1.0 to 4.7. The results showed that 

chronic lymphocytic leukemia (CLL), an increase in the incidence rate has been observed in people over 50 years of age. 

 

 
Figure 2. The distribution of CLL patients according to age group and sex 

 

Distribution of CLL patients, according to the family history 

Figure 3 shows that the percentage of absence of the family history of the disease (60%) is higher than the percentage of 

patients who have a family history (40%), and this may indicate a greater role for other factors (non-genetic). In chronic 

lymphocytic leukemia events, such as exposure to pollutants in the environment. It was noted that the highest incidence 

of a history of cancer in the family was to have cancer (Leukemia or solid tumors). Chronic lymphocytic leukemia (CLL) 

shows one of the strongest familial tendencies in disease compared to the rest of cancer diseases [11]. Genetic factors 

may play an important role, in addition to the role of environmental factors, in causing CLL, and the presence of more 

than one case of cancerous diseases (leukemia or solid tumors) in the same family may be due to the presence of common 

genetic factors or exposure to Similar environmental factors make them more vulnerable to infection Cancer diseases, 

including CLL [12,13]. 
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Figure 3. The Distribution of CLL Patients according to Family History. 

 

Distribution of Chronic Lymphocytic Leukemia Patients, according to Occupations 

Figure 4 shows the distribution of patients with Chronic lymphocytic leukemia according to occupation. The patients 

with Chronic lymphocytic leukemia were more common among employees (34 %). Chronic lymphocytic leukemia, like 

other diseases that lead the environment with its various factors surrounding the individual, has an important role in 

causing the disease, including the chemicals that the individual deals with because of the nature of his work, studies 

[14,15]  have indicated an increased risk of CLL in agricultural workers, chemists, workers in gas stations, and army 

workers because of their exposure to chemicals that make them more vulnerable to chronic lymphocytic leukemia. 

These results indicate exposure to undiagnosed pollutants that have contributed to the development of chronic 

lymphocytic leukemia. 

 
Figure 4. The Distribution of Chronic Lymphocytic Leukemia Patients, According to Their Occupations 

 

Study of chromosomes in CLL patients 

The chromosomal aberrations were successfully studied in 40 cases (25 males, 15 females); 5 cases (3 males, 2 females) 

were in the stage of early diagnosis (before treatment), and 35 cases (22 males, 13 females) were during the treatment 

phase. 16 cases showed abnormal chromosomes, and 24 cases of normal chromosomes, which shows the results of the 

chromosomal analysis for patients. Three of them were numerical chromosomal alterations, and 13 were structural 

chromosomal alterations. The findings demonstrated that karyotype (G-banding) and the FISH technique can be used 

to identify chromosomal abnormalities in CLL patients. Del (13) (q14) aberration was more prevalent in patients by 43.8 

%, while del (11) (q23) aberration was second (18.8%). 12.5% of the sample had a del (17) chromosomal alteration, and 

12.5% of the sample had a trisomy 12 change. Although chromosomal abnormalities del (6) (q25-q27) were present, 

tetraploidy was less common by 6.2%. These findings were confirmed by John et al. (2005), who reported that 

chromosomal abnormalities were found in 37 out of 46 (80.4%) CLL patients using cytogenetic G-banding analysis and 

molecular cytogenetics (FISH). The most frequent finding was the deletion of 13q14, which was followed by trisomy 12 

and 17p13 deletions, as well as a few less frequent chromosomal abnormalities. These results were also supported by 
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[16] found that the most common anomaly was 13q deletion, occurring in 55 % of cases. Other anomalies were 11q 

deletions (18%), Trisomy 12 (16%),17p deletions (7%), and 6q deletions (6%) in order of frequency (6 %). 

Previous studies [17,18] indicated that the deletion in the long arm of chromosome 13 from the chromosomal changes 

that accompany the development of CLL is associated with the final fate of patients if it is accompanied by other 

chromosomal changes. The genes affected by this deletion may play to significant role in the generation of CLL [19]. 

The deletion at 11q22 was related to the deletion of the gene for mutated telangiectasia (ATM). In a process involving a 

variety of factors, including p53, the ATM protein plays an important role in cellular responses to double DNA breakage 

[20]. Deletion of 11q22-q23 is associated with a more severe poor prognosis in patients younger than 55 years of age 

with CLL [21]. Trisomy 12 is one of the chromosomal changes that accompany the development of CLL is found in 

patients in the advanced stages of the disease and is associated with the patient's ultimate fate. Deletion (6) (q25) is one 

of the chromosomal aberrations that are associated with infection with different types of lymphoid malignancies, 

including chronic lymphocytic leukemia (CLL) as it is associated with a good final fate of the patient, whose presence 

may indicate the role of a tumor suppressor gene located in the region. Deleted the long arm of chromosome 6, which 

performs an important role in the pathogenesis of CLL [22].  In the molecular cytogenetics part, by use of the 

fluorescence in situ hybridization (FISH) technique to detect chromosomal aberrations (deletion 13, deletion 17, deletion 

11, trisomy 12) is shown in Figure 5 (a, b, c, d). 

 

 
 

Conclusion 

The current study indicates that the incidence of CLL is greater in males than in females and is more prevalent among 

older individuals. The questionnaire results about family history, smoking, and exposure to chemical substances 

suggest that individuals were exposed to undiscovered agents or pollutants that contributed to the onset of chronic 

lymphocytic leukemia. the existence of numerical and structural chromosomal alterations. Structural chromosomal 

changes were more prevalent than numerical ones, with some associated with chronic lymphocytic leukemia. The study 

indicated that the frequency of chromosomal abnormalities del(13) (q14-q22) is more prevalent in CLL patients. 
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