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Abstract:  

Background: The mutual transposition t (9;22) (q34; q11) results in the Philadelphia chromosome 

(Ph), which is an ideal marker of chronic myeloid leukemia (CML). The proto-oncogene tyrosine-

protein kinase (BCR-ABL1) oncogenic breakpoint cluster region-protein with enhanced tyrosine 

kinase action is encoded by this fusion gene. The kinase movement is measurable for cell 

proliferation, diversity inhibition, and cell death confrontation. Styles of representation in isolate 

BCR-ABL1 transcripts change when CML progresses transitioning from a chronic to an expedited 

phase and ultimately to the blast phase. Every BCR-ABL1 transcription is concomittant with a 

specific leukemia phenotype that expects treatment clinical outcome and reaction prognosis. The Ph 

is seen in acute lymphoblastic leukemia, acute myeloid leukemia, and motley-type acute leukemia, in 

addition to CML. 

Aim of the study: to give a view of the clinical diagnostic importance of Philadelphia chromosome 

CML and role of Philadelphia in comparison to morphology. 

Methods: A total of 180 patients had developed leukocytosis with severe Lf-shift by blood film. Data 

for patients, as age and sex, were collected. Blood samples, including CBC with total WBC, and 

differential counts, were performed using 5-parts differential URIT autoanalyzer hematology. 

Results: A total of 180 patients with leukocytosis, 150 of them had Philadelphia chromosome-

positive with a mean age of 52.86 ± 13.9 (range: 29-80) years were collected. Sixty (50%) cases 

were male and sixty % were female and 30 cases of them were Philadelphia negative with a mean 

age of 56.1 ± 14.8 years, 17 cases were male and 13 cases were female. There was an important 

difference between the two groups. In this study, the mean ±SD for Philadelphia positive patients 

was found to be a very highly significant difference when compared with Philadelphia negative 

group, at the level of significance (<0.001) by student T-Test. 

Conclusion: The research of myeloproliferative disorders has many goals: diagnostic, therapeutic, 

predictive and follow-up, all of which contribute to better outpatient therapy. 

Keywords: Chronic myeloid leukemia, BCR-ABL, Philadelphia chromosome. 

 
  
INTRODUCTION 

Chronic myeloid leukemia (CML) is the one of adult hematological cancer which is the most 

common kind that has the greatest mortality rate 
[1, 2]

. Chronic myeloid leukemia (CML) is a 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4896164/#CR2
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neoplastic granulocytic enhanced production described by monoclonal proliferation of the 

pluripotent stem cell. This myeloproliferative condition has two distinct characteristics: A chronic 

phase precedes an acceleration phase, which is followed by an acute (or explosion) alteration 
[3, 4]

.  

The Philadelphia chromosome (Ph) is the translocation t(9;22)(q34;q11) reciprocally that was 

initially diagnosed in a CML patient in 1960 
[5]

. When the proto-oncogene tyrosine-protein kinase 

(ABL1) gene on chromosome 9 is moved to the cluster region (BCR) gene on chromosome 22, a 

BCR-ABL1 fusion gene is synthesized on the Ph. 
[6, 7]

. TKIs that target the BCR-ABL1 protein are 

the most specific targeting treatment for Ph-positive leukemia 
[8, 9]

. To help patients with Ph-positive 

leukemia have a better prognosis, treatment resistance and disease progression are the goals 
[10-12]

. Ph 

is not only found in CML; it can also be found with acute myeloid leukemia (AML) 
[13-15]

, ALL 
[16]

, 

mixed-phenotype acute leukemia (MPAL), and acute lymphoblastic leukemia (ALL; all B-cell ALL, 

rare T-cell ALL). Patients with unique leukemia characteristics have varying prognoses as a result of 

Ph mutations 
[17–19]

. 

Small chromosomal defects can be detected using molecular cytogenetics (semi-cryptic) that are not 

evident on metaphase chromosomes. The examination of differences that have developed is very 

important, and it is used to screen an aberrant clone's persistence for potential recurrent 

translocations. It may also be used to describe genes in the present carcinogenesis process 
[20]

. 

Prognostic importance of Philadelphia chromosome in CML 

It is possible to establish the likely time conversion of an explosion initiation when assessing the 

prediction of CML, which is similar to defining the likely period of the prolonged stage 
[21]

. 

Enduring disease 

The amount of cancerous cells present following cytotoxic therapy, whose eradicative activity is 

meant to be as comprehensive as feasible, is referred to as residual disease: Chemotherapy, ionizing 

radiation, and bone attaching are some of the treatments available. The remaining malignant cells 

that escape treatment can induce a relapse, thus it's critical to measure them as precisely as possible 
[22-25]

. Hematologists had a variety of approaches to characterize the biotic recovery of homeopathy 

before the emergence of molecular biology: cytology, genetic analysis, and immunology. In the ideal 

circumstance, because their awareness approaches did not allow for the detection of extremely low 

sensibility criterion is less than one remnant cell in 100 for assisting clinicians in determining 

appropriate treatment and evaluating graft quality control 
[24, 31]

. For example, in chronic myeloid 

leukemia, the therapies to be completed in instruction to achieve hematological reduction and, if 

feasible, total Ph1 (+) cells must be eradicated (cytogenetic remission) 
[32]

. The progression occurred 

in two stages: A chronic phase that is well controlled by standard therapies is followed by a second 

transition phase known as resistance to traditional treatment has accelerates the process, after which 

undergoes an acute change, usually of the kind final severe myelogenous leukemia, which is always 

lethal and occurs 3 to 4 years following diagnosis is the norm 
[26, 27, 33]

. 

MATERIAL AND METHODS 

This study was retrospective, conducted on patients at Al-Aula private laboratory in Karbala 

city/Iraq, from 11/2021 to 3/2022, 180 patients developed leukocytosis with severe Lf-shift. Data for 

patients as age and sex, were collected from medical records. Blood samples were collected from all 

patients, including CBC with total WBC, Hb-level, and platelet counts were performed using 5-parts 

differential URIT autoanalyzer hematology. Blood film and BMA (bone marrow aspirate) were 

examined by light microscope after staining by Leishman stain & Philadelphia chromosome by (RT-

PCR) tests were done. Results including WBC, Hb-level, platelets count & Philadelphia 

chromosome results were compared on graphs. 

Statistical analysis 

Statistical analysis was performed using excel. The mean standard deviation (mean SD) is used to 

represent measurement data having a normal distribution. For continuous variables that were 

normally distributed, differences between the two groups were compared using the t-tests.  

https://www.intechopen.com/online-first/research-of-the-philadelphia-chromosome-in-chronic-myeloid-leukemia-diagnostic-and-prognostic-intere#B1
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Criteria of selection: 

1. Patients have leukocytosis. 

2. Patients suspected to have chronic myeloid leukemia on blood film & bone marrow study 

(aspirate & biopsy) (where they admitted to oncology unit). 

3. Patients have leukemia symptoms (fever, splenomegaly, hepatomegaly, lymphadenopathy & 

other leukemia symptoms). 

4. Age (12-90) years old (adults). 

RESULTS 

The total patients were 180 with leukocytosis and Lf-shift, 150 of them had Philadelphia 

chromosome-positive with a mean age of 52.86 ± 13.9 (range: 29-80) years were collected. Eighty 

(50%) cases were male and eighty % were female and 30 cases of them were Philadelphia negative 

with a mean age of 56.1 ± 14.8 years, 17 cases were male and 13 cases were female. There was a 

significant difference between the two groups (Table 1). 

Table 1: Patients' variables mean in Philadelphia chromosome-positive and negative 

Variables 
Phil. +ve (n=150) 

(M ± SD) 

Phil. -ve (n=30) 

(M ± SD) 
P 

Age 52.86 ± 13.9 56.1 ± 14.8 0.362 

Total WBC (cells/mm
3
) 104.3 ± 13.4 30.4 ± 0.5 <0.001 

Hb (gram/dl) 9.3 ± 0.4 10.8 ± 0.1 <0.001 

Platelets count (X109/L) 119.2 ± 1.4 145.9 ± 2.5 <0.001 

Phil I.S.% 17.4 ± 2.4 5.8E-05±1.68 E-05 <0.001 
 

In this study, the mean ±SD for Philadelphia chromosome I.S.% positive patients (17.4 ± 2.4) was 

found to be a very highly significant difference when compared with Philadelphia chromosome-

negative patients (5.8E-05±1.68E-05), at the level of significance (<0.001) by student T-Test as 

shown in the figure (1). 

 

Figure 1: The mean I.S % Philadelphia chromosome-positive & negative patients. 

WBC levels were higher in positive Philadelphia cases than in the negative Philadelphia group, and 

this difference was very high and significant. The mean ± SD for WBC of the patients (104.3 ± 13.4) 

was found to be when compared with the negative group (30.4 ± 0.5), at the level of significance 

(<0.001) by student T-Test as shown in figure (2). 
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Figure 2: The mean WBC in positive & negative patients. 

In this study, the mean ±SD for a Hemoglobin level of the positive Philadelphia cases (9.3 ± 0.4) was 

found to be significantly different when compared with the negative Philadelphia group (10.8 ± 0.1), 

at the level of significance (P=0.001) by student T-Test as shown in the figure (3). 

 

Figure 3: The mean Hb in positive & negative patients 

In this study, the mean ±SD for platelets count of the positive Philadelphia cases (119.2 ± 1.4) was 

found to be significantly different when compared with the negative Philadelphia group (145.9 ± 

2.5), at the level of significance (P=0.001) by student T-Test as shown in the figure (4). 

 

Figure 4: The mean platelet count in positive & negative patients 
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In this study, the mean ±SD for the age of the positive Philadelphia cases (52.86 ± 13.9) was found 

to be non-significantly different when compared with the negative Philadelphia group (56.1 ± 14.8), 

at the level of significance (P=0.001) by student T-Test as shown in the figure (5). 

 

Figure 5: The mean age of the positive and negative Philadelphia groups. 

In this study the distribution of the positive Philadelphia patient’s sex is equal, 75 patients are male 

and 75 patients are female as shown in figure (6), while the distribution of the negative Philadelphia 

chromosome sex is unequal, 17 patients were male and 13 patients were female as shown in the 

figure (7). 

 

Figure 6: positive Philadelphia patients' sex 

 

Figure 7: negative Philadelphia patient’s sex 
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DISCUSSION 

Philadelphia chromosome is a marker that is highly useful for diagnosis, prognosis, and follow-up in 

patients with chronic myeloid leukemia 
[3]

. The findings have proven the hypothesis of the present 

study and suggest that the positive Philadelphia chromosome has a diagnostic importance marker 

that is complementary to morphological examination. Previous studies supported these findings 
[18, 

19]
. The chromosomal Ph is a characteristic of CML, and its detection is critical for the disease's 

identification. The Ph chromosome is else used by way of a marker for assessing interferon treatment 

or BMT reaction to therapy. Interferon therapy frequently results in a full cytogenetic response in 

patients 
[21]

. 

CML patients do not have any symptoms when they are first diagnosed. An abnormal white blood 

cell count is the most prevalent symptom of CML, which is often discovered during blood tests 
[22]

. 

Differential CBC (Complete Blood Count) 

The test determines the number of erythrocytes, leukocytes, and thrombocytes in a blood test. So it 

calculates the quantity of hemoglobin in red blood cells and the ratio of red blood cells in the sample. 

In the CBC, a variance should be mentioned. The different counts of all of the distinct kinds of white 

blood cells in the sample. 

Almost CML patients suffer from:  

 An elevated white blood cell count, which can be fatal. 

 According to the severity of the CML, the number of platelets may raise or reduce. 

The study findings indicate that the complentation of Philadelphia chromosome detection and 

morphological examination of blood film & Bone marrow examination may lead to prediction 

improvement and is thus recommended as a important diagnostic marker & to predict prognosis.  

BCR-ABL is a gene aberrantly produced by Ph+ CML. Tyrosine kinase is an aberrant protein 

produced by this gene in the bone marrow. This protein can activate the bone marrow, enabling it to 

produce an excessive number of immature white blood cells. Similar results were found by 
[23, 29, 30,]

. 

The body normally produces and utilizes immature white blood cells in a controlled manner. Ph+ 

CML, on the other hand, causes these immature white blood cells to proliferate out of control. The 

Philadelphia chromosome can be found in these cells, which suggests that the copies of these cells 

will also have it 
[30]

. 

A chromosome 9 fragment containing the oncogene ABL gets moved to chromosome 22 and 

joined to the BCR gene during this translocation. Oncoprotein bcr-abl tyrosine kinase is 

synthesized by the chimeric fusion gene BCR-ABL. The oncoprotein bcr-abl has unregulated 

tyrosine kinase activity, which lead to cellular growth inhibitions, reduces leukemia cell adhesion 

to the stroma, and shields malignant cells from normally scheduled cell death (apoptosis) 
[28, 30]

. 

CONCLUSION 

The research on myeloproliferative disorders has many goals: diagnostic, predictive, and 

therapeutic follow-up, all of which contribute to better outpatient therapy. 
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