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ABSTRACT
Objective: The aim of my study was to identify the prevalence of Philadelphia chromosome in BCR-ABL positive CML cases in 
North Indian population. Philadelphia (Ph) chromosome is a specific cytogenetic marker, essentially required for the diagnosis, 
clinical management and follow up of patients of chronic myelogenous leukemia (CML), which is a myeloproliferative neoplasm 
of hematopoietic cell. It results from a reciprocal translocation, t (9; 22) (q34; q11.2) in the hematopoietic stem cells. The molecu-
lar consequence is the formation of the chimeric BCR ABL1 gene which plays a central role in the development of CML. 
Methods: Bone marrow and peripheral blood sample from 66 CML cases were collected from Dept. of Clinical Hematology, 
KGMU. The samples culture and cytogenetic analysis was done in the Dept. of Anatomy, KGMU.
Results: Out of the total 66 cases, karyograms of 52 cases (78.8%) were obtained. 49 cases (94.2%) showed the presence 
of Philadelphia chromosome, while 5.8% cases showed normal karyogram. Most common age group showing the presence of 
Ph+ve CML was 41-50 years (28.6%) followed by patients in 51-60 years group. Majority of cases were males (59.2%). Com-
pared with stage of CML 81.6% of Ph+ve cases were in chronic phase.
Conclusion: Majority of the CML cases were Philadelphia positive, with males more commonly involved. Ph+ve CML was seen 
commonly above 40 years of age with maximum patients presenting in chronic phase of CML. Our results are at par with re-
search reports published around the world on the Philadelphia chromosome prevalence in CML.
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INTRODUCTION

The cytogenetic hallmark of CML is the Philadelphia (Ph) 
chromosome that results from a reciprocal translocation 
between chromosome 9 and 22, i.e. t (9; 22) (q34; q11.2)1, 
occurring in the hematopoietic stem cells. The reciprocal 
translocation in this CML results in the fusion of breakpoint 
cluster region (BCR) gene on chr. 22q11 with the ABL1 
(named after the abelson murine leukemia virus) gene lo-
cated on chromosome 9q34. Thus, the molecular conse-
quence of this translocation is the formation of the chimeric 
BCR-ABL gene, usually located on the Philadelphia chro-
mosome1. BCR-ABL plays a central role in the development 

of CML. The BCR-ABL chimeric gene is transcribed into 
BCR-ABL1 mRNA, which in turn encodes a fusion protein 
p210BCR-ABL1. Rarely a breakpoint occurring in BCR gene 
may produce another fusion protein p230BCR-ABL1. The ex-
act mechanism(s) by which these fusion genes promote the 
transition from benign to fully malignant state is still unclear. 
The attachment of BCR sequence to ABL results in three 
critical changes viz. 

1. The ABL protein becomes constitutively active as 
a tyrosine kinase enzyme, subsequently activating 
downstream kinases that prevent apoptosis;

2. The DNA-protein-binding activity of ABL is attenu-
ated; 
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3. The binding of ABL to cytoskeleton actin microfila-
ments is enhanced1, 2.

Imatinib mesylate (Glivec, formerly STI571) is a rationally 
developed, orally administered inhibitor of the BCR-ABL 
protein. Recent karyotype analyses show that 60%–70% of 
patients achieve complete disappearance of Ph-positive mar-
row cells and maintain exclusively Ph-negative bone mar-
row cells (a state designated as a complete cytogenetic re-
sponse [CCyR]) 5 years after initiating imatinib treatment3 
and overall survival is between 80-95%4. The gold standard 
for the detection of chromosomal aberrations is karyotyp-
ing5. Till date most of the work regarding the cytogenetics 
of CML and its significance in the diagnosis, prognosis, 
and treatment of the disease has been reported from coun-
tries other than India (Hehlmann et al., 2007; Fabarius et 
al., 2011)6,7, while such studies reported from our region are 
limited (Chavan et al., 2006; Anand et al., 2012).8,9 Thus, 
the present study was done to determine the prevalence of 
Philadelphia chromosome in BCR-ABL positive individuals 
where the BCR-ABL positivity was confirmed by Fluores-
cent-In-Situ-Hybridization (FISH) assay prior to enrollment.

MATERIAL AND METHODS

Selection criteria and Collection of samples-
The study was conducted after obtaining the approval from 
the Ethical Committee of the King George’s Medical Uni-
versity U.P., Lucknow. Screening of the patients was done in 
the Department of Clinical Hematology, and samples were 
collected in the hematology laboratory of the same depart-
ment and also in the Department of Pathology, King George 
Medical University U.P., Lucknow. The consent was taken 
from each participant after explaining the purpose of the 
study. The diagnosed cases of CML (diagnosis confirmed 
on the basis of clinical and hematological evaluation) irre-
spective of age and sex were included in the study. Lack of 
confirmed diagnosis and/or consent from the patient served 
as the exclusion criteria. The CML cases were BCR-ABL 
positive as detected by Fluorescent-In-Situ-Hybridization 
(FISH) assay prior to enrollment. Bone marrow aspirate and/
or peripheral blood samples of the CML patients were col-
lected. Detailed personal history, occupational history was 
taken and thorough clinical examination was done at time of 
sample collection.

Preparation of Karyogram

Harvesting of sample
Bone marrow aspirate and blood sample of the CML patients 
were collected in BD Vacutainer sodium heparin vial. The 
sample was taken in a test tube containing culture media 
(RPMI 1640) and incubated in CO₂ incubator in slanting po-
sition. After incubation, Colchicin solution was added and 

test tube was again incubated for one hour and then centri-
fuged at 1000 rpm for 10 minutes. Supernatant was discard-
ed by pipetting of media leaving as little medium as possible 
over the cell button at bottom of test tube. Cell button was 
suspended in hypotonic solution (Potassium chloride + So-
dium citrate). Slides were prepared by dropping method, and 
were treated with trypsin to obtain better banding. Adequate-
ly aged slides were stained with Giemsa stain. Karyotyping 
results were obtained by analyzing 20 metaphase fields for 
each case and in cases where abnormal karyotype were sus-
pected, the observation was extended to a total of 30 fields. 
The karyotypes were reported as per International System 
for Human Cytogenetic Nomenclature (ISCN, 2013) guide-
lines.10

Statistical analysis
Data was analyzed using Statistical Package for Social Sci-
ences (SPSS) version 15.0. Data has been represented as fre-
quencies and percentages and mean and standard deviation. 
Chi-square test has been used for the purpose of analysis. 
The confidence level of the study was kept at 95%, hence a 
“p” value less than 0.05 indicated a significant association.

RESULTS

A total of 66 CML patients were enrolled out of which 52/66 
(78.8%) karyograms were found satisfactory. Thus these 
52 karyograms of BCR-ABL positive hematologically con-
firmed cases of Chronic Myelogenous Leukemia were an-
alyzed. The CML cases in the present study comprised of 
adult patients with their ages ranging between 20- 69 years 
and the mean age was 49.77 years (table 1). Majority of pa-
tients were male (n=29; 59.2%). There were 20 (40.8%) fe-
males (table 1). Male to female ratio of study population was 
1.36:1.

In our study all the patients had BCR-ABL analysis done at 
the time of diagnosis of CML and the BCR-ABL positiv-
ity was 100%, while on cytogenetic analysis done on these 
patients Philadelphia chromosome was seen in 49 out of 52 
cases, and rest 3 cases showed a normal karyogram with-
out any translocation i.e.; Ph negative BCR-ABL positive 
CML cases (5.8%). The Ph+ve BCR-ABL+ve CML cases 
were 94.2 % (figure 2). The association between the pres-
ence of Philadelphia chromosome in a patient and the clin-
ical stage of CML is shown in the figure 2. The majority 
of Philadelphia positive (93.02%) and all the Philadelphia 
negative patients were in chronic phase of CML. Accelerated 
phase CML was seen in 5 Philadelphia positive cases and 
blast phase in 4 of Ph+ve cases only. However, association 
between Philadelphia status and stage of disease was not sta-
tistically significant (p=0.717).
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DISCUSSION

Conventional cytogenetic analysis has been considered man-
datory for all newly diagnosed cases of leukemias, because 
karyotyping plays a vital role in their diagnosis, classifica-
tion and prognostification11. This holds true for chronic my-
elogenous leukemia as well. The frequency of CML has been 
increasing worldwide and so the disease burden on the di-
agnosis and treatment aspect as well is increasing. This has 
opened a wide area of potential research for the medical fra-
ternity in the field of cytogenetics of chronic myelogenous 
leukemia.

Our study group consisted of 66 cases of CML who were 
hematologically confirmed, and their consent was obtained 
prior to enrollment. For all leukemia types, the age adjusted 
incidence is found to be higher in males, with a ratio of 1.9 
vs. 1.1 (male vs. female) in case of chronic myelogenous leu-
kemia 5. Similarly, the male patients included in the present 
study were 36 (54.5%) and females were 30 (45.5%) and 
thus CML was found to be more common in men, (Figure 3) 
with a male: female ratio of 1.2:1 among the total 66 cases 
of CML enrolled (Table 1). Our findings were in resonance 
with the study conducted by Chavan et al8 who found a male: 
female ratio 1.9:1 out of 175 haematologically confirmed 
CML cases. The CML cases in the present study comprised 
of adult patients with their ages ranging between 20- 69 
years and the mean age was 49.77 years (Table 1). Our re-
sults regarding age of patients were same as seen by Borono-
va et al12 who analyzed 72 CML patients and found their age 
in the range of 19-74 years with median age of 46.4 years 
(Presov region, Slovakia). The hallmark of CML is Phila-
delphia chromosome, which causes formation of chimeric 
BCR-ABL oncogene at the molecular level. In our study 
all the patients had BCR-ABL\ analysis done at the time of 
diagnosis of CML and the BCR-ABL positivity was 100%, 
while on cytogenetic analysis done on these patients Phila-
delphia chromosome was seen in 49 out of 52 cases, and rest 
3 cases showed a normal karyogram without any transloca-
tion i.e.; Ph negative BCR-ABL positive CML cases (5.8%). 
The Ph+ve BCR-ABL+ve CML cases were 94.2% (figure 
2). Our findings were in agreement with another Indian study 
of Anand et al, 9 who found 96% cases to be Ph positive at 
the cytogenetic level. All of the Ph negative BCR-ABL posi-
tive patients were in CML chronic phase. Also, Boronova 
et al12has detected Philadelphia chromosome in 94.4% of 
CML cases in Presov region of Slovakia. This comparison 
signifies that presence of Philadelphia chr. in CML cases is 
uniform and comparable in different regions of the world.

It has been well documented in the past that few CML pa-
tients may not demonstrate Ph chromosome (Ph chromo-
some negative and BCR-ABL positive), yet have clinical 
course and morphological features just like typical CML4. 
We experienced the same in the present study where no dif-

ference in the presentation was seen between Philadelphia 
positive and negative CML subjects.

The prognosis for patients with Ph+ve CML than those with-
out this translocation is a matter of debate and greatly re-
lies on clinical researches especially those focusing on long 
term cytogenetic follow up of CML patients. Results of such 
studies will only re-emphasize on the clinical importance of 
identification of

Philadelphia chromosome during the treatment phase. The 
patients in our study, with Ph negative BCR-ABL positive 
CML belonged to the young age group and none was above 
45 years of age. On the contrary, the frequency of Ph+ve 
CML cases was highest in age group 41-50 years (14/49 cas-
es; 28.6%) followed by those in the age group 51-60 years 
(13/49 cases; 26.5%)(figure 1). Female patients with

Philadelphia chromosome positive CML were 20 (40.81%) 
and Ph+ve males were 29 (59.18%) (Table 1). Chavan et al 8 
observed in the Indian population that the incidence of CML 
with Ph chromosome was predominant in the age group of 
26-50 years (65.62%) and the frequency of Ph+ve CML 
was more preponderant in males (n=61, 63.548%) than fe-
males (n=35, 36.46%). However, Boronova et al12 detected 
Philadelphia chromosome in 27 men and 41 women (Rus-
sian population). This difference in observation may suggest 
that gender wise distribution of Philadelphia chromosome 
positive CML may vary in different population group around 
the world. One more explanation for this difference in ob-
servations may be the selection criteria employed in differ-
ent studies are responsible for the characteristics of patients. 
However these Ph-ve CML cases were BCR-ABL positive 
as detected by Fluorescent in Situ Hybridization (FISH) as-
say prior to enrollment. Du et al13 in their study of 148 pa-
tients, found that 95.5% carried Ph chromosome. For rest 7 
cases without Ph chromosome, 4 were identified as being 
BCR/ABL fusion gene positive. This observation is similar 
to ours and signifies the fact that molecular cytogenetic anal-
ysis must be done to directly visualize the rearrangement of 
BCR-ABL oncogene. We believe that advanced molecular 
studies provide deeper insights into the pathogenesis as well 
as reason for chromosome resistance in this type of CML and 
thus, are important for diagnosis and follow up of chronic 
myeloid leukemia cases. Moreover, molecular cytogenetic 
studies like FISH assay which directly visualize the rear-
rangement of the BCR-ABL gene are necessary to correctly 
define the Ph+ve or Ph-ve CML.

Meanwhile, conventional cytogenetic methods have their 
own advantages and remain the gold standard for detecting 
chromosomal aberrations.8-10 Taking into consideration the 
stage of CML of our study subjects, 81.6% cases of Ph+ve 
karyotype had chronic CML and all the patients in the ac-
celerated and blastic phases showed the presence of Phila-
delphia chromosome(figure 2). All the 3 patients having nor-
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mal karyogram or Philadelphia negative BCR-ABL positive 
CML belonged to chronic phase of Chronic myeloid leuke-
mia. This was in resonance with the findings of Deininger 
et al14 who investigated 515 CML patients having clonal 
cytogenetic abnormalities in Philadelphia chromosome-neg-
ative cells, for their prognosis and most patients had chronic 
phase CML.

CONCLUSION

The Philadelphia positive BCR-ABL positive CML cases 
were 94.2% and the prevalence of Philadelphia positivity 
in CML was found to be comparable in different population 
groups of the world. Pertaining to disease stage, 81.6% cases 
of Ph+ve karyotype had chronic CML and all the patients in 
the accelerated and blastic phases showed the presence of 
Philadelphia chromosome. While, all the Philadelphia nega-
tive BCR-ABL positive CML belonged to chronic phase of 
CML. All the Ph negative CML cases were seen in young pa-
tients below 45 years of age. The frequency of Philadelphia 
positive CML cases was highest in age group 41-50 years, 
followed by those in 51-60 years age group and more preva-
lent in men with 59.18% male patients and 40.81% female 
patients which were different from previous studies done on 
other populations and/or having different selection criteria. 
Thus, Cytogenetic analysis done in cases of CML serve to 
confirm the diagnosis, sequential karyotyping helps to moni-
tor the treatment efficacy and additional chromosomal ab-
normalities as and when detected, add important prognostic 
information. Thus, conventional cytogenetic analysis serves 
as a cost effective technique which can be done in every case 
of case of CML, and only those who are found Philadelphia 
negative should be subjected to molecular cytogenetic analy-
sis to directly visualize the rearrangement of BCR-ABL on-
cogene.
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Table 1: Characteristic Findings And Karyogram Pro-
file of Subjects Enrolled in the study.

SN Characteristic Statistic

1 Total number of subjects 
enrolled 66

2

Source of specimen 

Peripheral blood 55 (83.3%)

Bone marrow & blood 11 (16.7%)

3 BCR-ABL Positivity 66 (100%)

4 Karyogram obtained 52/66 (78.8%)

5

Philadelphia chromo-
some present 49/52 (94.2%)

Male 29 (59.2%)

Female 20 (40.8%)

Male:female ratio 1.2:1

6

Mean age±SD (Range) in 
years 49.77±11.76 (20-69)

Age Group (Yrs) for Ph+ve 
CML cases

20-30 2  (4.08%)

31-40 8  (4.08%)

41-50 14 (28.6%)

51-60 13 (26.5%)

>60 12 (24.5%)

7

Stage/Phase of CML in 
Ph+ve cases

Chronic 40 (93.02%)

Accelerated 5 (100%)

Blastic 4 (100%)

8
Stage/Phase of CML in 
Ph-ve cases

Chronic 3(6.90%)

9

karyogram profile of CML 
cases

46XX 2 (3.85%)

46XY 1 (1.92%)

46XX, t(9;22) 17 (32.69%)

46XY, t(9;22) 25 (48.08%)

Figure 1: Graphical representation of Distribution of Philadel-
phia chromosome according to age.

Figure 2: Graphical representation of Association between 
Philadelphia Positivity and Stage of Disease.

Figure 3: Karyogram-46XY,t(9;22).
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Figure 4: Karyogram-46XX,t(9;22)


