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Abstract
We performed a Cross sectional study to determine the frequency of Philadelphia chromosome and frequency of standard and variant translocation in chronic
myeloid leukemia cases by the collaboration of Pathology department of Liaquat University of Medical and Health Sciences, Jamshoro and Isra University Hospital,
Hyderabad from May to September 2014. A sample of 145 diagnosed cases of CML was selected according to inclusion. Bone marrow and peripheral Blood samples
were collected in sodium heparinized bottles. Cytogenetic analysis was performed by karyotyping according to ISCN guidelines for human cytogenetic nomenclature
using cytovision system for image analysis, reverse transcription polymerase chain reaction (RT-PCR) was performed to identify the various BCR-ABL transcripts.
Ph+ and Ph-chromosomes were noted in 133 (91.7) and 12 (8.2%) of cases respectively. Of 133 Ph+ chromosome, standard chromosome was noted in 121 (90.9%),
simple variant in 9 (6.7) and complex variants were noted in 3 (2.2%) of cases. Ph + 133 (91.7%) showed bcr-abl positivity in all subjects. Of 12 (8.2%) Ph-subjects, 7
(%) were bcr-abl positive and 5 (%) were bcr-able negative. Sensitivity and specificity of bcr-abl transcripts was calculated at 95% and 100% respectively. The present
study reports Philadelphia chromosome in 90.9% and variant cytogenetic abnormalities are low similar to reported from other countries. Proper assessment of the
variant translocations requires better categorization of these translocations.

Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative disorder
characterized by the presence of the Philadelphia chromosome (Ph)
which is the derivative chromosome 22 of the translocation t (9; 22)
(q34.1; q11.2). Due to this rearrangement, the break-point cluster
region (BCR) gene at position 22q11 [1,2] is juxtaposed to the
c-Abelson (ABL1) gene at 9q34, resulting in the BCR-ABL1 fusion
gene, encoding a constitutively active tyrosine kinase protein. The
identification of this abnormality is important for the diagnosis of
the disease as determined by the WHO Tumor Classification1and
for treatment purposes. The first therapeutic choice, tyrosine kinase
inhibitors, has shown great therapeutic efficacy [2]. The Ph is detected
by G-band karyotyping in around 90% of CML patients among whom
5–10% may have variant types [3-5]. Variant Ph chromosomes are
characterized by the involvement of another chromosome in addition
to chromosome 9 or 22. It can be a simple type of variant when only
one additional chromosome is involved, or complex, in which two or
more chromosomes, besideschromosomes 9 and 22, take part in the
translocation [6,7]. Variant Ph breakpoints occur in hotspots across the
genome, usually in the G-light bands, within the cytosine and guanine
(CG) richest parts of the genome [8]. However, the mechanism
of variant Ph generation and the molecular bases of biological
differences between classic Ph and variant Ph chromosomes are not
fully understood [9]. Recently, Albano et al. [10] reported a study they
performed on gene expression profiling (GEP) using microarrays to
identify some of these differences [10].
The prognostic significance of variant Ph chromosomes has already
been discussed [11] and it has been shown that the variant aberration
does not impact on cytogenetic or molecular responses or even on
clinical outcome. Variant Ph chromosomes are distinguished from
additional chromosomal abnormalities or clonal evolution that drives
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disease progression. The clonal evolution is a reflection of a genetic
instability that characterizes the transition to advanced phase [12]. In
this situation, i (17q), a second Ph and +8 are frequently found [1]. A
search of local literature showed only a few studies had been conducted
and reported, hence there is an urgent need to conduct more studies to
explore cytogenetic and molecular abnormalities in chronic myeloid
leukemia cases in our local population of Sind.

Subjects and methods
This cross sectional study was conducted at pathology department
of Liaquat University of Medical and Health Sciences, Jamshoro and
Isra University Hospital, Hyderabad from May to September 2014. A
sample of 145 newly diagnosed cases of CML was included. Patients
with acute leukemia, polycythemia, essential thrombocythemia and
myelofibrosis, multiple myeloma were excluded from the study.
Diagnosed cases of CML were included, while patients with acute
leukemia, lymphoma, and multiple myeloma. Written informed
consent was taken from the patients. The study was approved by the
ethical committee of Isra University Hyderabad.
Bone marrow and Blood samples were collected in sodium
heparinized vacutainer by applying appropriate techniques. CBC
was performed on automatic hematoanalyzer, Sysmex XN 1000i.
Cytogenetic analysis was performed by karyotyping according to
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ISCN guidelines for human cytogenetic nomenclature using cytovision
system for image analysis, reverse transcription polymerase chain
reaction (RT-PCR) was performed to identify the various BCR- ABL
transcripts by Qi guine kits.
The data was analyzed on SPSS version 21.0 (IBM, Corporation)
and Microsoft excel. The continuous variables were presented as mean
± SD and analyzed using student’s t-test. Categorical variables were
analyzed by Chi-square test and results were presented as frequencies
and percentages. Data was presented in tables, graphs and charts.
P-value of ≤ 0.05 was defined significant.
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Results
Mean ± SD of age was noted as 36 ± 11.7 years. Of 145 cases, most
frequent age groups were 20-29.9 and 30-39.9 noted in 47.5% and
44.8% respectively. Of 145 cases, 109 (75.1%) were male and 36 (24.8)
were female (p=0.001). Anemia was noted in 74.4% and hematocrit
(<20%) in 46.2% of cases. Leukocytosis of >50,000/µL was noted in
68.5% of total cases.
Ph+ and Ph- chromosome was noted in 133 (91.7) and 12 (8.2%)
of cases respectively (Figure 1). Of 133 Ph+ chromosome, standard
chromosome was noted in 121 (90.9%), simple variant in 9 (6.7%) and
complex variants were noted in 3 (2.2%) of cases, shown in Table 1
and Figure 2. Simple and complex variant translocations are shown in
table 1. Ph + 133 (91.7) showed bcr-abl positivity in all subjects. Of 12
(8.2%) Ph- subjects, 7 (%) were bcr-abl positive and 5 (%) were Bcr-Abl
negative (Figure 3). Sensitivity and specificity of bcr-Abel transcripts
were calculated at 95% and 100% respectively.
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Figure 2. Frequency of Philadelphia chromosome variants.
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Figure 3. Frequency of bcr-abl transcripts in study population.
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Figure 1. Frequency of Philadelphia chromosome.
Table 1. Simple and complex variants of Philadelphia chromosome (n=12).
Variant Ph chromosome

Chromosome translocation

1.

Simple variant Ph

46 xy t(16;22)

2.

Simple variant Ph

46 xx t(19;22)

3.

Simple variant Ph

46 xx t(13;22)

4.

Simple variant Ph

46 xy t(17;22)

5.

Simple variant Ph

46 xx t(11;22)

6.

Simple variant Ph

46 xx t(18;22)

7.

Simple variant Ph

46 xy t(15;22)

8.

Simple variant Ph

46 xx t(14;22)

9.

Simple variant Ph

46 xx t(12;22)

10.

Complex variant Ph

46 xy t(6;9;22)

11.

Complex variant Ph

46 xx t(5;9;22)

12.

Complex variant Ph

46 xx t(7;9;22)
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Chronic Phase

Accelerated

Blast

(n=130)

Phase (n=9)

Crisis(n=6)

b3a2

70%

3%

-

b2a2

24%

-

1%
-

b3a2+ b2a2

34%

-

b3a2+e 19a2

2%

-

-

b2a2+e 19a2

-

-

2%

Cytogenetic and molecular analysis of transcripts of CML–chronic,
accelerated and blast phases are shown in Table 2. Most frequent
cytogenetic abnormalities were B3a2, b2a2 and b3a2+b2a2 found in
70%, 34% and 2% of cases respectively.

Disscussion
CML is a prototype myeloproliferative disorder of bone marrow.
CML is one of leukemia which may be diagnosed by typical clinical,
hematological and morphological features when interpreted in a
proper clinical context. Philadelphia chromosomes (Ph) is a sine
qua non of CML. Philadelphia chromosome and bcr-abl cytogenetic
abnormalities must be detected in all cases of chronic, accelerated and
blast crisis phases of CML [13-15].
In the present study, pH chromosome was detected in 90.9% of
cases, the finding consistent with previous studies which had reported
Ph chromosome in 90-95% of cases [14-16]. Additional cytogenetic
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abnormalities were detected in 70% of cases in present study as shown
in Table 2.
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Dr. Khaskali who helped us shape this manuscript.

The findings are in full agreement with previous studies which had
reported a frequency of 70- 80% [15,16]. Most frequent cytogenetic
abnormalities were b3a2, b2a2 and b3a2+b2a2 found in 70%, 34%
and 2% of cases respectively (Table 2). The findings are in keeping
with previous studies from Western countries [17-21]. However,
another previous study had reported less frequency of b3a2 and b2a2
in 55% and 40% [6] of cases [22] respectively. The differences might
have been introduced due to sample size, sampling techniques, study
designs and nonetheless geographical differences. Paz-y-Miño et al.
found frequencies of 5.4% for the b3a2 transcripts and 94.6%for the
b2a2 transcripts in Ecuadorian Mestizos CML patients. Findings are in
contrast to present study (Table 2). Rosas-Cabral et al. detected b3a2
BCR-ABL transcripts in 28% cases, b2a2 in 59% cases, and 13% with both
b3a2/b2a2 transcripts among 97 Philadelphia-positive CML Mexican
cases. The findings are inconsistent with present study (Table 2). RuizArgüelles et al. studied a group of 238 Mexican Mestizos patients with
Ph positive CML; 54.2 per cent showed b3a2 subtype, 43.2% b2a2 and
2.5% b3a2/b2a2. The findings are consistent with present study (Table
2). De Lemos et al. from Brazil performed RT-PCR for BCR-ABL in 22
CML patients. Of these patients, 15 (68%) were in chronic phase, five
(23%) in accelerated phase and two (9%) in blastic phase; 59% patients
had b3a2 and 41% had b2a2 transcripts. The findings of this previous
study are very close to the findings of present study. Yaghmaieet al.
studied 75 adult Iranian CML patients; 83% patients expressed one of
the p210 BCR-ABL transcripts (b3a2, 63% and b2a2, 20%), while the
remaining showed one of the transcripts of b3a3, b2a3, e1a2 or coexpression of b3a2 and b2a2. b3a2 and b2a2 were co-expressed in 5%
patients. Mondal et al. [23] studied 122 CML patients and details of
cytogenetic analysis are not provided. Out of 122, 112 (91.8%) patients
were positive for one or more of the four junctional types tested.
Findings of above studies are consistent with present study. Polampalli
et al. [24] studied 202 CML patients; 138 (68%) had the b3a2 type bcrable transcript which is consistent to 70% in present study. 64 (32%)
had the b2a2 type which is also in keeping with our finding of 34%
as shown in Table 2. Ph positivity in present study is in comparison
to previous studies reported from India [25-28]. Present study reports
Philadelphia chromosome, its variants and cytogenetic abnormalities
which are consistent with most of studies mentioned in literature.
Strength of present study lies in its prospective design, inclusion and
exclusion criteria. Limitations of present may be small sample size and
we could not analyze all of cytogenetic abnormalities due to lack of
modern laboratory facilities and funding issues.
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