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Abstract 

Philadelphia chromosome is a short chromosome 22 which is formed due to the 
reciprocal translocation between the ABL1 at chromosome 9q34 and BCR at 

22q11. It is a diagnostic hallmark of Myeloid Leukaemia and haematological 
malignant disorders. Identification of the Philadelphia chromosome (Ph+)helps 

in the diagnosis of CML and ALL. In this study, we discussed about the 
conventional cytogenetic technique and the molecular techniques like FISH and 

RT-PCR that can be used to detect BCR-ABL transcripts. Forty nine cases of 
clinically confirmed leukaemia were analysed by using conventional cytogenetic 

method and found that 36.7% cases were positive for presence of Philadelphia 
chromosome. We have standardized RT-PCR technique further, more samples 

need to be screened to get a better estimate of most prevalent breakpointand 
tested in 3 cases which 2 (66.6%) were positive for the presence of BCR-ABL 
transcript. 
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INTRODUCTION 

The Philadelphia (Ph+) chromosome discovered by Nowell and Hungerford in 1960 was 
the first report of a repeated structural chromosomal abnormality to be linked with 
cancer [1]. In 1973, Janet Rowley showed that the Ph+ chromosome is the outcome of 
translocation occurring between chromosomes 9 and 22 [2]. The Philadelphia 

chromosome is an unusually short chromosome formed due to the reciprocal 
translocation between Breakpoint Cluster Region (BCR) gene on chromosome 22 and 
Abelson (ABL1) gene on chromosome 9. This translocation produces two fusion genes, 
that is, ABL-BCR on chromosome 9 which does not produce any protein product, and 

BCR-ABL on chromosome 22 which produces fusion proteins which has uncontrolled 
tyrosine kinase activity which results in unregulated cell division. It is a diagnostic 
hallmark for CML, ALL, AML and CNL. Depending on the precise location of the fusion 
between BCR and ABL various fusion transcripts are made, that is, e1a2 (m-BCR), 

e14a2/e13a2 (M-BCR) and e19a2 (μ-BCR) encoding for chimeric protein of 190kDa, 
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210kDa and 230kDa respectively [3]. Traditionally the detection of Philadelphia 
chromosome is done using conventional cytogenetic technique, but recently much more 
advanced molecular techniques are also being used such as FISH and PCR. Conventional 

cytogeneticsapproach helps to detect the Philadelphia chromosome in most of the cases 
but in some instances the detection may not be materializebecause of reduced 
metaphases with Philadelphia chromosome or culture failure. To overcome these 
difficulties, molecular techniques RT-PCR and FISH could be the alternative to utilize 

since these techniques are highly specific and sensitive and also be performed on 
peripheral blood unlike conventional cytogenetics where bone marrow specimenis 
required and also we can perform on interphase cells as well. Molecular techniques are 
applicable for both Ph+(positive)and Ph- (negative) cases. Both RT-PCR and FISH could 

help in detection of BCR-ABL fusionproduct and confirm the diagnosis. 
 

MATERIALS AND METHODS 

Blood and bone marrow samples were received from Medical Oncology unit of Kasturba 

hospital to carry out cytogenetic and molecular analysis. Samples were collected in 
heparin coated green top tube after informed consent and transported to the laboratory 
within 24 hours. Sampling was done as a part of diagnostic and clinical follow-up 
procedures. 

Conventional Cytogenetics:Karyotyping analysis was performed by harvesting the 

lymphocytes from peripheral blood samples. The cells were cultured, harvested and 
processed by conventional cytogenetic methods [4] and the chromosomes were stained 

with Giemsa-trypsin banding (GTG-banding). The stained slides were screened for good 

metaphase spreads and the metaphases were captured under 100x oil immersion of the 

microscope (Zeiss) attached with CCD camera. 50 metaphases were captured per 

sample and the karyotypes were analyzed with the help of Metasystem Ikaros software 
(Version 5.0) to detect any numerical or structural chromosomal abnormalities. Vysis 

LS1 BCR/ABL dual color dual fusion translocation probe (Abbott Laboratories, USA) 

was used for molecular cytogenetics (Fluorescence in situ Hybridization) analysis. The 

LS1 BCR probe is labelled with spectrum orange and LS1 ABL probe is labelled with 

spectrum green. The procedure was carried out as per the manufacturer’s instruction. 
Reverse transcription polymerase chain reaction (RT-PCR): The BCR-ABL hybrid 

transcripts were subjected to PCR. The total cellular RNA from bone marrow and 
peripheral blood samples was isolated by the utilization of TRIzol reagent. The reverse 
transcription of RNA to cDNA was performed as per the protocol provided in High 

Capacity cDNAReverse Transcription Kits (Applied Biosystems, USA). The cDNA was 

amplified using specific primers (BioServe India) as listed in Table 1 [5] for the BCR-
ABL fusion product and the PCR conditions were standardized and applied where initial 

denaturation at 95˚C is given for 10 minutes; denaturation at 95˚C for 5 minutes; 
Annealing at 60˚C for 1 minute; extension at 72˚C for 5 minutes and final extension at 
72˚C for 10 minutes. Amplified products checked on 1% agarose gel electrophoresis and 

images were analyzed for the breakpoint band. 
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Table 1: List of primers used for RT-PCR 

Primer Name Primer sequence (5’-3’) Product size 

M-BCR (e13a2)F 
M-BCR (e13a2)R 

ACAGAATTCCGCTGACCATCAATAAG 
TGTTGACTGGCGTGATGTAGTTGCTTGG 

310bp 

M-BCR (e14a2)F 

M-BCR (e14a2)R 

ACAGAATTCCGCTGACCATCAATAAG 

TGTTGACTGGCGTGATGTAGTTGCTTGG 

385bp 

m-BCR (e1a2)F 
m-BCR (e1a2)R 

ACCGCATGTTCCGGGACAAAAG 
TGTTGACTGGCGTGATGTAGTTGCTTGG 

481bp 

µ-BCR (e19a2)F 
µ-BCR (e19a2)R 

GAAGAAGTGTTTCAGAAGCTTCTCCC 
TGTGATTATAGCCTAAGACCCGGAG 

244bp 

 

RESULTS 

Karyotyping analysis was carried out in a total of 49 samples, of which 36.7%(18; 11 
males and 7 females) detected to have Philadelphia chromosome positive as indicated 
in Figure 1A and 1B and these were confirmed  by Fluorescence in situ hybridization to 

avoid misinterpretation of the diagnosis. Here in FISH image, the normal chromosome 9 
and chromosome 22 gave green and orange signal due to the LS1 ABL and LS1 BCR 
probe labelled spectrum green and spectrum orange respectively. The fusion 
chromosome gives yellow signal due to merging of green and orange signal as shown in 

Figure 1(C).However, we also performed RT-PCR for some of these samples to detect 

BCR-ABL fusion product as per the standardized protocol in our laboratory.  A total of 

threefresh bone marrow as well peripheral blood sampleswere collected from most 

recent cases, RNA was isolated and analyzed for the presence of various breakpoints. 

The two samples that were positive for M-BCR gave a product at 310bp for e13a2 

breakpoint and 385bp for e14a2 breakpoint(Figure 1D). Out thesetwo were shown to 

have positive breakpoint bands for M-BCR (e13a2/e14a2) and the rest was negative.  

DISCUSSION 

Philadelphia chromosome (deleted 22 chromosome) is formed due to the reciprocal 

translocation between the Abelson (ABL1) at chromosome 9q34 and the Breakpoint 

Cluster Region (BCR) at 22q11.This translocation produces 2 fusion genes; ABL-BCR 

fusion on chromosome 9 which does not produce any protein product, and BCR-ABL 
fusion on chromosome 22 which produces protein and this fusion protein product 

create uncontrolled tyrosine kinase activity which results in unregulated cell 

division.The Philadelphia chromosome is a clinical manifestation in about 90% of the 

patients with CML and also 15-30% of adults with ALL, 3-5% of children with ALL, and 
1-2% of adults with AML [5]. Conventional cytogenetics is still employed for 

identification Ph+ positive metaphase in leukemia cases. The foremost benefit of this 
technique is that it helps in detection of the chromosomal abnormality and the 
disadvantages is that it requires the bone marrow cells in mitosis and due to analysis of 
small number of metaphase spread, it results in sampling error. Hence, alternatively 

advanced molecular techniques such as RT-PCR and FISH can be used since they are 

sensitive and highly specific and also advantage to perform with peripheral blood 
samples unlike conventional cytogenetics where bone marrow cells in mitosis are 
required. 
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Figure 1: Analysis of Philadelphia chromosome for both Conventional Cytogenetic and Molecular genetics (A - E).A) It shows the 

metaphase spread of the positive case got using GTG banding technique. B) Karyotype showing reciprocal translocation i.e., t (9:22) 

(q34.1;q11.21) - arrows indicate the chromosome where translocation has occurred. C) Interphase FISH showing the t (9:22) = arrows 

indicate the translocation occurring between chromosome 9 and chromosome 22. The green colored region is normal chromosome 9 and the 

red colored region is normal BCR gene on chromosome 22. The yellow colored region is the fusion BCR-ABL gene. D) RT-PCR analysis 

shows the amplification in the MBCR region giving a product of size 310bp and 385bp. Lane 1 contains the 100bp ladder; lane 2- Negative 

control; lane 3- Patient sample; lane 4- control sample; lane 5- positive control (K-562). E)PCR amplification of the samples: the sample 

shows the amplification in the M-BCR region giving a product of size 310bp and 385bp. Lane 1 contains the 100bp ladder; lane 2- Negative 

control; lane 3- Patient sample; lane 4- control sample 

In the present study 49 samples were analyzed using conventional cytogenetic 

technique for detecting the presence of Philadelphia chromosome. A minimum of 20 

metaphase spreads were examined for each case. The Ph+ chromosome was identified 
in 18 cases (36.7%) in which 11 were males and 7 were females. It is a known fact that 

5-6% of CML patients are negative for Ph+ chromosome [6]. Molecular techniques such 
as FISH and RT-PCR can be used where the sensitivity of these techniques are more 

when compared to conventional cytogenetics.  Various studies performed previously 

show that FISH and RT-PCR are very sensitive techniques when compared with 
conventional cytogenetics. FISH and RT-PCR can be used as an extension to 

conventional cytogenetic technique [7].Of course, FISH can be performed on the 
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metaphase spread slides using appropriate BCR and ABL probes but even though 
sensitive it is expensive. 
RT-PCR is the most sensitive technique in terms of detecting the single leukemic cell 

amongst 105-106 normal cells. Using RT-PCR the various breakpoints can also be 
detected. Depending on the precise point of breakage different fusion transcripts are 
made like, M-BCR (e13a2/e14a2), m-BCR (e1a2) and µ-BCR (e19a2). The primers are 
designed such that they flank the region before and after the breakpoint giving an 

amplicon of certain base pairs. In this case, for M-BCR the product size is 310bp/385bp; 
for m-BCR the product size is 481bp and for µ-BCR the product size is 244bp. Using 
these primers the samples can be screened for various breakpoints and can help 
diagnose the individual having leukemia. In this study we found out that M-BCR was 

present in 66.6%. It has been shown that M-BCR is most commonly present breakpoint 
in CML patients. We also observed that co-expression of e13a2 and e14a2, which has 
been reported previously in various studies [8]. Numerous studies conducted on 
different populations have shown single transcript and co-expression of various 

transcripts to be present in leukemia patients having BCR-ABL translocation [9, 10]. 
Consequently, to summarize our analysis on chronic myeloid leukemia, conventional 
cytogenetic is still gold standard for detecting Philadelphia chromosome and other 
complex variants of Philadelphia chromosome. But, acase in point where negative for 

Philadelphia chromosome, RT-PCR or FISH can be used as diagnostic as well as 

confirmatory screening tests.  
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