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ABSTRACT. Different forms of p210 are produced by alternative 
splicing, namely b2a2 and b3a2. There have been many contrasting 
data establishing a relationship between the two Bcr/Abl transcripts 
and platelet counts and also response to treatment. However, the 
data published to date have been on a small group of patients. The 
aim of the present study was to determine whether there was any 
difference between clinical and hematological parameters at diag-
nosis between the two Bcr/Abl fusion transcripts in our population, 
and whether the two transcripts responded differently or similarly to 
imatinib treatment. RT-PCR was performed in 202 cases for detec-
tion of Bcr/Abl transcripts in newly diagnosed chronic myelogenous 
leukemia cases in one year. The two transcripts were compared and 
correlated with clinical, hematological and FISH data and with re-
sponse to treatment. A total of 138 cases were of b3a2 and 64 were 
of b2a2 transcript. There was no correlation between the hemato-
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logical parameters and the type of transcript. There was a significant 
association of blast crisis with b2a2, especially with myeloid blast 
crisis. When compared to FISH results, 10% of b3a2 were found 
to have a significant association with 5’Abl deletion as compared 
to 3% of b2a2. On analyzing the therapeutic response, we did not 
find any difference between the two transcripts. In conclusion, our 
findings confirm that the b3a2 type transcript is not significantly as-
sociated with thrombocytosis, that the short transcript, b2a2, occurs 
with acute phase, i.e., blast crisis, and that there is no difference in 
treatment response between the two transcripts. However, further 
studies are required to understand the molecular pathways involved 
in the Bcr/Abl mechanism.

Key words: Bcr/Abl fusion transcripts; b3a2; b2a2; Thrombocytosis; 
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INTRODUCTION

The Ph chromosome is a shortened chromosome 22 resulting from a reciprocal 
translocation, t (9; 22) (q34; q11), between the long arms of chromosomes 9 and 22 (Nowell 
and Hungerford, 1960; Rowley, 1973). It is the hallmark of chronic myelogenous leukemia 
(CML) and is found in up to 95% of patients. It is also found in 5% of children and in 15 to 
30% of adults with acute lymphoid leukemia and in 2% of patients with newly diagnosed 
acute myeloblastic leukemia (Kurzrock et al., 1988; Specchia et al., 1995). The Ph translo-
cation adds a 3’ segment of the Abl gene from chromosome 9q34 to the 5’ part of the Bcr 
gene on chromosome 22q11, creating a hybrid Bcr/Abl gene that is transcribed into a chime-
ric Bcr/Abl messenger RNA (mRNA), which is translated into a chimeric protein of 210 kDa 
called p210 Bcr/Abl. The Abl gene encodes a non-receptor tyrosine kinase with a molecular 
mass of 145 kDa (p145 Abl). It has 11 exons and spans over 230 kb. The breakpoint in the 
Abl gene occurs usually 5’ (toward the centromere) of exon 2 of Abl. The Abl exons 2 to 
11 (also called a2 to a11) are transposed into the major breakpoint cluster region (M-bcr) 
of the Bcr gene on chromosome 22 between exons 12 and 16 (also referred to as b1 to b5), 
which extends over 5.8 kb (Kurzrock et al., 1988). The breakpoint locations within Bcr fall 
either 5’ between exons b2 and b3 or 3’ (toward the telomere) between exons b3 and b4. A 
Bcr/Abl fusion gene with a b2a2 or b3a2 junction is created and transcribed into an 8.5-kb 
mRNA. The differences lead to the lack of the 75-bp b3 exon in the latter rearranged Bcr/
Abl transcript. In 5% of cases, alternative splicing events allow the expression of both fusion 
products (Melo, 1996b). 

There have been many contrasting data establishing a relationship between the two Bcr/
Abl transcripts and platelet counts and also response to treatment. However, the data published 
to date have been on a small group of patients. In this study, we determined the clinicohemato-
logical and molecular parameters in a large population to validate the results published so far.

The objective of the present study was to determine whether there is any difference in clin-
ical and hematological parameters at diagnosis between the two Bcr/Abl fusion transcripts in our 
population, and whether the two transcripts respond differently or similarly to imatinib treatment.
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MATERIAL AND METHODS

Patient population

A total of 202 patients were diagnosed with CML by reverse transcriptase-poly-
merase chain reaction (RT-PCR) in one year. These cases were studied retrospectively for 
the two isoforms of Bcr/Abl fusion transcript, i.e., b3a2 and b2a2 for their clinicohema-
tological parameters in terms of age, gender, size of liver, and spleen and baseline hemo-
gram, as per availability of data (for the sake of uniformity, the ratio of the two transcripts 
has been mentioned for all parameters studied). All hematological parameters including 
hemoglobin level, platelet count, total leukocyte count (TLC), and bone marrow blast, ba-
sophil, and eosinophil percentages were analyzed by accepted criteria and defined ranges 
(Lewis, 2001; Kratz et al., 2004). Of the 202 cases diagnosed by RT-PCR at baseline, 195 
cases were compared with fluorescent in situ hybridization (FISH). FISH analyses for 
the Bcr/Abl fusion transcripts were performed by established techniques on bone marrow 
cells (Acar et al., 1997) 

RT-PCR

The same bone marrow aspirate provided mononucleated cells for RT-PCR 
analysis. Mononuclear cells were collected from the bone marrow by the RBC lysing 
method. Total cellular RNA was extracted, and cDNA was synthesized and then subjected 
to RT-PCR amplification as described elsewhere (Kawasaki et al., 1988). The primers 
used at baseline were: sense: 5’ GGAGCTGCAGATGCTGACAAC 3’ and antisense: 5’ 
TCAGACCCTGAGGCTCAAAGTC 3 ’ (Kawasaki et al., 1988). Nested RT-PCR was used 
in follow-up cases for monitoring for minimal residual disease post-imatinib (Gleevac) 
treatment at intervals of 3, 6, 12, 18, and 24 months (Cross et al., 1993). The primers used 
for first round nested RT-PCR were: NB1: 5’ GAGCGTGCAGAGTGGAGGGAGAACA 
3’, ABL3: 5’ GGTACCAGGAGTGTTTCTCCAGACTG 3’. The primers used for second 
round nested RT-PCR were B2A: 5’ TTCAGAAGCTTCTCCCTGACAT 3’, CA3: 5’ 
TGTTGACTGGCGTGATGTAGTTGCTTGG 3’.

Since the two groups, i.e., b3a2 and b2a2, were not equal in number, we used the 
SPSS software version 14, multinomial regression logistic analysis to study the likelihood 
odds ratios (OR) between the two transcripts across different variable groups and calculated 
the statistical significance. All these cases were also analyzed at different follow-up intervals 
by RT-PCR and FISH, to determine the prognostic significance of both isoforms. 

RESULTS

Incidence of b3a2 and b2a2

Of the 202 CML patients, 138 (68%) had the b3a2 type bcr/abl transcript and 64 
(32%) had the b2a2 type, with the ratio being 2:1. After RT-PCR, types b3a2 and b2a2 gave 
rise to amplified DNA fragments of 200 and 125 bp, respectively, using the above-mentioned 
primers at baseline, and 460 and 385 bp, respectively, for nested RT-PCR. The male to female 
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ratio was 3:1 in b3a2 and 2:1 in b2a2, and the incidence of both isoforms was higher in adults 
than in children (132/138 in b3a2 and 61/64 in b2a2).

Clinical findings

The clinical parameter hepatosplenomegaly was studied in 106 patients, of whom 70 
had b3a2 and 36 had b2a2 (ratio being 2:1). There was not much difference between the two 
transcripts with regard to size of spleen or liver.

Hematological findings

We analyzed the transcripts in different ranges of hemoglobin and leukocyte and 
platelet counts to find out whether there was any significant difference in the hematological 
findings between the transcript types.

The relationship between the two transcripts and the patients’ hematological findings at 
diagnosis were studied in 106 patients, of whom 70 had b3a2 and 36 had b2a2 (ratio being 2:1). 
There was no correlation between the hemoglobin distribution and the type of transcripts. The 
median range for hemoglobin concentration was between 5 and 10 g/dL. TLC ranging from less 
than 20 x 109/L to more than 400 x 109/L was observed with a median range of 100 to 200 x 109/L 
in the two transcripts. We analyzed the distribution of both transcripts in each of the following 
ranges as shown in Table 1, and calculated the OR to find out whether there was any significant 
difference. We did not find any difference between the two transcripts in terms of TLC. 

Platelet count ranging from less than 100 x 109/L to more than 1000 x 109/L was ob-
served with a median range of 300 to 400 x 109/L in the two transcripts. Again, we did not find 
any significant difference between the two transcripts. Even after stratifying on the basis of 
platelet count of more than 1000 x 109/L, we did not find any significant association between 
the transcripts and thrombocythemia, as shown in Table 1. 

We further stratified the patients on the basis of platelet count above or below 400 x 
109/L and TLC above or below 100 x 109/L, in both transcripts. We found that in both transcripts, 
increased platelet count of more than 400 x 109/L was significantly associated with high TLC of 
more than 100 x 109/L (for b3a2, OR = 2 and for b2a2, OR = 2.5) as shown in Table 2.
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Correlation of transcripts and bone marrow morphology

Bone marrow morphology for blast, basophil and eosinophil percentages, and phase 
of CML disease, chronic phase, accelerated phase and blast crisis were studied in 173 patients, 
of whom 118 had b3a2 and 55 had b2a2 (ratio being 2:1). It was seen that eosinophilia and 
basophilia (more than 5%) were marginally associated with b3a2, but the findings were not 
significant. However, there was no correlation between the bone marrow blast percentage and 
the two transcripts. It was also seen that 11% of b2a2 (OR = 2.2) presented CML blast crisis 
as compared to 5% of b3a2 (OR = 0.4). This was a significant finding (Table 3). Among the 
blast crisis group, 5 of 7 patients with myeloid blast crisis had b2a2, while 3 of 4 patients with 
lymphoid blast crisis had b3a2, which was again significant.

Correlation of transcripts and FISH

The two transcripts were correlated with FISH in 186 patients (of whom 125 had 
b3a2 and 61 had b2a2, ratio being 2:1), to find out whether any of the additional chromosomal 
abnormalities such as 9q deletion, 5’Abl deletion or Ph duplication had implications on any of 
the transcripts. It was observed that 10% of b3a2 had 5’Abl deletion (OR = 3.3) as compared 
to 3% of b2a2 (OR = 0.3), as shown in Table 4. This was a significant observation.
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Post-Gleevac thrombocytopenia 

Post-Gleevac thrombocytopenia of less than 100 x 109/L was studied in 97 patients, 
of whom 63 had b3a2 and 34 had b2a2 (ratio being 1.85:1). It was associated more with 
b2a2 (44%, OR = 1.76) than with b3a2 (25%, OR = 0.56). We further examined whether 
the initial platelet count at baseline had any role in the development of thrombocytopenia, 
after starting of treatment with Gleevac, or if it was because of the transcript type. We also 
tried to find out the association of initial platelet count with the time at which thrombocy-
topenia developed. The initial platelet count at the time of presentation did have a signifi-
cant impact on the development of thrombocytopenia, as shown in Table 5. The higher the 
platelet count, the lower the likelihood was of developing thrombocytopenia, and even if 
it developed, it occurred with longer duration of treatment. Upon stratifying on the basis 
of transcript type and platelet count above or below 400 x 109/L, the difference was again 
more because of platelet count, while the percentage of the two transcripts developing 
thrombocytopenia was almost equal in both groups, as shown in Table 6. Thus, it could be 
concluded that post-Gleevac thrombocytopenia was because of the initial platelet count at 
baseline, and was not significantly associated with transcript type.

Response to treatment

We analyzed 70 patients for molecular response at 6 months and 67 patients at 1 year. 
Though 48% of patients with b3a2 were in molecular remission at 6 months as compared to 
41% patients with b2a2, the difference was not significant (Table 7). On the other hand, 76% 
of b2a2 showed molecular remission at 1 year as compared to 55% of b3a2, but again this was 
not significant (Table 8).
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Cytogenetic response was also studied in 96 patients at 6 months, and in 85 patients 
at 1 year from initiation of treatment with Gleevac. The response was classified as complete, 
major, minor, or no response as described elsewhere in the literature (Druker et al., 2003). 
Again, there was not much significant difference in the cytogenetic response between the two 
transcripts, at 6 months and 1 year (data not shown). We also correlated molecular response 
with initial TLC and platelet count, but there was no significant association, neither in the 
whole population nor within the transcript groups (data not shown).

DISCUSSION

There have been many contrasting studies reported in literature, correlating type of 
bcr/abl mRNA and hematological parameters in patients with CML. The differences seen in 
these studies may be explained by differences in sample size, sample selection and bias or 
due to racial differences. All studies published so far have used the Student t-test for analysis. 
They calculated the mean and the median in each group across different variables studied and 
calculated the P value. However, there was no mention in these studies of the actual percentage 
of patients in each transcript group, which showed differences in the variables or parameters 
studied, and whether this was significant or not. In all these studies, the number of patients 
with b3a2 was more than b2a2, and this could have led to bias towards b3a2. We had the op-
portunity to study a large number of patients at our institution who were treated with imatinib 
myselate, also known as Gleevac. To overcome the selection bias towards any of the groups, 
we applied multinomial regression logistic analysis to determine the likelihood OR between 
the two transcripts across different variables or parameters studied, and calculated the statisti-
cal significance using the SPPS software, version 14. We divided the different hematological 
parameters hemoglobin, TLC and platelet count into different ranges and studied the percent-
age of patients in the two transcripts across each range of hematological parameter and then 
calculated the OR and the P value to establish any significant association.

In accordance with other studies in the literature (Martiat et al., 1989; Inokuchi et al., 
1991a,b; Opalka et al., 1992; Shepherd et al., 1992; Rozman et al., 1995; Perego et al., 2000; de 
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Lemos et al., 2005), there was no correlation between the two transcripts and liver and spleen 
size and hemoglobin level. We tried to analyze the relationship between TLC, platelet count and 
the two transcripts using the OR. Although b3a2 did show a higher association with high TLC 
ranging from 100 to 400 x 109/L, compared to b2a2, it was not significant (OR for b3a2 was 
1.5 and 0.7, for b2a2). This finding was similar to that reported in the literature (Martiat et al., 
1989; Inokuchi et al., 1991a,b; Opalka et al., 1992; Shepherd et al., 1992; Rozman et al., 1995; 
Perego et al., 2000; de Lemos et al., 2005). In analyzing the relationship between platelet count 
and the two transcripts, again we did find a slightly better association of b3a2 with high platelet 
count of more than 400 x 109/L, than for b2a2, but again it was not significant (OR for b3a2 was 
1.3 and 0.7 for b2a2). Some studies have shown that patients with the b3a2 transcript have a 
higher platelet count than patients with the b2a2 transcript (Martiat et al., 1989; Inokuchi et al., 
1991a,b; Perego et al., 2000; de Lemos et al., 2005). However, others were not able to establish 
any relationship between the two (Shepherd et al., 1992; Rozman et al., 1995).

One of the reasons for these contrasting results could be the sample size. Many of the stud-
ies, which showed a significant association between platelet count and b3a2, had a small patient 
population ranging from less than 50 to 80. Because of this small number, there could have been 
a bias towards b3a2 since the incidence of b3a2 is higher than b2a2. However, in our study, we 
analyzed 106 patients, which is a good sample number for determining significant results. Many 
studies have shown that there is an association between b3a2 with high platelet count of more than 
1000 x 109/L in patients with TLC less than 100 x 109/L (Martiat et al., 1989; Shepherd et al., 1992; 
Perego et al., 2000; de Lemos et al., 2005), but again, the number of patients in these studies was 
very small (5 of 6 patients in the study conducted by Martiat et al., 1989, and 3 patients in another 
study conducted by Shepherd et al., 1992). However, in contrast to what has been reported in these 
studies, we found that high platelet count was associated with high TLC irrespective of transcript 
type. This could be explained by the postulation that the inclusion of the Dbl/PH domains in the bcr 
region in p210 and p230 may contribute to the granulocytic differentiation associated with these 
variants (Advani and Pendergast, 2002), resulting in hyperleukocytosis and thrombocytosis.

To resolve the contrasting data suggesting a possible relationship between Bcr/Abl 
protein structure and thrombopoiesis, further studies are required. Although one study did es-
tablish a possible correlation between b3a2 and thrombopoiesis by studying the interaction 
between the actin and microtubule systems and megakaryocyte integrins and the extracellular 
matrix, and found that rare patients with Ph-positive essential thrombocythemia with the high-
est platelet counts correlated with the b3a2 type transcript (Perego et al., 2000). However, it was 
noteworthy that even in this study, there was a subgroup among the b3a2 patients with platelet 
counts not different from those of the b2a2 group. Thus, in the multifactorial process of platelet 
production, there could be many signaling pathways that interact with each other at different 
levels, and the type of Bcr/Abl rearranged product alone is not sufficient to explain the increase 
in thrombopoiesis. It is possible that the signal transduction role of Bcr/Abl protein, where pres-
ent, would only be a variable in certain cases, influencing the phenomenon. An example of this 
multiple involvement of different pathways in thrombopoiesis is provided by essential throm-
bocythemia, a clonal disorder characterized by thrombocytosis and abnormal proliferation of 
megakaryocytes, and in which the Bcr/Abl protein is not present in the great majority of cases. 
In this disease, it seems that an altered expression of thrombopoietin and its receptor c-Mpl or 
an altered sensitivity of the thrombopoietin-c-Mpl system may play a role (Matsumura et al., 
1999), although their exact involvement in thrombopoiesis is still elusive.
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We correlated bone marrow aspirate findings of blast, basophil and eosinophil per-
centages and the phase of the disease, with the two transcripts to find out whether the 5’ or 3’ 
breakpoints in the bcr region had any influence on myeloid cell proliferation. Though there 
have been reports correlating the phase of CML disease with the transcripts (Shtalrid et al., 
1988; Mills et al., 1988, 1991; Shepherd et al., 1995; Elliott et al., 1995; Melo, 1996a), none 
of the studies have correlated bone marrow findings with the two transcripts. We did not find 
any significant difference between the two fusion transcripts when correlating them with the 
percentage of myeloid cells in the marrow, indicating that there is no difference in the role 
of the two fusion transcripts in myeloid cell proliferation. In correlating with phase of the 
disease, we found that there was not much difference between the two transcripts among 
the patients who were in chronic phase. However, we found that b2a2 was significantly as-
sociated with blast crisis (OR = 2.2) compared to b3a2 (OR = 0.4). This is interesting, given 
that the longer Bcr/Abl variants (i.e., p230) tend to have a more indolent biological/clini-
cal phenotype than the shorter variants (i.e., p185). Even among the group of patients who 
presented blast crisis, b2a2 was significantly associated with myeloid blast crisis (5 of 7), 
and b3a2 was associated with lymphoid blast crisis (3 of 4). There are some data indicating 
that patients with b3a2 exhibit a long chronic phase compared to those with b2a2 (Mills et 
al., 1988; Shepherd et al., 1995; Elliott et al., 1995; Melo, 1996a), while others have de-
scribed that patients with b3a2 exhibit a short chronic phase (Shtalrid et al., 1988; Mills et 
al., 1991). One of these studies analyzed the genomic break points in the bcr region (F0 to 
F4) and found that there was a trend for longer duration of chronic phase in patients with 
breakpoints in the F2 region as compared to other regions. However, there was no statistical 
difference in the duration of the chronic phase in patients with breakpoints in the F1 and F2 
regions (corresponding to b2a2 mRNA) and with the F3 and F4 regions (corresponding to 
b3a2 mRNA) (Mills et al., 1991). The same study also showed that there was no difference 
in the number of patients with blast crisis for both regions, i.e., F1 and F2 or F3 and F4. 
However, patients with F1 and F2 breakpoint regions (b2a2) had slightly higher association 
with myeloid blast crisis, while patients with F3 and F4 breakpoint regions (b3a2) had an 
association with lymphoid blast crisis. This finding was similar to that in our study. 

We also examined correlations with FISH findings to find out whether either transcript 
showed any significant cytogenetic abnormalities. Interestingly, 5’ Abl deletion was signifi-
cantly associated with b3a2 (OR = 3.3) compared to b2a2 (OR = 0.3). No previous reports have 
analyzed this association. The incidence of 5’ Abl deletion is around 10%, as reported in litera-
ture (Huntly et al., 2003). However, the association of b3a2 with 5’ Abl deletion needs further 
investigations. There is one study where it was reported that 3 of 4 patients had a breakpoint 5’ 
of Abl gene and had a b3a2 type junction. In these patients, the entire Abl gene was translocated 
to chromosome 22, and these patients had essential thrombocytosis (Morris et al., 1991). 

After initiation of treatment with imatinib myselate, we again analyzed the TLC and 
platelet count to see whether there was any difference in the response of patients between these 
two transcripts. One interesting observation was that post-Gleevac thrombocytopenia (less 
than 100 x 109/L), which is a common hematological finding during treatment with imatinib, 
was seen more with b2a2 (OR = 1.76) than with b3a3 (OR = 0.5). However, on correlating 
with the initial platelet count at baseline, we found that the association of thrombocytopenia 
was higher with low platelet counts at baseline than with the transcripts. It was seen that, the 
higher the platelet count at baseline, the lower the chances are of developing thrombocytope-
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nia. Interestingly, all patients with platelet counts of more than 1000 x 109/L did not show post-
Gleevac thrombocytopenia at all. This finding has not been previously reported in literature.

On analyzing the therapeutic response based on molecular and cytogenetic response, 
we did not find any difference between the two transcripts at 6 months or 1 year. There are some 
data indicating that patients with b3a2 have a better prognosis than with b2a2, exhibiting a long 
chronic phase and better response to interferon (Mills et al., 1988, 1991; Elliott et al., 1995; 
Melo, 1996a). On the other hand, a recent study showed that patients with b2a2 had a better 
molecular response than with b3a2 at 6 months and at 1 year (de Lemos et al., 2005). However, 
other prospective studies have suggested no difference in prognosis between patients with b2a2 
versus b3a2 transcripts (Fioretos et al., 1993; Rozman et al., 1995; Shepherd et al., 1995). High 
platelet counts greater than 1000 x 109/L at diagnosis have been recognized as a poor prognos-
tic marker and an early marker of accelerated phase (Shtalrid et al., 1988; Morris et al., 1990). 
However, we did not find any such association, and patients even with a platelet count of more 
than 1000 x 109/L achieved complete cytogenetic remission at the end of 6 months (4 of 6, 
67%) and at one year (3 of 5, 60%). All these initial reports published in the literature were be-
fore the use of imatinib, wherein patients were treated with interferon and/or hydroxyurea and 
found a better response in patients with b3a2 than with b2a2 and in patients with low platelet 
counts. However, now, perhaps due to the advent of imatinib, the type of transcript or the initial 
platelet count does not have any implications on the overall molecular remission. This could be 
explained by a study in which a phase 1 trial was carried out with 54 patients with CML refrac-
tory to interferon-α. Of these patients, 23/24 patients receiving a dose of 300 mg or higher of 
imatinib underwent a complete hematological remission, and 8/24 had a complete cytogenetic 
remission (Druker et al., 1999). Imatinib is a signal transduction inhibitor (STI-571), with po-
tent tyrosine kinase inhibition and selectivity for Abl, c-Kit, and platelet-derived growth factor. 
STI-571 binds to a pocket of the catalytic domain of the Abl tyrosine kinase and competitively 
inhibits binding of adenosine triphosphate, thereby resulting in inhibition of autophosphory-
lation and inhibition of substrate phosphorylation (Buchdunger et al., 1996; Schindler et al., 
2000). Since imatinib does not have any role in the inhibition of the bcr region, the type of 
breakpoint in the bcr region may not influence the response to treatment with imatinib.

In conclusion, our findings confirm that b3a2 type transcript is not significantly asso-
ciated with thrombopoiesis, and that there is no difference in treatment response between the 
two transcripts. However, further studies are required to understand the molecular pathways 
involved in the Bcr/Abl mechanism. In addition, the significant findings from our study were 
the association of blast crisis with b2a2, especially with myeloid blast crisis, association of 5’ 
Abl deletion with b3a2 and association of post-imatinib thrombocytopenia with low platelet 
count at baseline. These findings have not been previously reported in the literature and there-
fore need further studies and validation.
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