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Younger age and shorter chronic phase in b2a2-positive
chronic myeloid leukemia adults with high white blood
cell count at diagnosis

Controversial results between the ber-abl mRNA type and
its relationship to clinical data at presentation in chronic
myeloid leukemia (CML) have been reported. We analyzed 71
adults with chronic phase CML using reverse transcription
polymerase chain reaction (RT-PCR) validated by sequencing
and observed that in a subgroup with elevated white blood cell
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(WBC) count at diagnosis, younger patients and shorter
chronic phase were more commonly registered in b2a2-pos-
itive individuals.
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CML is a myeloproliferative disorder characterized by a neo-
plastic expansion of the granulocytic and megakaryocytic lin-
eages,! as well as by the presence of the Philadelphia chromo-
some as the result of a reciprocal translocation between chro-
mosome 9 and 22 in more than 90% of CML patients.2 At the
molecular level, the 5” sequences of the bcr gene on chromosome
22 become fused to the 3" sequences of the abl proto-oncogene
on chromosome 9, generating either b2a2 or b3a2 mRNA:3

Discrepancies between various studies on the ber-abl chimeric
mRNA type and its possible association with differences in the
clinical features observed during the course of CML generated a
debate protracting for several years,*s with some evidence in
favoré and some against.” In order to gain more information on
this apparent association, we analyzed 71 patients with CML in
first chronic phase. The diagnosis of CML was established on the
basis of bone marrow aspirates, supported by cytochemical analy-
sis and low alkaline phosphatase activity in granulocytes. We
standardized a RT-PCR technique to co-amplify the bcr-abl junc-
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Figure 1. Detection of the bcr-abl rearranged mRNA from RNA
samples of chronic myeloid leukemia (CML) adults by RT-PCR.
(A) A representative gel that shows results of the RT-PCR
from a healthy individual (lane N) and two CML patients in
chronic phase (lanes 1 and 2). The patients carried a b3a2
(lane 1; 194-bp fragment) or b2a2 (lane 2; 119-bp fragment)
fusion transcript. A fragment of 370 bp was co-amplified from
the B2-microglobulin gene (B2-M) as an internal control. Water
was used as a negative control instead of RNA in the reverse
transcription reaction (lane -). Lane M: 100-bp DNA ladder.
Nucleotide sequence of the RT-PCR amplified mRNA contain-
ing the bcr-abl junction region from two CML patients who
expressed a b2a2 (B) or b3a2 (C) transcript type.
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Table 1. Clinical parameters at diagnosis of CML patients in chronic phase (CP) expressing the b2a2 or b3a2 type of the bcr-

abl rearranged mRNA.

Stratification of the patients on the basis of WBC count

WBC < 100x109/L WBC > 100x109/L
b2a2 b3a2 b2a2 b3a2 b2a2 b3a2

Parameter n=32 n=38 n=7 n=8 n=25 n=30
Male/Female 19/13 19/19 43 53 15.10 14/16
Age (yrs)

Mean=SEM 39.7+2.89 4714247 48.4£721 439152 37.2+30* 48+2.83*

Median (range) 36 (18-75) 44 (22-74) 40(28-75) 425 (22-69) 36 (18-67) 47 (22-74)
WBCx10/L

Mean+SEM 218.3+27.3 239.4+24.9

Median (range) 201 (18-750) 230 (10-694)
Platelets x10°/L

Mean+SEM 470.2+62.7 545.7454.9

Median (range) 356 (39-1692)  465.5 (120-1395)
Risk profile by Sokal

Low 10 12

Intermediate 9 17

High 13 9

Risk index (high/low) 13 0.75

n=23 n=25

CP duration (months)

Mean = SEM 376149 49.2+4.2

Median (range) 35 (10-95)° 51 (12-81)°

*p = 0.012 (unpaired Student t test); °p=0.044 (Mann-Whitney rank sum test).

tion region and the B2-microglobulin gene (3.-M) as an endoge-
nous control to confirm RNA integrity, and applied this tech-
nique on one microgram of RNA extracted from Ficoll-separat-
ed peripheral blood mononuclear cells by the acid guanidinium
thiocyanate/phenol-chloroform method. Appropriate controls
were carried out for each RT-PCR assay. Amplified fragments
from the bcr-abl rearranged mRNA generated by RT-PCR were
visualized on a 2% agarose gel containing ethidium bromide (Fig-
ure 1A). To validate the RT-PCR specificity, the amplified mate-
rial of some CML cases were directly sequenced on both strands
with the same primers employed for PCR, using a BigDye Termi-
nator Cycle Sequencing Ready Reaction Kit, according to the
manufacturer’s instructions. Obtained nucleotide sequences were
compared with the reported sequence for the major breakpoint
ber-abl junction region and, as expected, the 119-bp and 194-
bp amplification bands corresponded to the b2a2 (Figure 1B) or
b3a2 (Figure 1C) junction type, respectively.

Once the RT-PCR technique had been validated, the consec-
utive patients were classified on the basis of the PCR product
size. As a result, the b2a2 variant was detected in 32 (45.1%)
cases, 38 (53.5%) patients had b3a2 and only one patient (1.4%)
carried both types of transcripts. The clinical data at diagnosis
of patients of the b2a2 and b3a2 groups were compared: i.e. sex,
age, WBC count, platelet count, risk profile and chronic phase
duration (Table 1). No statistically significant difference in any
clinical parameter was found between the two groups of
patients, except for a tendency of the b2a2 individuals to be
younger (p = 0.052). Interestingly, when the few patients whose
WBC count was < 100x10%L were omitted from the statistical
analysis, the difference in the mean age at diagnosis between the
two groups was statistically significant (p = 0.012), suggesting
that patients with the b2a2 variant are younger than those
expressing b3a2. Although the risk index is higher in b2a2 than
b3a2 patients, the stratification of the patients into three risk

categories according to the Sokal criteria® is unrelated to bcr-
abl transcript type (p = 0.24).

On the other hand, the patients were treated with hydroxyurea
or busulphan and followed during disease progression to deter-
mine the length of the chronic phase. Altogether 22 of 71
patients were excluded from this follow-up study because they
had inadequate clinical information, due to change in the treat-
ment or because they continued in chronic phase. The clinical
follow-up of the remaining 49 patients showed a difference in
the median duration of chronic phase among the b2a2 (35
months) and b3a2 (51 months) individuals (p = 0.044), again
suggesting a greater risk for b2a2 patients.

Although the present study includes a small number of
patients and a large multicenter study is required, our data indi-
cate that in a subgroup of patients in chronic phase CML with
a high WBC count at the time of diagnosis, younger patients and
shorter chronic phase duration were more commonly registered
in the group that expressed the b2a2 mRNA.
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Significance of real-time quantitative polymerase chain
reaction detection of p16 gene deletions in childhood
acute lymphoblastic leukemia

We show that real-time polymerase chain reaction can
detect the majority (40/55; 80%) of patients with homozy-
gous deletion of the p16 gene as well as those with germline
pl6 configuration. The remaining samples (11/55; 20%)
should be interpreted with caution. Patients with p16 dele-
tion show a worse prognosis and TEL/AML1-positive children
do not accumulate in any p16-defined group.

haematologica 2002; 87:668-669
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Deletion of p16ink4A gene is one of the most frequent genet-
ic alterations in childhood acute lymphoblastic leukemia (ALL)
with a particularly high incidence in T-ALL.
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Recently, an effort has been made to examine this abnormal-
ity in ALL patients by new technology, real-time quantitative
polymerase chain reaction (RQ-PCR).: The published data con-
cerning the usefulness of this method are to some extent con-
tradictory. Carter et al.! are strongly convinced that RQ-PCR is
able to distinguish not only between samples with germline and
homozygously deleted p16 genes but, moreover, can reveal those
patients with hemizygous deletion. The alternative view of Ein-
siedel et al.2suggests that the RQ-PCR technique is suitable only
for the detection of homozygous deletion. The data published in
the study by M'Soka et al.3 also show some technical ambigui-

We used RQ-PCR with LightCycler™ technology to examine 56
children with ALL (54 newly diagnosed patients and 2 children
at relapse) diagnosed in 1999 in the Czech Republic. The genom-
ic DNA (gDNA) and complementary DNA (cDNA) levels of p16
gene were successfully analyzed in 55 and 54 patients, respec-
tively. The amount and quality of gDNA and cDNA were deter-
mined using RQ-PCR amplification of $-2-microglobulin (32M)
gene in two separate systems. Sequences of oligonucleotides
used for RQ-PCR are listed in Table 1.

Examination of genomic DNA and normalized values of [gDNA
p16]/[gDNA p2m] ratio adjusted to the percentage of leukemic
blasts at diagnosis divided patients into three groups: (1) patients
with a low pl6 content in leukemic blasts (<20%) due to
homozygous deletion (22/55 patients; 40%); (2) patients with
normal p16 content (>80%) and germline p16 (22/55 patients;
40%); (3) patients with a medium p16 content (30-65%) (11/55
patients; 20%). The distribution of p16 gDNA subgroups among
patients with different immunophenotype was as follows:
mature B-ALL (n=1): medium p16 content; pre-B and common
ALL (n=43): low p16 content 14/43=33%, medium 9/43=21%,
normal 20/43=47%; pro-B ALL (n=2): low pl6 content
2/2=100%; T-ALL (n=9): low p16 content 6/9=67%, medium
1/9=11%, normal 2/9=22%.

We next analyzed the presence of TEL/AML1 and BCR/ABL
fusion genes in our patients. Whereas both BCR/ABL-positive
patients had normal p16 status, TEL/AML1-positive patients
were distributed homogeneously within all three groups (4, 2 and
4 patients with low, medium and normal p16, respectively). Five
patients from our cohort had an event (early death n=3; death
in remission n=1; relapse n=1). All but one belonged to the p16
low gDNA group; the remaining event was early death of a
BCR/ABL-positive patient with a normal content of genomic
p16. There were only two patients examined at relapse in our
original cohort and both had low p16 gDNA. This is in agreement
with previously published data.*

Table 1. The primers and probes for RQ-PCR amplification of
pl6 and B2M genes.

Oligonucleotide 5’_3' sequence Application
pl6-F tggacctggetgaggaget primer
pl16-gDNA-R tecteacctgagggaccttce primer
p16-cDNA-R tcaatcggggatgtctgag primer
pl6-LC ctgectetggtgeeececge probe
pl6-FL geggcatctatgcgggcatggtt probe
p2m-F ccagcagagaatggaaagtc primer
2m-gDNA-R agtgggggtgaattcagtgtag primer
{32m-cDNA-R gatgctgcttacatgtetcg primer
p2m-LC atgaaacccagacacatagcaattcag probe
B2m-FL ttcttcagtaagtcaacttcaatgtcgga probe






