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Background and Objectives. The chimeric product of the
ber-abl rearranged gene is critical in the pathogenesis of
chronic myeloid leukemia (CML), yet its role in the pro-
gression of the disease remains unclear. There is some
evidence that increased bcr-abl expression levels, possi-
bly due to gene amplification, precede the clonal evolu-
tion of CML hematopoietic progenitors toward a fully
transformed phenotype and might be involved in their
resistance to interferon-alpha or tyrosine kinase inhibitors.

Design and Methods. To quantify the ber-abl gene both
at the genomic and at the transcriptional levels we devel-
oped a competitive polymerase chain reaction (PCR)
strategy. The competitive PCR technique is based upon
the co-amplification of the sample template (target)
together with increasing amounts of a DNA fragment
(competitor) sharing with the target the primer recogni-
tion sites, but differing in size. We constructed a com-
petitor for the quantification of both b.a, and bsa, alter-
native splicing forms of the bcr-abl chimera and estab-
lished the accuracy and reproducibility of our competitive
strategy in a clone of the murine 32DG hematopoietic
cell line (32D LG7), which bears a stable integration of
a single copy of p210 ber-abl fusion gene. We utilized this
technique to follow, over a period of 200 days, the fusion
gene copy numbers and transcription rates in several
p210 ber-abl-transduced 32D cell clones, an experimen-
tal condition mimicking the evolution of CML myeloid
progenitors in vivo.

Results. Our results are consistent with p210 ber-abl over-
expression but not gene amplification associated with
their clonal evolution. Increased p210 bcr-abl transcrip-
tion rate is associated with the abrogation of radiation-
induced apoptotic cell death, suggesting a role for the
chimeric gene expression level in cell life expectancy after
a genotoxic insult.

Interpretation and Conclusions. We conclude that the
assessment of gene amplification and expression might
serve to improve prognostic classification and follow-up
of CML patients.
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proliferative disorder of the primitive hematopoi-
etic stem cell that progresses in distinct clinical
stages. The initial indolent phase, the chronic phase,
may last for years and is characterized by the illegiti-
mate expansion of a clonal myelopoiesis, resulting in
the elevation of peripheral blood white cells (and some-
times platelets) which still retain the capacity to dif-
ferentiate into normal and functional granulocytes.!
Ultimately, the chronic phase progresses into the ter-
minal stage, named blast crisis, which leads to the accu-
mulation of primitive progenitor cells arrested at an
early stage of either myeloid or lymphoid differentia-
tion.2 The cytogenetic hallmark of CML is the Philadel-
phia chromosome (Ph1), a balanced reciprocal translo-
cation resulting in the aberrant transfer of the c-abl
proto-oncogene from chromosome 9 to a site adjoin-
ing the breakpoint cluster region (bcr) of the BCR gene
on chromosome 22.4 The chimeric bcr-abl gene tran-
scribes a 8.5 kb hybrid mRNA, that translates a 210 kDa
protein (p210ve-20) endowed with constitutively active
protein tyrosine kinase activity.56 p210ber-al js crucial in
the pathogenesis of CML, but is probably not funda-
mental for the progression of the disease.” That the
p210 product of ber-abl fusion gene has, indeed, a crit-
ical role in the pathogenesis of CML has been proved by
its transforming potential on hematopoietic progenitor
cells in vitro and by the development of a CML-like
hematopoietic neoplasm in lethally irradiated mice
whose hematopoiesis was reconstituted with bcr-abl-
transfected bone marrow cells.8® However, its role in the
progression of the disease is still obscure. So far, there
is evidence that increased bcr-abl expression levels,
possibly due to gene amplification, precede the clonal
evolution of CML hematopoietic progenitors toward a
fully transformed phenotype?® and are likely involved in
the cells’ resistance to interferon-a or tyrosine kinase
inhibitors.1t
The quantification of bcr-abl fusion gene at the DNA
level (quantitative Southern blot or fluorescence insitu
hybridization) (FISH)*2 or at the RNA level (quantitative
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reverse transcription-polymerase chain reaction)!? has
been attempted for the clinical purpose of monitoring
residual disease following allogeneic bone marrow
transplantation or during treatment with interferon-a
or the tyrosine kinase inhibitor, STI571. Far fewer stud-
ies have addressed the matter of significance of the
aberrant gene expression levels in the progression of
associated disease and, up to date, there is no clear evi-
dence about the impact of p210ber-2! jn the prognostic
evaluation of CML patients at diagnosis.

In the study presented here we describe a competitive
polymerase chain reaction (PCR) strategy that we devel-
oped in order to quantify p210ver-abl expression both at
genomic and transcriptional levels. To this purpose, we
performed sequential measures of bcr-abl gene copy
number and transcript molecule in several 32DG cell
clones stably transducing the p210ber-2! fusion gene,
continuously maintained in culture. This experimental
condition appears to mimic the clonal evolution of CML
hematopoietic progenitor cells in vivo. Our results failed
to find any correlation between the chimeric gene copy
number and its transcriptional expression level, sup-
porting the hypothesis that gene amplification in CML
may occur through multiple mechanisms. In conclusion,
our strategy may help to define the biomolecular steps
involved in disease progression possibly important in
improving the prognostic classification of CML patients.

Design and Methods

Cell lines and culture conditions

32D cell line is a murine myeloid progenitor cell line
originally isolated from the non-adherent fraction of
long-term bone marrow cultures.** The cell clone
denominated 32DG was obtained from G. Rovera (The
Wistar Institute, Philadelphia, PA, USA) and is strictly
dependent on interleukin 3 (IL-3) for growth. We used
electroporation to introduce into the 32DG cell line a full
length p21Qber-abl construct subcloned into the pGD
retroviral vector under the control of LTR promoter of
the myeloproliferative sarcoma virus along with a
neomycin phosphotransferase gene allowing for selec-
tion in the neomycin analog G418. The construct was
kindly donated by N. Carlesso (Massachusetts General
Hospital, Boston, MA, USA), and a more detailed descrip-
tion of its construction has been given in a published
paper.t Electroporation was performed at 0.25V/960mF
(Equibio Easyject, Optima). Cells were allowed to recov-
er for 48 hours in RPMI with 10% FCS (Gibco), in the
presence of 10% of Wehi-3 conditioned medium as the
source of IL-3. Cells expressing the electroporated con-
struct were then selected in medium to which 1 mg/mL
of G418 had been added. After the initial selection, indi-
vidual subclones were obtained by cloning in semisolid
medium (methylcellulose) in the absence of IL-3. The
32DG LG7 cell clone stably expressing the p210Qber-abl
fusion gene was kindly donated by P. Laneuville (Royal
Victoria Hospital, Montreal, Quebec, Canada). It was gen-
erated by transfection of a p210t-20 construct under the
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control of the same promoter.16 All p210ber-aol-transduced
32D cell clones were maintained in RPMI culture medi-
um (Gibco) with 10% FCS (Gibco), 1% L-glutamine, 1%
sodium pyruvate and antibiotics. Methylcellulose cell
cultures were performed in 0.9% methylcellulose (Sig-
ma) in IMDM (Gibco) with 30% FCS. Colonies (aggre-
gates containing >50 cells) were either scored or picked
for cloning after 7-10 days incubation in 5% CO: in air
at 37°C.

Genomic DNA and RNA isolation

Total genomic DNA and RNA were isolated with
DNeasy and RNeasy Tissue kits (Qiagen, Germany),
respectively, and according to the manufacturer's
instructions. The exact amount of both nucleic acids
extracted was measured by optical density at 260 nm
and the integrity of the nucleic acids was assessed by
electrophoresis on agarose gel.

Reverse transcription and competitive PCR

Reverse transcription (RT) was performed with 2 pg of
total RNA in 50 pL of reaction mixture containing 1xRT
buffer (50 mM Tris HCI pH 8.3, 75 mM KCI, 3 mM MgCly)
4 uM DDT (Life Technologies), 0.8 mM dNTPs (Life Tech-
nologies), 200 U M-MLYV reverse transcriptase (Life Tech-
nologies), 40 U RNAse inhibitor (Boehringer Mannheim)
and 1.5 pM random hexamers (Perkin Elmer). The RT
reaction was carried at 37°C for 1 h, followed by 5 min
at 95°C to inactivate the enzyme. PCR reactions were
performed with 2 pL of RT products in 30 pL of PCR
reaction mixture (50 nM Tris pH 8.4, 250 pg/mL BSA, 3
mM MgClz, 2 mM dNTPs and 4 U Taq polymerase Klen-
Tagq from Bionova, Italy) added to 0.5 puM specific
primers (CHS3 and CHS2 for ber-abl gene and CHS7 and
CHS6 for the murine glyceraldehyde-3-phosphate de-
hydrogenase (G3PDH) gene as internal control). Genom-
ic DNA PCR reactions were performed with 100 ng of
purified genomic DNA in 30 pL of reaction mixture to
which specific primers had been added (Table 1). Com-
petitive PCR reactions were carried by addition of scalar
amounts of specific competitor DNA fragments to a
fixed quantity of the cDNA (2 pL) or of the genomic
DNA (100 ng), followed by PCR amplification using the
respective primer pair. The PCR reactions were per-
formed in microcapillary tubes using a Rapid Cycle DNA
Amplification instrument (Idaho Technology), according
to the following cycle profile: denaturation at 98°C for
0", annealing at 59°C for 0” and extension at 72°C for
10", Thirty cycles were carried out for PCR amplification
of bcr-abl cDNA, G3PDH c¢DNA and gene. Thirty-five
cycles were carried out for PCR amplification of genom-
ic ber-abl.

After amplification, PCR products were resolved by
gel electrophoresis, stained by ethidium bromide and
quantified by densitometry. According to the principles
of competitive PCR, the ratio between the amplification
products is linearly correlated to the input amount of
competitor in the reaction.” Thus the equivalence point
(i.e. the amount of competitor resulting in a 1:1 ratio
between the two products) was calculated according to



Competitive PCR to detect amplification of bcr-abl gene in CML 169

Table 1. Sequence of primers used for reverse transcription and PCR amplification.

Gene Oligonucleatide Sequence 5->3) cDNA position Fragment size Fragment size
name Template Competitor
CHS6 TCATCATCTCTGCCCCCTCTG 416-436

G3PDH 440 392
CHS7 CGCCTGCTTCACCACCTTCTT 855-836
CHS3 AGCTTCTCCCTGGCATCCGTGGA 418-440 (bcr)

ber-abl2 381 bp* 343
CHS2 CCCATTGTGATTATAGCCTAAGA

*Corresponding to b3a2 transcript.

the equation of the line fitting the experimental points.
Due to the size difference between competitor and sam-
ple templates (38 bp for bcr-abl and 48 bp for G3PDH)
the number of competitor molecules at the equivalence
point was multiplied by 0.9 for bcr-abl and 0.89 for
G3PDH (these values correspond to the ratio in size of
competitors and sample template PCR products). These
numbers represented the absolute numbers of single
gene molecules per microgram of total RNA or per 100
ng of total genomic DNA. Each quantification was
repeated three times in at least three separate experi-
ments for each cell clone.

Construction of competitor templates

A competitor for quantification of both b.a; and bsaz
alternative splicing forms of bcr-abl chimera was con-
structed as follows. The PCR product obtained from the
b.a. rearranged sequence was cloned into the vector
pGEMEX-T (Promega) according to the manufacturer’s
instructions and by standard cloning techniques.® This
construct, named pMB75, was then cut within the b.a.
sequence by restriction with Bsu361 and the generated
DNA ends were filled-in using Klenow DNA polymerase.
A 37 bp DNA fragment present in a commercially avail-
able molecular weight marker preparation (Boehringer
Mannheim, DNA molecular weight marker VIII) was sep-
arated and purified from other bands through a poly-
acrylamide gel, filled-in and ligated with the linearized
pMB75 vector. The plasmid obtained (pMBc11) was
purified, quantified and used for competitive PCR exper-
iments. pMBc11 competitor plasmid is 3.65 Kbp in size
and thereby 1 ng equals 2.5x108 molecules.

Plasmid pMBc12, used for the competitive PCR quan-
tifications of murine G3PDH cDNA, contains a 58 bp
deletion within the PCR primer recognition sites. It was
constructed by an application of the recombinant PCR
methodology®® using a primer carrying a region of
homology to an internal portion of G3PDH cDNA at the
3’ end. The recombinant PCR product was cloned in the
vector GEMEX-T and was called pMBc12. It was 4.06
Kbp in size and thereby 1 ng equals 2.25x108 molecules.

Western blot analysis

Immunoblotting was performed according to stan-
dard techniques.t Briefly, 2x107 cells, washed twice in
cold PBS, were lysed in 200 pL of lysis buffer (10 mM
Tris pH 8, 150 mM NaCl, 10 nM iodacetamide, 1% chaps,

0.02% sodium azide, with protease inhibitors trypsin,
leupeptin, sodium ortovanadate and phenylmethylsul-
fonylfluoride). Equal protein amounts, measured by the
Bradford assay, were boiled 5 min in 2x SDS sample
buffer and analyzed by SDS electrophoresis on 10%
polyacrylamide gels. Following electrophoresis, gels were
electrophoretically transferred onto nitrocellulose
(Schleicher and Schuell). Immunoblots with anti-abl
antibody K-12 (Santa Cruz) were performed by diluting
the antibody 1:2000 in TBS with 0.01% Tween 20 and
visualized by enhanced chemioluminescence detection
(ECL) (Amersham Corp.).

Apoptosis

Apoptotic cell death was assessed in parental and
p210ber-avl-transduced 32DG cell clones 16 h after low
dose (4 Gy), low dose rate (0.05 Gy/min) y irradiation.
Briefly, cells in exponential growth phase were irradiat-
ed under a cobalt unit with the source calibrated in
order to deliver the above dose rate at the flask surface.
After irradiation, cells were allowed 16h at 37°C in
which to recover or die. Thereafter, DNA was extracted
as described in a previous section and resolved by
electrophoresis through 1% agar. Apoptotic cell death
resulted in DNA fragmentation, visualized under UV light
following staining with ethidium bromide.

Results

The aim of our study was that of assessing whether
gene amplification, possibly occurring either at genomic
or transcriptional level, might represent a biomolecular
event associated with clonal evolution of CML progeni-
tor cells. To this purpose we followed bcr-abl gene copy
number and transcription rate in seventeen p21Qber abl-
transduced 32D cell clones by means of a competitive
PCR stra- tegy. The p210°-al-transduced 32D cell clones
were generated by electroporation into the 32D cell line
named G2 of a pDG vector containing the p210be-abi (a5h,)
cDNA under the control of the myeloproliferative sarco-
ma virus LTR promoter along with the neomycin resis-
tance gene, selected in medium to which the neomycin-
analog G418 had been added and cloned in semisolid
growth medium (methylcellulose). All of them were pre-
liminary assayed for the presence, transcription and
translation of bcr-abl chimera by means of FISH, RT-PCR,
immunostaining and Western blot analysis (data not
shown and Figure 1). In particular, FISH analysis revealed
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Figure 1. Protein expression levels of p210 bcr-abl were
assessed by immunoblotting in the 32D LG7 cell clone (lane
1) and p210 bcr-abl transduced 32DG cell clones B (lanes
2-8). Equal amounts of protein lysates (100 mg/lane), prop-
erly processed as described in the Design and Methods sec-
tion were electrophoretically separated, blotted and
hybridized with anti-abl antibody K-12 (Santa Cruz). Lanes
1,2,3,4,5,6, 7, 8 32DG LG7, 1B, 3B, 4B, 5B, 6B, 7B,
8B cell clones, respectively.

the presence of multiple copies of the gene in virtually all
p210°e-adl-transduced 32D cell clones, although it was
impossible to substantiate their number and integration
sites, likely due to the too small construct size. Our result
is consistent with a previous study indicating the diffi-
culty in succeeding in the assessment of gene integration
by fluorescent probes in ber-abl-transduced murine cell
lines.2t The competitive PCR technique is based upon co-
amplification of the sample template (target) together
with increasing amounts of DNA fragment (competitor)
sharing with the target the primer recognition sites, but
differing in size. According to the principles of competi-
tive PCR, when the ratio between the amount of ampli-
fication products is plotted against the amount of com-
petitor added, the experimental points are fitted by a
straight line.222 Accordingly, the number of molecules of
competitor corresponding to a 1:1 ratio, corrected by the
difference in size between competitor and sample tem-
plates, is equivalent to the number of molecules of input
RNA in the sample. In preliminary experiments we used
titration assays to establish the accuracy and repro-
ducibility of our competitive strategy, related to the
murine  glyceraldehyde-3-phosphate deydrogenase
(G3PDH) housekeeping gene whose level was kept as
indicative of the amount of amplified genomic DNA and
cDNA (Figure 2).24

In our study we assumed as equal to 1 the number of
molecules assessed by competitive PCR on genomic DNA
and cDNA (respectively 2.8x104/100 ng and 2.25x105/ug)
of the 32D LG7 cell clone, which bears one single ber-abl
integration site/cell.1 The ber-abl copy number/100 ng of
genomic DNA showed very little heterogeneity in all sev-
enteen hcr-abl-transduced 32D cell clones assayed 60
days after electroporation: it ranged between 4 and 6,
compared to the 32D LG7 control value (Figure 3A). It did
not undergo any later increase in seven p210°-al-trans-
duced 32D cell clones denominated B assayed 90, 120
and 200 days after electroporation (Figure 3B). Converse-
ly, the fusion gene transcription rates exhibited much
greater heterogeneity both in an early phase following
electroporation (60 days), when the bcr-abl mRNA mole-
cule number was increased by 7.6-20.8 fold compared to
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Figure 2. Example of competitive PCR relative to bcr-abl
(A) and G3PDH (B) in p210¢ter2.-transduced 32D LG7. For
each amplification of bcr-abl, the ratio between the inten-
sities of the bands (evaluated by densitometric scanning)
was plotted against the amount of competitor added (C).
The amounts of competitor for ber-abl were 25 pg (lane 1),
18 pg (lane 2), 13 pg (lane 3), 10 pg (lane 4), 8 pg (lane
5), 6 pg (lane 6), 5 pg (lane 7) and O pg (lane 8), corre-
sponding to 5.62x10¢, 4x106, 2.9x10¢, 2.25%10¢, 1.8x106,
1.35x%10¢, 1.12x10¢ and O molecules, respectively. The
amounts of competitor for G3PDH were 10 pg (lane 1), 7.8
pg (lane 2), 7.2 pg (lane 3), 6 pg (lane 4), 2.4 pg (lane 5)
and 0 pg (lane 6), corresponding to 2.25x%107, 1.75x107,
1.62x107, 1.35%107, 5.4%10° and O molecules, respective-
ly. The expression level of the housekeeping G3PDH gene
did not show any significant variation in p210vera! trans-
duced 32DG clones under any of the experimental condi-
tions (range 9.6x106/1.5x107 molecules/ug total RNA). T:
template; C: competitor C/T: competitor/template ratio.

the 32D LG7 control value (Figure 3A), and after longer
intervals (90, 120 and 200 days), when it was further
increased by 28.4-42.5 fold (Figure 3B). The expression
level of the G3PDH housekeeping gene did not undergo
significant change at any time after electroporation in
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Figure 4. Fragmentation assay. Apoptotic cell death was
assessed in 32DG transfected with pGD vector alone as a
control and p210verabl-transduced 32DG cell clones B 16 h
after low dose (4 Gy), low dose rate (0.05 Gy/min) y irra-
diation. After irradiation, cells were allowed 16 h at 37°C
in which to recover or die. Thereafter, DNA was extracted
as described in Design and Methods and resolved by
electrophoresis through 1% agar. Apoptotic cell death
resulted in DNA fragmentation, visualized under UV light fol-
lowing staining with ethidium bromide. Lanes 1, 3, 5, 7, 9,
11: pGD-32DG, 4B, 5B, 6B, 7B, 8B non-irradiated cell
clones, respectively. Lanes 2, 4, 6, 8, 10, 12: pGD-32DG,
4B, 5B, 6B, 7B, 8B irradiated cell clones, respectively.

any of the p210v-2l-transduced 32D cell clones: it ranged
between 9.6x10% to 1.5x107 molecules/pg total RNA.
Moreover, we investigated the consequences of the
observed time-course increase of bcr-abl fusion gene
transcription rates on other biomolecular pathways
potentially relevant for clonal evolution of p210 bcr-

B petative bor-abl gene coples
Bber-ahl mRNA 60 days p1
Eber-abl mBNA 90 days pi
Bitcrabl mRNA 130 days pt

Clbcr-abl mRNA 200 days p.t.

Figure 3. Bcr-abl gene copy num-
ber and RNA levels in seventeen
p210¢be-adl-transduced 32DG cell

171

clones 60 days after electropora-
tion (A). Clones denominated B
were followed for 90, 130 and 200
days after electroporation (B). We
referred to genomic and retrotran-
scribed DNA of 32D LG7 cell clone
as the unit for the gene copy num-
ber and the transcription rate,
since it has been proved to harbor
a single integrated copy.'® The
increases of bcr-abl gene copy
number/100 ng of genomic DNA
and mRNA molecules/ug total
RNA are therefore compared to the
control value of 32D LG7 chimeric
gene and mRNA levels considered
equal to 1.

abl-transduced 32D cells denominated B. These cell
clones did not show any significant difference in growth
rate in liquid culture or plating efficiency in semisolid
culture medium (methylcellulose) or in cell cycle distri-
bution. In addition, all of them exhibited Stat5 consti-
tutive phosphorylation since the development of growth
factor independence (data not shown). Interestingly, we
found that the abrogation of apoptotic cell death
induced by low dose/low dose rate yirradiation occurred
concomitantly with the increase of p210ber-2! transcrip-
tion rate, 90 days following electroporation (Figure 4).

Discussion

Gene amplification is very often associated with pro-
gression of neoplastic diseases and development of drug
resistance. Accordingly, overexpression of the p21Qber-abl
chimera, the molecular marker of CML, has been asso-
ciated with more aggressive stages of the disease and
resistance to interferon-a or the tyrosine kinase
inhibitor, STI571.1011 As a consequence, the assessment
of gene expression levels would represent an important
tool in prognostic classification and follow-up of CML
patients. To address the matter of gene amplification in
clonal evolution of CML hematopoietic progenitor cells,
how frequently it may take place, whether it occurs at
DNA or RNA level and potential consequences on other
biomolecular pathways relevant to disease progression,
we sequentially measured over a period of 200 days the
ber-abl gene copy numbers and transcript molecules in
seventeen 32D cell clones stably transducing a p210pe-abl
construct. The 32D hematopoietic progenitor cell line is
a diploid, non-tumorigenic, IL-3-dependent cell line,
which has been extensively used to assess the effects of
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many oncogenes on the process of neoplastic transfor-
mation.? To our purpose, we developed a competitive
PCR strategy, whose accuracy and reproducibility were
preliminarily assayed. In fact, the technique has a suf-
ficient sensitivity to detect 2.8x10* molecules of the
fusion gene/100 ng of genomic DNA, and 2.25x106 mol-
ecules of the chimeric transcript/pg of total RNA in the
p210ver-abl-transduced 32D LG7 cell clone, bearing a sin-
gle copy of the fusion gene.'¢ In all p210be-abl-trans-
duced 32D cell clones the fusion gene copy number
exceeded that of 32D LG7 by 4-6 fold from cloning and
selection in G418-additioned medium and remained
steady over a 200-day period after electroporation (Fig-
ure 3B). This high level of gene integration probably
results from the transfection technique: electropora-
tion, in fact, probably forces more transgene copies into
the cell genome in consequence of the electrical shock
than the retroviral infection used to generate the 32D
LG7 cell clone. The fusion gene transcription rate of all
p210~er-al-transduced 32D cell clones exceeded the tran-
script molecule number of 32G LG7 by 7.6-20.8 fold 60
days after electroporation and rose significantly further
thereafter up to 28.4-42.5 fold that of the control val-
ue (Figure 3A). Our result is thus consistent with tran-
scriptional regulation of p210bc-a! as a prominent fea-
ture associated with clonal evolution of hematopoiet-
ic progenitor cells expressing the fusion gene. Nonethe-
less, our results do not rule out a role for gene amplifi-
cation, which has been demonstrated in other experi-
mental models.2?5 In our study the abrogation of radi-
ation-induced apoptotic cell death was the only other
pathway associated with overexpression of p210Qber-abl
(Figure 4). We can only speculate that the interactions
between the fusion gene transcript of product and oth-
er viability-associated genes, such as Bcl-2 or Bcl-x,
require a gene dosage threshold.26 The competitive PCR
strategy described in our study can be used on RT prod-
ucts but not on genomic DNA from hematopoietic prog-
enitor cells from CML patients. Since the breakpoint on
chromosome 9 (c-abl oncogene) in patients with the Ph
chromosome may occur over a 100 kb region, PCR
detection based on DNA as a whole may not be suc-
cessful because of this large molecular distance.?
Accordingly, other technical approaches, such as South-
ern blotting or FISH, must be used to assess gene ampli-
fication for clinical purposes. It is worth noting that
both gene amplification and gene overexpression would
result in increased levels and kinase activity of p21Qper-abl
protein, which, in turn, might hasten disease progression
toward blast crisis and induce resistance to the tyrosine
kinase inhibitor, STI571. Their assessment might, there-
fore, serve to improve prognostic classification of CML
patients at clinical diagnosis and during the follow-up.
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Potential implications for clinical practice

The study investigated the role of gene amplification
in the progression of CML. It showed that the bcr-abl
fusion gene expression levels represent a molecular
pathway critical for clonal evolution in vitro, and
might be relevant for prognostic classification of
patients.
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