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ANALYSIS OF mRNA TRANSCRIPTS IN CHRONIC MYELOID LEUKEMIA PATIENTS
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ABSTRACT

The nature of BCR/ABL hybrid mRNA was analyzed by RT-PCR in cells from 33 patients (22 males, 11 females) with chronic
myeloid leukemia (CML). b3a2 mRNA was found in 14 cases, whereas 13 patients had b2a2 mRNA and six had both kinds of
mMRNA, with a predominance of the b3a2 type. The type of mMRNA present showed no significant correlation with age, hemo-
globin level, number of leukocytes and platelets, percentage of blasts or basophils or the presence of splenomegaly at diag-
nosis. There was also no correlation with sex or duration of the chronic phase. When these results were combined with those
reported by other groups, a significant association (P = 0.029) was observed for mMRNA type vs. sex, with a predominance of
men in the groups expressing b2a2 (2.68:1) and b3a2 (1.33:1). We conclude that the classification of patients according to
mRNA type does not homogenize the clinical and hematological data within groups, where variance is large, nor does it allow
a differentiation between groups.

INTRODUCTION the type of mMRNA present in 33 patients with CML and
analyzed the correlation between the molecular data and
Chronic myeloid leukemia (CML) is a clonal dis-the hematological and clinical findings.
ease characterized by the presence of the hybrid gene BCR/
ABL, usually located on the Philadelphia chromosome MATERIAL AND METHODS
which results from reciprocal translocation between chro-
mosomes 9 and 22. Two principal types of mMRNA (b2aRatients and samples
and b3a2) can be produced from this gene. These tran-
scripts, which can also be co-expressed by alternative splic-  Peripheral blood was collected from 31 patients
ing, differ by the presence of BCR exon 14 (exon b3 omith a clinical and cytogenetic diagnosis of CML, and
the hybrid gene). The 210-kDa protein translated frofnom two patients with only a clinical diagnosis. All pa-
these MRNASs has increased tyrosine kinase activity, whitients were attended at the Hospital de Clinicas de Porto
plays a crucial role in leukemogenesis (Shtivelraal, Alegre. Two of the patients had blood collected on more
1985; Lugoet al, 1990). than one occasion during the chronic phase of the dis-
Some reports have suggested a role for exon bBase, and in three cases samples were collected during
in the evolution ofCML (Mills et al, 1991b). The pres- the chronic and the subsequent acute phase. Eleven of
ence of exon b3 has been associated with abnormal bldbd patients were females and 22 were males, with a mean
parameters such as high platelet counts (Inokethi age of 36.5 years (12-60 years) at diagnosis. Most of the
al.,1991; Verschraegert al, 1995; Shepheret al, 1995), patients received conventional chemoterapy (hydroxyurea
a low percentage of circulating blast cells, and high leukor busulfan), and 10 of them were treated with interferon-
cyte counts (Zaccariat al, 1995). High leukocytosis is a for less than 6 months, without karyotypic remission.
associated with splenomegaly. Elevated platelet counts (cut Mononuclear cells were prepared from peripheral
off = 700,0004l) and an enlarged spleen are correlateblood samples using a Ficoll-Hypaque (Histopaque, Sigma
with a bad prognosis, whereas the opposite is obserni&Hemical Co., St. Louis, MO) gradient. The cells were
when the percentage of circulating blast cells is low. Thes®red in liquid nitrogen prior to use.
three parameters (platelet counts, circulating blast percent-
age and spleen sizaje used to determine the Sokal progNucleic acid preparation and reverse transcription
nostic index(Sokalet al,1984). Other studies, however,
have not shown any significant association between the Total cellular RNA was extracted from frozen cells
type of mMRNA and the clinical or laboratory indicators ofith Trizol (Gibco BRL, Grand Island, NY) according to
CML (Fioretoset al, 1993; Zaccari@t al, 1993; Yinet the manufacturer’s instructions. The RNA was resuspended
al., 1995). In this study, we used RT-PCR to investigaia 20l of sterile water treated with diethylpyrocarbonate
(DEPC, Sigma). cDNA was generated froml&f total
RNA, using random hexamers and a first strand cDNA
synthesis kit (Pharmacia Biotech, Sao Paulo, SP, Brazil).
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100uM of each dNTP, 10 mM Tris-HCI, pH 8.3, 1.5 mMnine cases, whereas in five b2a2 mRNA was seen and in
MgCl,, 2.5 U Taq polymerase (Cenbiot/RS, Porto Alegrene both types of mnRNA were detected. A combined study
RS, Brazil) and UM of each primer in a final volume of was conducted in which the results reported by others were
25ul. The antisense primer derived from exon a2 of ABlincluded. Only studies in which the type of mRNA was
was5’CTCCACTGGCCACAAAAT3 and the sense primerdetermined by tests with a sensitivity similar to that em-
derived from exon b2 of M-bcr was 5’ TTCAGAAGCT ployed in the present study, i.e., two consecutive rounds
TCTCCCTG3' (Lionet al, 1991). The samples were over-of PCR or one round with the use of radioactive probes to
lain with mineral oil followed by 35 cycles of PCR in adetect the amplified fragments, were considered. Data
Pharmacia thermocycler. DNA was denatured by initiallfrom the following reports were used in our search for
heating the samples at°@3for 2 min, and then for 40 s in associations between mRNA type and clinical parameters:
subsequent cycles. Primers were allowed to anneal@t 6(in et al. (1995) and Shephert al. (1995) for the Sokal

for 30 s and strand extension was done &€ 7ar 40 s, index, 123 cases; Yintel. (1995) and Gaigeet al.

with a final extension step of 7 min. An aliquot (0.5-2.41995), for age at diagnosis, 35 cases; Ponzsttal.

pl) from this first amplification was further amplified by a(1990), Nakamurat al. (1991), Shepherdt al. (1995),
second round of PCR usinquM of the primer from exon Gaigeret al. (1995), Yinet al. (1995), and Tanaket al.

b2 of M-bcr G TTCAGAAGCTTCTCCCTGACATCCG3) (1996), for sex, 181 cases; Hoobernmetnal (1989),

and exon a2 of ABL (5'CTCCACTGGCCACAAAAT Morganet al (1990), Ponzettet al (1990), Nakamura
CATACAG3) (Trkaet al, 1995). The reaction conditionset al(1991), Fioretost al. (1993) and Tanakat al

for this second round of amplification involved: initial de{1996) for cell lineage, 43 cases.

naturation (2 min) at 98 followed by 35 cycles of dena-

turation at 93C for 40 s, annealing at 8D for 40 s, and RESULTS
extension at 7Z for 1 min with a final extension step at
72°C for 7 min. A negative control (water instead of cDNA) The conditions for RT-PCR established in this work

was included in all reactions. All samples were amplifiedrovided excellent amplification of cDNA from BCR/ABL
on at least two different occasions in order to confirm theRNA. The material analyzed included samples from 33
results. In cases where no amplification was obtained dpatients, 25 collected in the chronic phase and 13 in the
ing the first round of PCR, the cDNA was tested in a PC&celerated phase of the disease. In cases where more than
with B-actin primers (Schulzet al, 1995) (control) to as- one sample was tested on different occasions during the
sess the integrity of the RNA molecule. chronic phase (two patients), or in the chronic and subse-
Aliguots (8 ul) of the PCR products were run onquent accelerated phase (three patients), there was no al-
2% nucleic acid (NA) agarose (Pharmacia Biotech) geleration in the type of transcript obtained. b3a2 mRNA
containing ethidium bromide and molecular weight markvas detected in samples from 14 of the CML patients,
ers (100-base pair ladder; Pharmacia Biotech). The primhereas b2a2 mRNA was observed in 13 cases and six
ers used in the two rounds of PCR specified a 327-bp fragatients had both types of transcripts. BCR/ABL mRNA
ment from the b3a2 mRNA, and a 246-bp fragment in theas detected after the first round of PCR in all cases ex-

absence of exon b3. cept for one in which the mononuclear cells showed a low
viability. In four of the six cases with both types of tran-
Statistical analysis scripts, the second type was observed only after the sec-
ond round of PCR.
The patients were separated into two groups (pres- There were no significant associations between

ence or absence of exon b3), and association with clinicaRNA type and hematological or clinical parameters at
and hematological parameters was analyzed using’thediagnosis, or the duration of the chronic phase (Table I).
test or Fisher exact test for categorical parameters aAiccombined analysis including our results and those re-
Student’st-test or the Mann-Whitney test for continuousgorted in the literature showed that the only significant
parameters. Parameters included age, sex, hemoglohssociation was between mRNA type and sex (Table Il),
measurement, white blood cell and platelet counts, amdth a predominance of men in the groups expressing b2a2
percentage of blasts and basophils. Spleen size (expreq2e68:1) and b3a2 (1.33:1).

as the increase as compared to normal size) and Sokal in-

dex (see Introduction) were also included. Data were not DISCUSSION

available for some of the patients. The duration of the

chronic phase was calculated from the date of diagnosisto ~ RT-PCR is widely used for studying the hybrid gene
the date of the accelerated or acute phase. The definit®B@R/ABL in CML. The specificity of the amplification

of chronic and acute phases followed the criteria describezhction can be confirmed by hybridization with labelled
by Kantarjiaret al.(1990). In nine of the 33 cases, a cytoprobes. This was not necessary in the present study as most
logical analysis was also done during the acute phaseobfthe samples were also sequenced in a parallel study
the disease. b3a2 mRNA was observed in three of théMeissneret al, 1998). Since primers for exons b2 and a2
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Table | - Association between clinical and laboratory data and the type of mRNA for the 33
chronic myeloid leukemia patients.

Parametefs Type of mMRNA No. of cases Stat P
b3a2 b2a2 otal b3a2 b2a2
Age, years 35.7 37.5 36.5 20 13 S 0.663
(12-60) (13-50) (12-60)

Sex (M/F) 11/9 11/2 22 /11 11/9 11/2 F 0.132

Hb 10.1 10.5 10.7 14 10 S 0.671L

(g/dI) (7.7-13.4) (8.4-12.6) (7.7-14.3)

WBC 125.4 116.7 112.2 18 10 MW 0.943

(x 103/l (31-446) (15-283) (15-446)

Platelets 475.6 346.5 429.4 18 10 MW 0.16B8

(x 10%/ul) (117-910) (180-714) (117-910)

Blasts (%) 4.8 (0-28) 3.0 (0-10) 4.1 (0-28) 18 10 MW 0.408

Basophils(%) 4.0 (0-13) 3.0 (0-10) 2.8 (0-13) 18 10 MW 0.734

Spleen sizécmy 8.1 (0-18) 8.3 (0-16) 5.5 (0-18) 12 7 S 0.945

Sokal index 1.07 0.85 1.32 12 7 S 0.17p
(0.56-1.72) (0.63-1.10) (0.56-1.10)

Duration CP(months) ~ 29.9 (0-85) 12.5 (0-27) 23.2 (0-85) 11 7 MW 0.084

1Clinical and laboratory data are reported as averages with the range in parentheses. CP, Chronic phase; Hb, hemo-
globin; WBC, white blood cell countStatistical test: F, Fisher exact test; MW, Mann-Whitney; S, Studetets.
All P values are two-tailedFrom costal margin.

Table Il - Analysis of the association between clinical and laboratory data and the type
of mRNA for the chronic myeloid leukemia patients in this study combined with data
from the literature (for references, see text - Statistical analysis).

Parameters Type of MRNA Statistical analysis
b3a2 b2a2

Age
N 43 25
Mean (years) 40 41 Studentdest: P = 0.773
Range (years) 2-65 13-65

Sokal risk group (N)
Low 16 17
Intermediate 41 25 X2 test (Yates) = 5.99; d.f. = 2;
High 32 11 P =0.066

Sex (N)
Female 57 22 X2 test (Yates) = 4.67; d.f. = 1;
Male (*) 76 59 P =0.029

Type of blastic crisis (N)
Myeloid 10 11 X2 test (Yates) = 1.12; d.f. = 1;
Lymphoid 13 9 P =0.29

N = number of cases. *Statistically significant association.

were used, the technique is not appropriate for the iderttie 1-5 ml generally used for patients. In normal persons,
fication of mRNA with an ela2 junction or for the rarehe BCR/ABL gene was detected only after the second
cases where the breakpoint is outside M-bcr. round of PCR, whereas for CML patients one round was
Biernauxet al. (1995)developed a highly sensi- sufficient in most cases. Finally, the concentration of BCR/
tive nested PCR for detecting residual CML. Under corABL mRNA in CML patients is of 5-6 transcripts per cell
ditions of high stringency and strict control for false posivan Rheeet al., 1996), whereas Biernawet al (1995)
tives, this assay was able to detect BCR/ABL mRNA ifound a concentration of 5-20 transcripts per 5-10 % 10
normal individuals. Some important differences betweemrmal cells.
healthy persons and patients with CML ensure that under Molecular analysis of the Philadelphia chromosome
normal conditions RT-PCR is adequate for the diagnosis CML has shown that, independent of the location of the
of CML. In the study by Biernaugt al. (1995), mMRNA M-bcr breakpoint, the hybrid BCR/ABL gene can give rise
was extracted from cells in 100 ml of blood compared tm two main types of 8.5 kb mRNA which differ by the
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presence of exon b3 (Nakamuriaal, 1991; Millset al., be associated with the regulation of oncogene expression
1991b). Itis not known whether this difference is reflecteaind heterogeneity of the disease. Studies in which patients
in the properties of the hybrid protein or in the diseaseere classified according to the location of the M-bcr
phenotype. Several studies, including this one, have shobueakpoint relative to a randomly selected cetiiadlll
that classifying CML according to mRNA type does nosite (see Millset al, 1991a) generally did not consider
produce homogeneous clinical or hematological data. Atow many of these regulatory elements were included in
though the variance of each parameter was large amdhg hybrid BCR/ABL gene. We believe that a better un-
patients for each mRNA type, there were no significamterstanding of the regulation and functioning of the BCR
differences between the groups, except for the durationarfd ABL genes during cell differentiation in normal he-
the chronic phase for which the variance in the b3a2 groomatopoiesis will help to elucidate their role in leukemo-
was greater than in the b2a2 group (P < 0.05). Patientginesis.
the accelerated or acute phase at diagnosis were not con-
sidered in the analysis. ACKNOWLEDGMENTS
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However, there was an association between the typefnciui-se que a categorizacio dos pacientes quanto ao tipo de
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