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Differential display analysis of
MRBNASs in chronic myelogenous
leukaemia
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ABSTRACT Analysis of expressed mRNAs with differential display-polymerase chain reaction (DD-PCR) ia
a powertul tool for the characterization of genes involved in malignant pathways and might identity markers
for different phases of chronic myelogencus leukaemia {CML). We examined the presence of BCR-ABL
transcripts in 25 CML patients in either the chronic phase or blast crisis. We then analysed the expression
of loukocytic RNA transeripts in CML phases, DD-PCN technique was used to examine CML cases with
BCR-ABL in compariscn with CML cases lacking detectable BCR-ABL transcripts. Our results support the
use of differential display not only for characterization of the CML differentially expressed genes but also to
locate patterns that can be implemented as valuable fingerprints for each phase of CML.

Analyse de [a représentation différentielle des ARNm dans la leucémie myéioide chronique
RESUME Lanalyse des ARNm exprimés par représentation différentielle-amplification génique est un instru-
ment puissant pour la caractérisation des génes impliqués dans e développement de la malignité et pourrait
identifier les marqueurs des différentes phases de leucémie myéloide chronique. Nous avons examing la
présence de transcrits BCA-ABL chez 25 patients atteints de leucémie myéloide chronique se trouvant en
phase chronique ou crise blastique. Nous avons ensuite analysé I'expression des transcrits ARN leuco-
cytaires en phases de leucémie myéloide chronique. La technique de représentation différentielle-amplitica-
tion génique a été utilisée pour examiner les cas de leucémie myéloide chronigue avec BCR-ABL par rapport
aux cas de leucémie myéloide chronique n'ayant pas de transcrits BCR-ABL détectables. Nos résultats vont
dans le sens de l'utilisation de la représentation différentielle non seulement pour la caractérisation des
genes des leucemies myeloices chroniques exprimes de fagon différentielle mais aussi pour la localisation
des modéles gui peuvent étre appliqués comme empreintes digitales pouwr chaque phase de la leucémie
myeéloide chronique.

'Departments of Human Genetics and Natural and Microbial Products; National Research Centre,
Cairo, Egypt.

2Depariment of Biochemistry, Faculty of Science, Ain Shams University, Cairo, Egypt.

Received: 25/06/00; accepted: 09/11/00

Yooy 0—3% Olaaad c.ch.J'» Amreed! (Adlall Aoeaz)l aulaie ;.L:...;J:Li G2 Lovall Al



708 La Revue de Santé de la Méditerranée orientale, Vol. 7, N°® 4/5, 2001

Introduction

Differential gene expression results in the
programming of several biological process-
es including development, disease, expo-
sure to hazards, injury and death of an
organism. Differential display polymerase
chain reaction (DD-PCR) was first de-
scribed by Liang and Pardee {/] and was
shown to be a reliable method for examin-
ing gene regulation and expression cloning
of unknown sequences. Since the intro-
duction of DD-PCR, over 100 reports have
been published that document either suc-
cessful applications or method improve-
ments [2]. With differential display, each
RNA sample is first reverse transcribed
with a degenerate anchored oligo-dT prim-
er set that anneals to the 5' end of the poly A
tails of mRNAs. Each primer set, e.g,
TI12MN, will in theory reverse transcribe
one-fourth of the total mRNA population. A
decamer oligonucleotide of arbitrary se-
quence that can hybridize to the 3' termini
of any first strand cDNA is used to amplify
fragments representing most mRNA spe-
cies in a given cell. Thus, the procedure al-
lows for the amplification of an mRNA
sub-population without specific knowledge
" of sequence information.

Although the 9 1(9;22) chromosomal
translocation resulting in the Philadelphia
(Ph) chromosome formation and expres-
sion of different forms of BCR-AAL tran-
scripts seems to play a pivotal role in the
pathogenesis of chronic myelogenous leu-
kaemia (CML), the underlying molecular
mechanisms of the disease are poorly un-
derstood. The disease is characterized
mainly by two distinct phases: chronic and
blast crisis. The former is the initial phase
of CML. a long-lasting disorder with a2 me-
dian duration of 3.5-5 years before evolv-
ing to a more aggressive phase, blast crisis

[3].

Upon translation of BCR-ABL, the 8.5
kb mRNA, a new protein with a molecular
urass 0f 219 kDa (P210 BCR-ABL) is syn-
thesized. It differs from C-ABL, a 145 kDa
protein (P145 C-ABL). In some cases, a
different oncoprotein product of the trans-
lation of BCR-ABL, a 185 kDa protein
(P185 BCR-ABL) has been found [4]. The
normal tyrosine kinase activity of C-ABL is
deregulated because it binds to BCR which
in turn is characterized by markedly in-
creased auluphosphorylation activity [5).

Several mouse models involving ex-
pression of the BCR-ABL fused protein
have demonstrated a causal relationship
with the development of myeloid and lym-
phoid malignanacies [6]. In 5%—10% of
patients with typicaily clinical features of
CML, Ph-chromosome was not detected in
cytogenetic studies [3]. One-third of these
paticnts displayed BCR-ABL translocation
when analysed with a reverse tran-
scriptase-PCR method. These patients
have similar ¢linical features awd the same
response to interferon therapy [7]. The re-
maining patients with the classic features
of chronic phase CML showed neither Cy-
togenetic nor molecular changes detectable
on chromosomes 9 and 22.

We cxamined gene expression paticris
in CML patients with or without BCR-ABL
translocation in either chronic or blast cri-
sis phases.

Methods

The study comprised 25 CML patients (9
males and 16 females). Chronic CML was
found in 22 cases and blast crisis in 3 cas-
es. Patient ages ranged from 16 years to 56
years. Four patients (2 males and 2 fe-
males), with normal blood count and age
range of 27-45 years acted as controls.
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Total cellular RNAs were extracted
from blood samples using a single-step
acid-guanidinium thiocyanate-phenol meth-
od [&].

For the detection of BCR-4BL tran-
scripts, 1 pug of leukocytic cellular RNA or
RNA from K560 cells (ATCC, CCL243)
was subjected to reverse transcription (RT
rcaction} in the presence of 200 pmol
dNTPs, 10 pmol reverse primer (R1) 5'
TTCCACTGGCCACAAAAT 3' [9], 200
units of superscript reversc transcriptase
{(GIBCO-BRL, United States of America)
and 20 units of RNasin (Clontech, United
States of America) in a 50 UL reaction mix-
ture at 37 °C for 1 hour, followed by boiling
for 10 minutes. Then 10 pl. of ¢cDNA was
amplificd in the presence of 25 pmol of for-
ward (F10) 5° TTCAGAAGCTTCTC-
CCTG 3' [9] and of reverse primer (R1},
250 pmol dNTPs, 1 unit Tag DNA poly-
merase (Promega, United States of Ameri-
ca}. PCR conditions were 94 °C for 45
seconds, 54 °C for 30 scconds and 72 °C
for 2 minutes for 34 cycles, followed by an
extension cycle at 72 °C for 10 minutes.
BCR-ABL products were identified as ci-
ther 227 or 252 bp bands on 3% agarose
gel stained with ethidium bromide.

For the differential display of CMIL
RNA, 200 ng of leukocytic RNA from
chronic phase CML patients, blast crisis
CML patients and control subjects were re-
verse transcribed in the presence of 20
pmol dNTPs, 10 umol downstream primer
Ti12AC and 200 units of superscript re-
verse transcriptase (GIBCO-BRL) for 1
hour at 37 °C, followed by boiling for 10
minutes. One-tenth of the RT reaction vol-
ume was amplified in the presence of 2.5
umol T12AC as a downstream primer, 0.5
umol OPA 16 (5" AGCCAGCGAA 3,
OPA18 (5' AGGTGACCGT 3", or LTK3
(5' CTTGATTGCC 3") as an upstream

primer [/], 2 umol dNTPs, 2 units Taq
DNA polymerase, 1 uL*S-dATP (1000 Ci/
mmol). Amplification was carried oul al
94 °C for 30 seconds, 40 °C for 2 minutes,
72 °C for 30 seconds for 35 cycles fol-
lowed by one extension cycle at 72 °C for
10 minutes. Radiolabelled products were
resolved on polyacrylamide sequencing gel
containing 8 mol urea, then the gels were
subjected to autoradiography.

Results

Characterization of CML patients
We examined 25 CML patients by RT-PCR
for the presence of BCR-ABL chimeric
RNAs. Karvotype analyses were per-
formed for blast crisis patients. The results
are shown in Table 1 and Figure 1.

To examine genetic heterogeneity
among control patients, peripheral blood
leukocytic RNAs were analysed with DD-
PCR using 3 separate pairs of primers
T12AC/OP16 (A), TI2ZAC/OPA18 (B) and
T12AC/tk3 (C). Figure 2 shows the abun-
dance of **S-labelled ¢cDNAs in the four
control subjects (N1-N4). All three primer
combinations showed equal amounts of
cDNA species across the four control sub-
jects, indicating that variations in relative
abundance of RNA expression among nor-
mal individuals were minimal.

Two pairs of primers (A and B) were
used in DD-PCR to examine RNAs from
CML patients with detectable BCR-ABL
specific RNA or without, as well as from a
control subject. Figure 3 shows several
cDNAs that demonstrated differential ex-
pression in CML patients. Two ¢cDNAs {a
and d) were overexpressed in Ph-negative
compared with Ph-positive and control
cDNA. Four ¢DNAs (e, g, j and n) were
exclusively expressed in Ph-negative CML
but not detected in either Ph-positive CML
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Table 1 Characterization of the patients

Phage No. Detection of BCR-ABL Type of BCR-ABL Cytogenetics
description Negative Positive 3/2q 2/20
Chronic 220 1 21 11 10 -
Blast crisis 3¢ - 3 2 1 486, XX, 1{9;22)(q34q11)
{2 patients)
46, XX, 1{9;22)(g34q11)
122 double Ph+ve
(1 patient)

53/2 for fusion of exon 2 of BCR with exon 2 of ABL and 2/2 for fusion of exon 2 of BCR with

exon 2 of ABL.
513 females and 9 males.

°3 females. Subjecis were aged 16.5-56 years.

1234567891011 M

Figure 1 Reverse transcriptase polymerase chain reaction (RT-PCR) detection of different
forms of BCR-ABL transcripts in patients with chronic myelogenous leukaemia. Total RNAs
were extracted from the patients, RT-PCR was pertormed using forward and reverse
procedures. Amplified products, 327 and 252 bps, are shown in lanes 3-11. Lanes 1 and 2
are negative and positive controls respectively. M is X174 Hae Il digest as a molecular

weight marker.

or control cDNAs. Two ¢cDNAs (h and o)
were expressed in CML patients whether
Ph-positive or Ph-negative but were not
detected in normal individuals. The last
group of cDNAs (¢, i, | and m) were ex-
pressed in all 3 categories of subjects with
minor differences.

Cxpression of chronic and blast crisis
specific ¢cDNAs was examined using
T12GA as a downstream primer and
OPAl6e (A) or OTA18 (D) as upstream
primer on RNA extracted from CML sub-
jects during chronic phase and blast crisis
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Figure 2 Interindividual variation among
normal subjects. Total RNAs were extracted
from normal subjects (N1, N2, N3 and N)and
reverse transcribed in the presence of
downstream primer (T12GA). Polymerase
chain reaction was performed using
downstream primer (T12GA) and upstream
primers (OPA18, OPA16 and L.tk3).
Radiolabelled products were resolved on 6%
denaturing polyacrylamide gel
electrophoresis and subjected to
autoradiography.

and from normal subjects. Figure 4 shows
that several genes expressed candidate ¢D-
NAs as specific markers for different stag-
es of CML. ¢cDNAs (a, b. ¢, ¢, f, g, h and j)
displayed hyperexpression in chronic phase
CML compared with controls, while all
were expressed at very low rates in the cri-
sis phase. ['urthermore, some ¢cDNAs (d, i,
k, and 1) were expressed almost exclusively

(R) )
SVYN

SVH

Figure 3 Differential display analysis of
Philadelphia {Ph) positive and negative
patients with chronic myelogenous
leukaemia. Total RNAs were extracted from
Ph-positive (8), Ph-negative (V) and normal
(N) participants and reverse transcribed in
the presence of downstream primer
(T12AC). Polymerase chain reaction was
performed using downstream primer
(T12AC) and upstream primers (OPA18 and
OPA16). Radiolabelled products were
resolved as described for Figure 2.

in blast crisis, indicating that they may
serve as specific markers for crisis phase
of CML..

Discussion

Differential display analysis allows the
study of semi-quantitative differences in
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Figure 4 Differential display analysis of
chronic and blast crisie phases of chronic
myelogenous leukaemia. Total RNAs from a
patient with chronic myelogenous
leukaemia with chronic phase (L} followed
by blast crisis (C) phase and a normal
subject (N) were extracted and reverse
transcribed in the presence of
downstream primer (T12GA). PCR was
performed using downstream primer
{T12GA) and upstream primers (OPA18 and
OPA16). Radiolabelled products were
resolved as described for Figure 2.

gene expression associated with pathologi-
cal states and genetic stress, especially dur-
ing malignancy. It provides a means for
identification and isolation of expressed
genes where knowledge of sequences is
not availahle. The technique involves re-
verse transcription of mRNAs using an-
chored oligo-dT primers, PCR amplifica-
tion with hoth the anchored and arhitrary

decamers, labelled deoxynucleotide triph-
osphates and high resolution denaturing
polyacrylamide gel clectrophoresis for
product analysis [ /0]. The differential dis-
play technique was developed with the goal
of identifying diffcrentially cxpressed
genes, i.e. detecting individual mRNA spe-
cies that are subject to changes in different
sets of mammalian cclls [1,1/]. The meth-
od provides a pattern of mRNA composi-
tion of cells. This mRNA fingerprint is
uscful in the same way as the two-dimen-
sional protein gels for observing alterations
in gene expression. The cDNAs can be
rcamplificd, cloned, scquenced and com-
pared with sequences in gene banks. Fur-
thermore, reamplified ¢cDNAs can be used
as probes for Northern or Southern blot
hybridization and to clone genes from ge-
nomic or cDNA libraries for further molec-
ular characterization [/0].

The majority of DD-PCR studies have
invelved applications of in vitro treatments
of cultured cells where cell populations
were rather homogeneous, The use of this
technique for in vive studies is rare. Due to
possible interindividual variations in leuko
cytic gene expression, the choice of con-
trol subjects must be validated prior to in
vive application of the method. Most of the
published data about these types of applica-
tions select controls according to the clini-
cal status of the subjects as well as the
tissue used [/2,13]. Arbitrary RNA finger-
printing has been the method of choice to
study interindividual variations. It has re-
vealed that normal mammals show no ma-
jor variations among individual mRNAs
with only slight differences, which are at-
tributed to polymorphism of a few species
of RNA [14].

We focused on the clinical and routine
laboratory findings for each volunteer.
Controls were of the same age category as
CML patients to avoid genetic variations in
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gene expression. They alsc had similar hae-
matological profiles. Furthermore, the vol-
unteers had a healthy physical history and
no evidence of bacterial, fungal or viral in-
fections. With the selected PCR primers,
no obvious variations were observed. Al-
though different primer sets express dis-
tinct cDNA patterns, none displayed any
significant variations from one individual to
another.

Although CML was the first malignant
disorder in which a consistent chromo-
some abnormality was identified when
Nowell and Hungerford [/ 5] identified the
Ph-chromosome, the actual mechanism of
the genesis of CML has not yet been eluci-
dated, Many haematological disorders have
been described and asscciated with the
presence of the Ph-chromsome [16,77].
Furthermore, CML without the molecular
translocation of BCR-AFRL has been de-
scribed with clinical symptoms and re-
sponse to therapeutic agents similar to
those with BCR-ABL [3,18].

Transgenic mice have been reported to
develop CML when interferon consensus
sequence binding protein is disrupted.
Moreover, these mice developed blast crisis
phase after a certain period. Interestingly,
biphasic CML developed without any cyto-
genetic or molecular evidence of aberrant
expression of ABL oncogene or transloca-
tion of this oncogene to the BCK region
[/9]. These results imply that there may be
more than a molecular mechanism for pro-
gression and aggressive termination of this
disease [6,20-22].

Our results showed that CML patients,
whether Ph-negative or Ph-positive, had
their own specific pattern of RNA expres-

sion. Some of these transcripts were ex-
pressed in both categories while others
were exclusively expressed in one type of
the disease or the other.

Patients in the blast crisis phase of CML
do not have a long survival time. They have
a medial survival of 3-6 months because of
the late prognosis of this critical phase and
poor response to the chemotherapy
[23,24]. The lack of precise diagnostic and
prognostic tools for determining the initiat-
ing events of this phase represents the prin-
cipal obstacle in the management of the
fatal phase. Cytogenetic studies and detec-
tion of allelic loss such as P* and B-inter-
feron with molecular methods have not
show high reproducibility [25,28].

We found that the blast phase has a dis-
tinct pattern from the chronic phase of the
same patients. The blast crisis has less
banding pattern in comparison with the
chronic phase and control subjects. A simi-
lar observation has been reported by
Tatematsu et al., who attributed this phe-
nomenon to chromosomal instability result-
ing from insufficient telomerase at the start
of the blast crisis phase [29]. We found
novel transcripts that appeared prominently
during this phase.

The patterns obtained in our study are
of great value for CML patients. They can
be employed for the diagnosis of each
phase, chronic or blast crisis, for type iden-
tification (Ph-positive or Ph-negative) and
also for monitoring the efficacy of drugs
during each phase of CML. Furthermore,
cloning and identification of consistently
expressible markers for prognosis of CML
are underway.
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