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Abstract
hronic myeloid leukemia (CML) is one of leukemia types which account for
15 % to 20% of all leukemia cases. Patients are presented with

splenomegaly, fever, anemia, fatigue, weight loss, and weakness. It is results from
reciprocal translocation (9; 22).This abnormality is called Philadelphia (Ph)
chromosome and it is detected in 95% of patients with CML, and in 20% of
patients with Acute Lymphocytic Leukemia (ALL). "Imatinib mesylate” is the
most widely used drug for CML treatment because it targets the abnormal
fusion gene. Blood samples were collected from (39) CML patients (19 males and
20 females) from July - November 2009 in The National Center of
Hematology/Baghdad. The age range were (8 – 70) years. According to the real
time PCR results; the patients were divided into four groups: 1) PCR negative
group. 2) PCR positive group on Hydroxyurea treatment 3) PCR positive group
on Gleevec® treatment 4) PCR positive group with no treatment (recently
diagnosed). Patients were selected randomly. Their RNA was extracted from
peripheral blood cells and reverse transcribed into cDNA which was amplified
using real time PCR to measure the ratio of BCR-ABL fusion gene in their
Philadelphia chromosome. This is to confirm the diagnosis and evaluate the
response to the most widely used drugs for CML treatment (Gleevec® 400 mg/d
and hydroxyurea 450 mg/d for two months at least). This study excluded CML
diagnosis in 10 patients, so other myeloproliferative disorders need to be verified.
The group treated with Gleevec® showed a better response than hydroxyurea at
the molecular level. Key words: leukemia, chronic myeloid leukemia, polymerase
chain reaction, real time PCR, BCR-ABL, quantitative PCR, hydroxyurea,
imatinib mesylate, Philadelphia chromosome, tyrosine kinase.

المستخلص
% من حالات 20-15ابیضاض الدم النقیاني المزمن ھو أحد أنواع سرطانات الدم وھذا المرض مسؤول عن 

یعاني المرضى من تضخم الطحال و الحمى وفقر الدم والتعب وفقدان الوزن والضعف.. اللوكیمیا لدى البالغین
یسمى ھذا الشذوذ كروموسوم فیلادلفیا و ھو موجود ) .9،22(ینتج المرض من تبادل بین الكروموسومین 

C

كروموسوم فیلادلفیا، الكلیفك،الھیدروكسي یوریا،تفاعل البلمرة المتسلسل، الكلمات المفتاحیة: ابیضاض  الدم النقیاني المزمن
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% من المرضى المصابین بإبیضاض 20المزمن و% من المرضى المصابین بإبیضاض الدم النقیاني 95في 
عقار اماتنیب مزیلات (كلیفك) ھو الأكثر إستعمالاً لعلاج ابیضاض الدم النقیاني المزمن .الدم اللمفاوي الحاد

انثى) خلال الفترة 20ذكر و 19مریضاً(39جمعت عینات الدم من .لأنھ یستھدف المورثة غیر الطبیعیة
في المركز الوطني لبحوث وعلاج أمراض الدم في بغداد.2009تشرین الثاني عام الممتدة من تموز الى

مجموعات BCR-ABLمورثة، . تم توزیع المرضى الى اربعسنة70الى 8تراوحت أعمار المرضى من 
ایجابیة المجموعة الثانیة: نتیجة المجموعة الاولى: نتیجة سلبیةوذلك حسب نتائج تفاعل البلمرة التسلسل:

المجموعة الرابعة: نتیجة المجموعة الثالثة: نتیجة ایجابیة وعلى علاج كلیفكوعلى علاج الھایدروكسي یوریا
تم اختیار المرضى بصورة عشوائیھ وتم استخلاص الحامض النووي ایجابیة و بدون علاج

قوص الاوكسجین من خلایا الدم وتحویلھ الى الحامض النووي الرایبوسومي من(RNA)الرایبوسومي
BCR-ABLومن ثم تكراره بأستعمال جھاز تفاعل البلمرة المتسلسل لاحتساب نسبة (cDNA)المستنسخ 

400في خلایا الدم  وذلك لتأكید تشخیص المرض ولتقییم استجابھ الخلایا السرطانیھ لعقاري الكلیفك بجرعھ 
العقاران الاكثر شیوعا في علاج ھذا النوع من ملغم یومیا وھما 450ملغم یومیا و الھیدروكسي یوریا بجرعھ 

) غیر مصابین بأبیضاض الدم 39مرضى من المجموع الكلي (10اظھرت ھذه الدراسھ أن السرطانات .
خر من مجموعھ أمراض اضطرابات آالنقیاني المزمن وتوجب ھنا البحث عن ما اذا كانوا مصابین  بمرض 

) والذین تم تأكیید اصابتم بأبیضاض الدم النقیاني المزمن الى 29رضى (التكاثر النقوي . في حین تم تقسیم الم
مجامیع حسب نوع  العقار المستخدم فمجموعھ حدیثھ التشخیص لم تتسلم أي علاج قبیل أجراء الدراسھ 
ومجموعتین أخر تناولت عقاریین مختلفین لفترة لا تقل عن الشھرین لكل عقار (عقار الكلیفك وعقار 

في حین بدى ان ،یوریا ) . سریریا وخلویا أظھرت المجموعتین استجابھ فعالھ للعقارین الھیدروكسي
المجموعھ التي استعملت عقار الكلیفك كعلاج أعطت نتائج أفضل على المستوى الجیني ( بعد فحص نسبة 

الجین بجھاز البلمرة المتسلسل الكمي ) .
Introduction
Chronic myeloid leukemia (CML) is one of leukemia types which accounts for
(15,20)% of all leukemia cases [1]. Manifested clinically as a marked increase in
granulocytes, bone marrow hyperplasia, and splenomegaly [2], fever, anemia, fatigue,
weight loss, and weakness [3].
Chronic myeloid leukemia is associated with the presence of Philadelphia (Ph)
chromosome, detectable microscopically, which results from reciprocal translocation
(9; 22) [4]. The Philadelphia (Ph) chromosome abnormality is detected in 95% of
patients with CML, and in 20% of patients with Acute Lymphocytic Leukemia [5].
The real time PCR is important in CML diagnosis because it has the ability to detect
the BCR-ABL fusion gene which is a constitutively active tyrosine kinase, a feature
that is critical to the protein’s ability to induce leukemia and provides the rational
basis for Abl kinase targeted therapy of Ph-positive Leukaemias with Abl kinase
inhibitors.
"Imatinib mesylate”: commonly known as Gleevec®; is currently the most
efficacious, target-specific drug for the treatment of CML [6] Gleevec® binds ATP-
binding site of tyrosine kinase domain, protein trigger the carcinogenic pathway, thus,
by occupying and blocking the ATP-binding site resulting in prevention of the signal
transduction leading to the onset of CML[7].
Objectives
The objectives of current study are:
Use of real time PCR to detect BCR-ABL fusion gene in the blood sample of CML
patients to ensure their diagnosis. Comparison between the responses of different
medication types used in CML treatment.
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Subjects
Blood samples of (39) Iraqi patients (19 males, 20 females) were collected. Their age
range was (8 – 70) years. They were out-patients in the National Center of
Hematology/ Baghdad/ Iraq. The study was conducted during July– November 2009.
Provisional diagnosis was made by the consultant physician in the center and it was
confirmed by a laboratory blood and bone marrow examination.
Those patients were divided into two groups:
* The first group included 10 patients who were suspected cases of CML. They did
not receive any medication till the date of this study and underwent RT-PCR to
confirm the diagnosis (control group).
* The second group included 29 patients with a proved diagnosis of chronic myeloid
leukemia (CML) and did the RT-PCR to measure the ratio of BCR/ABL fusion gene
to ensure their diagnosis for first reading and to estimate the response to treatment by
repeating the investigation every three months.
The second group is subdivided into three subgroups:

1. Nine patients who were treated by Gleevec® tab 400mg/day for more than 3
months.

2. Ten patients who were treated by hydroxyurea tab 450mg/day for more than 3
months.

3. Ten patients who received no treatment at the time of blood sampling for RT-PCR.
Methods
Total RNA isolation
Two milliliters of peripheral blood were taken into EDTA coated tubes and
transmitted within (2 – 4) hours. By micropipette 0.25 ml of blood sample was taken
in an eppendorf tube that containing 0.75 ml of one step RNA reagent then mixed
well for 1 minute. The homogenized sample Incubated for 5 minutes at 20° C to
permit the complete dissociation of nucleoprotein complexes. Chloroform (0.2) ml
was added to the tube. Shaked vigorously by hand for 15 seconds and incubated at
20° C for 4 minutes.
The samples were centrifuged at 12000 rounds per minute (rpm) for 15 minutes at
4°C. The centrifugation separates the mixture into a lower phenol-chloroform phase, a
cloudy white interphone and a colorless upper aqueous phase. The volume of the
aqueous phase is about 60% of the volume of the mixture and the RNA remains
exclusively in the aqueous phase.
The aqueous phase was transferred by micropipette to a fresh clean labeled tube and
the RNA was precipitated from the aqueous phase by mixing with 0.5 ml
isopropanolol alcohol. Samples were incubated at 4°C for 30 minutes then centrifuged
at 12000 rpm for 10 minutes at 2-8°C. The supernatant was removed and the RNA
pellet washed with 0.5 ml of 75% ethanol. The tube was gently inverted several times to
wash the mixture  pellet at the side of the  tube, then centrifuged at 12000 rpm for 10
minutes at 2-8°C.
The ethanol was carefully aspirated. The mixture pellet was very loose at that point;
therefore, care must be taken to avoid aspirating the pellet into the pipette. The tube
was inverted on clean absorbent paper and air-dried the pellet for about (10-15) minutes,
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so briefly the RNA pellet was dried (it is important not to let the RNA pellet dry
completely as this will greatly decrease its solubility). The RNA was re-dissolved at
the end of procedure by adding 50 μl of distilled water acting.Then stored at (3-8)°C
for more than 1 month till other sample collected.
Agarose gel electrophoresis (Electrophoresis of DNA)
The extracted RNA was run on agarose gel electrophoresis to confirm the presence
and integrity of the extracted RNA. The samples were run using 404 mAmp and 65
volts for 60 minutes. The bands were visualized under UV transilluminator at 350 nm.
[8]
cDNA Synthesis
Preparation of solution A
A labeled tube for each patient’s sample was prepared. Each contains 3µl of patient’s
RNA sample, 1µl of Random Primer, 1µl of dNTPs and finally 8µl of distilled water.
So the total volume is 13 µL in each tube.
Preparation of solution B
Four µl of Buffer solution, 1µl of Dithiothreitol (DTT), 1µl of RNase and 1µl of
RTase were added to each labeled tube which already contain 13 µL of solution  A.
So the total volume now will be 20 µl of both solutions A and B in each tube.
All the samples have been incubated in 50°C for 50 minutes .Then in 70°C for further
15 minutes. Then thirty microliters of distilled water were added to each tube to
complete the volume to 50 µL. Then tubes were stored in a deep freeze.
Real time PCR
The BCR-ABL kits (Ipsogen, France) contain several substances divided mainly in
two groups

1.Fusion gene group: includes 5 tubes of fusion gene and one negative control tube.
These tubes are labeled (F1-F6). Corresponding Eppendorf tubes are labeled F1-F6
also.  The following is added to these tubes: 12.5 µl of Taq man, 1 µl of Primer of FG
and 6.5 µl of distilled water to each one of these six tubes.

2.The Control gene group: consists of 3 control gene tubes and one negative control
tube labeled (C1-C4). Corresponding Eppendorf tubes are labeled (C1-C4) to which
12.5 µl of Taq man, 1 µl of CG Primer and 6.5 µl of distilled water were added to
each one of these 4tubes.

Then:
 Five microliter of cDNA of the patient was added to patient tubes of both fusion

gene and control gene tubes which were prepared previously.

 Five microliter of fusion gene was added to their 5 fusion gene tubes.
 Five microliter of control fusion gene was added to their 3 control gene tubes.
 Five microliters of distilled water was added to negative control tube of both

fusion gene and control gene tubes.
The run entered to the PCR machine on real time PCR program (iCycler program).
The result appears as ratio of both F.G. and C.G.
So the final ratio = (F.G. ratio /C.G. ratio)*100
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Results:
Table (1) shows the distribution of patients according to gender. Table (2) shows the
mean age for each subgroup of patients. Tables (3) and 4 demonstrate the ratio and
log of PCR results, respectively. The duration of each type of treatment is clarified in
Table (5).
Table (1): distribution of four groups of patients according to gender

Group of patient
No.

Sex
Males Females
No % No %

PCR negative 10 3 30.0 8 70.0
PCR positive on treatment HU* 10 5 50.0 5 50.0
PCR positive on treatment Gleevec 9 6 66.7 3 33.3
PCR positive No treatment 10 7 70.0 3 30.0
Total patients number 39

*HU= hydroxyurea

Table (2): mean of age of each patients group of leukemic patients

PATIENTS GROUP
Age (years)
Mean ± SD Range

PCR negative 45.73±18.19 16.00-70.00
PCR positive on treatment HU 49.00±13.82 26.00-65.00
PCR positive on treatment Gleevec 41.67±9.72 30.00-60.00
PCR positive No treatment 29.90±13.79 8.00-57.00

Table (3): mean and range for the ratio of PCR result for all groups

Leukemic group patients.
Ratio
Mean±SD Range

PCR negative - -
PCR positive on treatment HU 0.354±0.385 (0.080-1.120)

PCR positive on treatment Gleevec 0.294±0.464 (0.014-1.500)

PCR positive No treatment 1.547±1.643 (0.080-5.200)

Table (4) mean and range for the log of PCR result for all groups

Leukemic patients group.
Log
Mean ± SD Range

PCR negative - -
PCR positive on treatment HU 4.360±1.638 1.097-7.837

PCR positive on treatment Gleevec 3.125±0.956 1.422-4.420
PCR positive no treatment 4.578±1.704 3.117-9.116

Table (5): Duration of treatment for all groups

Leukemic group patients.
Duration (months)
Mean ± SD Range

PCR negative 36.55±63.84 3 -32.00
PCR positive on treatment HU 1.78±0.67 3 -13.00
PCR positive on treatment Gleevec 40.00±24.00 12.00-72.00
PCR positive No treatment - -
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Discussion
The real time PCR provides an accurate, sensitive, and noninvasive measure of
residual leukemia in patients on imatinib. Levels of BCR-ABL in the blood cells
correlate with the bone marrow cytogenetic results and early measurement can predict
subsequent cytogenetic response [9].
Quantitative (RT-PCR) was performed using peripheral blood cells. According to the
results, eleven patients were free of the abnormal BCR-ABL gene in spite of previous
diagnosis as CML by their hematological picture. So they were considered as a
control group. The rest of patients who had ratio result for fusion gene were divided
into 3 groups according to their type of treatment: Gleevec® or hydroxyurea for more
than 2 months and the last group received no medication as they were recently
diagnosed.
The patients were categorized according to their response to the drugs, by assessing
the Q-PCR result after more than 3 months of treatment of each line (Gleevec® and
H.U.).
Significant difference was found in patients’ gender because 62.1% (18/29) of the
confirmed diagnosis of CML patients were males while 37.9% (11/29) were females,
as shown in Table (1).
The overall ratio of male: female in this study was (2:1). CML shows a slight male
predominance, with a male to female ratio 3:2 [10]. This small difference between the
ratios may be attributed to the small number of cases involved in this study. However,
it is in agreement with Dhahii study which concluded that male to female ratio was
(1.62:1) [11].
The range of age of the cases was between (8 -70) years as shown in Table (2). The
mean age of PCR positive cases on HU was 47.8 years and the mean age of PCR
positive cases on Gleevec® was 41.67 years. The mean age of PCR positive cases
with no treatment was 29.90 years. Thus the overall mean age of CML cases was
39.79 years which is comparable to Dhahii study which found that the CML mean age
equal to 32.83 years. [11] Goldman presented the fact that CML affected the old age
and may be attributed to the loss of the genetic material with each cell division. [12]
In addition to, the accumulation of carcinogenic chemicals which increase with the
age. Harvey referred also to the mutant effect of exposure to benzene and to other
products in increasing the incidence of CML [13].
Table (3) shows that the PCR (–ve) group of patients are not actually CML cases or
they might have blood disorders other than CML. Therefore; they must be
investigated further. This group was considered as a control group. The highest ratio
value (5.200) was obtained in patients receiving no treatment with a range (0.080-
5.200) and a mean of (1.547). This ratio indicates the presence of large number of
abnormal leucocytes in the blood sample. The lowest (+ve) ratio result (0.014)
appears in CML patients treated by Gleevec® with a range (0.014-1.500) and a mean
of (0.294). This is expected because the drug produces remission at the molecular
level. That is why it is the first line of treatment in CML. This means that a low
number of abnormal cells in the peripheral blood and better response. This conclusion
is in agreement with [14] study about cytogenetic analysis and DNA estimation of
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blood cells from some patients with chronic myeloid leukemia in Baghdad and
concluded that Gleevec® gave a better response than HU with the same duration of
treatment. Patients treated with HU showed an intermediate range result (0.080-1.120)
with a mean of (0.354).
The result of log reading data in Table (4) is similar to the ratio result data since a
better response to treatment was obtained in CML patients treated with Gleevec®
which is less than the log reading for CML group treated with H.U. These results
explain that the complete hematological response (CHR) with Gleevec® treatment
was 100% and the major cytogenetic response (MCR) was 33%. Andreas study which
included 227 American CML patients showed that CHR was also 100% but the MCR
was only 21% [15].
The higher log reading value (9.116) was obtained in patients receiving no treatment
with a mean of (4.578) and range of (3.117-9.116).The lowest value (4.420) is noted
in patients treated by Gleevec® with a mean of (3.125) and rang of (1.422-4.420)
.The patients who were treated with HU showed an intermediate  response  ranging
from (1.097-7.837) with mean log reading value of (4.360 ) and the maximum result
was (7.837), so those data are consistent with the previous ratio result .
The duration as well as the well follow up is so important to get the best response and
save the patient’s life.
Table (5) shows that the zero duration of treatment related to newly diagnosed
patients group while the longer one belongs to CML patients treated with Gleevec®
so this explains that it prolongs the patient’s life more than H.U. The difference of
treatment duration affects negatively the efficiency of PCR and also on the assessment
of patients’ response to treatment. Therefore; all experts advise to perform PCR at
time of diagnosis then every 3 months during the treatment course. [16] The PCR
negative groups have also long duration of treatment as they have non-fatal
haematological disease.The longer duration of treatment was found in PCR positive
groups on Gleevec® with mean of (40.0) months compared to shorter duration in
those patients on HU with mean of (1.78) months. It must be due to the lower
response to the 2nd drug so the physician would change the line of treatment to the
Gleevec® or the patient may pass after several months of diagnosis.
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