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ABSTRACT: Leukemia is a proliferative disorder of myeloid and lymphoid
cells that may lead to death. Different types of leukemia have been reported,
and several genetic and environmental factors are involved in their
development. The Philadelphia chromosome causes the most common
mutation known as breakpoint cluster region−Abelson oncogene (BCR-
ABL1), which shows abnormal protein tyrosine kinase (PTK) activity.
Basically, this activity is accountable for activating multiple pathways, including
the inhibition of cell differentiation, controlled proliferation, and cell death. As
a result of the absence of kinase activity, this mutation leads to the
uncontrolled proliferation of leukocytes, causing chronic myeloid leukemia
(CML), acute myeloid leukemia (AML), acute lymphoid leukemia (ALL), and
chronic lymphocytic leukemia (CLL). This study aimed to evaluate the level of
BCR-ABL1 expression in patients with these types of leukemias through qPCR.
In brief, PBMCs were isolated from blood samples of patients, RNA was extracted from PBMCs, cDNA was synthesized, and the
transcript levels of BCR-ABL1 in patients with each type of leukemia were determined by qPCR. The clinical, demographical, and
experimental data were analyzed among CML, AML, and ALL patients. Results: The BCR-ABL1 expression levels are variable in all
studied groups and are 90, 30−35, and 1−2.5% in CML, ALL, and AML, respectively. Demographic characteristics such as gender,
BMI, age, family history, and clinical parameters along with CBC are also associated with the prevalence and diagnosis of leukemia.
In a comparative expression analysis, the expression of BCR-ABL1 is onefold high in AML, but four- and sevenfold high in ALL and
CML, respectively, as compared with normal levels. Conclusions: In this study, a significant difference was observed in the
expression levels of BCR-ABL1 between CML (p = 0.0043) and ALL (p = 0.0006) and between CML and AML groups, and a high
expression of BCR-ABL1 was noted in CML as compared with ALL and AML.

1. INTRODUCTION
Leukemia refers to a group of blood cancers that comprise
escalating and malignant diseases of blood-forming organs,
recognized by a warped development and proliferation of
leukocytes. Generally, leukemia is referred to as a cancer of the
bone marrow and blood, in which abnormal white blood cells
(blasts) are produced by hematopoietic cells, and they grow
and spread rapidly in the bloodstream and crowd out healthy
blood cells.1 These abnormal leukocytes accumulate in the
liver, brain, lymph nodes, spleen, and testes and alter the
normal function of the body.2 This complex disease was first
identified in the 19th century. The Philadelphia chromosome
was the first recurring genetic change revealed to be connected
with a particular human cancer, chronic myeloid leukemia
(CML). It was originally found as an unusually small
chromosome in CML cells. Later, it was determined to be a
chromosomal rearrangement including the ABL gene on
chromosome 9, a tyrosine kinase, and the BCR gene on
chromosome 22. The symptoms of leukemia may include

fever, swollen lymph nodes, bruising and bleeding, joint pain,
swelling of the abdomen, loss of appetite, tiredness, weight
loss, and frequent infections.3 These signs and symptoms vary
with each type of leukemia. Leukemia is divided into four
major types of chronic and acute leukemia, which are chronic
myeloid leukemia (CML), acute myeloid leukemia (AML),
acute lymphoid leukemia (ALL), and chronic lymphocytic
leukemia (CLL), besides some less common types. Lympho-
mas comprise a wide group of tumors that affect the lymphoid
systems, referred to as tumors of lymphoid and hematopoietic
tissues.4
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The accurate and exact cause of leukemia is still unknown
because a combination of genetic and environmental factors is
believed to play a role. However, it seems that the chances of
acquiring specific forms of leukemia in both adults and
children are increased by exposure to excessive levels of
ionizing radiation, which may cause cancer by removing
electrons from the nucleus of an atom, thereby damaging the
DNA in cells. Risk factors include artificial ionizing radiations,
petrochemicals, T-lymphocytic viruses and HIV, hair dyes,
prior chemotherapy, smoking, and some major genetic
disorders.5 On the genetic level, DNA mutations are major
highlighted factors. One major factor that causes changes in
DNA is known as chromosomal translocation. It occurs due to
a truncated reciprocal chromosomal translocation within
chromosomes 9 and 22, resulting in the juxtapositioning of
the chromosome 9 ABL-oncogene and the housekeeping gene
BCR on chromosome 22, which leads to the formation of the
BCR-ABL1 hybrid gene known as the Philadelphia chromo-
some.4 It was the first identified chromosomal abnormality
related to blood cancer in 1960. On the transcription of this
hybrid gene, the BCR-ABL mRNA assembled and translated
into a chimeric pathogenic protein BCR-ABL. It is referred to
as p210 or p185 because of the molecular weight of this
protein.6 The ABL and BCR genes translated into a
membrane-associated protein, known as protein tyrosine
kinase (PTK), which is regulated in an auto-inhibitory fashion.
Tyrosine kinases are essential regulators of this signal
transduction cascade, involved in cell proliferation, differ-
entiation, migration, metabolism, and programmed cell death.
Tyrosine kinases catalyze the phosphorylation of specific
tyrosine residues in target proteins, utilizing adenosine
triphosphate (ATP). BCR-ABL1 synthesizes a protein that is
always on and constantly activated and increases unregulated
cell division (blood cancer).7 This is because of a conforma-
tional change in the kinase domain due to the substitution of a
myristoylated cap region on the truncated site of the BCR
protein. However, the BCR region expresses threonine or
serine kinases, but the function of tyrosine kinase is related to
drug therapy.8 The level of BCR-ABL1 expression varies in all
types of blood cancer due to the clinically important isoforms
of its protein. The expression rate of the Philadelphia
chromosome is 90% in CML, 25−30% in ALL, and 1−2% in
acute myeloid leukemia (AML).9 Compared with traditional
cytogenetic examination, the sensitivity of molecular diagnostic
techniques such as fluorescence in situ hybridization (FISH)
and quantitative reverse transcription-polymerase chain re-
action (QRT-PCR) for identifying BCR-ABL-positive cells is
much higher. Among the available methods for monitoring Ph
+ leukemias, QRT-PCR has emerged as the gold standard
because of its greater sensitivity. The diagnosis of leukemia
typically involves the laboratory testing of blood samples from
patients, which includes determining the presence of the
Philadelphia abnormality, documenting the mounting of
unexplained leukocytosis by FISH, routine cytogenetics, and
molecular testing by real-time (RT)-PCR. RT-PCR allows
highly accurate and sensitive detection of BCR-ABL1 tran-
scripts compared with FISH, because FISH studies may yield
false-positive results.10 Quantitative RT-PCR is ideal for
monitoring BCR-ABL1 variants using blood and bone marrow
samples. False-positive and -negative results can occur due to
contamination or poor RNA quality, which can be reduced by
proper handling and laboratory experience.9 It may be difficult
to diagnose leukemia based on BCR-ABL in patients who are

Philadelphia negative but have a high number of leukocytes
and splenomegaly. This is due to the atypical behavior of the
BCR-ABL1 gene and is known as ph-negative leukemia. These
patients have a chronic cell lineage of eosinophils, neutrophils,
and basophils due to myeloid hyperplasia. Molecular and
cytogenetic studies show that the BCR-ABL1 arrangement and
the Ph chromosome help in suitable diagnosis.11 RT-PCR
detects qualitative and quantitative relapse after or before
allogeneic stem cell transplantation. It is now an accepted
method for the monitoring, detection, and expression studies
of leukemia. The current method uses the control gene to
compare gene expression, multiplied by 100, to show the
results in percentage folds, but this technique varies between
laboratories. In 2005, the International Real-Time Quantitative
PCR (RQ-PCR) standardization project was started using a
reference baseline to introduce a standardized scale.12

Leukemia can be treated by several different medical
approaches based on the type of leukemia and the health
status, age, gender, and family history of the patient. Treatment
may comprise a combination of targeted therapy, chemo-
therapy, radiation therapy, and bone marrow transplant with
palliative and supportive care.13 Leukemia accounted for
roughly 2.5% of all new cancer incidence and 3.1% of
cancer-related death. A total of 474,519 new cases of leukemia
were recorded in 2020. The global age-standardized rate of
incidence was 5.4 per 100,000, and there was an approximately
fivefold range globally. In terms of mortality, 311,594
associated deaths were recorded in 2020. There was a lower
geographical variation globally in death from leukemia, as the
majority of the locations in Asia, Europe, America, Australia,
and New Zealand reported a mortality rate of roughly 2.5−4.0
per 100,000.14 In Pakistan, the main step for the treatment of
blood cancer is chemotherapy, which sometimes includes
radiation therapy. The complete duration of treatment varies
with the type of cancer and from person to person. Bone
marrow treatment is mainly used for children who are at a high
risk of relapse. The outcomes have been improved in
developed countries due to modern treatments. The mortality
rate for blood cancer is higher in elders as compared with
children and young adults.15 The 5-year survival rate for
leukemia is 66% in CML, 83% in CLL, 27% in AML, and 71%
in ALL children and adults.16 In Pakistan, the most diagnosed
type of leukemia is AML, whereas ALL and CML occur at a
lower ratio than AML. The prognosis of acute myeloid
leukemia is poor. The death rate due to blood cancer is 2.97%
in Pakistan, and it occurs predominantly in male patients.17

2. MATERIALS AND METHODS
2.1. Study Setup. Blood samples and demographic and

clinical information of leukemia patients were collected from
the leukemia center of the Jinnah Hospital, Lahore, while
molecular testing of leukemia patients was conducted at the
Molecular Virology Laboratory, Centre for Applied Molecular
Biology, University of Punjab, Lahore. Two different types of
proforma were designed, one for the relevant details of patients
and the second for patient consent.
2.2. Study Population. One hundred leukemia patients

(under treatment with chemotherapy, targeted therapy, and
combination therapy), along with seven healthy controls, were
enrolled in this study. Out of 100 patients (male and female),
18, 39, and 53% had CML, ALL, and AML, respectively.
Among them, 98% of the patients were found to be BCR-ABL-
positive using the fluorescence in situ hybridization (FISH)
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procedure. For the comparative analysis between normal
individuals and patients, blood samples from healthy
individuals were excluded from further analysis. This study
was approved by the Ethics Committee of the University.
2.3. Collection of Blood Samples. Blood samples of

patients with different types of leukemia (CML, AML, and
ALL) were collected under aseptic conditions. The selected
sites of blood collection were the antecubital fossa and the feet.
About 3−5 mL of blood was collected in a labeled vacutainer
for PBMC isolation.
2.4. Isolation of PBMCs. For the extraction of PBMCs, 10

mL of histopaque-1077 (Sigma-Aldrich, Germany) was added
to the blood samples. Centrifugation of blood samples was
performed at 3000 rpm for 30 min for the dissociation of
nucleoproteins and debris. Three layers were formed, and the
whitish buffy layer that was formed between the medium and
the histopaque was then aspirated. This interface layer was
carefully separated into a new falcon tube. After this, these cells
were washed with 10 mL of sterile PBS solution by
centrifugation at 2000 rpm for 15 min to obtain the maximum
yield and then resuspended in 1 mL to store at 4 °C for further
use.18

2.5. RNA Extraction. The Wizol reagent was used to
extract the total amount of RNA from isolated PBMCs. In
brief, 1000 mL of the Wizol reagent was added to 300 mL of
cells and incubated at room temperature for 15 min. Then, the
cell suspension was centrifuged at 3000 rpm for 5 min, and the
supernatant was shifted to a fresh Eppendorf tube. A
chloroform solution (500 μL) was added to the Eppendorf
tube and vortexed for 15−20 s. Then, blood samples were
incubated at room temperature for 2−4 min and centrifuged at
4 °C and 12,000 rpm for 15 min. Then, the upper watery layer
was carefully separated into a new RNase-free Eppendorf tube
without disturbing the interface. Isopropanol (500 μL) was
then added, and these samples were incubated at room
temperature for 10 min. On completion of incubation, the
above step of centrifugation was repeated. The supernatant was
discarded, and the RNA pellet was washed with isopropanol by
centrifugation at 7500 rpm for 5 min. The pellet was allowed
to dry and then dissolved in 20 μL of DEPC-treated or
injection water.
2.6. Complementary DNA (cDNA) Synthesis. For the

synthesis of cDNA, RNA from each sample was reverse

transcribed using reverse transcriptase enzyme. In brief, 9 μL of
diluted RNA sample, 2 μL of dNTPs, and 1 μL of BCR-ABL1
gene reverse primer were added into a PCR tube. Then, tubes
were incubated in a thermocycler for 5 min at 65 °C to melt
the secondary structures of mRNA. Afterward, PCR tubes were
cooled on ice. A defined composition of the reaction mixture
was added into PCR tubes and incubated at 42 °C for 1 h and
then 85 °C for 5 min in the thermocycler. The same procedure
was followed for the cDNA synthesis of the GAPDH gene. The
primer sequences of BCR-ABL1 and GAPDH genes are shown
in Table 1. After this protocol, cDNA was quantified by a
NanoDrop spectrophotometer (2000c; Thermo Scientific).
2.7. Primer Designing. Primer-BLAST19 was used to

design primers for the selected gene (BCR-ABL1). The BCR-
ABL1 sequence was retrieved from the National Center for
Biotechnology Information (NCBI) database with accession
number NM_021574.3. The lengths of the primers were kept
at 21 base pairs with a GC content of 40−50% using the NCBI
primer Blast tool. The optimum selected primers for the BCR-
ABL1gene are reported in Table 1.
2.8. Quantitative PCR (qPCR). The synthesized cDNA of

the BCR-ABL1 gene was used to perform qPCR (Roter Gene-
QIAGEN). The expressions of the target gene, BCR-ABL1,
and the housekeeping gene, GAPDH, were analyzed using
SYBER Green (Fermentas Thermo Scientific USA). qPCR was
performed in a 10 μL volume of the reaction mix. The relative
expression level of mRNA was obtained by the normalization
of the mRNA level of the target gene BCR-ABL and reference
gene GAPDH. Amplification results and CT values of the
target and reference genes were analyzed and compared. For
the expression of mRNA, ΔCt was calculated by the following
formula:

Ct Ct Ct(target gene) (reference gene)= (1)

Quantities and relative fold values of the BCR-ABL1 gene
among CML, AML, and ALL were calculated as shown in eq 2.

fold change 2 Ct= (2)

2.9. Statistical Analysis. For statistical analysis, demo-
graphic and clinical features of the study population were
introduced as the mean and standard mean error using
Microsoft excel. GraphPad prism software (version 6.01, San
Diego)20 was used to calculate the comparative fold change in

Table 1. List of Primer Sequences Used in PCR

gene primer sequence

BCR-ABL1 forward 5′-CTGAATGTCATCGTCCACTCA-3′
reverse 3′-CGCGTCTTTGCTTTATTCACA-5′

GAPDH forward 5′-TGAAGCTCGGAGTCAACGGATTTGGT-3′
reverse 5′-CACTGTGGGCCATGAGGTCCACCAG-3′

Table 2. Baseline Clinical and Demographic Parameters of Patientsa

study groups healthy AML CML ALL

number of patients 07 43 18 39
age 39 ± 10 31.30 ± 13 35.6 ± 10 31.8 ± 12
BMI 22 ± 0.6 21.3 ± 2.8 21.8 ±1.6 19.6 ±1.3
TLC 9.8 ± 2.3 34.09 ± 2.1 67.1 ±1.7 31.07 ±4.6
hemoglobin 15.7 ± 0.7 8.27 ± 0.26 10.26 ± 0.72 10.48 ± 0.33
Platelets 264 ± 90 179.76 ± 15.7 162.61 ± 23.9 120.08 ± 7.1
ΔCt 0.34 ± 1.6 1.049 ± 0.4 7.70 ± 3.1 4.469 ± 1.4

aAML = acute myeloid leukemia; CML = chronic myeloid leukemia; ALL = acute myeloid leukemia.
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gene expression. Comparison of the mean of all groups and
determination of the relative fold change were performed by
ordinary one-way ANOVA. A p-value < 00.5 was considered
statistically significant among all groups. Tabular and graphical
presentations were generated by Microsoft excel and GraphPad
Prism Software.

3. RESULTS
A total of 100 patients were involved in this study, along with
seven healthy controls. All patients were treated by chemo-
therapy and targeted therapy. Among the 100 patients, 18
patients had CML, 39 patients had ALL, and 43 patients
suffered from AML; however, we did not find a single patient
with chronic lymphoid leukemia (CLL).
3.1. Clinical Parameters and Demographic Features

of Leukemia Patients. The main findings, demographic
studies, and clinical parameters of leukemia patients are listed
in Table 2. Results are listed as the average and mean standard
deviation. All patients belonged to Lahore and surrounding
areas. The analysis showed that most of the patients were
diagnosed with AML. The clinical characteristics were
significantly different among the different types of leukemia.
The TLC was high in leukemia patients (AML:34.09,
CML:67.10, ALL:31.07), with low platelet and hemoglobin
counts. The body mass index showed that most of the patients
were normal or underweight. Hemoglobin and platelets were
decreased in AML, CML, and ALL patients compared with
healthy individuals. Similarly, the ΔCt values of the AML,
CML, and ALL patients show fluctuations (1.04, 7.70, and
4.46, respectively) when compared with healthy individuals
(0.34).
3.2. Gender-Wise Distribution of Leukemia Patients.

According to our analysis, the prevalence of blood cancer was
predominant in male patients as compared with female
patients. Among 18 patients with CML, 11 were male and 7
were female. The ALL group had 39 patients, among whom 29
were male and 10 were female. However, the number of
patients with AML was higher, with 9 female and 34 male
patients (Figure 1).
3.3. Age-Wise Distribution of Leukemia Patients. In

this study, most of the patients belong to the young age group,
i.e., less than 40−45 years. However, the least occurrence of

leukemia is found in the age group of less than 10 years and in
the old age group. A large number of cases were observed in
adults and in young male and female patients. Thus, age may
be a helpful predictor to determine the prevalence of ALL,
CML, and AML in patients (Figure 2). AML was observed

more often in the age groups of 21−30 (17) and 31−40 (15)
years, while ALL (21−30:15, 31−40:12) is also prevalent
among these age groups. Furthermore, the highest number of
CML patients was recorded in the age group of 31−40 (9)
years.
3.4. Analysis of Body Mass Index (BMI). In this study,

BMI analysis showed a variable number of people among
different BMI categories. Most of the patients were found with
normal BMI. A number of male and female patients were
underweight in this study. A few people were categorized as
overweight and obese. The CML group has almost equal
numbers of normal and underweight patients, whereas the
ratio of overweight patients was the same in all leukemia
groups (Figure 3). In the overweight and obese groups, the
ratio of CML, AML, and ALL was almost the same, while the
number of ALL cases was found to be high in the obese group.
3.5. Association of Leukemia with Other Diseases.

Leukemia is associated with several other diseases, including
diabetes, hypertension, heart problems, skin allergy, and
recurring lung infections. In our study, a range of patients
were suffering from hypertension in all of the studied leukemia

Figure 1. Graphical representation of the gender-wise distribution of
CML, AML, and ALL patients.

Figure 2. Distribution of CML, AML, and ALL among patients of
various age groups.

Figure 3. Graph showing the body mass index of the patients in the
leukemia study.
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groups, where the highest number was recorded in the AML
(21) and ALL (16) groups. The AML group had the highest
rate of skin allergies (16), whereas diabetes was more common
in the ALL group (14). The rate of heart problems was low in
all groups (Figure 4).

3.6. Analysis of Complete Blood Count (CBC).
Hematological and serological parameters were obtained
from a complete blood count test and used to analyze and
differentiate among the leukemia groups.
3.7. Analysis of Total Leukocytes Count in the

Different Studied Groups. The normal range of TLC is
4500−12,000 g/L in normal and healthy people. The increase
in the level of TLC was variable among the studied groups.
CML patients had the highest number of leukocytes with
significant differences (p = 0.0057 and p = 0.003) between the
CML and ALL and the CML and AML groups, respectively
(Figure 5).

3.8. Analysis of the Hemoglobin Level in the Studied
Participants. The normal hemoglobin level is in the range of
14−18 g/dL. Fluctuation of hemoglobin levels was observed
among cancer patients. After analysis, we noted a decreased
level of hemoglobin in all of the studied groups, CML, ALL,
and AML, with no significant difference in the range among
these groups. Likewise, a significantly lower hemoglobin level
was found in AML patients (Figure 6).

3.9. Analysis of the Platelet Count in Leukemia
Patients. The normal range of the platelet count is 150,000−
450,000 μL in healthy individuals. We found a decrease in the
platelet count in the CML, AML, and ALL groups. ALL
patients had the lowest platelet counts; however, there was a
significant difference (p = 0.005 and p = 0.002) between the
CML and ALL and the ALL and AML groups, respectively
(Figure 7).

3.10. Expression Analysis of the BCR-ABL1 Gene in
Leukemia Groups. We evaluated the effects of BCR-ABL1
gene expression, which triggers the uncontrolled division of
abnormal white blood cells in leukemia. The fold change
reflects whether a gene is upregulated or downregulated in a
gene expression analysis. The gene expression was studied in
all leukemia groups, including CML, AML, and ALL. BCR-
ABL1 expression was analyzed in 18 CML, 39 ALL, and 43
AML patients. The transcript level of BCR-ABL1 in PBMCs
was quantified by RT-PCR, which was based on the threshold
value (Ct value). The qPCR results were in the form of a
sigmoidal curve that estimates the copy number of amplicons
and PCR efficacy. ΔCt values were calculated for all groups.
The mean values of 2 − ΔΔCt for CML, ALL, and AML were
7.7, 4.46, and 1.04, respectively. The obtained results depict
significant differences in the Ct values between CML and ALL
(p = 0.0043) and between CML and AML (p = 0.0006), which
indicates high expression of BCR-ABL1 in CML as compared
with ALL and AML (Figure 8).
3.11. Comparison of FISH and qPCR Results.

Hematological screening of all leukemia groups (CML, AML,
and ALL) includes the fluorescence in situ hybridization

Figure 4. Prevalence of leukemia-related diseases.

Figure 5. Analysis of the total leukocyte count (109/L) among the
different studied groups. Error bars indicate the standard error of
mean; significance level was determined by ordinary one-way
ANOVA followed by Tukey’s multiple comparison tests.

Figure 6. Analysis of hemoglobin levels (g/dL) among different
studied groups. Error bars indicate the standard error of mean; the
significance level was determined by ordinary one-way ANOVA
followed by Tukey’s multiple comparison tests.

Figure 7. Analysis of the platelet count (103/L) among different
studied groups. Error bars indicate the standard error of mean; the
significance level was determined by ordinary one-way ANOVA
followed by Tukey’s multiple comparison tests.
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(FISH) test to confirm mutations in the BCR-ABL1 gene.
According to FISH results, there were a large number of
Philadelphia-positive (BCR-ABL1 mutation present) patients;
however, some of them were Philadelphia-negative (BCR-
ABL1 mutation absent). After the real-time PCR analysis, a few
patients from the Philadelphia-negative group were indicated
as Philadelphia-positive, which showed the specificity and
accuracy of qPCR (Table 3).

4. DISCUSSION
Leukemia has become a global health burden and has the
highest mortality rate among all cancer types. According to
worldwide analysis, ∼1.5−2% of the population is diagnosed
with leukemia. Several factors are involved in the occurrence of
leukemia. The oncogene BCR-ABL1 produces tyrosine kinase,
which causes leukemia cells to grow and proliferate without
control. The expression of BCR-ABL1 varies among different
types of leukemia: CML, AML, and ALL. The current study
included 18, 39, and 43 patients with CML, ALL, and AML,
respectively. We did not find any patients with CLL. There are
few studies regarding the expression level of BCR-ABL in AML
and ALL. In the Pakistani population, AML is the most
common type of blood cancer, accounting for ∼50% of all
leukemia types. Demographic characteristics or host factors of
leukemia patients, such as gender, body mass index (BMI),
age, family history, clinical parameters, and CBC, are
associated with different groups, CML, AML, and ALL, and
their treatments.
In the US, the prevalence of leukemia in men is twice that in

women. Similarly, in Europe, leukemia is more common in
male children and adults.16 Furthermore, some studies show
no difference in the gender-wise distribution of leukemia.21 In
the current study, the male/female ratio was 70:30, which
shows a notable difference in the occurrence of leukemia
among female and male patients. According to a recent study

by the Leukemia and Lymphoma Society, the death rate due to
leukemia is higher in men than in women.22

Age is a major factor in leukemia, showing a higher
prevalence in adults and young people.23 According to our
results, CML is more common in the 30−40 year age group,
whereas AML and CML are more commonly diagnosed in
adults and young men and women. In children, ALL is more
common than CML and AML. According to the worldwide
distribution of leukemia, the occurrence of myeloid leukemia is
high.24 In our study, most leukemia patients had normal weight
or were underweight based on the BMI ranges, among whom
more men had normal weight and more women were
underweight. According to Vos and colleagues, hypertension,
diabetes, anemia, lung disorders, constant fever, weight loss,
and skin infections are associated with leukemia.16 Our study
identified a strong association of leukemia with hypertension
and skin allergies. Diabetes and heart problems were more
common in ALL patients, while AML patients were more
prone to skin allergies and lung infections, whereas the
prevalence of hypertension was high in AML and CML
patients. Compared with other studies, our findings revealed
that hypertension, skin allergies, diabetes, and lung infections
are common in leukemia patients.
The serological and hematological results of the study varied

among CML, AML, and ALL patients. According to our
results, the total leukocyte count was increased in all leukemia
types because leukemia causes abnormal proliferation of white
blood cells. CML patients had the highest TLC count
compared with ALL and AML, and a significant difference
was observed between the CML and ALL (p = 0.0057) and the
CML and AML groups (p = 0.003).
In leukemia, the hemoglobin (Hb) level showed random

fluctuation, which may be increased or decreased, whereas the
normal hemoglobin levels in women and men were 12 and 15
per deciliter of blood (g/dL), respectively. A decrease in Hb is
mostly found in myeloid leukemias such as CML and AML
due to anemic conditions.25 In our study, AML patients had a
significantly lower level of Hb, although ALL and CML
patients also had a decreased ratio of Hb. According to Arico et
al., the platelet count mostly decreases in blood cancer,
especially in CML and ALL; however, it may increase in rare
cases.21 Our study found that the platelet count is decreased in
CML, ALL, and AML patients, which may lead to
thrombocytopenia. In CML patients, the platelet count was
the lowest compared with AML and ALL patients.
The Philadelphia chromosome is the hallmark of chronic

myeloid leukemia, and the expression of BCR-ABL1 is found
to be ∼90% in CML patients.26 BCR-ABL1 is not restricted to
CML: 11−34% of ALL patients and ∼1−2.5% of AML
patients harbor the BCR-ABL1 oncogene. BCR-ABL1-positive
AML is unique due to some distinct features. We observed the
level of BCR-ABL1 expression in PBMCs in CML, AML, and
ALL. A previously reported study suggested the highest
expression of the BCR-ABL1 gene in CML patients.27

Interestingly, we found 7.7-, 4.469-, and 1.049-fold higher
expressions of the BCR-ABL1 gene in CML, ALL, and AML
patients compared with normal individuals. A comparative
analysis among all study groups shows the highest fold
expression of BCR-ABL1 in CML as compared with ALL and
AML. On comparing our results, CML showed a sixfold higher
expression of BCR-ABL1 than AML and a threefold higher
expression compared with ALL. According to Konoplev et al.,
the incidence of Ph + AML ranges from 1 to 2.5% of AML

Figure 8. Comparative gene expression of BCR-ABL1 among
different studied groups. Error bars indicate the standard error of
mean; the significance level of fold change was determined by
ordinary one-way ANOVA followed by Tukey’s multiple comparison
tests.

Table 3. Comparison of FISH and qPCR Resultsa

sample ID FISH results qPCR results

10 Ph −ve Ph +ve
29 Ph −ve Ph +ve
43 Ph −ve Ph +ve
68 Ph −ve Ph +ve

aPh*: Philadelphia.
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cases, showing lower influence of BCR-ABL1 translocation on
leukemia. This study indicates a twofold higher expression of
BCR-ABL1 in AML patients, which is the latest research result
in Pakistan. Our study revealed a onefold higher expression of
BCR-ABL1 in AML.28

To analyze the relation of BCR-ABL1 among CML, ALL,
and AML, the correlation among 2 − ΔΔCt values was
determined by Pearson’s correlation coefficient. The value of
the coefficient of correlation showed a significant difference in
the Ct values between CML and ALL (p = 0.0043) as well as
between CML and AML (p = 0.0006), which showed a
constant association of BCR-ABL1 with CML. In 2016, the
WHO classification of leukemia malignancies included BCR-
ABL1-positive AML as a provisional entity that shows the
correlation between AML and Philadelphia translocation.29

The above quantitative study was performed through qPCR
based on the SYBER green principle. Before analysis, these
samples were categorized as Philadelphia-positive or Phila-
delphia-negative by FISH analysis, which revealed a slight
difference between the sensitivity of FISH and qPCR to detect
the BCR-ABL1 oncogene. In our studied population, 61
patients were Philadelphia-positive (with the BCR-ABL
mutation) and 39 patients were Philadelphia-negative (without
the BCR-ABL mutation). Among the Ph-negative patients,
four samples were found to be BCR-ABL1-positive by qPCR,
initially marked as Ph-negative by FISH, which showed the
highest sensitivity of qPCR. According to Mrozek et al., FISH
has 0.1−5% sensitivity, whereas qPCR has 0.001−0.01%
accuracy and sensitivity.25 Therefore, this study also revealed
that qPCR is extremely sensitive, accurate, and precise for the
detection of leukemia in patients.
In our study, all patients underwent different treatments,

including chemotherapy, targeted therapy, and combined
chemotherapy. Targeted therapy with the tyrosine kinase
inhibitor (TKI) imatinib was common in CML patients, which
showed a positive response of CML patients toward targeted
therapy. The main therapies for AML patients were combined
chemotherapy and targeted therapy. However, chemotherapy
and sometimes radiotherapy was recommended for ALL
patients. According to the American Cancer Society, chemo-
therapy, radiation therapy, targeted therapy, combination
therapy, and stem cell transplant are the main therapies for
blood cancer treatment. According to the latest survey,
chemotherapy and targeted therapy are the most commonly
adopted methods for curing and treating leukemia in
Pakistan.17

5. CONCLUSIONS AND LIMITATIONS
The oncogene BCR-ABL1 plays a fundamental role in the
pathogenesis and susceptibility of leukemia. The translocation
of the Philadelphia chromosome has variable effects in
leukemia. In this study, our results depict a significant
difference in the transcription of BCR-ABL1 in CML, AML,
and ALL patients who were under different treatments of
chemotherapy. Chronic myeloid leukemia (CML) shows the
highest expression level of BCR-ABL1 transcripts, followed by
acute lymphoid leukemia (ALL) and acute myeloid leukemia
(AML). The expression of BCR-ABL1 was the lowest in AML
as compared with CML and ALL. However, further studies are
needed to explore the molecular mechanism underlying the
associated factors. In this study, a limited number of samples
(due to availability) or a smaller population was studied. It can
be concluded that, along with the altered expression of BCR-

ABL1, other metabolic and demographic factors play vital roles
in producing a response toward chemotherapy and targeted
therapy. In addition to these highlighted parameters, a number
of other factors, such as transcripts of BCR-ABL1 and
differences in isoforms and their regulation pathways, are
worth studying. However, due to limitations of resources and
information available, these could not be accomplished.
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