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Abstract

B

ackground: Acute myeloid leukemia (AML) is one of the most common blood cancers among adults.
Genetic abnormalities associated with core-binding factor AML (CBF-AML) help in accurate diagnosis
and prognostic stratification, and therefore help in clinical management of the disease. No studies have
been carried out about frequencies of genetic abnormalities of CBF-AML and their association with clinical
parameters in Lahore region of Pakistan. Therefore, objective of this study was to carry out genetic and
characterization of CBF-AML.
Methods: The blood samples were collected along with clinical data AML patients from different hospitals of
Lahore Pakistan July 2010 to Dec. 2020. RNA was extracted and RT-PCR was employed to detect CBF-AML associated fusion oncogenes (AML1-ETO and CBFB-MYH11). Data was analyzed using SPSS version 25.
Results: Frequencies of AML1-ETO and CBFB-MYH11 were 13.6% and 11.4%, respectively. AML1-ETO had
significant association with FAB subtype AML-M2, occupational exposure to chemical solvents and exposure
to petrol products. One the other hand, CBFB-MYH11 was significantly associated with splenomegaly, FAB
subtype AML-M4 patients and insecticides exposure.
Conclusions: Our results show that overall frequencies AML1-ETO and CBFB-MYH11 and hence CBF-AML is
comparable to other ethnic groups. Correlation of specific genetic abnormalities with exposures to chemicals
indicates a strong interplay between AML genetics and pollutants. This study will help not only in differential
diagnosis and prognostic stratification of AML in Pakistan, but it also opens new windows to better understand
biology of AML in correlation with environmental exposure.
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Introduction

Among all hematopoietic diseases, the acute myeloid
leukemia is most common clinical and biological
disorder [1,2]. The incidence of (AML) acute myeloid
leukemia is 3-4/100,000 people per year [3]. In acute
myeloid leukemia (AML), abnormal blood cell (blast
cells) production is caused by the crowding of
nonfunctional cells in the blood and bone marrow [4].
The main symptoms of acute myeloid leukemia are
fatigue, shortness of breath, anemia, gum bleeding,
petechiae, which are caused by low production of
functional white blood cells (WBC) and red blood cells
(RBCs) with more chances of other infections [5]. The
AML patient’s median age is approximately 70 years
globally, so the prevalence of acute myeloid leukemia
(AML) increases with age [6]. The exact cause of
leukemia is still not clear, so, it spread and progresses in
body very quickly if it left untreated [5].
The World Health Organization (WHO) classifies AML
into several categories based on underlying genetic
alterations to facilitate diagnosis and prognosis [7].
Recurrent genetic alterations are frequently observed in
AML patients. Among them t (8;21) (q22; q22) and inv
(16) (p13q22)/t (16;16) (p13q22) are the most common
and result in generation of corresponding abnormal
fusion genes RUNX1-RUNX1T1 and CBFB-MYH11 [8],
respectively.
Acute myeloid leukemia (AML) with t (8;21) or inv (16)
have been recognized as unique entities within AML and
are usually reported together as core binding factor AML
(CBF-AML). Core binding factor (CBF) is a heterodimeric
protein complex involved in the transcriptional
regulation of normal hematopoiesis. Mutations in CBFencoding genes result in leukemogenic proliferative
advantages and impaired differentiation of the
hematopoietic progenitors. CBF molecular aberrations
are responsible for approximately 20% of all adult acute
myeloid leukemia (AML). Although CBF-AMLs are
considered to have relatively good prognosis compared
to other leukemia subtypes, they are a heterogeneous
group of disorders and modern therapy frequently leads
to relapse and the associated morbidity and mortality
[9]. As no further studies have been carried out
regarding molecular biology and clinical characteristics
of CBF-AML, the objective of this study was to find out
frequencies of fusion oncogenes in CBF-ABL and their
correlation with demographic data, clinical parameters,
and environmental exposure.

Methods

Peripheral blood samples were obtained from of 132
acute myeloid leukemia (AML) patients admitted to the
different hospitals of Lahore, Pakistan. A data form was
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filled about the queries of patients regarding
demographic and clinical features before sampling. The
blood sample (3ml) was drawn from acute myeloid
leukemia (AML) patients and then poured in to the
EDTA tubes and stored at -40̊C to maintain its integrity
normal. For the detection of most common fusion
oncogenes, i.e., AML1-ETO and CBFB-MYH11, the RTPCR protocol was optimized. Informed consent from
patients was taken for this study.
RNA Extraction
For total RNA extraction from blood sample, the TRIzol
reagent method was opted from Chomczynski and
Sacchi [10] and verified with little optimizing
modifications by Iqbal et al. [11]. The main steps of RNA
extraction consisted of lysis, isolation, precipitation,
washing and solubilization. 750μl of TRIzol-LS reagent
(MRC/USA) was mixed in to the 250μl of blood sample
and kept it at room temperature for 5 minutes, then
added 200μl of chloroform and vortex for 10 seconds,
then left it for 15 minutes at room temperature, and
centrifuged it in centrifugation machine (Sigma, 2-16
PK) at 4̊C, 14,000 rounds per minute (rpm) for 15
minutes. The RNA, present in the upper most clear
aqueous phase was separated and then transferred to
another clean Eppendorf. RNA was precipitated by
adding 500μl of chilled isopropanol and mixed well for
5-10 minutes. After keeping it at room temperature for
5 minutes, Centrifuged it for 10 minutes at 14,000 rpm.
A gel-like white pellet that was RNA precipitate, formed
at the base of the Eppendorf. RNA pellet was
resuspended in 1ml of 75% of ethanol after the removal
of supernatant and vortex it and then again centrifuged
it at 14,000 rpm for 10 minutes at 4-5̊C. After the
removal of ethanol, the RNA pellets were air-dried for 15
minutes and keep Eppendorf inverted for 3-5 minutes.
Then dissolved the RNA in 50 µl of diethyl
pyrocarbonate (DEPC) treated water through a pipette
tip. Incubated at 55-60̊C for 10-15 minutes and stored at
-20̊C. To check the integrity of ribonucleic acid (RNA),
extracted RNA was run on 1% agarose gel, and found the
bands for 18S and 28s ribosomal RNA (rRNA). These
prominent bands showed the best quality for the RTPCR reaction.
Complementary Deoxyribonucleic acid (cDNA)
Synthesis
The RNA was reverse transcribed to cDNA through the
reverse transcribed (RT) reaction, which was catalyzed
by enzyme “Reverse transcriptase” in the presence of
random hexamer primers. The template was then used
in PCR reaction. RT reaction protocol and other reaction
conditions were adopted from Van Dongen [12]. Briefly
10μl of RNA was added to 10μl of RT-reaction mixture
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containing 5X RT Buffer, 25 mM dNTP Mix, 10mM
Random hexamer primer, RiboLockTM RNase Inhibitor,
M-MLV Reverse Transcriptase, DEPC-treated / nuclease
free water. The reaction was carried out by incubating
mixture of template, random hexamers and DEPC
treated water at 70°C for 10 min. Then added rest of
reagents and incubated at 42°C for 60 minutes, 70°C for
10 minutes and hold at 40°C in the last step [13]. The
quality of cDNA was checked by amplification of
housekeeping genes glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). Gene expression analysis at
conventional PCR was performed by using 2µl cDNA on
optimized conditions, using the synthesized gene
specific primers [14].
Reverse Transcriptase PCR Amplifications
The PCR primers and nested PCR protocol used for the
detection of AML1-ETO and CBFB-MYH11 fusion
oncogenes were adopted from Van Dongen et al., [12]. In
the 1st round of nested PCR, a 50 µl PCR reaction was
performed containing 5x PCR buffer with KCl, 25Mm
MgCl2, 10mM dNTP Mix, DEPC Water, Taq DNA
Polymerase (forward primer and reverse primer) and
template of cDNA. The same test was performed in
round 2nd with the cDNA template being the product of
round 1st. Thermal cycling steps for nested PCR were
preliminary denaturation at 95°C for 30 sec followed by
35 cycles of denaturation of double stranded DNA at
95°C for 30 sec, annealing of primers to DNA template
at 65°C for 60 sec and extension to form multiple copies
of DNA strands at 72°C for 60 sec, followed by a final
extension at 72°C for 07 minutes. The 2nd round PCR was
carried out with the same conditions. The final PCR
products was run on 2% agarose gel, after staining with
3% ethidium bromide, then visualized under ultraviolet
(UV) light [15].
Data Analysis
In this study, SPSS version 25 was used for data analysis.
To determine the association between fusion oncogenes
and different variables “chi square test” was used [16],
and where the expected count was less than 5, the
“Fishers Exact test” was used. Significant p-value was
considered which was below than or equal to 0.05.

Results

Patient’s Characteristics
According to the final analysis, a total of 132 acute
myeloid leukemia (AML) patients were included, in
which, 77 (58.33%) were males, and 55 (41.67%) were the
females. Out of 77 (58.33%) males, 9 (6.8%) were in age
group of 1-16 years, 48(36.4%) were in 17-59 year, and
20 (15.1%) were in ≥60 years age group. Whereas, out of
55 (41.67%) females, 5 (15.6%) were in age group of 1-16
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years, 34(25.8%) were in 17-59 year, and 16 (12.1%) were
in ≥60 years age group. it was also found that among age
groups, the 17-59 years age group was quite different,
because its number of patients/ percentages was highest
as 82/132 (62.2%), as compared to other age group, that
was 14(10.61%) in age group of 1-16 years, and 36
(27.27%) was in group of ≥60.
According to the recorded clinical and demographic, it
was observed that the anemia/paleness, shortness of
breath, fatigue and fever were the main symptoms in a
total of 132 (AML) patients, which were 83.9%, 69.8%,
63.1%, 59.7% respectively. 67.8% of the patients have
symptoms of weight loss/ loss of appetite at time of
presentation. While the chloroma (6.7%) and lymph
node swelling (15.2%), were amongst the lowest
recorded symptoms. Easy Bruising or Bleeding (60.4%),
bone and joint pain (65.1%), and blast cells (66%) were
recorded. 28 (21.21%) were hepatomegaly positive AML
patients, which was highest as compared to the
splenomegaly and lymphadenopathy. Whereas 16
(12.21%) were recorded as splenomegaly positive
whereas, 20 (15.2%) were lymphadenopathy. Total
leucocytes count (TLC) of 73 (55.3%) out of 132 AML
patients, was <30,000 and 59 (44.7%) were >30,000. In
41/132 (31.10%) of AML patients, platelets count was
<30,000 and 91 (68.9%) were >30,000. Present data
revealed that acute myeloid leukemia (AML) patients
having occupational exposure to mutagenic exposures
like, chemical solvent, that was 18.9%, insecticide
(7.6%), petrol products (11.4%), while the percentage of
AML patients having no exposure, (62%) were recorded
as highest. The types of patients were recorded as per
French-American-British (FAB) classification. The two
types of AML–M2 (33.6%) and AML-M4 (29.5 %) were
observed as highest, respectively. Whereas AML-M0
(8.3%), AML-M1 (9.1%), AML-M3 (10.6%), AML-M5
(6.8%), AML-M6 (1.5%), AML-M7 (0.8%) were recorded.
Molecular Analysis
A total of 132 AML samples were processed for
molecular analysis. AML1-ETO fusion oncogene (FG-1)
was detected in 18/132 (13.6%) AML patients while
CBFB-MYH11 fusion transcript (FG-2) was detected in
15/132 (11.4%) blood samples of (AML) patients (Figures
1 & 2).
Statistical Analysis and comparison between Fusion
Genes (FG-1) and (FG-2)
According to this research, the fusion gene (FG-1)
AML1-ETO was compared with (FG-2) CBFB-MYH11 in
patients with acute myeloid leukemia (AML) in relation
to its all mentioned prognostic variable. It was found
that the FAB classification is a significant prognostic
variable. The significant p-values in FAB type of AML-
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M2 (0.003*) for fusion gene (FG-1) and AML-M4 (0.008*)
for fusion gene (FG-2) were observed (Table 1).
Prognostic
variables

Category

Gender

Male
Female
1-16
17-59
≥60
AML-M0
AML-M1
AML-M2
AML-M3
AML-M4
AML-M5
AML-M6
AML-M7
Chemical
solvents
Insecticides
Petrol products
No exposure
<30,000
>30,000
Positive
Negative
Positive
Negative
Positive
Negative
<30,000
>30,000

Age (years)

FAB
Classification

Chemical
exposure

TLC (µl)
Hepatomegaly
Splenomegaly
Lymphadenopa
thy
Platelets (µl)

AML1-ETO
n=18/132
(13.60%)
13 (72)
5 (28)
3 (16.7)
12 (66.7)
3 (16.7)
01 (5.5)
01 (5.5)
10 (55.6)
2 (11.1)
2 (11.1)
1 (5.5)
1 (5.5)
0
8 (32)

CBFB-MYH11
n=15/132
(11.36%)
9 (60)
6 (40)
1 (6.7)
12 (80)
2 (13.3)
02 (13.3)
01 (6.6)
01 (6.6)
01(6.6)
09 (60)
01(6.6)
0
0
6 (24)

2 (20)
4 (26.7)
4 (4.9)
11 (61.1)
7 (38.9)
4 (22.2)
14 (77.8)
5 (27.8)
13 (72.2)
3 (16.3)
15 (83.3)
7 (38.9)
11 (61.1)

3 (30)
2 (13.3)
4 (4.9)
7 (46.7)
8 (53.3)
5 (33.3)
10 (66.7)
4 (26.7)
11 (73.3)
2 (13.3)
13 (86.7)
6 (40)
9 (60)

Table 1: Comparison between fusion genes (FG1) AML1-ETO and
(FG-2) CBFB-MYH11.

Figure 1: PCR-based analysis of AML1-ETO fusion oncogene in
acute myeloid leukemia. M=100bp is DNA marker (ThermoTMSM#
0323), lane 1: shows (own established) positive controlled for AML1ETO, lane 2, 3,4: showing four positive acute myeloid leukemia
(AML) patients for AML1-ETO, and lane 5: shows negative control.

Figure 2: PCR-based detection of CBFB-MYH11fusion oncogene
(inversion 16) in acute myeloid leukemia. M=100bp DNA marker
ThermoTMSM# 0323), lane 1: shows (own established) positive
controlled for CBFB-MYH11, lane 2, 4: showing patients positive for
CBFB-MYH11, while lane 3, 5 show negative for CBFB-MYH11 and
lane 6: shows negative control.
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Statistical Analysis of Fusion Genes (FG-1) and (FG2) with CBF-AML –VE Patients
The fusion gene (FG-1) AML1-ETO was compared with
CBF-negative group of patients with acute myeloid
leukemia (AML) in relation to different prognostic
variables. It was observed that fusion oncogene (FG-1)
AML1-ETO was positive in 8/18(42.11%) acute myeloid
leukemia (AML) patients exposed to chemical solvent
the association between exposure to chemical solvent
and which was statistically significant (p-value <0.001*).
Similarly (FG-1) AML1-ETO was positive in 4(30.77%)
(AML) patients exposed to petrol products, the
association between petrol products and AML1-ETO
(FG-1) was also statistically significant (p-value 0.026*).
Whereas AML1-ETO (FG-1) was positive in only
2(28.57%) (AML) patients exposed to insecticides, which
was not statistically significant (Table 2).
The fusion gene (FG-2) CBFB-MHY11 was also
compared with CBF-negative group of patients with
acute myeloid leukemia (AML) in relation to different
prognostic variables. It was observed that the fusion
oncogene CBFB-MHY11 (FG-2) was positive in
6(35.29%) (AML) patients exposed to chemical solvent.
Similarly, 3(37.50%) patients were exposed to
insecticides and 2(18.18%) were exposed to petrol
products. Chemical solvent (p-value 0.003*) and
insecticides (p-value 0.032*) were statistically
significantly associated with CBFB-MHY11 (FG-2)
(Table 3). It was also observed that FAB classification
type AML-M4 was statistically significant prognostic
variable, with p-value (0.036*) (Table 3).
Statistical Analysis of Group A (CBF-AML) and
Group B (CBF-AML negative) Acute Myeloid
Leukemia Patients
The Group A (CBF-AML) was also compared with Group
B (CBF-AML-negative) in relation to different
prognostic variables. It was observed that Splenomegaly
was statistically significantly associated with the fusion
oncogenes (p-value 0.008*). The measured relative risk
of Splenomegaly was 4.93(1.66-14.59) higher in CBFAML as compared to CBF-AML-negative (Table 4). The
p-value for occupational exposures was also recorded as
<0.05* when CBF-AML patients were compared with
CBF-negative AML patients (Table 4).
AML1-ETO (FG-1): Among 132 acute myeloid leukemia
(AML) patients, fusion oncogene (FG-1) AML1-ETO was
18 (13.64%), harbor this translocation, i.e., t (8;21) (q22;
q22). Its distribution was 3/18 (16.67%) in the age group
1-16 years, 12/18 (66.67%) patients in the age group 1759 years and 3/18 (16.67%) patients of ≥60 years age
group. In patients, male to female ratio was detected
2.6:1. Thus, 13/18 (72.2%) males and 5/18 (27.7%)
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Prognostic
variables

Category

AML1-ETO
n=18 (%)

Gender

Male
Female
1-16
17-59
≥60
<30,000
>30,000
<30,000
>30,000
Positive
Negative
Positive
Negative
Positive
Negative
Chemical
solvents
Insecticides
Petrol product
No exposure
AML-M0
Others
AML-M1
Others
AML-M2
Others
AML-M3
Others
AML-M4
Others
AML-M5
Others
AML-M6
Others
AML-M7
Others

13 (72)
5 (28)
3 (16.7)
12 (66.7)
3 (16.7)
11 (61.1)
7 (38.9)
7 (38.9)
11 (61.1)
4 (22.2)
14 (77.8)
5 (27.8)
13 (72.2)
3 (16.3)
15 (83.3)
8 (42.11)

(CBF-AML
-ve)
n=99 (%)
55(55.56)
55(55.56)
10(10.10)
58(58.59)
31(31.31)
55(55.56)
44(44.44)
28(28.28)
71(71.72)
19(19.19)
80(80.81)
7(7.07)
92(92.93)
15 (15.15)
84(84.85)
11 (57.89)

2 (28.57)
4 (30.77)
4 (5.13)
1 (11.11)
17(15.74)
1 (9.09)
17(16.04)
10(23.26)
8(10.81)
2 (15.38)
16(15.38)
2 (6.67)
16(18.39)
1(12.50)
17(15.60)
1 (50)
17 (14.7)
0(0.00)
18(15.52)

5(71.43)
9 (69.23)
74 (94.87)
8 (88.89)
91 (84.26)
10(90.91)
89(83.96)
33(76.74)
66(89.19)
11(84.62)
88(84.62)
28(93.33)
71(81.61)
7(87.50)
92(84.40)
1 (50.00)
98(85.22)
1 (100)
98 (84.48)

Age (years)

Total leukocytes
Count (TLC) (µl)
Platelets (µl)
Hepatomegaly
Splenomegaly
Lymphadenopathy
Occupational
exposures

FAB Classification

p-value

0.207
0.406

Prognostic
variables

Category

CBFBMYH11
N=15 (%)

Gender

Male
Female
1-16

9 (60%)
6 (40%)
1 (6.7%)

Group B
(CBF-AML
-ve)
n=99 (%)
55(55.56%)
44(44.44%)
10(10.10%)

17-59

12 (80%)

58(58.59%)

≥60

2 (13.3%)

31(31.31%)

<30,000
>30,000
<30,000
>30,000
Positive
Negative

7 (46.7%)
8 (53.3%)
6 (40%)
9 (60%)
5 (33.3%)
10
(66.7%)
4 (26.7%)
11
(73.3%)
2 (13.3%)
13
(86.7%)
6(35.29)

55(55.56%)
44(44.44%)
28(28.28%)
71(71.72%)
19(19.19%)
80(80.81%)

0.585

7(7.07%)
92(92.93%)

0.037

15 (15.15%)
84(84.85%)

1

11(64.71)

0.003*

3(37.50)
2(18.18)

5(62.50)
9(81.82)

0.032*
0.317

4(5.13)
2(20)
13(12.50)
1 (9.09)
14(13.59)
1 (2.94)
14(17.50)
1 (8.33)
14(13.73)
9 (24.32)
6 (7.79)
1(12.50)
14(13.21)
0 (0.00)
15(13.27)
0 (0.00)
15(13.27)

74(94.87)
8(80)
91 (87.50)
10(90.91%)
89 (86.41)
33 (97.06)
66 (82.50)
11 (91.67)
88 (86.27)
28 (75.68)
71 (92.21)
7 (87.50)
92(86.79)
1 (100.00)
98 (86.73)
1 (100.00)
98 (86.73)

0.798
0.406
1
0.02
1
<0.001*
0.049
0.026*

Age (years)

Total leukocytes
Count (TLC) (µl)
Platelets (µl)
Hepatomegaly

Splenomegaly

Positive
Negative

Lymphadenopathy

Positive
Negative

Chemical exposure

Chemical
Solvents
Insecticides
Petrol
Products
No Exposure
AML-M0
Other
AML-M1
Other
AML-M2
Other
AML-M3
Other
AML-M4
Other
AML-M5
Other
AML-M6
Other
AML-M7
Other

1
0.937
0.042
1
0.206
1
0.570
1

Table 2: Showing the analysis of fusion gene (FG-1) AML1-ETO
with CBF-AML –ve, acute myeloid leukemia (AML) patients in
relation to different prognostic variables.

females were found. 8(61.5%) of males and 4 (80%) of
females in age group of 17-59 years were recorded as
highest in numbers, and 3 (23.1%) males in age group 116 years, and 2 (15.4%) of males and 1 (20%) of females
in age group ≥60 years were observed. The association of
fusion genes regarding age and gender is not statistically
significant (p-value 0.485) and relative risk was
measured (RR 1.3 (0.6235, 2.711).
Five (27.8%) AML patients were positive for
splenomegaly, while 3 (16.3%) were recorded positive
for lymphadenopathy and 4/18 (22.22%) patients were
hepatomegaly positive. The total leucocytes count
(<30,000µl) was observed in 11 (61.1%) patients, and 7
(38.9%) were in (>30,000µl) category. While the platelets
count (<30,000µl) was recorded in 7 (38.9%) and 11
(61.1%) were in (>30,000µl) category. Out of 18 patients
(FG-1) AML1-ETO 8 (32%) patients were associated with
chemical solvent, 2 (20%) had exposure to insecticides,
4 (26.7%) having association with petrol products and 4
(4.9%) had no occupational exposure to potential
mutagenic agent. Out of 18 patients with having fusion
gene (FG-1) AML1-ETO, 10 (55.6 %) were recorded as
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highest in number as AML-M2, while AML-M0 and AMLM1, AML-M5, AML-M6 were 01 (5.5%), AML-M3 and
AML-M4were 2 (11.1%) were, whereas AML-M7 was nil.

FAB classification

pvalue

0.788
0.283

0.347
0.304

0.779
1.00
0.056
1.00
0.036*
1.00
1.00
1.00

Table 3: Showing the analysis of fusion gene (FG-2) CBFB-MYH11
with CBF-AML –ve, acute myeloid leukemia (AML) patients in
relation to different prognostic variables.

CBFB-MYH11 (FG-2): 15/132 (11.36%), acute myeloid
leukemia (AML) patients carried Inv (16) (p13, q22)
chromosomal translocation of fusion oncogene (FG-2)
CBFB-MYH11. Its distribution was recorded, that is 1/15
(6.67%) Patients with age group of 1-16 years, 12/15
(80%) fall in the 17-59 years age group range and 2/15
(13.35%) was ≥60. Among 15 patients, 9 were males
(60%) and 6 (40%) were females. 7 (77.8%) of males and
5 (83.3%) of females in age group of 17-59 years were
recorded as highest in numbers, and 1 (11.1%) male in
age group 1-16 years, and 1 (11.1%) of males and 1
(16.7%) of females in age group ≥ 60 years were
observed. The association of fusion genes and age and
gender is not statistically significant (p-value 0.485) and
relative risk was measured (RR 1.3 (0.6235, 2.711). 5
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(33.3%) were hepatomegaly positive, 4 (26.7%) were
positive for splenomegaly, while 2 (13.3%) were
recorded positive for lymphadenopathy. the total
leucocytes count (<30,000µl) was recorded in 7 (46.7%)
patients, and 8 (53.3%) were in (>30,000µl) category.
Whereas the platelets count (<30,000µl) was recorded in
6 (40%) and 9 (60%) were in (>30,000µl) category. 6
(24%) patients were associated with chemical solvent, 3
(30%) had exposure to insecticides, 2 (13.3%) having
association with petrol products and 4 (4.9%) had no
occupational exposure to potential mutagenic agent.
The patients with having fusion oncogenes (FG-2)
CBFB-MYH11, 9/15 were recorded as highest as AMLM4, while 02/15 (13.3%) were AML-M0, and 01/15 (6.7%)
were AML-M1, AML-M2, AML-M3, AML-M5, while no
patient with AML-M6, and AML-M7 were recorded.
Prognostic
variables

Category

Gender
Age (years)

FAB
Classification (p
-value= 0.969)
collectively

Total leukocyte
Count (TLC) (µl)
Hepatomegaly
Splenomegaly
Lymphadenopathy
Platelets (µl)
Occupational

Exposure

Male
Female
1-1617-59
≥60
AML-M0
other
AML-M1
other
AML-M2
other
AML-M3
other
AML-M4
other
AML-M5
Other
AML-M6
Other
AML-M7
Other
<30,000
>30,000
Positive
Negative
Positive
Negative
Positive
Negative
<30,000
>30,000
Chemical
solvents
Insecticides
Petrol
products
No
exposure

(CBF-AML
+ve)
n=33 (%)
22 (28.57)
11(20.00)
4 (28.57)
24 (29.27)
5(13.89)
3 (27.27)
30(24.79%)
2 (16.67)
31(25.83%)
11 (25.00)
22(25.00%)
3 (21.43)
30(25.42%)
11 (28.21)
22(23.66%)
2 (22.22)
31(25.20%)
1 (50.00)
32(24.62%)
0
33(25.19%)
18(24.66)
15(25.42)
9(32.14)
24(23.08)
9(56.25)
24(20.69)
5(25.00)
28(25.00)
13(31.71)
20(21.98)

(CBF-AML ve)
n=99 (%)
55 (71.43)
44(80)
10 (71.43)
58 (70.73)
31(86.11)
8 (72.73)
91(75.21%)
10 (83.33)
89(74.17%)
33 (75.00)
66(75.00%)
11 (78.57)
88(74.58%)
28 (71.79)
71(76.34%)
7 (77.78)
92(74.80%)
1 (50.00)
98(75.38%)
1 (100.00)
98(74.81%)
55(75.34)
44(74.58)
19(67.86)
80(76.92)
7(43.75)
92(79.31)
15(75)
84(75)
28(68.29)
71 (78.02)

14 (56)

11 (44)

<0.05*

5 (50)

5 (50)

<0.05*

6 (40)

9 (60)

<0.05*

8 (10.8)

74 (90)

1.35

pvalue
0.152
0.196
1
0.763
1
1
0.741
1
0.878
1
0.920
0.325
0.008*
1.00
0.233

Table 4: Showing statistical analysis of core binding factors (CBF
+Ve) and (CBF -Ve) acute myeloid leukemia (AML) patients in
relation to prognostic variables.

Overall, we conclude that frequency of CBF-AML
(AML1-ETO and CBFB-MYH11) is in accordance with
reports from other countries. Correlation of specific
genetic abnormalities with exposures to chemicals hints
at a strong interplay between different genetic lesions

als

and exposure to pollutants, that may help in finding out
factors initiating AML. This study will help not only in
differential diagnosis and prognostic stratification of
AML in Pakistan, but it also opens new windows to
better understand biology of AML in correlation with
environmental exposure.

Discussion

Acute myeloid leukemia, (AML) is a heterogeneous
disease, and this heterogeneity is caused by its genetic
and geographical differences between various
populations [17,18]. In this research, blood samples of
acute myeloid leukemia (AML) patients were used for
molecular analysis through RNA extraction in RT-PCR,
because bone marrow samples are difficult to get.
Europe-against-Cancer (EAC) protocol and others
showed that the samples of blood and marrow produce
same results [19,20]. In 2006, a meeting at NIH Bethesda
USA also confirmed the blood samples as a best choice
for the purpose of management and detection of the
disease [21]. In this study the blood samples were
collected in EDTA, because it was reported that, blood
collection in EDTA is the best choice for RNA and it was
also suggested that samples should be analyzed within 1
day after collection [21]. In this study, white blood cells
were used for mRNA extraction, which was more
feasible, because Hughes et al., reported the WBCs better
as better than using mononuclear cells (MN). The report
translates “The use of Ficoll is not recommended
because use of fractionated leukocytes is less sensitive
than analyses based on total leukocytes following redcell lysis”. Many other researchers reported the use of
whole WBCs [20,21]. Extreme care was taken in
completing the tests on the samples to minimize mRNA
degradation. Hughes et al., [21] recommended that
samples should be processed within 24 hours of
collection while Muller et al., [22] have also reported that
RNA degradation in unstabilized peripheral blood
samples does not play a major role in sample being
processed on the day of blood collection for minimal
residual disease studies in Leukemia. In present work,
validated Reverse-transcriptase PCR (RT-PCR) protocol
was used [15] and even at present workplace previously
[23]. Furthermore, for detection of fusion genes, it is
quite common protocol used in the USA, Europe and
other developed countries [24-26]. To
reduce
the
possibility of PCR product carryover and contamination,
the best measure was taken include to select separate
area for RNA isolation, preparation of PCR master mix,
Poly erase chain reaction, and all other measures to
control for contamination [27]. Our successful results
show the authenticity of present work and accuracy of
the protocol developed by Van Dongen et al., [12]. In
leukemia patients, the most common fusion genes are
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produced in the result of various genetic / chromosomal
abnormalities [28]. The 4 most common translocations
are between 4% and 10% and these most common fusion
oncoproteins are AML1-ETO, CBFB-MYH11, PML-RARα
and MLL fusions [29]. Core-binding factor (CBF) of acute
myeloid leukemia (AML) is cytogenetically defined by
the presence of t (8;21) (q22; q22) AML1-ETO or inv (16)
(p13q22)/t (16;16) (p13; q22) CBFB-MYH11, commonly
abbreviated as t (8;21) and inv (16), respectively. In both
subtypes, the cytogenetic rearrangements disrupt genes
that encode subunits of core-binding factor, a
transcription factor that functions as an essential
regulator of normal hematopoiesis. The rearrangements
t (8;21) and inv (16) involve the RUNX1/RUNX1T1
(AML1-ETO) and CBFB/MYH11 genes, respectively [30].
Present study reports the prevalence of the two most
common fusion oncogenes, i.e., AML1-ETO and CBFβMYH11. It was found that 33/132 (25%) acute myeloid
leukemia (AML) patients had one of these two fusion
oncogenes with the incidence of CBFβ-MYH11 in 15/132
(11.4%) patients, and AML1-ETO in 18/132 (13.6%)
patients. according to other published data, the t (8;21)
translocation is detected in 8-12% of AML patients and
10%–22% of cases with FAB subtype M2 and the
frequency decreases with age, accordingly, t (8;21) is
most common in younger patients and rare in patients
over 60 years [31]. It may be difficult to recognize acute
myeloid leukemia (AML) through symptoms because
there might be not any specific symptoms as AML
initiates suddenly [32,33]. The main AML symptoms in
present study were paleness /Anemia (63.1%) , shortness
of breath (69.8%), fatigue (63%) and easy bruising/
bleeding (60.4%) were the main symptoms that were
recorded in the acute myeloid leukemia (AML) patients
and it is in consensus with the previous work in
Pakistan, i.e. fever (72.8%), general weakness (60%),
gum bleeding (37.6%) and dyspnea (12%) [34], while
chloroma 10/132 (6.7%) were amongst the lowest
recorded symptoms.
The overall incidence of AML increases with age; it is
a disease of the elder age, with a median age (~70 years)
[35]. Age at diagnosis is favorable prognostic factor [36].
According to our research, the 24/33 (72.7%) AML
patients with having fusion genes AML-ETO1 and CBFBMYH11, and (62.12%) were of total AML patients in the
age group of (17-59 years), AML is more common in
male than female with ratio of ~2:1 [37]. Similarly in this
study male AML patients were (58.33%) and females
were (41.67%). In case of fusion gene (FG-1) AML1-ET0,
the males were (66.67%) highest than females (23.1).
Whereas, in case of AML patients with fusion oncogenes
(FG-2) CBFB-MYH11, the female patients (83.3%) were
highest in number, and male were (77.8%) but not
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statistically significant. According to this research, the
fusion gene (FG-1) AML1-ETO was compared with (FG2) CBFB-MYH11 in patients with acute myeloid
leukemia (AML). It was found that the FAB classification
is a significant prognostic variable. The significant pvalues in FAB type of AML-M2 (0.003*) for fusion gene
(FG-1) and AML-M4 (0.008*) for fusion gene (FG-2) were
observed. The results were also compared with other
published data, which also showed similarities, i.e.,
The AML1-ETO fusion gene was detected up 50% of the
M2 subgroup and absent in the M1 and M4 subtypes and
healthy controls [38].
The fusion gene (FG-1) AML1-ETO was also compared
with CBF-negative group of patients with acute myeloid
leukemia (AML). The occupational exposure was
observed as significant prognostic variable having pvalue i.e., <0.001* and 0.026* of chemical solutions and
petrol products, respectively. While when fusion gene
(FG-2) CBFB-MYH11 was compared with CBF-negative
group of patients with acute myeloid leukemia (AML), it
was found that the chemical solvents and insecticide as
a chemical exposure have significant prognostic impact.
The p-values (0.003*) for chemical solvents and (0.056*)
for insecticides were recorded. The patients who had
more exposure to chemical solvents, insecticide, and
petrol product have the significant chance of AML.
These exposures were also significant to fusion genes,
AML1-ETO and CBFB-MYH11. The p-value for
occupational exposures was recorded <0.05* when CBFAML patients were compared with CBF-negative AML
patients. As it was also reported by other researchers
that the exposures are associated with an increased risk
of AML (all subtypes combined) and/or individual
subtypes included benzene, diesel fuel, metals,
insecticides, fertilizers, glues and adhesives, paints and
other coatings, and inks and pigments [39]. In Acute
myeloid leukemia extramedullary infiltration by
leukemic
cells
may
cause
lymphadenopathy,
splenomegaly or hepatomegaly and lymphadenopathy is
not as common as seen in acute lymphoblastic leukemia
while, hepatosplenomegaly however is more frequent
but massive hepatosplenomegaly is uncommon [40]. In
this research, the clinical data of CBF-AML patients was
compared with CBF-negative AML patients, and it was
observed that the splenomegaly was a significant
prognostic variable having p-value of (0.008*). As
reported by Naghmi and Khalid, (2013), hepatomegaly
and splenomegaly were observed in 48% and 45%
patients respectively, while majority had mild to
moderate hepatosplenomegaly [41].
This research study shows the prevalence of two
common fusion genes and their association with clinical
and demographical features. It also indicates that the
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patients can be categorized into different prognostic
groups that based on molecular cytogenetic evaluation
and its association with clinical characteristic. As our
findings have similarities with previously reported
studies or literature. More comprehensive and largescale studies using advance genetic techniques like
whole genome sequencing etc., are required to further
explore the genetic heterogeneity of acute myeloid
leukemia (AML) and its correlation with disease biology.
Which will further help in better prognostic
stratification and improvement in treatment outcome.
In conclusion, this is first study from Pakistan, which
investigated the frequency of two common fusion
oncogenes in AML patients, and their association/
correlation with clinical / demographical features. This
research will help in the prognostic stratification and
risk adapted management of AML patients.
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