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The study aims to detect FMS-like tyrosine kinase-3 internal tandem duplicate
(FLT3 ITD) mutation, Myeloproliferative leukemia virus oncogene (cMPL) and
Ephrin A 4 receptor (EphA4) expressions in Acute myeloid leukemia (AML) and
their correlation to patient's clinicopathological characteristics and survival. RNA
was extracted from blood samples of 58 AML patients (39 adults and 19
children) and 20 age and sex matched controls. FLT3 ITD mutation, cMPL and
EphA4 expression was studied using RT-PCR and correlated to the clinical and
survival data of the patients. FLT3 ITD mutation, cMPL and EphA4 expression
was positive in 35.9%, 76.9% and 56.4% of adult AML patients respectively and

in 15.8%, 47.4% and 36.8% of pediatric AML patients respectively. 76.9% of
adult and 89.5% of pediatric patients expressed CD33. 64.1 % of adults and
42.1% of children expressed CD34. CD34 expression was significantly
associated with both FLT3 ITD mutation and cMPL expression. CD34, FLT3 and
cMPL negative cases have significantly higher overall survival than positive
cases. In conclusion, CD34 expression is significantly associated with both FLT3
ITD mutation and cMPL expression which could be used as a marker for low
survival. Normal FLT3 and negative expression of CD34 and cMPL may predict
a longer overall survival. Further studies are needed to investigate the mechanism

that may correlate CD34 to both markers.

Introduction

Acute myeloid leukemia (AML) represents a group of
clonal hematopoietic stem cell disorders in which both
failure to differentiate and over-proliferation of the stem
cell compartment result in accumulation of non-
functional myeloblasts, impaired hematopoiesis and
cytopenias. However, the specific cause in any
individual patient is usually unknown ™.

Discovering the molecular abnormalities that are
involved in carcinogenesis and progression of acute
leukemia is an important strategy for detection and
treatment of the disease. Molecular alterations in AML
are divided into 2 groups. The first group includes
mutations that activate the signal transduction pathway,
while the second group comprises mutations that affect
the cell cycle components 2.

The FMS-like tyrosine kinase-3 (FLT-3) a class 111
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receptor tyrosine kinase family, is primarily expressed by
hematopoietic cells and plays an important role in
hematopoiesis. FLT-3 is expressed in the majority of
acute leukemia and mutation is associated with poor
prognosis .

Myeloproliferative leukemia virus  oncogene, MPL  a
homodimeric receptor activated by thrombopoietin
(THPO) and is mutated in myeloproliferative disorders.
This receptor appears to play an important role in the
pathogenesis of acute leukemia, particularly AML [,
Also the expression of, c-MPL, has been suggested to
represent an adverse prognostic factor in myelodysplasia
and acute myeloid leukemia (AML) ®.

Ephrin receptors (Eph proteins) are the largest family of
RTKs and bind to Eph receptor-interacting (ephrin)
ligands, which are glycosylphosphatidylinositol-linked
or transmembrane ligands at sites of cell-cell contact.
Fourteen members of the Eph family of RTK have been
identified in mammals, which are divided into two groups,
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the EphA and EphB family . EPHA4, a member of the
EPHA receptors, has been demonstrated to be elevated
in various human cancers and involved in the tumor
progression . EphA4 overexpression has been reported
in many cancers including non-small cell lung cancer
pancreatic cancer !, %astric cancer ™, breast cancer !
and cervical cancer 4,

The aim of the present work is to study the FLT-3 ITD
mutation and the expression of cMPL and EPhA4 in
adult and pediatric AML patients and to correlate the
gene expression profile to the different clinical and
survival data of the patients.

Subjects and Methods

Subijects

The present work has been carried out according to the
Declaration of Helsinki for experiments involving
humans.

The present study included a total of 58 patients (39
adults and 19 pediatric) with de novo acute myeloid
leukemia selected from pediatric and medical oncology
departments at the National Cancer Institute, Cairo
University, Egypt. A control group with 20 (10 males
and 10 females) age and sex matched subjects were
involved in the study.

Inclusion criteria:

Patients involved in the present study are newly
diagnosed Acute Myeloid Leukemia (AML) cases that
did not receive any type of therapy.

Before enrolling in the study, patients were subjected to
complete medical history, physical examination,
complete blood count, bone marrow examination and
immunophenotyping by flowcytometer for CD34 and
myeloid associated antigens ( CD13, CD33, CD14 and
CD15), biochemical profile measurements including
liver and kidney function tests, fasting blood sugar,
LDH and CSF examination. In addition, radiological
examination including chest X ray, bone scan, CT scan
and abdominopelvic ultrasound was performed. After
diagnosis, patients were treated according to the institute
ongoing patients with de novo AML.

Patients below 16 years were subjected to the ADE
protocol for induction of remission and to MIDAC
protocol for consolidation as follows:

a) Induction of remission (4 courses): ARA/C: 100 mg/
m2 intravenous at daysl and 2. Then, 100 mg/ m2,
every 12 hours, intravenous push days3-8. Adriamycin:
25 mg/ m2, intravenous infusion days3, 4, 5. Vepeside:
100 mg/ m2, over 60 minutes infusion days 6, 7, 8.

b) Consolidation (2 courses): Mitoxantrone: 10 mg/ m2,
over 6 hours intravenous infusion daysl1- 5. Cytarabine:
1 mg/ m2/ 12 hrs, over 2 hrs intravenous infusion,
days1- 3.

Patients with de novo AML above the age of 16 were
subjected to protocol for induction of remission as
follows:

a) Induction of remission: Adriamycin: 45 mg/ m2
intravenous from dayl-3. ARA-C: 100 mg/ m2
intravenous from days1-7.

b) Consolidation: High dose ARA-C, Mitoxantrone) for
2 cycles as follows: ARA-C: 1 gm/ m2, over 3 hours
infusion, every 12 hrs, from dayl- 3. Mitoxantrone: 12
mg/ m2, intravenous over 2 hrs, from day3- 5.

Patients with de novo AML (M3) were subjected to the
following Protocol:

a) Induction of remission: ATRA (all trans retinoic acid):
45 mg/ m2 every 12 hours till complete remission or
maximum 90 days. Adriamycin: 60 mg/ m2, from days1-
3, for 3 cycles.

b) Maintenance therapy: ATRA: 45 mg/ m2, for 2
weeks, every 3 months, for 2 years. 6-Mercaptopurine:
60 mg/ m2 in the morning before breakfast.
Methotrexare: 20 mg/ m2 intravenous once weekly.
Response to therapy was evaluated according to the
World Health Organization (WHO) criteria, where
complete remission (CR) was achieved when the patient
expressed a hemoglobin percentage equal or more than
10 gm/dl, platelet count equal to or more than
150.000(109/L), white cell count equal to or more than
3000(109/L), (with normal differential count) and the
bone marrow is normocellular (with normal differential
count or presence of less than 5% blast cells). Finally, all
clinical laboratory and radiological manifestations of
acute leukemia should be absent.

Methods:

Following approval from the ethical committee of the
National Cancer Institute, Cairo University, 3 ml venous
blood was obtained from each patient by a sterile
venipuncture, the samples were put in sterile vacutainers
containing EDTA as anticoagulant. Total RNA was
extracted from the blood samples using QIA amp RNA
blood kit (Catalog No. 52304). RNA samples were
guantified and one cycle of reverse transcription at 55°C
for 30min. was done using RT-PCR kit from Qiagen
(Catalog number: 12110007).

PCR amplification for FLT-3 ITD mutation detection
and MPL, EPHA-4 and B actin expression.

The primer sequences (Operon primers) used for PCR
amplification of FLT-3 ITD, MPL, EPHA-4 and P actin
are shown in Table 1.

After reverse transcription, cDNA samples were
subjected to PCR amplification according to the
following protocol: initial denaturation at 94°C for 5 min
followed by 32 cycles of denaturation at 94°C for 60 sec,
annealing for 60 sec at: 60°C for FLT3, 59°C for cMPL
and EPHA-4 and 57°C for B actin and extension at 72°C
for 60 sec. Final extension was carried out at 72°C for 10
min.

The amplified PCR products were electrophoresed on
2% agarose gel (Sigma) stained with ethidium bromide
(5pg/ml) and visualized under ultraviolet illumination.
DNA bands for FLT-3, MPL, EPHA-4 and [-actin were
identified using molecular weight marker of 100 bp
DNA ladder (Promega Corp, Cat.# G2101).

Statistical analysis

SPSS for Windows (version 12.0, SPSS, Chicago, IL,
USA) was used for data management. Chi-square and
Fisher’s exact test were used for testing proportion
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Table 1: Primer sequences (Operon primers) for FLT-3, MPL, EPHA-4 and [ actin.

Marker Sense primer Antisense primer Annealing Pro_duct
temp. size
FLT-3 | 5-AGCAATTTAGGTATGAAAGCCAG-3’ | 5-CCTTCCCAAACTCTAAATTTTCTCT-3' 60 C° 140 bp
MPL | 5-CAC ACT ACA GGA GAC TGA GGC-3' | 5-GGCTGC TGC CAA TAG CTT CC-3' 59 C° 348 bp
EPHA-4 | 5-AGTCCTTCTGGTCTCTGTCTC-3' 5-CTTCATCCGCTTCTTGTTTGG-3' 59 C° 115bp
" 5-TGACGGGGTCACCCACACTGTGCCC | 5-CTAGAAGCATTTGCGGTGGACGATG 57 co 661b
Pactin | srcraz GAGGG-3' P

independence. Non parametric t- test compared means
of the two groups. Kaplan- Meier was used for
estimating survival and Log- rank test compared the
curves. ROC (Receiver- Operator Characteristic) curves
were used to define cut-off levels for quantitative
variables according to results of the studied markers.
Data were presented as mean = SD (or median) and

frequencies (%). P value is significant at < 0.05 levels.
Results

Fifty Eight patients were involved in the study, 39 adult
and 19 pediatric patients. The clinicopathological
characteristics of the adult and pediatric patients are
shown in Table 2.

Table 2: Clinicopathological characteristics of 58 AML patients (39 adults and 19 pediatrics) involved in the study..

Clinicopathological Adults Pediatrics
characteristics (39) (19)
Age

Range 22 - 66 2-16
Median 45 11
Sex

Male 18 (46.2 %) 12 (63.2 %)
Female 21 (53.8 %) 7 (36.8 %)
Hb (g/dl)

Range 4.4-12.10 4.8-13.90
Mean + SD 7.7+ 1.9 7.1+1.8
TLC (x10%/mm?®)

Range 14-325 26- 259
Median 45 74
Platelets (x10%/mm?)

Range 4.0-301.0 8.0 - 256.0
Mean + SD 74.9+28.9 91.6+ 35.6
PB blasts (%0)

Range 12 -93.0 29.0-91.0
Median 61 63
BM blasts (%)

Range 12.0 -93.0 29.0-91.0
Median 61 63
CD33

+ve 30 (76.9%) 17 (89.5%)
-ve 9(23.1 %) 2 (10.5%)
CD34

+ve 25(64.1 %) 8 (42.1%)
-ve 14(35.9 %) 11 (57.9%)

Hb = Hemoglobin, TLC = Total Leucocytic Count, PB blasts = Peripheral Blood blasts, BM blasts = Bone Marrow

blasts.
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Patients were classified according to the French
American and British classification (FAB) into to
following: Nineteen patients (32.75%) M1, 24 patients
(41.37%) M2, 9 patients (15.5%) M4 and 6 patients
(10.3%) M5.

The results of this study showed that in adult group, 14
cases were positive for FLT-3 ITD mutation (35.9%)
and 25 were negative (64.1%). Thirty cases (76.9%)
were positive for cMPL expression and 9 patients (23.1
%) were negative. However, 22 AML patients (56.4%)
were positive for EphA4 expression and 17 patients
(43.6 %) were negative (Table 3).

For the pediatric patients, 3 AML patients (15.8%) were

positive for FLTT-3 ITD mutation and 16 patients
(84.2%) were negative, while 9 AML patients (47.4%)
were positive for cMPL expression and 10 patients
(52.6%) were negative. Regarding EphA4 expression, 7
patients (36.8%) were positive and 12 (63.2 %) were
negative (Table 3).

The correlation between the expression of the studied
markers and the clinicopathological criteria of the adult
patients are shown in Table 4. EphA4 expression is
significantly associated with both age and sex of the
patients. However FLTT-3 ITD mutation and cMPL
expression did not shows any significant correlation with
the clinical characteristics of the patients.

Table 3: Expression profile of FLT-3, cMPL and EphA4 in adult and pediatric AML patients.

Marker Adults Pediatrics
FLT-3I1TD
+ve 14 (35.9%) 3 (15.8%)
-ve 25(64.1%) 16 (84.2%)
cMPL
+ve 30 (76.9%) 9 (47.4%)
-ve 9 (23.1%) 10 (52.6%)
EphA4
+ve 22 (56.4%) 7 (36.8%)
-ve 17 (43.6%) 12 (63.2%)

FLT-3 ITD = FMS-like tyrosine kinase-3 Internal Tandem Duplication, cMPL = Myeloproliferative leukemia virus
oncogene, EphA4 = Ephrin A 4 receptor.

Table 4: The correlation between the 3 markers and patients’ criteria in adult AML group.

Datient FLT-31TD cMPL EPhA4

characteristics +ve -ve +ve -ve +ve - ve
(14) (25) (30) ©) (22) 17)

Mean Age 46.8 40.6 455 38.8 47.13 39.47

P value 0.117 0.080 0.0223*

Sex

Males 7 11 11 19 13 9

Females 7 14 6 3 4 13

P value 0.718 0.114 0.026/]

Mean Hb 82 | 74 778 | 744 766 | 776

P value 0.110 0.322 0.436

Mean Blasts 581 | 559 548 | 63 5490 | 57.35

P value 0.39 0.200 0.384

Mean TLC 707 | 8716 0L76 | 46.22 78 | 8541

P value 0.26 0.060 0.385

Mean Platelets 6560 | 7911 726 | 8L44 6881 | 8217

P value 0.087 0.214 0.0778

Hb = Hemoglobin, TLC = Total Leucocytic Count, FLT-3 ITD = FMS-like tyrosine kinase-3 Internal Tandem
Duplication, cMPL = Myeloproliferative leukemia virus oncogene, EphA4 = Ephrin A 4 receptor. * = statistical

significance at P < 0.05.

4
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The correlation between the studied markers and the
clinicopathological criteria of the pediatric group are
shown in Table 5. Only EpHA4 expression is
significantly associated with the age of the patients (P =
0.024).

By studying the correlation between the investigated
markers and CD33 and CD34 expression in adult group,
we found a highly significant correlation between CD34
expression and both FLT-3 ITD mutation (P = 0.00047)
and cMPL expression (P <0.05) (Table 6).

Table 7 shows the correlation between the studied
markers (FLT-3 ITD mutation, cMPL and EphA4
expressions) and CD33 and CD34 expression in the
pediatric group. The results showed that FLT-3 ITD
mutation is significantly associated with CD34
expression (P = 0.026). Also cMPL expression is highly
associated with CD34 expression (P = 0.0028).

The overall survival results showed that the median
survival was 2 months (1.1-2.9) among adults and 15
months (11.5-18.4) among pediatrics. The overall
survival was significantly higher in patients with CD34

negative than those with CD34 positive (P < 0.001) (Fig.
1).

Moreover, the overall survival was significantly higher
in patients negative for both FLT-3 ITD mutation (P <
0.001) (Fig. 2) and cMPL expression (Fig. 3) (P <0.001)
than FLT-3 ITD mutant and cMPL +ve patients.
However, there was no significant correlation for the
overall survival between patients positive and those
negative for EphA4 expression (P = 0.312) (Fig. 4).
Discussion

Acute myeloid leukemia is an aggressive myeloid
neoplasm characterized by > 20% myeloblasts in the
blood or bone marrow ™3I,

Recently, a lot of information has become available
regarding genetic abnormalities that occur in acute
myeloid leukemia and their influence on disease
progression and recurrence. These abnormalities will be
helpful for future targeted therapy and designing
Epstlerapies targeted against particular genetic pathways

Table 5: The correlation between the studied markers and the clinicopathological criteria of pediatric AML patients.

FLT-31TD cMPL EPhA4

Patient characteristics

+ - + - + -

3) (16) 9) (10) (7) (12)
Age
median 13 11 12 11 10 125
P value 0.311 0.384 0.024*
Sex
males 1 11 6 6 4 8
females 2 S 3 4 3 4
P value 0.243 0.763 0.678
Median Hb 9 6.1 6.8 6.6 6 7
P value 0.308 0.410 0.336
P value 0.0503 0.348 0.195
P value 0.144 0.219 0.489
Median Platelets 82 95 82 104 88 95
P value 0.218 0.087 0.182

Hb = Hemoglobin, TLC = Total Leucocytic Count, FLT-3 ITD = FMS-like tyrosine kinase-3 Internal Tandem
Duplication, cMPL = Myeloproliferative leukemia virus oncogene, EphA4 = Ephrin A 4 receptor.
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Table 6: Correlation between the studied markers and CD34 and CD33 expression in adult AML.

CD34 CD33
Marker Percentage % P value Percentage % P value
+ve -ve +ve -ve
(25) (14) (30) (9)
FIt-31TD
0.00047**
+ve 14 0 11 3 0.854
-ve 11 14 19 6
cMPL
+ve 25 5 22
< 0.05*
-ve 0 9 8 1
EphA4
+ve 14 8 0.944 18 4
0.49
-ve 11 6 12 5

FLT-3 ITD = FMS-like tyrosine kinase-3 Internal Tandem Duplication, cMPL = Myeloproliferative leukemia virus
oncogene, EphA4 = Ephrin A 4 receptor. * = statistical significance at P < 0.05.

Table 7: Correlation between the studied markers and CD34 and CD33 expression in pediatric AML patients.

CD34 CD33
Percentage % P value Percentage % P value
Marker
+ve -ve +ve -ve
(8) (11) A7) )
FIt-31TD
+ve 3 0 0.026* 3 0 0.854
-ve 5 11 14 2
cMPL
+ve 7 2 o 7 2
Ve 1 9 <0.0028 10 0 0.115
EphA4
+ve 4 3 6 1
e 4 3 0.310 1 1 0.68

FLT-3 ITD = FMS-like tyrosine kinase-3 Internal Tandem Duplication, cMPL = Myeloproliferative leukemia virus
oncogene, EphA4 = Ephrin A 4 receptor. * = statistical significance at P < 0.05.
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Fig. (1): The overall survival between patients negative and positive for CD34 expression (P < 0.001).
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Fig. (2): The overall survival between patients negative and positive for FLT-3 ITD mutation (P < 0.001).

In the present work we studied the status of 3 genes
Fms-like tyrosine kinase 3 (FLT3 ITD) mutation,
myeloproliferative leukemia protein (cMPL) and Ephrin
type A receptor 4 (EPhA4) in adult and pediatric
patients. We also studied CD34 and CD 33 status in the
studied cases then we correlated the 3 markers to both
CD33 and CD34 expression and the clinicopathological
parameters.

Grunwald et al. ™ detected FLT3 ITD mutation in 7 of
the 28 (25%) patients with acute myeloid leukemia.
While Tian et al. studied FLT3 status in
cytogenetically normal AML cases; he found that 31.6 %
of cases had FLT3 internal tandem duplications (ITDs)
while 6.2% of the cases had FLT3 mutations. Also
Gritsaev et al. ™ examined the bone marrow specimens
of 101 for FLT3-ITD mutation where twenty one
patients had FLT3 mutation.
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Wetzler et al. ! found that 27 out of 45 (60%) bone
marrow samples of newly diagnosed AML cases
expressed c-MPL by reverse-transcription polymerase
chain reaction.

Although EphA4 expression was studied in many types
of solid tumors ©*2, little information is known about
its expression in AML.

Our study showed that AML cases expressing CD33 are
higher than those expressing CD34 in both adults and
pediatric patients. These results are in agreement with
other studies that showed 85-90% of AML cases express
the CD33 antigen 8. Also Yang et al. ™ showed that
93% of newly diagnosed AML cases express CD33,
while the overall positive rate of CD34 was 57.8%.

Swrvival Functions
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Fig. (3): The overall survival between patients negative and positive for cMPL mutation (P < 0.001).
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Fig. (4): The overall survival between patients negative and positive for EphA4 (P 0.312).




E. K. Ebrahim et al. /Egy. J. Pure & Appl. Sci. 2016; 54(2):01-11

We also found that FLT3 ITD mutation and the
expression of both cMPL and EPHA 4 was higher in
adults than pediatric AML patients. Iwai et al. ?” found
a significantly lower incidence of the FLT3 internal
tandem duplication in childhood AML patients than in
adult patients. Many other studies found that the
frequency of FLT3/ITD positivity is lower in children
than that reported in the adult series %4,

In our study we found that CD34 expression is
significantly correlated to FLT3 ITD mutation. Bakul et
al. ! studied NPM1, FLT3 ITD and a group of cell
surface marker proteins including CD34 on 83 patients
with cytogenetically normal AML, they indicated that
FLT3-1TD cases were more likely to express CD34.
Regarding cMPL, our study indicated that there is a
highly significant correlation between CD34 expression
and cMPL expression. Ayala et al. ®! found that cMPL
expression is significantly correlated to CD34
expression in a group of 41 AML patients. Yu et al. &7
correlated the expression of c-MPL to CD34 and CD38
expression in AML, he found that the expression of c-
MPL is higher in AML patients, and positively
correlates with the expression level of CD34.

The positive correlation between CD34 expression,
FLT3 ITD mutation and cMPL expression may indicate
a mechanism that may correlate CD34 to both markers.
Further studies are needed to investigate the nature of
this correlation and the mechanism(s) that may correlate
the 3 markers.

For the survival analysis, our study showed that FLT-3
negative patients had longer OS than FLT-3/ITD mutant
patients. Karabacak et al. ?® studied FLT3/ITD
mutation in 40 AML patients he found that patients with
negative FLT3 mutation had longer overall survival than
FLT3/TID mutant patients but not disease free survival.
Similarly Wang et al. ®! studied FLT3/ITD and NPM1
mutations in 76 acute myeloid leukemia patients and

showed that  FLT3/ITD-positive/NPM1 mutation-
negative group  had  worse  overall survival (OS)
and relapse-free survival (RFS) among the

76 AML patients. Also Colovic et al. B found that the
presence of FLT3/ITD mutation was the most
significant prognostic factor for overall survival in a
group of 113 Serbian adult AML patients.

For cMPL, we found that patients negative for cMPL
had significantly higher overall survival than those
expressing cMPL. On the contrary, Alaya et al. *® did
not find any difference in overall survival and event free
survival between patients with and without c-MPL
expression in a group of 36 acute myeloid leukemia
patients. Later on, the same author (Alaya et al.)
confirmed his previously published data and found that
there is no significant difference between AML patients
with or without cMPL expression B,

For EPhA 4, although our study showed a higher
expression of EphA4 than that reported in other studies
(Wrobel et al. 2), we did not find significance between
its expression and the overall survival in our study

group.

Our result is contradicting with the results of Oki et al.
B3 where he found that EphA4 positive cases are
significantly associated with low overall survival in 129
gastric cancer patients. The same results were found in
breast cancer where EphA4 was negatively correlated to
overall survival B4, This may indicate that EPHA 4
expression may affect the survival of solid tumors but
not AML.

Conclusion:

From the present study we may conclude that CD34
expression is significantly associated with both FLT-3
ITD mutation and cMPL expression which could be used
as a marker for low survival. Normal FLT3 and the
negative expression of both CD34 and cMPL, may
predict a longer overall survival. Further studies are
needed to investigate the mechanism (s) that may
correlate CD34 to both markers.
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