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Abstract

Acute leukemia is an aggressive disorder which need a new therapeutic approaches to improve the response to
treatment. Angiogenesis seems to be important both for leukemogenesis and susceptibility to intensive
chemotherapy, and antiangiogenic strategies may therefore be considered for the treatment of acute leukemia.

This study aim to assess serum VEGF levels in Iraqi patients with a newly diagnosed acute leukemias and to find
the relation between VEGF levels and other hematological parameters.

This case-control study included 96 subjects who attended Marjan Teaching Hospital in Babil/Iraq during the
period from Nov 2013 to Aug 2014.They divided into two groups; patient group included 48 patients newly
diagnosed with acute leukemia (32 of them had AML and 16 had ALL) and control group included 48 normal
volunteers. Complete blood count and serum VEGF (ELISA) were done for all while bone marrow examination
was done for patients only.

Mean serum VEGF was significantly higher in patients than controls (643.8 +121.1 ng/dl vs. 203.4 £51.8
ng/dl respectively and P-value < 0.001) and a higher levels were found in patients with ALL compared to AML
and in males compared to females.

No statistically significant age differences were found between patients and controls, while majority of patients
(61.9%) and controls (63.4%) were males.

Mean PCV was significantly lower in patients than controls (P-value < 0.01), Mean WBC count was
significantly higher in patients than controls (P-value < 0.01) and mean platelets count was significantly lower in
patients than controls (P-value <0.01).

This study concluded that serum VEGF in patients with acute leukemia was high compared to controls and a
significant correlation was found between serum VEGF levels and both PCV and gender.
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Introduction
cute leukemias are aggressive
disorders  characterized by
accumulation  of  immature
malignant cells in the bone
marrow[1]. They result from abnormal
clonal proliferation of mutated progenitor
cells. These mutations cause a block in the
maturation process leading to expansion of
an abnormal clone and subsequent
suppression of the normal elements in the
bone marrow[2].
There are two main types of leukemia:
acute myeloblastic leukemia (AML) and
acute lymphoblastic leukemia (ALL).In
AML, the five-year survival rate is 40%,
except for APL (Acute Promyelocytic
Leukemia) subtype, which is over 90%][3].
However, the survival rates in ALL vary
by age to be 85% in children and 50% in
adults[4]
The American Cancer Society estimates
that 18,860 new cases of AML will occur
in the United States in 2014, accounting
for 32% of all leukemia cases in adults 20
years of age and older [5].However, ALL
is the most common cancer diagnosed in
children and represents about 25% of all
cancers diagnosed among children
younger than 15 years [6].

Angiogenesis is the formation of new
capillaries from established blood vessels,
and is an essential process in growth and
development [7]. However, it provides
malignant cells with a survival advantage
over their normal counterparts and confers
potential of metastasis [8]. One of the
major positive regulators of tumor-related
angiogenesis is vascular endothelial
growth factor (VEGF) [9, 10] which is a
multifunctional cytokine that stimulates
endothelial cells to proliferate, to migrate,
and to increase their permeability to
plasma proteins [11]. There are four types
of VEGF named A, B, C and D acting on
three types of receptors named VEGFR-1,
2 and 3.Both of VEGF and it's receptors
have a key role in the pathology of bone

marrow angiogenesis in leukemia [12].
Increased microvessele density in bone
marrow samples from patients with acute
leukemia was reported [13].

Some of young patients and most of
elderly with acute leukemia usually
receive less intensive chemotherapy or
only supportive therapy due to the high
treatment-related mortality when using
intensive therapy for elderly individuals.
Thus, there is a need for new therapeutic
approaches to improve the treatment in
younger patients and to make it with
acceptable toxicity in elderly individuals.
Angiogenesis seems to be important both
for leukemogenesis and susceptibility to
intensive  chemotherapy, and  anti-
angiogenic strategies may therefore be
considered for the treatment of acute
leukemia [14].

This study aimed to assess serum
VEGF levels in Iraqi patients with a newly
diagnosed acute leukemias, to detect any
significant differences between AML and
ALL cases or according to age or gender,
and to find the relation between VEGF
levels and other hematological parameters.

Materials and Methods

This case-control study included 96
subjects who attended Marjan Teaching
Hospital / Babil governorate / Iraq during
the period from November 2013 to August
2014. Informed consent was obtained from
all participants. The practical part of the
study was performed at the Teaching
Laboratories in the Departments of
Biochemistry and Pathology / College of
Medicine /Babylon University.
Forty eight patients diagnosed with acute
leukemia in the laboratories of Marjan
Teaching Hospital were included in the
study. Complete blood count (CBC) was
done for all patients, including PCV, WBC
count and platelets count .The blood film
and bone marrow examination were
performed by a senior hematologist. The
patients then divided into 2 groups:




Medical Journal of Babylon-Vol. 12- No. 1 -2015

Yoo odaY) aamdle yde AU alaal) Akl G Adas

1) Group (1):32 patients with AML and
mean age 44.6+13.7 years (mean £SD).

2) Group (2): 16 patients with ALL and
mean age 26.3 +£16.13 years (mean =SD).

Forty eight sex and age matched
healthy voluntaries were taken as a control
group. It included persons attending
Merjan Teaching Hospital for checking or
for simple complaints. For all controls,
blood film and complete blood count
(CBC) were done, including packed cell
volume (PCV), white blood cell (WBC)
count, platelets count. The blood film was
performed by a senior hematologist.

Serum VEGF level was measured by
ELISA assay in both patient and control
groups.

For all patients and controls, EDTA
(ethylenediaminetetra-acetic acid) tubes
were used to collect blood samples for
complete blood counts (CBC) done by
auto-hematology analyzer from Diagon.
Differential WBCs count was done

manually. Bone marrow aspiration was
done only for the patients with Jamshidi
needle from posterior superior iliac spine.
Blood film smears and bone marrow
aspiration smears were sent to a senior
hematologist for analysis and report.

For all patients and controls, another

blood samples were collected in a plane
tubes without anticoagulant. Sera was
taken from these blood samples to
measure VEGF level using Boster’s
human VEGF-ELISA Kit that was based
on a standard sandwich ELISA
technology. Human  VEGF-specific
polyclonal antibodies were precoated onto
96-well plates and the human specific
detection monoclonal antibodies were
biotinylated.
By the end of the procedure, O.D.
absorbance was read at 450nm in a
microplarete reader and VEGF standard
curve was done.
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Figure (1) :VEGF standard curve.

The data were analyzed using
computerized SPSS (Statistical Package of
Social Science) program; Independent t-
test was used to estimate differences
between two groups in continuous
variables while the analysis of variance
(ANOVA) were used to determine the
differences between the three age groups.
A p-value < 0.05 is considered to be
statistically significant (Daniel, 1999).

10

Results

The study included 48 Iraqi patients
newly diagnosed with acute leukemia and
48 age and sex matched healthy controls.
32 (67%) of the patients had AML and 16
(33%) of them had ALL. The highest
prevalence of AML was observed among
patients aged > 40 years, while ALL was
mostly diagnosed in the ages < 20 years.
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No  statistically  significant  age
differences were found between patients
and controls (39.2 +12.8 vs. 43.6 +15.9
years respectively and P-value > 0.05),
however, a significantly higher ages were
observed in patients with AML compared
to those with ALL (44.6+13.7 vs. 26.3
+16.13 years respectively and P-value <
0.01).

Majority of patients (61.9%) and

controls (63.4%) were males. AML was
the most common type seen in females
(80% of females) and males (57.1% of
males).
Mean PCV was significantly lower in
patients than controls (23.27 +7.3% vs.
38.5548.6% and P-value < 0.01).
However, no significant difference was
found in mean PCV between AML and
ALL patients (22.2 +6.9% vs. 23.8
+7.7%and P-value > 0.05).

Mean WBC count was significantly
higher in patients than controls (25179

+5342/cmm  vs. 7424 4+3314/cmm
respectively and P-value < 0.01).
However, a statistically insignificant

higher WBC count was found in patients
with AML compared to those with ALL
(27542 £6321/cmm vs. 23896 £5114/cmm
respectively and P-value >0.05).

Mean platelets count was significantly
lower in patients than controls (51072
+16434/cmm  vs. 233456 +64984/cmm
respectively and P-value < 0.01).

However, a statistically insignificant lower
platelets count was found in patients with
AML compared to those with ALL (53788
+15995/cmm vs. 49872 £16896/cmm and
P-value > 0.05).

Mean serum VEGF level was
significantly higher in patients than
controls (643.8+121.1 ng/dl vs. 203.4
+51.8 ng/dl respectively and P-value <
0.001).

Higher levels of VEGF were found in
patients with ALL as compared to those
with AML (662.9 +136 ng/dl vs. 602.6
+113 ng/dl respectively). This difference
was statistically insignificant (P-value >

0.05).
A statistically insignificant higher
VEGF levels were found in males

compared to females in patients with both
AML and ALL (684.5 156 ng/dl in male
patients vs. 598.8 £142 ng/dl in female
patients with P-value > 0.05).Another
statistically insignificant higher levels of
VEGF were found in patients aged older
than 40 years compared to younger age
group (702.3 £137 ng/dl vs. 614.6 £121
ng/dl respectively with P-value > 0.05).
There was a significant positive
correlation between mean serum VEGF
level and mean PCV (P-value < 0.05),
while there was an insignificant negative
correlation between VEGF and WBC
count or platelets count (P-value < 0.05)
Table (1).

Table 1: The correlation between serum VEGF level and PCV, WBC and platelets count.

platelets

-.241

257

r Correlation coefficient

* Correlation is significantif< 0.05 (2-tailed).

Discussion

Many studies confirmed that
angiogenesis plays a key role in the growth
of solid tumors. More recently,
accumulating  evidence  has  linked
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angiogenesis to the pathophysiology of
acute and chronic leukemias. Different
investigators have shown evidence of
increased angiogenesis in the bone
marrows of patients with leukemia. A



Medical Journal of Babylon-Vol. 12- No. 1 -2015

Yore odaY aamdle yde AU alaad) SAgdal) G s

potential role for VEGF as an autocrine
growth factor in AML has been suggested
but still no evidences in ALL [15-17].
However, Markovic et al found that the
secretion of VEGF from blasts in chilhood
ALL can be induced via FLT-3 signaling
pathway and concluded that inhibition of
FLT-3/VEGF pathway may disrupt
paracrine signaling between leukemia cells
and bone marrow micro vessels [18].

In this study, serum VEGF level was
significantly higher in patients than normal
controls.

This result is consistent with the
findings of FuatErdeml et al where they
studied 45 patients with hematological
malignancies along with 20 age and sex
matched healthy individuals and found that
serum VEGF level in the patients with
hematological malignancies was
significantly higher compared to controls
[19].

This result was also consistent with the
study done by Go“kselLeblebisatan et al
where they studied 46 patients diagnosed
with  AML and ALL and 16 normal
children were included as a control group.
In that study; they found that serum VEGF
level in patients with AML and ALL was
higher than that in control group[20].

In another study, Aguayo et al used an
enzyme-linked  immunosorbent  assay
(ELISA) to measure serum VEGF level in
99 patients [58 (58.5%) of them had AML
and 41 (41.5%) of them had with
previously untreated MDS and compared
the results with that of normal control
participants. They found a higher VEGF
level in the patients group than in the
control group[21].

On the other hand, another different
results were reached by Kalra M et al
where they found that serum VEGF level in
an untreated children with ALL was
significantly lower than controls and a
more strange result was revealed in his
study saying that at the end of induction
therapy for these children, serum VEGF
increased to reach levels similar to that of
controls. They suggested a role for the
ligand receptor interaction between serum
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VEGF and VEGF receptors on leukemia
cells [22].

VEGEF is activated by hypoxia [23,24]. So
when a cell is deficient in oxygen, it
produces the hypoxia-inducible factor
(HIF) which acts as a transcription factor.
HIF stimulates the release of VEGF and
may cause modulation of erythropoiesis
[25].

VEGEF exerts it effect by binding to its
tyrosine kinase receptors named VEGFR-
1,2 and 3 [26,27,28,29]. VEGF binding to
these receptors promotes an increase in
VEGF level and the signal is thus re-
enforced[30].

VEGF is important in hematopoietic
malignancies [31] as an increased
microvessel density in bone marrow
samples from patients with acute leukemia
was reported with a positive correlation
between VEGF expression and increased
microvessel density in both AML and ALL
[13].

VEGEF is the main objective of this study
and the presence of high serum levels in a
statistically significant manner in untreated
newly diagnosed patients with acute
leukemia gives a clue that VEGF may be of
a pathogenic importance in inducing
leukemia or may be a result of the leukemia
itself. Further studies are needed to clarify
its role as a predictive factor of acute
leukemia or to be used as a prognostic
factor in follow up ofleukemic patients
under treatment and to assess the response
to antiangiogenesis treatments.

Serum VEGF level showed an
insignificant difference between AML and
ALL patients. This is exactly what was
revealed by FuatErdeml et al who took 15
AML and 10 ALL patients along with
another cases of hematological
malignancies and found that the difference
between AML and ALL groups was
statistically insignificant (P> 0.05) [19].
This finding may be explained by the fact
that VEGF is increased in both types of
acute leukemia and it may be produced by
blast cells themselves or by another cells
undergoing hypoxia.
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From another point of view, Alvaro
Aguayo et al studied serum VEGF level in
20 patients with ALL and 30 patients with
AML and found that the mean level of
VEGF in AML patients was higher than it's
level in ALL patients. That difference was
statistically significant; however, there was
no significant difference in the bone
marrow vascularity between the two groups
[24].

This study found a significant positive
correlation between serum VEGF level and
PCV; however, no significant negative
correlation between VEGF level and WBC
or platelets count was observed.

This finding was consistent with results
of Mazure et al who found that there was a
significant positive correlation between
VEGF level and PCV[32]. Further studies
are needed to find the prognostic
significance of serum VEGF elevation at
the time of diagnosis in acute leukemia.
Numerous studies showed a decreased
overall survival and disease-free survival in
those tumors overexpressing VEGFxxx e.g.
breast cancer [33]. The overexpression of
VEGFxxx may be an early step in the
process of metastasis, a step that is
involved in the "angiogenic" switch.
Although VEGFxxx has been correlated
with poor survival, its exact mechanism of
action in the progression of tumors remains
unclear [34].

In this study, a higher prevalence of
AML was observed in the patients aged >
40 years; while ALL was commoner in the
patients aged < 20 years. These result agree
with the documented facts about acute
leukemia that were mentioned by American
Cancer Society [35] and Howlader et al
who found that the patients with AML were
older than those with ALL [6].

This study showed that majority of the
patients were males and that AML is the
most common type of acute leukemia in
both sexes. This is consistent with the study
done by Jackson N. et al where they took
188 patients with leukemia and 1019
control. They studied the blood group in
each patient and found that 39.4% of males
with acute leukemia had blood group O
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whereas 24% of females with acute
leukemia are group O. From these results,
they suggested the presence of sex-
responsive gene near ABO gene locus on
chromosome 9, which relatively protect
women against acute leukemia. The
existence of such gene might also partly
explain why acute leukemia, and possibly
other childhood cancers are more common
in males [36].

In our study, it has been found that
AML was more in females (80%) than
males. This result is against the study
conducted by Alaa F. Alwan et al in
Baghdad Teaching Hospital were they
studied 115 Iraqi patients and found that
males were more frequently affected with
AML than females.

This difference might be explained by
small sample size and short study time[37].

In this study, PCV was significantly
lower in patients than controls.

This finding was consistent with the results
of Chessel et al [38].

The low PCV might result from many
causes like bone marrow infiltration by
malignant cells, autoimmune hemolytic
anemia or hypersplenism. Other causes of
low PCV in these patients might be the
activity of inhibitory cytokines released by
tumor cells on the red cells precursors, poor
appetite and poor food intake which are
common featuires among these patients®?.

It had been found in this study that PCV
was lower in AML patients than ALL
patients; however, this difference was
statistically insignificant.

This low PCV in AML patients might be
due to special characteristics of
pathogenesis of AML as it is started by a
clonal proliferation of myeloid precursors
with a reduced capacity to differentiate into
more mature cellular elements. As a result,
there is an accumulation of leukemic blasts
or immature forms in the bone marrow,
peripheral blood, with a variable reduction
in the production of normal red blood cells.

In this study, WBC count was
significantly higher in patients than normal
control volunteers. This can be explained
by the fact that in leukemia there is a clonal
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proliferation of malignant cells that may
arise at any stage of maturation in the bone
marrow including lymphoid, myeloid or
pluripotent stages [40].

In this study, we found a higher WBC
count in the patients with AML than those
with ALL, despite that this difference was
statistically insignificant. This result agreed
with that of Wetzler et al who found that
the percentage of hyper-leukocytosis (WBC
more than 100000/cmm.) is seen in 25% of
AML and in 12% of ALL patients [41].

A statistically significant lower platelets
count was found in patients than controls in
this study. This lower platelets count may
be from the expansion of immature blast
cell in the bone marrow resulting in bone
marrow failure. Pancytopenia is eventual in
acute leukemia partly from physical
replacement of bone marrow cells by the
immature blasts and the secretion of
inhibitory factors by the immature blast that
abort normal hematopoiesis [42,43].

A statistically insignificant lower
platelets counts was observed in AML
patients than ALL patients. This result was
consistent with Tallman et al results [44]
who found that the incidence of
thrombocytopenia was more common in a
specific subgroups of AML including
M3and M7. This may be explained by the
fact that in AML, a malignant change
begins in myeloid stem cells that normally
forms, red cells, some types of white cells
and platelets. While in ALL, the malignant
change begins in lymphoid stem cells that
normally forms lymphocytes [45].

Conclusions

This study concluded that serum VEGF
levels in Iraqi patients with a newly
diagnosed AML and ALL were high
compared to normal Iraqi controls and a
significant correlation was found between
serum VEGF levels and both PCV and
gender.
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