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Abstract

Angiogenesis has an important role in pathophysiology of cancer. FMS-like
tyrosine kinase 3 (FLT3) is implicated in hematopoietic malignancies. Their
role in childhood acute lymphoblastic leukemia (ALL) pathogenesis needs
more enlightenment. Expression of vascular endothelial growth factor recep-
tor-1 and -2 (VEGFR-1 and -2), as well as FLT3 were assessed by flow cyto-
metry in bone marrow (BM) blasts of 55 newly diagnosed children with ALL.
Patients included B cell ALL (B-ALL) group (n = 41) and T cell ALL (T-ALL)
group (n = 14). Comparison between groups revealed a significant increase in
blasts percent (%) expressing FLT3 and FLT3 intensity detected in B-ALL
group (p = 0.004 and p = 0.02, respectively). In B-ALL patients, a significant
positive correlation was seen between blasts % expressing FLT3 and blasts per-
centage infiltrating BM (r = 0.405; p = 0.009), also positive correlation was seen
between % of blasts expressing VEGFR-1 and VEGFR-2 (r = 0.704; p < 0.001).
In T-ALL group, blast % expressing FLT3 revealed significant positive correla-
tions with blast % expressing VEGFR-1, and those expressing VEGFR-2 (r =
0.627; p = 0.016, and r = 0.654; p = 0.011, respectively). In addition, significant
correlation was seen in blasts % expressing all; FLT3, VEGFR-1 and -2, with
blasts % expressing stem cell marker CD34 (r = 0.826; p = 0.001, r = 0.596; p
= 0.041, and r = 0.798; p = 0.002, respectively). Conclusion: Expression of
VEGFR-1, VEGFR-2 and FLT3 were demonstrated and linked on leukemic
blasts of ALL which highlights their role in pathogenesis. FLT3 expression
plays a role in facilitating blasts proliferation in BM in B-ALL. FLT3,
VEGFR-1 and -2 could be used in future profiling of CD34" leukemic stem
cell poolin T-ALL.
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1. Introduction

Childhood acute lymphoblastic leukemia (ALL) comprises about 30% of malig-
nancies in childhood [1], and constitutes 80% of childhood leukemias [2]. In
Egypt, the annual incidence of childhood ALL is about 4 cases per 100,000
children and accounts for approximately 20% of pediatric malignancies [3].

Many biomarkers are widely used for the diagnosis, as well as prediction of
survival in cancer patients. The perturbation in expression of mediators and
signaling pathways of angiogenesis have been described in the pathogenesis of
hematological malignancies including acute and chronic leukemias, and multiple
myeloma [4] [5]. The vascular endothelial growth factor (VEGF) family comprised
of ligands and receptors those are key regulators of angiogenesis processes. The
vascular endothelial growth factor receptors (VEGFRs), are members of the re-
ceptor tyrosine kinase (RTKs) and include three types; VEGFR-1-3. Seven VEGF
ligand variants have been identified; VEGF-A-E and placental growth factor
(PIGF) [6]. The VEGFR-1 (Flt-1) is located at chromosome 13q12 and VEGFR-2
(KDR/FIk-1) is located at chromosome 4q11 and both are expressed on vascular
endothelial cells, whereas VEGFR-3 is expressed on lymphatic endothelial cells
(7] [8].

FMS-like tyrosine kinase 3 (FLT3) represents another attractive RTK with its
overexpression on the majority of hematopoietic progenitor cells, particularly in
CD34" hematopoietic stem cells and leukemic cells. FLT3-ITD activating
mutation is detected in 10% - 15% of pediatric acute myeloid leukemia (AML)
[9] [10]. FLT3 is aberrantly expressed in primary leukemia samples of almost all
AML and in most of chronic myeloid leukemia (CML) blastic crisis [11].

Studies have related the expression of VEGF and its receptors, as well as FLT3
with prognosis and patients’ survival in acute leukemia [12] [13] [14]. However,
their role in pediatric ALL remains a point of debate. Herein, we aimed to study
the expression pattern of VEGFR-1, VEGFR-2 and FLT3 receptors on leukemic
blasts by flow cytometry in childhood ALL and to correlate it with other disease

features.

2. Patients and Methods

This study was carried out on 55 children with ALL. The study was done in the
department of pediatric oncology, National Cancer Institute (NCI); Cairo Uni-
versity in a one-year time period. All patients were newly diagnosed children
with ALL below 18 years of age and selected before starting their first dose of

chemotherapy. Previously treated and relapsing patients were excluded from the
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study. The study was approved by ethical committees of Faculty of Medicine;
Al-Azhar University and National Cancer Institute; Cairo University.

Patients were divided into 2 groups: group (1) included 41 patients with B cell
ALL (B-ALL) with male:female ratio = 1.2:1, and mean age of 5.97 *+ 4.84. While
group (2) included 14 patients with T cell ALL (T-ALL) with male:female ratio =
1:1 and mean age of 9.94 + 5.29. Data collected included: a full history, clinical
examination and initial laboratory workup in the form of complete blood picture
(Sysmex KX21, Hematology analyzer, Kobe, Japan); examination of differential
blood film for assessment of blast percentage (%); bone marrow examination for
morphology and assessment of blast %, cytogenetic analysis and immunopheno-
typing of blast cells using standard leukemia panel including; CD34, HLA-DR,
CD13, CD33, CD14, CD19, CD20, CD10, CD22, CD79a, cytoplasmic p chain, CD2,
cytoplasmic CD3, CD5, CD7, CD4 and CD8. Also, cytoplasmic myeloperoxidase
(MPO) was tested for exclusion of myeloid nature association. Cells were consi-
dered positive, when the marker is expressed in 220% of cells except for CD34
where marker expression by 210% of the cells is sufficient to confer positivity.

Diagnosis was based on the presence of at least 20% blasts in the bone marrow
(BM) film according to the WHO 2016 criteria, together with MPO negative im-
munophenotype results consistent with ALL. Remission status was evaluated at day
14 and day 42 from start of induction therapy. Complete remission was achieved
when the BM is normocellular, with normal differential count and <5% blasts.

Immunophenotyping assay: Flow cytometry assay was performed in NCI,
using Coulter, Epics, XL Hialeh.

Immunophenotyping was performed on 2 ml of BM sample transferred to
EDTA tube before the administration of any treatment. The samples were ana-
lyzed within 24 hours of collection.

Assessment of FLT3, VEGFR-1 and VEGFR-2 was done after adjusting the
sample count for acquisition, then 50 ug of adjusted sample was added to 4
tubes. Tube (1) was used for surface PE conjugated isotype control for detection
of non-specific binding of surface FLT3. Tube (2) was used for detection of
intracytoplasmic FITC and PE conjugated isotype controls for assessment of
non-specific binding of intracytoplasmic VEGFR-1 and VEGFR-2 after follow-
ing intracytoplasmic staining procedure. Tube (3) was used for assessment of PE
conjugated anti-human FLT3 (Immunotech, Beckman Coulter company, Mar-
seille, France, Catalog number: PNIM2234U. Clone: SF1340). Tube (4) was used
for assessment of intracytoplasmic FITC conjugated anti-human VEGFR-1 (R&D
system Inc. Minneapolis, Minnesota, Catalog number: FAB321P. Lot number:
LFR09) and PE conjugated anti-human VEGFR-2 (R&D system Inc. Minneapolis,
Minnesota, Catalog number: FAB357P. Lot number: LWS06).

Gating strategy: By using forward and side scatter (FS/SS), initial gating was
performed on blasts area in the dot plot graph, then within the blast population,
the subset of cells expressing FLT3, VEGFR-1 and VEGFR-2 were determined

and their percentage was evaluated on quadrant histogram. Acquisition was set
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to 50,000 cells. Determining positive cut off was done using isotype control. In
tube (3), FLT3 was determined on X axis, in tube (4) cytoplasmic VEGFR-1 was
detected on X axis and cytoplasmic VEGFR-2 was determined on Y axis, area of
co-expression was determined on upper right quadrant. Data were also ex-
pressed as mean fluorescence intensity (MFI) of each of FLT3, VEGFR-1 and
VEGEFR-2 using single histogram (Figure 1).
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Figure 1. Gating strategy for assessing percent of blasts expressing surface FLT3, cytoplasmic VEGFR-1 and cytoplasmic
VEGEFR-2 and single histogram for assessing the mean fluorescence intensity (MFI) for each marker.
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Statistical Methods

All statistical calculations were done using computer programs SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 for Mi-
crosoft Windows. Data were statistically described in terms of mean * standard
deviation (£SD), median and range, or frequencies (number of cases) and per-
centages when appropriate. Comparison of the mean of the parameters between
the study groups was performed using T-test. Comparison of numerical va-
riables between the study groups was done using Mann Whitney U test for in-
dependent samples. Relation between different numerical variables was tested
using Pearson correlation. Correlation coefficient is referred to as (r). Probability

(p-values) less than 0.05 was considered statistically significant.

3. Results

Clinical and laboratory data of patients are summarized in Table 1 and Table 2. The
total B-ALL patients evaluated for their initial studied parameters were forty-one pa-
tients, with 22 (53.7%) males and 19 (46.3%) female patients (male:female = 1.2:1).
The age ranged from 4 months to 17 years (mean = SD = 5.97 + 4.84). We ma-
naged to follow only 36 patients. Out of 36 patients, four patients died during
induction before reaching evaluation. At day 14, the initial response to chemo-
therapy was assessed and 30/32 (93.8%) patients were in remission, while 2/32
(6.2%) patients were not in remission. Eight patients died between day 14 and
day 42. The remaining 24 patients were assessed at day 42 (end of induction
phase), and all of them had achieved complete remission (CR). The duration
between the maximal response to chemotherapy till progression was called time
to disease progression (TDP), of those 24 patients who were in CR at day 42 only
1/24 (4.2%) patient relapsed before death. By the end of follow up period, 23/36
(63.9%) patients were alive.

The total T-ALL patients evaluated for their initial studied parameters were
fourteen patients, with 7 (50%) males (male: female ratio 1:1). The age ranged
from 1.5 years to 16 years (mean + SD = 9.94 + 5.29). Only 11 patients were
followed and assessed for their induction chemotherapy response. At day 14
evaluation, 10/11 (93%) patients were in remission, while only one patient was
not in remission. At day 42 evaluation, all patients achieved complete remis-
sion. After entering CR only 2/11(18.2) patient relapsed before the end of the
study and died after relapse. By the end of the study, nine (81.8%) patients
were alive.

Comparison of studied parameters between the two groups is detailed in
Table 3. There was a significant increase of % of blasts expressing FLT3 and
FLT3 (MFI) detected in B-ALL when compared to T-ALL.

In B-ALL group, splenomegaly, hepatomegaly, and lymphadenopathy were
clinically detected in 27/36, 30/36, and 27/41. respectively. Only patients present-

ing with splenomegaly showed a statistically significant decrease in percentages
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Table 1. Clinical data of childhood ALL patients.

Clinical data (Total 55 patients) Frequency  Percentage (%)
Sex Male 29 52.7%
Ratio 1.1:1 Female 26 47.3%
General symptoms (n = 55) Present 42 76.3%
(fever, pallor, ecchymosis, bleeding) Absent 13 23.7%
Lymphadenopathy (n = 55) Present 36 65.5%
Absent 19 34.5%
Hepatomegaly Present 38 77.6%
(US was performed for 49 patients) Absent 1 22.4%
Splenomegaly Present 38 77.6%
(US was performed for 49 patients) Absent 1 22.4%
Mediastinal mass Present 3 10%
(Chest x ray was performed for 30 patients) Absent 27 90%
CNS infiltration Present 4 8%
(CSF examination was done for 50 patients) Absent 46 92%
WHO classification (n = 55) B-ALL 41 74.5%
Pro-B-ALL 2 4.8%
Common B-ALL 7 17.1%
Pre-B-ALL 32 78.1%
T-ALL 14 25.5%

US, ultrasound; CSF, cerebrospinal fluid; CNS, central nervous system; WHO, world health organization.

Table 2. Age and laboratory data of the total cohort.

Parameters Number Frequency Mean + SD Range Median
Age 55 100% 2.09 + 0.67 0.33-17
<1 year 1 1.8% 0.7 +0.42 0.33-1 0.7
>1 - <10 year 39 70.9% 428 +2.21 1-10 4
>10 year 15 27.3% 14.67 +1.72 11-17 15
TLC 55 100% 76.22 + 140.19 0.8 -579
<10 (x10°/L) 17 30.9% 3.64 +£2.80 0.8-10 2.90
>10 - <50 (x10°/L) 21 38.2% 18.68 +9.08 10.35 - 47 16.60
>50 (x10°/L) 17 30.9% 219.86 + 185.37 54 -579 112.00
Hb 55 100% 8.39 £2.25 34-14
<8 gm/dl 26 49.1% 6.59 + 1.15 34-8 6.8
>8 gm/dl 27 50.9% 10.15 +1.54 8.1-14 9.7
PLT 55 100% 72.56 * 84.59 6 - 369
<150 50 90.9% 49.51 + 38.40 6-134 41
=150 5 9.1% 303 +74.24 181 - 369 329
BM blasts (%) 55 100 84.33 £13.11 25-98 85
PB blasts (%) 42 76.4% 39.53 £ 36.79 0-97 35

TLC, total leukocytic count; Hb, Hemoglobin, PLT, platelet; BM, bone marrow; PB, peripheral blood.
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Table 3. B-ALL and T-ALL groups as regards the expression of markers (VEGFR-1/-2
and FLT3).

B cell ALL (n =41) T cell ALL (n = 14)
Parameters P-value
Mean+SD  Range Mean £ SD Range

% of blasts expressing FLT3 4575+23.85 1.44-84 23.62+22.82 2.70-755 0.004
FLT3 (MFI) 2.17+0.71 1.13-419 1.67+046 1.07-3.06 0.02

% of blasts expressing VEGFR-1  76.35 +12.98 40.6 - 99.5 69.73 £20.59 31.1-97.10 0.17
VEGFR-1 (MFI) 433+265 186-15 3.62+197 1.65-9.85 0.36

% of blasts expressing VEGFR -2 40.64 +23.52 3.46 - 98.7 29.72 +26.53 3.37-88.30 0.15

VEGER -2 (MFI) 2.39+2.11 1.03-14 1.92+0.59 1.30-3.430 0.42

FLT3, FMS-like tyrosine kinase 3; MFI, mean fluorescence intensity; VEGFR, vascular endothelial growth
factor receptors.

of blasts expressing VEGFR-1 (p = 0.014), and VEGFR-2 (p = 0.009) as well as
the MFI of VEGFR-1 (p = 0.006), and VEGFR-2 (p = 0.006) compared to pa-
tients without splenomegaly. While no significant difference detected in both
groups in % of blasts expressing FLT3 (p = 0.333) or FLT3 MFI (0.257). Also, no
statistically significant difference was observed for the studied markers in the
B-ALL group between patients with hepatomegaly and lymphadenopathy and
those without.

In B-ALL patients, a significant positive correlation was seen between % of
blasts expressing FLT3 and % of blasts infiltrating BM (r = 0.405; p = 0.009)
(Figure 2(A)). Also, blasts percent expressing VEGFR-2 was significantly corre-
lated with CD10% (r = 0.379; p = 0.015), as well as between % of blasts express-
ing VEGFR-1 and VEGFR-2 (r = 0.704; p < 0.001) (Figure 3(A)), while no cor-
relation was seen with any of the studied markers with the % of blasts expressing
stem cell marker CD34.

In the T-ALL group, blast percent expressing FLT3 revealed significant posi-
tive correlations with the blast percent expressing VEGFR-1%, and those ex-
pressing VEGFR-2% (r = 0.627; p = 0.016, and r = 0.654; p = 0.011, respectively)
(Figure 2(B) and Figure 2(C)). Positive correlation was observed between
FLT3% and the stem cell marker CD34 (r = 0.826; p = 0.001) (Supplementary
Figure S1(A), online version) There was significant positive correlation between
blast percent expressing VEGFR-1 and VEGFR-2 (r = 0.762; p = 0.002) (Figure
3(B)) and also significance was seen with % of blasts expressing stem cell marker
CD34 and each of % of blasts expressing VEGFR-1 and % of blasts expressing
VEGFR-2 (r = 0.596; p = 0.041, and r = 0.798; p = 0.002, respectively) (supple-

mentary Figure S1(B) and Figure S1(C), respectively, online version).

4. Discussion

Childhood acute lymphoblastic leukemia is the most common hematological
malignancy, accounting approximately for 80% of all childhood leukemias.

There has been a gradual increase in the incidence of ALL in the past 25 years,
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Figure 2. Correlation between % of blasts expressing FLT3 and % of BM blasts in B-All cases, % of blasts expressing VEGFR-1 in
T-ALL, % of blasts expressing VEGFR-2 in T-ALL. (A) Positive correlation between % of blasts expressing FLT3 and % of BM
blasts in B-All cases (r = 0.405; p = 0.009). (B) Positive correlation between % of blasts expressing FLT3 and % of blasts expressing
VEGFR-1 in T-ALL (r = 0. 0.627; p = 0.016). (C) Positive correlation between % of blasts expressing FLT3 and % of blasts ex-
pressing VEGFR-2 in T-ALL (r = 0.654; p = 0.011).
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Figure 3. Correlation between % of blasts expressing VEGFR-1 and % of blasts expressing VEGFR-2 in B-ALL group and T-ALL
group. (A) Positive correlation between % of blasts expressing VEGFR-1 and % of blasts expressing VEGFR-2 in B-ALL group (r =
0.704; p < 0.001). (B) Positive correlation between % of blasts expressing VEGFR-1 and % of blasts expressing VEGFR-2 in T-ALL
group (r = 0.762; p = 0.002).

however with newly modified treatment strategies high cure rates > 80% have
been achieved [15]. Researches recognized the important role of angiogenesis in
the pathogenesis of leukemias and solid tumors and as a potential treatment tar-
get [16]. Decreased survival and lower remission rates have been linked with the
expression levels of RTK; VEGFR-1 and -2, in patients with different hemato-
lymphoid tumors [17]. However, in pediatric ALL the expression of angiogenic
molecules and its relation to disease features are still not fully assessed.

Another RTK, FMS-like tyrosine kinase 3 (FLT3), is predominantly expressed
on hematopoietic progenitor cells. It has a significant role in both differentiation
and proliferation of hematopoietic progenitor cells [18].

In the current work, we have evaluated the level of expression of VEGFR-1
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and VEGFR-2, as well as FLT3 receptors by flow cytometry on leukemic blasts of
55 pediatric patients with B- and T- cell ALL. The mean age of the total studied
patients was 2.09 £ 0.67 years with a male: female ratio of 1.1:1. Similarly, others
reported that the incidence of ALL among children aged 2 to 5 years is approx-
imately fourfold greater than other age groups [19].

A significant increase was observed in % of blasts expressing FLT3 and in
FLT3 (MFI) in B-ALL cases compared to T-ALL (p = 0.004 and p = 0.02, respec-
tively). The observation was in line with a previous study, which tested the ex-
pression of FLT3 mRNA and its cell surface expression by flow cytometry and
reported a higher frequency of FLT3 expression by flow cytometry on leukemic
blasts in B-ALL (64%) compared to T-ALL (30%). While at the mRNA level,
FLT3 was expressed in 80% - 100% of leukemic cases in both phenotypes [20]. A
similar conclusion was reached by other authors, who observed the higher ex-
pression of FLT3 in B-ALL compared to T-ALL using flow cytometry assay and
immunoblotting technique in childhood B-ALL [21] and adulthood B-ALL [22],
strengthening the clinical importance for FLT3 in pathogenesis of B-ALL

Even though it was not statistically significant, still we observed a higher mean
+ SD value for VEGFR-1 and VEGFR-2 in B-ALL (76.35% + 12.98% and 40.64%
* 23.52%, respectively) than in T-ALL (69.73% + 20.59% and 29.72% * 26.72%,
respectively) (p = 0.17). The same expression patterns were detected by El-Obeid
et al, who reported that both VEGFR-1 and VEGFR-2 are concomitantly ex-
pressed in both ALL phenotype cell lines but primary in precursor B-ALL using
flow cytometry and added that their expression is limited to the intra-cytoplasmic
compartment which may suggest either internalization of the receptors or a
block in trafficking of the receptor to the surface [13]. Also, another study re-
ported that notably, pre-B ALL patients had significantly increased expression of
VEGFR-1 compared with no expression in the nonmalignant group [5].

Extramedullary involvement occurs in 20% of ALL patients at presentation.
Common sites include central nervous system and testicular involvement, as
well as organomegaly and lymphadenopathy [23]. The number of patients with
cerebrospinal fluid (CSF) infiltration in this study was detected only in four pa-
tients out of 50 cases with available CSF analysis, which is a small number to be
statistically analyzed. Splenomegaly, hepatomegaly and lymphadenopathy were
clinically detected in 38/49, 38/49 and 36/55 cases, respectively and despite that
organ involvement is not included in recent protocols as a risk feature, except
for the central nervous system and testis, but some studies observed that it can
still decrease remission and increase relapse rates [24].

In B-ALL cases, the expression pattern of FLT3 in this study did not show sta-
tistical significant difference between those who had extramedullary involve-
ment and those without. Unlike others who reported the ability of the FLT3 to
facilitate the migration of bone marrow blasts to the extramedullary sites
through modulating FLT3 ligand and CXCL12/CXC4 axis [25].

In contrast, in the B-ALL cases with splenomegaly, a significant decrease in
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blasts percent expressing both VEGFR-1 and VEGFR-2 (p = 0.014 and p = 0.009
respectively) with a decrease of their MFI too when compared with cases without
splenomegaly. Contrary to our finding, Dias et al study, observed the overex-
pression of VEGFRs in organomegaly and activation of VEGF/VEGFR-1-2 axis
which induces matrix metalloproteinase (MMP) production that leads to the
migration of blast cells to extramedullary sites [26]. Other authors reported that,
VEGFR-1 signaling only was involved in precursor B cells mobility from bone
marrow to spleen, whereas VEGFR-2 was more involved in cell differentiation
[27]. A possible explanation for the difference in results was discussed by others,
who had concluded that overexpression of VEGFR-1 in blast cells of ALL results
in their migration to extramedullary sites, whereas blast cells not expressing
VEGEFR-1 tend to localize in bone marrow, and in the current study only BM lo-
calized blasts were examined [5] [28]. Another explanation could be attributed
to the formation of soluble forms of VEGFRs (sVEGFR) by detachment of the
extra cellular part of the receptor to the plasma as a negative feedback mechan-
ism to decrease the level of expression of the whole receptor on the blasts and
consequently their activity. sVEGFR were found to correlate to metastasis and
central nervous system migration of blast cells in Tang et al. study [29]. Those
soluble forms of receptors were not assessed in the present study.

Statistically, significant correlation was observed, between blast percent ex-
pressing FLT3 and percent of blasts infiltrating the bone marrow in B-ALL pa-
tients (r = 0.405; p = 0.009) (Figure 2(A)). This finding was supported by other
studies, which reported that human FLT3 signaling prevents stem cells and
lymphoid progenitors from spontaneous apoptotic cell death at least through
up-regulating MCL-1, which increases survival of those blasts [30] [31].

No correlation was seen between blast percent expressing FLT3 and blast per-
cent expressing CD34 in B-ALL cases (r = 0.099, p = 0.552), this disagreed with
Vora et al, who reported that CD34 expression was associated with FLT3 ex-
pression in B-ALL [21].

In the B-ALL group, a positive correlation was seen between % of blasts ex-
pressing VEGFR-1 and % of blasts expressing VEGFR-2 (r = 0.704; p < 0.001).
Similarly, positive correlation was found in the T-ALL group between % of blasts
expressing VEGFR-1 and VEGFR-2 (r = 0.762; p = 0.002) (Figure 3(A) and
Figure 3(B)). This finding ties well with Scavelli et al, who proposed the cross-
talk between angiogenesis and proliferation of lymphatic cells [32] and throws
light on a the link between receptor tyrosine kinase (RTK)-dependent signaling
pathways which was proven to be implicated in the pathogenesis of ALL of
childhood and strengthen the role of their combined inhibition in controlling
the biological behavior of leukemia as suggested by others [33].

In T-ALL group, blast percent expressing FLT3 revealed significant positive
correlations with both VEGFR-1 and VEGFR-2, (r = 0.627; p = 0.016, and r =
0.654; p = 0.011, respectively) (Figure 2(B) and Figure 2(C)). Others found a

positive correlation for the expression of FLT3 with somatic gene mutations in
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T-ALL. Giving FLT3 surface expression importance in prediction of molecular
aberrations in T-ALL settings [34] [35]. Combining the observation of expres-
sion of VEGFR-1-2 with FLT3 expression may highlight more facts for the de-
tection of molecular aberrations in T-ALL in the future. Interestingly, in this
current study, FLT3 expression in the T-ALL was positively correlated with the
stem cell marker CD34 (r = 0.826; p = 0.001) (Supplementary Figure S1(A)).
Similarly, Drexler et al observed a restricted FLT3 expression seen on human
hematopoietic progenitor cells CD34" [20]. Also, positive correlation was ob-
served in T-ALL cases between % of blasts expressing CD34 with % of blasts ex-
pressing both VEGFR-1 and VEGFR-2, (r = 0.569; p = 0.041) and (r = 0.798; p =
0.002), respectively Supplementary Figure S1(B) and Figure S1(C)). Previous
observation may contribute to the emerging of new targeted therapies directed
to leukemic stem cell (LSC). The LSC-hypothesis assumes that leukemias are
organized hierarchically, with more mature cells programmed to undergo apop-
tosis after a limited number of cell divisions, and LSCs which have self-renewal
and thus unlimited disease-propagating ability. In adult ALL, the phenotype of
LSCs is supposed to reside within a CD34" compartment. However, in childhood
ALL, little is known about markers and target expression profiles in LSCs [36].
Finding markers associated with CD34" compartment may help in profiling of
LSCs to be used in future curative targeted therapies.

There was no significant correlation between any of the angiogenic markers
and CD34 expressing blasts in B-ALL. Similarly, others concluded that,
VEGFR-1 was expressed by more mature blasts committed to B lineage, which
are mostly CD34 negative cells [37]. This ties well with our finding, that demon-
strated a positive correlation between the blast % expressing VEGFR-2 and those
expressing CD10 (r = 0.379; p = 0.015) as CD10 is gained in more mature blasts.

The strength of this study, is related to its prospective design in newly diag-
nosed pediatric ALL cases, with few studies discussing our point in this age
group. Another strength point was studying the expression of angiogenic mark-
ers (VEGFR1-2), in addition to FLT3 expression in leukemic cells, describing a
link between angiogenesis and lymphatic cell proliferation in ALL. An apparent
limitation in the current study is related to the small number of patients in-
cluded in both groups, B-ALL and T-ALL, besides the assessment of biomarkers
expressed were not studied in relation to the disease outcome and response to
treatment. These limitations come from the financial restrictions that limit our
ability to repeat the assessment of markers expression in a larger group of pa-
tients and at different treatment phases, but at least it points to the importance
of studying the previously included biomarkers that could be associated with the
pathogeneses of ALL and its survival outcome.

In conclusion: Expression of VEGFR-1, VEGFR-2 and FLT3 were demon-
strated on leukemic blasts of ALL which highlights their role in pathogenesis.
FLT3 expression plays a role in facilitating blasts proliferation in the bone marrow
of childhood B-ALL. FLT3 positive correlations with both VEGFR-1 and VEGFR-2
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in T-ALL cases spotted a link between angiogenesis and the FLT3 proliferative abil-
ity in the pathogenesis of T-ALL. Usefulness of FLT3, VEGFR-1, and VEGFR-2 in
future identification of CD34" pool of blasts and profiling of leukemic stem cell
(LSCs) in T-ALL. In addition, further prospective studies are needed to prove the
prognostic significance of such biomarkers on the survival outcome in child-
hood ALL.
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Figure S1. Correlation of blast % expressing CD34 and blast % expressing FLT3, VEGFR-1 and VEGFR-2 in T-ALL. (A) Positive
correlation between blast % expressing FLT3 and blast % expressing CD34 in T-ALL (r = 0.826; p = 0.001). (B) Positive correlation
between blast % expressing VEGFR-1 and blast % expressing CD34 in T-ALL (r = 0.596; p = 0.041). (C) Positive correlation be-
tween blast % expressing VEGFR-2 and blast % expressing CD34 in T-ALL (r = 0.798; p = 0.002).
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