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RUNX1 gene expression in Egyptian acute
myeloid leukemia patients: may it have
therapeutic implications?
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Abstract

Background: Acute myeloid leukemia represents the highest percentage of all adult acute leukemia variants. Runt-
related transcription factor1 (RUNX1), a transcription factor with a known tumor suppressor function, was recently
reported as a tumor promoter in acute myeloid leukemia (AML). We investigated the role of RUNX1 gene
expression level in Egyptian AML patients and delineated its clinical significance.

Results: We measured RUNX1 gene expression level using reverse transcription-quantitative polymerase chain
reaction and found that the RUNX1 gene expression level was significantly higher than the control group (p <
0.001). Patients with FMS-like tyrosine kinase 3 internal tandem duplication (FLT3-ITD) mutations had a higher
expression level of RUNX1 (p = 0.023). The male patients expressed a significantly higher level of RUNX1 (p = 0.046).

Conclusions: The RUNX1 gene is highly expressed in Egyptian AML patients. It has a relation to FLT3-ITD, which
may give a clue that patients carrying this mutation may benefit from new treatments that target RUNX1 in the
future. Further studies on a larger number of patients with different ethnic groups may give a clearer vision of the
therapeutic implications of a new molecular target.

Keywords: Acute myeloid leukemia, RUNX1, Gene expression, Egypt

Background
To the best of our knowledge, there has been no com-
prehensive study investigating the incidence rate of acute
myeloid leukemia (AML) in the country of Egypt. Each
year, three to four new AML cases are reported per 100,
000 individuals. The prognosis of AML is highly variable
despite intensive research for new markers and therapies
[1]. Relapse is the most frequent cause of therapeutic
failure [2, 3]. Less than 50% of patients have a 5-year
overall survival rate (OS), and only 20% of the elderly
survive 2 years [1].
Genetic and epigenetic alterations in the

hematopoietic stem and progenitor cells cause aberrant
proliferation and block differentiation (HSPCs), leading

to different clinical types of AML [4]. Several studies
have recognized various genes affected by the somatic
mutations due to different AML subtypes [5, 6]. Muta-
tions in the transcriptional regulator, additional sex
combs like 1, tumor protein 53, and FMs-related tyro-
sine kinase 3 (FLT3) genes and specific chromosomal
translocations (Breakpoint cluster region-Abelson mur-
ine leukemia viral oncogene homolog 1) were reported
to predispose to AML [7]. The data from previous stud-
ies have helped in the elucidation of AML biology, facili-
tating better risk assessment while determining novel
drug targets and therapeutic strategies [5, 6].
The RUNX1 gene has emerged as a novel therapeutic

target for AML [8]. It belongs to a transcriptional regu-
lator family called Runx that comprises three members:
RUNX1, RUNX2, and RUNX3 [9]. It is located on
chromosome 21 and is vital for the process of
hematopoiesis [8]. It consists of a “Runt homology
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domain” (RHD) that facilitates the formation of the het-
erodimer of RUNX1 and PEBP2β that acts as a DNA
binding and transcription factor [10].
RUNX1 gene activity is regulated via translational

regulation, posttranslational modifications (PTM), and
alternative splicing [11, 12].
First, the RUNX1 is known to be involved in the

chromosomal translocation (8;21) that lead to the forma-
tion of RUNX1-RUNX1T1 (AML1-ETO) fusion gene
and represents 10–22% of AML cases with maturation
corresponding to the previous FAB class M2 and work
as a diagnostic and favorable prognostic factor [13].
Theories state that reduced levels of RUNX1 activity

contribute to the myeloid differentiation block in AML
[4]. This was supported by several studies that have
shown the tumor suppressor role of RUNX1 via various
mouse models [14–17]. Furthermore, RUNX1 has been
implicated in the inhibition of self-renewal programs in
early HSPCs [18].
Conversely, during 2012, Hebestreit et al. studied a large

cohort of AML patients and reported a significant increase
in RUNX1 transcript levels in FLT3-ITDpos samples [19].
This was confirmed during 2017 by Behrens et al., who
wrote that upregulated and phosphorylated RUNX1 coop-
erates with FLT3-ITD to induce AML [4].
They revealed that RUNX1 downregulation promotes

the differentiation of AML cells expressing FLT3-ITD.
Therefore, the introduction of such mutations could act
as a potential therapeutic strategy for AML patients with
FLT3-ITD mutations [4].
Our study aims to evaluate the results of RUNX1 gene

expression and elaborate its clinical significance in an
Egyptian cohort of patients with de novo AML, giving
special attention to FLT-ITD positive patients.

Methods
Study group
This study recruited 91 AML patients recently diagnosed
at the Hematology Clinic, National Cancer Institute,
Cairo, Egypt, from June 2015 till December 2018. For
the control group, 14 healthy age- and sex-matched do-
nors of the bone marrow transplantation unit were re-
cruited. The patients included 50 males and 41 females
between 18 and 65 (mean age, 35.5 years). Inclusion cri-
teria are as follows: Egyptian, adult 18 years or more,
and de novo AML. Exclusion criteria are as follows: pa-
tients less than 18 years, patients who started treatment,
and non-Egyptian.
All remaining patients’ peripheral blood was analyzed

for measuring different blood parameters, such as
hemoglobin (Hb), platelets count, and total leukocyte
count (TLC). Blasts were counted in bone marrow sam-
ples and peripheral blood. Based on the French-
American-British (FAB) classification of AML, the

patients were divided into subgroups [20]. Cytogenetic
and gene mutation analyses for detecting chromosomal
abnormalities, FLT3-ITD, and NPM mutations were
done for all patients by reverse transcriptase-polymerase
chain reaction and qualitative real-time PCR, respect-
ively (Table 1).
The institutional review board of the National Cancer

Institute, Cairo University, approved the study’s protocol
and we followed the Helsinki guidelines for the protec-
tion of human subjects. Written informed consent was
obtained from all participants.

Table 1 Laboratory characteristics of the AML group (n = 91)

Value

Total leukocytic count (× 103/mm3) 38.9 (1.0–440.0)

Hemoglobin concentration (gm/dL) 8.0 ± 1.8

Platelet count (× 103/mm3) 35.0 (5.0–297.0)

Peripheral blood blasts (%) 51.0 (0.0–98.0)

Bone marrow blasts (%) 70.0 (0.0–97.0)

FAB classification

M1 11 (12.1%)

M2 38 (41.8%)

M4 31 (34.1%)

M5 10 (11.0%)

M7 1 (1.1%)

BM cellularity

Hypercellular 68 (74.7%)

Normocellular 12 (13.2%)

Hypocellular 5 (5.5%)

FLT3-ITD mutation 14 (15.4%)

NPM mutation 9 (39.1%)

Molecular markers

−ve 77 (84.6%)

+ve 14 (15.4%)

inv (16) 8 (8.8%)

t(8, 21) 1 (1.1%)

t(8, 21), t(9, 22) 1 (1.1%)

t(8:21) 4 (4.4%)

Genetics

Abnormal 24 (26.4%)

Normal 67 (73.6%)

Genetic risk (ELN)

Favorable 18 (19.8%)

Intermediate 51 (56.0%)

Adverse 22 (24.2%)
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Definitions
Refractoriness is defined as the failure to achieve CR fol-
lowing completion of initial treatment, with evidence of
persistent leukemia in examinations of blood or bone
marrow.
Relapse is defined as ≥ 5% bone marrow blasts, the re-

appearance of blasts in the blood, or extramedullary dis-
ease development.
OS is defined as the time from diagnosis to death from

any cause. Data from patients who were alive on the date
of the last follow-up were censored on that date.
Progression-free survival (PFS) is defined as the time
from therapy initiation until documented progression or
death. For patients without disease progression at the
time of analysis, the data were right-censored at the date
of their last follow-up [21].

Quantitative reverse transcriptase-PCR
Sample collection, RNA extraction, and cDNA formation
Bone marrow samples (1 ml) were collected on EDTA
from patients with AML. Bone marrow was treated with
erythrocyte lysis solution; without culture, leukocytes
were collected and stored in buffer RLT (1 × 107 leuko-
cytes) at − 80 °C till use for RNA extraction.
We used QIAamp RNA extraction blood Mini kit

(QIAGEN® Austin, TX, USA; catalog no. 52304) to ex-
tract total RNA from 1 mL culture of BM cells preserved
on K-EDTA. We used spectrophotometer nano-drop
(Quawell, Q-500, Scribner, USA) to assess the concen-
tration and purity of RNA and kept it at − 80 °C until
further use.
We used High Capacity cDNA Reverse Transcription

Kit (Applied Biosystems, Thermo Fisher Scientific, USA;
catalog no. 4368814) to reverse transcribe the extracted
RNA. Again, the spectrophotometer nano-drop was used
to qualify and quantify the complementary DNA
(cDNA) and kept at 20 °C.

Molecular detection of RUNX1 gene expression
RUNX1 mRNA expression was quantified using Taq-
Man® Universal PCR Master Mix, 2Xconc (Cat No.
4440040, Thermo Fisher scientific, Applied Biosystems,
USA), Taqman readymade gene expression assay, for
RUNX1 mRNA (Hs02558380_S1; Thermo Fisher Scien-
tific, USA, Cat No. 4331182) and β-actin [22]. The total
reaction volume for PCR mix was 20 μL, and the PCR
protocol was as follows: 95 °C for 10 min (polymerase
activation), followed by 40 cycles of 95 °C for 30 s (de-
naturation), and 60 °C for 60 s (annealing and exten-
sion). The StepOne Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) was used to detect
the fluorescence. The following primers were used for
quantitative PCR: RUNX15′-AGTGGAAGAGGGAAAA
GC-3′ (sense) and 5′-ATCCACTGTGATTTTGATGG-

3′ (antisense) and β-Actin (control) 5′-GTGGGCCGCT
CTAGGCACCAA-3′ (sense) and 5′-CTCTTTGATG
TCACGCACGATTTC-3′ (antisense). Comparative Ct
method (2−ΔΔCt) was used to assess the relative RUNX1
expression level that was expressed as fold change nor-
malized against β-Actin expression levels [23]. The me-
dian follow-up period was 7 months (range, 0.03–40.2
months).

Treatment and follow-up
The patients were treated with a standard induction
regimen; an administration of cytarabine (100–200 mg/
m2/d) for 7 days along with anthracycline or idarubicin
(12 mg/m2/days) or daunorubicin (45–90 mg/m2/days)
for 3 days. After one or two courses of induction chemo-
therapy, the individuals undergoing complete remission
(CR) further received 2 to 6 cycles of high-dose
cytarabine-based consolidation chemotherapy. Short-
term follow-up was done by complete blood count, bone
marrow aspirate, flow cytometry, and molecular analysis.

Statistical analysis
IBM SPSS® Statistics version 22 (IBM® Corp., Armonk,
NY, USA) was used for statistical analysis. Numerical
data was represented as either median and range or
mean and standard deviation. The qualitative data was
represented as either percentage or frequency. The cor-
relation between qualitative variables was evaluated by
Fisher’s exact test or Pearson’s Chi-square test. In quan-
titative data, Student’s t-test was used to compare two
groups belonging to normally distributed data, and
Mann-Whitney test (non-parametric t-test) was used for
groups belonging to data not normally distributed. The
correlation among numerical variables was analyzed
using Spearman-rho method. The median value of the
markers in the study group was used as the cutoff point
with values above considered as over-expression and
values below it as low expression. Markers were evalu-
ated via calculating specificity, sensitivity, negative pre-
dictive value (NPV), positive predictive values (PPV),
and overall accuracy. Kaplan-Meier method was used for
survival analysis. The Logrank test was used to compare
two survival curves. All the tests were two-tailed. Statis-
tical significance is defined at p < 0.05.

Results
RUNX1 expression is significantly higher in AML cases
RUNX1 gene expression was measured in BM samples
of de novo AML patients and 14 control subjects of the
same age and sex. We found that the AML group
showed significantly high RUNX1 gene expression levels
than control cases (p < 0.001) (Fig. 1). For AML patients,
the fold change in RUNX1 expression ranged between
0.02 and 1382.78 (median, 16.81). Patients with values
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below 16.81 were considered low expressions, while
those with values above were deemed high expressions.
None of the control groups was a high RUNX1 expres-
sion. Using this median value, specificity, sensitivity,
negative predictive value, positive predictive value, and
overall accuracy for diagnosis of AML were 100%, 50.5%,
23.7%, 100%, and 57.1%, respectively. The risk of AML
had an odds ratio of 1.31 (95% CI, 1.14–1.51).

Characteristics of the AML patients by high and low
expression levels of RUNX1
As shown in Table 2, the male patients and the patients
with mutant FLT3 exhibited significantly higher RUNX1
expression (p = 0.046 and p = 0.023, Fig. 2), respectively
(Fig. 2). In males, the median RUNX1 level was 30.0
(range, 0.2–878.2) compared to 16.0 (range, 0.8–1382.8)
in females. RUNX1 expression was not significantly asso-
ciated with other clinical, laboratory, and genetic charac-
teristics of the studied group with RUNX1 expression
status (Table 2).

Relation of patients survival to the level of RUNX1 gene
expression
Overall survival (OS) is referred to the period from diag-
nosis of AML till the patient’s death due to any cause.
The patients that were alive on the last follow-up date
were censored for that date. Progression-free survival
(PFS) refers to the start of therapy until death or docu-
mented progression. The patients that did not exhibit
any disease progression during the analysis period were
censored on the last follow-up date [21].
During the period of the study, there were 54 patients

that died. The median follow-up period was 7 months
(range, 0.03–40.2 months). Median OS was 11.3 months,
while the cumulative overall survival after 12 months
was 46.6% (Table 2). Overall and event-free survival

were not affected by RUNX1 expression (p = 0.804 and
p = 0.314, respectively) (Fig. 3a, b).

Discussion
In the last decade, the RUNX family was suggested as a
tumor biomarker that plays a dual role in acute myeloid
leukemia, which is why it is essential to continue with
studies that discuss its importance and clinical signifi-
cance in AML [24–26].
Translocations and mutations of the RUNX1 gene

locus were reported to cause an increase or decrease in
its function and induce leukemia [26–28].
Our study evaluated the expression levels of the

RUNX1 gene in the Egyptian de novo AML patients.
Previous human studies were conducted on Chinese and
Polish people [29]. The findings of this study have to be
seen in light of some limitations: a small number of
cases and the short time of follow-up.
We want to clarify that out of 42% of the AML pa-

tients, which were classified as M2, translocation t (8;21)
was observed only in 6.6% of the cases. Therefore, the
translocation-induced effect on the expression levels of
RUNX1 might be associated only in only 6.6% of cases.
We found that RUNX1 expression was significantly

higher in AML patients (p < 0.001). The same was re-
ported by Fu et al., who estimated RUNX1 expression
using microarrays on the bone marrow samples of 157
normal cytogenetic AML (CN-AML) in Chinese patients
[30]. They reported that patients exhibited significantly
higher RUNX1 expression (P < 0.001). In our study, the
patients with higher RUNX1 expression were more likely
to harbor FLT3-ITD mutation than patients with lower
RUNX1 expression (p = 0.023). This indicated that,
under high expression, RUNX1 could act as an oncogene
that induces leukemogenesis and act as a surrogate
marker for other mutations especially, FLT3-ITD. In

Fig. 1 Comparison between relative RUNX1 gene expression in AML cases and control group
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Fig. 2 Comparison of expression (high, low) of RUNX1 in wild and mutant FLT3

Table 2 Characteristics of the AML patients by high and low expression levels of RUNX1

RUNX1 over-expressors (n = 46) RUNX1 low-expressors (n = 45) p value

Age (years) 36.0 ± 10.9 34.9 ± 12.3 0.434

Sex

Male 30 (60.0%) 20 (40.0%) 0.046

Female 16 (39.0%) 25 (61.0%)

TLC (× 103/mm3) 50.7(1.0–440.0) 25.1 (1.7–281.7) 0.191

Hb (gm/dL) 7.8 ± 1.8 8.3 ± 1.7 0.267

PLT (× 103/mm3) 32.0 (6.0–208.0) 35.0 (5.0–297.0) 0.923

PB blasts (%) 59.0 (10.0–95.0) 48.5 (0.0–98.0) 0.229

BM blasts (%) 72.0 (30.0–97.0) 70.0 (0.0–95.0) 0.282

FAB1

M1, M2 27 (55.1%) 22 (44.9%) 0.348

M4, M5, M7 19 (45.2%) 23 (54.8%)

FLT3

Mutant 11 (78.6%) 3 (21.4%) 0.023

Wild 35 (45.5%) 42 (54.5%)

NPM

Mutant 5 (55.6%) 4 (44.4%) 1.000

Wild 7 (50.0%) 7 (50.0%)

Molecular markers

−ve 39 (50.6%) 38 (49.4%) 0.964

+ve 7 (50.0%) 7 (50.0%)

Genetics

Abnormal 11 (45.8%) 13 (54.2%) 0.590

Normal 35 (52.2%) 32 (47.8%)

Genetic risk

Favorable 8 (44.4%) 10 (55.6%) 0.363

Intermediate 24 (47.1%) 27 (52.9%)

Adverse 14 (63.6%) 8 (36.4%)

TLC total leukocytic count, Hb hemoglobin concentration, PLT platelet count, PB peripheral blood, BM bone marrow
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agreement with the previous results, Behrens et al. re-
ported that, after upregulation and phosphorylation,
RUNX1 could trigger AML in conjugation with FLT3-
ITD. Thus, suppression of RUNX1 could hold high po-
tential as a therapeutic strategy that could markedly en-
hance the current therapeutic approaches, involving
FLT3 inhibitors, by reversing the differentiation block
and making therapy more effective [18].
Furthermore, we observed a significantly higher

RUNX1 expression in male patients (p = 0.046). This re-
sult was in contrast to Krygier et al., who reported in his
study on 43 Polish de novo AML cases using RT qPCR
analysis technique that RUNX1 significantly expressed in

females [29]. This disagreement may be due to the dif-
ference in sample size or could be due to racial differ-
ences. In his study, Fu et al. reported that among the
157 CN-AML patients enrolled by them, the group of
patients with higher RUNX1 gene expression comprised
a significantly higher proportion of patients with FAB
M1 and M2 subtypes, compared to the group of patients
with lower RUNX1 expression [30]. These results dif-
fered from our present study, where we found no associ-
ation between the FAB subtypes and RUNX1 expression
(P = 0.348). Also, they reported that higher RUNX1
expression in CN-CML patients is associated with
poorer PFS and OS (p = 0.011 and p = 0.009,

Fig. 3 a Overall survival and their relation to RUNX1 expression in the patients. b Event-free survival and their relation to RUNX1 expression in
the patient
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respectively). However, in this study, we did not find
any correlation between RUNX1 expression and FAB
classification, OS, and PFS (P = 0.348, P = 0.804, P =
0.314, respectively). This is similar to Krygier et al.,
who concluded that high expression of RUNX1 has
no relation to FAB classification of AML and mortal-
ity [29]. Our study found no associations between
ages, TLC, Hb, PLT, peripheral, and bone marrow
blasts and different ELN genetic groups and the level
of RUNX1 expression.
In conclusion, RUNX1 is highly expressed in Egyptian

AML patients and its downregulation may open a new
hope for better therapeutic approaches in some cases,
especially with FLT3 mutations. Males may have higher
levels of RUNX1 expression. Future studies with larger
sample size and longer follow-up may confirm these
findings and find different correlations that could not be
detected in this study.
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