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Abstract

Background: Canonical wingless-type (Wnt) signaling is a crucial pathway involved in normal hematopoiesis and the
self-renewal process of hematopoietic stem cells. Deregulation of this pathway has been associated with different
subtypes of leukemia. Lymphoid enhancer-binding factor 1 (LEF-1) is a major transcription factor of this pathway and
plays a pivotal role in lymphoid differentiation and granulopoiesis. High LEF-1 expression has been reported as a
prognostic marker in several types of adult hematological malignancies. We aimed to assess the prognostic utility of
LEF-1 expression in adult de novo acute myeloid leukemia (AML) Egyptian patients in continuation of our previous
work. LEF-1 expression was analyzed by real-time polymerase chain reaction (PCR) in 30 adults with newly diagnosed
AML and remeasured at day 28 after induction therapy with the assessment of remission status.

Results: Patients were classified according to median expression level into high and low LEF-1 expression groups. LEF-1
levels were dramatically decreased following successful induction therapy. Also, high LEF-1 expression patients had a
better response to therapy with better overall survival. ROC curve analysis of LEF-1 expression yielded a cutoff value of
< 10.11 log10 (sensitivity of 90.48% and specificity of 100%) for predicting poor outcome. Univariate logistic regression
analysis showed that for every log10 increase in the LEF-1 expression level, the chance of the patient to achieve
hematological remission was increased by 2.29 folds.

Conclusion: Our study showed preliminary results that overexpression of LEF-1 is a favorable prognostic factor in
newly diagnosed adult AML patients. The prognostic value of LEF-1 could suggest its utility for further risk classifications
of AML and potentiality for being a target for therapy.
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Background
Acute myeloid leukemia (AML) is a disorder with clin-
ical and biological heterogeneity. Therefore, it is always
a field of interest to find more markers to optimize the
classification, improve the initial risk assessment, and to
offer guidance for appropriate treatment.
Lymphoid enhancer-binding factor 1 (LEF-1) is a

transcription factor of the Wingless-type (Wnt)/β catenin
signaling pathway which controls the proliferation, survival,
and differentiation of hematopoietic cells through its effect
on target genes like c-myc, cyclin D1 [1]. In normal human
hematopoiesis, LEF-1 plays a pivotal role not only in the
development of B and T lymphocytes but also in granulo-
poiesis. In fact, in healthy individuals, LEF-1 mRNA levels
reach a maximum at the promyelocytic stage of differenti-
ation and decline during the last steps of granulocyte mat-
uration [2]. Physiologically, the pathway is strictly regulated
[3]. In healthy cells, secreted and/or intracellular located
inhibitory proteins tightly control β catenin levels [4].
Wnt signaling pathway aberrations has been implicated in

leukemic transformation and has been shown to promote
proliferation and survival of leukemic cells in vitro [5].
The LEF-1 was found to be highly expressed in different

hematologic malignancies, including lymphomas and
chronic lymphocytic leukemia (CLL) [6, 7] where LEF-1
showed to be a sensitive and specific marker for CLL and
had a diagnostic utility in challenging small B cell lymph-
oma cases. In acute lymphoblastic leukemia (ALL) [5, 8],
high LEF-1 expression in B-ALL was a poor prognostic
factor and an indicator of a high risk of treatment failure,
and in T-ALL [9], LEF-1 inactivation was part of the
underlying molecular pathogenesis, whereas in AML [10],
LEF-1 was found to play a role in the pathophysiology and
could serve as a novel predictor of better treatment
response. Moreover, some studies suggested that LEF-1
might serve as a target of anti-tumor therapy [4].
Consequently, we aimed to further evaluate the prog-

nostic significance and utility of LEF-1 expression in adult
de novo AML Egyptian patients as a continuation of our
previous work [11] where LEF-1 expression was signifi-
cantly higher in AML patients compared to controls and
showed a positive correlation with hemoglobin (Hb) level
and platelet (Plt) count, while negative correlation with
age, total leucocytic count (TLC), and peripheral blood
blast percentage.

Methods
This study included 30 newly diagnosed adult de novo
AML patients admitted to and followed up for 1 year at
the clinical hematology-oncology unit in the period from
May 2017 to January 2019. AML patients’ diagnosis,
management, and follow-up were performed according
to the World Health Organization (WHO) Classification
of Tumours of Haematopoietic and Lymphoid Tissues

[12] and European Society for Medical Oncology (ESMO)
Clinical Practice Guidelines for diagnosis, treatment, and
follow-up [13].
Informed consent was obtained from all participant

individuals. The study was conducted following the
stipulations of the local ethical and scientific commit-
tees, and the procedures respected the ethical standards
in the Helsinki declaration of 1964.

Induction therapy All patients except AML-M3 (acute
promyelocytic leukemia) (APL) were subjected to induction
chemotherapy by standard-dose cytarabine plus anthracyclin
(7 + 3): Ara-c 100mg/m2 for 7 days and Daunorubicin 60
mg/m2 for 3 days. APL patients were treated by all-trans-
retinoic acid (ATRA), and in few patients, arsenic trioxide
(ATO) was added.

Consolidation therapy For patients achieving remis-
sion, high-dose cytarabine (ara-C) (HiDAC) was used.
Refractory cases were treated by either HAM (high-dose

cytarabine and mitoxantrone) or FLAG (fludarabine, cytar-
abine, and G-CSF) protocol.
AML patients’ characteristics were evaluated at diag-

nosis by the following:

1- Data on patients’ physical examination status
stressing on the presence of extramedullary disease
(hepatomegaly, splenomegaly, and
lymphadenopathy) was obtained from their medical
records.

2- Complete blood count (CBC) using Coulter LH 750
analyzer (Coulter Electronics, Hialeah, FL, USA), an
examination of Leishman-stained peripheral blood
(PB) and bone marrow (BM) aspiration smears.

3- Routine diagnostic immunophenotyping of the BM
aspirate was performed on Navios Flow cytometer
(Coulter Electronics, Hialeah, FL, USA) using a
panel of monoclonal antibodies including B cell
markers: CD10, CD19, CD20; T cell markers: CD2,
CD3, CD5, CD7. Myeloid markers: CD13, CD33,
CD15, CD17 and monocytic marker: CD14.
Common progenitor markers: CD34, HLA-DR.
Cytoplasmic markers: MPO, CD79a, and CD3.
Samples were considered positive for a certain
marker when ≥ 20% of cells were expressing it,
except for CD34 where its expression by 10% of
cells was sufficient to confer positivity [14].

4- Conventional karyotyping and fluorescence in situ
hybridization (FISH) in selected cases were performed.

5- Real-time polymerase chain reaction (PCR) for the
detection of LEF-1 mRNA expression levels
(Qiagen, Hilden, Germany).

6- All patients were followed up at day 28 from the
beginning of the induction therapy to assess

Farweez et al. Egyptian Journal of Medical Human Genetics           (2020) 21:30 Page 2 of 11



morphological remission by bone marrow
examination while in 12 patients only LEF-1 mRNA
expression levels were re-analyzed to assess the
effect of therapy on expression levels.

7- Estimation of overall survival (OS) and disease-free
survival (DFS) were done. Overall survival was
measured from the date of diagnosis until the date
of death, or the last date is known to be alive while
disease-free survival was measured from the date of
hematological remission until the date of death or
last follow-up if alive [15].

Molecular analysis of LEF-1 expression level
Total ribonucleic acid (RNA) was isolated from whole blood
samples by using the “RNeasy Serum/Plasma Kit” (Qiagen,
Hilden, Germany) following manufacturer instructions.
Then, mRNA of LEF-1 was reversibly transcribed into com-
plementary deoxyribonucleic acid (cDNA) using QuantiTect
II RT Kit (Qiagen, Hilden, Germany). The cDNA is then
used for real-time PCR quantification of mature mRNA ex-
pression. LEF-1 gene expression level was amplified from
mRNA using QuantiTect primer assay Hs_LEF1_1_SG
QuantiTect Primer Assay (cat no 249900, ID QT00021133)
(Qiagen, Germany) LEF-1 primers forward-, 5′-AGAACA
CCCCGATGACGGA-3′, reverse 5′-GAGGGTCCCT
TGTTGTAGAGG-3′; and QuantiTect SYBR Green PCR
(Kit cat no 204141) (Qiagen, Germany) and Beta-actin (β-
actin) gene expression level as housekeeper gene was ampli-
fied from mRNA using Hs_ACTB_1_SG QuantiTect Primer
Assay (cat no 249900, ID QT00095431) (Qiagen, Germany).
β-actin primers forward-5′TGACGTGGACATCCGCA
AAG-3′; reverse 5′CTGG AAGGTGGACAGC GAGG-3′.
Quantitative reverse transcription-polymerase chain reaction
(RT-PCR) was performed in a total volume of 20 μL,
containing 2 μL of template cDNA, 10 μl of 2x QuantiTect
SYBR Green PCR Master Mix, 2 μl 10x t Universal Primer,

2 μl 10x Quantitect Primer Assay, and 4 μl RNase-free
water. The real-time cycler initially was programmed
as activation step 15 min 95 °C for HotStarTaq DNA
Polymerase activation. Three-step cycling is as follows:
denaturation 15 s 94 °C, annealing 30 s and 55 °C, ex-
tension 30 s 70 °C, for 40 cycles. All samples were
analyzed using the 5 plex Rotor-Gene PCR Analyzer
(Qiagen, Germany). Results were reported in relative
quantification which is based on the expression levels
of a target gene (LEF-1 mRNA) versus a reference gene
(β-actin mRNA) (Figs. 1, 2, 3).
To calculate the expression of a target gene to an

adequate reference gene, calculations were done based on
the comparison of a distinct cycle in real-time PCR deter-
mined by cycle threshold (CT) values of thermal cyclers at
a constant level of fluorescence [16]. After determining
the cycle threshold, the ΔCT value for each sample was
determined by calculating the difference between the CT
value of the target gene and the CT value of the endogen-
ous reference gene. This was determined for each un-
known sample as well as for the calibrator sample (control
subjects):
ΔCT (sample) = CT target gene ‐CT reference gene
ΔCT (calibrator) = CT target gene ‐CT reference gene
Next, the ΔΔCT value for each sample was determined

by subtracting the ΔCT value of the calibrator from the
ΔCT value of the sample: ΔΔCT = ΔCT (sample) − ΔCT
(calibrator).
Finally, the normalized level of target gene expression

was calculated by using the formula 2-ΔΔCT [16].

Statistical analysis
Statistical analysis was performed using SPSS V20.
Quantitative data were represented as mean and stand-
ard deviation for parametric data and as median and
range in non-parametric data. Qualitative data were

Fig. 1 Control curve with normal LEF-1 expression level, LEF1 (dark gray), ACTB (gray)
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represented as number and percentage. Comparisons of
qualitative variables were conducted between groups
using the Chi-square, and comparisons of quantitative
variables were conducted between groups using the
Mann Whitney for non-parametric data and student’s t
test for parametric data, while comparisons between
more than two groups with parametric distribution were
done by using one way analysis of variance (ANOVA)
and Kruskal-Wallis for non-parametric distributions.
Also, correlations between quantitative variables

within groups were performed using the Pearson correl-
ation coefficient. P < 0.05 and < 0.001 were set as statis-
tically significant and highly significant respectively.

Results
The studied patients included 17 (56.7%) males and 13
(43.3%) females, with M:F ratio of 1.3:1 and a mean age
of 49.4 ± 15.0 years. They were 21 patients (70%) < 60
years and 9 (30%) > 60 years. Twelve patients (40%) had
hepatomegaly, 11 (36.7%) had splenomegaly, and 8

(26.7%) had lymphadenopathy. As regards the CBC
data, total leucocytic count (TLC) showed a median
and interquartile range (IQR) of 21 (9.6–49.7) × 109/L
with 7 patients (23.3%) having TLC > 50 × 109/L and
23 (76.6%) having TLC < 50 × 109/L. Mean hemoglobin
(Hb) level was 8.1 ± 2.2 g/dl with 24 patients (80%) hav-
ing Hb < 10 g/dl, mean platelet count (Plt) was 57.4 ±
36.4 × 109/L with 26 patients (86.7%) having Plt count
< 100 × 109/L, and mean blast cell count in peripheral
blood (PB) was 36.8 ± 26.8%. The mean bone marrow
blast count was 72.9 ± 20.6%. These demographic data
were adopted from our previous study [11]. Patients
were classified according to cytogenetic analysis into
good, poor, and intermediate cytogenetic prognostic
groups [17] besides their response to therapy at day 28
after induction by BM examination where patients who
had blast cell count < 5% were considered to have
hematological remission [18] (Table 1). The OS of
AML patients showed a mean of 4.20 ± 3.45 months
while DFS showed a mean of 5.9 ± 2.5 months.

Fig. 2 Case of AML curve with high LEF-1 expression level, LEF1 (black), ACTB (violet)

Fig. 3 Case of AML curve with low LEF-1 expression level, LEF1 (violet), ACTB (blue)
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As AML patients showed to have a statistically
significant higher level of LEF-1 expression compared to
controls in our previous study [11], we calculated the
median expression level of LEF-1 which was 4.82 log10
and classified our patients according to it into high and
low expression groups. Patients with values above this
median were classified as high LEF-1 expression (15
patients), while those with values below this median
were classified as low LEF-1 expression (15 patients). A
highly statistically significant difference was found be-
tween low and high LEF-1 expression groups where high
LEF-1 expression group was associated with younger
age; majority of them (86.7%) lacked the presence of
hepatomegaly, had lower TLC, higher Hb level, higher
Plt count, lower PB blast percentage, good cytogenetic
prognostic group, and better response to therapy (Table 2)
(Fig. 4).
Regarding patient outcome, their response at day 28 after

induction therapy was assessed where high LEF-1 expres-
sion group had favorable treatment outcomes as 60% (9/
15) achieved hematological remission while none of the
low LEF-1 expression patients achieved hematological
remission, their outcome was either incomplete remission
7/15 (46.6%) or death 8/15 (53.3%). As well as on estima-
tion of OS, high LEF-1 expression group had longer OS
compared to low LEF-1 expression group, as all low LEF-1
expression patients died before reaching the first complete
remission due to severe bleeding and infections. Early

death occurred in 53.3% of cases while no case in the high
LEF-1 expression group experienced early death.
In a group of 12 patients, the LEF-1 expression level

was remeasured at day 28 after induction therapy for
follow-up (unfortunately 8 patients died early during
induction, and the other 10 patients, their BM samples
at day 28 were too small and obtained with difficultly,
and no sample was available for molecular studies). This
group had LEF-1 expression with a mean of 10.88 ± 4.79
log10 at diagnosis and mean of 4.62 ± 4.36 log10 at day
28 with a highly statistically significant difference (t = 3.86,
P = 0.003) (Fig. 5a). It was of note that 7 patients out of the
12 patients had hematological remission and showed a
marked decrease in LEF-1 expression level after therapy,
mean 13.25 ± 1.81 log10 at diagnosis, and mean of 2.09 ±
0.60 log10 at day 28 with a highly statistically significant dif-
ference (t = 19.25, P = 0.000) (Fig. 5b), while the remaining
5 patients did not achieve hematological remission and had
minimal change in LEF-1 expression level at day 28 and
died shortly after, mean 7.55 ± 5.87 log10 at diagnosis and
mean of 7.53 ± 6.04 log10 at day 28 with no statistically sig-
nificant difference (t = 0.28, P = 0.791) (Fig. 5c) (Table 3).
The prognostic performance of LEF-1 expression was

assessed using ROC curve analysis to obtain best cutoff
for predicting the poor outcome (no achievement of re-
mission or death). A cutoff value of < 10.11 log10 was
found to have a sensitivity of 90.48% and specificity of
100% (Fig. 6).
In our study, univariate logistic regression analysis was

performed to determine the prognostic significance of
LEF-1 expression after adjusting for the impact of other
standard risk factors (age and cytogenetics) showed that
the chance of the patient to achieve hematological remis-
sion was increased by 2.29 folds with every log10 increase
in the LEF-1 expression level (Table 4).

Discussion
Over the past years, the impact of genetic characterization
on the estimation of prognosis, treatment stratification,
and development of novel targeted therapy approaches for
AML has increased. Besides, several molecular markers
can be used for MRD detection. Searching for new
molecular prognostic markers, we studied the relevance of
LEF1 expression in AML.
It was shown in our previous study [11] that LEF-1

expression levels were significantly higher in the AML
patients’ group compared to the control group which
could be attributed to the fact that aberrant LEF-1
signaling leads to increased growth and proliferation of
myeloid progenitor cells through upregulation of its
target genes such as c-myc and cyclin D1 [19]. Similarly,
Fu et al. [10], Fu et al. [20], Elhoseiny and Abdelfattah
[21], and ElBaiomy et al. [22] reported similar results.
Also, Petropoulos et al. [23] analyzed LEF-1 expression

Table 1 Cytogenetic classification and response to therapy at
day 28 after induction therapy for AML patients

Parameters Patients

N %

Cytogenetics Normal karyotype 15 50.0%

t(15;17) (q22;q12) 5 16.7%

t(8,21) (q22;q22) 4 13.3%

inv 16 (p13q22) 1 3.3%

11q23 rearrangement 2 6.7%

Monosomy 7 1 3.3%

t(9,22) (q34;q11) 1 3.3%

Trisomy 8 1 3.3%

Cytogenetics classification* Poor 4 13.3%

Intermediate 16 53.3%

Good 10 33.3%

Response to therapy at
day 28

Hematological remission 9 30.0 %

Incomplete remission 13 43.3 %

Died 8 26.7 %

*Patients were classified as good, poor, and intermediate cytogenetic
prognostic groups according to cytogenetic analysis where t(8;21) (q22;q22),
inv16 (p13;q22), and t(15;17) (q22;q21) were considered as good prognosis,
while normal karyotype and trisomy 8 were considered intermediate
prognosis, and 11q23 rearrangement, monosomy 7, t(9,22) (q34;q11) were
considered poor prognosis by Wang and Bailey [17]
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Table 2 Comparison between low and high LEF-1 expression groups regarding clinical data, laboratory data, and cytogenetic
classification

Parameters LEF1 Test of significance

Low expression < 4.82 log10
N = 15

High expression > 4.82 log10
N = 15

Mean/N SD/% Mean/N SD/% Test p value Sig.

Age 61.0 ± 10.2 37.7 ± 8.4 t = 6.82 < 0.001 HS

Sex Male 9 60.0% 8 53.3% F 0.713 NS

Female 6 40.0% 7 46.7%

Hepatomegaly No 5 33.3% 13 86.7% X2 = 8.8 0.003 HS

Yes 10 66.7% 2 13.3%

Splenomegaly No 7 46.7% 12 80.0% X2 = 3.5 0.058 NS

Yes 8 53.3% 3 20.0%

Lymph-adenopathy No 10 66.7% 12 80.0% F 0.682 NS

Yes 5 33.3% 3 20.0%

Hb (g/dL) 6.9 ± 2.2 9.4 ± 1.4 t = − 3.7 0.001 HS

TLC (× 109/L) 71.0 ± 53.1 9.5 ± 5.5 t = 4.46 0.001 HS

PLT (× 109/L) 32.8 ± 14.2 82.0 ± 35.2 t = − 5.0 < 0.001 HS

PB blast (%) 52.1 ± 28.3 19.5 ± 10.6 t = 4.19 0.001 HS

BM blast (%) 70.9 ± 21.2 74.9 ± 20.5 t = − 0.5 0.603 NS

Cytogenetics classification Poor 4 26.7% 0 0.0% F 0.015 S

Intermediate 9 60.0% 7 46.7%

Good 2 13.3% 8 53.3%

Response to therapy at day 28 Hematological Remission 0 0.0% 9 60.0% F < 0.001 HS

Incomplete Remission 7 46.7% 6 40.0%

Died 8 53.3% 0 0.0%

Overall survival (months) 2.75 ± 2.00 6.40 ± 2.59 t = 4.52 < 0.001 HS

Disease free survival (months) - - 5.9 ± 2.5

N number, Hb hemoglobin, TLC total leucocytic count, PB peripheral blood, BM bone marrow, LEF-1 lymphoid enhancer binding factor 1, t student’s t
test, F Fisher’s exact test, X2 Chi square test, S significant, HS highly significant, NS non-significant

Fig. 4 Kaplan Meier curve illustrating the impact of LEF-1 expression (High vs Low) on overall survival
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in normal BM and human leukemias and reported that
leukemic samples, as well as normal BM samples, were
positive for LEF-1 expression, but acute lymphoblastic
leukemia (ALL) samples showed about 13-fold higher
relative expression of LEF-1 compared with AML pos-
sibly reflecting the higher expression of the transcription
factor in lymphoid tissue.

Aiming to better elucidate the prognostic significance
of LEF-1 expression in our patients’ group, we thought
to remeasure LEF-1 expression level at day 28 of induc-
tion therapy in addition to assessing their remission
status and following them for 1 year to be able to assess
the effect of LEF-1 expression on the survival. We classi-
fied our patients into low and high expression groups

a

b

c

Fig. 5 a Comparison between LEF-1 expression at diagnosis and day 28 after therapy in a group of 12 patients. b Comparison between LEF-1
expression at diagnosis and day 28 after therapy in a group of 7 out 12 patients whom LEF-1 level showed significant decrease at day 28. c
Comparison between LEF-1 expression at diagnosis and day 28 after therapy in a group of 5 out 12 patients whom LEF-1 level did not show any
significant change at day 28
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according to LEF-1 median expression level (4.82 log10);
a similar approach was adopted by several studies in-
cluding Metzeler et al. [24], Fu et al. [10], Albano et al.
[25], and Jia et al. [1].
The high LEF-1 expression group was younger in age

and the majority lacked organomegaly, yet a significant
difference was noticed regarding hepatomegaly between
high and low expression groups. Similarly, Albano et al.

[25] showed a trend toward an association between high
LEF-1 expression and lower median age. Also, Elhoseiny
and Abdelfattah [21] reported that hepatosplenomegaly
was more represented in low LEF-1 expression group,
and the difference was statistically significant.
As for the CBC and BM data, high LEF-1 expression

group had lower TLC, PB blast percentage, higher Hb
level, and PLT counts in addition to a trend to lower

Table 3 Clinical and laboratory characteristics of the group of patients (12 patients) where LEF-1 was remeasured at day 28

Case (N) Age
(years)

Sex Cytogenetic Hb (g/dl) TLC × 109/L Plt × 109/L PB blast % BM blast % LEF-1
(log10)

Follow-up LEF-1
(log10)

Fate Response
(D 28)

1 32 F t(15;17) 9.1 5.8 114 12 70 13.93 3.21 Alive HR

2 30 F t(8,21) 10.9 9.6 111 30 80 15.51 2.11 Alive HR

3 50 F t(8,21) 9.1 12.3 80 16 88 11.51 1.74 Alive HR

4 32 M t(8,21) 8.6 10 80 24 56 11.39 1.36 Alive HR

5 47 M Normal 9 6 90 15 80 12.13 12.28 Died IR

6 28 F Normal 13.1 3.7 77 8 85 13.07 13.31 Died IR

7 36 M Normal 8.6 12 88 9 99 10.11 9.95 Died IR

8 53 F t(15,17) 9 4 156 30 95 15.39 2.51 Alive HR

9 30 M t(15,17) 10 4 80 35 30 13.52 1.82 Alive HR

10 37 M t(15,17) 11 5 90 40 60 11.53 1.93 Alive HR

11 64 M 11q23 6.4 83.7 28 90 91 0.7 0.5 Died IR

12 68 M 11q23 6.6 70.8 16 40 67 1.78 1.62 Died IR

N = number, F female, M male, Hb hemoglobin, TLC total leucocytic count, PB peripheral blood, BM bone marrow, LEF-1, lymphoid enhancer binding factor 1, HR
hematological remission, IR incomplete remission

Fig. 6 ROC curve analysis of LEF-1 expression predicting poor outcome. AUC, area under the curve; CI, confidence interval; PPV, positive
predictive value; NPV, negative predictive value; sig, significance; HS, highly significant
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mean BM blast percentage. In agreement with these
results, Metzeler et al. [24] found that cytogenetically
normal (CN) AML patients with low LEF-1 expression
had higher TLC and BM blast percentage. Also, Albano
et al. [25] who studied LEF-1 expression in APL sug-
gested an explanation for the association of high LEF-1
expression and low TLC by their determination of 9 dif-
ferentially expressed, up-modulated genes (ETS1, FAIM3,
CCR7, IL7R, LCK, IL2RB, ITK, RASGRP1, TRBC1) in this
group of patients, the majority of which is involved in the
regulation of apoptosis (FAIM3, IL2RB, LCK, ETS1);
moreover, it was of note that 6 (CCR7, IL7R, LCK, IL2RB,
ITK, RASGRP1) of the 9 genes were included among the
signature of the 200 genes showing the strongest absolute
correlation with LEF-1 expression levels in CN-AML [24].
Moreover, LEF-1 is a crucial transcription factor in

neutrophilic granulopoiesis. LEF-1 expression is low or
absent in patients with severe congenital neutropenia,
leading to downregulation of CEBPA and a block of
neutrophilic differentiation [2]. Thus, low LEF-1 expres-
sion may also contribute to the differentiation block in
myelodysplastic syndrome (MDS) and AML blasts, as
reflected by the higher TLC and blast percentages in
LEF-1 low CN-AML and MDS [26].
For further elaboration of the significance of LEF-1

expression, we analyzed it concerning cytogenetic prog-
nostic groups. There was a significant difference between
patients in the high and low expression groups, where
high LEF-1 expression group were either in the good or
intermediate cytogenetic prognostic groups, and none
was in the poor cytogenetic prognostic group, while the
majority of low LEF-1 expression group were in the
intermediate or poor cytogenetic prognostic groups.
Also, all the 7 patients in whom LEF-1 was remeasured
at day 28 and showed significant decrease in LEF-1
expression level and had good outcome were in the good
or intermediate cytogenetic prognostic group. This
might point to a relation with these cytogenetic abnor-
malities. In agreement, Albano et al. [25] and Fu et al.
[10] reported that deregulation of LEF-1 contributed to
the pathophysiology of AML with the most frequent bal-
anced translocations such as t (8,21) and t (15,17).
Inline, Müller-Tidow et al. [27] explained the association
of good prognostic cytogenetic abnormalities and LEF-1
high expression by their finding that PML-RARα fusion
gene (but also PLZF-RARα and AML1-ETO) can induce
plakoglobin (γ-catenin) expression in cell lines as well as

in primary patient samples, resulting in transcriptional
activation of LEF-1. Also, it has been observed that LEF-
1 cross talks with the Notch signaling pathway as
Jagged1 (JAG1) is a downstream target gene of LEF-1
and is also the ligand of Notch [28]. Thus, LEF-1 can
regulate the expression of JAG1 on the cytomembrane
[29], and it is known that JAG1 is more strongly
expressed in APL than in other AML subtypes. Further
evidence of the relationship between LEF-1 and Notch
signaling is the finding that the Notch intracellular do-
main (NICD) has been identified as a coactivator of
LEF-1; thus, the effects of Notch on LEF-1 activity are
direct and not due to modulation of components of the
Wnt signaling cascade [30]. High LEF-1 expression
group had favorable treatment outcomes and a better
OS. These findings were in agreement with Metzeler
et al. [24] who confirmed the association of high LEF-1
status with longer relapse-free survival (RFS), OS, and
event-free survival (EFS) in multivariable analyses adjust-
ing for the most important clinical and molecular prog-
nosticators in CN-AML. Furthermore, they performed
genome-wide gene expression profiles to identify bio-
logic pathways that are associated with LEF-1 expression
in CN-AML and discovered that high LEF-1 expression
patients showed upregulation of gene sets related to T-
lymphoid differentiation. On the other hand, gene sets
related to cell proliferation, DNA replication, and DNA
repair were downregulated, which might contribute to
their favorable outcomes.
Fu et al. [10] suggested a scoring system based on LEF-1

level, and mutation status of FLT3-ITD or NPM1 predict
the outcome for AML patients with intermediate-risk
cytogenetics as their data indicated that high LEF-1
expression predicts a significantly better OS for patients
with intermediate-risk cytogenetics, although no signifi-
cant difference was found in survival according to LEF-1
level among total patients with AML.
Moreover, Albano et al. [25] has shown that LEF-1 ex-

pression is a strong independent OS prognostic factor in
APL, as high LEF-1 group had a better outcome in terms
of OS, even upon studying on two different age groups
(> 60 and < 60 years). Also, Elhoseiny and Abdelfattah
[21] demonstrated favorable treatment outcomes for
CN-AML with high LEF-1 expression as they had better
OS; cumulative survival at 3 years was 87.5% in high
LEF-1 compared to only 47.5% in low LEF-1 patients;
the difference was statistically significant (P = 0.001).
Hazards ratio was 0.19 (95% CI 0.06–0.57) which means
that the high level of LEF-1 gene is 81% protective
against the hazard of death.
Early death occurred in 53.3% of cases while no case

in the high LEF-1 expression group experienced early
death. This goes with the poor prognostic significance of
this group in addition to the association with other

Table 4 Univariate logistic regression analysis of LEF-1 to
predict hematological remission

Parameter OR (95% CI) p value Sig.

LEF-1 expression 2.29 (1.001– 5.27) 0.049 S

LEF-1 lymphoid enhancer binding factor 1, OR odds ratio, CI confidence
interval, sig. significance
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adverse prognostic features. Albano et al. [25] confirmed
that these were early death occurred also only in their
low LEF-1 expression group including 23% of their
cases.
We have been able to re-analyze LEF-1 expression

level in 12 patients after induction therapy, where a dra-
matic decrease in the expression level was encountered
in 7/12 (58.3%) patients who had achieved hematological
remission also. This was in agreement with Fu et al. [10]
who analyzed the impact of therapy on the LEF-1 level
in eight patients who achieved a complete remission fol-
lowing successful induction therapy.
In univariate logistic regression analysis for hematological

remission achievement, high LEF-1 patients showed an
odds ratio of 2.29 fold increase toward achieving
hematological remission. This was supported by Metzeler
et al. [24] who stated that high LEF-1 patients showed a
trend toward higher odds for the achievement of remission
(P = 0.08; odds ratio 1.82; 95% confidence interval 0.94–
3.55) and found that the only factors significantly associated
with a higher chance of reaching complete remission were
younger age (P = 0.04) and presence of an NPM1 mutation.
This was contradictory to Fu et al. [10] who reported that
their multivariable analysis failed to identify LEF-1 as an
independent prognostic factor.

Conclusion
We are aware of the limitations of our study being single-
center study, a small number of participants, heterogeneity
of the study group, and lack of association with the key
prognostic molecular markers commonly tested and used
along with cytogenetics for AML risk stratification, includ-
ing FLT3, NPM1, CEBPA, TP53, etc. and no longer
follow-up period, which may be inadequate to determine
and explain potentially unique influences on treatment
outcomes. Despite these limitations, our study tried to
propose a cutoff value for LEF-1 which requires further
studies to establish its usage in risk classifications of AML.
LEF-1 confers a promising target for therapy as small mol-
ecule Wnt pathway inhibitors were found to be cytotoxic
for AML blasts [31].
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