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Background:- Lymphoid enhancer-binding factor 1 (LEF1) is a downstream 

effector of the Wnt/β-catenin signaling pathway, which controls cell growth 

and differentiation. Dysregulation of LEF1 expression may result in several 

disease patterns and hematological malignancies, as the Wnt signaling plays 

a pivotal role in development and cancerogenesis.  

 

Patients and methods:- We  investigated the influence of LEF1 expression 

in 72 adults with cytogenetically normal acute myeloid leukemia (CN-AML) 

patients together with 30 healthy controls using a Real-Time Quantitative 

Reverse-Transcriptase Polymerase Chain Reaction (RTQ-PCR) to assess the 

possible relation, association or correlation between LEF1 expression and 

CN-AML clinical and laboratory features at diagnosis and follow up.  

 

Results:- We found that both the expression rate and expression level of 

LEF-1 gene were significantly higher in AML patients than in controls 

(p=˂0.001). LEF-1 
high 

 expressors had significantly lower WBCs and BM 

blasts compared to LEF-1 
Low

 expressors, the difference was statistically 

significant  (p=0.03, 0.02) respectively. Hepatosplenomegaly was more 

encountered in LEF-1 
Low

 expressors compared to LEF-1 
high 

expressors 

(p=0.05). LEF-1 
high 

 expressors were associated with favorable treatment 

outcomes as they were  associated with significantly better overall survival 

(p=0.001),  disease-free survival ( p=0.04), and event-free survival ( 

p=0.008). Complete remission (CR) were more achieved in  LEF-1 
high

 

expressors  than LEF-1 
Low

 expressors; yet the difference was not statistically 

significant (p=0.1). 

 

Conclusion:- Our study has shown that LEF1 is a favorable prognostic 

factor in CN-AML. It could therefore be useful to improve risk stratification 

and to develop better treatment strategies and suggest the need of alternative 

regimens. 

 

                    
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:- 
The karyotype of acute myeloid leukemia (AML) assessed at diagnosis is generally recognized as the single most 

valuable prognostic factor in AML. However, using conventional cytogenetic techniques, karyotype abnormalities 

are detected in only half of all AML cases. The other half is commonly described as normal-karyotype AML 

(Cytogenetically normal AML (CN-AML) (Bienz et al., 2005). Such patients usually fall into intermediate-risk 

cytogenetics, but show obviously heterogeneous prognosis clinically. Mutations and gene expression signatures 
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have been used to distinguish and identify different prognostic subgroups (Mrozek et al., 2007). Mutations of 

NPM1 (Falini et al., 2005) and CEBPA (Frohling et al., 2004) are associated with favorable outcome, whereas 

mutations of FLT3-ITD (Kiyoi et al., 1999) and WT1 (Becker et al., 2010) supply indication for adverse prognosis. 

Also, low expression of BAALC and ERG (Schwind et al., 2010), have shown to be favorable prognostic factors. 

Because of the sizeable proportion of patients that failed to existing therapies and high relapse rate, identification of 

new diagnostic and prognostic biomarkers is valuable for finding novel targets and developing novel therapies 

(Jinlong et al., 2015).  

 

In recent years, a number of researches have indicated that the pathogenesis of AML involves the abnormal 

activation of Wingless-type (Wnt)  signaling pathway that has crucial roles in extensive cellular processes in 

differentiation and proliferation as well as hematopoietic cell growth and fate (Widelitz 2005 and Kirstetter et al., 

2006). Aberrant Wnt signaling can lead to expansion of leukemic stem cells in  myeloid and lymphoid neoplasias 

(Qiang et al., 2003 and Ysebaert et al., 2006). Wnts regulate multiple signaling pathways through both canonical 

mechanism (β-catenin dependent) and non-canonical mechanism (β-catenin indepedent) (Anastas & Moon 2013).   

 

Lymphoid enhancer-binding factor 1 (LEF1) is a member of the LEF1/T-cell factor (TCF) family of transcription 

factors (Spaulding et al., 2007). LEF-1 is a downstream effector of the Wnt/ β -catenin signaling pathway and was 

originally identified as a lymphoid-specific DNA binding protein (Reya & Clevers 2005).It mediates Wnt signals 

through recruiting β -catenin and its co-activators to Wnt response elements of target genes, and plays crucial roles 

during development, including normal hematopoiesis (Arce et al., 2006). During canonical Wnt signaling, 

LEF1/TCF proteins directly interact with β-catenin to induce expression of target genes, including the cell-cycle 

regulators cyclin D1 and c-myc.1 In addition, LEF1 has roles in normal hematopoiesis and leukemogenesis that are 

independent of its involvement in Wnt signaling (Skokowa et al., 2006 and Spaulding et al., 2007). 

 

Dysregulation of LEF1 expression may result in a number of diseases such as cancer, where overactive Wnt 

signaling drives LEF1/the T-cell factor (TCF) family of transcription factors to transform cells (Arce et al., 

2006).Increased expression of LEF1 affects normal expression of cell cycle and growth-promoting genes, such as 

Cyclin D1 and c-MYC and disturbs differentiation in hematopoiesis (Petropoulos et al., 2008).Aberrant expression 

of LEF1 has been reported to be involved in solid cancers and leukemia as  CLL (Liu et al., 2012), ALL (Jia et al., 

2015 & Guo et al., 2015) and AML (Metzeler et al., 2012); and LEF1 is required for the growth of leukemia cells 

(Zhou et al., 2011). The increase of LEF1 mRNA and Wnt target gene c-MYC was also shown in the blast phase 

(BP) of chronic myeloid leukemia (CML) (Jamieson et al., 2004)..These reports indicate that LEF1 has an 

oncogenic effect by promoting cell proliferation through regulation of target gene expression (Guo et al., 2015).  

 

To our knowledge, the LEF-1 gene has never been studied in Egyptian AML patients. Thus, this study was done to 

investigate the expression level of Lymphoid Enhancer-Binding Factor 1 (LEF-1) gene in cytogenetically normal 

acute myeloid leukemia (CN-AML) patients with a specific aim of determining gene relation to clinical features and 

laboratory findings at diagnosis and its impact on the response to therapy. 

 

Patients and methods:- 
Patients:- The current study was conducted on 72 de novo adult patients with cytogenetically normal Acute 

Myeloid Leukemia (CN-AML).Thirty age and sex matched healthy unrelated individuals were served as a control 

group. Both patients and controls were recruited from the National Cancer Institute (NCI), Cairo University and 

Beni Suef University Hospital. Data confidentiality was preserved according to the Revised Helsinki Declaration 

of Bioethics (2008). Informed consent was obtained from all the patients who agreed and participated in this study. 

Follow up of patients was carried out for three years. 

 

Patients were subjected to full clinical examination , CT chest, CT abdomen and pelvis to assess lung, liver, spleen, 

lymph nodes and kidneys for possible pathological alterations, echo cardiology to assess cardiac condition, in 

addition to routine laboratory investigations as complete blood picture (CBC) , liver and kidney functions, serum 

uric acid, LDH and coagulation profile. 

 

Diagnosis of AML was made based on (1) morphologic findings from Giemsa-stained smears of bone marrow (BM) 

aspirates, (2) cytochemical stains criteria such as positivity of myeloperoxidase (MPO) and Sudan black B (SBB), 

and (3) immunophenotyping (IPT) criteria as positivity of CD13 and CD33 by flowcytometry.  
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Cytogenetic analysis of BM samples of AML patients was performed using the conventional cytogenetic analysis. 

To be considered cytogenetically normal, at least 20 metaphase cells were analyzed and the karyotype found to be 

normal in each case.                            

 

AML patients were 33 males (45.8%) and 39 (54.2%) females with a mean age of 38.2±12.8 (18-64) years. As for 

the controls; they were 16 (53.3%) males and 14 females (46.7%), with mean age of 36.0±14.6 (18-60) years.   

 

AML patients were classified according to the French-American-British [FAB] classification into: 8 (11.1%) M0, 21 

(29.2%) M1, 26 (36.1%) M2, 11 (15.3%) M4, 4 (5.6%) M5 and 2 cases (2.8%) M6.  

 

Therapy:-Patients were treated according to the standard AML protocol of the NCI (El-Zawahry et al., 2007). All 

patients received the 3 and 7 protocols which consisted of adriamycin 30 mg/m
2
 for 3 days and ARAC 

100 mg/m
2
 by continuous infusion for 7 days.  

 

Methods:- Lymphoid enhancer Binding Factor-1 (LEF-1) gene expression was analyzed using a real time 

quantitative reverse transcription polymerase chain reaction (RTQ-PCR) in all patient samples in comparison with 

normal healthy controls to investigate a possible relation, association, or correlation with the clinical features of 

AML patients at diagnosis, such as age, gender, hemoglobin(HB), total leucocytic count(TLC), platelets count, bone 

marrow blast, cell infiltration and FAB classification. Patients' samples were taken prior to treatment.  Follow up of 

patients was carried out for three years to study any possible association between (LEF-1) gene expression and the 

response of patients to therapy. 

 

RNA isolation and real-time quantitative RT-PCR:- 

Mononuclear cells (MNCs) were isolated from 2ml BM aspirate or peripheral blood at diagnosis by Ficoll density 

gradient centrifugation. Total RNA was extracted from MNCs using a QIAamp® RNA Blood Mini Kits (Catalog 

No. 52304)  (Qiagen, Germany). 

 

Complementary DNA (cDNA) was synthesized using (dt) 15-mer primer by superscript III Reverse transcriptase 

using High-Capacity cDNA Archive Kit. Applied Biosystems (Part Number: 4322171) and stored at -20°C till 

use. 

 

The mRNA expression levels of the LEF-1  gene and its housekeeping gene glyceraldehyde -3-phosphate 

dehydrogenase (GAPDH)  were measured by quantitative RT-PCR using an ABI PRISM 7000 Sequence Detector 

System (Applied Biosystems, Foster City, CA). The quantitative RT-PCR amplification was performed using the 

pre-developed Assays-on –demand Gene Expression Set for LEF-1  (Assay ID: Hs01547250_m1, Catalog no. 

4331182,Applied Biosystems)  and TaqMan GAPDH control reagents (Applied Biosystems, TaqMan GAPDH 

control reagents (human) part no.402869) for the GAPDH  gene in combination with the TaqMan Universal PCR 

Master Mix (Catalog no.  4440043, Applied Biosystems). 

 

Comparative real-time RT-PCR assays were performed for each sample in duplicate in a final reaction volume of 25 

ul. GAPDH and LEF-1  were amplified in the same tube using 5ul cDNA, 12.5 ul universal master mix, 1.25 ul 

LEF-1 gene readymade primer and probe , 1.25 ul GAPDH gene readymade primer and probe , together with 5uL 

distilled water (DW).  

 

Amplification was carried out at 50°C for 2 minutes, 95°C for 10 minutes, followed by 40 PCR cycles at 95°C for 

15 seconds, and 60°C for 1 minute. All reactions were done using an ABI PRISM 7000 Sequence Detection 

Software (Applied Biosystems) and Applied Biosystem Step One 
TM  

Instrument (USA).  

The expression levels of LEF-1 gene in tested samples were expressed in the form of CT (cycle threshold) level then 

Normalized copy number (Relative quantitation) was calculated using the Δ Δ CT equation, Relative 

Quantification(RQ) =2 
-∆∆CT

. A negative control without template was included in each experiment. 

 

Statistical Analysis:- 
LEF-1 gene expression was dichotomized at its median (27.0) with patients classified as low LEF-1  if they had 

expression values within the lower 50% and as high LEF-1 if they had LEF-1 expression values within the upper 

50%. 
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Remission status was assessed after completion of induction chemotherapy. Complete remission (CR) was defined 

as follows: granulocyte count of at least 1.5x10
9
/L, platelet count of at least 100x10

9
/L, no PB blasts, BM cellularity 

of at least 20% with maturation of all cell lines and less than 5% blasts, and no extramedullary leukemia. Relapse 

was defined as reappearance of PB blasts, more than 5% blasts in BM, or appearance of extramedullary 

manifestations after CR was achieved.  

 

Overall survival (OS)  was measured from the protocol on-study date until the date of death regardless of cause, 

censoring for patients alive at last follow-up. Event-free survival (EFS)  was defined for those achieving CR as the 

time from on-study until relapse or death regardless of cause, censoring for those alive at last follow-up. If a patient 

did not achieve CR but expired within 2 months of the on-study date, then EFS was defined as the time from on-

study until death, regardless of cause. Disease-free survival (DFS) was defined only for those patients achieving a 

CR.  It was measured from the CR date until date of relapse or death, regardless of cause, censoring for patients 

alive at last follow-up (Kühnl et al., 2011). 

 

Statistical Methods:- 
Data were analyzed using IBM SPSS advanced statistics version 20 (SPSS Inc., Chicago, IL). Numerical data were 

expressed as mean and standard deviation or median and range as appropriate. Qualitative data were expressed as 

frequency and percentage. Chi-square test was used to examine the relation between qualitative variables. For 

quantitative data, comparison between two groups was done using Mann-Whitney test (non-parametric t-test). 

Pearson product-moment was used to estimate correlation between numerical variables. Survival analysis was done 

using Kaplan-Meier method and comparison between two survival curves was done using log-rank test. Multivariate 

analysis was done using Cox-regression method for the significant factors affecting survival on univariate analysis. 

Odds ratio (OR) and hazard ratio (HR) with it 95% confidence interval (CI) were used for risk estimation. All tests 

were two-tailed. A p-value < 0.05 was considered significant (Dawson & Trapp 2001).   

 

Results:- 
The present study included 72 patients with cytogenetically normal Acute Myeloid Leukemia (CN-AML), together 

with 30 healthy unrelated controls. 

 

The LEF-1 gene was expressed in all 72/72 (100%) CN-AML patients while it was expressed in only 20/30 (66.7%) 

of controls.  The mean expression level of LEF-1 in the AML patients was 45.87±64.69 (range 2.62 -365.19), while 

it was 0.001±0.002 (range 0.000-0.009) in controls. Both expression rates and expression levels of LEF-1 gene were 

significantly higher in AML patients than in normal controls (p˂0.001). 

Characteristics of AML patients are shown in Table 1. 

 

Table (2) represents follow up of AML patients 

 

LEF-1 expression in relation to clinical and laboratory parameters (Table 3): 

According to LEF-1 median expression (27.0); patients with values above this median were classified as high LEF-1 

(36 patients), while those with values below this median were classified as low LEF-1 (36 patients). Patients with 

LEF-1 
high 

were 16 (48.5%) male and 20 (51.3%) female with a mean age of 37.6±13.8 (18-64) years, while they 

were 17 (51.5%) male and 19 (48.7%) female with a mean age of 38.8±11.9 (18-62) years in LEF-1 
Low

. No 

statistically significant differences was found  between LEF-1 
high 

 and LEF-1 
Low

  expression patients as regards  

gender and age (p= 0.8, 0.5) respectively. 

There was a  statistically significant differences between LEF-1 
high 

 and LEF-1 
Low

  patients as regards  white blood 

cells (WBCs) (p=0.03), patients with LEF-1 
high 

 expression had significantly lower TLC  (43.2±46.1) compared to 

LEF-1 
Low

 (98.0±108.4) patients.   

 

Patients with LEF-1 
high 

 expression showed lower BM blasts (60.2±24.4)  than LEF-1 
Low

 patients (72.7±24.3), the 

difference was statistically significant (p=0.02). Hepatosplenomegaly was more encountered in LEF-1 
Low

 patients, 

it was17 (65.4%) in  LEF-1 
Low

 expressors compared to 9 (34.6%) in LEF-1 
high 

expressors, the difference was 

statistically significant (p=0.05). 

  

There was no statistically significant differences between LEF-1 
high 

 and LEF-1 
Low

  patients as regards  hemoglobin, 

platelets count or LNs enlargement (p >0.05). 
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Impact of LEF-1 Gene Expression on Follow up of   AML patients (High versus Low LEF-1) (Table 4):   

Although patients who achieved complete remission (CR) were more encountered in LEF-1 
high 

 expression patients 

(54.5% vs 45.5% in LEF-1 
Low

 patients) and    patients who did not achieve CR were more in  LEF-1 
Low

 expressors 

(64.7% vs 35.3% in LEF-1 
high 

expressors), yet the difference did not reach statistical significance (p=0.1). 

 

LEF1
 high

 expression associates with favorable OS, DFS, and EFS (Table 4), (Fig 2,3,4):   

LEF-1 
high 

expression levels  were associated with favorable treatment outcomes as they had better overall survival 

(OS),cumulative survival at 3 years was 87.5% in LEF-1 
high

 compared to only 47.5% in LEF-1 
Low

 patients, the 

difference was statistically significant (p=0.001). Hazards ratio was 0.19 (95% CI:0.06-0.57) which means that high 

level of LEF-1 gene is 81% protective against the hazard of death.  

 

Also disease free survival (DFS) were more achieved in LEF-1 
high

 than LEF-1 
Low

 patients, cumulative survival at 3 

years for DFS was 68.3% in LEF-1 
high

 vs  50.2% in LEF-1 
Low

 patients, the difference was statistically significant 

(p=0.04). Hazards ratio was 0.41 (95% CI:0.16-1.02) which  means that high level of LEF-1 gene is 59% protective 

against the hazard of relapse and/or death. 

 

As for event free survival (EFS), it was longer in LEF-1 
high

 patients;  cumulative survival at 3 years was 64.3% in 

LEF-1 
high

 vs  only 35% in LEF-1 
Low

 patients, the difference was statistically significant (p=0.008). Hazards ratio 

was  0.41 (95% CI:0.21-0.81) which  means that high level of LEF-1 gene is 59% protective against the hazard of 

not achieving CR, relapse and/or death. 

 

Multivariable analyses shows that LEF1 expression associates with favorable OS, DFS, and EFS:- 

We performed multivariable analyses to determine the prognostic significance of LEF1 expression after adjusting 

for the impact of other known risk factors. LEF1 gene  was the only independent factor affecting significantly the 

overall survival (p=0.005) HR 0.20 (95% CI:0.068-0.620). LEF-1 is protective since HR<1,  high LEF-1 gene is 

80%  protective against hazards of death. As for DFS;  LEF1 gene  was again the only independent factor affecting 

significantly  DFS (p=0.04) HR 0.28 (95% CI:0.080-0.977). High LEF-1 gene is 72%  protective against hazards of 

relapse and/or death. Again, in EFS; LEF1 gene  was the only independent factor affecting significantly  EFS 

(p=0.002) HR 0.33 (95% CI:0.169-0.682). High LEF-1 gene is 67%  protective against hazards of not achieving 

CR, relapse and/or death. 

 

Impact of LEF-1 Gene Expression on Follow up of all 72 AML patients (Table 5):-   

We used Cox Regression to determine Hazard Ratio. Age was an important risk factor for follow up of patients; as 

patients< 50 years had longer OS (p=0.02) HR 2.65 (95% CI:1.11-6.31), longer DFS (p=0.01) HR 3.13 (95% 

CI:1.27-7.69) and longer EFS (p=0.01) HR 2.39 (95% CI:1.22-4.68) than older patients >50 years. 

Hepatosplenomegaly was also an important risk factor for follow up of patients; patients without HSM  had longer 

OS (p<0.001) HR 8.50 (95% CI:3.05-23.64), longer DFS (p=0.001) HR 4.37 (95% CI:1.80-10.57) and longer EFS 

(p<0.001) HR 5.0 (95% CI:2.59-9.90) than patients with HSM. 

 

Patients with lower WBCs had longer OS (p=0.004) HR 1.0 (95% CI:1.002-1.009), longer DFS (p<0.001) HR 1.0 

(95% CI:1.00-1.01) and longer EFS (p<0.001) HR 1.0 (95% CI:1.0-1.0) than higher WBCs patients. Also patients 

with lower BM blasts had longer OS (p=0.02) HR 1.04 (95% CI:1.00-1.08), longer DFS (p=0.04) HR 1.02(95% 

CI:1.00-1.04) and longer EFS (p=0.002) HR 1.04 (95% CI:1.01-1.07) than higher BM blasts patients. So when 

using cox regression age, HSM, WBCs & BM blasts were important risk factors for follow up of patients. 
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Table 1: Characteristics of  AML patients 

Value Characteristic 

45.87±64.69 (2.62 -365.19)* LEF-1 expression 

 

33(45.8%) 

39(54.2%) 

 

 

Gender: No (%) 

Male 

Female 

38.2±12.8  (18-64) 

37.5 
Age at diagnosis: (years) 

Median 

70.6 ± 87.2 (0.9-365.7) 

42.5 
White blood cells x10

9
/L 

Median 

8.1 ± 1.9(2.7-12) 

8.3 
Hemoglobin gm/dl 

Median 

66.9 ± 65.2 (8-360) 

46.5 
Platelets x10

9
/L 

Median 

66.5 ± 24.2(13-100) 

74.5 
Bone Marrow blasts 
 Median 

 26 cases (36.1%) Hepatosplenomegaly (%) 

9 cases(12.5%) LN enlargement (%)   

 

8 (11.1%) 

21(29.2 %) 

26 (36.1 %) 

11 (15.3 %) 

4 (5.6 %) 

2 (2.8 %) 

 

FAB classification: 

M0: No (%) 

M1: No (%) 

M2: No (%) 

M4: No (%) 

M5: No (%) 

M6: No (%) 

 *Mean ± SD (range)    FAB classification: French American British classification 

       

Table 2: Follow up of all AML patients  

Value Characteristic 

26.2±14(2-47.3) * 

31.2 
Follow up time( months) 

Median 

21.3±15.6(0-46.4) 

22.6 
Disease Free Survival time (DFS)(months) 

Median 

55 (76.4%) 

17 (23.6%) 
Complete Remission (CR): No (%) 

No CR: No (%)     

 

51 (70.8%) 

21 (29.2%) 

68.1% 

Overall Survival (OS):  

Alive: No (%) 

Dead: No (%) 

Cumulative survival at 3 years: % 

 

35 (63.6%) 

20 (36.4%) 

59.2% 

Disease Free Survival (DFS):  of the 55 CR patients: 

CR: No (%) 

Relapse or Death: No (%) 

Cumulative survival at 3 years: % 

 

35 (48.6%) 

37 (51.4%) 

49.1% 

Event Free Survival (EFS): 

CR: No (%) 

No CR, Relapse or Death: No (%) 

Cumulative survival at 3 years: % 

*Mean ± SD (range)                                                     
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Table 3: Comparison between AML patients with High and Low LEF-1 expression. 

P value Low LEF-1  High  LEF-1 Characteristic 

 36(50%) 36(50%) Number (%) 

 

<0.001 

14.5±6.6 ( 2.6-26.5)  

13.7 

77.3±80.1(27-365.2)* 

46.3 
 LEF-1 expression 

Median 

 

0.8 

 

17(51.5%) 

19 (48.7%) 

 

16 (48.5%) 

20 (51.3%) 

Gender: No (%) 

Male 

Female 

           

0.5 

38.8±11.9 ( 18-62 ) 

38.0 

37.6±13.8( 18-64) 

36.5 
Age(years) 

Median 

 

 
 

0.03 

98.0±108.4( 2.4-365.7) 

54.7 

 

 

43.2±46.1( 0.9-210) 

24.4 

 

White blood cells x10
9
/L 

Median 

  

0.5 

7.9±2.0 (2.7-12) 

8.4 

8.3±1.8 ( 3.6-11) 

8.2 
Hemoglobin gm/dl 

Median 

 

0.5 

60.7±55.4 ( 8-250) 

42.5 

73.1±73.9 ( 9-360) 

53.0 

Platelets x 10
9
/L 

Median 

0.02 
 

72.7±24.3( 21`-100) 

80.5 

60.2±24.4 ( 13-100) 

61.0 
Bone Marrow blasts 
 Median 

0.05  17 (65.4%) 9 (34.6%) Hepatosplenomegaly (%) 26 cases 

1.00 5 (55.6%) 4 (44.4%) LN enlargement (%)  9 cases   

  

4 (50%) 

9(42.9 %) 

13 (50 %) 

7 (63.6 %) 

2 (50 %) 

1 (50 %) 

 

4 (50%) 

12(57.1 %) 

13 (50 %) 

4 (36.4 %) 

2 (50 %) 

1 (50 %) 

FAB classification: 

M0: No (%) 8 cases 

M1: No (%) 21 cases 

M2: No (%) 26 cases 

M4: No (%) 11 cases 

M5: No (%) 4 cases 

M6: No (%) 2 cases 

*Mean ± SD (range)    

 FAB classification: French American British classification 

Bold values are statistically significant 

P<0.05 Sig;                                  P<0.001 HS;                            P>0.05 NS. 
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Table (4): Impact of LEF-1 Gene Expression on Follow up of   AML patients (High versus Low LEF-1) 

CI: Confidence interval 

Bold values are statistically significant 

P<0.05 Sig;                                  P<0.001 HS;                            P>0.05 NS. 

 

 

Table (5): Impact of LEF-1 Gene Expression on Follow up of  all  72    AML patients 

Event Free Survival (EFS) Disease Free Survival (DFS) Overall Survival (OS) Parameters 

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value  

 

 

1.22-4.68 

 

 

2.39 

 

 

0.01 

 

 

1.27-7.69 

 

 

3.13 

 

 

0.01 

 

 

1.11-6.31 

 

 

2.65 

 

 

0.02 

Age: 

<50 years 

versus  

>50 years:  

 

0.56-2.06 

 

1.08 

 

0.8 

 

0.26-1.67 

 

0.66 

 

0.3 

 

0.33-1.96 

 

0.81 

 

0.6 
Gender: 

Male versus 

Female:  

 

2.59-9.90 

 

5.0 

 

<0.001 

 

1.80-10.57 

 

4.37 

 

0.001 

 

3.05-23.64 

 

8.50 

 

<0.001 

HSM: 

Yes versus No: 

 

1.00-1.00 

 

1.00 

 

<0.001 

 

1.00-1.01 

 

1.00 

 

<0.001 

  

1.002-1.009 

 

1.00 

 

0.004 

White blood 

cells 

0.81-1.13 0.96 0.6 0.79-1.23 0.99 0.9 0.70-1.06 0.86 0.1 Haemoglobin 

0.98-1.00 0.99 0.1 0.98-1.00 0.99 0.3 0.98-1.00 0.99 0.2 Platelets count 

1.01-1.07 1.04 0.002 1.00-1.04 1.02 0.04 1.00-1.08 1.04 0.02 BM blasts 

CI: Confidence interval 

Bold values are statistically significant 

P<0.05 Sig;                                  P<0.001 HS;                            P>0.05 NS. 

 

 

 

 

 

 

 

 

 

Hazard Ratio  

(95% CI) 

 

P value 

 

 

Low LEF-1  

36 cases (50%) 

High  LEF-1  

36 cases 

 (50%) 

Characteristic 

 

0.45(0.14-1.40) 

 

0.1 

25 (45.5%) 

11 (64.7%) 

30 (54.5%) 

6 (35.3%) 
Complete Remission (CR): No (%) 

No Complete Remission: No (%) 

 

 

0.19(0.06-0.57) 

 

 

 

 

 

0.001 

 

20 (55.6%) 

16 (44.4%) 

 

31 (86.1%) 

5 (13.9%) 

Overall Survival (OS)  

Alive: (51 cases)No (%) 

Dead: (21 cases) No (%) 

47.5% 87.5%  OS:   Cumulative survival at 3 years: % 

 

 

0.41 (0.16-1.02) 

 

 

 

 

 

0.04 

 

 

 

 

13(52%) 

12(48%) 

 

 

22 (73.3%) 

8 (26.7%) 

Disease Free Survival (DFS): of the 55 CR 

patients 

CR: 35 cases:  No (%) 

Relapse or Death: 20 cases:  No (%) 

50.2% 68.3% DFS:   Cumulative survival at 3 years: % 

 

0.41(0.21-0.81) 

 

 

 

 

0.008 

 

13(36.1%) 

23(63.9%) 

 

22(61.1%) 

14(38.9%) 

Event Free Survival (EFS): 

CR: 35 cases: No (%) 

No CR, Relapse or Death: 37 cases: No (%) 

35% 64.3% EFS:   Cumulative survival at 3 years: % 
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Fig 1: Curves showing LEF-1 gene and GAPDH expressions in AML cases and controls by Realtime Relative 

Quantitative PCR (RT-PCR). 
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Fig 2: Impact of LEF-1 gene on Overall Survival (OS) (High vs Low). 
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 Fig 3: Impact of LEF-1 gene on Disease Free Survival (DFS) (High vs Low). 
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Fig 4: Impact of LEF-1 gene on Event Free Survival (EFS) (High vs Low). 
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Discussion:- 
The identification of prognostic markers in  AML, particularly in cytogenetically normal (CN) patients, is important 

for the development  of new molecular therapies and might also allow to improve risk-adapted treatment 

stratification for these patients (Kühnl et al., 2011). 

 

Lymphoid enhancer-binding factor 1 (LEF1) is a downstream effector of the Wnt/β-catenin signaling pathway, 

which controls cell growth and differentiation (Reya & Clevers 2005). Dysregulation of LEF1 expression may 

result in several disease patterns, as the Wnt signaling plays a pivotal role in development and cancerogenesis and 

also controls self-renewal, proliferation and differentiation of many types of stem cells (Holland et al., 2013).  

  
In normal hematopoiesis, LEF1 plays a crucial role in the development of B- and T-lymphocytes as well as 

neutrophilic granulocytes (Skokowa et al., 2006).In different hematologic malignancies, including lymphomas, 

(Spaulding et al., 2007 and Gelebart et al., 2008), CLL (Liu et al., 2012), ALL (Jia et al., 2015 & Guo et al., 

2015) and AML (Metzeler et al., 2012); LEF1 was found to be highly expressed.  

 

From this context, this study was done to investigate the possible relationship between LEF-1 gene expression and 

CN-AML patients with a specific aim of determining gene relation to clinical features and laboratory findings at 

diagnosis and its impact on the response to therapy in a case–control study conducted on a cohort of Egyptian AML 

patients. 

 

The expression of LEF-1 mRNA was analyzed in 72 CN-AML patients together with 30 healthy unrelated controls. 

We found that both the expression rates and expression levels of LEF-1 were significantly higher in AML patients 

than in controls (p=˂0.001). These findings were in accordance with previous studies (Metzeler et al., (2012) and 

Fu et al., 2014). 

       

These findings can be explained by the fact that the Wnt signaling pathway is a critical regulator of stem cell 

function in healthy tissues and cancer, including acute myeloid leukemia (AML). Studies in humans and mice have 

demonstrated that the Wnt pathway is essential for maintenance, activation, and proliferation of normal 

hematopoietic stem cells (Reya & Clevers 2005).  

 

Given the pivotal role of LEF-1 in normal hematopoiesis, it is not surprising that its dysregulation is associated with 

certain kinds of hematologic malignancies. Animals transplanted with bone marrow cells expressing LEF1 presented 

a severe disturbance of normal hematopoietic differentiation and finally developed B lymphoblastic leukemia and 

AML, indicating the critical function of balanced LEF1 expression for an ordered hematopoietic development 

(Petropoulos et al., 2008).  
 

Aberrant LEF1 signaling could lead to increased growth and proliferation of myeloid progenitor cells through up-

regulation of its target genes such as c-myc and cyclin D1 (M ü ller-Tidow et al., 2004). 

 

Therefore, constitutive expression of LEF-1 in early hematopoietic progenitor cells might result in a shift toward the 

myeloid lineage. This important role of LEF-1 in myeloid development is supported by Petropoulos et al., (2008) 

findings showing expression in early and myeloid hematopoietic cells in mice and Fu et al., (2014) whose data 

indicates that dysregulation of LEF1 may contribute to the pathophysiology of AML.  

 

LEF-1  was classified according to its median expression (27.0) into high and low LEF-1  expressors; a similar 

approach was adapted by several studies (Metzeler et al., 2012, Fu et al., 2014 Albano et al., 2014 and Jia et al., 

2015).  

 

In the current study, patients with high LEF1 expression had lower pretreatment WBCs than patients with low LEF-

1 expression, the difference was statistically significant  (p=0.03). Our results are in accordance with Metzeler et 

al., (2012) who also found lower WBCs count in LEF-1 
high 

 compared to  LEF-1 
Low

  patients when studied 210 CN-

AML patients and with Albano et al., (2014) who studied LEF-1 expression in 78 adult acute promyelocytic 

leukemia (APL) patients.  

 

In this  study, patients with LEF-1 
high 

 expression showed lower BM blasts percentages than LEF-1 
Low

 patients, the 

difference was statistically significant (p=0.02). This finding are in accordance with Metzeler et al., (2012).  
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These findings could be explained by previous studies that found that apart from its involvement in Wnt signaling, 

LEF1 is also involved in multiple other cellular pathways (Spaulding et al., 2007 and  Skokowa &  Welte 

2007).LEF1 is a crucial transcription factor in neutrophilic granulopoiesis. LEF1 expression is low or absent in 

patients with severe congenital neutropenia, leading to downregulation of CEBPA and to a block of neutrophilic 

differentiation (Skokowa &  Welte 2007). Thus, low LEF1 expression may also contribute to the differentiation 

block in MDS and AML blasts, as reflected by the higher WBC and blast percentages in LEF1low CN-AML and 

MDS (Pellagatti et al., 2009). 

 

In the current study, hepatosplenomegaly was more encountered in LEF-1 
Low

 patients compared to LEF-1 
high 

expressors, the difference was statistically significant (p=0.05). This may be due to disease progression in LEF-1 

low patients and lower treatment outcome compared to LEF-1 high patients. The only known  previous two studies 

in AML Metzeler et al.  (2012) and Fu et al., (2014) didn't report if there was a difference or not.  

 

We did not find any statistically significant differences between patients with high and low LEF-1 expression as 

regards other patients parameters as age, gender, hemoglobin, platelets, or LN enlargement. This is in agreement 

with previous studies (Metzeler et al.  2012 and Fu et al., 2014) except for platelets count in which Metzeler et al., 

(2012) found higher platelet counts in LEF-1 
high  

patients compared to  LEF1low patients (p=0.04). 

 

When response to treatment was considered, high LEF1 expression levels were associated with favorable treatment 

outcomes. Complete remission (CR) were more achieved in  LEF-1 
high

 expressors  compared to  LEF-1 
Low

 

expressors; yet the difference was not statistically significant (p=0.1). These findings were in agreement with 

Metzeler et al., (2012) and Fu et al., (2014) of the association of   LEF-1 
high

 expressors  with better achievement of  

complete remission, but contrary to our results, they found it statistically significant (p=0.03) in both studies. This 

may be due to our small sample size (72 AML patients) compared  to 210 in Metzeler et al., (2012) and 101 in Fu 

et al., (2014). 

 

LEF-1 
high 

expressors were associated with longer overall survival (OS) than LEF-1 
Low

  expressors (p=0.03), HR<1 

which means that LEF-1
 high 

expressors are highly  protective against hazards of death.  Our results agree with  the 

previous two studies in AML (Metzeler et al.  2012 and Fu et al., 2014) and that's of APL also Albano et al., 

(2014).  

 

Also disease free survival (DFS) were more achieved in LEF-1 
high

 than LEF-1 
Low

 patients, the difference was 

statistically significant (p=0.05) and again HR<1. In Metzeler et al., (2012) and Fu et al., (2014) studies; LEF-1 
high

 

expressors had longer relapse free survival (RFS) than LEF-1 
Low

 patients, 

 

In the current study, LEF-1 
high

 expressors had also longer event free survival (EFS) than LEF-1 
Low

 expressors,  the 

difference was statistically significant (p=0.01) and HR<1. Again, these findings were in agreement with Metzeler 

et al., (2012)], but  Fu et al., (2014) didn’t study EFS in their patients.  

 

LEF1 gene  was a strong independent favorable prognostic factor affecting significantly the OS (p=0.005), DFS 

(p=0.04) and EFS (p=0.002) in multivariable analyses. Our findings were in agreement with Metzeler et al., (2012). 

 

The mechanisms underlying the association between high LEF1expression and favorable treatment outcomes are 

unclear. However, our results are of particular interest because LEF1 is an important downstream effector of Wnt 

signaling, a pathway that is required for self-renewal of normal hematopoietic and leukemic stem cells (Wang et al., 

2010). Leukemogenic fusion genes and gene mutations can induce Wnt signaling in AML, aberrant activation of the 

Wnt effector  β-catenin has been detected in primary AML samples, and small-molecule Wnt pathway inhibitors are 

cytotoxic for AML blasts (Minke et al., 2009).  Previous studies  showed that over expression of LEF-1 in murine 

BM leads to disturbed hematopoiesis and, ultimately, to the development of myeloid and lymphoid leukemias 

(Petropoulos et al., 2008). Interestingly, the myeloid leukemias arising in this model originated from a leukemic 

stem cell with lymphoid characteristics and showed coexpression of lymphoid markers. Metzeler et al., (2012) 

analyzed genome-wide gene expression profiles to identify biologic pathways that are associated with LEF1 

expression in CN-AML. In line with previous observations in mice, LEF1high patients also showed up-regulation of 

gene sets related to T-lymphoid differentiation. On the other hand, gene sets related to cell proliferation, DNA 

replication, and DNA repair were down regulated in LEF1high patients, which might contribute to their favorable 

outcomes (Metzeler et al.  2012).  
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However, there were some limitations to our study, as small patients sample size. Also due to financial limitations, 

we could not correlate LEF-1 gene  with other prognostic genes in CN-AML as mutations of NPM1, and CEBPA, 

FLT3-ITD or WT1.Therefore, these results must be verified by further studies with larger patient populations . It 

will also be interesting to investigate its relation with other known prognostic genes in CN-AML  

 

Conclusion:- 
Our study has shown that LEF1 is a favorable prognostic factor in CN-AML. High LEF1 expression is associated 

with favorable prognosis and better treatment outcome. LEF1 might be involved in the process of disease 

progression, and possibly can serve as a molecular parameter for risk assessment and/or monitoring of treatment in 

AML patients. Thus, molecular assessment of LEF1 at diagnosis may be of value to add to the prognostic work of 

AML patients. 
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