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Abstract 

 
Mutations in the TAL1 (T-cell acute leukemia 1) gene were recently described in 

patients with T-cell acute lymphoblastic leukaemia (T-ALL) and in those with 

lymphoblastic T-cell non-Hodgkin‘s lymphoma (T-NHL). The purpose of this pilot 

study was to assess the prevalence of mutations in TAL1 gene in T-ALL and T-

NHL. DNA samples from 15 unrelated healthy controls, 20 T-ALL patients, and 10 

T-NHL patients were analyzed using DNA-PCR and direct DNA sequencing to 

identify sequence genetic variations in TAL1 gene (exons 2 and 3).  

TAL1 exon 2 mutations were identified in 7.7% adult and 12.5% adolescent T-ALL 

patients analyzed. TAL1 exon 2 mutations were detected in 16.7% of the adult T-

NHL patients analyzed. Sequencing of TAL1 exon 3 showed no sequence variation 

for the T-ALL and T-NHL cancer patients analyzed. No sex difference where 

observed in the incidences of TAL1 exons 2 mutations between T-ALL and T-NHL 

patients with and without TAL1 mutations. TAL1 exon 2 missense and frame-shift 

mutations were present in 44.4% (4/9) and 55.6% (5/9) of T-ALL patients, 

respectively. However, the frame-shift and missense mutations in the T-NHL 

patients accounted for, where respectively, 60% (3/5) and 40% (4/5) of all TAL1 

exon 2 mutations.  

Comparing the clinical features showed that there are no differences in PLT and 

WBC counts as well as the average age between T-ALL and T-NHL patients with 

and without TAL1 mutations. Overall, these findings indicate that TAL1 mutations 

are too rare to be of clinical relevance, and do not seem to be significantly 

associated with the increased T-ALL and T-NHL susceptibility, implying different 

pathways with respect to TAL1 genetic polymorphisms as a risk factor for T-ALL 

and T-NHL at least in this population of Libyans. 
   

Keywords: T-cell acute lymphoblastic leukaemia (T-ALL); T-cell non-Hodgkin‘s 

lymphoma (T-NHL); T-cell acute leukemia 1  (TAL1) gene; mutation; susceptibility. 

 
Accepted for publication: 8/12/2016 



 2 

Amal E. Elarifi, Othman A. El-Ansari and Mohamed A. Al-Griw 

 

 المستخمص
سسT-ALL اتب تتتتتت سب ااتتتتتت سحتتتتتتا نرسسTAL1أتبتتتتتتتتسات ااحتتتتتتنتساتد طفتتتتتت سأرسة تتتتتتة س  تتتتتتااتس تتتتتت س ةافتتتتتت س

 تتتتت س ااتتتتتت سسTAL1ات  تتتتتتااتس تتتتت س ةافتتتتت سسانتشتتتتتناتقطتتتتتط س تتتتت  س.سهتتتتت  تسهتتتتت إسات ااحتتتتت سإتتتتتتت سT-NHLة
T-ALLسةسT-NHLس طنتتتتتتتتت س تتتتتتتتترساتد تتتتتتتتت ساتنتتتتتتتتتةة س55.ستتتتتتتتتت ست  طتتتتتتتتت س تتتتتتتتت  سDNAتتتتتتتتترسأشتتتتتتتتت ن سس 

تدلطتتتتتتتت سات تتتتتتتتن ةسةسسT-NHL طنتتتتتتتتنتس تتتتتتتترس ااتتتتتتتت سس52ةسT-ALL طنتتتتتتتت س تتتتتتتترس ااتتتتتتتت سس02أصتتتتتتتتدن  سة
ة تتتتتتدستتد طتتتتت ساتتاطتتتتتااتساتةاافطتتتتت سسسDNA SequencingسةسسDNA-PCRتقنطتتتتت سسسبنحتتتتتت  ا اتةاافطتتتتت س

س.TAL-1 رس ةاف سس3ةس0  ستتنبعنتسالأكحةرس
 تتتتترسس%50.5 تتتتترساتبتتتتتنتاطرسةس%7.7 تتتتت سس0أةاتتتتتدتسنتتتتتتنراسهتتتتت إسات ااحتتتتت سة تتتتتة س  تتتتتااتس تتتتت سالأكحتتتتتةرس

 تتتتت سدتتتتتةات سس0ة تتتتتة سات  تتتتتااتس تتتتت سالأكحتتتتتةرسسأطاتتتتتن.سأظهتتتتتاتساتنتتتتتتنراسT-ALL ااتتتتت سسات تتتتتااهقطرس تتتتتر
تتتتتت ستظهتتتتتاسنتتتتتتنراسهتتتتت إسات ااحتتتتت سة تتتتتة س  تتتتتااتس تتتتت سس.NHL-T تتتتترساتبتتتتتنتاطرسات صتتتتتنبطرسب تتتتتا سس56.7%

س.سك تتتتتتنستتتتتت ستظهتتتتتتاساتنتتتتتتتنراNHL-TةسسALL-T تتتتتترسن تتتتتيسات ةافتتتتتت س تتتتت سكتتتتتت  س تتتتتترس ااتتتتت سس3الأكحتتتتتةرس
بتتتتتطرسسTAL-1تل ةافتتتتت سس0ة تتتتتة س تتتتتاةيس عنةطتتتتت سبتتتتتطرسات نحتتتتتطرس تتتتترسدطتتتتتثسة تتتتتة س  تتتتتااتس تتتتت سالأكحتتتتتةرس

س0الأكحتتتتتتتتتتةرس.سات  تتتتتتتتتااتسات الة تتتتتتتتتت سسة  تتتتتتتتتتااتسا  ادتتتتتتتتت س تتتتتتتتتت سNHL-Tة ااتتتتتتتتتت سسALL-T ااتتتتتتتتت س
.سشتتتتتتتتكلتسALL-T لتتتتتتتت ساتتتتتتتتتتةات س تتتتتتتت س ااتتتتتتتت سس%55.6ةسس%44.4كننتتتتتتتتتست فتتتتتتتت سسTAL-1تل ةافتتتتتتتت سس

 لتتتتت ساتتتتتتتةات س تتتتترسات  تتتتتااتسس%42ةس%62دتتتتتةات سسNHL-T  تتتتتااتسات الة تتتتت سةا  ادتتتتت س تتتتت س ااتتتتت سات
 عنتتتتتة س تتتتت سأ تتتت ا سكتتتتت  س تتتتترساتصتتتتت نر سسا تتتتت  .سأظهتتتتتاتساتنتتتتتنراساتحتتتتتاطاط س تتتتت  سة تتتتتة س0 تتتت سالأكحتتتتتةرس

-Tة ااتتتتتتت س T-ALLبتتتتتتتطرس ااتتتتتتت سات  ةطتتتتتتت سةسكتتتتتتتااتساتتتتتتتت  ساتبطاتتتتتتتن  س اتتتتتتت  س تتتتتتترس تةحتتتتتتت ساتع تتتتتتتاس

NHL1ت ةاف سس0سالأكحةرأةست طه س  ااتس  سست طه ات طرستطيسسأةتردحةا س ن سس-TAL.س
تطحتتتتتتتس اتسأه طتتتتتت س بطتتتتتت  سة سطبتتتتتت ةسسTAL-1تشتتتتتتطاسنتتتتتتتنراسهتتتتتت إسات ااحتتتتتت سإتتتتتتت سأرسات  تتتتتتااتس تتتتتت س ةافتتتتتت س

 س  تتتتتنسطتتتتت  س لتتتتت سة تتتتتة سNHL-Tة تتتتتا سسALL-Tأنهتتتتتنستتاا تتتتتيس تتتتت س طتتتتتن ةسساتقنبلطتتتتت ست صتتتتتنب سب تتتتتا س
سس لتتتتتتت سالأستتتتتتت سبنتنحتتتتتتتب سT-NHLة تتتتتتتا سسT-ALLا صتتتتتتتنب سب تتتتتتتا سسب  تتتتتتتا حتتتتتتتنااتسأ تتتتتتتا ستتعلتتتتتتتيس

سه إساتعطن س رسات اا ساتلطبططر.ت
س

Introduction 

 

T-cell acute lymphoblastic leukemia (T-ALL) and lymphoblastic T-cell non-

Hodgkin‘s lymphoma (T-NHL) are closely related disorders and although T-ALL 

cells are more often similar to the early stages of thymocytes than T-NHL cells, 

there is a considerable overlap between these two disorders [1-2]. Morphology, 

ultrastructure and immunocytochemistry do not allow us to distinguish them and 

even clinically, a clear cut discrimination between T-ALL and T-NHL is not 

evident [3]. In fact, T-NHL is usually differentiated from T-ALL by minimal or 

absence of bone  marrow and  peripheral blood  involvement,  normal white blood 
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cell (WBC) count, normal hemoglobin levels and lack of organomegaly. Because 

this distinction does not apply in every case, a presence of less than 25% of blasts 

in the bone marrow is currently used to define T-NHL from T-ALL [4]. T-ALL 

occurs by the uncontrolled proliferation of T-lymphoid precursors arrested during 

distinct stages of differentiation [5]. The percentage of T-ALL in India is very 

high (43.1%) when compared to the Western countries (15-25%) [6]. TAL-1 

deletion is the most common genetic abnormality in T-ALL [5].  

The T-Cell Acute Lymphocytic Leukemia 1 (TAL1) gene (also known as SCL 

or TCL5) located on 1p32, encodes a basic helix loop helix protein TAL-1 [7] and 

is essential for the earliest stages of hematopoietic stem cell development and 

differentiation [7]. Translocation of TAL1 (1p32) next to the TCRd loci in the 

t(1;14) (p32:q11), occurs in 3% of T-cell ALL and results in aberrant TAL1 

expression [5]. A frequent mode of TAL1 deregulation is a site-specific deletion 

(TAL1 deletion) of ~ 90 kb. As a result the coding exons of the TAL1 gene are 

juxtaposed to the first non-coding exon of the SIL gene, which is almost 

completely deleted [8]. The expressed SIL-TAL1 fusion transcript produces a 

normal TAL1 protein, but it is transcriptionally controlled by the SIL gene 

promoter [9]. Cytogenetic investigations of large NHL series reported abnormal 

karyotypes, often with complex abnormalities, in about 85% of tumors. 

Chromosome 1p aberrations both as structural and numerical abnormalities were 

found to be one of the most frequently occurring aberrations among T-cell 

neoplasias. The most frequent 1p breakpoints involve band 1p32-36 [10]. 

Interestingly, both deletions and translocations frequently observed in T-ALL 

involve this same chromosomal region [11], the most common genetic change 

observed being a 90 Kb deletion resulting in fusion of the SIL promoter to the 

TAL-1 gene [8, 12-15]. TAL1 deletions are not detected by classical cytogenetics. 

SIL contains three donor deletion sites (Sildb1 to Sildb3), of which Sildb1 is the 

most commonly used (98% of cases). TAL1 contains seven acceptor deletion sites 

(taldb1 to taldb7), with two being involved in almost all cases (taldb1 and taldb2). 

The vast majority (~90%) of TAL1 deletions is located between Sildb1 and taldb1, 

and is known as TAL1 deletion type I. The TAL1 deletion type-2 occurs between 

Sildb1 and taldb2 [15]. Disruption of the TAL1 locus on chromosome 1p32 

represents one of the most commonly recognized genetic abnormalities in T-ALL. 

TAL1 codes for a basic helix-loop-helix (bHLH) transcription factor [7, 16] which 

is normally expressed by haemopoietic precursors, by the megakaryocyte, 

mastocyte and erythroid lineages and by endothelial cells [17] but not by normal 

T cells. The TAL1 gene is disrupted by at least two mechanisms: translocation and 

site-specific deletion [16]. The t(1;14) (p32;q11), involving TAL1 and the TCRd 

locus on chromosome 14q11, occurs in 3% of childhood T-ALL [7, 9, 12] and 

rare variant translocations [9] have been identified. A more frequent, 
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approximately 90 kbp, site-specific deletion upstream to TAL1, tald, leads to 

replacement of the 50 part of TAL1 by regulatory sequences from the SIL gene. It 

occurs in 6–26% of T-ALL, preferentially in cases which express TCR ab [18-19]. 

At least five TAL1 deletion breakpoints have been reported [19], with taldb1 and, 

to a lesser extent, taldb2 occurring most frequently. Detection of tald is most 

frequently undertaken by PCR from DNA, with screening limited to detection of 

tald1 and tald2. Several primer pairs or Southern blot analysis with SIL and 50 

TAL1 probes are necessary to detect all variant breakpoints [20]. 

However, to the best of our knowledge, the role of TAL1 genetic 

polymorphisms in the susceptibility, clinical features and biological 

characteristics of T-ALL and T-NHL remain unknown at least in Libya. 

Therefore, this study aims, for the first time, to explore the possible association 

between the TAL1 genetic variations (exons 2 and 3) and T-ALL and T-NHL risk 

using DNA-PCR and direct DNA sequencing. Also, clarifying the effect of TAL1 

mutations on clinical parameters is of particular interest in our study. 
 

 

Materials and Methods 

 

Patient Population 

The case–control study consisted of 15 controls, 20 T-ALL patients and 10 T-

NHL patients. Unrelated healthy controls were recruited from general population. 

T-ALL and T-NHL patients attending to Department of Oncology, Tripoli 

Medical Cancer, at Tripoli, Libya were included in the present study. For sample 

preservation and genetic analysis, local institutional review board approval and 

informed consent from all participants were obtained by the Ethics Committee of 

the First Affiliated Tripoli Medical Cancer at Tripoli, Libya. T-ALL and T-NHL 

cancer was confirmed by histological examination after hysterectomy or 

myomectomy. The median age of the case series was 23 years (range, 3 - 66 

years), and all of studied groups were males (60.5%), and all were Libyans 

(undefined ethnic group). 

 

Sampling and DNA Extraction   

Blood samples (five-mL) were taken from all participants by peripheral 

antecubital venous puncture, drawn into sodium EDTA tube and were then stored 

at −20°C until analysis. Genomic DNA was extracted from the blood samples of 

controls, T-ALL patients, and T-NHL patients by a standard procedure (standard 

phenol and chloroform) [20]. The integrity of extracted genomic DNA and its 

concentration were measured by UV-spectrophotometry (BioPhotometer, 

eppendorf), with absorbance of A260/A280 nm ratios at pH 8.0 between 1.7 and 2 
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 for all samples, and ethidium-bromide fluorescence of DNA separated by 1.5% 

AGE (agarose gel electrophoresis). The quality was checked by amplifying β-

actin housekeeping gene. Purified DNA was stored at -70 °C till being used.   

 

Molecular Characterization of T-ALL and T-NHL Patient Samples 

TAL1 mutations were analyzed by PCR amplification of TAL1 exons 2 and 3, 

and followed by direct bidirectional DNA sequencing using previously published 

primers and PCR conditions [5, 21].  

PCR amplification was carried out using a Perkin-Elmer 480 thermocycler 

(Applied Biosystems) in a 25 µl reaction mixture containing 10X PCR buffer, 1.5 

mM MgCl , 200 µM of dNTP‘s (AB Gene), 1 U of Hotstart Taq Polymerase (AB 

Gene), 10 pmol of forward and reverse primers with 100 ng of genomic DNA 

(Table 1). The reaction was heated at 95°C for 5 min, then amplified for 30 cycles 

[95°C /30 sec, annealing/30 sec (57°C for exon 2 and 50°C for exon 3) and 

72°C/30 sec] followed by 5 min final extension at 72°C. PCR amplification and 

the absence of primer dimers were confirmed by analysis of cycling and melting 

curves. Negative controls (water instead of DNA) were included in all PCR 

experiments. Linearity and specificity of PCR amplification were validated before 

quantification. TAL1 exons 2 and 3 amplified products (198 bp and 235 bp, 

respectively) were visualized by electrophoresing on a 1.5% AGE. All PCR 

amplifications resulted in a single and specific product of the expected size 

(Figure 1). The banding pattern of extracted genomic DNA did not show any 

evidence of DNA degradation (Figure 1). 

Qualified amplicons (PCR products) were cleaned using exonuclease I and 

shrimp alkaline phosphatase (SAP). Sequencing reaction was performed using Big 

Dye Terminator Cycle Sequencing Ready Reaction kit v3.0 (Applied Biosystems) 

at 5´→3´ direction, as indicated by the manufacturer. The nucleotide sequence 

detection was performed in the ABI Prism 310 Genetic Analyzer (Applied 

Biosystems) using standard protocols. Finally, the sequencing results were 

compared with the standard sequence of TAL1 gene (exons 2 and 3).  

 

Statistics 

All calculations were performed using the SPSS software package (version 

20.0). Data were expressed as mean ± SEM. The patients‘ characteristics were 

analyzed by the chi-squared (χ
2
) or Fisher‘s exact tests for univariate analysis. 

Potential confounders, such as age, sex, and biochemical measurements were also 

studied. Differences between controls and cases were compared by either 

Student‘s t-test or one way ANOVA, as appropriate. P values less than 0.05 were 

deemed statistically significant.  
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Table 1. Primers used to amplify exons 2 and 3 of the TAL1 gene. 
 

Exon Primer sequence Amplicon 

size (bp) 

Annealing 

temperature 

 

2 

 

FP: 5‘GGATTGTGAGAGTGCGTTCA3‘ 

RP: 5‘TCAGATCCCTGCTGAGAACA3‘ 
 

 

198 
 

57 °C 

3 FP: 5‘ATGTATTCGGGAGCCAGTTG3‘ 

RP: 5‘ACCCACGAAACTGACCAGAA3‘ 

235 50 °C 

FP: forward primer; RP: reverse primer; bp: base pair; TAL1 gene: T-Cell 

Acute Lymphocytic Leukemia 1 gene. 

 

Reproducibility of the results was confirmed by randomly repeating the 

mutation analysis for 5% of all DNA samples. The sequencing was carried out in 

the Biochemistry Department, Hospital of Infants, Tunisia. 
 

 

 

 
 

Figure 1. Gel electrophoresis of TAL1 exons 2 and 3 PCR products using allele-

specific primers. (A) Lane 1 represents the negative control; lanes 2 to 6 

show amplified products of TAL1 exon 2 (198 bp); lane 7 correspond to the 

500 bp DNA marker. (B) Lane 1 corresponds to the negative control; lanes 2 

to 5 show amplified products of TAL1 exon 3 (235 bp); lane 6 corresponds 

to the molecular size marker 500 bp. TAL1 gene: T-Cell Acute Lymphocytic 

Leukemia 1 gene; PCR: polymerase chain reaction; bp: base pair. 

 

Results 

 

TAL1 Gene Mutations and T-ALL Patient Samples 

TAL1 exon 2 mutations were identified in 7.7% adult and 12.5% adolescent T-

ALL patients analyzed. Overall, nine TAL1 mutations were documented in this 

study, involving exon 2. Among these, frame-shift and missense mutations 

accounted for 44.4% (4/9) and 55.6% (5/9), respectively, of all TAL1 exon 2 

mutations. These mutations have not been described previously. The frequency of  

1     2      3      4      5      6      7

198 bp

A
1       2      3      4        5      6

235 bp

B
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specific TAL1 mutations identified in the present study is listed in Table 2 and 

graphically depicted in Figure 2. Furthermore, in our study sequence TAL1 exon 3 

revealed no nucleotide variation for the T-ALL cancer patients analyzed, 

suggesting that TAL1 exon 3 is not, to date, the main known genetic risk factor in 

T-ALL at least in this study.  
 

Table 2. Characteristics of T-All patients with a TAL1 gene mutation. 

 
Case n. Sex Age Mutation(s) Exon Mutation Type  Protein level Status 

1 

(ALL) 
M 15 

 

1022insC 

1024T˃A 

1060T˃G 

1066delC 

1144T˃G 

2 

 

Frame-shift 

Missense 

Missense  

Frame-shift 

Missense 

 

Val340fsX  

Val341Asp  

Val353Gly  

Ala355fsX  

Val381Gly 

 

N 

N 

N 

N 

N 

2 

(ALL) 
F 35 

 

991delA  

1036delC  

1086C˃A 

1087A˃T 

2  

Frame-shift 

Frame-shift 

Missense  

Missense  

Asp331fsX  

Thr345fsX 

His360Gln 

Thr361Ser 

 

N 

N 

N 

N 
 

M: male; F: female; T-ALL: T-cell acute lymphoblastic leukaemia; TAL1 gene: T-cell acute 

leukemia 1 gene; ins: insertion; del: deletion; R: reported; N: novel; X: Stop codon; fs: frame 

shift. 
 

 

TAL1 Mutations and T-NHL Patient Samples 

TAL1 exon 2 mutations were detected in 16.7% of the adult T-NHL patients 

analyzed. Overall, 5 TAL1 mutations were documented in this study, involving 

exons 2. Among these, missense and frame-shift mutations accounted for, 

respectively, 60% (3/5) and 40% (4/5) of all TAL1 exon 2 mutations. The 

frequency of specific TAL1 exon 2 mutations identified in the present study listed 

in Table 3 and graphically depicted in Figure 3. Sequence analysis of TAL1 exon 

3 revealed no nucleotide changes for the T-NHL cancer patients analyzed.  

Taken together, our results illustrate that a variation in TAL1 exon 2, but not 

exon 3, gene play a role in the T-ALL and T-NHL in the studied population. 
 

Association of TAL1 Gene Mutations with T-All  

and T-NHL Patient Clinical Features 

The clinical features of TAL1 wild type and TAL1 mutant T-All and T-NHL 

cases are compared in Table 4. T-All and T-NHL cases with TAL1 exon 2 positive 

mutations had a higher PLT counts (P=0.177 and P=0.165, respectively).  T-All 

cases, but not T-NHL cases, with TAL1 exon 2 positive mutations had a lower 

WBC than the cases with TAL1 exon 2 negative mutations counts (Table 4). The 

average age of the T-All cases with TAL1 exon 2 mutations was higher than the 

average  age  of the  cases  without  TAL1  exon 2  mutations,  but  they  have  not  



 8 

Amal E. Elarifi, Othman A. El-Ansari and Mohamed A. Al-Griw 

 
 

      

            
                     

Figure 2. TAL1 gene mutations in T-ALL patients. (A-C) Representative DNA 

sequencing chromatograms of T-ALL genomic DNA samples showing 

mutations in exon 2 of TAL1. WT: wild type. T-ALL: T-cell acute 

lymphoblastic leukaemia; TAL1 gene: T-cell acute lymphoblastic leukemia 1 

gene. 
 

reached statistical significance (P=0.588). In contrast, the average age of the T-

NHL cases with TAL1 exon 2 mutations was lower than the average age of the 

cases without TAL1 exon 2 mutations (P=0.576). 

 

Discussion 

 

T-cell acute lymphoblastic leukemia (T-ALL) and lymphoblastic T-cell non-

Hodgkin's lymphoma (T-NHL) are closely associated disorders, and 

distinguishing between the two is difficult [1-2, 22-24]. TAL1 is amongst the most 

frequently deregulated oncogenes [22]. In physiological conditions, TAL1 is a 

regulatory gene that promotes access to alternative fates in hematopoiesis. TAL1 

gene alterations and T-ALL and T-NHL susceptibility has been investigated in 

many studies [22-25], but the reported results are not always consistent. Thus, the 

present study was designed to identify the prevalence of TAL1 gene (exons 2 and 

3) alterations in T-ALL and T-NHL Libyan patients.  

TAL1 gene (exons 2) mutations accounts for 15% of pediatric and 25% of adult T-ALL 

cases [26]. Importantly, significant differences in outcome are present between 

paediatric and adult T-ALL [26]. In spite of > 70% of children achieve long 

lasting  complete  remissions, only  50%  of  adult  T-ALL  patients  are currently  
  

135 CGCAGAAGGGCCTCGAAGGGTCCACATCTACACACCCCAACCGCGCAGGC

||||||||||||||||||||||||||||||||||||||||

22            CCTCGAAGGGTCCACATCTACACACCCCAACCGCGCAGGC

95  ACACCACACTCGGACACAGAGCCTGTCGCCAAGAAGACCACACTTAGAAG

||||||||||||||||||||||||||||||||||||||||||||||||||

62  ACACCACACTCGGACACAGAGCCTGTCGCCAAGAAGACCACACTTAGAAG

45  CAGCCAACGCCGCCCACAGTTCTCATGAACGCACTCTCACAATCCTCAGA

|||||||||||||||||||||||||||||||||||||||||||||

112 CAGCCAACGCCGCCCACAGTTCTCATGAACGCACTCTCACAATCC

Tal1 exon 2 WTA C
46  GCGTTGGCTGCTTCTAAGTGT-GGTCTTCTTGGCGACAGGCTCTGTGTCC

||||||||||| || |||||||||||||||||||||||||

35            CTTCTAAGTGTCGGACTTCTTGGCGACAGGCTCTGTGTCC

85  GAGTGTGGTGTGCCTGCGCGGTTGGGGTGTGTAGATGTGGACCCTTCGAG

|||||||| ||||||||| |||||||||||||||||||||||||||||||

75  GAGTGTGGGGTGCCTGCG-GGTTGGGGTGTGTAGATGTGGACCCTTCGAG

135 GCCCTTCTGCGTTTTCTTCGTTGCGTACGATTGTGCTCCGTTGGTGTTCT

|||||||||||||||||||||||||||||||||||||||||||| |||||

124 GCCCTTCTGCGTTTTCTTCGTTGCGTACGATTGTGCTCCGTTGGGGTTCT

185 CAGCAGGGATCTGACAGCAGGGAT

||||||||||||||

174 CAGCAGGGATCTGA

Tal1 exon 2 mutations

B
160 GCACAATCGTACGCAACGAAGAAAAAGCAGAAGGGCCTCGAAGGGTCCAC

|||||||||||||| |||||||||||||||||||||||| 

11             ACGCAACGAAGAAA-CGCAGAAGGGCCTCGAAGGGTCCA-

120 ATCTACACACCCCAACCGCGCAGGCACACCACACTCGGACACAGAGCCTG

|||||||||||||||||||||||||||||||  |||||||||||||||||

49  ATCTACACACCCCAACCGCGCAGGCACACCAATCTCGGACACAGAGCCTG

70  TCGCCAAGAAGACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCA

||||||||||||||||||||||||||||||||||||||||||||||||||

99  TCGCCAAGAAGACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCA

20  TGAACGCACTCTCACAATCCTCAGATCCCT

||||||||||||||||||||

149 TGAACGCACTCTCACAATCC

D Tal1 exon 2 mutations
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cured. In addition, pediatric and adult T-ALLs exhibit marked differences in the 

frequency of specific genetic lesions [27-29]. For example, chromosomal 

translocation and aberrant expression of the TAL1 and TLX3 oncogenes are highly 

prevalent in children, but rare in adults. In contrast, translocations activating TLX1 
 

Table 3. Characteristics of T-NHL patients with a TAL1 gene mutation. 

 
Case n. Sex Age Mutation(s) Exon Mutation Type  Protein level Status 

1 

(NHL) 
M 3 

 

1098delAG 

1056delG  

1014insT 
 

2  

 

Frame-shift 

Frame-shift 

Missense 
 

 

Arg366fsX 

Gly352fsX  

Lys338Lys 
 

 

N 

N 

N 
 

2 

(NHL) 
F 18 

1099G˃C 

1101G˃A 
2 

Missense 

Missense 

Arg366Thr 

Gly346Asp 

N 

N 
 

M: male; F: female; T-NHL: T-cell non-Hodgkin‘s lymphoma; TAL1 gene: T-cell acute 

leukemia 1 gene; ins: insertion; del: deletion; R: reported; N: novel; X: Stop codon; fs: 

frame shift. 

 

 

            
Figure 3. TAL1 gene mutations in T-NHL patients. (A-B) Representative DNA 

sequencing chromatograms of T-NHL genomic DNA samples showing 

mutations in exon 2 of TAL1. WT: wild type. T-NHL: T-cell non-Hodgkin‘s 

lymphoma; TAL1 gene: T-cell acute leukemia 1 gene. 
 

Table 4. T-All and T-NHL Patients‘ characteristics and TAL1 exon 2 mutations. 

 
Patients’ characteristics TAL1 wild type TAL1 mutated P 

T-All    

PLT, ×109/L(range) 

WBC count, 109/L (range) 

Age (years) 

166.41 ± 31.82 

11.59 ± 4.36 

20.77 ± 2.17 

326.5 ± 176.5 

8.0 ± 0.001 

25.0 ± 10.0 

0.177 

0.810  

0.588 
 

T-NH 
   

PLT, ×109/L(range) 

WBC count, 109/L (range) 

Age (years) 

178.83 ± 29.91 

4.58 ± 0.98 

32.5 ± 5.44 

304 ± 0.01 

6.5 ± 3.50 

24.50 ± 6.5 

0.165 

0.493 

0.576 
 

PLT: platelets; WBC: white blood cell; T-ALL: T-cell acute lymphoblastic 

leukaemia; T-NHL: T-cell non-Hodgkin‘s lymphoma; TAL1 gene: T-cell acute 

leukemia 1 gene; P value: *rank sum test; #Fisher‘s test. 

A
149 CGCAACGAAGAAAACGCAGAAGGGCCTCGAAGGGTCCAC-ATCTACACAC

||||||||||  ||||||||||| ||||| ||||||||||

48            AAAACGCAGA--GGCCTCGAAGG-TCCACTATCTACACAC

110 CCCAACCGCGCAGGCACACCACACTCGGACACAGAGCCTGTCGCCAAGAA

||||||||||||||||||||||||||||||||||||||||||||||||||

85  CCCAACCGCGCAGGCACACCACACTCGGACACAGAGCCTGTCGCCAAGAA

60  GACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCATGAACGCACT

||||||||||||||||||||||||||||||||||||||||||||||||||

135 GACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCATGAACGCACT

10  CTCACAATCCCAGATCCCTG

||||||||||

185 CTCACAATCC

Tal1 exon 2 mutations B
153 CGTACGCAACGAAGAAAACGCAGAAGGGCCTCGAAGGGTCCACATCTACA

||||||||||||||| | ||||||||||||||||||||||

30            GAAGAAAACGCAGAACGACCTCGAAGGGTCCACATCTACA

113 CACCCCAACCGCGCAGGCACACCACACTCGGACACAGAGCCTGTCGCCAA

||||||||||||||||||||||||||||||||||||||||||||||||||

70  CACCCCAACCGCGCAGGCACACCACACTCGGACACAGAGCCTGTCGCCAA

63  GAAGACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCATGAACGC

||||||||||||||||||||||||||||||||||||||||||||||||||

120 GAAGACCACACTTAGAAGCAGCCAACGCCGCCCACAGTTCTCATGAACGC

13  ACTCTCACAATCCCAGATCCCTG

|||||||||||||

170 ACTCTCACAATCC

Tal1 exon 2 mutations
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are rarely identified in pediatric leukemias but represent one third of adult T-ALL 

cases [29]. Almost 25% of patients with T-ALL have tumor-specific 

rearrangements of the TAL1 gene [27-28]. Although TAL1 expression has not 

been observed in normal lymphocytes, TAL1 gene products are readily identified 

in leukemic cells that harbor a rearranged TAL1 allele. Hence, it has been 

suggested that ectopic expression of TAL1 promotes the T-ALL development. In 

our study, TAL1 exon 2 mutations were identified in 10% (n=20) of T-ALL 

patients analyzed. In contrast to previous findings [5], we have observed no male 

excess of TAL1 mutations in T-ALL patients. We detected excess of adolescent 

(12.5%, n=8) over adult (7.7%, n=13) cases of TAL1 exon 2 mutations in T-ALL 

patients.  In contrast with our study, the TAL1 mutations were found more 

frequent in adult T-ALL [5]. Overall, TAL1 mutations were reported in this study, 

implicating exons 2. Among these, frame-shift and missense mutations accounted 

for, respectively, 44.4% and 55.6% of all TAL1 exon 2 mutations (Table 2, Figure 

2). These mutations have not been reported previously. 

In fact, T-NHL is usually differentiated from T-ALL by minimal or absent 

bone marrow and peripheral blood involvement, normal WBC count, normal 

hemoglobin levels and lack of organomegaly. Because this distinction does not 

apply in every case, a presence of less than 25% of blasts in the bone marrow is 

currently used to define T-NHL from T-ALL [4]. The relationship between TAL1 

variants and T-NHL cancer risk has been investigated in several studies [4, 15, 

24]. In our study, TAL1 exons 2 mutations were detected in 20% T-NHL patients 

analyzed. Again in contrast to a previous study [5], we found no difference in the 

rates of TAL1 mutated cases between male and female T-NHL patients from 

Libya. Missense and frame-shift mutations accounted for, respectively, 60% and 

40% all TAL1 exon 2 mutations. In the present study, sequence of TAL1 exon 3 

showed no sequence variation for the cancer patients analyzed. The absence of 

TAL1 exon 3 mutations in this study would have occurred due to the number of 

patient samples used.  

Comparing the clinical features of cases showing TAL1 mutation positive and 

TAL1 mutation negative revealed that WBC counts the only significant variable 

between the two groups [5, 30]. Previously, it has been shown that the expression 

of T-cell markers CD3, CD4, and CD7 were less in cases showing TAL1 

mutations compared to TAL1 mutations negative cases but they have not reached 

statistical significance. Moreover, it has been shown that the patients with TAL1 

rearrangements at presentation are usually associated with high WBC count [5], 

CNS disease, immunophenotype of CD2+ and CD5+ [30]. In our study, we also 

found that TAL1 positive mutations were associated with higher PLT counts and 

WBC counts in cancer patients analyzed. Our study suggests that TAL1 mutations 

may cooperate with these genetic abnormalities during T-cell leukemogenesis. 
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Collectively, this study did not show any evidence of a significant correlation 

between TAL1 variants and increased risk of T-ALL and T-NHL. In spite of study 

is the first study to explore T-ALL and T-NHL in Libya at molecular level, the 

large sample size offers more reliable conclusions regarding T-ALL and T-NHL 

among Libyans. In our study, we found no difference in the rates of TAL1 mutated 

cases between male and female T-NHL patients from Libya. Together with 

previous investigations, our findings call for closer examination of entire coding 

region of TAL1 gene in T-ALL and T-NHL patients of both sexes in ethnically 

defined populations. Also, the present study makes it necessary to study other 

molecular abnormalities in T-ALL and T-NHL such as JAK1 mutation, p16 

INK4a deletion, PHF6 mutation, Notch1 mutation, and TLX1 (HOX11) gene 

expression to explore whether they contribute to the high prevalence of T-ALL 

and T-NHL in Libyan patients with T-ALL and T-NHL. 
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