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                                                                                                                        Abstract

                                                            A cohort of 106 patients included in the French National Registry for Thalassemia were genotyped for 5 genetic modifiers of severity: i) β-thalassemia mutations; (ii) the XmnI SNP; (iii) the −3.7 kb α-thal deletion; (iv) the tag-SNP rs 11886868 in BCL11A exon 2; and (v) the tag-SNP rs9399137 in the HBSB1L-cMYB inter-region.Multivariate analysis was performed to study the risk of thalassemia Intermedia phenotype associated with the different combinations of alleles. The presence or absence of the favorable alleles could accurately predict the type of thalassemia in 83.2% of the cases. The percentage of correct predictions made from the β-thalassemia mutations and the XmnI SNP alone were significantly improved by the adjustment with the 3 other modifiers; from 73.6% to 83.2% (P<0.001).In this study, we showed that predictions based on genetic modifiers can foresee the Major or Intermedia type of β-thalassemia, even in cohorts of patients with various β-globin genotypes.
                                                            
                                                            Introduction
Disease severity in patients with β-thalassemia varies greatly and patients are usually classified into Thalassemia Major (TM) or Intermedia (TI) according to clinical criteria. The requirement for at least 8 transfusions a year before the age of four years is often used to distinguish the 2 types of the disease.1,2 The major determinant of disease severity is the degree of β-globin chain deficit (complete absence or variable reduction), resulting from the nature of the β-thalassemia alleles. Other genetic modifiers affecting the degree of α and non-α globin chain imbalance also impact the phenotypic severity.3 An associated α-thalassemia which minimizes the excess of α-globin chains tends to produce a less severe β-thalassemia condition.4 An increased residual level of HbF in adult life which compensates the decreased β-globin chain is also a major determinant of less severe disease.5 Three major HbF Quantitative Trait Loci (QTL), accounting for 20–50% of HbF variation, have been identified so far. The first, the so-called −158 C>T XmnI SNP (rs7482144), is located in the fetal Ggamma-globin gene promoter.6 The other two are located in the BCL11A gene and in the HBSB1L-cMYB inter-region, and are either involved directly in fetal gene silencing in adult life or in cell proliferation and differentiation.7–10 Some particular tag-SNPs in these regions are associated with high HbF levels in healthy adults, as well as in thalassemia and sickle cell disease (SCD) patients.9,11,12 Besides these favorable determinants, aggravating factors such as the coexistence of α-gene duplications may produce severe TI when associated with β-thalassemia traits.13
In this study, we investigated the effect that the combination of SNPs and β and α-thalassemia mutations might have on β-thalassemia severity in a cohort of 106 affected patients.
Design and Methods
A cohort of 106 thalassemia patients initially evaluated for molecular diagnosis of β-thalassemia mutations and included in the French National Registry for Thalassemia patients were genotyped for the XmnI SNP, the −3.7 kb α-thalassemia deletion in HBA locus, the tag-SNPs rs 11886868 and rs4671393 in BCL11A exon 2, and the tag-SNPs rs9399137 and rs28384513 in the HBSB1L-cMYB inter-region. The choice of the tag-SNP was based on previously published association studies.7–9 The clinical data collection in the registry has been approved by the Commission Nationale Informatique et Libertés (CNIL) and written consent for genetic studies was obtained from all patients prior to sampling. All patients were classified into TM (n=71) or TI (n=35) according to the registry criteria, i.e. TM: requirement for at least 8 transfusions a year before the age of four years. They represented 20% of the entire registry cohort and the ratio TM/TI was the same as recorded in the registry. Clinical characteristics of the TI patients at the time of the study are given in Table 1. β-thalassemia mutation spectrum of the entire study cohort was as follow: β39 (26%), IVS1-110 G>A (19%), HbE (6.5%), IVS1-6T>C (6%), IVS2-1G>A (5.5%), FsCd6-A (5%), IVS1-1G>A/T (4.5%), IVS1-2 T>A/C/G (3.5%), others (22 different mutations) (29%).
Statistical analyses were performed using PASW Statistics version 17.0. Continuous variables are reported as means and standard deviation or as medians and range (according to their distribution), and categorical variables are reported as count and percentages. Univariate and multivariate analyses were performed using a logistic regression model to estimate the risk of TI associated with the presence of favorable alleles. Odds ratios (OR) were estimated with a 95% confidence interval. Calibration of the logistic model was assessed using the Hosmer-Lemeshow goodness-of-fit test. A classification table was used to evaluate the predictive accuracy of the logistic regression model. Discrimination was assessed using the area under the receiver operating characteristic (ROC) curve: the greater the area under the curve (on a scale of 0.5 to 1), the better the ability of the model to discriminate. For all tests, statistical significance was defined as P<0.05.
Results and Discussion
Allele frequencies and OR are summarized in Table 2. Univariate analysis confirmed the links between the predictors and severity, and showed a significant increased risk for TI in the case of β-thalassemia mutations (OR: 5.644 [2.343–13.595]), presence of the XmnI SNP (OR 5.817 [2.405–14.070]), presence of allele C at rs11886868 in BCL11A exons 2 (OR 4.888 [1.948–12.265]). No significant association was observed with α-thalassemia due to the small number of carriers in our cohort (allele frequency: 8/202) or for the presence of allele C at rs9399137 or allele C at rs28384513 in the HBS1L-MYB inter-region.
[image: ]

Table 1.Clinical characteristics of TI patients (n=35).
To assess the cumulative effect of these loci, a multivariate regression analysis was performed. Although α-thalassemia deletion and SNPs in the HBS1L-MYB inter-region were not significantly linked to TI in our study, they were included in the multivariate analysis due to the previously reported effects of these 2 modifiers on β-thalassemia.4,9,14 Two SNPs were tested for each QTL in the BCL11A and in the HBS1L-MYB inter-region but only one, with the higher OR, was maintained for multivariate analysis. Logistic regression showed that all 5 types of favorable allele are significantly associated with TI phenotype (Table 2) and that the presence or absence of these favorable alleles can predict the Major type of the disease in 90.9% of the cases and the Intermedia type in 68.6% (overall prediction in 83.2%). The accuracy of predictions made only from the 2 major determinants, i.e. β-thalassemia mutations and the presence of the XmnI SNP, was 73.6% and was significantly improved by the adjustment with SNPs in the BCL11A (79.2%, P<0.001) or in the HBS1L-cMYB inter-region (78.3%, P<0.001).
In order to determine an easy-to-use prediction tool, we used a variable defined as the number of ameliorating alleles carried by each patient, thus ranging from 0 to 10. Clinicians can evaluate this variable without the need for an algorithm. Following this simple scoring, all patients with score 0 were TM (97% with score 0 or 1) whereas all patients with 5 or 6 were TI (Figure 1A). When considering only patients with 2 β0 mutations, the scores ranged between 0 and 5 and were even more discriminating: 96% of the patients with a score between 0 and 2 were TM and 90% of the patients with a score between 3 and 5 were TI (Figure 1B).
[image: ]

Figure 1.Distribution of the patients in the two groups: thalassemia Major (light gray) and thalassemia Intermedia (dark gray) according to the number of ameliorating alleles. (A) Distribution among all the patients scored for the 5 determinants. (B) Distribution among the 65 patients with 2 beta0 mutations.
[image: ]

Table 2.Association of ameliorating alleles with TI.
Galanello et al. has previously shown that scoring based on genetic modifiers can predict the type of thalassemia.14 However, their study only concerned a group of highly homogeneous β-thalassemia patients; homozygous for the β39 mutation and negative for the XmnI SNP. Conversely, our present study includes patients of various geographical origins and different β-globin gene genotypes, as is often the case in countries non-endemic for hemoglobinopathies. Indeed, up to 30 different mutations found in various combinations have been characterized in our series and are a mix of Mediterranean (3/4) and Asian (1/4) mutations. Despite this large genetic background, the predictions based on variant determination of genetic modifiers can correctly foresee the type of thalassemia in 83.2% of the cases using logistic regression.
Distinction between TM and TI is currently based on clinical criteria and it often, therefore, takes at least four years of follow up before classification can be confirmed. Variant genotyping of genetic modifiers may possibly help in the early prediction of the type of thalassemia the patient will develop later. If further validated, this prediction tool of severity may have implications not only for genetic counseling but also for therapeutic decision making concerning, for example, hematopoietic stem cell transplantation.
Acknowledgments
The French National Registry for Thalassemia patients is supported by the Institut de Veille Sanitaire and the Institut Pour la Recherche Médicale et la Santé. The authors would like to thank all clinicians, pediatricians and hematologists who collaborated with the registry.
Footnotes
	
Authorship and Disclosures
The information provided by the authors about contributions from persons listed as authors and in acknowledgments is available with the full text of this paper at www.haematologica.org.
	
Financial and other disclosures provided by the authors using the ICMJE (www.icmje.org) Uniform Format for Disclosure of Competing Interests are also available at www.haematologica.org.

	Received May 6, 2011.
	Revision received July 5, 2011.
	Accepted July 21, 2011.

References
	Modell B, Khan M, Darlison M, Westwood MA, Ingram D, Pennell DJ. Improved survival of thalassaemia major in the UK and relation to T2* cardiovascular magnetic resonance. J Cardiovasc Magn Reson. 2008; 25:10:42. Google Scholar

	Thuret I, Pondarré C, Loundou A, Steschenko D, Girot R, Bachir D. Complications and treatment of patients with beta-thalassemia in France: results of the National Registry. Haematologica. 2010; 95(5):724-9. PubMedhttps://doi.org/10.3324/haematol.2009.018051Google Scholar

	Thein SL. Genetic modifiers of the beta-haemoglobinopathies. Br J Haematol. 2008; 141(3):357-66. PubMedGoogle Scholar

	Kanavakis E, Traeger-Synodinos J, Lafioniatis S, Lazaropoulou C, Liakopoulou T, Paleologos G. A rare example that coinheritance of a severe form of beta-thalassemia and alpha-thalassemia interact in a “synergistic” manner to balance the phenotype of classic thalassemic syndromes. Blood Cells Mol Dis. 2004; 32(2):319-24. PubMedhttps://doi.org/10.1016/j.bcmd.2003.12.005Google Scholar

	Thein SL, Menzel S, Lathrop M, Garner C. Control of fetal hemoglobin: new insights emerging from genomics and clinical implications. Hum Mol Genet. 2009; 18(R2):R216-23. PubMedhttps://doi.org/10.1093/hmg/ddp401Google Scholar

	Labie D, Dunda-Belkhodja O, Rouabhi F, Pagnier J, Ragusa A, Nagel RL. The -158 site 5′ to the G gamma gene and G gamma expression. Blood. 1985; 66(6):1463-5. PubMedGoogle Scholar

	Thein SL, Menzel S, Peng X, Best S, Jiang J, Close J. Intergenic variants of HBS1L-MYB are responsible for a major quantitative trait locus on chromosome 6q23 influencing fetal hemoglobin levels in adults. Proc Natl Acad Sci USA. 2007; 104(27):11346-51. PubMedhttps://doi.org/10.1073/pnas.0611393104Google Scholar

	Menzel S, Garner C, Gut I, Matsuda F, Yamaguchi M, Heath S. A QTL influencing F cell production maps to a gene encoding a zinc-finger protein on chromosome 2p15. Nat Genet. 2007; 39(10):1197-9. PubMedhttps://doi.org/10.1038/ng2108Google Scholar

	Uda M, Galanello R, Sanna S, Lettre G, Sankaran VG, Chen W. Genome-wide association study shows BCL11A associated with persistent fetal hemoglobin and amelioration of the phenotype of beta-thalassemia. Proc Natl Acad Sci USA. 2008; 105(5):1620-5. PubMedhttps://doi.org/10.1073/pnas.0711566105Google Scholar

	Galarneau G, Palmer CD, Sankaran VG, Orkin SH, Hirschhorn JN, Lettre G. Fine-mapping at three loci known to affect fetal hemoglobin levels explains additional genetic variation. Nat Genet. 2010; 42(12):1049-51. PubMedhttps://doi.org/10.1038/ng.707Google Scholar

	Lettre G, Sankaran VG, Bezerra MA, Araújo AS, Uda M, Sanna S. DNA polymorphisms at the BCL11A, HBS1L-MYB, and beta-globin loci associate with fetal hemoglobin levels and pain crises in sickle cell disease. Proc Natl Acad Sci USA. 2008; 105(33):11869-74. PubMedhttps://doi.org/10.1073/pnas.0804799105Google Scholar

	So CC, Song YQ, Tsang ST, Tang LF, Chan AY, Ma ES, Chan LC. The HBS1L-MYB intergenic region on chromosome 6q23 is a quantitative trait locus controlling fetal haemoglobin level in carriers of beta-thalassaemia. J Med Genet. 2008; 45(11):745-51. PubMedhttps://doi.org/10.1136/jmg.2008.060335Google Scholar

	Giordano PC, Bakker-Verwij M, Harteveld CL. Frequency of alpha-globin gene triplications and their interaction with beta-thalassemia mutations. Hemoglobin. 2009; 33(2):124-31. PubMedhttps://doi.org/10.1080/03630260902827684Google Scholar

	Galanello R, Sanna S, Perseu L, Sollaino MC, Satta S, Lai ME. Amelioration of Sardinian beta0 thalassemia by genetic modifiers. Blood. 2009; 114(18):3935-7. PubMedhttps://doi.org/10.1182/blood-2009-04-217901Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2011_046748-Contributions.pdf


	    


            

    
        2011_046748-Disclosures.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 96 No. 11 (2011): November, 2011 : Brief Reports
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2011.046748
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        21791466
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC3208691
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2011-11-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        772

    

    
        PDF Downloads

        166

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Catherine Badens, Philippe Joly, Imane Agouti, Isabelle Thuret, Katia Gonnet, Synda Fattoum, Alain Francina, Marie-Claude Simeoni, Anderson Loundou, Serge Pissard. Variants in genetic modifiers of β-thalassemia can help to predict the major or intermedia type of the disease. Haematologica 2011;96(11):1712-1714; https://doi.org/10.3324/haematol.2011.046748.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

