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The most frequent c.239A>G SNP of NKX2.5 is not involved in Congenital Heart Disease
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Abstract: Congenital heart disease (CHD) is the most developmental errors in humans, affecting 8 out of 1000 newborns. Cardiac septal defects (CSD) constitute the majority of CHD, however, the etiology of CSD remains unclear. About 85 single nucleotide polymorphisms (SNPs) of NKX2.5 have been associated with various forms of CHD. A total of 150 CHD patients and 70 controls were screened for NKX2.5 SNPs by PCR amplification and direct sequencing, as well as Mass array techniques. The sequence analysis was done by using Accelerys gene software. In this study, six SNPs, c.239A>G (48.66%), c.608A>G (0.6%), c.646C>T (25.33%), c.852G>A (3%), c.896C>A (0.6%) and 1212G>T (40%) were identified, of which 239A>G was the most frequent in both cases and controls. The SNP c.239A>G (rs2277923), leads into synonymous change of glutamine, in turn, the effect is neutral, thereby its frequency is almost equal in both controls and cases. Therefore, this SNP is not involved in the manifestation of CHD. [New York Science Journal 2010;3(8):43-47]. (ISSN: 1554-0200). 
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1. Introduction 
 
Congenital heart disease (CHD) is the most common developmental errors in humans, affecting 8 out of 1,000 newborns (Posch et al., 2008). Cardiac septal defects (CSDs) constitute the majority of CHD, however, the etiology of CSD remains unclear. The available data suggest that fetal heart development is regulated by a group of highly conserved transcription factors, including NKX2.5, TBX5, GATA4, TBX1, ZIC3, TFAP2B, FOG2, and others (Ramegowda and Ramachandra, 2005; Clark et al., 2006; Chen et al., 2010). NKX2.5, a vertebrate homologue of Drosophila tinman, is a homeobox transcription factor highly expressed in early progenitors and in adult cardiomyocytes (Posch et al., 2008). Targeted disruption of NKX2.5 in rodent models results in early embryonic lethality due to failed cardiac looping and defects in chamber formation (Lyons et al., 1995; Posch et al., 2008). 
NKX2.5 was the first gene identified as a relevant disease gene for non-syndromic human CHD (Posch et al., 2008). Schott et al., (1998) described heterozygote mutations in NKX2.5 that resulted in atrioventricular (AV) conduction block; many genotype-positive individuals also had a secundum atrial septal defect (ASD). Subsequent family studies identified extensive variable expressivity, in addition to AV block and ASD, genotype positive individuals also had ventricular septal defect (VSD), tetralogy of fallot (TOF), double outlet right ventricle (DORV), and tricuspid valve abnormalities, including Ebstein anomaly (Benson, 2010). These results suggest an essential role for NKX2.5 in atrial, ventricular, and conotruncal septation, AV valve formation, and maintenance of AV conduction. These findings have been confirmed by numerous other studies (Benson, 2009). 

About 85 Single nucleotide polymorphisms (SNPs) of NKX2.5 have been associated with various forms of CHD (Schott et al., 1998; Benson et al., 1999; Hosoda et al., 1999; Kasahara et al., 2000; Goldmuntz et al., 2001; Ikeda et al., 2002; Watanabe et al., 2002; Elliot et al., 2003; McElhinney et al., 2003; Kasahara et al., 2004; Hirayama-Yamada et al., 2005; Sarkozy et al., 2005; Gutierrez-Roelens et al., 2006; Konig et al., 2006; Pabst et al., 2008). NKX2.5 sequence variants have also been found in sporadic CHD, although these variants’ contribution to the disease phenotype remains uncertain (Zhang et al., 2009).  Here we made an attempt to investigate the role of c.239A>G SNP of NKX2.5 in the manifestation of CHD. 
2. Materials and Methods
A total of 150 CHD patients at K.R Hospital and J.S.S Hospital, Mysore (South India) were diagnosed by their past histories, physical examination and echocardiograms by experts. This study includes, 56 patients with VSD, 21 with ASD, 10 with ASD-VSD, 4 with TOF and 8 patients with Patent Ductus Arteriosus (PDA) and remaining with specific CHD phenotypes and complex forms. Informed consent was obtained from their parents or guardians. 70 individuals with the same ethnic background as well as no clinical history of CHD were used as controls. The research protocols and procedures were approved by the research ethics committee of both Hospitals and the ethics committee of University of Mysore. 

EDTA tubes were used for venous blood collection. Genomic DNA was extracted from peripheral leukocytes by using Wizard genomic DNA purification kit (Promega). Both the exons of human NKX2.5 (Gene Bank Accession Number: NM004387) were amplified through polymerase chain reaction (PCR) using exon specific primers (Benson et al., 1999). The PCR was performed in a 20μl reaction mixture containing 10x assay buffur, 60ng of genomic DNA, 0.2mM of each dNTP, 0.5μM of each primer and 1U taq DNA polymerase. The PCR condition was as follows: 95°C of initial denaturation for 3 minutes followed by 95°C for 30 seconds, annealing temperature of 68–72°C for 30 seconds, and extension at 72°C for 45 seconds for 35 cycles. A final extension was conducted at 72°C for 5 minutes. Further, the amplified products were purified using the Bangalore genei PCR purification kit (Cat # 117310) and sequenced for both the forward and reverse strands. The sequence analysis was done by using Accelerys gene software. The SNPs identified through these investigations in patients and controls were reconfirmed through resequencing. Mass array analysis was carried out by using Sequenom-iPLEXR  Gold SNP genotyping platform with Spectro CHIPR and MALDI-TOF Mass spectrometer (Sladek et al., 2007; Wilke et al., 2009).
3. Results
Figure 1 presents the organization of NKX2.5, which is 3.125 Kb with two exons that code for 324 amino acid residues having transcript length of 1.580 bp. It has homeodomain (HD), TN domain and NK2 specific domain (NK2-SD).  Of the 85 CHD specific SNPs reported till date, only six SNPs, c.239A>G (48.66%), c.608A>G (0.6%), c.646C>T (25.33%), c.852G>A (3%), c.896C>A (0.6%) and 1212G>T (40%) were identified in the present study. Among these, 239 A>G is the most frequent (48.66%) SNP observed in the present study.
The SNP c.239A>G was observed in 73 cases out of 150 patients with CHD. Of which, 14 patients with cardiac septal defects (10 ASD, 27 VSD, 5 ASD with VSD) and 8 with PDA. In addition, this SNP was also observed in 36 out of 70 controls.
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Fig 1 NKX25 gene showing the most frequent SNP ¢ 2394-G.





4. Discussion
                 Mutations in NKX2.5 cause a spectrum of congenital heart defects, including ASD, VSD, and cardiac conduction abnormalities (Srivastava et al., 2000; Posch et al., 2008; Benson, 2010). Of the 85 SNPs, most of them found only in CHD cases and not in the control samples (Benson et al., 1999; Goldmuntz et al., 2001; McElhinney et al., 2003; Reamon-Buettner et al., 2004; Hirayama-Yamada et al., 2005; Bjornstad et al., 2009). Perusal of the literature revealed that the c.239A>G SNP of NKX 2.5 is more frequent in both CHD and control samples (Table 1). However, in some cases, it was seen only in controls (Benson et al., 1999) and in some cases, it was observed in some CHD cases (Gutierrez-Roelens et al., 2002). The present study revealed that this SNP was also seen both in CHD cases and controls, which is a synonymous SNP coding for glutamine. Taking together of all these studies into consideration, the frequency of occurrence of this SNP in both CHD cases (42.48%) and controls (41.36%) is almost same. The inconsistent reports of this SNP in some studies could be the error of sample size. One of the possibilities of occurrence of this SNP in more frequency in both CHD patients and controls could be due to its neutral effect, wherein although changes seen at nucleotide level, at the amino acid level the change is synonymous and no effect in the coding property of glutamine. Therefore, this SNP become more common in the population and not under the selection pressure.
Table1. The available data on c.239A>G SNP of NKX2.5, screened in the congenital heart
disease patients and controls.
	Frequency  of  c.239A>G SNP

	CHD Cases                                     Controls                                          References

	      -                                           18/52 (36%)                                Benson et al., 1999

 0/49 (0%)                                 53/100 (53%)                               Gutierrez-Roelens et al., 2002

55/68 (80%)                              17/45 (38%)                                 Reamon-Buettner et al., 2004

 5/12 (41.6%)                                   -                                             Khetyar et al., 2008 

97/205 (47.3%)                                -                                             Posch et al.,  2008

17/28 (60.71%)                         17/28 (60.71%)                             Draus Jr et al., 2009 

107/230 (46.5%)                      98/200 (49%)                                 Zhang et al., 2009

12/99 (12.1%)                           3/90 (3.3%)                                   Ding et al., 2009 

11/168(6.5%)                                  -                                               Liu et al., 2009 

140/208 (67.3%)                             -                                               Hamanoue et al., 2009 

73/150 (48.6%)                        36/70 (51.4%)                                The Present study, 2010

517/1217 (42.48%)              242/585 (41.36%)


Thus, this SNP is seen in almost equal frequency in both CHD cases and controls as well as only in controls, one can state that this SNP is not involved in causing CHD.
Conclusion
Since the change of SNP c.239A>G of NKX2.5 is synonymous, the effect is neutral, thereby its frequency is almost equal in both controls and cases. Therefore, this SNP is not involved in the manifestation of CHD.
Acknowledgments
We thank Council for Scientific and Industrial Research (CSIR), New Delhi,   [No.27 (0156)/06/EMR-II dated 19.10.2006] for the financial support. We thank all the patients, families participated in this investigation, Doctors and PG students for their kind support, Investigators of Unit on Evolution and Genetics for the laboratory facilities and also Prof. H. A. Ranganath for his encouragement

Corresponding Author:

Prof. N. B. Ramachandra

Department of Studies in Zoology,

University of Mysore,

Manasagangotri, Mysore-570006, India.

Telephone: +91-8212419781 (O) 

Fax: +91-8212516056

E-mail: nallurbr@gmail.com
References
1. Posch M G, Perrot A, Schmitt K, Mittelhaus S, Esenwein E M, Stiller B, Geier C, Dietz R, Gessner R, Ozcelik C, Berger F. Mutations in GATA4,   NKX2.5, CRELD1, and BMP4 Are Infrequently Found in Patients with Congenital Cardiac Septal Defects. A J Med Gen 2008; 146:251–253.
2. Ramegowda S, Ramachandra NB. An understanding the genetic basis of congenital heart disease. Ind J of Hu Gen  2005; 11: 14-23.

3. Clark KL, Yutzey KE, Benson DW. Transcription factors and congenital heart defects. Annu Rev Physiol 2006; 68:97-121.
4. Chen MW, Pang YS, Guo Y. GATA4 Mutations in Chinese patients with congenital cardiac septal defects. Pediatr Cardiol 2010; 31:85-89.
5. Lyons I, Parsons LM, Hartley L, Li R, Andrews JE, Robb L, Harvey RP. Myogenic and morphogenetic defects in the heart tubes of murine embryos lacking the homeo box gene Nkx2-5. Gene Dev 1995; 9:1654-1666.

6. Schott J, Benson D W, Basson C T, Pease W, Silberbach G M, Moak J P, Maron B J, Seidman C E, Seidman J G. Congenital heart disease caused by mutations in the transcription factor NKX2.5. Science 1998; 281: 108-111.

7. Benson DW. Genetic origins of pediatric heart disease. Pediatr Cardiol 2010; 31:422-429. 
8. Benson D W, Silberbach G M, Kavanaugh -McHugh A, Cottrill C, Zhang Y, Riggs S, Smalls O, Johnson M C, Watson M S, Siedman J G, Siedman C E, Plowden J, Kugler J D. Mutations in the cardiac transcription factor NKX2.5 affect diverse cardiac developmental pathways. J Clin Invest 1999; 104: 1567-1573.

9. Hosoda T, Komuro I, Shiojima I, Hiroi Y, Harada M,  Murakawa Y.  Familial atrial septal defect and atrioventricular conduction disturbance associated with a point mutation in the cardiac homeobox gene CSX/NKX2-5 in a Japanese patient. Jpn. Circ. J 1999; 63: 425–426.

10. Kasahara H, Lee B, Schott J, Benson DW, Seidman JG, Seidman CE, Izumo S. Loss of function and inhibitory effects of human CSX/NKX2.5 homeoprotein mutations associated with congenital heart disease. J Clin Invest 2000; 106: 299-308.

11. Goldmuntz E, Geiger E, Benson DW. NKX2.5 mutations in patients with tetralogy of Fallot. Circ 2001; 104: 2565-2568.

12. Ikeda Y, Hiroi Y, Hosoda T, Utsunomiya T, Matsuo S, Ito T, Inoue J, Sumiyoshi T, Takano H, Nagai R, Komuro I. Novel point mutation in the cardiac transcription factor CSX/NKX2.5 associated with congenital heart disease. Circ J 2002; 66: 561 –563. 

13. Watanabe Y, Benson D W, Yano S, Akagi T, Yoshino M, Murray J C. Two novel frameshift mutations in NKX2.5 result in novel features including visceral inversus and sinus venosus type ASD. J Med Genet 2002; 39:807–811
14. Elliot D A, Kirk E P, Yeoh T, Chandar S, McKenzie F, Taylor P, Grossfeld P, Fatkin D, Jones O, Hayes P, Feneley M, Harvey RP. et al. Cardiac homeobox gene NKX2-5 mutations and congenital heart disease. Associations with atrial septal defect and hypoplastic left heart syndrome. J Am Coll Cardio 2003; 41: 2072–2076.

15. McElhinney D B, Geiger E, Blinder J, Benson D W. Goldmuntz E. NKX2.5 mutations in patients with congenital heart disease. J Am Coll Cardiol 2003; 42: 1650-1655.

16. Kasahara H, Benson DW. Biochemical analysis of eight NKX2.5 homeodomain missense mutations causing atrioventricular block and cardiac anomalies. Cardiovasc Res 2004; 64:40-51.
17. Hirayama-Yamada K, Kamisago M, Akimoto K, Aotsuka H, Nakamura Y, Tomita H, Furutani M, Imamura S, Takao A, Nakazawa M, Matsuoka R. Phenotypes with GATA4 or NKX2.5 Mutations in Familial Atrial Septal Defect. Am J Med Genet 2005; 135:47–52.

18. Sarkozy A, Conti E, Neri C, D’Agostino R, Digilio MC, Esposito G, Toscano A, Marino B, Pizzuti A, Dallapiccola B. Spectrum of atrial septal defects associated with mutations of NKX2.5 and GATA4 transcription factors. J Med Genet 2005; 42:1-5.

19. Gutierrez-Roelens, De Roy L, Ovaert C, Sluysmans T, Deveriendt K, Brunner H G, Vikkula M. A novel CSX/NKX2.5 mutation causes autosomal-dominant AV block: are atrial fibrillation and syncopes part of the phenotype?  Eur J Hum Genet 2006; 14: 1313-1316. 

20. Konig K, Will JC, Berger F, Müller D, Benson DW. Familial congenital heart disease, progressive atrioventricular block and the cardiac homeobox transcription factor gene NKX2.5: identification of a novel mutation. Clin Res Cardiol 2006; 95:499–503.

21. Pabst S, Wollnik B, Rohmann E, Hintz Y, Glänzer K, Vetter H, Nickenig G, Grohél C.  A novel stop mutation truncating critical regions of the cardiac transcription factor NKX2-5 in a large family with autosomaldominant inherited congenital heart disease. Clin Res Cardiol 2008; 97:39–42. 

22. Zhang W, Li X, Shen A, Jiao W, Guan X, Li Z. Screening NKX2.5 Mutation in a sample of 230 Han Chinese Children with Congenital Heart Diseases. Gen Test and mol Biom 2009; 13:159-162.

23. Sladek R, Rocheleau G, Rung J, Dina C, Shen L, Serre D, Boutin, Vincent D, Belisle A, Hadjadj S, Balkau B, Heude B , Charpentier G , Hudson TJ, Montpetit A, Pshezhetsky AV, Prentki M, Posner BI, Balding DJ, Meyre D, Polychronakos C, Froguel P. A genome-wide association study identifies novel risk loci for type 2 diabetes. Nature 2007; 445: 881-885.

24. Wilke RA, Simpson RU, Mukesh BN, Bhupati SV, Dart RA, Ghebranious NR, McCarty CA. Genetic variation in CYP27B1 is associated with congestive heart failure in patient with hypertension. Pharmaco 2009; 10:1789-1797.

25. Srivastava D, Olson EN. A genetic blueprint for cardiac development. Nature 2000; 407:221-226.

26. Reamon-Buettner S M, Hecker H, Spanel-Borowski K, Craatz S, Kuenzel E, Borlak J. Novel NKX2–5 Mutations in Diseased Heart Tissues of Patients with Cardiac Malformations. Am J Path 2004; 164: 2117-2125.

27. Bjørnstad P G, Leren T P. Familial atrial septal defect in the oval fossa with progressive prolongation of the atrioventricular conduction caused by mutations in the NKX2.5 gene. Cardiol Young 2009; 19:540-544.

28. Gutierrez-Roelens I, Sluysmans T, Gewillig M, Deveriendt K, Vikkula M. Progessive AV-Block and anomalous venous return among cardiac anomalies associated with two novel missense mutations in the CSX/NKX2-5 gene. Hum Mut 2002; 512: 1-7.

29. Khetyar M, Tinworth L, Syrris P, Abushaban L, Abdulazzaq Y, Silengo M, Carvalho J, Carter N. NKX2.5/NKX2.6 Mutations Are Not a Common Cause of Isolated Type 1 Truncus Arteriosus in a Small Cohort of Multiethnic Cases. Genet Test 2008; 12: 467-469.

30. Draus Jr J M, Hauck M A, Goetsch M, Austin III E H, Tomita- Mitchell A, Mitchell M E. Investigation of somatic NKX2-5 mutations in congenital heart disease. J Med Genet 2009; 46: 115-122.

31. Ding JD, Li KR, Zhang XL, Yao YY, Reng LQ, Tao SY, Fang X, Ma GS. Preliminary exploration of transcription factor Nkx2.5 mutations and congenital heart diseases. Zhonghua Yi Xue Za Zhi 2009; 16:1114-1116.
32. Liu XY, Yang YQ, Yang Y, Lin XP, Chen YH. Mutations of NKX2-5 gene in patients with atrial septal defect. Zhonghua Er Ke Za Zhi 2009; 9:696-700.

33. Hamanoue H, Rahayuningsih SE, Hirahara Y, Itoh J, Yokoyama U, Mizuguchi T, Saitsu H, Miyake N, Hirahara F, Matsumoto N.  Genetic screening of 104 patients with congenitally malformed hearts revealed a fresh mutation of GATA4 in those with atrial septal defects. Card in the Y 2009; 19:482-485.
            25/05/2010






























PAGE  
43
    http://www.sciencepub.net/newyork                                                                             newyorksci@gmail.com

