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ABSTRACT 
Idiopathic scoliosis (IS) is a primary complex three-dimensional deformity that affects the 

spine’s balance in the frontal plane, and the sagittal and axial planes. A number of studies have 

examined the role of genetic factors in the development and progression of IS.  
We conducted a case-control study aimed to investigate the association between 2 single 

nucleotide polymorphisms in 2 candidate-genes: MTNR1B (rs4753426) and CHD7 (rs4738824) 

and the predisposition to IS in Bulgarian patients.  

DNA probes were extracted from peripheral blood of 94 patients with IS and 188 
unrelated healthy controls. The genetic variants were analyzed by Fast Real-Time TaqMan PCR 

technology. The statistical analysis was performed by Pearson’s Chi-squared test with SPSS 

19.0 for Windows.  
This case-control study didn’t reveal statistically significant association between CHD7 

and MTNR1B gene polymorphisms and the susceptibility to IS among Bulgarian patients. The 

genotype and allele frequencies of the MTNR1B and CHD7 gene polymorphisms were 
comparable in patients and controls (p>0.05). A much larger population-based case control 

study will be needed to investigate the contribution of these polymorphic variants to the 

development and progression of IS.  

The identification of molecular markers with diagnostic and prognostic value could be a 
useful means for the early detection of children at risk for the development of IS and for 

prognosis of the risk for a rapid deformity progression in affected children. That would permit 

prophylaxis and early stage treatment of the patient with the least invasive procedures.  
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INTRODUCTION 

Idiopathic scoliosis (IS) is a primary complex three-dimensional deformity that affects the 

spine’s balance in the frontal plane, and the sagittal and axial planes.  

Since its first documentation by Hippocrates (Hippocrates. Articulations, par. 47), the 

diagnosis, cause and treatment of IS have been the focus of a great deal of research and yet the 

aetiology remains enigmatic. A number of studies have examined the role of genetic factors in the 

development and progression of IS. Genetic complexity is inferred from inconsistent inheritance 

[1], discordance among monozygotic twins [2, 3] and highly variable results from human genetic 

studies [4].  

With the case-control study design, genes with high biological relevance to the disease would 

be selected as candidates. A case-control study conducted by Gao et al. in 2007 [5] was the first one 

which investigated the role of the CHD7 single nucleotide polymorphisms (SNPs) in the 

pathogenesis of IS and concluded that the CHD7 gene constitutes important factor for the genetic 

predisposition to IS in Caucasian population. CHD7 is a transcriptional regulator that binds to 

enhancer elements in the nucleoplasm (OMIM 608892). CHD7 also functions as a positive 

regulator of ribosomal RNA (rRNA) biogenesis in the nucleolus [6].  

 No association between more than twenty genotyped SNPs in the CHD7 gene and familial IS 

was found by Tang et al. [7] and Tilley et al. [8], failing to replicate the earlier findings [5]. The 

absence of association has indicated that common variants in CHD7 could play a minor role in 

genetic predisposition to sporadic IS, at least in the Chinese population. Patten et al. [9] 

demonstrated a key role of CHD7 in eye, heart, and ear development but not in the onset of skeletal 

deformities as observed in scoliosis.  
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One of the leading theories on the etiology of IS is a defect in the melatonin signaling 

pathway. The data regarding human melatonin levels are controversial and the melatonin deficiency 

as a causative factor in the etiology of scoliosis cannot be supported. These considerations led to 

look instead at the melatonin signal transduction pathway because a defect of melatonin signaling 

activity could generate effects similar to melatonin deficiency [10].  

Moreau et al. [11] reported that melatonin signaling is impaired in osteoblasts of patients with 

adolescent idiopathic scoliosis (AIS). In 2007 Qiu et al. [12] found association between 

polymorphisms rs4753426 and rs741837 of the promoter of MTNR1B gene and the occurrence of 

AIS, but not with the curve severity and suggested that MTNR1B is an AIS predisposition gene in 

Chinese population. This findings were not confirmed in Japanese population [13] and Caucasian 

population [14]. No significant differences in the frequencies of the BMP4, Leptin, IL6, MMP3 and 

MTNR1B polymorphisms were reported between the cases and controls in Hungarian patients. 

However, particular IL-6, MMP3 and MTNR1B combinations appeared significant risk factors for 

the development of IS [15].  

In Bulgaria, in the period of 2012-2015 Nikolova et al. investigated the association between 

20 SNPs in 19 candidate-genes and the susceptibility to IS and curve severity and confirmed the 

association of ESR1 with the etiology and progression of IS in Bulgarian patients [16].  

We conducted a case-control study aimed to investigate the association between 2 single 

nucleotide polymorphisms in 2 candidate-genes: MTNR1B (rs4753426) and CHD7 (rs4738824) and 

the predisposition to IS in Bulgarian patients.  

 

MATERIAL AND METHODS 

DNA probes were extracted from peripheral blood of 94 patients with IS and 188 unrelated 

healthy controls. All participants in the study were informed about its purpose and were included 

only after the subjects/families signed their informed consent. 

Patients. The IS diagnosis was confirmed clinically and radiologically. The curves were 

measured by the Cobb method. The mean value of Cobb angles was 54.6±23.2. The mean age at the 

beginning of the disease was 11.2±3.1 years. Male (n=16) and female (n=78) patients were 

included. 

Controls. The control group including healthy subjects without clinical signs of IS was 

recruited from a pool of unrelated gender-matched volunteers. The controls were selected among 

adult patients with skeletal maturity with negative family history of IS. Radiological examination 

was not performed in the control group.  

Genotyping. Genomic DNA was extracted from the peripheral blood leucocytes using 

magnetic bead technology (chemagic DNA Blood Kit special, Chemagen) on automated high 

throughput nucleic acid isolation platform (chemagic Magnetic Separation Module I, Chemagen). 

The genetic variants were analyzed by Fast Real-Time TaqMan PCR technology. The genotyping of 

the selected SNPs of the CHD7 and MTNR1B genes was carried out by using TaqMan SNP 

Genotyping Assay (Life Technologies) and 7900 Real-time PCR (Life Technologies). The results 

were analysed with Sequence Detection Software (Life Technologies).  

Statistical analysis. The statistical analysis was performed by Pearson’s Chi-squared test with 

SPSS 19.0 for Windows. A value of p < 0.05 was considered to be statistically significant for 

comparison between data sets. Odds ratios (OR) of major versus minor homozygote genotypes and 

alleles were calculated with 95% confidence interval (95% CI).  

 

RESULTS AND DISCUSSION  

Predisposition for IS, like other examples of complex traits, does not have a specific assigned 

risk of heritability, but inheritance is based on multiple factors, potentially both genetic and 

environmental [17].  
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This study examined the association between IS and two SNPs: the CHD7 gene 

polymorphism (rs4738824 G/A) and the MTNR1B gene polymorphism (rs4753426 T/C). Genotypes 

were in Hardy-Weinberg equilibrium.  

The overall frequencies of the AA and the GG genotype of the CHD7 polymorphism in the 

patients with IS were comparable with the controls (GG, 61.7 vs. 63.8% and AA, 2.1 vs. 5.3%, 

p=0.35). In conclusion, a specific genotype was not associated with a higher risk of scoliosis (AA 

vs. GG, p=0.35; OR: 2.4; 95% CI: 0.51–11.39) and the presence of a given allele (A vs. G, p=0.92; 

OR: 1.03, 95% CI: 0.52-2.05) could not be considered as a susceptibility factor to IS. The genotype 

distribution in cases and controls is presented at Figure 1. 

 

Figure 1.  

  
 

The frequencies of the CC and the TT genotype of the MTR1B polymorphism in the IS 

patients were also comparable with the control subjects (TT, 20.2 vs. 29.8% and CC, 29.8 vs. 

29.3%, p=0.19). In conclusion, a specific genotype was not associated with a higher risk of scoliosis 

(TT vs. CC, p=0.25; OR: 1.5; 95% CI: 0.75–2.99) and the presence of a given allele (T vs. C, 

p=0.47; OR: 1.23, 95% CI: 0.7-2.14) could not be considered as a susceptibility factor to IS. The 

genotype distribution in cases and controls is presented at Figure 2.  

 

Figure 2.  
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The genotype and allele frequencies of cases and controls are summarised in Table 1.  

 

TABLE 1. Genotype and allele frequency distributions in patients and controls.  

Gene,  

Polymorphism 

Genotype, 

Allele 

Cases  

N, % 

Controls  

N, % 

p-value  

 

CHD7  

(rs4738824 G/A)  

GG   

AG 

AA 

58 (61.7)  

34 (36.2)   

2 (2.1)  

120 (63.8)  

58 (30.9)  

10 (5.3) 

 

0.35 

G 

A 

150 (79.8) 

38 (20.2) 

298 (79.3) 

78 (20.7)    

 

0.92  

 

MTNR1B 

(rs4753426 T/C) 

TT 

CT 

CC 

19 (20.2) 

47 (50.0) 

28 (29.8) 

56 (29.8) 

77 (41.0) 

55 (29.3) 

 

0.19 

 

T 

C 

85 (45.2) 

103 (54.8)  

189 (50.3)  

187 (49.7)  

 

0.25 

 

In the subgroup of surgical cases (n=75) where Cobb angle >40
0
 the genotype and allele 

frequencies of the CHD7 and MTNR1B polymorphisms were comparable between cases and 

controls (AA vs. GG, p=0.19; OR: 4; 95% CI: 0.5-32.1; A vs. G, p=0.72; OR: 1.13; 95% CI: 0.56-

2.28 and TT vs. CC, p=0.26; OR: 1.53; 95% CI: 0.73-3.18; T vs. C, p=0.43; OR: 1.25; 95% CI: 

0.72-2.18). Odds ratios of genotypes and alleles are summarised in Table 2.  

 

TABLE 2. Odds ratios of genotypes and alleles in the general and in the surgical 

subgroup.  

Subgroup  Genotype, Allele p-value OR [95% CI] 

 

General  

 

GG vs. AA 

G vs. A 

0.35 

0.92 

2.4 [0.51–11.39]  

1.03 [0.52-2.05] 

TT vs. CC 

T vs. C  

0.25 

0.47 

1.5 [0.75–2.99] 

1.23 [0.7-2.14] 

 

Cobb angle >40
0 
(n=75)

 
GG vs. AA 

G vs. A 

0.19 

0.72 

4 [0.5-32.1] 

1.13 [0.56-2.28] 

TT vs. CC 

T vs. C  

0.26 

0.43 

1.53 [0.73-3.18] 

1.25 [0.72-2.18] 

 

This case-control study didn’t reveal statistically significant association between CHD7 and 

MTNR1B gene polymorphisms and the susceptibility to IS among Bulgarian patients. The genotype 

and allele frequencies of the MTNR1B and CHD7 gene polymorphisms were comparable in patients 

and controls (p>0.05). On the basis of these results the examined polymorphic variants of CHD7 

and MTNR1B genes could not be considered as genetic variants with predisposing effect or a risk 

factor for the progression of the curve. In this way previously reported negative single associations 

were confirmed [7, 8, 13-15]. A much larger population-based case control study will be needed to 

investigate the contribution of these polymorphic variants to the development and progression of IS.  
In addition, these results don’t exclude synergistic effect of the polymorphisms of the CHD7 

and MTNR1B genes in the etiology and pathogenesis of IS. Morocz et al. [15] reported positive 

associations between BMP4-MTNR1B, Lep-MTNR1B and MMP3-MTNR1B genotype combinations 

and AIS. Their findings suggest that the effect of two or more predisposing genetic variants can be 

synergistic. In addition, there are probably other potential predisposing and modifying genetic 

variants of CHD7 and MTNR1B associated with the disease.  
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The identification of molecular markers with diagnostic and prognostic value could be a 

useful means for the early detection of children at risk for the development of IS and for prognosis 

of the risk for a rapid deformity progression in affected children. That would permit prophylaxis 

and early stage treatment of the patient with the least invasive procedures.  

 

References  

1. Horton D., 2002. In: Emery and Rimoin’s principles and practices of medical genetics. 5. 

Rimoin DL, Connor JM, Pyeritz RE, Korf BR, editors. Amsterdam: Churchill Livingstone Elsevier; 

pp. 4236–4244.  

2. Andersen M.O., K. Thomsen, K.O. Kyvik, 2007. Adolescent idiopathic scoliosis in twins: a 

population-based survey, Spine, 32(8), 927–930.  

3. Weiss H.R., 2007. Idiopathic Scoliosis: how much of a genetic disorder? Report of five pairs 

of monozygotic twins, Dev Neurorehabil, 10(1), 67–73.  

4. Gorman K.F., C. Julien, A. Moreau, 2012. The genetic epidemiology of idiopathic scoliosis. 

Eur Spine J, 21(10), 1905–1919.  

5. Gao, X., D. Gordon, D. Zhang, R. Browne, C. Helms, J. Gillum, S. Weber, S. Devroy, S. 

Swaney, M. Dobbs, J. Morcuende, V. Sheffield, M. Lovett, A. Bowcock, J. Herring, C. Wise, 

2007. CHD7 gene polymorphisms are associated with susceptibility to idiopathic scoliosis, Am. J. 

Hum. Genet, 80, 957-965.  

6. Zentner, G. E., E.A. Hurd, M.P. Schnetz, L. Handoko, C. Wang, Z. Wang, C. Wei, P.J. 

Tesar, M. Hatzoglou, D.M. Martin, P.C. Scacheri, 2010. CHD7 functions in the nucleolus as a 

positive regulator of ribosomal RNA biogenesis, Hum Molec Genet, 19, 3491-3501.  

7. Tang N.L.,  H.Y. Yeung,  H. Fan, R. Kwok, V.W. Hung , K.M. Lee, T.P. Lam, B.W. Ng, Y. 

Qiu, J.C. Cheng, 2008. SNPs analysis of CHD7 gene and idiopathic scoliosis (IS) in Chinese 

Research into Spinal Deformities 6, P.H. Dangerfield (Ed.), IOS Press, 2008.  

8. Tilley M.K., C.M. Justice, K. Swindle, B. Marosy, A.F. Wilson, N.H. Miller, 2013. CHD7 

gene polymorphisms and familial idiopathic scoliosis, Spine, 38, E1432-E1436.   

9. Patten S.A., K. Fendri, F. Moldovan, 2012. Loss of function of CHD7 is not crucial for 

development of scoliosis, J Bone Joint Surg Br, 94-B: (SUPP XXVII), 43.  

10. Girardo M., N. Bettini, E. Dema, S. Cervellati, 2011. The role of melatonin in the 

pathogenesis of adolescent idiopathic scoliosis (AIS), Eur Spine J, 20(S1), 68-74.  

11. Moreau A., D.S. Wang, S. Forget, B. Azeddine, D. Angeloni, F. Fraschini, H. Labelle, B. 

Poitras, Gh. Rivard, G. Grimard, 2004. Melatonin signaling dysfunction in adolescent idiopathic 

scoliosis, Spine, 29, 1772–1781.  

12. Qiu X.U., N.L.S. Tang, H.Y. Yeung, K.M. Lee, V.W.Y. Hung, W.K. Ng, M. Suk Ling, 

R.H.K. Kwok, Q. Lin, Q. Yong, J.C.Y. Cheng, 2007. Melatonin receptor 1B (MTNR1B) gene 

polymorphism is associated with the occurrence of adolescent idiopathic scoliosis, Spine, 32(16), 

1748–1753.  

13. Takahashi, Y., M. Matsumoto, T. Karasugi, K. Watanabe, K. Chiba, N. Kawakami, T. Tsuji, 

K. Uno, T. Suzuki, M. Ito, H. Sudo, S. Minami, T. Kotani, K. Kono, H. Yanagida, H. Taneichi, A. 

Takahashi, Y. Toyama and S. Ikegawa, 2011. Lack of association between adolescent idiopathic 

scoliosis and previously reported single nucleotide polymorphisms in MATN1, MTNR1B, TPH1, 

and IGF1 in a Japanese population, J Orthop Res, 29, 1055–8.  

14. Nelson L.M., K. Ward, J.W. Ogilvie, 2011. Genetic variants in melatonin synthesis and 

signaling pathway are not associated with adolescent idiopathic scoliosis, Spine, 36, 37-40.  

15. Morocz M., A. Czibula, Z.B. Grozer, A. Szecsenyi, P.Z. Almos, I. Rasko, T. Illes, 2011. 

Association study of BMP4, IL6, Leptin, MMP3, and MTNR1B gene promoter polymorphisms and 

adolescent idiopathic scoliosis, Spine, 36(2), E123–E130.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Gorman%20KF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Julien%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21192222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ogilvie%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=21192222


Science & Technologies 

 Volume V, Number 1, 2015 

 Medicine 86 

16. Nikolova S., V. Yablanski, E. Vlaev, L. Stokov, A. Savov, I. Kremensky, 2015. Association 

between Estrogen Receptor Alpha Gene Polymorphisms and Susceptibility to Idiopathic Scoliosis 

in Bulgarian Patients: A Case-Control Study, http://dx.doi.org/10.3889/oamjms.2015.054.  

17. Cheng, J., N. Tang, H. Yeung, N. Miller, 2007. Genetic Association of Complex Traits 

Using Idiopathic Scoliosis as an Example. Clinical Orthopedics and Related Research Number 462, 

pp. 38–44.  

http://dx.doi.org/10.3889/oamjms.2015.054

