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Abstract  

Objective:To discuss the correlation between the -174 polymorphism of interleukin-6(IL-6) and the susceptibility 

and progression of adolescent idiopathic scoliosis(AIS) and the possible mechanism. Methods: 172 AIS patients who 

accepted bracing treatment were collected and divided into the non-progression group and progression group 

according to the one-year-bracing effect. The genotype of IL-6-174 locus were detected and compared between 

different groups. The serum IL-6,bone metabolism indexes and the bone mineral density(BMD) of AIS patients were 

detected and compared among different genotypes. Correlation between serum IL-6 and bone metabolism indexes 

and BMD were analyzed. Results: There was no difference in IL-6-174 genotype and allele distribution between the 

AIS group and the health control ( both P>0.05), while differences existed between the non-progression group and 

progression group(2=5.900, P=0.05;2=7.470, P=0.006). The risk of progression for AIS patients after bracing 

treatment in GC/GG genotype was higher than CC[OR(95%CI)= 1.600(0.296~8.653)/3.619(0.738~17.75)]. The 

serum IL-6 and bone resorption indexes in progression group were higher and the BMD was lower than non- 

progression group(all P<0.05); The serum IL-6 of GG carriers was higher than CC(P<0.05); IL-6 was positively 

correlated with bone resorption indexes and negatively correlated with BMD(r<0,P<0.05). Conclusion: IL-6 

promoter region-174 polymorphism was not correlated with AIS susceptibility, but may be correlated with the curve 

progression under bracing treatment. The risk of scoliosis progression for G-carried AIS patients was higher than C 

carriers and the mechanism may be that the polymorphism affected the serum IL-6 level,which eventually effected 

the BMD of AIS patients by enhancing bone resorption. 

Introduction 

Adolescent idiopathic scoliosis（AIS）is a common body deformity that can seriously threaten the physical and 

mental health development of teenagers,and if the curvature continuously progress the heart and lung may be hurt 

and threaten the life( Horne JP et al. 2014). Currently, the pathogenesis of AIS is not yet fully clear,but it is generally 
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considered that AIS is associated with hormone abnormalities, tissue abnormalities, genetic and other factors, with 

genetic factors predominating. Therefore, the study of genetic polymorphism on related genes in AIS is of great 

significance for the prevention and treatment of the disease. For AIS patients with lower curvature and slower illness 

progress,wearing orthosis remained one of the major treatments(Abbott A et al. 2013). However, the effect of bracing 

treatment is influenced by multiple factors,including the gender, age, weight, bone mineral density (BMD), AIS type 

and genetic factors( Zhang Y et al. 2015; Mahaudens P et al. 2014). It has been reported that the polymorphism of 

-174 locus in IL-6 promoter region(rs1800795) is associated with multiple diseases and is involved in the occurrence 

and development of a variety of bone tissue diseases ( Marginean CO et al. 2014; Herlin M et al. 2015), but the 

current studies on the association between this SNP and the AIS in Chinese Han adolescents are rare and fail to reach 

consistent conclusions. In this study,by analyzing the differences of IL-6-174 genotype distribution between AIS 

patients and health controls or between progression and non-progression groups of AIS patients after bracing 

treatment,the correlation between the IL-6-174 locus polymorphism and AIS was discussed; Meanwhile,the 

correlation between the IL-6-174 polymorphism and bone mineral density (BMD) was analyzed,which might explain 

the mechanism that the SNP influence the AIS. 

Materials and Methods 

Cases Collection 

172 AIS patients were collected who visited the the First Affiliated Hospital of Zhengzhou University from 

January, 2013 to December,2016. Inclusive criteria of cases: First, 9 to 16 years old, in accordance with AIS 

diagnostic criteria, Lenke I or II type; Cobb angle<40°, meeting the condition to wear spine orthotics; Risser symbol 

0~4 level, for girls, the patient should be with premenarchal status or menophania for less than 1.5 years; All 

participates signed the informed consent and had complete medical records. The following patients were excluded: 

1.Patients with inflammatory diseases or serious systemic disease,or patients had history of bracing treatment or 

surgery; 2.Patients with poor treatment compliance( the time of wearing orthosis everyday was less than 90% of 

doctor's advice). 210 healthy teenagers aging from 9 to 16 years old who come the hospital for health examination 

were collected as the health control (the age and sex should matched with AIS group).  

Therapies and Effective Evaluation Criteria 

All AIS patients received Milwaukee bracing treatment and worn the orthosis for no less than 20 hours per day. 

Frontal and lateral X ray images of full spine when standing on were taken and the maximum main thoracic Cobb 

angle of each patient was measured before and 1 year after the treatment respectively. The Cobb angle difference 

before and 1 year after treatment was calculated. If the Cobb angle progressed more than 5° or less than 5° but the 

final Cobb angle exceeded 40°,the case was classified into the progression group. Otherwise, the case was classified 

into the non- progression group. Finally,78 AIS patients were divided into the non-progression group and 48 patients 

were divided into the progression group according to the result 1 year after the bracing treatment. 

Genotype Detection 

Genomic DNA was extracted(by using DNA extraction kit, Sigma)from peripheral blood,and PCR-RFLP was 

conducted to detect the genotype of IL-6 promoter region-174 locus. Amplimer used in this study: 

5’-CTCTTTGTAAAACTTCGTGCA-3’ and 5’-CTGATTGGAAACCTTATTAAG-3’ (which was compounded by 

Shanghai Sangon Company). The PCR amplification conditions: Predegeneration for 3 min at 94℃, degeneration for 

2s at 94℃, annealing for 30s at 55℃,extension for 30s at 72℃,with totally 35 circulations,amplification for 3 min at 

72℃. The amplification segment was 219bp and then digested by restriction endonuclease NlaⅢ. 3% agarose gel 

electrophoresis was performed for detecting the enzyme-digested product. If the product was 3 segments 

(52bp,122bp,and 45bp), the genetype was allele C, and it was allele G if 2 segments were observed(52bp and 167bp). 
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Observation Indexes 

5 ml morning fasting venous blood of each AIS patient(conducted before treatments) was collected,the serum 

was separated and double antibody enzyme- linked immunosorbent assays(ELISA)were employed to detect the 

serum IL-6 level(kits were purchased from Shanghai, Thermo Fisher) and the bone metabolism markers:bone 

alkaline phosphatase (BALP), bone gla-protein (BGP), tartrate-resistant acid phosphatase- 5b(TRACP-5b), urinary 

calcium(UCa), urinary calcium /creatinine(UCa/Cr). in which, BALP and BGP were the bone formation indexes ang 

TRACP-5b,UCa, UCa/Cr were the bone absorption indexes. The BMD of femoral neck and lumbar vertebrae L1-L4 

of all AIS patients were detected by dual-energy X-ray absorptiometry, average were taken from for 3 measurements 

(femoral neck BMD was measured at both left and right hip and mean value was taken). 

Statistical Analysis 

All data was analyzed and handled with SPSS 19.0. Enumeration data was expressed by mean±standard 

deviation( sx  ), comparison between two groups was conducted with independent sample t test (the data between 

before and after treatment was compared by paired-sample t test), while that among many groups was conducted 

with variance analysis and pairwise comparison among multiple groups was conducted by LSD. The measurement 

data comparison was done with chi-square test, all P<0.05 was considered as statistical significant.  

First, the genotype distribution was tested with Hardy-Weinberg equilibrium analysis,and P>0.05 was 

considered that the distribution conformed to the law of genetic equilibrium. Then, the genotype and allele 

distribution between different groups were compared, binary logistic regression analysis was conducted to obtain the 

OR value and 95%CI adjusted with general data. Finally, the serum IL-6 level, bone metabolism indexes and BMD 

among different genotypes were compared, and Pearson correlation analysis was performed. 

Results 

General data comparison 

The general data of AIS group and health control group were shown in table 1. It can be seen from table 1 that 

there was no difference in the age, gender, height,weight and BMI between the AIS and health control group 

(P>0.05); After 1 year’s bracing treatment, the curve of 71 cases progressed and that of 101 cases didn’t progress. 

The data of progression and non-progression group were shown in table 2. It can be seen that there was no difference 

in the gender, Cobb angle before treatment and Lenke type(all P>0.05) between the two groups except for age. 

Genotype comparison between different groups 

The genotype distribution of -174 locus of IL-6 promoter region between the AIS group and health control, the 

non-progression group and progression group were shown in table 3 and table 4 respectively. The genotype 

distribution in each group all conformed to Hardy-Weinberg equilibrium law(all P>0.05). It was evident that there 

was no difference in IL-6-174 genotype and allele distribution between the AIS and health control group(both 

P>0.05), which indicating that the -174 locus of IL-6 promoter region wasn’t correlated with AIS susceptibility. The 

distribution of genotype between the non-progression group and progression group was closely to statistical 

different(P=0.052) and the distribution of allele was statistical different(P<0.05), the G allele frequency in the 

progression group was higher than non-progression. Considered that the age was different between the 

non-progression group and progression group, multifactor Logistic regression was conducted to obtained the OR 

value. The result in table 4 indicated that the -174 locus of IL-6 promoter region may be correlated with the curve 

progression of AIS patients, the risk of progression for G-carried patients was higher than that of C-carried. 

The association of genotype and serum IL-6 level and BMD 

The serum IL-6 level, bone metabolism markers and BMD of all AIS patients in different groups were shown in 

table 5. It can be seen that there was statistical significant difference on serum IL-6, lumbar vertebrae BMD and bone 

resorption indexes TRACP-5b, UCa, UCa/Cr between the progression and non-progression group, the serum IL-6 
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level and TRACP-5b, UCa, UCa/Cr of progression group were higher and the lumbar vertebrae BMD was lower than 

non-progression group(all P<0.05).  

The serum IL-6 level, bone metabolism indexes and BMD of AIS patients with different genotypes were shown 

in table 6. It was showed that serum IL-6 level, bone resorption indexes TRACP-5b, UCa, UCa/Cr and BMD varied 

among different genotypes, and the differences were all statistically significant (P<0.05). The serum IL-6 level of 

CC/GC genotype carriers were lower and the BMD were higher than GG type. The result of the Pearson correlation 

analysis of serum IL-6 levels, bone metabolism indexes and BMD among genotypes were shown in figure1, it can be 

seen that the serum IL-6 was negatively correlated with the femoral neck BMD and lumbar BMD (r = - 0.191, 

P=0.012 and r = - 0.205, P=0.007, respectively) and positively correlated with the bone resorption indexes 

TRACP-5b, UCa, UCa/Cr(r = 0.214, P=0.005; r =0.143, P=0.062 and r =0.150, P=0.049 respectively), which 

suggested that the higher the IL-6 level was, the stronger the bone resorption and the lower the BMD would be. It 

could be concluded that the -174 polymorphism of IL-6 promoter region could affect the IL-6 level, and eventually 

influenced the BMD. For the lower BMD was one of the mechanisms that the curve of AIS patients progressed under 

bracing treatment, so it may be speculated that this was why the genotype of -174 locus of IL-6 varied in progression 

and non-progression groups. 

Discussion 

AIS is a kind of body dysmorphic disorder commonly seen in adolescence, which would cause disorders in 

movement function, affect the physical and mental health development of teenagers, and even cause 

cardiopulmonary function abnormity and threaten lives with the progression of curve( Weiss HR et al. 2016). Genetic 

factor was one of the major causes for AIS and research on the correlation of SNP and diseases was with positive 

clinical significant. The occurrence and the curative effect of bracing treatment of AIS patients were influenced by 

multiple factors,with BMD included. Existing researches showed that the IL-6-174 polymorphism was correlated 

with BMD, but there were few researches about its correlation with AIS susceptibility and progression, and no 

consensus conclusion about the correlation between IL-6-174 polymorphism and AIS susceptibility was obtained 

currently.  In 2007, Aulisa L et al( Aulisa L et al. 2007) firstly proposed the correlation between IL-6-174, matrix 

metalloproteinase-3 polymorphism and scoliosis and pointed out the IL-6 was one of the significant genes for genetic 

susceptibility of scoliosis; Based on detecting IL-6-174 genotypes of 104 scoliosis patients and 210 healthy controls 

in Bulgaria, Nikolova ST et al( Nikolova ST et al. 2016)  found that difference of genotype distribution between the 

two groups was significant, which suggesting that -174 locus polymorphism was correlated to the scoliosis 

susceptibility; Mórocz M et al( Mórocz M et al. 2011) proposed that IL-6-174 polymorphism might interact with 

polymorphism of genes BMP4, leptin, MMP3 and MTNR1B, which cooperatively affecting the AIS susceptibility. 

However, it was well known that the relationship of polymorphism and diseases varied in different areas and study 

population.Liu Z et al( Liu Z et al. 2010) have conducted surveys to Chinese Han nationality and found that IL-6-174 

polymorphism wasn’t correlated with AIS susceptibility. Zhao J et al( Zhao J et al. 2016) conducted meta analysis 

with the literatures ranging from 1994 to 2015) about the IL-6 SNP and AIS, and concluded that no correlation 

between IL-6-174 polymorphism and AIS susceptibility was proved. In this study, There was no difference on the 

distribution of IL-6-174 locus genotype in the AIS group and health control, indicating that there was no correlation 

between IL-6-174 polymorphism and AIS susceptibility in Chinese Henan Han teenagers, which was consistent with 

existing research.  

Wearing orthopedic braces was the main common treatment for AIS, but its effect was influenced by many 

factors including age, Risser symbol, Cobb angle, Lenke type, bone density, genetic factors and so on,which BMD 

was considered as one of the most important factors. Studies had proved that AIS patients suffered the body-wide 

BMD decreasing( Pourabbas Tahvildari B et al. 2014; Ishida K et al. 2015), and there was some association between 
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BMD and the curative effect of bracing treatment( Sun X et al. 2013; Hoshino M et al. 2013). Yip et al( Yip et al. 

2016) indicated that the risk of progression for female AIS patients with lower BMD when undergo bracing treatment 

was higher than that with higher BMD and they had to turn to surgery treatment. The lower BMD of AIS may be 

caused by the lower bone mineral content and higher body load, if the spine bone’s intention was not enough, the 

original abnormal spine construction may be exacerbated and the deformity was aggravated. Chinese scholars Cheuk 

KY et al(Cheuk KY et al. 2015) analyzed 95 female AIS patients and 97 control and found that there was  

micro-architectural difference between osteopenic and non-osteopenic AIS patients but there was no difference 

between osteopenic and non-osteopenic controls. So, all the researches above indicated that BMD was the important 

influence factor of occurrence and effect of AIS, but there was no relative researches about the correlation between 

IL-6-174 polymorphism and BMD and AIS progression under bracing treatment. In this study, it was found that the 

difference in the allele distribution between the non-progression group and progression group was statistical 

significant (P<0.05), the G allele frequency in progression group was higher than C allele, which indicating that the 

IL-6-174 locus may be correlated with the progression of AIS. This finding was significant for clinical therapy for 

AIS.  

The results in this study also showed that the serum IL-6 of AIS patients varied in different genotypes and IL-6 

level of C allele-carried patients was obviously lower than that of the G allele carriers, which indicating that IL-6-174 

polymorphism may affect the IL-6 expression levels. Promoter region was the key region for RNA polymerase 

specificity combination and recognition during the gene transcription. Therefore, it was presumed that 174-locus 

polymorphism may affect the combination of IL-6 promoter region and RNA specific polymerase, then affected the 

IL-6 transportation,expression,and consequently change the serum level. Besides, the IL-6 level was positive 

correlated with the bone resorption indexes TRACP-5b, UCa, UCa/Cr and negatively correlated with the BMD.As a 

cytokine participated in the immune inflammatory response, IL-6 could promote the formulation of osteoclast 

precursor cells and participate in the bone resorption process of bone metabolism. When the osteoclast adhere to the 

bone issue, the acidic enzyme TRACP-5b will be secreted to degrade the mineral substance such as Ca, phosphorus 

of bone matrix. The Ca and P were eliminated from the body as urine. So when the IL-6 level rose, it could accelerate 

the bone absorption and the serum TRACP-5b and UCa and UCa/Cr rose as well, the balance of bone metabolism 

and bone accumulation was broken and eventually the BMD reduced(Del Fattore A, et al. 2014). Generally,the 

femoral neck BMD was considered as the representative of the total bone mineral content,while the lumbar was the 

major part where scoliosis orthosis and orthopedics worked on, but the level of femoral neck BMD and lumbar BMD 

were usually consistent. Therefore, the mechanism of correlation of IL-6-174 polymorphism and AIS progression 

could be speculated that the SNP affected the IL-6 level and bone absorption status, and consequently affected the 

BMD and scoliosis progression, the G allele carrier had higher risk of progression for original deformity. A lot of 

existing studies has proved that IL-6-174 polymorphism was correlated with BMD(Ni Y et al. 2014). Through the 

meta analysis,Wang Z et al(Wang Z et al. 2013) proved that IL-6-174 polymorphism had a certain effect on BMD 

and patients with G-gene were more likely to suffer the BMD decreasing than patients with C allele.Low bone 

density was a risk factor causing abnormal bone growth and further causing AIS occurrence. The conclusion in this 

study was consistent with this. 

In conclusion, this study indicated that IL-6-174 polymorphism was not correlated with AIS susceptibility, but 

correlated to the curative effect or curve progression of bracing treatment. The possible mechanism may be that 

IL-6-174 polymorphism affected the IL-6 level and BMD through the bone absorption metabolism,thus influencing 

the progression of scoliosis. 
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Tables 

Table 1 General information comparison between the AIS group and health control* 

Indexes 

Group 
AIS group Health control 2/t P 

Age(years old) 13.3±2.0 13.6±2.0 1.307 0.193 

Sex 
Male 50 76 

2.164 0.141 
Female 122 134 

Height(cm) 142.3±12.3 141.4±13.4 0.923 0.342 

Weight(kg) 38.1±6.8 37.8±5.9 0.860 0.426 

BMI(kg/m2) 19.2±4.5 19.6±4.2 0.276 0.784 

                                                           
* AIS:Adolescent idiopathic scoliosis;BMI:Body mass index. 
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Table 2 General information comparison between the progression group and non-progression group 

Indexes 

Group 
Non-progression group Progression group 2/t P 

Cases 101(58.7%) 71(41.3%) —— —— 

Age(years old) 13.0±1.9 13.8±2.1 2.439 0.016 

Sex 
Male 27 23 

0.648 0.421 
Female 74 48 

Height(cm) 140.7±13.1 143.3±12.2 1.319 0.189 

Weight(kg) 38.3±6.6 37.8±6.8 0.447 0.655 

BMI(kg/m2) 19.8±5.1 18.8±4.5 1.414 0.159 

Cobb angle before(°) 30.3±8.5 31.4±7.5 0.871 0.385 

Cobb angle after(°) 36.5±7.7 26.8±8.6 12.341 <0.001 

Risser symbol 

0 4 1 

3.039 0.551 

1 18 11 

2 37 23 

3 29 21 

4 13 15 

Lenke type 
Ⅰ 69 50 

0.087 0.768 
Ⅱ 32 21 
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Table 3 Genotype and gene frequency distribution of IL-6-174 locus between AIS and health control groups[cases(%)] 

Indexes 

Group 
AIS group Health control 2 P Sig. OR(95%CI) 

Genotype 

CC 10(5.8) 14(6.7) 

1.074 0.585 

0.533 1 

CG 42(24.4) 60(28.6) 0.944 0.968(0.389~2.405) 

GG 120(69.8) 136(64.7) 0.610 1.249(0.531~2.937) 

Gene Frequency 
C 62(18.0) 88(21.0) 

1.028 0.311 
 1 

G 282(82.0) 332(79.0) 0.289 1.236(0.852~1.844) 

Une
dit

ed
 ve

rsi
on



 

 

 

10 

Table 4 Genotype and gene frequency distribution of IL-6-174 locus between non-progression and progression 

groups[cases (%)] 

Indexes 

Group 

Non-progression 

 group 

Progression 

group 
2 P Sig.* OR(95%CI)* 

Genotype 

CC 8(7.9) 2(2.8) 

5.900 0.052 

0.023 1 

CG 30(29.7) 12(16.9) 0.930 1.600(0.296~8.653) 

GG 63(62.4) 57(80.3) 0.036 3.619(0.738~17.75) 

Gene 

Frequency 

C 46(22.8) 16(11.3) 
7.470 0.006 

 1 

G 156(77.2) 126(88.7) 0.004 2.318(1.352~6.472) 

                                                           
* Adjusted data for age. 
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Table 5 IL-6 level and BMD of AIS patients in progression and non-progression group* 

Group 

Indexes 

 

Non-progression 

group 

Progression 

group 
2/t P 

IL-6（pg/mL） 101.6±29.0 116.0±32.7 2.400 0.018 

Femoral neck BMD(g/cm2) 0.82±0.12 0.79±0.09 1.414 0.160 

Lumbar vertebrae BMD(g/cm2) 0.90±0.10 0.86±0.07 2.113 0.037 

BALP（U/L） 224±18 228±25 0.994 0.323 

BGP（ng/L） 4.54±0.49 4.68±0.66 1.246 0.215 

TRACP-5b（U/L） 2.88±0.90 3.26±0.83 2.178 0.032 

UCa（mg/d.kg） 3.66±0.55 3.89±0.42 2.279 0.025 

UCa/Cr 0.18±0.04 0.20±0.05 2.315 0.023 

                                                           
* BALP:bone alkaline phosphatase; BGP: bone gla-protein; TRACP-5b:tartrate-resistant acid phosphatase-5b; UCa:urinary calcium; 

UCa/Cr:urinary calcium/creatinine. 
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Table 6 IL-6 level and BMD of AIS patients with different genotypes 

Indexes CC(10 cases) GC(42 cases) GG(120 cases) F P 

IL-6（pg/mL） 94.70±13.81 102.14±23.71 112.55±33.41* 2.967 0.05 

Femoral neck BMD(g/cm2) 0.97±0.13  0.85±0.10 * 0.79±0.09 *△ 20.983 0.000 

Lumbar vertebra BMD(g/cm2) 1.04±0.12 0.93±0.08*  0.87±0.07 *△ 33.346 0.000 

BALP（U/L） 218±15 227±22 226±21 0.768 0.465 

BGP（ng/L） 4.54±0.38 4.69±0.51 4.57±0.52 0.998 0.371 

TRACP-5b（U/L） 2.44±0.82  2.73±0.67  3.21±0.96 *△ 7.101 0.001 

UCa（mg/d.kg） 3.28±0.61  3.52±0.55  3.88±0.51*△ 11.451 0.000 

UCa/Cr 0.16±0.05  0.17±0.04  0.19±0.05*△ 6.330 0.002 

 

 

 

                                                           
* Compared with CC type,difference was statistical significant, P<0.05； 

△ Compared with GC type, difference was statistical significant,  P<0.05;  

BMD:Bone mineral density. 
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Figure Captions 

Figure 1 Pearson correlation analysis(a:The correlation of IL-6 and femoral neck BMD; b:The correlation of IL-6 

and lumbar vertebrae BMD; c:The correlation of IL-6 and TRACP-5b; d:The correlation of IL-6 and UCa; e:The 

correlation of IL-6 and UCa/Cr. 
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