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Key points 

1.  Osteoblasts at the convex side of the curve apex in AIS patients exhibit greater 
metabolic capacity 

2.  Convex osteoblasts from the curve apex exhibit greater mineralisation capacity 
than concave osteoblasts  

3.  Osteoblasts at the curve apex exhibit differential expression of wnt signalling 
genes in AIS patients 
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Abstract (300 words) 

Study design 

An observational descriptional study based on a single cohort of patients. 

Objective 

To determine whether spinal facet osteoblasts at the curve apex display a different 

phenotype to osteoblasts from outside the curve in adolescent idiopathic scoliosis 

(AIS) patients.         

Summary of background data 

Intrinsic differences in the phenotype of spinal facet bone tissue and in spinal 

osteoblasts have been implicated in the pathology of AIS.  However, no study has 

compared the phenotype of facet osteoblasts at the curve apex compared to outside 

the curve in AIS patients.   

Methods 

Facet spinal tissue was collected peri-operatively from 3 sites, the concave and 

convex side at the curve apex and from outside the curve (non-curve) from n=3 AIS 

female patients aged 13-16.  Spinal tissue was analysed by MicroCT to determine 

Bone Mineral Density (BMD) and trabecular structure.  Primary osteoblasts were 

cultured from concave, convex and non-curve facet bone chips.  The phenotype of 

osteoblasts was determined by assessment of cellular proliferation (MTS assay), 

cellular metabolism (alkaline phosphatase and Seahorse Analyser), bone nodule 

mineralisation (Alizarin red assay) and the mRNA expression of Wnt signalling genes 

(qRTPCR).  

Results 

Convex facet tissue exhibited greater BMD and trabecular thickness, compared to 

concave facet tissue.  Osteoblasts at the convex side of the curve apex exhibited a 
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significantly higher proliferative and metabolic phenotype and a greater capacity to 

form mineralised bone nodules, compared to concave osteoblasts.  mRNA 

expression of SKP2 was significantly greater in both concave and convex 

osteoblasts, compared to non-curve osteoblasts.  The expression of SFRP1 was 

significantly down-regulated  in convex osteoblasts, compared to either concave or 

non-curve.      

Conclusions 

Intrinsic differences that affect osteoblast function are exhibited by spinal facet 

osteoblasts at the curve apex in AIS patients. 

Level of evidence 

Level IV 

 

  



6 
 

Introduction 

Adolescent idiopathic scoliosis (AIS) is the most common paediatric spinal deformity.  

Characterised as lateral curvature of the spine in children aged between 10-18 years 

old it affects between 2-3% of this population 1.  It is a highly heterogeneous 

condition with some patients exhibiting rapidly progressive aggressive curves.  

Critically, AIS patient management procedures including bracing, growth modulation 

and fusion are all associated with significant morbidity 1-3.  Therefore, identifying the 

central pathogenic drivers will facilitate the development of pharmacological 

therapeutics and may also help to identify predictive markers of aggressive curves to 

inform clinicians and patients. 

Importantly, there is now increasing evidence to support a role for abnormal spinal 

bone tissue as a primary intrinsic driver of AIS pathogenesis and a key determinant 

of curve progression 4-6.   It is well known that AIS patients exhibit lower lumbar spine 

bone mineral density (LSBMD) 7-9 and altered vertebral growth 10-12, resulting in 

disparity between the growth of anterior and posterior vertebrae with rotational 

lordosis.  Furthermore, several studies have now provided evidence for the 

dysregulation of key molecular signalling pathways that are known regulators of 

bone mass.  Genetic studies in girls with AIS have shown associations between 

LSBMD with polymorphisms of osteoprotegrin (OPG), the decoy receptor for 

RANKL, which is secreted by osteoblasts and reduces osteoclast activity 13.  

Increased serum concentrations of RANKL and an increase in the RANKL:OPG ratio 

have been reported in patients with AIS and were found to be negatively correlated 

to LSBMD 9.  In addition, it was recently demonstrated in vitro that, in contrast to 

healthy osteoblasts, osteoblasts isolated from AIS patients were insensitive  to the 

pro-proliferative effect of melatonin stimulation 14, suggesting an intrinsic dysfunction 
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in melatonin signalling may exist in human AIS spinal bone tissue.  Notably, in 

animal models of idiopathic scoliosis, development of idiopathic scoliosis-like 

changes is associated with reduced systemic levels of melatonin, whilst melatonin 

administration prevents scoliosis development in both chick and rodent models 15-18.   

Despite these studies, no study has compared the phenotype and function of AIS 

facet osteoblasts at the curve apex compared to facet osteoblasts outside of the 

curve.  Intrinsic differences in osteoblast phenotype at the apex of the curve may be 

central to mediating localised abnormal vertebral growth which drives curvature.  

Therefore, the aim of this study was to examine the phenotype of spinal bone tissue 

and isolated osteoblasts from the convex and concave side of the curve at the curve 

apex and from outside the curve in patients with AIS.      
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Methods 

Ethical Approval and Subject Recruitment 

AIS female patients aged 13-16 yrs old (n=3) scheduled for corrective spinal surgery 

were recruited following ethical apporoval (ROH16/002).  Consent was obtained from 

all patients and their families.  Peri-operatively, facet spinal tissue was collected from 

3 sites, the convex and concave side at the curve apex and from outside the curve 

(non-curve).  Pre-operative x-ray radiographs of the spine were analysed to 

determine Cobb angle.   

 

MicroCT analysis 

Bone gross structural parameters were determined using a Bruker Sky scan 1172 

(e2v technologies plc, Chelmsford, UK). Scans were performed at 59 kV and 100 uA 

with a 0.5 mm aluminium filter. Pixel size was set to 13.52 μm, with a rotation step of 

0.3° and exposure time of 1750 ms.  Reconstruction was performed using NRecon 

software version 1.7.1 (SkyScan, e2v technologies plc, Chelmsford, UK). Analysis 

was performed using CTAn software version 1.15.4 (Bruker, Chelmsford, UK). A 

region of interest was defined to exclude cortical bone from the analysis. For bone 

mineral density, hydroxyapatite phantoms of 250 and 750 mg.cm-1 (Bruker) were 

scanned and reconstructed in the exact same conditions as the bone samples. The 

attenuation of each phantom was calculated and used to calibrate the software to 

determine BMD 

 

Isolation and culture of primary spinal osteoblasts 

Facet bone chips were washed three times in Dulbecco’s Modified Eagles Media 

(DMEM, Sigma Aldrich, UK) containing 100U/mL penicillin, streptomycin and 
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cultured in differentiation media (DMEM, 10% FBS, 100Units/mL Penicillin 

Streptomycin, 2mM L-Glutamine, 1% NEAA, 2mM b -glycerophosphate, 50ug/mL L-

Ascorbic Acid, 10nM Dexamethasone). Media was changed every 3 days and bone 

chips removed upon the appearance of osteoblasts. 

 

Osteoblast cellular proliferation 

Primary osteoblasts from non-curve, convex and concave bone chips were cultured 

at 4000 cells/well in 96-well plates over a timecourse up to 21 d. Proliferation was 

determined using the CellTiter 96 Aqueous One Solution Cell Proliferation Assay kit 

(Promega, USA) as per the manufacturer’s instructions. 

 

Seahorse XFe96 analysis of osteoblast metabolic function 

A Seahorse XFe96 analyser (Agilent Technologies, Santa Clara, California, United 

States) was used to conduct a Seahorse XF Mito Stress Test in accordance with the 

manufacturer’s recommendations. Osteoblasts (2.5 x 104 cells per well) were seeded 

to 0.2 % gelatin-coated Seahorse XFe96 Cell Culture Microplates. Treatment 

conditions were assayed in triplicate.  

 

Alkaline Phosphatase (ALP) Assay 

Osteoblasts were lysed in 150mM Sodium Chloride, 1% triton x-100, 50mM Tris, pH 

8.0 containing protease and phosphatase inhibitor cocktails (Sigma Aldrich, Poole, 

U).  Lysate protein concentration was determined by Bradford assay 19. To 10µl 

osteoblast lysate, 100µl of alkaline phosphatase substrate containing p-

nitrophenylphosphate (pNNP) was added and incubated for 15 min at 37°C before 
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being stopped by the addition of 20µl 0.1M sodium hydroxide. Human alkaline 

phosphatase was used as a standard and absorbance was measured at 405nm. 

 

Alizarin Red Mineralisation Assay 

Osteoblast mineralisation was determined by Alizarin Red staining, as previously 

described 20-22.  In brief, upon reaching confluence osteoblasts were grown for a 

further 3 weeks and then stained with 0.5% alizarin red solution (0.5% Alizarin Red, 

1% ammonia solution, pH 4.0) for 10 min.  Cells were washed in PBS and destained 

using 10% cetyl pryridium chloride (Sigma, UK) for 10 min.  The absorbance of the 

supernatant was measured at 550 nm on a platereader. 

 

Gene expression analysis 

Total RNA was isolated from convex, concave and non-curve primary facet joint 

osteoblasts using Trizol reagent (Qiagen, UK).  The mRNA expression of 84 Wnt-

signalling genes was determined by qRT-PCR using an RT2 Profiler PCR array 

(Qiagen, UK) as per the manufacturer’s instructions.  The mRNA expression of 

SKP2 and SFRP1 was determined by qRT-PCR using Taqman probes (Dharmacon, 

GE LifeSciences, UK) and normalised to 18S. 

 

Pathway Analysis 

Pathway analysis was conducted on mRNAs from the RT2 Profiler PCR array that 

were differentially expressed >2-fold either between convex and concave, or 

between non-curve and convex/concave osteoblasts.  Pathway analysis was 

performed using Ingenuity Pathway Analysis software (www.ingenuity.com). In brief, 

a core functional analysis was performed on the differentially expressed genes to 

http://www.ingenuity.com/
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visualise the alignment of the differentially expressed genes to the canonical Wnt 

signalling pathway and to generate novel gene network maps. 

 

Statistical analysis 

Data was analysed by ANOVA performed using IBM SPSS Statistics v22 and 

GraphPad Prism, with Bonferroni’s multiple comparison test used where appropriate.  

Significance was accepted as p < 0.05.   
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Results             

1.  Characterisation of patients and patient samples 

Pre-operative radiographs revealed Cobb angles between 105 and 50º (Figure 1A).  

MicroCT analysis of the peri-operative bone tissue samples (Figure 1B) was 

performed in order to determine bone mineral density (BMD) and structural 

parameters of trabecular thickness (Tb.Th) and trabecular number (Tb.N).  BMD and 

Tb.Th were found to be greater in the convex bone tissue, compared to the patient-

matched concave bone tissue in each of the three patients analysed (Table 1).   

 

2.  Osteoblasts from the convex side of the curve apex in AIS patients exhibit a 

greater metabolic proliferative phenotype.   

Next, we isolated osteoblasts from the bone chips taken from the concave and 

convex side of the curve apex and from outside of the curve, and examined  their 

metabolic proliferative phenotype.  Non-curve, concave and convex osteoblasts (n=3 

patients) were cultured in growth media alone or growth media supplemented with 

melatonin (120 pg/ml).  MTS reagent used to determine cell proliferation.  As 

expected, over the course of 21 days there was a significant increase in osteoblast 

cell proliferation.  However, convex osteoblasts proliferated at a greater rate, 

showing significantly (p<0.001) greater proliferative activity at 21 days, compared to 

either concave or non-curve osteoblasts (Figure 2A).   

Compared to media alone, there was a small but significant effect of melatonin in 

promoting the proliferation of convex (p<0.05), concave (p<0.001) and non curve 

(p<0.01) osteoblasts.  However, there was no significant difference between the 

different osteoblast cell types in their responsiveness to melatonin (Figure 2B).  
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We next interrogated the metabolic functional phenotype of the osteoblasts by 

determining oxidative and glycolytic metabolism using a Seahorse XF Analyser 

mitochondrial stress test. Analysis of metabolic function revealed that convex 

osteoblasts displayed significantly greater basal and maximal oxygen consumption 

rate (OCR), compared to either concave or non-curve osteoblasts (Figure 3A and 

3B).  In addition to elevated oxidative phosphorylation, convex osteoblasts also 

exhibited increased extracellular acidification rate, indicative of elevated glycolytic 

metabolism (Figure 3C). 

 

3.  Convex osteoblasts from the curve apex exhibit greater mineralisation 

capacity than concave osteoblasts 

We next examined whether the greater metabolic activity of convex osteoblasts was 

reflected in a greater functional ability to mineralise bone.  Since the enzyme alkaline 

phosphatase (ALP) provides inorganic phosphate to promote mineralisation we first 

assessed ALP activity in convex, concave and non-curve osteoblasts over a period 

of 7 days of culture.  Over the duration of the 7 days, convex osteoblasts exhibited 

significantly greater alkaline phosphatase activity, compared to either concave or 

non-curve osteoblasts (Figure 4A). To determine bone mineralisation, we cultured 

convex and concave osteoblasts in 24-well plates for a further 14 days upon 

reaching confluence and stained for mineralised bone nodules using Alizarin Red.  

Both osteoblast cell types were capable of forming mineralised bone nodules.  

However, significantly greater mineralisation was exhibited by the convex 

osteoblasts, compared to the concave osteoblasts (Figure 4B).      
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4  Convex osteoblasts from the curve apex exhibit differential expression of 

Wnt signalling genes  

To determine whether osteoblasts from the convex and concave side of the curve 

apex exhibited a different transcriptomic phenotype compared to non-curve 

osteoblasts we initially performed a broad expression profile of 84 Wnt signalling 

pathway components and mediators (including Wnt ligands, receptors and Wnt 

target genes) using a RT2-profiler array (Qiagen, UK).  In total, 62/84 genes were 

detected, of which 17 were differentially expressed >2-fold between convex and 

concave osteoblasts (Table 2).   

Based on fold-change and absolute expression we then selected the genes SKP2 

(S-phase kinase-associated protein 2) and SFRP1 and validated their expression in 

non-curve, convex and concave osteoblasts from n=3 patients.  SKP2 was found to 

be significantly increased by approximately 2-fold in both concave and convex 

osteoblasts, compared to non-curve osteoblasts.  Expression of SFRP1 was 

comparable between concave and non-curve osteoblast, but was significantly down-

regulated in convex osteoblasts (Figure 5A).     

We then utilised pathway analysis software to visualise the alignment of the 

differentialy expressed mRNAs to the canonical wnt signalling pathway.  With the 

focus on SKP2 and SFRP1, network analyses generated novel network maps, which 

showed the central role of both SKP2 and SFRP1 as regulators of multiple 

components of the wnt signalling pathway (Figure 5B).   
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Discussion 

This study is the first to examine the intrinsic differences in the functional phenotype 

of spinal osteoblasts at the curve apex compared to non-curve in patients with AIS.  

Furthermore, this is the first study to identify two candidate genes, namely SKP2 and 

SFRP1, that are differentially expressed in osteoblasts at the curve apex.   

On the basis that differences in the proliferative activity of osteoblasts at the curve 

apex might drive bone curvature we first examined the in vitro proliferation of 

osteoblasts over a timecourse of 21 days.  Notably, convex osteoblasts displayed 

greater proliferative capacity compared to either concave or non-curve osteoblasts.  

However, we observed no difference in the responsiveness of the different 

osteoblast cell types to the presence of melatonin in the culture media.  Although 

systemic levels of melatonin are not reported to be different in AIS patients 23,24, it 

has been shown that melatonin induces the proliferation of normal healthy 

osteoblasts but not AIS osteoblasts 14.   Our finding that there was no difference 

between osteoblasts from outside the curve and those at the curve apex in 

responsiveness to melatonin suggests that it is unlikely that intrinsic differences in 

melatonin signalling play a central role in AIS curvature.  

In addition to the greater proliferative capacity, convex osteoblasts also exhibited 

greater metabolic activity than either concave or non-curve osteoblasts, with higher 

basal and maximal respiratory capacity.  This greater metabolic acitivty was also 

reflected in greater alkaline phosphatase activity of convex osteoblasts in culture, 

which led to greater mineralised bone nodule formation.  Notably, MicroCT analysis 

showed that BMD was comparively higher in bone facet tissue from the convex side 

of the curve, than in either concave or non-curve bone facet tissue.  Although several 

studies have reported lower lumbar spine BMD in patients AIS patients 9,12,25,26 it is 
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unclear if the differential in mineral deposition per se between convex and concave 

bone tissue and between convex and concave osteobalasts at the curve apex plays 

a mechanistic role in mediating AIS spinal curvature.  Perhaps more likely, the 

differential mineralisation is a marker of more active osteoblasts on the convex side 

of the curve driving greater bone formation 

In attempting to understand the molecular basis for these functional differences our 

study has idenfiied two Wnt signalling genes, SKP2 and SFRP1, that are 

differentially expressed in osteoblasts at the curve apex.  SFRP, a 35 kDa 

prototypical member of the SFRP family, was found to be signifjcanflty 

downregulated in convex osteoblasts, compared to either concave or non-curve 

osteoblasts.  Critically, SFRP1 acts as  a biphasic modulator of Wnt signalling 27,28, 

counteracting Wnt-induced effects at high concentrations and promoting them at 

lower concentrations.  As such, SFRP1 is considered a crtical regulator of cellular 

proliferation and migration and its differential expression has been implicated in the 

the development of multiple cancers, including pancreatic 29, gliobastoma 30 and 

colorectal 31,32, and in musculoskeletal connective tissue disorders 33,34.  Therefore, 

the reduced expression of this critical modualtor of Wnt signalling activity may have 

important implications for the homeostatic control of osteoblast activity and ultimately 

bone formation at the curve apex. 

SKP2 was found to be more highly expressed in both convex and concave 

osteoblasts, compared to non-curve osteoblasts.  SKP2 has been shown to target 

RUNX2 35, an essential osteoblast transcription factor 36-41, for ubiquitin mediated 

degradation, thus regulating osteogenesis 35.  Therefore, the significant increase in 

expression of SKP2 in osteoblasts at either side of the curve apex could indicate a 

pathological impact on osteogenesis.  These findings add significant weight to the 
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role of dysfunctional wnt signalling pathway in AIS pathogenesis.  Previously, it has 

been reported that loss of function mutations in the Wnt mediator gene PTK7 in 

zebrafish  leads to malformed vertebrae 42 and missense PTK7 variants have been 

idenfified in AIS patients 42.  Furthermore, varants in VANGL1, a regulator of 

WNT/planar cell polarity (PCP) signalling, were recently identified in a cohort of 157 

moderate to severe AIS patients 43.  

This study has a number of limitations.  Given the study design it is not possible to 

determine whether the changes we have observed here are causative.  It is 

conceivable that these differences in osteoblast phenotype at the curve apex are 

secondary to changes in paraspinal muscles that control spinal stability.  However, to 

determine whether such differences are causative is inherently difficult.  Collecting 

spinal tissue samples from patients at the onset of disease, prior to spinal  curvature, 

is currently not feasible because there are no biomarkers to diagnose patients with 

very early stage disease.   

It should also be noted that this study is observational and is based on a small cohort 

of patients.  It is important therefore that these findings are validated in a larger 

patient cohort.  Furthermore, given the small patient size it was not possible to 

determine a relationship between osteoblast phenotype and curve severity, which 

could help to ascertain whether the effects reported here causative.  Finally, it is was 

only possible to obtain relatively small bone tissue samples, which limited the ability 

to perform extensive omic profiling and functional analyses of osteoblasts. 

Despite these limitations, this study provides evidence for the first time that intrinsic 

differences that affect osteoblast function are exhibited by spinal facet osteoblasts at 

the curve apex in AIS patients.  Such differences may play a causative role in the 

development of AIS, and therefore warrant further study in a larger patient cohort.   
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Figure legends 

Figure 1.  AIS patient radiographs and MicroCT scans of collected face spinal 

tissues.  (A)  Pre-operative radiographs of AIS patients used to determine cobb 

angle.  Peri-operatively, facet spinal tissue was collected from 3 sites for each 

patient,  namely  the convex (black arrowhead) and concave (white arrowhead) side 

at the curve apex and from outside the curve (grey arrowhead; non-curve).  (B)  

MicroCT reconstructed facet bone tissue samples.  Samples were scanned at 59 kV 

and 100 uA with a 0.5 mm aluminium filter and pixel size at 13.52 μm (Bruker 

Skyscan 1172).  Reconstruction was performed using the NRecon software v1.7.1 

(SkyScan).  The white scale bar represents 3 mm length. 

 

Figure 2.  Comparison between the proliferation of osteoblasts from either side 

of the curve apex with non-curve osteoblasts.  (A) Timecourse of 21 days of the 

proliferation of convex, concave and non-curve primary osteoblasts from n=3 

patients.  Osetoblasts were seeded at 4000 cells/well in 96-well plates.  At each 

timepoint cellular proliferation was determined by MTS assay.  Data are presented 

as mean ± SEM of n=3 patients and performed in triplicate.  *** p < 0.001, 

significantly different by 2-way ANOVA.  (B)  Comparison of the effect of melatonin 

(120 pg/ml) on the proliferation of convex, concave and non-curve osteoblasts as 

determinbed by MTS assay.  Data are presented as fold-change from 24h timepoint.  

*= p < 0.05, **= p < 0.01 *** p < 0.001, significant increase in cell number over the 

timecourse, as determined by 2-way ANOVA.  

  

Figure 3.  Convex osteoblasts from the curve apex exhibit increased oxidative 

metabolism.  Primary convex, concave and non-curve osteoblasts from each of the 
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3 patients were subjected to a Mito Stress Test on the Seahorse XFe96 analyser. 

(A) Representative profile of the timecourse oygen Consumption Rate (OCR), where 

oliogomycin, FCCP, Antimycin A and rotenone are added sequentially.  (B) Basal 

OCR (pmol/min) as a measure of basal respiration.  Data are presented as mean ± 

SEM from 6 replicates per cell type in each of the 3 patients.  (C) Maximal OCR 

(pmol/min) as a measure of maximal respiration.  Data are presented as mean ± 

SEM from 6 replicates per cell type in each of the 3 patients.   (D) Representative 

profile of extracellular acidification rate (ECAR), where where oliogomycin, FCCP, 

Antimycin A and rotenone are added sequentially.  (E) Maximal ECAR 

(mpH/min/mg) as a measure of glycolytic capacity.  Data are presented as mean ± 

SEM from 6 replicates per cell type in each of the 3 patients. * = p < 0.05, ** = p < 

0.01,  *** = p < 0.001, significantly different compared to non curve cells by 1-way 

ANOVA. 

 

Figure 4.  Convex osteoblasts from the curve apex exhibit greater bone 

mineralisation capacity.  (A)  Alkaline phosphatase activity of convex, concave and 

non-curve osteoblasts in culture over a timecourse of 8 days.  Data represent mean 

± SEM from n=3 patients.  **= p < 0.01, ***=p<0.001, convex significantly from 

concave and non-curve osteoblasts at the same timepoint by 2-way ANOVA.  (B)  

Relative quantification of bone nodule mineralisation of convex osteoblasts 

compared to concave osteoblasts upon culture in triplicate for 14 days after reaching 

confluence.  Mineralisation was quantified by Alizarin Red staining.  Bars represent 

mean relative mineralisation of n=3 patients ± SEM.  *= p< 0.05.   
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Figure 5.  Differential expression of wnt signalling mediators in osteoblasts at 

the curve apex 

(A) mRNA expression of SKP2, SFRP1 and DKK1 in convex, concave and non-

curve osteoblasts.  Osteoblasts from n=3 patients were cultured in triplicate in 24-

well plates and total RNA extracted using Trizol reagent.  Relative expression was 

determined by ddCT method using Taqman probes and normalised to GAPDH.  

Data are presented as mean ± SEM from n=3 patients.  *= p < 0.05, **= p < 0.01 by 

1-way ANOVA.  (B)  Ingenuity Pathway Analysis of differentially expressed (>2-fold) 

wnt signalling genes illustrating the location of SFRP1 and SKP2 in the canonical 

wnt signalling pathway and their central role in wnt gene networks.    
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Table 1.  Patient characteristics and the gross structural parameters of spinal facet bone tissue.  

Cobb angle was determined by analysis of pre-operative x-ray radiographs.  Gross structural parameters of facet bone tissue at the 

curve apex (convex and conave) and from outside the curve (non Curve) was determined by MicroCT.  a= Bone Mineral Density 

(BMD) units g/cm2.  b=Trabecular Thickness (TbTh) units µm.  c=Trabecular Number (TbN) units mm-1. 

 

   Age 

(yrs) 

Cobb Angle Non Curve Convex Concave 

Site BMDa TbThb TbNc Site BMDa TbThb TbNc Site BMDa TbThb TbNc 

Patient 1 13 105° T6-L1 L2 0.03 375 0.10 T9 0.13 366 0.24 T9 0.10 275 0.27 

Patient 2 15 50° L1 0.09 471 0.15 T9 0.11 580 0.13 T9 0.05 463 0.12 

Patient 3 16 66° T6-T11 T12 0.06 379 0.16 T8 0.11 551 0.14 T8 0.07 517 0.12 
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Table 2.  Differential expression of  Wnt signalling genes in osteoblasts at the 

curve apex. 

Total RNA from convex, concave and non curve osteoblasts from patient 2 was 

analysed in duplicate for the mRNA expression of 84 wnt signalling genes by qRT-

PCR using a RT2 profiler gene array (Qiagen, UK)  Relative expression was 

determined by ddCT and normalised to 18S. 

 

Concave vs Non-Curve Convex vs Non-Curve Concave vs Convex 

Gene Fold-Change Gene Fold-Change Gene Fold-Change 
AXIN1 3.2 BTRC -2.1 AXIN2 2.4 
AXIN2 4.6 DAB2 2.4 DAB2 -2.1 
CSNK1A1 2.1 DKK1 -3.2 DKK1 8.1 
CTNNB1 2.0 FRAT1 3.7 FRZB 2.0 
DAAM1 3.5 FZD8 4.9 FZD1 2.3 
DKK1 2.5 PITX2 -6.8 FZD3 2.2 
DVL1 2.4 PPARD 2.5 PITX2 7.2 
FOSL1 3.1 SFRP1 -26.0 PRICKLE1 2.2 
FRAT1 4.5 SFRP4 -3.7 SFRP1 10.9 
FZD1 2.0 VANGL2 -2.2 SFRP4 2.4 
FZD8 2.8 WISP1 -2.0 VANGL2 5.3 
NFATC1 2.1 WNT1 2.9 WISP1 2.5 
NLK 2.7 WNT5B -2.1 WNT2B 2.5 
PPARD 2.6 LEF1 -5.7 WNT5B 3.1 
PRICKLE1 2.1 MYC 2.0 CCND1 2.3 
RUVBL1 2.2 SKP2 2.5 CXADR 2.4 
SFRP1 -2.4   MTSS1 2.1 
TCF7 2.4     
TCF7L1 2.5     
VANGL2 2.4     
WNT1 4.5     
WNT2B 2.3     
WNT7A 6.9     
CCND1 2.2     
CXADR 2.2     
CYP4V2 2.2     
LEF1 -5.8     
SKP2 2.1     
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Figure 1 
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Figure 3 
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Figure 4 
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Figure 5 
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	In addition to the greater proliferative capacity, convex osteoblasts also exhibited greater metabolic activity than either concave or non-curve osteoblasts, with higher basal and maximal respiratory capacity.  This greater metabolic acitivty was also...

