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Scoliosis is a common clinical trait 
among many paediatric conditions 

seen in rehabilitation centers 

Number of entries with scoliosis  as key word = 415
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What is scoliosis?
An abnormal lateral curvature of the spine
(as defined in Webster’s College Dictionary)



Symptoms

- Shoulders are different heights

- Appearance of a raised hip

- Uneven waist

- Leaning of entire body to one side

- Rib cages are different heights



Idiopathic Scoliosis

• Affects 4 people out of 100
• More likely to affect girls than boys (4-to-1 ratio)
• Generally diagnosed during childhood or adolescence
• 85 % are idiopathic, however, heredity plays a key role 

in the transmission of the disease (families at risk)



Consequences on the patients’ health

• Deformation of the back, the rib cage and the pelvis
• Balance and space perception are affected
• Muscular tonus is affected
• Early development of osteoporosis among certain adult 

patients
• Orthodontic disorders?
• 10 to 20% of patients will require bracing
• 3 to 10% of patients will require a surgery, which 

represents about 29,000 surgeries per year in North 
America
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Research leads investigated in 
order to explain idiopathic scoliosis

• Genetic factors
• Structural elements
• Endocrine factors
• Central nervous systems and postural control 

anomalies
• Proprioception et vestibular dysfunction anomalies
• Blood platelet (calmodulin) anomalies
• Melatonin deficiency
• Flaw in the transmission of the melatonin signal

Letellier et al., 2007 Médecine/Sciences



Melatonin & Scoliosis
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“Milestones of animal studies”

No scoliosis in PNX
nonhuman primate

Melatonin deficiency
after PNX induces scoliosis

C57Bl/6j mice naturally
melatonin deficient
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Melatonin and AIS aetiology
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“Milestones of clinical studies”

Majority of studies showed
no significant changes in 
melatonin levels in AIS 

patients

MT1 SNPs not
associated with AIS

Melatonin signaling
dysfunction in AIS

(Gi proteins)

Estradiol improves
melatonin signaling
defect in some AIS 

patients and 
worsen in others

Wang
2008

MT1/MT2 expression 
normal in AIS
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AIS cases

Genetics

Bottom-up

Functions

Top-down

Conceptual approach

phenotype

SporadicFamilial

15%

85% phenotype
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endophenotype



IDIOPATHIC SCOLIOSIS: A 
CONCEPT OF ENDOPHENOTYPE

• Endophenotype is an internal phenotype 
discoverable by a biochemical test or microscopic
examination.

• Endophenotypes are a tool to study disorders
with complex genetics.

• Endophenotypes represent more elementary
phenomena, the number of genes required to
produce such endophenotypes may be fewer
than those involved in producing an orthopedic
diagnostic entity.
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NEW PARADIGM

ENVIRONOME



Primary cell 
cultures

Cells starved for 24 hours, 
prior to treatment with 

varying concentrations of 
melatonin

Extraction of RNA from 
cells derived from 

biopsies

Expression analyses 
of candidate genes

Collecting tissue 
specimens 

during surgery
Extraction of 

Genomic DNA

Genetic analyses

Materials & Methods

Blood samples

Functional tests

Biochemical tests



Phase 1: Patients with AIS with curvatures 
exceeding 45°

Phase 2: AIS patients with curvatures varying between 
10°and 29°

Phase 3: Asymptomatic offspring, born from at least one 
scoliotic parent, and who are considered at risk 
of developing a scoliosis  

Controls: Healthy children/adolescents without any family 
antecedent for scoliosis  

Study populations



AIS is caused by a melatonin
signaling dysfunction

Mel
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Background
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Tissues targeted by melatonin and 
affected in idiopathic scoliosis

Brainstem

CNS*

Hypothalamus

Spinal cord

Cerebellum
Paraspinal
musculature*

Myoblastes
Muscle spindles

Bone*

Osteoblasts

Healthy subject

Blood*

Osteoclasts

Platelets
Lymphocytes
Monocytes

Hormonal
effects

GH/estrogens

Postural control defect (CNS) 

AIS patient

Equilibrium & vestibular dysfonction

Proprioception dysfonction

Platelet abnomalities
Increased calmodulin level

Osteopenia

Reduced muscle spindles

Muscle fibers abnormalities
Abnormal muscular tone

GH secretion

Postural control defect (CNS) 

AIS patient

Equilibrium & vestibular dysfonction

Proprioception dysfonction

Platelet abnomalities
Increased calmodulin level

Osteopenia

Reduced muscle spindles

Muscle fibers abnormalities
Abnormal muscular tone

GH secretion

Azeddine et al. 2007, Clinical Orthopaedics and Related Research, 462: 45-52



A flaw in the transmission of the 
melatonin signal occurs in isolated cells

of AIS patients

Azeddine et al. 2007, Clinical Orthopaedics and Related Research, 462: 45-52
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Phosphorylation of Gi proteins
is increased in osteoblasts
derived from AIS patients

Moreau et al., Spine 2004; 29:1772-1781



Incidence of AIS onset at puberty

Normal individual AIS patient

Active Gi proteins Inactive Gi proteins

Child Teen Child Teen

estrogens estrogens

X

Melatonin signaling



Functional & Genetic Testing for
Adolescent Idiopathic Scoliosis

Clinical Applications :

• Presymptomatic test

• Diagnostic test

• Prognostic test

• Selection of specific pharmacological agents
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Melatonin

Melatonin

Melatonin

Iodomelatonin

Iodomelatonin

Iodomelatonin

Melatonin signaling dysfunction is detected
by Cellular Dielectric Spectroscopy in AIS cells
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Iodomelatonin
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Iodomelatonin

Melatonin signaling defect is conserved 
between affected mother and daughter 

Father unaffected
Mother with scoliosis
Daughter with scoliosis
Son unaffected

Note that mother and daughter belong
to the same functional group (group 2)
demonstrating a genetic transmission.

Melatonin signaling defect is conserved 
between affected mother and daughter 



SYNTHESIS – CONCLUSION (1)
Facts:
1. Melatonin signal transduction is impaired in many cell types in AIS. 
2. AIS patients can be classified in 3 functional subgroups suggesting 

distinct genetic defects.
3. Melatonin signaling dysfunction is caused by serine phosphorylation of 

Gi alpha subunits causing their inactivation.

Clinical perspectives:
A blood test was developed and clinically validated to identify asymptomatic 
children at risk of developing a scoliosis. This functional test can be 
performed without any prior knowledge of mutations in any defective genes 
causing AIS, because a function is measured. 

Hypothesis and raised question: 
Gi protein inactivation in AIS is caused by activating mutations in kinases. 
Conversely, loss-of-function mutations in phosphatases regulating any of 
these kinases could also be involved in AIS etiology. The nature of these
enzymes remains to be determined to further define the etiology of AIS.

Method of Diagnosing Adolescent Idiopathic Scoliosis and Related Syndromes
• European Patent No. 1 478 928 & Hong Kong Patent No. HK1071601



Biochemical Tests for
Adolescent Idiopathic Scoliosis
& Related Spinal Syndromes

Clinical Applications :

• Presymptomatic test

• Diagnostic test

• Prognostic test

• Monitoring of brace efficacy & compliance

• Monitoring pharmacotherapy efficacy

• Monitoring any clinical treatments



PROBLEMATIC 

The multifactorial nature of AIS is well accepted but still 
poorly understood. It is unclear whether these multiple genes 
induce a scoliosis by different ways or converge toward a 
common pathomechanism to initiate the asymmetrical growth 
of the spine in AIS. 



How many ways to induce scoliosis?

Flaw in the transmission 
of the melatonin signal

Melatonin deficiency Melatonin deficiency



What causes idiopathic scoliosis : 
A two-step process?

�

 

Flaw in the transmission 
of the melatonin signal

Mechanism triggering
the asymmetrical growth

of the spine

Flaw in the transmission 
of the melatonin signal

Identification of the P factor

Melatonin deficiency



P factor, a downstream effector regulated by 
melatonin, is increased only in pinealectomized 

chickens developing a scoliosis
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Scoliosis formation in C57Bl/6j mice



Comparison of scoliosis development in 
C57Bl/6 and genetically altered C57Bl/6 

mice devoid of Factor P or FPR
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Inclusion Criteria & Methods

Asymptomatic kids AIS patients

plasma

Blood samples
collected

• Offsprings born of
a scoliotic parent

• Children w/o any
family history of 
scoliosis (schools)

Phase 1: � 45º
Phase 2: 10º - 30º

ELISA testsPlasma is isolated
after centrifugation



Montreal’s clinical trial: Study populations

1 time pt = 39.3%  
2 time pts = 19.1%  FU:   7.9 m
3 time pts = 19.1%  FU: 13.9 m
4 time pts = 22.5%  FU: 19.2 m

1 time pt = 83.4%  
2 time pts = 1.5%  FU:  12.0 m
3 time pts = 15.0% FU: 12.0m

1 time pt = 64.9%  
2 time pts = 26.0%  FU:   9.0 m
3 time pts =   7.7%  FU: 18.8 m
4 time pts =   1.4%  FU: 21.5 m

AIS  patients
N = 430 Asymptomatic kids at risk

N = 89 
Healthy subjects

N = 193

Total individuals tested
N= 712

46.9% having 3+ tests 
FP value > 800ng/ml

3.4% having 3+ tests
FP value > 800ng/ml

Phase 1: � 45°(n=120)

Phase 2: 10°- 30°(n=310)

September 2006 - August 2008

international clinical trials

• Montreal (Canada)
• Hong Kong (China)
• Milano (Italy) 
• Copenhagen (Danemark)
• Basel (Switzerland)
• Orlando (USA)



Statistics by case-control status and sex

* Plus–minus values are means ± standard deviations
† P value < 0.0001 for the comparison with the healthy control group using linear regression analysis and adjusting for age and 
gender
‡ P value < 0.05 for the comparison with the healthy control group using linear regression analysis and adjusting for age and 
gender
�i Odds Ratios and P values are for the comparison with the healthy control group from a multinomial logistic regression model 
including both biomarkers, age, and gender

0.0140.72 (0.56–0.94)49–962434 �s�s�s�s238‡62AIS ³ 45°

0.180.88 (0.73–1.06)194–1253489 �s�s�s�s145258AIS < 45°

0.130.81 (0.62–1.06)304–848515 �s�s�s�s10382At-risk children

272–829519 �s�s�s�s97120Healthy controls

Soluble Factor P 
receptor

< 0.00011.90 (1.65–2.19)201–1872975 �s�s�s�s389†62AIS ³ 45°

< 0.00011.43 (1.29–1.60)197–1668743 �s�s�s�s306†258AIS < 45°

< 0.00011.44 (1.27–1.63)208–1834871 �s�s�s�s387†82At-risk children

243–1228568 �s�s�s�s216  120Healthy controls

Factor P

P value �i�i�i�i

Odds Ratio
per 100 ng/ml 

increase in 
biomarker level

(95% CI)�i�i�i�i

Range
Mean 

biomarker 
level (ng/ml)

NSubject Group

All subjects



26º

20º

AIS patient #208

Factor P can identify AIS patients at risk of 
progression (“ brace resistant”)
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Factor P can be used to predict early 
scoliosis onset in asymptomatic kids
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Biomarker levels change in function of 
spine biomechanics in AIS female

patients: Pre-op vs. Post-op
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Identification of mutations 
and haplotypes associated

with Factor P in AIS patients



Comparison of plasma levels of 
3 biomarkers in scoliotic patients 
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Factor P

Genetic predispositions

Biomechanical
changes

Chronic infections
(Mycobacteria sp.)

Diet

Drugs

Hormones
• melatonin
• leptin

Factor P upregulation in AIS
is triggered by many effectors



SYNTHESIS – CONCLUSION (2)
Facts :
1. Plasma Factor P levels increase with curve severity in AIS.

2. The odds ratio of developing a scoliosis is increased by almost 2-fold for 
each increase of 100ng of Factor P per ml of plasma while similar 
increase in sFPR represents a decreased risk (1.4-fold).

3. Up-regulation of Factor P precedes scoliosis development in children
as evidenced in asymptomatic kids at risk of developing a scoliosis.

Clinical perspectives :
Our clinical data confirmed the usefulness of Factor P as biomarker to 
identify asymptomatic children at risk of developing a scoliosis and identify 
at an early stage AIS patients at risk of progression.  

Raised questions :
What cause Factor P up-regulation and which tissues and systems its 
accumulation acts primarily to trigger AIS remains to be determined.

Method of Diagnosing Adolescent Idiopathic Scoliosis and Related Syndromes
• Patents pending in USA and worldwide



Strategies for early detection
of idiopathic scoliosis

Functional test

Biochemical tests

Genetic tests



New Continuum of Care in Pediatric Scoliosis
0 5 10 15 20 25 30

Bracing/Surgery/Complications

Scoliosis

Clinical Dx

Healthy life

0 5 10 15 20 25 30

CxLimited scoliosis/ preventing curve progressionHealthy life

Clinical + Molecular Dx

Physical therapy/fusionless surgery/nutraceutics

0 5 10 15 20 25 30

CxNo scoliosis

Molecular Dx

Healthy life

Physical therapy/Nutraceutic/Pharmacologics
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