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La medicina di precisione nel 
metabolismo osseo 



Karl Landsteiner
Identificazione delle 

isoagglutinine del sangue umano 
(1902), da cui l’utilizzo delle 

emotrasfusioni

E’ molto più importante sapere 
quale tipo di paziente ha una 

malattia che quale malattia ha un 

paziente

William Osler (1849-1919)



Medicina di Precisione: le tappe di un percorso



In 2015, the president of the USA, Barack Obama, made the 
precision medicine initiative (PMI) announcement in

his State of the Union Address.

The initiative has two major components: 
a short-term focus on cancer

a long-term focus on acquiring better knowledge about
health and disease.





MEDICINA di PRECISIONE 
Motivazioni

Sequenziamento del genoma umano

Miglioramento tecnologico dei sistemi biomedici di analisi
Epigenetica, Transcrittomica, Proteomica,  Metabolomica

Nuovi strumenti per  l’utilizzo di grandi dati  di popolazione (big data)



Precision Medicine Ecosystem

Aronson SJ. Et al Nature. 2015; 526: 336-42. 





Precision medicine can cover all phases of care:

prevention, diagnostics, and treatment. 

Factors that differentiate patients with the same disease from each

other can be categorized in three categories: demographics and 

environment, disease, and pharmacotherapy

Verstegen R. et al 2019



Efforts to apply precision medicine to cancer

Use of combination therapies

Knowledge to overcome drug resistance

Innovative clinical trials of targeted
drugs for adult, pediatric cancers



Surgery

Radiotherapy

Chemotherapy

Immunotherapy

Evolving Therapeutic Options for
Cancer Treatment



Immunotherapy in solid tumours with 
immunomodulating antibodies

www.ImmunOncologia.org

MSI-H

MSI-H (high level of microsatellite instability):  defective mismatch repair (dMMR) system

Microsatelliti: sequenze ripetute mono-, di- e tetranucleotidiche sparse in regioni codificanti e 
non codificanti del genoma; alterazioni in queste sequenze sono coinvolte in diverse patologie, 
incluso il cancro.  Errori dovuti a scorretta incorporazione delle basi durante la sintesi del  DNA 
vengono riparati principalmente dalle proteine del MMR 



Le DT et al. NEJM 2015

Programmed Death 1 (PD-1) pathway: negative feedback system that repress Th1 cytotoxic

immune responses.  PD-1 blockcade: pembrolizumab

MMR-proficient tumors include those that are micro satellite stable (MSS) and MSI-low

(MSI-L) or tumors with intact MMR proteins.



2019



Diab Res Clin Pract. 2016, 117: 12–21

Precision Medicine 
The future in Diabetes care



Franks P. et al 2017

Lifestyle and precision diabetes medicine
Type 2 diabetes results from the complex interplay between

environmental and genomic factors

Genomics help 
optimise the 
prediction, 

prevention and 
treatment of type 2 

diabetes through
lifestyle therapy

(obesity-associated
gene)



Fibrosi Cistica (Cystic Fibrosis)
mutazione del gene CFTR (Phe508del CFTR  mutation)

Cystic Fibrosis Transmembrane conductance Regulator (CFTR)



Conclusions

Elexacaftor–tezacaftor–ivacaftor was efficacious in patients with cystic fibrosis with 

Phe508del–minimal function genotypes, in whom previous CFTR (cystic fibrosis

transmembrane conductance regulator) modulator regimens were ineffective.

Middleton PG. Et al 2019,



Precision Medicine in Bone Metabolism and 
Disorders

Biochemical indices

Bone Turnover Markers

BMD Evaluation 

Genomic Factors

Risk factors (age, gender, underweight, parental history (of fracture), 
history of fragility fracture, frequent falls, early menopause, lifestyle, 

drugs)



Skeletal dysplasias or 

Osteochondrodysplasias

These disorders primarily affect musculoskeletal tissues including
cartilage, bone, tendons, ligaments and muscle and are often

associated with significant short stature, bone mineralization issues
and early onset osteoarthritis.

Historically, these 450 disorders were diagnosed primarily by history, 
clinical features, and radiographic findings. 

Other approaches that often help classify these disorders include 
abnormal biochemistry (e.g., in mucopolysaccharide disorders), 

magnetic resonance imaging (MRI), computerized tomography (CT), 
and DXA. 



Applications of Genetic Testing for Bone Disease in Clinical
Practice: Bone Genetics 101 

With the explosion in genomic technologies, the underlying

molecular basis of most of  the skeletal dysplasias or 

osteochondrodysplasias has been elucidated leading to 

improved prediction of natural history and recurrence, and a 

deeper understanding of biology. 

Skeletal dysplasia gene panels, exome analysis and, in some 

centers, genome analysis can be used to help determine the 
molecular basis of disease. 

Lewiecki E.M. Proceedings of the 2019 Santa 

Fe Bone Symposium:



The genetics of osteoporosis has, over the past five

decades,

evolved through five paradigms: 

 Heritability study

 Candidate gene study

 Genome-wide association study (GWAS)

 Polygenic Risk Score (PRS)

 Whole-genome sequencing



GWAS (Genome-wide association study) 

offers a hypothesis-free method of searching for putative 

genes in the entire genome without any assumptions about

the location and functional significance of loci or their
products. 

The thinking behind a GWAS is actually the “common disease–common 
variant” hypothesis, which postulates that the genetic component of 
common diseases (such as osteoporosis) is made up of a large number
of putative alleles that are common (>5%) in the general population.

Although it is a hypothesis-free approach, a GWAS has been

successful in identifying multiple variants that are associated
with BMD or fracture risk. 



The Polygenic Risk Score 

The PRS can be defined as a quantitative index of the genetic burden
related to a specific disorder and is specific to an individual.

Operationally, there are several ways to create a PRS. The simplest
approach is to assign a risk value of 0 if an individual is a noncarrier of 
a risk allele, 0.5 or 1 if a carrier, and 1 or 2 if homozygous for that
allele, and then sum the score across variants for the individual.

The trait-associated or risk allele is defined as an allele that is more 
common in cases than controls. The effect size can be a regression
coefficient or log OR: because the PRS is aggregated from multiple 
variants and effect sizes, it is likely to be unique to an individual.

Moreover the PRS can be seen as an index of an individual’s genetic
liability to develop a disorder.
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ABSTRACT
Helicobacter pylori (HP) infection is a common and persistent disorder acting as a major cofactor for the development of upper gas-

trointestinal diseases and several extraintestinal disorders including osteoporosis. However, no prospective study assessed the

effects of HPon bone health and fracture risk. We performed a HPscreening in a population-based cohort of 1149 adults followed

prospectively for up to 11 years. The presence of HP infection was assessed by serologic testing for serum antibodies to HP and

the cytotoxin associated gene-A (CagA). The prevalence of HPinfection did not differ among individuals with normal bone mineral

density (BMD), osteoporosis, and osteopenia. However, HPinfection by CagA-positive strains wassigni cantly increased in osteopo-

rotic (30%) and osteopenic (26%) patients respect to subjects with normal BMD (21%). Moreover, anti-CagA antibody levelswere sig-

ni cantly and negatively associated with lumbar and femoral BMD. Consistent with these associations, patients affected by CagA-

positive strains had a more than vefold increased risk to sustain a clinical vertebral fracture (HR 5.27; 95% CI, 2.23–12.63;

p < .0001) and a double risk to sustain a nonvertebral incident fracture (HR 2.09; 95% CI, 1.27–2.46; p < .005). Reduced estrogen

and ghrelin levels, together with an impaired bone turnover balance after the meal were also observed in carriers of CagA-positive

HPinfection. HPinfection by strains expressing CagA may be considered a risk factor for osteoporosis and fractures. Further studies

are required to clarify in more detail the underlying pathogenetic mechanisms of thisassociation.©2020 American Society for Bone

and Mineral Research (ASBMR).

KEY WORDS: BONEMINERAL DENSITY; ESTROGENS; HELICOBACTERPYLORI; OSTEOPOROSIS; FRACTURES

Introduction

Helicobacter pylori (H. pylori) is a gram-negative bacterium

that affects more than one-half of the world population, ris-

ing up to 70%in developing countries.(1–3) This bacterium elicits

achronic humoral and cellular in ammatory response in the gas-

tric mucosa and eludes the immunological response evoked by

the host.(3,4) The infection is usually contracted in the rst few

years of life and tends to persist inde nitely unless treated.(1)

Several lines of evidence clearly indicate that H. pylori infection

isa major cofactor in the development of upper gastrointestinal

disorders such as duodenal or gastric ulcers, gastric cancer, and

gastric mucosa–associated lymphoid-tissue lymphoma.(1) How-

ever, the effects of this local in ammation may not be con ned

solely to the digestive tract but may spread to involve extrain-

testinal tissues and/or organs, in uencing the clinical course of

other disorders.(3,4) These may include chronic, age-related con-

ditionssuch atherosclerosis and ischemic heart disease or insulin

resistance.(3–8) The potential mechanisms underlying these

associations remain to be addressed and might be variable,

ranging from in ammation and chronic stimulation of the

immune system (associated with the release of systemic pro-

in ammatory cytokines) to increased oxidative stress or autoim-

mune mechanisms, due to molecular mimicry between bacterial

peptidesand the host.(3,4,9) Moreover, different hormonal factors

are directly released from the gut, and their production isusually

deregulated by chronic H. pylori infection.(4,10,11)

Osteoporosis is a common, invalidating, multifactorial disor-

der characterized by compromised bone strength, which may

affect up to 50%postmenopausal women and 20%of men older

than 50 years. Its clinical signi cance lies in the occurrence of

nontraumatic fractures, involving most commonly the forearm,

the vertebral bodies, and the hip. The occurrence of these frac-

tures impacts on mortality, morbidity, and quality of life, making

osteoporosis a growing health and health-economic problem

worldwide.(12) There is increasing evidence from both clinical

and experimental observations that, together with sex hormone

de ciency, chronic in ammation, T cell activation (with the
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Incidence Rates and HRs for Incident Fractures by 

HP Status 



Bone loss at the lumbar spine (A) and total hip (B), expressed as annualized

percent BMD changes, in 247 females in relation to H. pylori status. 



Malattia Ossea di Paget

Department of Medicine, Surgery and Neurological Sciences, University of Siena
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(A)Radionuclide bone scan image showing intense tracer

uptake in cervical vertebrae 4 and 5. 

(B)(B) Radiograph from the same patient showing typical

features of Paget’s disease with expansion and fusion of 

C4 and C5. The patient was asymptomatic and had no 

neurological abnormalites. 



The age at clinical diagnosis of Paget’s disease in probands is compared with 

the age at which their children were diagnosed with Paget’s disease through

radionuclide bone scan imaging in the ZiPP study. 

Comparison of age at diagnosis in probands with Paget’s
disease and their children. 



Conclusions

Genetic factors play a key role in the pathogenesis of 
PDB, and it has previously been suggested that

genetic testing for SQSTM1 mutations and other
susceptibility alleles might be used clinically to 

detect people with the disease.

The ZiPP study has confirmed the importance of 
SQSTM1 mutations as a genetic risk factor for PDB 

and has shown that a programme of genetic testing
coupled to therapeutic intervention is both

acceptable and feasible in the target population. 



The promises of precision medicine are to dramatically change patient care via 
individually tailored therapies and, as a result, to prevent disease, improve survival, and 

extend healthspan.

However, nearly two decades after the first predictions of dramatic success, we find no 
impact of the human genome project on the population’s life expectancy or any other
public health measure, notwithstanding the vast resources that have been directed at
genomics. Exaggerated expectations of how large an impact on disease would be found

for genes have been paralleled by unrealistic timelines for success, yet the promotion of 
precision medicine continues unabated.


