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Background

Fragility fractures are a major public health concern. In the UK alone, over 3.5 million
individuals are affected, with an estimated annual global healthcare cost of over $400
billion. The most common cause is low bone mineral density (BMD) in the form of
osteopenia or osteoporosis. However, these fractures also occur in rare bone diseases
like osteogenesis imperfecta and Paget’s disease of bone where BMD is normal or
increased, illustrating that there is a problem with bone strength and bone quality. This
illustrates that there is a fundamental gap in our understanding of disease mechanisms
for bone fragility and an urgent need for a precision medicine approach.

Genome wide association studies have identified over 500 loci associated with bone
mineral density (BMD) but only a handful of these variants have been associated with
fragility fractures. The causal genes for bone fragility and underlying biological pathways
remain largely unknown. Genetic analysis in rare inherited diseases associated with
fragility fractures have identified pathogenic variants in genes which have a large effect
size on fractures. Accordingly, studies on rare, inherited forms of bone disease, provide
a unique opportunity to directly link specific genes to disease mechanisms which are
likely to have implications for common diseases like osteoporosis.

Our collaborators at the Karolinska Institute, led by Prof. Outi Makitie, have established
unique familial cohorts with rare monogenic osteoporosis caused by mutations in WNT1,
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PLS3, and the newly identified gene SGMS2. While all these genes are implicated in
osteocyte function, the specific disease mechanisms driven by PLS3 and SGMS2
mutations and bone fragility are not well-understood. Osteocytes, the most abundant
cells in bone, act as endocrine regulators, releasing factors into the circulation. We
therefore hypothesise that pathogenic variants may lead to unique patterns of osteocyte
dysfunction, which can be detected as a specific "protein signature" in the serum
plasma. The identification of these signatures will enable the discovery of novel disease
endotypes and therapeutic targets.

Aims

The overarching goal of this project is to identify distinctive protein signatures in rare
monogenic disease associated with fragility fractures and to apply this understanding to
define why some patients with osteoporosis are predisposed to fragility fractures
whereas others are not.

Aim 1: Identify distinct plasma protein signatures in rare monogenic
osteoporosis cohorts.

e Objective 1.1: Perform quantitative proteomics on plasma samples from co-
horts with WNT1, PLS3, and SGMS2 mutations and with Pregnancy Associated
Osteoporosis (PAO) to identify differentially expressed proteins compared to
healthy controls from the same families.

e Objective 1.2: Use bioinformatics and pathway analysis to identify biological
processes and signalling networks that are specifically dysregulated in each mon-
ogenic osteoporosis cohort. Perform univariate analysis to identify common pro-
teins associated with osteoporosis from UK-Biobank

Aim 2: Investigate the functional role of the SGMS2 gene in osteocytes.

e Objective 2.1: Generate a SGMS2 knock-in osteocyte cell model using CRISPR-
Cas9. Analyse the cellular and molecular effects, including changes in secreted
proteins (secretome), bone matrix regulation, and cell morphology. Compare
proteins from secretome to those identified in human cohort with mutations in
SGMS2.

e Objective 2.2: Generate zebrafish with genetic perturbations on sgms2a and
sgms2b to analyse skeletal changes and osteocyte organisation in adult fish.
Bone quality and strength will be analysed using diverse methodologies, such as
assessment of collagen organisation and nanoindentation.
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Training and experience provided

This PhD project offers an exceptional opportunity for the student to acquire a diverse
range of skills essential for a career in precision medicine and translational research.

e Molecular and Cell Biology: mammalian cell culture and maintenance of
zebrafish, genetic manipulation of cells and fish using CRISPR-Cas9.

e Organismal Biology: zebrafish maintenance, skeletal formation, skeletal phe-
notyping, advanced high-resolution imaging modalities (micro-computed tomog-
raphy, confocal microscopy, 3D imaging analysis

e Bioinformatics: Data processing, statistical analysis, and advanced pathway
and network analysis of large-scale proteomic datasets.

Research & Communication: Scientific writing for publications and proposals, public
speaking and presenting at international conferences, and collaborative teamwork
within a multidisciplinary environment.

Expected outcomes

We will answer whether different genetic causes of fragility fractures have a common proteomic
signature as endotypes

We will understand why some patients are predisposed to fragility fractures while others are not
We will establish animal models and in vitro systems to study the function of SGSMS2 and answer
whether mutations in the gene lead to changes in osteocytes function and secretome

We will answer whether differentially expressed proteins in SGMS2 osteocytes knockouts are
enriched in plasma of patients with fragility fractures
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