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Advancing Orthopaedic Research with Multi-Omics

Genomics

Focus
Study of genes and their functions.

Application
Personalized medicine, genetic
testing for disease risk,
gene therapy.

Metabolomics
Proteomics 0CTO-

Focus
Study of small molecules #=» :

Focus : > : .
involved in metabolism. -

Study of proteins, their structures,
and functions.

S Application
- Diagnosis of diseases, monitoring
treatment response, identifying
: biomarkers for
disease progression.

Application
Drug discovery, biomarker
development, understanding
disease mechanisms.
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WL WL Phenomics
- ~ Eo b2z, Focus
Tl'a NSCri ptom ICS Study of observable traits and
Facus their interactipns with genes
Study of RNA molecules, including mRNA, and environment.
which carry genetic information from Application
DNA to proteins. Disease diagnosis and monitoring,

personalized medicine,

Application
PP drug development.

Understanding gene expression

patterns in disease, identifying
new drug targets. HUDSONALPHA
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Transcriptomics Identifies Mechanoresponsive Genes
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Fat Talks To Cartilage: Adipokines Induce Pain & Destruction
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Gut-Bone Axis: Microbiome-Metabolome in Fracture Repair
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» Front Mol Biosci. 2025 Sep 1;12:1646361. doi: 10.3389/fmolb.2025.1646361 (4

Gut microbiota-metabolome remodeling associated with low bone mass:
an integrated multi-omics study in fracture patients

Intermittent fasting alleviates obesity-associated impairments in bone
fracture healing: Exploring the role of gut microbiome

Honey Hendesi ®*, Dana A Godfrey 2, Ana Ferreira Ruble 2, Aaron M Tran ®, David A Villani ?, Samantha H

Landgrave <, Nur A Hasan 9, Douglas J Adams 2, Michael J Zuscik ?

* Unique microbiota-metabolome axis in fracture
patients with low bone mass

* Microbiome as a possible non-invasive biomarkers for
assessing skeletal health.

* Microbiome “correction” can improve fracture repair



Limitations of Current Methods of Monitoring Healing

‘B X-ray: late detection
" Qualditative

CURRENT L] . . L
METHODS -«%’/ Clinical observation: subjective
CT scan: radiation, expensive
"7/* Biomarkers correlating to progression of
RESEARCH healing have not been identified

Sensors to measure tissue properties SCENTI

Smart bone plates can monitor fracture healing

Clinical Need: A method to quantify fracture
healing and identify predictive healing patterns




New Biomarker for Fracture Repair
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CXM Peaks at 6 Weeks and is Elevated in Early Healers

CXM in Healthy Individuals
No Age or Sex Differences
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Efficacy of biomarkers in the endochondral phase of
fracture repair and healing in long bones: A clinical
observational studys
Zachary M. Working, Molly E. Czachor, Anna Laura Nelson, Kelsey M. O'Hara, Karalynn Lanc: astin E. Hellwinkel,

William A. Horton, Sheila A. Sprague, Nathan N. O

Kaitlyn Whitney, Lucas S. Marchand, Sofia Bzovskys, Graham J. DeKeyser, Darin M. Friess, T

e Miclau,

Johnstone, Lauren A. Pierpoin d P. Slobogean,

Chelsea S. Bahney [E], On behalf of the Vita-Shock Investigators [ view less ]
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CXM Peaks Between 25-35 Days
Much Earlier than Radiographic Bone Healing
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MRNA as Next Generation Fracture Therapeutic

MNature Reviews
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Therapeutic Advantages of mMRNA

o Safety concerns (genomic integration)
o Difficult in non-dividing cells

DNA

TRANSCRIBED ¢

NG S™ K

TRANSLATED ¢ o Short half life

o Limited activity = high doses
o Expensive to manufacture

Protein
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BMP2 RNA as a Therapeutic is Promising in Bone Repair
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Injectable Wnt mRNA Accelerates Bone Healing in Mice

Wnt Signaling Pathway
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Whnt-activating RNA increases bone formation in
a dose-dependent manner up to 200%

> Bioact Mater. 2024 May 23:39:273-286. doi: 10.1016/j.bioactmat.2024.05.020.
eCollection 2024 Sep.

p-catenin mRNA encapsulated in SM-102 lipid
nanoparticles enhances bone formation in a murine
tibia fracture repair model
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