Can/should we harmonize tissue sampling, analysis protocols, and pain measures in obesity-OA models to
improve reproducibility and translatability? Miguel Otero, Purva Singh, Daniel Ramirez, Bella Mehta

RESPONSE/RECOMMENDATION: Similar to research leveraging specimens of human origin', research relying on
mouse models of osteoarthritis (OA) is often confounded by sampling, model nuances and by the heterogeneous
involvement of different joint tissues. This complexity is particularly relevant for obesity-OA models, which engage
both biomechanical and biochemical mechanisms?. Histopathology is often used as the initial first step to evaluate
OA pathology and guide downstream analyses. Thus, efforts to standardize approaches have traditionally focused
on developing scoring systems to evaluate cartilage damage® or consolidate approaches to study the synovium in
surgical models of OA*. We recommend that the field considers the consolidation of key aspects that enable cross-
study comparisons, including selection of regions-of-interest analyzed within the joint or a given tissue, and metrics
to define OA pathology (i.e., cartilage structure, osteophyte formation, synovial inflammation, fibrosis, or changes
in the bone compartment). These aspects are essential to enable comprehensive multimodal analyses, improve
reproducibility of studies across laboratories, and enable translational efforts.

LEVEL OF EVIDENCE: Expert Opinion
DELEGATE VOTE:

RATIONALE: Human OA is a complex multifactorial disease encompassing sex, age, genetic, traumatic, or obesity
related risk factors, and affecting all joint tissues®. It is well accepted that we don’t have a mouse model that can
mimic all human OA phenotypes, and over the years researchers have developed different mouse models that
recapitulate different aspects of the disease. Mouse models used to study the impact of obesity and adiposity to OA
pathology can address symptomatic and structural disease, permitting the evaluation of biochemical and
biomechanical factors?. However, different studies have relied on different readouts to assess pathology, and the
field lacks a standard, harmonized approach that provides guidance of regions and features of interest, and
consolidates downstream analyses for commonly used readouts, including histopathology (tissue structure and
composition), genomics and targeted gene expression analyses, or pain-related outcomes. The lack of
harmonization adds complexity and confounding factors, and may impede reproducibility, which is essential to
translate finds to human studies. Thus, this question was motivated by the apparent lack of consensus on methods
used to study obesity-related osteoarthritis (OA) in mouse models, which mirrors challenges in studies leveraging
clinical material'. To address this question, we performed a PubMed search that identified 223 manuscripts
published from 2016 to 2026, excluding preprints and focusing on other species (non-human). We searched for
“obesity mouse osteoarthritis”, “adiposity mouse osteoarthritis”, or “high fat diet mouse osteoarthritis”. For iterative
searches, we included “histopathology”, “genomics”, “transcriptomics”, “RNA-seq”, “pain”, or “outcomes”. We did
not include manuscripts that were not osteoarthritis- or obesity-specific (i.e., did not rely on OA models or did not
address the impact of obesity/adiposity in OA pathology), and studies re-analyzing previously published datasets
were also excluded. Due to space limitations, we only cite some of the references evaluated and focus primarily on
histopathology. We did not identify manuscripts specifically addressing caveats with tissue retrieval or sampling
across models; thus, we focused on studies that evaluate structural (joint histopathology) and symptomatic (pain)
OA-like features, and studies leveraging genomics to study mechanisms. Most studies relying on mouse models to
study the impact of obesity rely on histology to evaluate joint tissues and disease development. Several studies have
relied on the modified Mankin Score to test changes in cartilage structure®'?, while other studies have used the
mouse OARSI scoring system, often with modifications and lack of consistency in the number of sections used for
analyses, or the regions selected for histological scoring’'¥2°, or other approaches such as modifications of the
Pritzker system?’ or evaluation of damage using osteomeasure®?. Osteophyte formation is a structural hallmark of
human OA disease, with implications in symptomatic disease, including pain. While osteophyte formation (size, and
maturity) was commonly evaluated using histological approaches, the methods used were not consistent across
studies®®1 13141621 Gimilarly, several studies addressed changes in the synovial/ infrapatellar fat pad compartment,
evaluating synovitis or fibrosis, but there was a lack of consistency in the features, regions, or scoring systems used
across studies®®'"131%1921 This lack of consistency includes the type of histological stains used, and metrics
implemented to score the presence of inflammation or fibrosis in joint tissues, and has prompted recent efforts to
consolidate scoring of synovial tissues when using mouse models of OA*. Alterations in the osteochondral



compartment are known to critically affect joint homeostasis and OA pathology, and studies using obesity-OA
mouse models have incorporated histology, micro-CT or osteomeasure to evaluation of bone-related changes in OA,
but are not being consistently used across studies”*'4?%?2%_Ppain is the symptomatic hallmark of OA pathology and
the main reason by which patients seek medical help. In obesity-OA models, there are several high-quality studies
addressing pain-related outcomes combining different metrics, including grip strength, von Frey, or the use of an
algometer®', or evaluating changes in gene expression in the dorsal root glanglion (DRG)'?, but these methods are
not implemented consistently across studies. Similarly, the advent of genomics and epigenomics methods have
enabled more sophisticated analyses of molecular changes associated with structural and symptomatic and
functional changes in obesity-associated OA pathology in mouse models. Different studies have analyzed joint
tissues using targeted gene expression, multiplex gene expression, or more advanced genomics tools®'*'*?*  but
there’s very little consistency in the tissues selected, the regions of interest analyzed, or the methodology
implemented, which complicates harmonization of protocols and comparison of datasets.

Conclusion: Different groups are relying on obesity-OA models (induced by diet, changes in adiposity, and traumatic
injury) to dissect signaling pathways leading to OA disease, and address symptomatic and structural changes.
However, there is a wide range of analysis protocols and lack of consistency in tissue sampling, which impedes
comparison across datasets. Harmonization of methodological approaches would enable comparison of datasets
across models and laboratories and, we believe, would accelerate translational approaches.

REFERENCES:

1. OteroM, GomezIL, Sakamoto T, et al. Human Knee as an Organ: Joint Tissue Collection, Processing, and Scoring
for Multimodal Analyses. Lab Invest. 2026;106(2):104269.

2. Griffin TM, Guilak F. Why is obesity associated with osteoarthritis? Insights from mouse models of obesity.
Biorheology. 2008;45(3-4):387-398.

3. Glasson SS, Chambers MG, Van Den Berg WB, Little CB. The OARSI histopathology initiative - recommendations
for histological assessments of osteoarthritis in the mouse. Osteoarthritis Cartilage. 2010;18 Suppl 3:517-23.

4. Obeidat AM, Kim SY, Burt KG, et al. A standardized approach to evaluation and reporting of synovial
histopathology in two surgically induced murine models of osteoarthritis. Osteoarthritis Cartilage.
2024;32(10):1273-1282.

5. TangsS, Zhang C, Oo WM, et al. Osteoarthritis. Nat Rev Dis Primers. 2025;11(1):10.

6. Barboza E, Hudson J, Chang WP, et al. Profibrotic Infrapatellar Fat Pad Remodeling Without M1 Macrophage
Polarization Precedes Knee Osteoarthritis in Mice With Diet-Induced Obesity. Arthritis Rheumatol. 2017;69(6):1221-
1232.

7. WuCL, McNeillJ, Goon K, et al. Conditional Macrophage Depletion Increases Inflammation and Does Not Inhibit
the Development of Osteoarthritis in Obese Macrophage Fas-Induced Apoptosis-Transgenic Mice. Arthritis
Rheumatol. 2017;69(9):1772-1783.

8. Griffin TM, Batushansky A, Hudson J, Lopes EBP. Correlation network analysis shows divergent effects of a long-
term, high-fat diet and exercise on early stage osteoarthritis phenotypes in mice. J Sport Health Sci. 2020;9(2):119-
131.

9. Collins KH, Lenz KL, Pollitt EN, et al. Adipose tissue is a critical regulator of osteoarthritis. Proc Natl Acad Sci U
SA. 2021;118(1).

10. Collins KH, Schwartz DJ, Lenz KL, Harris CA, Guilak F. Taxonomic changes in the gut microbiota are associated
with cartilage damage independent of adiposity, high fat diet, and joint injury. Sci Rep. 2021;11(1):14560.

11. Ding C, Yimiti D, Sanada Y, et al. High-fat diet-induced obesity accelerates the progression of spontaneous
osteoarthritis in senescence-accelerated mouse prone 8. Mod Rheumatol. 2024;34(4):831-840.

12. Collins KH, Lenz KL, Welhaven HD, et al. Adipose-derived leptin and complement factor D mediate osteoarthritis
severity and pain. Sci Adv. 2025;11(17):eadt5915.

13. Aibibula Z, Ailixiding M, lwata M, et al. Xanthine oxidoreductase activation is implicated in the onset of metabolic
arthritis. Biochem Biophys Res Commun. 2016;472(1):26-32.

14. Asou Y, lwata M, Ochi H, et al. Pleiotropic Functions of High Fat Diet in the Etiology of Osteoarthritis. PLoS One.
2016;11(9):e0162794.

15. Datta P, Zhang Y, Parousis A, et al. High-fat diet-induced acceleration of osteoarthritis is associated with a
distinct and sustained plasma metabolite signature. Sci Rep. 2017;7(1):8205.



16. Kozijn AE, Tartjiono MT, Ravipati S, et al. Human C-reactive protein aggravates osteoarthritis development in
mice on a high-fat diet. Osteoarthritis Cartilage. 2019;27(1):118-128.

17. Luna M, Guss JD, Vasquez-Bolanos LS, et al. Obesity and load-induced posttraumatic osteoarthritis in the
absence of fracture or surgical trauma. J Orthop Res. 2021;39(5):1007-1016.

18. Collins AT, Hu G, Newman H, et al. Obesity alters the collagen organization and mechanical properties of murine
cartilage. Sci Rep. 2021;11(1):1626.

19. Dong XY, Yin JX, Zhang H, Liao Y. High glucose stimulating ECM remodeling and an inflammatory phenotype in
the IPFP via upregulation of MFAP5 expression. Biochem Biophys Res Commun. 2022;601:93-100.

20. Su W, Liu G, Mohajer B, et al. Senescent preosteoclast secretome promotes metabolic syndrome associated
osteoarthritis through cyclooxygenase 2. Elife. 2022;11.

21. de Munter W, van den Bosch MH, Sloetjes AW, et al. High LDL levels lead to increased synovial inflammation and
accelerated ectopic bone formation during experimental osteoarthritis. Osteoarthritis Cartilage. 2016;24(5):844-
855.

22. Tan L, Harper L, McNulty MA, Carlson CS, Yammani RR. High-fat diet induces endoplasmic reticulum stress to
promote chondrocyte apoptosis in mouse knee joints. Faseb j. 2020;34(4):5818-5826.

23. Guss JD, Ziemian SN, Luna M, et al. The effects of metabolic syndrome, obesity, and the gut microbiome on load-
induced osteoarthritis. Osteoarthritis Cartilage. 2019;27(1):129-139.

24. Xie S, Choudhari S, Wu CL, et al. Aging and obesity prime the methylome and transcriptome of adipose stem
cells for disease and dysfunction. Faseb . 2023;37(3):e22785.



