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1. Introduction

This project is focused on 1) studying the pathogenic role of the gut microbiome in the development of 
osteoarthritis (OA), and 2) developing approaches that target the gut microbiome to treat posttraumatic OA 
(PTOA), a disease that does not currently have an accepted disease modifying treatment.  Our first objective is 
to study the microbiome dysbiosis that develops in a mouse model of PTOA and military veterans that have 
been diagnosed with PTOA and have been recruited into the Military and Veteran Microbiome: Consortium for 
Research and Education (MVM-CoRE).  To prove the causal role of this dysbiosis, fecal microbiota transplants 
(FMTs) are planned (mouse to mouse or human to mouse), and specific potentially pathogenic microbial 
species will be gavaged to pinpoint taxa that are PTOA-accelerating.  Our second objective is to build on or 
historical work studying dietary supplements as disease modifiers for OA by examining the impact of daily 
supplementation with hydrolyzed hyaline cartilage (hHC) on PTOA progression and on the gut microbiome.  
Again, FMTs between supplemented and non-supplemented mice will test the causal role of the gut community 
in any joint protection that is observed, and specific microbial species will be studies as active participants in 
the protective effects.  Finally, in the third objective, we will focus on developing pre- and probiotic 
combinations for dietary supplements involving hHC and taxa identified in the second objective that promote 
joint protection and decelerated PTOA progression.  Multiple dosing regimens will be tested, with the most 
protective combinations studies with deep analysis of the gut microbiome using cutting edge metagenomic, 
metatranscriptomic and metabolomic profiling to drill down on specific molecular fractions that are contributing 
to disease modification that we document.  We have completed one year of work on this project, and despite a 
major interruption by the COVID-19 pandemic, we have made substantial progress in the first and second 
objectives.  This progress is described below in the various sections of this report. 

Note:  This report provided information on the first year of a partnering-PI project, and the specific activity for 
each aspect of progress is attributed to the contributing PI (CU for Zuscik, UR for Gill).  In general, all OA 
analysis, animal work, and human work occurs at CU.  All analysis of gut microbiome and microbiology work to 
expand and maintain taxa of interest is performed at UR. 

2. Key Words

Osteoarthritis (OA) 
Posttraumatic osteoarthritis (PTOA) 
Gut microbiome 
Fecal microbiota transplant (FMT) 
Military and Veteran Microbiome: Consortium for Research and Education (MVM-CoRE) 
Hydrolyzed hyaline cartilage (hHC) 
Destabilization of the medial meniscus (DMM) 
Peptococcaceae rc4-4 
Anaeroplasmataceae 
Firmicutes 
Tenericutes 
Cartilage 
Chondrocyte 
Synovium 
Tumor Necrosis Factor-alpha (TNF) 

3. Accomplishments

- What were the major goals of the project?

The major goals of the project are 1) to define the role of the gut microbiome in PTOA, 2) to establish that 
hHC-induced chondroprotection in PTOA is due to effects on the gut microbiome, and 3) to test the efficacy of 
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combined pre- and pro-biotic strategies to treat PTOA.  Our aim is to accomplish these goals using state-of-
the-art approaches and methods, culminating with a dataset supporting the effectiveness of gut microbiome 
interventions in treating PTOA and setting the stage for the first in-human trial work to test targeting of the gut 
microbiome as an OA disease modifying approach. 

- What was accomplished under these goals?

i) Experiments have been initiated to study the gut microbiome dysbiosis that occurs in PTOA (Objective #1).
Using a mouse model of PTOA that involves surgical destabilization of the medial meniscus (DMM) to initiate
PTOA, we have been collecting fecal samples weekly for 16s rDNA analysis, for study of the metagenome and
for study of the metabolome.  DMM surgeries were initially performed on a cohort of mice in January of 2020,
but these samples were destroyed when the COVID-19 pandemic caused CU and UR to shut down operations
in March of 2020.  Mice, which were in mid-protocol, were euthanized as a result of the shutdown, essentially
rendering collected samples unusable since the full experiment could not be performed.  Once the Universities
re-opened in the summer of 2020, a new cohort of mice was purchased, and DMMs were performed again in
September of 2020.  Collection protocols are playing out (CU), and terminal endpoints in December 2020 and
January of 2021 will provide fecal and cecal samples to be analyzed and utilized for isolation of various taxa
(UR) and then employed in FMT experiments planned in the first half of 2021.

ii) To support humanization FMT experiments (Objective #1), an IRB was developed within the MVM-CoRE to
collect fecal material from Veterans with diagnosed advanced knee osteoarthritis that are otherwise healthy.
This IRB was originally approved in February of 2020, leading to the planned initiation to obtain HRPO
approval.  The COVID-19 shutdown in March of 2020 prevented the submission of the HRPO protocol because
all human study was suspended, and it was clear a modified protocol would need to be developed with
consideration around protections for human participants in the context of the pandemic.  Human research
restarted in August of 2020 with a broad range of new requirements for COVID-19 protections, and we
proceeded to make modification to our human protocol accordingly.  The modifications were submitted in
September of 2020, and we are waiting for final approval so we can proceed with HRPO review and approval.
Our aim is to collect (CU) and analyze (UR) collected fecal samples in the first half of 2021, and then and
employ these samples in mouse FMT experiments in the second half of 2021.

iii) We initiated work with hHC supplements immediately after receiving IACUC and ACURO approval in
September of 2019 (Objective #2).  This work has led to a dataset that was presented at the 2020 American
Society for Bone and Mineral Research virtual conference (see appendix 1 for the poster) and is currently in
preparation as a manuscript to be submitted to Arthritis Research and Therapy this fall (2020, see appendix 2
for the current draft of the draft figures of the manuscript).  This study, which involved quantifying the impact of
hHC on PTOA (analysis at CU), provides the first data delineating the gut microbiome impact of this
supplement (analysis at UR), setting the stage for the next studies which involve isolation and expansion of
several interesting taxa for in vivo work as a probiotic intervention (analysis and both CU and UR).  The net
results of this study were collected in the broader context of our work to study the role of the gut microbiome in
the context of several other nutraceutical products that set the stage for a review article that was published
earlier this year and that acknowledges support from this award (see appendix 3).

- What opportunities for training and professional development have the project provided?

We have three trainees that are involved in this project:  predoctoral student David Villani and postdoctoral 
fellows Honey Hendesi MD PhD and Andrew Wu MD (Andrew is supported by other resources independent of 
this award).  We also have technical-level staff (Jake Guzzetti) and junior faculty (Lacey Favazzo PhD) that 
help carry forward the work.  These individuals are involved in all aspects of the management and execution of 
the experimental plan, and thus gain knowledge on how to administer a program of research, how to consider 
budgets in the context of the work, and scientific aspects --- the study of PTOA and the gut microbiome.  The 
training and professional development plays out in daily work on the project, weekly work in progress meetings 
and journal clubs, and ultimately in the presentation of the work in broader contexts (e.g. the American Society 
of Bone and Mineral Research conference mentioned above.  Education is an important component to the 
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overall plan, and our work on this project dovetails with the broader plan to develop a training program in 
skeletal biology that will compete for a T32 in 2021. 

- How were the results disseminated to communities of interest?

Nothing to Report 

- What do you plan to do in the next reporting period to accomplish the goals?

By the end of the next reporting period, we will have completed all experiments in Objective #1 and will be 
waiting for final results on the humanization FMT experiments.  We will also be finishing Objective 2 and 
setting the stage for initiation of experiments in Objective 3, which will commence in September of 2021.  The 
team is intact, and now fully working collaboratively, so we are confident that we will recover from setbacks 
related to the COVID-19 shutdown that occurred in 2020. 

4. Impact

- What was the impact on development of the principle disciplines of the project?

The central impact of the work so far:  Data generated on this project has provided the first evidence 
suggesting that nutraceutical supplements may impact joint health and OA degenerative disease via effects on 
the gut microbiome (see appendix 3).  This is a novel concept that provides the first explanation for the 
purported effects of such agents in the context of joint homeostasis and disease. 

- What was the impact on other disciplines?

Nothing to report 

- What was the impact on technology transfer?

Nothing to report 

- What was the impact on society beyond science and technology?

Nothing to report 

5. Changes/Problems

- Changes in approach and reasons for change.

Nothing to report 

- Actual or anticipated problems or delays and action plans to resolve them

As mentioned, the COVID-19 pandemic has impacted our progress on the project.  Research activity at both 
CU and UR was completely shut down from mid-March of 2020 to June of 2020, with the months between 
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June and August only leading to incremental increases in campus occupancy and lab/vivarium activity.  Human 
studies were delayed even further, through to September of 2020, due to concerns about community spread 
and the lagging development of consensus on mitigation of spread.  Our human protocol required amendments 
to move forward because of new policies and procedures that needed to be incorporated into the plan.  
Amendments are still under review by the IRB at CU as a precursor step to submitting to HRPO for final 
approval. 

Note:  There are no anticipated delays in the project moving forward. 

- Changes that have significant impact on expenditures

As mentioned, a mouse experiment that was initiated in late 2019 had to be terminated due to the pandemic.  
Lost costs included the initial purchase of the mice and the per diems for vivarium housing up until the date the 
colony was euthanized.  Summary expenses:  60 male mice + per diems:  $1,774.80. 

- Significant changes in use and care of human subjects, vertebrate animals, biohazards, and/or select
agents.

Nothing to report 

6. Products

- Publications, conference papers and presentations

a. Publications:

Favazzo LJ, Hendesi H, Villani DA, Soniwala S, Dar QA, Schott EM, Gill SR, Zuscik MJ. The gut 
microbiome-joint connection: implications in osteoarthritis. Curr Opin Rheumatol. 2020 Jan;32(1):92-101. 
PMID: 31724973; PMCID: PMC6903327. 

b. Books or other non-periodical, one-time publications

Nothing to report 

c. Other publications, conference papers and presentations:

Wu YH, Landgrave SH, Hendesi H, Favazzo LJ, Villani DA, Schroeder W, Thomas SM, Payne KA, Prawitt 
J, Gill SR, Zuscik MJ. Dietary supplementation with hydrolyzed hyaline cartilage mitigates posttraumatic 
osteoarthritis: Potential role of shifts in the gut microbiome. American Society for Bone and Mineral 
Research annual meeting, September 11-15, 2020. 

Zuscik MJ. From Gut to OA. Osteoarthritis Research Society International, OARSI Hour entitled “The gut 
microbiome and OA”. Virtual Live Presentation, August 19, 2020.  (This award was acknowledged) 

- Website(s) or other internet site(s)

Nothing to report 

- Technologies or techniques

Nothing to report 
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- Inventions, patent applications, and/or licenses

Nothing to report 

- Other products

Nothing to report 

7. Participants & Other Collaborating Organizations

- What individuals have worked on the project?

University of Colorado School of Medicine (Zuscik Partnering PI) 

Name: Michael Zuscik PhD 

Project role: Partnering PI 

Researcher identifier:  

Nearest person month worked: 3 

Contribution to project: Contribution to design and planning of all aspects of the project 

Funding support: 

Name: Lisa Brenner PhD 

Project role: Co-I 

Researcher identifier: Not available 

Nearest person month worked: 0.5 

Contribution to project: IRB development and planning for fecal collection from humans 

Funding support: 

Name: Honey Hendesi MD PhD 

Project role: Post-doc 

Researcher identifier: Not available 

Nearest person month worked: 6 

Contribution to project: Contribution to design, planning and execution of all aspects of the project 

Funding support: 

Name: David Villani 

Project role: Graduate student 
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Researcher identifier: Not available 

Nearest person month worked: 12 

Contribution to project: Contribution to design, planning and execution of all aspects of the project 

Funding support: 

Name: Kelly Stearns-Yoder 

Project role: Clinical Coordinator 

Researcher identifier: Not available 

Nearest person month worked: 0.6 

Contribution to project: IRB development 

Funding support: 

Name: Jake Guzzetti 

Project role: Clinical Coordinator 

Researcher identifier: Not available 

Nearest person month worked: 1.8 

Contribution to project: IRB development 

Funding support: 

University of Rochester School of Medicine and Dentistry (Gill Partnering PI) 

Name: Steven Gill PhD 

Project role: Partnering PI 

Researcher identifier:  

Nearest person month worked: 3 

Contribution to project: 
Contribution to design, planning and execution of all aspects of the project, 
particularly as related to microbiome analysis and microbiology work. 

Funding support: 

Name: Ann Gill MS 

Project role: Senior technical associate 

Researcher identifier: Not available 

Nearest person month worked: 6 

Contribution to project: Contribution to microbiome analysis and microbiology work. 

Funding support: 
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Name: Cal Palumbo MS 

Project role: Bioinformatician and Data Analyst 

Researcher identifier: Not available 

Nearest person month worked: 2.4 

Contribution to project: Contribution to microbiome analysis. 

Funding support: 

- Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the
last reporting period?

Nothing to report 

- What other organizations were involved as partners?

a. Organization Name:
Rousselot BVBA

b. Location of Organization:
Gent, Belgium

c. Partner’s Contribution to the Project:
Other:  Study material, hydrolyzed hyaline cartilage

8. Special Reporting Requirements

- Collaborative Award

This is a collaborative award.  Partnering PIs Michael Zuscik PhD and Steven Gill PhD are located at the 
University of Colorado and University of Rochester, respectively.  This report has denoted which aspects of the 
project have been completed at each site, so both partnering PIs will be submitting this same document. 

- Quad Charts

Not applicable 

9. Appendices

Appendix 1:  Wu et al, ASBMR poster (2020) 
Appendix 2:  Figures from draft manuscript to be submitted to Arthritis Research and Therapy 
Appendix 3:  Favazzo et al, Current Opinion in Rheumatology (2020) 

These appendices follow on subsequent pages. 
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Appendix 1:  Wu et al, ASBMR poster (2020) 
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Appendix 2:  Figures from draft manuscript to be submitted to Arthritis Research and Therapy 

Experimental Timeline 
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Figure 1:  Impact of DMM injury on OA progression at 3 and 12 weeks post-injury in mice fed the lean diet. 
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Supplemental Figure 1:  Impact of DMM injury on OA progression at 3 and 12 weeks post-injury in mice fed 
either a chow or high fat diet. 
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Figure 2:  Impact of daily hHC supplementation on PTOA at 3 weeks post injury in mice fed the lean diet. 
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Supplemental Figure 2:  Impact of daily hHC supplementation on PTOA at 3 weeks post injury in mice fed 
either chow or high fat diet. 
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Figure 3:  Impact of daily hHC supplementation on PTOA at 12 weeks post injury in mice fed the lean diet. 
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Supplemental Figure 3:  Impact of daily hHC supplementation on PTOA at 3 weeks post injury in mice fed 
either chow or high fat diet. 
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Figure 4:  Impact of daily hHC supplementation on TNF levels in the synovium of mice administered the DMM 
injury and fed the lean diet. 
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Supplemental Figure 4:  Impact of daily hHC supplementation on circulating cytokines in DMM injured mice fed 
the high fat diet. 
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Figure 5:  Impact of daily hHC supplementation on chondrocyte apoptosis in DMM injured mice fed the lean fat 
diet at 3 and 12 weeks post-injury. 
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Figure 6:  Daily dietary supplementation of lean fed mice with hHC leads to significant shifts in the gut 
microbiome. 
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Appendix 3:  Favazzo et al, Current Opinion in Rheumatology (2020) 
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