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10. INTRODUCTION:  Narrative that briefly (one paragraph) describes the subject, purpose and 
scope of the research. 
 
 
 
 
 
 
 
 
   

11. KEYWORDS: Provide a brief list of keywords (limit to 20 words). 
 
 
 
 

12. ACCOMPLISHMENTS:  The PI is reminded that the recipient organization is required to obtain 
prior written approval from the awarding agency grants official whenever there are significant 
changes in the project or its direction.   
 
What were the major goals of the project? 
List the major goals of the project as stated in the approved SOW.  If the application listed 
milestones/target dates for important activities or phases of the project, identify these dates and show 
actual completion dates or the percentage of completion.   
 
 
 
 
 
 
 
 
 
What was accomplished under these goals? 
For this reporting period describe: 1) major activities; 2) specific objectives; 3) significant results or 
key outcomes, including major findings, developments, or conclusions (both positive and negative); 
and/or 4) other achievements.  Include a discussion of stated goals not met. Description shall include 
pertinent data and graphs in sufficient detail to explain any significant results achieved.  A succinct 
description of the methodology used shall be provided.  As the project progresses to completion, the 
emphasis in reporting in this section should shift from reporting activities to reporting 
accomplishments.   
 
We started the project by scaling up from our prior experience in rats to a large animal limb ex vivo 
perfusion system and performed initial experiments.  
 
1) Ex vivo subnormothermic machine perfusion (SNMP): Two partial hind limbs (swine, see Figure 
1) were procured from a Yorkshire pig during a terminal procedure in the Knight surgery operative 

1. Milestone # 1 ACURO approval obtained. 100% complete (February 2020) 
2. Milestone #2 Complete evaluation of Machine perfusion on VCA viability. 30% Complete 
3. Milestone #3 Develop a method to extend preservation duration for porcine limbs. 15% 
Complete 
4. Milestone #4 Develop a method to enable using mixed chimerism for VCA transplantation. 
Nothing to report 

Enabling prolonged preservation of vascularized composite allografts (VCA) is critical to enable 
their use in a practical manner clinically. Machine perfusion technologies have enabled dynamic 
organ storage for many organs, in stark contrast to the current gold standard of static cold storage. 
Supercooling technology, which builds on machine perfusion, has been shown to further extend 
preservation, allowing the increase of viable preservation time to 27 hours for human livers, 3 times 
the clinical average. This project aims to translate these exciting results in livers to VCA, also 
leveraging prior studies in rats. 

VCA, preservation, supercooling, cryopreservation, transplantation, machine perfusion, Ischemia 
Reperfusion Injury  
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room, with about 20minutes warm ischemia during recovery. One limb was perfused in a clinical perfusion device at 
a subnormothermic temperature (21°C) (Figure 2). The other limb was flushed with 100ml of heparine 
saline at room temperature and with 100ml of cold HTK, and then stored on ice in HTK. 
 

Figure 1. Picture of a swine partial hind limb. The VCA includes: 
skin paddle, thigh and leg muscles, proximal tibia, knee joint and 
distal femur, supported by the femoral vascular pedicule (star). 
 

Specific objectives were to assess feasibility of the 
partial swine hindlimb perfusion for 24 hours and obtain 
insights for optimal perfusion parameters as well as 
perfusate composition. The key outcome was edema as 
measured by weight gain, and perfusion parameters 
relevant to viability, ischemia and cell injury such as 
resistance, lactate and potassium as compared with static 
cold storage.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Ex vivo subnormothermic machine perfusion . The circuit consists of 2L of perfusion solution (modified 
Steen solution) that is poured in the VCA basin and goes through a pulsatile perfusion circuit at a subnormothermic 
temperature (21°C). The target pressure is set to 40mmHg. The flowrate is automatically adjusted subsequently. Inflow 
samples are taken fron the inflow valve and outflow is collected directly from the femoral vein. 
 

2 liters of perfusate were used. The perfusate was made with a Steen solution mixed with BSA 
and 35kDa PEG. Pressure target was 40mmHg, flowrate was subsequently adapted automatically on 
perfusion device and varied between 15-40ml/min to accommodate for pressure target. Vascular 
resistances decreased after an hour of perfusion, plateaued between 1 and 1.5mmHg/ml/min until the 
18th hour and then increased to 2.5mmHg/ml/min through the end of the experiment (Figure 3). 
Weight gain was greater in the perfused limb than the static cold storage control (+25.83% vs -2.9%).  
 

* 
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Figure 3. Overview of perfusion parameters. Panel A shows high vascular resistances at the beginning of the perfusion, 
then a plateau ending in an increase from 18 hours of perfusion until the 24th hour. Panel B shows stable potassium levels, 
a marker of cellular injury, in the outflow perfusate until 6 hours and then a linear increase. Panel C shows an increase in 
oxygen comsumption during the first 6 hours of perfusion. Panel D shows a linear increase in lactate levels, indicating 
sustained hypoxia. Panel E demonstrates an increase in edema in the perfused limb throughout the experiment compared 
to essentially no changes in the control SCS limb. 
 

Deep and superficial muscle biopsies and perfusate samples were taken at T0, T6h, T9h, T12h, 
T18h, T24h. Analysis are still pending due to lab shutdown during the COVID 19 crisis. With the 
preliminary findings from this first swine partial hindlimb perfusion, we determined the necessity of 
replacing some of the recirculating perfusate to remove accumulating electrolytes (K+ and lactate), 
and we moved to a system that is easier to customize for supercooling studies.  

For the next experiment, swine partial hind limbs were procured during a terminal procedure 
in the Knight surgery operative room, with about 29 minutes of ischemia during recovery. Limbs 
were flushed with 100ml of heparinized saline at room temperature through a 14G angiocatheter in 
the femoral artery. Experiment limb was placed in the perfusion system (Figure 4) that had previously 
been primed with 500ml of perfusate. The other limb was flushed with 100ml of cold HTK and stored 
at 4°C as a static cold storage control.  

B C 

D E 

A 
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Figure 4. Continuous flow SNMP system. The perfusion system used for this experiment includes 
a basin (A), perfusion pump (B), an oxygenator (C), a bubble trap (D) and a pressure sensor (E). 
Temperature was monitored to remain at 21°C in the basin. The limb is attached to the inlet tubing 
through a 14G angiocatheter in the fermoral artery (white *). The venous outflow drains in the basin 
and the perfusate recirculates in the closed circuit. 
 
The experiment was terminated at 18 hours for high levels of lactate and potassium and low pH 
despite perfusate exchanges at 2.5h and 6h. Data from both the continuous and pulsatile flow 
experiments are shown in Figure 5. Deep and superficial muscle biopsies and perfusate samples were 
taken at T0, T6h, T9h, T12h, T18h, analyses pending. 
 
 
 
 
 

 
 
 
 
 
 
 
 

A 

B 
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Figure 5. Overview of perfusion parameters. Panel A-C shows lower and more stable vascular 
resistances on the 24h SNMP on 8/12/20. Panel D shows an instable pH in the outflow perfusate that 
peaked after perfusate exchange. Panel E represents the high glucose consumption. Panel F shows 
higher O2 consumption accordingly to higher flowrates in the beginning of the perfusion. Panel G 
shows increasing measures of lactates and potassium levels in the graft outflow. 
 
The second system resolved resistance issues which was our main target. Some issues were identified; 
the main issue os thought to be due to a longer warm ischemia time during recovery and we are 
modifying the recovery protocol to add a cold flush. Increased rate of lactate and potassium 
accumulation is likely due to  the smaller amount of perfusate used, which are not corrected for in the 
data presented; going forward we will increase the volume of perfusate and normalize to allow for 

* * 
* * 

* 

* 

* * 
* * 

A B C 

D E F 

G 

*    Perfusate exchange – 500ml 
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comparison. Finally, increasing lactate indicates insufficient oxygenation and we will reintroduce an 
oxygen carrier in the perfusate which we had experimented with in the rat system previously.  
 
2) Supercooling experiments: Partial hind limbs were procured in a sterile manner from deceased 
pigs. The limbs were flushed with 70ml of Heparin saline and then 70ml of HTK. They were then 
preserved in HTK in a sterile bag where air was carefully removed. They were then placed in the 
chiller at -4°C. The limbs remained unfrozen for about 60 hours at -4°C (see Figure 6). However, 
decreasing the chiller temperature to -5°C led to the freezing of the HTK solution and the swine limb. 
Next experiments will include a cryopreservant loading phase with the machine perfusion. 
 

Figure 6. VCA supercooling. Swine partial hind limb stored in a sterile bag in HTK. Chiller set at -4C. 
 
What opportunities for training and professional development has the project provided?    
 
If the project was not intended to provide training and professional development opportunities or 
there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe opportunities for training and professional development provided to anyone who worked 
on the project or anyone who was involved in the activities supported by the project.  “Training” 
activities are those in which individuals with advanced professional skills and experience assist 
others in attaining greater proficiency.  Training activities may include, for example, courses or one-
on-one work with a mentor.  “Professional development” activities result in increased knowledge or 
skill in one’s area of expertise and may include workshops, conferences, seminars, study groups, and 
individual study.  Include participation in conferences, workshops, and seminars not listed under 
major activities.   
 
 
 
 
 

One post-doctoral research fellow, one PhD candidate and three technicians were trained. Training topics 
included surgical techniques of partial hind limb harvest in a swine model (attending plastic surgeon Dr 
Lellouch and Vice Chair of MGH IACUC Mark Randolph), machine perfusion, supercooling and applied 
thermodynamics, as well as scientific writing, experimental design, and various data analysis techniques. 
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How were the results disseminated to communities of interest?    
 
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe how the results were disseminated to communities of interest.  Include any outreach 
activities that were undertaken to reach members of communities who are not usually aware of these 
project activities, for the purpose of enhancing public understanding and increasing interest in 
learning and careers in science, technology, and the humanities.   
 
 
 
 
What do you plan to do during the next reporting period to accomplish the goals?   
If this is the final report, state “Nothing to Report.”   
 
Describe briefly what you plan to do during the next reporting period to accomplish the goals and 
objectives.   
 
 
 
 

 
 
 
 

4. IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or 
any change in practice or behavior that has come about as a result of the project relative to: 
 
What was the impact on the development of the principal discipline(s) of the project?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
Describe how findings, results, techniques that were developed or extended, or other products from 
the project made an impact or are likely to make an impact on the base of knowledge, theory, and 
research in the principal disciplinary field(s) of the project.  Summarize using language that an 
intelligent lay audience can understand (Scientific American style).  
 
 
 
 
 
 
What was the impact on other disciplines?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe how the findings, results, or techniques that were developed or improved, or other products 
from the project made an impact or are likely to make an impact on other disciplines. 
 
 

Due to the Covid19 situation: nothing to report. 

Due to Covid-19 situation survival transplants in large animals is extremely problematic; we will 
therefore focus on nonsurvival studies, with the key targe of identifying a rationally optimized perfusion 
protocol for swine VCA tissues. In parallel we will optimize cryopreservative agents (CPA) for swine 
VCA tissues and identify the limits of supercooling. We will then evaluate the limits of supercooled 
storage of swine VCAs, likely in an ex vivo setting. 

The key accomplishment is the scale up of machine perfusion to swine VCA, although further 
improvements are necessary. We have also demonstrated successful supercooling of swine limbs, which is 
key since different specied can have proteins (especially membrane lipids) that can unexpectedly act as 
freezing nucleating agents. 

As an interdisciplinary project, the results are expected to have impact on the fields of plastic surgery, 
transplantation, biopreservation and medical systems engineering. 
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What was the impact on technology transfer?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe ways in which the project made an impact, or is likely to make an impact, on commercial 
technology or public use, including: 
• transfer of results to entities in government or industry; 
• instances where the research has led to the initiation of a start-up company; or  
• adoption of new practices. 

 
 
 
 

 
 
What was the impact on society beyond science and technology? 
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe how results from the project made an impact, or are likely to make an impact, beyond the 
bounds of science, engineering, and the academic world on areas such as: 
• improving public knowledge, attitudes, skills, and abilities; 
• changing behavior, practices, decision making, policies (including regulatory policies), or 

social actions; or 
• improving social, economic, civic, or environmental conditions. 

 
 
 
 
 
 

5. CHANGES/PROBLEMS:  The PD/PI is reminded that the recipient organization is required to 
obtain prior written approval from the awarding agency grants official whenever there are 
significant changes in the project or its direction.  If not previously reported in writing, provide the 
following additional information or state, “Nothing to Report,”  if applicable: 
 
Changes in approach and reasons for change  
Describe any changes in approach during the reporting period and reasons for these changes.  
Remember that significant changes in objectives and scope require prior approval of the agency. 
 
 
 
 
Actual or anticipated problems or delays and actions or plans to resolve them 
Describe problems or delays encountered during the reporting period and actions or plans to resolve 
them. 
 
 

Licensing of patents previously developed in project W81XWH-17-1-0680, precursor to this project, are 
in discussion. We also expect new IP may result from this work, or alternatively data supporting prior 
patent application would be obtained. 

Nothing to report. 

Nothing to report. 

Due to the COVID-19 crisis, the laboratory was shut down for 3 months. This led to delays in 
experimentations and delays are still expected in research animal and supplies shipping. In 
particular survival transplants remain unfeasible to perform at the moment. To accommodate 
them, we plan to use nonsurvival models until the situation normalizes.  
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Changes that had a significant impact on expenditures 
Describe changes during the reporting period that may have had a significant impact on 
expenditures, for example, delays in hiring staff or favorable developments that enable meeting 
objectives at less cost than anticipated. 
 
 
 
 
 
Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 
select agents 
Describe significant deviations, unexpected outcomes, or changes in approved protocols for the use 
or care of human subjects, vertebrate animals, biohazards, and/or select agents during the reporting 
period.  If required, were these changes approved by the applicable institution committee (or 
equivalent) and reported to the agency?  Also specify the applicable Institutional Review 
Board/Institutional Animal Care and Use Committee approval dates. 
Significant changes in use or care of human subjects 

 
 
 

 
Significant changes in use or care of vertebrate animals 

 
 
 
 
Significant changes in use of biohazards and/or select agents 
 
 

 
 

 
6. PRODUCTS:  List any products resulting from the project during the reporting period.  If there 

is nothing to report under a particular item, state “Nothing to Report.” 
 
• Publications, conference papers, and presentations    

Report only the major publication(s) resulting from the work under this award.   
 
Journal publications.   List peer-reviewed articles or papers appearing in scientific, 
technical, or professional journals.  Identify for each publication: Author(s); title; journal; 
volume: year; page numbers; status of publication (published; accepted, awaiting 
publication; submitted, under review; other); acknowledgement of federal support (yes/no). 
 
 

 

Nothing additional to report. 

Nothing to report. 

Nothing to report. 

Nothing to report yet. 

Not applicable. 
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Books or other non-periodical, one-time publications.  Report any book, monograph, 
dissertation, abstract, or the like published as or in a separate publication, rather than a 
periodical or series.  Include any significant publication in the proceedings of a one-time 
conference or in the report of a one-time study, commission, or the like.  Identify for each one-
time publication:  author(s); title; editor; title of collection, if applicable; bibliographic 
information; year; type of publication (e.g., book, thesis or dissertation); status of publication 
(published; accepted, awaiting publication; submitted, under review; other); 
acknowledgement of federal support (yes/no). 
 
 

 
 
Other publications, conference papers and presentations.  Identify any other 
publications, conference papers and/or presentations not reported above.  Specify the status 
of the publication as noted above.  List presentations made during the last year 
(international, national, local societies, military meetings, etc.).  Use an asterisk (*) if 
presentation produced a manuscript. 
 
 

 
 

• Website(s) or other Internet site(s) 
List the URL for any Internet site(s) that disseminates the results of the research activities.  A 
short description of each site should be provided.  It is not necessary to include the 
publications already specified above in this section. 
 
 
 
 
 

• Technologies or techniques 
Identify technologies or techniques that resulted from the research activities.  Describe the 
technologies or techniques were shared. 
 
 

 
 
 

• Inventions, patent applications, and/or licenses 
Identify inventions, patent applications with date, and/or licenses that have resulted from the 
research.  Submission of this information as part of an interim research performance 
progress report is not a substitute for any other invention reporting required under the 
terms and conditions of an award. 
 
 
 

Nothing to report. 

Nothing to report yet. 

Nothing to report. 

A novel protocol for limb machine perfusion was developed. 

Nothing to report. 
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• Other Products   
Identify any other reportable outcomes that were developed under this project.  Reportable 
outcomes are defined as a research result that is or relates to a product, scientific advance, 
or research tool that makes a meaningful contribution toward the understanding, prevention, 
diagnosis, prognosis, treatment and /or rehabilitation of a disease, injury or condition, or to 
improve the quality of life.  Examples include: 
• data or databases; 
• physical collections; 
• audio or video products; 
• software; 
• models; 
• educational aids or curricula; 
• instruments or equipment;  
• research material (e.g., Germplasm; cell lines, DNA probes, animal models);  
• clinical interventions; 
• new business creation; and 
• other. 

 
 
 
 

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 
 

What individuals have worked on the project? 
Provide the following information for: (1) PDs/PIs; and (2) each person who has worked at least one 
person month per year on the project during the reporting period, regardless of the source of 
compensation (a person month equals approximately 160 hours of effort). If information is unchanged 
from a previous submission, provide the name only and indicate “no change”.  
 

Example: 
 
Name:      Mary Smith 
Project Role:      Graduate Student 
Researcher Identifier (e.g. ORCID ID): 1234567 
Nearest person month worked:   5 
 
Contribution to Project: Ms. Smith has performed work in the area of combined 

error-control and constrained coding. 
Funding Support:   The Ford Foundation (Complete only if the funding  
     support is provided from other than this award.)  

 
 
 
 
 
 

Nothing to report. 
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Name:      Curtis L. Cetrulo Jr 
Project Role:      co-PI 
Nearest person month worked:   no change 
Contribution to Project: Co-led the project 

 
Name:      Alexandre Lellouch 
Project Role:      Investigator 
Nearest person month worked:   1 
Contribution to Project: Led partial hind limb harvest surgeries 

 
Name:      Alec Andrews 
Project Role:      Research technician 
Nearest person month worked:   2 
Contribution to Project: Assisted in surgical planning and supplies ordering 
 
Name:      Hyshem Lancia 
Project Role:        Graduate Research Assistant 
Nearest person month worked:   no change 
Contribution to Project:  Mr. Lancia is responsible for coordination and oversight 
of animal care and assisting in preservation studies and assays. 
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 
since the last reporting period?  
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
If the active support has changed for the PD/PI(s) or senior/key personnel, then describe what the 
change has been.  Changes may occur, for example, if a previously active grant has closed and/or if 
a previously pending grant is now active.  Annotate this information so it is clear what has changed 
from the previous submission.  Submission of other support information is not necessary for pending 
changes or for changes in the level of effort for active support reported previously.  The awarding 
agency may require prior written approval if a change in active other support significantly impacts 
the effort on the project that is the subject of the project report. 

 
 
 
 
What other organizations were involved as partners?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe partner organizations – academic institutions, other nonprofits, industrial or commercial 
firms, state or local governments, schools or school systems, or other organizations (foreign or 
domestic) – that were involved with the project.  Partner organizations may have provided financial 
or in-kind support, supplied facilities or equipment, collaborated in the research, exchanged 
personnel, or otherwise contributed.   
 
Provide the following information for each partnership: 
Organization Name:  
Location of Organization: (if foreign location list country) 
Partner’s contribution to the project (identify one or more) 
• Financial support; 
• In-kind support (e.g., partner makes software, computers, equipment, etc.,  

available to project staff); 
• Facilities (e.g., project staff use the partner’s facilities for project activities); 
• Collaboration (e.g., partner’s staff work with project staff on the project);  
• Personnel exchanges (e.g., project staff and/or partner’s staff use each other’s facilities, work 

at each other’s site); and 
• Other. 

 
 

 
 
 
 
 
 
 
 

See attached Other support documentation. No effects on the effort in this project. 

Nothing to report. 
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8. SPECIAL REPORTING REQUIREMENTS 

 
COLLABORATIVE AWARDS:  For collaborative awards, independent reports are required 
from BOTH the Initiating Principal Investigator (PI) and the Collaborating/Partnering PI.  A 
duplicative report is acceptable; however, tasks shall be clearly marked with the responsible PI and 
research site.  A report shall be submitted to https://ers.amedd.army.mil for each unique award. 
 
QUAD CHARTS:  If applicable, the Quad Chart (available on https://www.usamraa.army.mil) 
should be updated and submitted with attachments. 
 
 

 
9. APPENDICES: Attach all appendices that contain information that supplements, clarifies or 

supports the text.  Examples include original copies of journal articles, reprints of manuscripts and 
abstracts, a curriculum vitae, patent applications, study questionnaires, and surveys, etc.  

 
 
 

No additional document to report. 

See attached quad chart. 

https://ers.amedd.army.mil/
https://www.usamraa.army.mil/


PREVIOUS, CURRENT AND PENDING SUPPORT – Curtis L. Cetrulo, Jr., M.D. 
 
PREVIOUS (last 5 years) 
 
Award Number: N/A - Established Investigator Grant (Cetrulo) 
Funding Agency: Musculoskeletal Transplant Foundation  
Title: Costimulation Blockade-Based Regimens of Mixed Chimerism to Overcome Split Tolerance in VCA 
Project Goals/Aims: The objective of this proposal is to build on our pilot studies by adding co-stimulatory blockade to 
promote both successful engraftment after donor bone marrow cell infusion to achieve mixed chimerism and thus tolerance of 
VCA, and negate split tolerance (i.e. acceptance of all components of a VCA less the epidermis). 
Period of Performance: 08/01/2017-07/31/2020 
Total Costs: $300,000 
Effort: 0.6 calendar 
Point of Contact: Ava DeGrose, grants@mtf.org 
Role: PI 
 
Award Number: W81XWH-17-1-0454 (Cetrulo) 
Funding Agency: US Army Medical Research Acquisition Activity 
Title: GalT-KO Porcine Nerve Xenograft for Reconstruction of Large Nerve Gaps 
Project Goals: This study will compare functional recovery after nerve gap reconstruction using xenograft vs. autograft 
with FK506 immunosuppression in a nonhuman primate model. 
Specific Aims: 1) To demonstrate the efficacy of GalT-KO porcine nerve xenograft based on functional outcome 
compared to autograft control, 2) Investigate effect of immunosuppression withdrawal on recovery, 3) Corroborate 
functional outcome data with elecrophysiological (EP) studies and histological analysis of grafts for regeneration or 
rejection. 
Period of Performance: 09/15/2017-03/15/2020  
Point of Contact: Andrea Renner, andrea.k.renner.ctr@mail.mil 
Role: PI 
 
Award Number: W81XWH-15-1-0281 (Cetrulo) 
Funding Agency: US Army Medical Research Acquisition Activity 
Title: Local Tacrolimus (FK506) Delivery for Prevention of Acute Rejection in the Non-Human Primate Delayed Mixed 
Chimerism Vascularized Composite Allograft Tolerance Induction Protocol 
Project Goals: We will develop an intraoperative, implantable, biomaterials-based, controlled release 
system for the local delivery of tacrolimus (a potent immunosuppressive drug) to prevent acute rejection 
episodes of vascularized composite allografts (VCAs) in non-human primates until delayed mixed chimerism 
can be established and subsequent withdrawal of immunosuppression can be safely performed. 
Specific Aims: 1) replace systemic tacrolimus and optimize the immunosuppression regime in upper extremity VCA in a non-
human primate model, and 2) utilize it as a bridge towards successful tolerance induction by delayed mixed chimerism. 
Period of Performance: 09/15/2015-03/15/2020 
Point of Contact: Gay Hayden, gay.c.hayden.civ@mail.mil 
Role: PI 
 
Award Number: N/A - Clinical Trial Agreement (Cetrulo) 
Funding Agency: AxoGen, Inc. 
Title: A Multicenter, Prospective, Randomized, Subject and Evaluator Blinded Comparative Study of Nerve Cuffs and 
Avance® Nerve Graft Evaluating Recovery Outcomes for the Repair of Nerve Discontinuities (RECON) 
Project Goals/Aims: Prospective data collection will be performed to collect injury type, graft utilization, outcome measures 
and follow-up assessment in subjects who have had peripheral nerve injuries repaired using Avance® Nerve graft and 
compare to subjects who have had peripheral nerve injuries repaired using nerve cuffs.  Data will be compiled by site and by 
study for analysis. 
Period of Performance: 11/25/15-11/24/2019   
Point of Contact at Funding Agency: Gillian Robinson, PhD, CCRP 
Role: PI 
 
Award Number: N/A - Master Sponsored Research Agreement (Cetrulo)     

mailto:grants@mtf.org
mailto:andrea.k.renner.ctr@mail.mil
mailto:gay.c.hayden.civ@mail.mil


Funding Agency: XenoTherapeutics, Inc.  
Title: MSRA between MGH and XenoTherapeutics 
Project Goals/Aims: The goal of this project was to assess the performance of porcine skin graft material after 
cryopreservation of varying durations. 
Period of Performance: 12/15/2016-12/14/2018  
Point of Contact: Paul Holzer; XenoTherapeutics 
Role: PI 
 
Award Number: N/A - Sponsored Research Agreement (Cetrulo)       
Funding Agency: Shire Human Genetic Therapies, Inc. 
Title: SRA between MGH and Shire HGT 
Project Goals/Aims: The goal of this project was to develop a treatment for burn injury by preventing acute inflammation 
resulting from complement activation using the minipig model of burn injury developed at MGH and demonstrated by Dr. 
Cetrulo 
Period of Performance: 11/1/2016-11/01/2018 
Point of Contact: Madhu Natarajan, PhD; Shire 
Role: PI 
 
Award Number: 85230-BOS-14 (Cetrulo)  
Funding Agency: Shriners Hospitals for Children (SHC) – Boston    
Title: Immunology of Hand and Face Transplantation for Burns 
Project Goals/Aims: The overall goal of this proposal was to elucidate the mechanisms of vascularized composite 
allograft (VCA) tolerance (the acceptance of transplanted tissues or organs without rejection in the absence of long-term 
immunosuppression) in a clinically relevant large animal model, and to contribute to development of a clinical trial-ready 
protocol. The aims were 1) investigate the contribution of specific cell populations with the donor hematopoietic cell 
transplant to the induction of mixed chimerism and tolerance of vascularized composite allografts; and 2) investigate the 
requirement of partial major histocompatibility complex matching on induction of vascularized composite allograft 
tolerance, immune competence and the risk of graft-versus-host disease.  
Period of Performance: 01/01/2014-12/31/2017 
Point of Contact: Yong-Ming Yu, MD, PhD; Shriners Hospital for Children – Boston 
Role: PI 
 
Award Number: W81XWH-12-2-0037-P00003 (Pomahac) 
Funding Agency: DoD/USAMRAA/BWH           
Title: A Novel Protocol for Upper Extremity Restoration by Transplantation with Intent for Tolerance Induction 
Project Goals/Aims: The aims of this subcontract were to 1) perform upper extremity transplantation followed two months 
later by delayed bone marrow transplantation in four subjects; 2) determine whether mixed chimerism reduces immune 
response to UE allografts by in vitro analysis of recipient cell subtypes and function, and to reduce or withdraw 
immunosuppression; and 3) study the outcomes of UE allotransplantation in a cohort of four patients for a period of one 
year post-transplant. 
Period of Performance: 09/30/2012-09/29/2017 
Point of Contact: Elena Howell; USAMRMC 
Role: PI (MGH Subaward), Co-Investigator (Overall) 
 
Award Number: W81XWH-13-2-0053 (Atala) 
Funding Agency: DoD/Wake Forest (AFIRM II) 
Title: Towards a Preclinical Large Animal Tolerance Protocol for Vascularized Composite Allotransplantation in Swine 
Project Goals/Aims: This subcontract was to develop a clinically-relevant, mixed chimerism protocol for induction of 
VCA tolerance across a major histocompatibility barrier in our unique immunophenotyped MGH swine model.  The aims 
were 1) investigate the mechanisms involved in the induction of VCA tolerance in mixed lympho-hematopoietic 
chimeras; and 2) develop a clinically-relevant, mixed chimerism-based protocol for induction of tolerance of VCA across 
a major histocompatibility barrier. 
Period of Performance: 09/18/2013-09/17/2017 
Point of Contact: Linda Mason; Wake Forest 
Role: PI (MGH Subaward), Co-Investigator (Overall) 
 



Award Number: W81XWH-13-2-0062 (Cetrulo) 
Funding Agency: DoD (RTR)    
Title: Tolerance in Nonhuman Primates by Delayed Mixed Chimerism  
Project Goals/Aims: The aims of this award were to 1) optimize delayed tolerance induction protocol for VCA in a non-
human primate model, 2) investigate the effect of T memory cell inhibition and in vivo T regulatory cells (Treg) up 
regulation on the delayed induction of VCA tolerance, and 3) investigate the effect of combined Tmem inhibition and 
Treg up regulation on the delayed induction of VCA tolerance. 
Period of Performance: 09/15/2013-09/14/2017 
Point of Contact: Mary Alice Woody, PhD; USAMMDA 
Role: PI 
 
Award Number: W81XWH-13-2-0060 (Brandacher)   
Funding Agency: DoD/Johns Hopkins University (RTR) 
Title: Immunomodulation Tolerance Induction after VCA Using Biologic Agents (CTLA4-IG) and Donor BM Cells 
Project Goals/Aims: The aims of this project were to 1) establish a belatacept-based protocol to enable CNI minimization 
after VCA, 2) investigate the possibility to convert from conventional CNI-based immunosuppression to belatacept 
maintenance with subsequent CNI withdrawal; and 3) compare immunomodulatory donor BM infusion to BM 
transplantation with establishment of durable mixed chimerism for induction of tolerance and/or VCA survival on CNI 
free immunosuppression using a belatacept-based regimen.  
Period of Performance: 09/15/2013-09/14/2017 
Point of Contact: Rochelle Smith; Johns Hopkins 
Role: PI (MGH Subaward), Co-Investigator (Overall) 
 
CURRENT 
 
Award Number: W911NF-17-1-0360 (Roth) 
Funding Agency: Fred Hutchinson Cancer Research/DoD 
Title: Improving Outcome in Ischemia and Ischemia Reperfusion Injury Using Elemental Reducing Agents 
Project Goals/Aims: We will test the hypothesis that ERAs improve transplantability of tissue across defined 
histocompatibility barriers using genetically defined pigs. We aim to determine whether ERAs improve outcome in this 
model of transplantation. 
Period of Performance: 09/01/2017-11/30/2020  
Total Costs: $399,000 
Effort: 0.12 calendar 
Point of Contact: Pamela Allen, pgallen@fredhutch.org 
Role: PI (MGH Subaward), Co-Investigator (Overall) 
  
Award Number: W81XWH- 16-1-0702 (Cetrulo) 
Funding Agency: DoD (RTR) 
Title: Optimization of Delayed Tolerance Induction in Swine: A Clinically-Relevant Protocol for Immunosuppression-Free 
Vascularized Composite Allotransplantation 
Project Goals: We will perform VCA transplantation across various genetic barriers to mirror the challenges of 
finding matching donors in the clinic. This will enable us to determine the extent of genetic matching necessary for clinical 
VCA success and represents an innovative approach for investigation into the mechanisms involved in rejection and/or 
acceptance of the VCA. 
Specific Aims: The major goals of this project are to 1) modify and apply our previously successful tolerance induction protocol 
into a clinically-relevant, delayed mixed chimerism approach, and 2) apply this modified delayed tolerance induction approach 
across various MHC barriers to mirror the clinical challenges of MHC matching for donor-recipient pairs in VCA. 
Period of Performance: 09/15/2016-09/14/2020  
Total Costs: $449,995 
Effort: 0.24 calendar 
Point of Contact: Lucinda F. Keeney, lucinda.f.keeney.civ@mail.mil 
Role: PI 
 
Award Number: W81XWH-16-RTRP-TDA (Uygun/Cetrulo) 
Funding Agency: Department of Defense, Reconstructive Transplant Research Program 

mailto:pgallen@fredhutch.org
mailto:lucinda.f.keeney.civ@mail.mil


Title: Development of a Supercooled Limb Preservation Protocol 
Project Goals: The objective of this application is to adopt our previously successful liver preservation protocol in VCA 
studies using an established rat hindlimb model to mimic both hand and face transplantation (which consists of skin, 
muscle, nerve, bone). The specific aims are: 1) to demonstrate the utility of SNMP in resuscitating amputated ischemic 
limbs following procurement and 2) to incorporate SZNF and SNMP to develop a viable supercooling limb preservation 
protocol following procurement.  
Specific Aims: 1) to demonstrate the utility of SNMP in resuscitating amputated ischemic limbs following procurement, 
and 2) to incorporate SZNF and SNMP to develop a viable supercooling limb preservation protocol following 
procurement. 
Period of Performance: 09/01/2017-08/31/2020 
Total Costs: $1,000,000 
Effort: 0.24 calendar 
Point of Contact at Funding Agency: Karen L. Petrore, karen.l.petrore.civ@mail.mil 
Role: Co-PI 
 
Award Number: 85103-BOS-18 (Cetrulo) 
Funding Agency: Shriners Hospital for Children-Boston 
Title: Role of the Thymus in Tolerance of Vascularized Composite Allotransplantation 
Project Goals/Aims: The aims of this project are to 1) investigate the requirement of the thymus in establishing VCA 
tolerance, and 2) to investigate the requirement of the thymus in maintaining VCA tolerance. 
Period of Performance: 01/01/2018-12/31/2020 
Current Year Direct Costs: $234,345 
Total Costs: $700,695 
Effort: 1.2 calendar 
Point of Contact at Funding Agency: Yong-Ming Yu, MD, PhD, YYU@mgh.harvard.edu 
Role: PI 
 
Award Number: 85127-BOS-20 (PI:  Uygun, B.) 
Funding Agency: Shriners Hospital for Children-Boston 
Title: Recellularization of vascularized engineered scaffolds for facial reconstruction 
Project Goals: This project aims to create complex engineered grafts for facial reconstruction using patient specific cells. 
If successful, a novel alternative to allografts eliminating the need of immunosuppression will be established. 
Specific Aims: Aim 1: Endothelialize decellularized FCF scaffolds, Aim 2: Recellularize FCF scaffolds with skin cells, 
Aim 3: Test recellularized flaps in vivo. 
Period of Performance: 01/01/2020-12/31/2022 
Total Costs: $655,427 
Effort: 0.6 calendar 
Point of Contact at Funding Agency: Karen Meader  kmeader@shrinenet.org 
Role: Co-PI 
 
Award Number: W81XWH1910437 (Cetrulo) 
Funding Agency: DoD/USAMRAA 
Title: Supercooled Ex-Vivo Porcine VCA preservation to extend the timeline between procurement and transplantation and 
enable tolerance induction to eliminate immunotherapy needs and risks 
Project Goals: The objective of this study is to i) develop an extended subzero non-freezing preservation protocol, which 
combines oxygenated machine perfusion and supercooling in order to extend storage duration to 3 days and ii) leverage it 
to implement a tolerance induction protocol for achieving mixed-chimerism based tolerance induction in the graft 
recipient. 
Specific Aims: 1) Scale up of VCA machine perfusion protocol for swine model with transplant validation, 2) Extend 
preservation duration, and 3) Utilization of sub-zero non-freezing protocol for tolerance induction in swine. 
Period of Performance: 08/01/19-07/31/22 
Total Costs: $843,746 
Effort: 1.2 calendar 
Point of Contact at Funding Agency: Jason Kuhns, 301-619-1861, Jason.d.kuhns.civ@mail.mil  
Role: PI 
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Award Number: W81XWH159001 (Cetrulo) 
Funding Agency: Medical Technology Enterprise Consortium (MTEC)/Clear Scientific, Inc. 
Title: Novel cell-based Therapy to Treat Muscle Atrophy Associated with Peripheral Nerve Injury 
Project Goals/Aims: The objective of this study is to develop a cell-based therapy that maintains the capacity of the 
denervated muscle for synaptic reformation/re-innervation. 
Period of Performance: 07/30/19-01/31/21 
Total Costs: $300,000 
Effort: 0.48 calendar 
Point of Contact at Funding Agency: Philip Graf, 617-621-8500, pgraf@nanoterra.com  
Role: PI 
 
PENDING 
 
Award Number: TBD (Farquharson) 
Funding Agency: DoD/Real-Time Analyzers, Inc. 
Title: Immunosuppressant Drug Monitor 
Project Goals/Aims: Transplant patient saliva and blood samples will be collected by MGH.  This contract includes the 
collection of these samples, as well as the analysis by GC-M/MS of the blood samples to validate the RTA measurements 
of the same using the prototype. 
Period of Performance: 06/01/21-11/30/21 
Total Costs: $125,000 
Effort: 0.6 calendar 
Point of Contact at Funding Agency: Sue Farquharson, 860-635-9800 (ext. 245), sue@rta.biz  
Role: PI (MGH Subaward) 
 
Award Number: TBD (Tintle) 
Funding Agency: Department of Defense/CDMRP 
Title: Assessing the Comparative and Longitudinal Benefits of Vascularized Composite Allotransplantation of the Hand 
Project Goals: Vascularized composite allotransplantation (VCA) of the upper extremity (UE) offers tremendous potential to 
restore function, sensation, and vital independence to service members and civilians who have experienced amputation. The 
goal of this project is evaluate psychosocial metrics of hand transplant recipients over time. 
Specific Aims: AIM 1: Assess the benefits of UE VCA across emotional, social, physical, and functional domains AIM 2: 
Explore how psychosocial functioning and QOL change over time for UE VCA recipients AIM 3: Develop a consensus set of 
psychosocial and QOL outcome variables that can be assessed longitudinally across VCA clinical centers 
Period of Performance: 07/01/2020-6/30/2023 
Current Year Direct Costs: $499,967 
Effort: 0.3 calendar 
Point of Contact at Funding Agency: Jason D. Kuhns, Grants Officer 
Role: Co-Investigator (MGH Subaward) 
 
OVERLAP 
 
None 
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Supercooled Ex-Vivo Porcine VCA Preservation to Extend the Timeline Between Procurement and 
Transplantation and Enable Tolerance Induction to Eliminate Immunotherapy Needs and Risks
RT180063, W81XWH1910437
PI: Curt Cetrulo, MD Org:  Massachusetts General Hospital Award Amount: $843,746

Study/Product Aim(s)
•SPECIFIC AIM 1. Scale up of VCA machine perfusion protocol for swine 
model. The objective here is to engineer a machine perfusion protocol for 
preservation of a swine hind limb. We expect to achieve about 24 hrs of 
successful perfusion-preservation of VCA grafts. 

• SPECIFIC AIM 2: Extend preservation duration. We will adopt our SZNF 
protocol for an extended preservation of a swine hindlimb. We expect to 
reach viable preservation of the limbs for 3 days. 

• SPECIFIC AIM 3: Utilization of sub-zero non-freezing protocol for 
tolerance induction in swine. The rationale here is to leverage the 
extended preservation developed in Aim 2, to enable a bone marrow co-
transplant based tolerance induction protocol which minimizes the need of 
long term immunosuppression after VCA transplantation. As a result, we 
expect to demonstrate successful VCA transplantation and long-term graft 
survival without the need of immunosuppression in a swine model of 
transplant

Goals/Milestones  
CY19 Goal – Ensure compliance for large animal studies
x Obtain ACURO approval
CY20 Goals – Perfusion protocol development
x Build a scaled-up perfusion protocol for pig limbs 
x Extend perfusion preservation time
CY21 Goal – Porcine supercooling protocol development
☐ Optimize subzero preservation of porcine VCA
☐ Develop a method to extend preservation duration for porcine 

limbs 
CY22 Goal – Combine with tolerance protocol
☐ Test inducing tolerance in a clinically practicable scenario 
Budget Expenditure to Date
Projected Expenditure: $129,554
Actual Expenditure: $129,554

Updated: 8/27/2020

Timeline and Cost

Activities                       CY    19          20       21 22

ACURO approval

Estimated Budget ($K) $18        $340     $288     $197

Assess effect of perfusion on viability 

Extend preservation of limbs 

Supercooling for tolerance 
induction in swine 

VCA supercooling. Swine 
partial hind limb stored in a 
sterile bag in HTK. Chiller set at 
-4C. 
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