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1.   INTRODUCTION: 
Heart disease profoundly affects the quality of life of Duchenne Muscular Dystrophy (DMD) 

patients. DMD is caused by mutations in the dystrophin gene 1,2, which anchors the cytoskeleton, 
sarcolemma, and extracellular matrix (ECM) together to prevent cell membrane damage during 
muscle contraction. However, abnormal dystrophin expression weakens the link between the ECM 
and the cytoskeleton 3 resulting in affected muscle cells degenerating and necrotizing. Until recently, 
DMD patients life span was determined mostly by respiratory failure, with approximately 80% to 90% 
of DMD deaths 4-7. With improved respiratory care, death by cardiomyopathy has become more 
frequent, even approaching 40% in some studies 8. Additionally, myocardial fibrosis is the second 
leading cause of death in DMD 6,7,9,10, occurring in more than 96% of DMD hearts. Fibrotic lesions 
cause fatal ventricular arrhythmias in DMD patients 7,11,12. Although further research to clarify 
molecular mechanisms underlying dystrophin-deficient heart disease remains, evidence suggests that 
abnormal elevation of cytosolic calcium is central to the pathogenesis of DMD heart disease 13-17.  

The sarcoplasmic reticulum is the primary calcium storage organelle in muscle cells. In CMs, 
removal of cytosolic calcium is mainly accomplished by the cardiac isoform of sarcoplasmic reticulum 
calcium ATPase (SERCA2a) via its pump activity 18. SERCA2a expression/activity is reduced in 
various forms of heart failure (HF) in experimental animal models and human patients 19,20. 
Additionally, aged mdx models show decrease in endogenous SERCA2a expression, which was 
restored by SERCA2a gene transfer 21. Furthermore, in mdx/utrophin double KO mice, which 
recapitulate human DMD pathophysiology, SERCA2a expression was found to be significantly 
decreased. Recently our group has found additional mechanisms to fine-tune SERCA2a post-
transcriptionally through microRNAs (miRs). These small non-coding RNAs regulate protein 
expression by destabilization and/or translational inhibition of target messenger RNAs (mRNAs). Like 
mRNAs, expression of miRs is regulated in HF including cardiomyopathy 22-25. Advances in 
understanding the molecular mechanisms that are associated with pathological stress have offered 
numerous important CM specific targets for intervention 23. Specifically, miR-25 has consistently been 
identified as a potent regulator of SERCA2a and showed anti-miR-25 treatment enhanced cardiac 
contractility and function through SERCA2a restoration in murine HF models 26. Furthermore, in silico 
and in vitro experiments confirmed that miR-25 has an additional binding partner, SMAD7. SMAD7 is 
an endogenous antagonist of TGF-β signaling, a common pro-fibrotic pathway in many organs 
including the heart.  

With the ultimate goal to enhance cardiac function in DMD patients, a stable and efficient 
delivery of antagonizing molecule against miR-25 is necessary. An inhibitory construct against miR-
25, so-called miR-25 tough decoy, was successfully generated. It improved cardiac function and 
significantly reduced cardiac fibrosis in TAC-induced HF mouse model (paper in revision). This 
construct was combined with the traditionally used AAV9, a cardiac serotype, for gene therapy 
treatments 27. However, there are still limitations which include off-target expression such as liver 
tropism 28,29. Transcriptional regulation has been used to address these issues. Our approach will use 
a cis-acting regulatory module sequence 30  to improve cardiac specificity and enhance expression. 
Additionally, two different promoters, periostin31 and troponin-T32, will be used to target MFBs and 
CMs, respectively.  
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3. ACCOMPLISHMENTS: 
 
  1) What were the major goals of the project? 

Since our group found that anti-miR-25 treatment enhanced cardiac contractility and function through 
SERCA2a restoration in murine HF models26, an efficient and stable antagonism of miR-25 has been found, 
miR-25 TuD. Furthermore, we found that miR-25 has an addition binding partner, SMAD7. SMAD7 has been 
found to inhibit fibrosis through the TGF-β signaling pathway. Since cardiac complications that arise in chronic 
DMD patients are related to cardiac dysfunction and fibrosis, we hypothesize that miR-25 TuD will ameliorate 
these phenotypes and improve the quality of life of DMD patients. Furthermore, we will enhance the tissue-
specific expression of miR-25 TuD using a cell type specific promoter and minimize off-target effect. 
 

Proposed speficic aims; 
 
Specific aim 1: Therapeutic evaluation of miR-25 TuD on cardiac function and fibrosis. 
Preliminary data have shown that antagonizing miR-25 had a beneficial effect on HF animal model through the 
regulation of SERCA2a expression. Moreover, we have recently identified an additional binding partner, 

SMAD7, an endogenous antagonist of TGF- signaling pathway, which is a major signaling pathway in cardiac 
fibrosis. Therefore, we will apply miR-25 TuD in DMD mouse model and evaluate the efficacy and efficiency in 
terms of cardiac function and fibrosis.  
Specific aim 2: Therapeutic evaluation of miR-25 TuD using cell type specific promoters.  
AAV9 is a widely used serotype for cardiac gene therapy 27. However, there are still limitations including off-
target expression such as liver tropism 28,29. Since we have identified that miR-25 has dual targets in the heart, 
we will apply two independent promoters for individual cell types (CMs and cardiac MFBs). AAV vectors have 
traditionally been used with the CMV promoter due to its high expression efficiency. Although cardiac specific 
promoters such as TnT exist, they have low expression profiles. Recently, we combined TnT with an Enh and 
achieved substantially high expression of the gene of interest, comparable to that of CMV, with minimal off-
target expression. Therefore, we will apply this with miR-25 TuD in terms of cardiac functional study. On the 
other hand, to target cardiac fibrosis, which occurs mainly by proliferation of residential CF 31, a Postn promoter 
will be applied, which is exclusively expressed in pathological cardiac fibrosis. 
 

Proposed SOW for the second year of funding period; 
 

Training-Specific Tasks: (only applicable to training award mechanisms)   

Major Task 2: Development of cell type specific promoter with 

miR-25 TuD in an AAV9 vector 
Months Achievements 

   Subtask 1: Development of  AAV construct containing 

Troponin T (TnT)        promoter with cis-elementary module 

(aka enhancer (Enh)) for cardiomyocyte specific expression of 

miR-25 TuD 

14-15 Completed.  

Subtask 2: Development of  AAV construct containing 

Periostin (Postn) promoter with cis-elementary module (aka 

enhancer (Enh)) for cardiac myofibroblast specific expression 

of miR-25 TuD 

15-16 Completed. 

Subtask 3: Evaluation of cis-regulatory module with TnT 

promoter in cardiomyocyte specificity 

(20 mice per group x 2 groups = 40 mice total) 

17-20 Completed. 

Subtask 4: Evaluation of cis-regulatory module with Periostin 

(Postn) promoter in myofibroblasts specificity 
21-24 

40% 

Completed. 
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(20 mice per group x 2 groups = 40 mice total) Delayed due to COVID-

19 outbreak. 

Subtask 5: Characterize the biodistribution for miR-25 

expression  

(20 mice per group x 2 groups = 40 mice total) 

23-24 

40% 

Delayed due to COVID-

19 outbreak. 

Subtask 6: Comparison between ubiquitous CMV promoter 

with newly generated tissue specific promoters 

(20 mice per group x 2 groups = 40 mice total) 

21-24 

40% 

Completed. 

Delayed due to COVID-

19 outbreak. 

Milestone(s) Achieved: Characterization of effects of cell type 

specific promoter with enhancer in terms of miR-25 expression 

and cardiac function 

24 

80% completed. 

Delayed due to COVID-

19 outbreak. 

It can be completed for 

next 6 months. 
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  2) What was accomplished under these goals? 
Subtask 1: Development of AAV construct containing Troponin T (TnT) promoter with cis-elementary 
module (aka enhancer (Enh)) for cardiomyocyte specific expression of miR-25 TuD 

 AAV construct containing Enh-TnT promoter has been successfully generated.  

 DNA sequencing confirmed the orientation and mutation on DNA construct, which are shown below. 

 Result 

 

 
Figure 1. DNA constructs for AAV9 Enh-TnT/ Enh-Postn-miR-25 TuD. 

A. AAV9 Enh-TnT-miR-25 TuD plasmid map B. AAV9 Enh-Postn-miR-25 TuD plasmid map C. DNA 
sequences for Troponin T and Periostin promoters 
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Subtask 2: Development of AAV construct containing Periostin (Postn) promoter with cis-elementary 
module (aka enhancer (Enh)) for cardiac myofibroblast specific expression of miR-25 TuD 

 AAV construct containing Enh-Postn promoter has been successfully generated.  

 All confirmed DNA sequencing data are shown in Figure 1. 

 
Subtask 3: Evaluation of cis-regulatory module with TnT promoter in cardiomyocyte specificity. 

 AAV viral vectors for 40 mice were successfully produced by Jan, 2020, which are shown in Figure 2. 

 Method 
AAV9 Enh-TnT and Enh-Postn TuD production 
Self-complementary AAV (serotype 9) constructs were generated using the pds-AAV2-EGFP vector 
and the optimal TuD sequence against human miRNA-25, which was kindly donated by Dr. Brian 
Brown, an associate professor of Genetics in the Icahn School of Medicine at Mount Sinai. The 
specificity of the miR-25 TuD was determined through a pMirTarget vector containing SERCA2a 3’-
UTR under luciferase. The eGFP sequence was removed from the AAV construct due to viral 
packaging constraints. The recombinant AAV was produced by transfecting 293 T cells as described 
previously 34. The AAV particles in the cell culture media were collected by precipitation with ammonium 
sulfate and purified by ultracentrifugation on an iodixanol gradient. The particles were then 
concentrated by exchanging iodixanol for Lactate Ringer's solution by multiple dilution and 
concentration steps using a centrifugal concentrator. The AAV titer was determined by quantitative real-
time PCR and SDS-PAGE. AAV9-GFP was used as control. 
Result-1 
1. AAV viral vector with Troponin T promoter shows better yield than Periostin promoter in terms of 

viral production presumably due to higher promoter activity (Figure 2, upper panel) 
2. Alkaline gel staining results show that the purified AAV vectors do not show any genomic 

degradataion (Firgure 2, middle panel) 
3. EM picture (Figure 2, lower panel) reveals that more than 70% viral particle are fully packed with 

DNA, which indicates that the purified viral vectors are functional. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. AAV9 Enh-TnT/ Enh-
Postn-miR-25 TuD production 
and quality control. 
Upper panel: Coomassie blue 
staining result for AAV9 Enh-TnT 
/ Enh-Postn miR-25 TuD. 
Middle panel: Alkaline gel 
staining result for AAV9 Enh-TnT 
/ Enh-Postn miR-25 TuD. 
Lower panel: Electron 
Microscopy picture with negative 
staining for AAV9 Enh-TnT miR-
25 TuD. 
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Result-2 
1. AAV9 vectors with four different promoters (1e5 vg / cell) were transfected into the primary adult 

isolated cardiomyocytes (CMs). 5 days later, each transfected CM was harvested and miR-25 
expression levels were measured. As shown in Figure 3, CMV promoter shows the most efficient 
inhibition of miR-25 expression and U6 and Enh-TnT promoters show comparable activity, which 
inhibit 50% reduction in miR-25 expression. On the other hand, Enh-Postn promoter didn’t show 
any inhibitory effect on miR-25 expression in CMs, which indicates that Postn promoter doesn’t 
have transduction activity on CMs. 

 
Figure 3. miR-25 mRNA expression after gene transfer using various promoters-derived AAV 
vectors. 

Subtask 4: Evaluation of cis-regulatory module (Enhancer) with Periostin (Postn) promoter in 
myofibroblasts specificity. 

 Experiments and analysis were completed on Aug, 2020. 
Method 
Isolation of primary cardiaomyocytes (CMs) and cardiac fibroblasts (CFBs) 
To isolate in tissue primary cardiac cells from the heart tissue, Langendorff-based isolation was applied 
as utilizing previous protocol 33. In brief, after heparin (50 U) was injected, animals were anaesthetized 
with intra-peritoneal ketamine (100mg/g). The heart was quickly removed from the chest and the aorta 
was retrogradely perfused at 37 °C for 3 min with calcium-free Tyrode buffer (137 mM NaCl, 5.4 mM 
KCl, 1 mM MgCl2, 10 mM glucose, 10 mM HEPES [pH 7.4], 10 mM 2, 3-butanedione monoxime, and 5 
mM taurine) gassed with 100% O2. The enzymatic digestion was initiated by adding collagenase type B 
(300 U/ml; Worthington) and hyaluronidase (0.1 mg/ml; Worthington) to the perfusion solution. When 
the heart became swollen after 10 min of digestion, the left ventricle was quickly removed, cut into 
several chunks, and further digested in a shaker (60-70 rpm) for 10 min at 37°C in the same enzyme 
solution. The cell suspension was filtered through a cell strainer (100 µm pore size; BD Falcon) and 

gently centrifuged at 500 rpm for 1 min. This procedure usually yielded ≥ 80% viable rod-shaped 

ventricular myocytes with clear sarcomere striations. The isolated cardiomyocytes were plated onto a 

laminin-coated plate and cultured in modified Eagle’s Medium (MEM) with Hanks’ Balanced Salt 

solution, supplemented with 2 mM of L-carnitine, 5 mM of creatine and 5 mM of taurine, and 100 IU/ml 
of penicillin.  
Results 
1. AAV9 Enh-Postn miR-25 TuD efficiently reduces miR-25 expression as comparable as CMV 

promoter. 
2. AAV9 Enh-TnT miR-25 TuD failed to inhibit miR-25 expression in primary CFBs. 
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Figure 4. AAV9 Enh-postn miR-25 TuD exclusively down-regulates miR-25 expression in primary 
cardiac fibroblasts (CFBs) but not Enh-TnT. 

 

Subtask 5: Characterize the biodistribution for miR-25 expression. 
 Experiments and analysis are ongoing. 

 Mice were injected with AAV9 vectors and all planned experiments will be completed by Nov, 2020. 
Methods 
Quantitative real-time PCR 
Transcript levels were determined by real-time PCR using a QuantiTect SYBR Green real time PCR Kit 
(Qiagen Ltd; Valencia CA). Total RNA was isolated from samples with Trizol reagent (Gibco BRL; 
Carlsbad, CA) according to the manufacturer's instructions. Reverse transcription was performed at 
50°C for 20 min, and cDNA was amplified in 20 μL reaction volumes using 10pmol of primers for 37 
cycles: 94°C for 10 s, 57°C for 15 s, and 72°C for 5 s. 18S RNA was used as an internal control to 
calculate the relative abundance of the mRNAs. 
Western blot analysis 
Membrane and tissue homogenates were prepared as previously described (Wahlquist et al., 2014). 
Proteins were resolved on 10% SDS-PAGE gels followed by transfer to PVDF membranes (Millipore, 
MA, USA). Detection of the proteins bands was performed according to standard lab protocols.  
Antibody raised against SERCA2a was produced by 21st Century Biochemicals, and were purchased 
from Lifespan biosciences (Seattle, USA) and antibody raised against Smad7 (B-8) from Santa Cruz 
Biotechnology (CA, USA). 
Results 
Total 40 mice were injected with each AAV with different promoters (10 mice each) on Aug 13th, 2020. 
Mice will be sacrificed in six weeks. 

 
Subtask 6: Comparison between ubiquitous CMV promoter with newly generated tissue specific 
promoters. 

 Experiments and analysis are ongoing. 

 In Figure 2, I have already shown the comparison result using primary isolated cardiomyocytes and 
fibroblasts in vitro but in vivo experiments have not been accomplished. 
Method 
Mice are monitored daily basis and recorded. 
Echocardiograpghy and Treadmill (exhaustion test) will be applied to each group of mice and analyzed. 
Results 
Cardiac and skeletal functions will be evaluated six weeks after gene transfer. 
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3) What opportunities for training and professional development has the project provided? 
1) Junior Faculty Mentorship Committee Meeting was held in Feb, 2020. 
2) Rigor and Reproducibility and Ethical Behavior in Biomedical Research course was completed July 31st, 

2020. 
 
4) How were the results disseminated to communities of interest? 
HF is characterized by a debilitating decline in cardiac function, in which calcium dysregulation occurs. Of the 
many intracellular mechanisms that contribute to Ca2+ handling, the sarcoplasmic endoplasmic reticulum 
ATPase 2a (SERCA2a) has been shown to be the dominant generator of Ca2+ re-uptake within cardiomyocytes 
during cardiac relaxation. Furthermore, it has previously been shown that both SERCA2a mRNA and protein 
expression are significantly decreased in the hearts of MDX mice. Subsequently, increased SERCA2a 
expression via gene transfer has been shown by our group to improve ECG performance in aged MDX mice. 
Recently, we have found that miR-25 is a key microRNA that regulates SERCA2a and we showed anti-miR25 
treatment enhanced cardiac contractility and function through SERCA2a restoration in murine HF models. 
From this result, we hypothesize that inhibition of miR-25 expression may be one of promising therapeutic 
approach to enhance cardiac function in DMD-induced cardiomyopathy. However, the expression of cardiac 
miR-25 in the preclinical DMD animal models or DMD patients has not been elucidated. Therefore, we 
evaluated the expression of miR-25 in DMD mouse model. As a result, we found that miR-25 expression is 
significantly increased and SERCA2a and SMAD7 expression are down-regulated in DMD. Since we have 
identified Smad7 as a new target of miR-25, miR-25 TuD treatment maybe suggested as a dual-therapeutic 
intervention to normalize cardiac function and fibrosis, respectively in DMD patient. 

 

  5) What do you plan to do during the next reporting period to accomplish the goals? 
 
Modified SOW for No-cost extension for the rest of funding period; 

 

Specific Aim 2: Therapeutic evaluation of miR-25 TuD 

using cell type specific promoters 
  

Major Task 2: Development of cell type specific promoter 

with miR-25 TuD in an AAV9 vector 
Months Achievements 

   Subtask 1: Develop of  AAV construct containing Troponin T 

(TnT)        promoter with cis-elementary module (aka enhancer 

(Enh)) for cardiomyocyte specific expression of miR-25 TuD 

14-15 Completed 

Subtask 2: Develop of  AAV construct containing Periostin 

(Postn) promoter with cis-elementary module (aka enhancer 

(Enh)) for cardiac myofibroblast specific expression of miR-25 

TuD 

15-17 Completed 

Subtask 3: Evaluation of cis-regulatory module with TnT 

promoter in cardiomyocyte specificity 

(20 mice per group x 2 groups = 40 mice total) 

24-26 Ongoing 

Subtask 4: Evaluation of cis-regulatory module with Periostin 

(Postn) promoter in myofibroblasts specificity 

(20 mice per group x 2 groups = 40 mice total) 

24-26 Ongoing 

Subtask 5: Characterize the biodistribution for miR-25 

expression  
26-27 Ongoing 
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(20 mice per group x 2 groups = 40 mice total) 

Subtask 6: Comparison between ubiquitous CMV promoter 

with newly generated tissue specific promoters 

(20 mice per group x 2 groups = 40 mice total) 

26-27 Ongoing 

Milestone(s) Achieved: Characterization of effects of cell type 

specific promoter with enhancer in terms of miR-25 expression 

and cardiac function 

30  

 
Due to the COVID-19 outbreak in New York, which is my primary performance site, many critical 
experiments for my award have been heavily restricted so that my entire research has been delayed. 
Therefore, I requested a No-cost extension on June 9th, 2020 and obtained an approval letter on June 
22nd. The new project end date is February 14th, 2021. 
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4.  IMPACT:  

1) What was the impact on the development of the principal discipline(s) of the project?  
 

 Normalization of miRNA levels as a therapeutic approach for DMD-induced cardiomyopathy. 
Cardiac gene therapy is emerging as a novel strategy to treat inherited and acquired cardiomyopathies. 
miRNAs are interesting targets for gene transfer because individual miRNA regulates collections of 
mRNA expression that often have related functions, thereby governing complex biological processes. 
Therefore, deregulation of one particular miRNA is sometimes enough to cause a specific cardiac 
disease, while small effects of miRNA can be amplified and generate striking alterations. However, 
there are many hurdles to overcome before miRNA gene transfer can be used for treating cardiac 
diseases clinically. Challenges include, but are not limited to, cardiac targeting, optimal dosing, 
appropriate vector, and choice of targeting the right miRNAs. Currently, there is no report of viral vector 
mediated miRNA gene transfer for treating DMD-induced cardiomyopathy in large animals or clinical 
studies. We have developed a cardiac specific promoter consisting of a TnT promoter with a 
calsequestrin enhancer that restricts expression to the cardiac cells while de-targeting the liver and 
lungs. Our group has extensive experience in using AAV vectors for treating HF, with successful results 
also in large animal studies. Taking advantage of our expertise, we aim to establish a viral-mediated 
decoy down regulation of miR-25 approach in a DMD-induced cardiomyopathy model. 

 

2) What was the impact on other disciplines? 
 Application for government sponsored research grant 

We have demonstrated that small non-coding microRNA can be a therapeutic target to treat DMD-
induced cardiomyopathy from this research. Therefore, a reasonable next step is to apply a 
government sponsored grant to continue further validation of our finding in the setting of large animal 
model for translational research.  

 
3) What was the impact on technology transfer?    

Nothing to report 
 

4) What was the impact on society beyond science and technology? 

 Heart disease profoundly affects the quality of life of Duchenne Muscular Dystrophy (DMD) patients. 
Over a couple of decades, many approaches have been made clinically to treat DMD but no cure has 
been reported yet. Therefore, novel therapeutic approach for DMD is highly demanding. miR-25 has 
been known a major regulator for SERCA2a, a critical calcium regulator in cardiac function. 
Furthermore, we have observed that this particular miRNA is upregulated in DMD-induced 
cardiomyopathy models. Therefore, it is critical to understand the underlying mechanism of miR-25 for 
the treatment of DMD patient with cardiac abnormality.  
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5.  CHANGES/PROBLEMS:   
I have requested the No-cost extension (NCE) for this particular grant due to COVID-19 
pandemic. As a result, the NCE application was approved on June 22nd, 2020. Therefore, the 
new project end date was changed to Feb 14th, 2021  
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6. PRODUCTS: 
1) Publications, conference papers, and presentations; 

 Published articles 
a. Oh JG, Lee P, Gordon RE, Sahoo S, Kho C, Jeong D**. Analysis of extracellular vesicle miRNA profiles 

in heart failure. J Cell Mol Med. 2020 Jun 2;24(13):7214-7227. doi: 10.1111/jcmm.15251. 
b. Lee MA, Raad N, Song MH, Yoo J, Lee M, Jang SP, Kwak TH, Kook H, Choi E, Cha T, Hajjar RJ, 

Jeong D**, Park WJ**. The matricellular protein CCN5 prevents adverse atrial structural and electrical 
remodeling. J Cell Mol Med. 2020 July 30 (in press) 

 

 Pending articles 
a. Sacha V. Kepreotis, MBBS*; Min Ho Song, BS*; Jimeen Yoo, MS; Jae Gyun Oh, PhD; Changwon Kho, 

PhD; Brian Brown, PhD; Agustin Rojas-Muñoz, PhD; Christine Wahlquist, PhD; Mark Mercola, PhD; 
Fadi Akar, PhD; Dongtak Jeong, PhD**. AAV9 miR-25 tough decoy transfer improves cardiac function 
in aged MDX/UTRN KO mice. Under revision 

. 

 Presentations 
a. MDA conference 2020, Orlando, FL (On-line) 

           Title: miR-25 Tough Decoy enhances cardiac contractility and ameliorates cardiac fibrosis in aged  
            MDX/UTRN KO Mice. 
 

2) licenses applied for and/or issued; 

Nothing to Report 
 

3) degrees obtained that are supported by this training grant; 

Nothing to Report 
 

4) development of cell lines, tissue or serum repositories; 

Nothing to Report 
 

5) informatics such as databases and animal models, etc.; 

Nothing to Report 
 

6) funding applied for based on work supported by this training grant; 
I. NIH/NHLBI                                              04/01/2021 - 03/31/2025   

                 Title: The therapeutic potential of CCN5 in myocardial fibrosis associated with heart failure  
        Role: Principal Investigator 
    

II. NIH/NHLBI      04/01/2020 - 03/31/2025   
                 Title: Targeting RV fibrosis in chronic pulmonary hypertension    

             Role: Co-Investigator 
 

III. Department of Defense-Development Award (DA)       03/01/2021- 2/28/2023 
                  Title: Inhibition of miR-25 attenuates pulmonary arterial hypertension associated with congenital  

heart defects    
              Role: Principal Investigator 
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

 

What individuals have worked on the project? 
Nothing to Report 
 
 
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?    
Nothing to Report 
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8. SPECIAL REPORTING REQUIREMENTS 
 

1) COLLABORATIVE AWARDS: 
Nothing to Report 
 

2) AWARD CHARTS:  
Attached in Appendix section 
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