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Regenerating Damaged 
Heart Muscle with 

Micro-RNA Technology



PROBLEM
Damaged Heart Muscle Does Not 

Regenerate.
• 800,000 Heart Attacks in the US 

annually.
• #1 Cause of Death in US & Globally
• Increase Risk of Repeat MI and 

progression to Heart Failure.

Delivery of miRNA302 to 
Damaged Heart Muscle.

• PRO302 proprietary mix delivered 
transiently to the affected area.

• miRNA 302
• Hydrogel

Executive Summary
SOLUTION



Value Proposition / Return on Investment

$1.1B $1.7B
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OPEN
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• 30+ Years in Life Science Industry
• Multiple Ground-Up Start Ups
• Successful Exit & No Liquidations

Team:  Leadership & BOD

• 25+ Years in BioPharma Industry
• Lexicon, Pfizer, BMS
• Cardiovascular Electrophysiology

• 20 Years Biotech R&D
• Phase I & II Clinical Trials
• Multiple Start-Up Exits
• Co-Founder of Mirna: 1st miR Clinicals

• CFO to Multiple LS Start-Ups
• Financial Model Strategies
• 20+ years Life Science Ventures
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Innovations

Team:  SAB & Consultants
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• US Patent 9,115,345
• ”Micro RNA Induction of Pluripotential Stem Cells”
• Issue Date: 8/25/2015
• Priority Date:  3/25/2011

• US Patent 10,590,419
• “Micro RNA Induction of Cardiac Regeneration”
• Issue Date:  3/17/2020
• Priority Date:  5/15/2015

• US Patent 12,128,136
• “Compositions of Methods for Cardiac Regeneration”
• Issue Date: 10/29/2024
• Priority Date:  4/2/2018

University of Pennsylvania
• Favorable Licensing Terms
• Exclusive License

Prolifagen Intellectual Property



Market



Competitive Landscape
Prolifagen 
miR-302

Gene therapy Stem cells Angiogenesis-
focused 
approaches

Bio
materials

Reperfusion 
injury 
prevention

Transient regeneration 
mechanism – safety NA NA
Timing: Opportunity for 
intervention outside of 
emergency situation

Single molecular entity 
(vs. gene therapy or 
exogenous cells) NA
Direct regeneration of 
functional cardiac 
muscle NA



• DNA
• Carries information needed to build protein

• mRNA
• Carries information from DNA
• Template for Protein Production
• Hundreds of Thousands of Nucleotides

• siRNA
• Double Stranded / Exogenous
• 19-23 Nucleotides
• Regulate Gene Expression

• miRNA
• Single Stranded / Endogenous
• 22-23 Nucleotides
• Regulate Cellular Processes

What is micro-RNA (miR)?



Prolifagen Technology:  PRO302
miRNA302

• Synthetic
• Controllable
• Switch on and then Switch Off

• Hyaluronic Acid
• Shear Thinning
• Local & Transient

Hydrogel



Mechanism of Action
Hippo Pathway Supporting Literature

Hippo Pathway Deficiency Reverses Systolic Heart 
Failure Post-Infarction. Leach JP, Heallen T, Zhang M, 
Rahmani M, Morikawa Y, Hill MC, Segura A, Willerson 
JT, Martin JF, Nature. 2017; 550(7675): 260–264.

YAP Partially Reprograms Chromatin Accessibility to 
Directly Induce Adult Cardiogenesis In Vivo. Monroe 
TO, Hill MC, Morikawa Y, Leach JP, Heallen T, Cao S, 
Krijger PHL, de Laat W, Wehrens XHT, Rodney GG, 
Martin JF,   Dev Cell. 2019; 48(6):765-779.e7.

https://www.ncbi.nlm.nih.gov/pubmed/30773489/
https://www.ncbi.nlm.nih.gov/pubmed/30773489/
https://www.ncbi.nlm.nih.gov/pubmed/30773489/


Fu et al. ExRNA (2019) 1:24 https://doi.org/10.1186/s41544-019-0024-y

Bulking

Cells

Therapeutics

Rane, A. A. et al. J. Am. Coll. Cardiol. 2011.  

Hydrogels in cardiac repair

miRNA Delivery Approaches



• Composition
• In vitro sustained release work
• In vivo pharmacology data including 

• PK, CM proliferation (confetti) and 
functional effect

• Conditions for preserving RNA and 
hydrogel

• Freezing  
• Lyophilization

Hydrogel Delivery



Hernandez and Christman, JACC, 2017

Intracoronary 
Infusion

Epicardial 
Injections

Trans endocardial 
Injection

Phase II: NCT01311791
(AUGMENT-HF)

Heart failure patients (78)
Improved VO2 levels, 

No functional/remodeling changes 
Delivered too late?

Phase II: NCT01226563
(PRESERVATION I)

Large MI patients (303), 
Safe, but not effective

Too little material that actually 
reaches infarct?

Phase I: NCT02305602
60 days to 3 years after MI

(15)
MyoStar catheter

Safety shown

Hydrogels in clinical trials

Hydrogels in Cardiac Repair



Proof of Concept
Pre-Clinical Data

• Mice Study
• In-Vitro Human Data
• Limited Pig Study

Mouse heart after heart attack 
treated with PRO-302 shows a 
reduced area of damaged tissue



Initial Pig Study
Infarct area

Marker for miR



Pig Study Results
Pharmacology dose-response in pigs
• PD marker:  Cardiomyocyte proliferation at week 1  
• Parameters tested:  

• Time of administration (1 week vs. 1 month after infarct)
• Impact of injury zone (Infarcted vs. healthy)

• Proliferating Cardiomyocytes are observed in infarcted/PRO-302 
injected zones, but NOT in healthy non-injected zones

• Strong proliferation of CM at 1-week, but NOT at 1-month



Burden of Disease & Unmet Need
20-30% of Heart Attacks lead to Heart Failure



6.2M
in the US have
heart failure

25%
of patients readmitted
to hospital within 30 days

1,000,000
Hospitalizations for heart
failure annually in the US

1.Virani et al, Heart Disease and Stroke Statistics—2020 Update. Circulation. March 2020. 2. Roger VL. Epidemiology of heart failure. Circ Res. 2013;
3. Krumholz HM, et al. Patterns of hospital performance in acute myocardial infarction and heart failure 30-day mortality and readmission. Circ Cardiovasc Qual Outcomes. 2009; 4.
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html, accessed 8/22/19; 5.
Desai A, at al. Rehospitalization for heart failure: predict or prevent? Circulation. 2012.

1.
2.
3.

Virani SS et al. Circulation 2021;143(8): e254-e743.
CDC WONDER Online Database, released in 2021. http://wonder.cdc.gov/ucd-icd10.html. Accessed February 1, 2022.
Lin AH et al.Mil Med 2017;182(9):e1932-e1937.

Heart Failure:  #1 Cause of Hospitalizations
For Americans 65+

Patients with HF die within 30 days post discharge

patients with HF die
within 30 days post
discharge

50%
Of patients die within 
5years of diagnosis of 
HF

Of patients readmitted 
to the hospital within 6 
months

1 in 14 50%

https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
https://www.emoryhealthcare.org/heart-vascular/wellness/heart-failure-statistics.html
http://wonder.cdc.gov/ucd-icd10.html
http://wonder.cdc.gov/ucd-icd10.html
http://wonder.cdc.gov/ucd-icd10.html


• Heart failure is marked with acute 
episodes requiring hospitalization.

• Patients typically become severely short 
of breath and incapacitated with fluid 
build-up giving the sense of drowning.

• Worsening Heart Failure or AWHF happens 
through the patient life journey (including
both heart failure with reduced ejection fraction 
[HFrEF] and heart failure with preserved ejection 
fraction) and hasn’t received has much 
attention from a management perspective

Sources: Graph adapted from Mequita et al. Understanding Hospitalization in Patients with Heart Failure. International Journal of Cardiovascular Sciences. 2017.
Dharmarajan et al. Diagnoses and Timing of 30-Day Readmissions after Hospitalization For Heart Failure, Acute Myocardial Infarction, or Pneumonia. JAMA. 2013.

2nd HHF
3rd HHF

4th HHF
5th HHF

6thHHF

HF: Chronic Disease with Repeating Acute Episodes
Requiring Hospitalization



Current US
Prevalence
6 million with HF1

2021*

New HF Case Rate1
1 million new HF 

diagnoses annually†

HF Mortality2
27% 1-year‡ mortality3

ARIC=Atherosclerosis Risk in Communities; CDC=Centers for Disease Control and
Prevention; HF=heart failure; MDR=Military Data Repository; MHS=Military Health System;
NHANES=National Health and Nutrition Examination Survey.

*Based on NHANES 2015-2018 data.
†Based on ARIC Surveillance 2014 data for adults ≥55 years of age.
‡Based on US Department of Defense MHS MDR data 2007-2011.

1. Virani SS et al. Circulation 2021;143(8): e254-e743.
2. CDC WONDER Online Database, released in 2021. http://wonder.cdc.gov/ucd-icd10.html. Accessed February 1, 2022.
3. Lin AH et al.Mil Med 2017;182(9):e1932-e1937.

$69.7B

$43.6B

2030

Future 
US Estimate
8 million with HF1

End-Stage 
Heart Failure

HF Burden in 2030: 33% more Patients, $70B Cost

http://wonder.cdc.gov/ucd-icd10.html
http://wonder.cdc.gov/ucd-icd10.html
http://wonder.cdc.gov/ucd-icd10.html


Non-GLP Tox
(rat, mouse, 
NHP, 2 mos)

IND-enabling studies
(rat, NHP; 5 mos)

IND 
COMPONENTS

Pharmacology

PK / 
Biodistribution

Toxicology

CMC

Clinical Protocol

Bio analyticsBioanalytical Qualification

Oligo Process Dev

Delivery Development

Safety Studies

Pre-IND (Month 18) IND FPI

30 d

Pt Population
PD Readout
Biomarker

Dose / 
Regimen

PK

Potential AEs
Excl. Criteria

CLINICAL
PARAMETER

Drug Supply

~24 MONTHS, $5M

Confirmatory Mouse Study

Prelim Pig Efficacy Study

Major Pig Efficacy Study

Refinement

Regulatory/Development Plan



Pre-Clinical Funding & Use of Funds
$5,000,000 Raise

• $5,000,000 Total Raise
• Traditional Convertible Note
• Conversion to Series A terms

• Expanded Pig Study
• Pharmacology & Toxicology 

Models
• PK / PD Analysis
• Chemical Manufacturing Controls 

(CMC)
• Delivery Mechanism of PRO302
• Regulatory Analysis
• Expansion of Prolifagen IP 

Portfolio

Use of Funds



Next Steps
Business Development

• Continue De-Risking Pathway
• Execute Development Strategy
• Safety & Efficacy in Large Animal Study
• Manufacturing Pathway
• Next Generation Oligo Discovery
• Expansion of IP Portfolio
• Delivery Mechanism for PRO-302

• Market Leader
• Complimentary Market
• Equity Investment
• Milestone-Based Funding
• Access to Prolifagen Platform

Strategic Partnership



Why Invest in Prolifagen?
• Experienced Team with a Proven Record of Success

• Solution for a Significant Unmet Need

• Ahead of the Curve with miRNA Technology

• Cardiology Existing Market and miRNA Emerging Market

• Exit Potential



THANK  YOU
Mike Behr

CEO
3805 Old Easton Road

Suite 2242
Doylestown, PA  18902

C:  610-656-5229
E:  mbehr@Prolifagen.com

A Pennsylvania Biotechnology Center Company


