
 

1 
DISCLAIMER: Mr. Fink has a conflict of interest. This document does not constitute investment advice. 

Please read the disclosure at the end of this paper for more information. 

 © 2016 Zachary Fink  

 

 

 

 

 

 

 

 

Medgenics: Turning Over a New Leaf with Biobank-

Based Genomics Medicine 

Zachary Fink 

Co-Founder and Portfolio Manager – Bioterp Partners 

October 6, 2016 

 

 

 

 

 

 

 

 

 

 

 

Author’s Note: If you have any information that confirms or denies my thesis, I would love to hear from 

you at: zack@bioterppartners.com. 

mailto:zack@bioterppartners.com


 

2 
DISCLAIMER: Mr. Fink has a conflict of interest. This document does not constitute investment advice. 

Please read the disclosure at the end of this paper for more information. 

 © 2016 Zachary Fink  

Executive Summary 
Evidence presented herein supports my thesis Medgenics’ stock is mispriced, providing an opportunity 

to own a stock with what I believe possesses a significantly skewed risk/reward. My investment thesis is 

built upon the belief there is immense value Medgenics can create as a result of their lead asset NFC-1, 

Center for Applied Genomics (CAG) collaboration, and TARGT gene therapy platform. The major caveat 

to my thesis is that valuing the company is difficult as there is significant potential value creation that is 

unquantifiable. Fortunately, I believe splitting my Medgenics investment thesis into a multi-part 

analysis can adequately convey the potential value of the CAG collaboration, NFC-1, MDGN002 (anti-

LIGHT), and any future assets developed as a result of their TARGT gene therapy platform. These parts 

will provide critical information to understanding the big picture at Medgenics. 

Part I of the investment thesis begins by briefly reviewing how the “New” Medgenics came to be the 

entity it is today. Next, an in-depth review of CAG, their research, and the worldwide biobank landscape 

is provided. This is meant to put the value of Medgenics’ collaboration with CAG, and the differentiation 

of CAG, in context with hundreds of millions of dollars projected to be spent on other biobanks yearly. 

With an introduction to CAG’s capabilities in context with the biobank landscape, Medgenics’ NFC-1 

program and CAG’s mGluR network mutation research can appropriately be explained. This entails a 

review of the relevant science, in each respective indication, providing context for a NFC-1 valuation 

model (provided in the soon to be released part II/III section of my thesis). The NFC-1 program is one of 

many value drivers for Medgenics, and importantly, it represents the framework for repurposing drugs 

in genetically-defined disorders – examined in more detail in Part II of my thesis. 

Part II of my investment thesis primarily focuses on the science and rational behind Medgenics licensing 

and developing MDGN002 (anti-LIGHT) in pediatric IBD. This serves as an excellent case study for 

Medgenics and CAG’s approach to repurposing drugs (and their network biology analysis) in genetically-

defined disorders. In addition, it reinforces a key value-driving concept Medgenics can leverage, 

expanding the drug’s label to additional indications. 

Part III of the investment thesis explains why Medgenics TARGT gene therapy platform most likely 

facilitated Mike Cola and his team joining Medgenics. This provides the basis for explaining how the 

TARGT gene therapy platform is another asset Medgenics can leverage to create long-term shareholder 

value. The TARGT gene therapy platform will be particularly useful in developing therapies against 

“undruggable” targets such as those behind the blood-brain barrier (TARGTCNS). As a reminder, this 

potential value creation is unquantifiable, however, an understanding of TARGT is critical to 

understanding the big picture at Medgenics. In addition, Part II/III provides the Valuation Section for 

Medgenics. 

These three parts of the investment thesis each contribute to the big picture of my thesis that 

Medgenics is significantly undervalued. Considering this, and the fact there appears to be multiple 

value driving events in the next 9 months, I believe Medgenics is set-up with a skewed risk/reward.  
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Figure 2 

Figure 1 (Company Presentation) 

Date Event Details

9/16/2013
Announces New Executive Leadership Team: 

Michael Cola, Garry Neil, and John Leaman

11/12/2014
Announces Collaboration with CHOP and their Center for Applied 

Genomics (CAG)

11/25/2014 Medgenics conducts $24 million public offering

9/9/2015 Medgenics acquires NeuroFix and NFC-1 (phase I ADHD data presented)

9/30/2015 Medgenics conducts $60 million public offering

2/17/2016
Enrollment initiated in non-interventional phenotype/penotype mGluR+ 

ADHD study

6/6/2016
Medgenics announces rights to MDGN002 (anti-LIGHT) and collaboration 

with Kyowa Hakko Kirin

6/17/2016 Enrollment of first patient in phase II/III NFC-1 mGluR+ ADHD trial

6/21/2016 Medgenics conducts $20 million public offering

9/2016 Phase I NFC-1 22q11.2DS trial enrollment initiation

Key Events Since the Formation of the "New" Medgenics

How Did We Get Here? – The “New” Medgenics 
Over the last few years, Medgenics 

has transformed itself from an early-

stage gene therapy company to a late-

stage leader in genomics based 

medicine via leveraging a 

collaboration with CAG’s 

phenotype/EMR-linked biobank. This 

company may be overlooked by 

market participants because of the 

legacy “red flags” the company 

possesses such as circuitous route to 

US listing via London, and having a 

legacy capital structure with warrants. 

To emphasize, these are attributes that 

have been inherited by the “New” 

Medgenics. The transformation to the 

“New” Medgenics was catalyzed by 

Michael Cola, Garry Neil, and John 

Leaman taking leadership positions at 

the company in 2013. Figures 1 and 2 

summarize the key events that have 

facilitated the company’s 

transformation since the management 

change, and Medgenics’ current 

pipeline, respectively. 

This pipeline is being advanced and expanded by a seasoned management team, outlined below in 

Figure 3, which has been quietly assembled at Medgenics since the leadership change in 2013.  
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Figure 3 

A seasoned team such as the one outlined above is extremely advantageous in being able to drive 

value from the CAG collaboration. Put simply, CAG is the discovery engine for Medgenics driving value 

via translational drug development/repurposing. This brief introduction provides context for the 

review of CAG and NFC-1 in the coming sections.   

 

 

 

 

Name Position Previous Position

Michael Cola President & CEO

Mr. Cola served as President of Shire plc's Specialty Pharmaceuticals business from 2007 until April 2012. Mr. Cola joined Shire in July 2005 as Executive Vice President for Global Therapeutic 

Business Units and Portfolio Management prior to being named President of the Specialty Pharmaceuticals business. Prior to joining Shire, Mr. Cola spent more than five years at Safeguard 

Scientifics, where he served as President of the Life Sciences Group. As part of his role with Safeguard Scientifics, Cola served as Chairman and CEO of Clarient, a cancer diagnostics company, and 

Chairman of Laureate Pharma, a full service contract manufacturing organization serving research based biologics companies. Prior to joining Safeguard Scientifics, Mr. Cola held progressively senior 

positions in product development and commercialization at AstraMerck, and later with AstraZeneca.

Brain Piper CFO

Senior Director, Strategic Investment Group (SIG), for Shire Pharmaceuticals, LLC from 2010 to 2013, as well as several different finance and business development roles with Shire over the past 13 

years.  Mr. Piper began his affiliation with Shire in 2002 as Director of Finance for Shire's North American Development group in Rockville, MD.  In 2004 he established Shire’s first US Investor 

Relations group

Garry Neil, MD CMO

Prior to joining Medgenics, Dr. Neil was a Partner at Apple Tree Partners, a life sciences private equity fund. Prior to joining Apple Tree Partners in 2012, he was Corporate VP of Science & Technology 

at Johnson & Johnson, and Group President at Johnson & Johnson Pharmaceutical Research and Development. Prior to joining Johnson & Johnson in 2002, he held senior positions at AstraZeneca, 

EMD Pharmaceuticals and Merck KGaA. 

He serves on the Boards of Reagan Udall Foundation and the Foundation for the U.S. National Institutes of Health (NIH), and is a member of the Science Management Review Board of the NIH. He is 

past Chairman of the Pharmaceutical Research and Manufacturers Association (PhRMA) Science and Regulatory Executive Committee and the PhRMA Foundation Board.

Michael Diem, MD

Senior VP, Corporate 

and Business 

Development

 Mike was recently with AstraZeneca as the Head of Corporate Strategy and Corporate Development, where he was responsible globally for corporate strategy, corporate development and 

MedImmune Ventures. Prior to joining AstraZeneca, Mike was the Head of Business Development for GlaxoSmithKline (GSK) Rare Diseases where he was responsible for partnerships, licensing and 

mergers and acquisitions (M&A). Earlier in his career at GSK, Mike was a partner in its corporate venture capital firm, SR One, Limited where he was responsible for many of the firm's investments 

and served on the boards of numerous companies. Prior to GSK, Mike was an associate at Frantz Medical Ventures and practiced medicine for 6 years. 

Scott Applebaum CLO

Applebaum spent the last ten years at Shire Pharmaceuticals, most recently as Senior Vice President of the Neuroscience Business Unit based in Nyon, Switzerland. He initially joined Shire in 2004 as 

Senior Vice President, Associate General Counsel. He then transitioned to Regulatory Affairs, with overall responsibility for the regulatory strategy, execution, operations and compliance for Shire 

Specialty Pharmaceutical products worldwide. Mr. Applebaum began his pharmaceutical career at Bristol-Myers Squibb, where he eventually rose to serve as Senior Counsel of the U.S. Medicines and 

Medical Imaging business unit.

Nir Shapir, Ph.D Senior VP, R&D
Dr. Shapir joined Medgenics in August 2010. From 2006-2010 he held various professional positions in the R&D Chemistry Assay Development Division of Beckman Coulter, Inc., Chaska, Minnesota, 

including Group Manager of Technology Development; Manager of Discovery and Technology; and Staff Development Scientist Team Leader.

Liza Squires, MD
VP R&D, Therapeutic 

Head Neuroscience

Dr. Squires has held positions of increasing responsibility in clinical research and drug development, including most recently being Chief Medical Officer at Lumos Pharma.  Prior to Lumos, she spent 

9 years at Shire Pharmaceuticals as Vice President, Research and Development and ADHD Business Unit Medical Lead, where she led the clinical development of Vyvanse®, and Intuniv®.

David Fitts, Ph.D

VP and Head, 

Statistical Science 

and Data 

Management

Dr. Fitts is a pharmaceutical executive with over 25 years of experience in clinical development. Dr. Fitts' industry career started in 1988 at SmithKline Beecham Pharmaceuticals (SB). In 2000, he 

joined EMD pharmaceuticals, the US affiliate of Merck KGaA and was soon appointed Global Head of Biometrics department.  In 2008, Dr. Fitts joined ViroPharma, Inc. as Head of Biometrics, where 

he led a team of programmers and statisticians supporting the development of compounds in the anti-infective and orphan disease space

Rick Couch, Ph.D VP CMC

Dr. Couch has held positions of increasing responsibility in the Pharmaceutical Sciences, most recently at Shire Pharmaceuticals, where his teams were responsible for the Pharmaceutical 

Development of several products including Carbatrol®, Adderall XR®, Intuniv® and SHP465. Prior to that he started the Pharmaceutical Technology function in the Global Supply Chain at Shire, where 

his teams led the technical launch of several products including Fosrenol®, Lialda®, Daytrana®, Dynepo®, and Vyvanse®. He has built and led departments that consistently deliver exceptional 

performance, while adapting to organizational and portfolio changes. In 1992 he helped start a small company, called Pharmavene that merged with Shire in January of 1997 and became Shire 

Laboratories

Mary Scavello
Head of US 

Administration
Executive Administration Shire, Pfizer, and Wyeth (25+ years)

Hakon 

Hakonarson, MD, 

Ph.D

Head of CHOP's 

Center for Applied 

Genomics (CAG) 

Hakon Hakonarson, M.D., Ph.D. is Director of the Center for Applied Genomics and is also an associate professor of pediatrics at The University of Pennsylvania School of Medicine. He leads a $40 

million commitment from CHOP to genotype approximately 100,000 children, an initiative that has gained nationwide attention in the Wall Street Journal, New York Times, Time Magazine, Nature and 

Science. Dr. Hakonarson has previously held several senior posts within the biopharmaceutical industry, directing a number of genomics and pharmacogenomics projects as vice president of Clinical 

Sciences and Development at deCODE genetics, Inc. 

Dr. Hakonarson has been the principal investigator (PI) on several National Institute of Health-sponsored grants, and is currently co-PI on Neurodevelopmental Genomics: Trajectories of Complex 

Phenotypes, the largest project ever supported by the National Institute of Mental Health. He has published numerous high-impact papers on genomic discoveries and their translations in some of 

the most prestigious scientific medical journals, including Nature, Nature Genetics and The New England Journal of Medicine. Time Magazine listed Dr. Hakonarson’s autism gene discovery project, 

reported in Nature in 2009, among the top 10 medical breakthroughs of that year. 

Robert Zivin, Ph.D

Head, Translational 

Research & (CAG) 

Alliance Management 

Senior Director, Corporate Office of Science and Technology for Johnson and Johnson

Robert Zivin, PhD joined Johnson & Johnson in 1986. Bob has spent 28 years in healthcare R&D, working in biotechnology, molecular diagnostics and drug discovery, before joining COSAT in 2003. 

Since joining COSAT, Bob has been working on the development of new models of collaboration, with the twin aims of facilitating academic partnering and shifting the cost-reward profile of product 

development. Bob is also responsible for the identification and promotion of disruptive product opportunities from academic and private innovators, as well as fostering internal collaboration 

activities within Johnson & Johnson. Prior to Johnson & Johnson, Bob was a Senior Research Scientist at Merck, Sharpe & Dohme Research Laboratories in West Point, PA. Bob received a BS degree in 

Biology from Northern Illinois University, and a PhD in Microbiology from the University of Chicago. He subsequently completed a Postdoctoral Fellowship at the National Cancer Institute.

Colleen Anderson
VP, Clinical 

Operations

Ms. Anderson has over 20 years' experience (14 years at Shire) in the operational and scientific aspects of drug development, ensuring optimal delivery of late-stage studies across multiple 

therapeutic areas (psychiatry, neurology, musculoskeletal, hematology, and infections / anti-infective diseases). She is an established people manager with considerable experience building high-

functioning teams. Ms. Anderson received her Bachelor's and Master's in Education degrees from Loyola University in Maryland and her MBA in Pharmaceutical Marketing from St. Joseph's University 

in Philadelphia.

Eric Phillips, MPH, 

ScD

Vice President of 

Regulatory Affairs

 Dr. Phillips has held positions of increasing responsibility in Regulatory Affairs, most recently at Bristol-Myers Squibb, where he led the successful submission for the approval of Opdivo® in the 

treatment of squamous non-small cell lung cancer, and the recent submission of the supplemental Biologics License Appilcation for the use of Opdivo in the treatment of Hodgkin lymphoma. Prior to 

that he worked in the early development group at Shire Pharmaceuticals where he opened multiple Investigational New Drug applications across different therapeutic areas. Prior to Shire, Dr. Phillips 

worked in global regulatory affairs at sanofi-aventis across all phases of development and directed the successful submission and approvals of three supplemental New Drug Applications and a Type 

II variation for Taxotere®. Dr. Phillips earned his BS and Masters of Public Health from the University of Minnesota, and a doctorate in Cancer Biology from the Harvard School of Public Health.

John Leaman ex-CFO VP Commercial Assessment at Shire (BD + M&A)

The "New" Medgenics Management Team
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CHOP’s Center for Applied Genomics 
The Children’s Hospital of Philadelphia’s (CHOP) Center for 

Applied Genomics (CAG) was founded in 2006 with the goal 

of genotyping 100k children, enabling the development of 

new and better ways to diagnose and treat pediatric 

diseases. As of late 2015, CAG has a total of over 240k 

samples (>75k pediatric patients) (figure 4) collected 

internally and through collaborations – the numbers are 

mind-blowing [1]. There is no other pediatric database in 

the world that can match its depth of data and analysis. In 

addition, CHOP sees ~10% of rare/orphan patients in the US 

– enriching the database for rare/orphan diseases. CAG is 

one of only a few entities that is in position to data mine a phenotype/EMR-linked biobank (a large 

collection of biological and/or medical data) in order to fulfill its ‘mission statement’ outlined above. 

Importantly, Medgenics is essentially the translational arm of CAG that has exclusive rights to 

rare/orphan indications. Notably, having phenotypes/EMRs linked to the biobank is essential to being 

able to match undiscovered disease causing variants in genes with their associated disease(s). In order 

to convey the power and value of this platform, I want to briefly summarize CAG’s first translational 

discovery that led to a shift in the treatment paradigm for a specific familial neuroblastoma.  

In 2008, Hakon Hakonarson et al. published their discovery that germline mutations in the anaplastic 

lymphoma kinase (ALK) gene are responsible for a subgroup of hereditary neuroblastomas [2]. This 

observation was translated into a rapid shift in the treatment of neuroblastomas by repurposing the 

FDA-approved ALK inhibitor, crizotinib, as a treatment for neuroblastoma. This shift in the treatment 

paradigm would simply not be possible without a large genomic database such as CAG to leverage and 

call back amenable patients. This is further exemplified by searching “crizotinib neuroblastoma” in 

PubMed – there are no hits prior to Harkonarson et al.’s original publication on this observation in 2008. 

This is just one example in oncology of repurposing (or developing) a drug in a genetically defined 

disease patient population based off validation derived from genomic data. Importantly, this concept 

can be applied to an endless number of disease areas such as: (ultra)orphan diseases, 

autoimmune/inflammatory, and neuropsychiatric disorders.  

The concept of genetically defined drug development via biobanks is being explored by many other 

academia/industry players, most notably in partnership or collaboration with large biopharma 

companies. 

The Worldwide Genomic Biobank Landscape 

Figure 5 below summarizes the major genomic biobank entities (A full review of these biobanks, and 

those not mentioned, is outside the scope of this paper). This table demonstrates that CAG is one of 

the premier phenotype/EMR-linked biobank’s in the world.  

Figure 4 [1] 
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Figure 5 

Referencing the table above, it’s important to note the $415 million buyout of deCODE and Human 

Longevity Institute’s approximate $1.2 billion valuation. There is clearly significant industry and 

investor/VC interest in the biobank concept. Some key differentiating features of CAG compared to 

some of the other entities listed in the table above include: 

 Large rare/orphan pediatric sample size (with longitudinal family genomics) 

 Significant experience and investment in bioinformatics 

 ~85% callback rate for clinical trials (and longitudinal follow-up) 

The three differentiating features outlined above are critical to CAG’s ability to discover potential 

rare/orphan targets, and subsequently be able to rapidly identify patients to test translational 

hypotheses in the clinic. For example, in the NFC-1 phase I GREAT trial, Medgenics and CAG were able 

to leverage the thousands of pediatric ADHD patients in the CAG database to rapidly identify and 

enroll mGluR+ ADHD patients. Without the ability to callback patients, any biobank entity’s ability to 

rapidly enroll the (hypothesized) amenable patient population would be extremely difficult. The value 

of Medgenics/CAG being able to call upon pre-genotyped/phenotyped patients for enrollment in 

clinical trials cannot be overstated. 

Organization
Industry 

Partner
Stage

Adults or 

Pediatric?

Current 

Enrollment Size

Enrollment 

Target
Notes

deCODE AMGN

Enrollment: ?

Data Analysis: Ongoing

Translational: Yes

Primarily 

Adults
>300,000 genomes Unknown

deCODE bought by AMGN in 2012 for 

$415m

CHOP's CAG MDGN

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: Yes

Both
~250,000

(>75,000 kids)
100,000 kids

85% callback rate

Bioinformatics expertise

NIH PMI 

Initiative
None

Enrollment: No

Data Analysis: No

Translational: No

Both Zero 1,000,000+ 9 digit yearly budget

UK Biobank None

Enrollment: Complete

Data Analysis: Ongoing

Translational: Open-Source

Adults 500,000 500,000 -

eMERGE 

Consortium
-

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: Open-Source

-
>200k total across 

centers
- Consortium of many biobanks

Vanderbilt 

(BioVU)
eMERGE

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: Open-Source

Most likely 

primarily 

adults

>80,000 Unknown Deidentified samples - no callback

France None

Enrollment: No

Data Analysis: No

Translational: No

Adults Zero

235k 

genomes/yr by 

2020

Mostly oncology. Looking for ~10% rare 

disease enrollment by 2020

$745m initial investment

Human 

Longevity 

Institute

AZN, Roche

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: No

Most likely 

primarily 

adults (for 

now)

>30,000 (>100,000 

incoming from 

AZN)

1 million 

genomes (with 

phenotypes) 

by 2020

>$300m total VC funding 

Series B valuation: $1.2B

China Kadoorie 

Biobank
None

Enrollment: Complete

Data Analysis: Ongoing

Translational: No

Adults ~500,000 -
Does not appear to be focused on 

translational medicine

Genomics 

England

ALXN, AZN, 

BIIB, GSK, ROG

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: No

Both 13,000 100,000

Focused on rare diseases and cancer | 

Industry partners for "translational" 

research period

Geisinger 

Health Systems

REGN Genetics 

Center

Enrollment: Ongoing

Data Analysis: Ongoing

Translational: Ongoing

? >100,000
>100,000 per 

year
Part of eMERGE

CHOP's Roberts   

Genetics 

Center

None

Enrollment: No

Data Analysis: No

Translational: No

Pediatrics 0 - $50 million initial investment

Major Biobank EMR Entities
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Of note, CAG is one of the few largescale phenotype/EMR-linked biobanks that have already had 

success in repurposing drugs in genetically defined diseases. Also, Medgenics appears to be the only 

sub <$10B company collaborating (exclusive rare/orphan collaboration) with an advanced 

phenotype/EMR-linked biobank such as CAG.  

Other CAG Research 

Some of CAG’s published work is summarized in figure 6 below.  

 

Figure 6 

Disease(s) Genes
Mutation 

Type
Mutation Notes Gene Function Gene Class/Family Notes Targets/Drugs Source/Patents

ADHD (and other 

neuropsych 

conditions)

mGluR network SNP and CNV
Mutations in mGluR network result in 

dysfunctional glutamatergic signaling
Modulating glutamtergic signaling

Glutamatergic 

signaling

CHOP licensed NFC-1 (NS-105), spun out 

NeuroFix, MDGN bought out
NFC-1 (NS-105), mGluR modulators

Patent: US 2013/0203814 A1

Publications: Too many to add

Schizophrenia

NMDA (mGluR) 

network) and 

NTRK

SNP and CNV Mutations involved in glutamatergic signaling Modulating glutamtergic signaling
Glutamatergic 

signaling
-

NFC-1 (NS-105), mGluR 

modulators, NTRK modulators 

Patent: US 2016/0032390 A1

Patent: US 2011/0269688

Autism
Multiple (GABA 

pathway)
CNV

GABAR-A Family

"Network analysis of first-degree interactome 

of GABAR-A suggests ASD enriched for such 

defects"

GABA neurotransmission GABAergic signaling
Many GABA modulators available to in-license 

(see patent)

GABA neurotransmission 

modulators

Patent: US 2014/0315992 A1

Patent: US 2014/030243 A1

Autism Multiple SNP and CNV Members of Cadherin family (CDH10, NRXN) Neuronal cell adhesion Cadherins

Mutations in CDH10 not associated w/ altered 

CDH10 mRNA levels (mutant could interact with 

novel protein not yet identified)

-

Patent: US 2011/0207124 A1

Patent: US 2015/0051114 A1

10.1038/nature07999

Neuroblastoma ALK
SNP and/or 

CNV

mutations result in constituative ALK 

phosphorylation (activation)
role in development of brain

Receptor tyrosine 

kinases (RTKs)

ALK mutations/CNVs in Neuoblastoma can be 

germline or somatically acquired
Crizotinib (ALK inhibitors)

10.1159/000324843 

10.1038/nature07261

10.1016/S1470-2045(13)70095-0 

Neuroblastoma BARD1 SNP and CNV
Mutations result in overexpressed oncogenic 

form (alternative splicing) of BARD1  (BARD1β)

Normally functions as a tumor supressor, 

oncogenic form drives tumor growth
-

 BARD1β is thought to stabilize Aurora kinases 

in neuroblastoma

Supports ongoing work w/ Aurora kinase 

inhibitors

Aurora kinase inhibitors 10.1038/ng.374

Testicular germ 

cell cancer

KITLG

SPRY4
SNP

Both mutations involved in KIT-KITLG signaling 

pathway

signaling pathway has important role in 

gametogensis, hematopoesis, and 

melanogenesis

KITLG-KIT pathway - KIT TKIs 10.1038/ng.393

Infantile 

Myofibramatosis 

(IM)

PDGFRB, NOTCH3 SNP
activating mutations in PDGFRB result in 

PDGFRB autophosphorylation

cell surface TKI (PDGF family) - growth 

factor mitogen for cells of mesenchymal 

origin

PDGF family
Potential treatment would be using a TKI to 

inhibit PDGFRB autophosphorylation

Imatinib, other TKIs 

PDGF modulators

Patent: 20160083799

10.1038/onc.2015.383

ASHG Abstract 2013

Asthma (children) CDHR3 SNP
rs6967330 - "A/A" = Risk allele

"G/G" = protection allele
- Cadherins

CDHR3 strongly expressed in airway epithelium 

| associated with "asthma w/ exacerbation 

phenotype in Afr. Amer.

CDHR3 10.1038/ng.2830

EoE + Asthma TSLP SNP overexpression of TSLP

TSLP encodes an IL-7-like cytokine that 

regulates dendritic mediated 

inflammatory Th2 responses

Cytokine
Amgen moving forward with their anti-TSLP 

(AMG 157)

anti-TSLP

(AMG 157)
10.1038/ng.547

Asthma (children) DENND1B SNP 8 SNPs at novel locus on 1q31.3 (DENND1B)

DENND1B encodes DENN/MADD 

expressed on dendritic cells which 

interact with (TNF-α) | Negative regulator 

of TNFR1

TNFR pathway DENND1B regulates TNF signaling Unknown

10.1056/NEJMoa0901867

10.1016/j.cell.2015.11.052

Patent: US2011/0200583A1

JIA CXCR4 SNP

Most significant SNP rs953387

"risk variant of CXCR4 correlates with decreased 

expression CXCR4"

chemokine receptor for CXCL12. CXCR4 

involved in immune regulation and B cell 

development/activation

CXCR/CXCL family
rs953387 - G/G leads to inc. CXCR4 expression, 

T/T decreased CXCR4 expression

CXCR4 modulators 

(agonists/antagonists)

Patent: US2013/0315931 A1

10.1186/s12881-016-0285-3

IBD (Crohn's + UC) TNFRSF6B SNP

significant increase in DcR3 expression

Mutant DcR3 binds FasIg, LIGHT, TL1A

TNFRSF6B encodes DcR3, a secreted decoy 

receptor that binds and inactivates TNFRSF 

ligands

-
DcR3, LIGHT/HVEM/LTβR axis

See Part II of thesis
anti-LIGHT (MDGN002)

10.1038/ng.203

Patent: WO 2009/105590 A2

IBD (Crohn's + UC) Th17 pathway SNP
Risk allele is that which leads to decrease in IL-

27 expression

"Th17 cells play an important role in 

maintaining mucosal barriers and 

contributing to pathogen clearance at 

mucosal surfaces, but they have also been 

implicated in autoimmune and 

inflammatory disorders"

TH17 pathway
Th17 pathway mutations predict response to 

anti-TNFs

Supports ongoing work with anti-IL-23's

Th17 pathway modulators

10.1038/ng.489

10.3390/ijms17020225

10.1038/nrg2884

IBD (Crohn's + UC)
Growth factor 

signaling
SNPs

"integrative analysis of the epigenetic and

expression quantitative trait loci (eQTL) effect 

of SNPs that mapped to genes in the epidermal 

growth factor (EGF) pathway."

Regulation of basic cell processes
Growth factor 

signaling

"This is thefirst time that the association 

between growth factor signaling and IBD has 

been demonstrated in large cohorts from a 

GWAS."

EGF(R) modulators
10.1097/MIB.00000000000007

85

IBD (Crohn's) CSF2RB SNP reduced pSTAT5 - - - - 10.1053/j.gastro.2016.06.045

CVID Multiple
SNP and 

CNVs

further performed an integrative analysis of the 

epigenetic and
- -

Identifying additional rare mutations leading to 

CVID

IL-12/23 pathway modulators, 

sotatercept, IL-2, B-cell stimulators

Patent: 20160046996

10.1016/j.jaci.2011.02.039

CVID IRF2BP2 SNP
heterozygous mutation leads to decreased 

plasmablast production in vitro
- - potentially downstream of TLR9 - 10.1016/j.jaci.2016.01.018

CVID, T1D, other 

autoimmune 

disorders

CLEC16A SNP -

CLEC16A has been identified with 

pleotropic effects (immune activating and 

inhibiting effects) and has been found to 

play a role in immune deficiencies and 

autoimmunity

"The E3 ubiquitin ligase Nrdp1 is a

major interacting partner of Clec16a, and 

Clec16a appears to protect Nrdp1 from 

proteosomal degradation. The mechanism

by which Clec16a stabilizes Nrdp1 remains 

to be explored"

-

CLEC16A identified as a new rare mutation 

leading to CVID | Identified in T1D and other 

disorders

Role in NK and immune cell signaling

Ubiquitin modulators (potentially)

10.1038/ncomms7804

10.1016/j.cell.2014.05.016

Patent: US 2011/0286997 A1

Biliary Atresia Multiple -
Mutations leading to hypomethylation and 

subsequnt PDGFA overexpression

cell surface TKI (PDGF family) - growth 

factor mitogen for cells of mesenchymal 

origin

PDGF family

hypomethylation of HH signaling associated 

with hypomethylation of PDGFA

Biobank study

Imatinib, other TKIs 

PDGF modulators

10.1371/journal.pone.0151521

TBCK-related 

Intellectual 

Disability (ID) 

syndrome

TBC1-domain-

containing kinase 

(TBCK)

SNPS and 

CNVs

"Affected individuals wre found to share a core 

phenotype of ID and hyptonia, and many had 

seizures and showed brain atrophy."

"TBCK has been shown to regulate mTOR 

signaling pathway"
mTOR signaling

L-leucine as an mTOR pathway activator 

suggests an avenue to explore for directed 

therapies

L-leucine or other mTOR pathway 

modulators
10.1016/j.ajhg.2016.03.016

Epiletic 

Encephalopathy
GRIN2D (GluN2D) SNP

de novo recurrent

heterozygous missense mutation—c.1999G>A 

(p.Val667Ile) GRIN2D

Increases NMDAR open channel 

probability

Glutamatergic 

signaling

Mild-moderate improvement in probands Tx'd 

with memantine, ketamine, and Mg
NMDAR antagonists 10.1016/j.ajhg.2016.07.013

Leukoencephalopa

thy
CSF1R SNP - - - Treated with HSCT HSCT 10.1093/brain/aww066

Type 1 Diabetes Multiple SNP UBASH3A, GLIS3 , RASGRP1, BACH2, EDG7 - - - - Patent: 20150299793

Type 1 Diabetes Multiple - Multiple see Patent - - - - Patent: 20150023984

KEY:
Medgenics 

Asset
Already in Development Potential Target with Drug to In-License  © 2016 Zack Fink

CHOP Center for Applied Genomics Potential Disease Targets and Drugs
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With respect to translational drug repurposing, CAG recently published a case study of administering 

NMDA receptor (NMDAR) antagonists to two epileptic encephalopathy patients harboring a specific 

GRIN2D (1999G>A) NMDAR subunit gain-of-function mutation (source in above table). This gain of 

function mutation is hypothesized to either stabilize the open state of the ion channel or lower the 

activation energy – thus non-specifically increasing NMDAR-dependent glutamatergic signaling. Since 

hyperglutamatergic signaling has been implicated in epilepsy, it was hypothesized that administering 

NMDAR-antagonists could ameliorate disease burden. The two patients were treated with memantine, 

ketamine, and magnesium (NMDAR antagonists) with remarkable success. This of course is only the 

most recent disclosed drug repurposing approach disclosed by CAG. 

Recall, Medgenics has licensed NFC-1 and rights to MDGN002 (anti-LIGHT) as a result of research 

conducted at CAG. With background on CAG, it is now appropriate to elaborate on the NFC-1 program 

and the immense about of value it could drive.  

Medgenics, CAG, and NFC-1 
In 2011, Elia et al. published a genome-wide copy number variations study that suggests the 

association of the metabotropic glutamate receptor (mGluR) gene network mutations with attention 

deficit hyperactivity disorder (ADHD) [3]. The CAG group has published follow-up studies supporting 

the role of the mGluR gene network mutations in ADHD and 22q11.2 deletion syndrome [4-6]. CAG 

began translating these observations into a potential paradigm shift in the treatment landscape of ADHD 

by licensing NFC-1 from the Japanese company Nippon Shinyaku, and spinning out the asset into the 

company NeuroFix Therapeutics. NFC-1 (formerly known as NS-105; fasoracetam) is a pan-selective 

mGluR1/3/5/7/8 small-molecule positive allosteric modulator (PAM). NFC-1 has an extensive 

development history (figure 7), however, it was never approved by a regulatory agency, and was shelved 

by Nippon after it failed a phase III study in vascular dementia. The failure of NFC-1 in this 

heterogeneous disease is not surprising considering vascular dementia can be described as a 

“plumbing” issue in the brain (lack of adequate oxygen supply) – it’s unlikely an mGluR modulator 

would demonstrate efficacy in a large phase III trial in this disease. Supporting this hypothesis, CAG 

determined mGluR mutations are not present in Alzheimer’s. With respect to NFC-1 and other mGluR 

modulators in neuropsychiatric disorders such as ADHD, there is significant preclinical and clinical data 

(from other mGluR modulators) supporting their development in these indications – reviewed in detail 

in the Appendix. As for NFC-1 in mGluR network mutation neuropsychological disorders, put simply, 

the treatment hypothesis is that pan-modulating mGluRs should facilitate a degree of 

correction/compensation of neurotransmission dysfunction created by mGluR network mutations. 
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Figure 7 

On September 9, 2015, Medgenics acquired NeuroFix Therapeutics for $2 million cash, royalties, and a 

series of performance-based milestones. Medgenics hosted a conference call and webcast to discuss the 

acquisition, and also provided data from the initial phase I NFC-1 clinical trial (n=30) enrolling pediatric 

patients diagnosed with ADHD harboring tier I/II/III mGluR mutations (mGluR+) [7]. The mGluR network 

gene variants have been classified into tier I/II/III based on the following criteria: 

 Tier I – mutations in mGluRs or genes that directly influence mGluR signaling 

 Tier II – mutations in genes that encode proteins that influence mGluRs 

 Tier III – mutations in genes that encode for proteins that interact with Tier I/II genes  

Medgenics (NeuroFix) presented additional data via a poster at the 2015 American Academy of Child 

and Adolescent Psychiatry (AACAP). These data are summarized in figures 8-10 [8]:  

 

Figure 8           Figure 9 
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Figure 10 

Before jumping into the analysis of these small N, single-center data, it is important to understand the 

background of the pediatric patients enrolled in this trial. Some of these patients were on standard-of-

care stimulants up until the trial wash-out period. Notably, this clinical trial began in the middle of the 

2014-2015 school year. Parents would be hesitant to enroll their child in an interventional 

neuropsychological clinical trial in the middle of the school year unless they were not satisfied with their 

child’s current treatment (stimulants, etc.).  

Turning back to the phase I data, I believe these data, even considering the small and early nature of this 

trial, robustly supports the continued exploration of NFC-1 in mGluR+ ADHD. The analyses from these 

data that support this theory, in tandem with the genomics data, are: 

 Decreasing CGI-I response rate as the tier mutation moves from tier I to III (away from critical 

mGluR mutations; n=18). 

o Tier I CGI-I Response Rate – ~90% 

o Tier II CGI-I Response Rate – 80% 

o Tier III CGI-I Response Rate – ~25% 

 Statistically significant decrease in CGI-S and Vanderbilt score from baseline. 

 Increasing % of responders as the duration of treatment increases. 

In my opinion, these data must be put into context with the standard of care for ADHD (figure 11), 

however, caution must be warranted because of the typical cross-trial comparison caveats and the small 

N/single-center nature of the NFC-1 study.  
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Figure 11 

The analysis of the mGluR+ ADHD NFC-1 data above, in combination with the very basic cross-trial 

comparison of NFC-1 phase I data to late-stage ADHD standard-of-care data, supports the theory that 

NFC-1 has the potential to be an efficacious and competitive treatment for tier I/II mGluR+ ADHD. 

Importantly, NFC-1 has the potential to possess a superior product profile compared to stimulants 

because: 

 NFC-1 is not a stimulant. 

 NFC-1 is non-scheduled. 

 No expectation for black box warning. 

 No evidence of CV risks, growth retardation, addiction, or sleep disturbance. 

 Potential to address co-morbid symptoms (anxiety, conduct, mood). 

Notably, parents of enrollees in the phase I mGluR+ ADHD NFC-1 trial were eager to keep their children 

on NFC-1, prompting investigators to initiate a safety extension study. Interestingly, 20 out of 30 phase I 

patients enrolled in this extension study (10 patients did not enroll due to logistical issues per Jefferies). 

This demonstrates some of the parents desire to keep their kids on NFC-1 as opposed to standard-of-

care.  

 

 

 

Drug Dose(s) Patients Phase Design
Total 

N

Dosing or 

Endpoint 

Length

Endpoints with 

p<0.05 vs. 

placebo

ADHD-RS-IV 

Total Score 

Baseline

ADHD-RS-IV 

Change

CGI-I (% 

Responders 1 or 

2)

Source

NFC-1
50-400 mg 

BID

Children 

(tier I/II/III 

mGluR+)

Phase I Open-label 30 4 weeks 
CGI-S + 

Vanderbilt score
- - NFC-1 wk 5: ~80% AACAP poster

LDX
LDX 30, 50, 

70 mg
Children

Phase 

III

randomized, 

placebo-

controlled

290 4 weeks ADHD-RS + CGI-I
LDX and 

Placebo: ~42

LDX: about -23

Placebo: about -7

LDX: >70%

placebo: 18%
Approval  Label

LDX
LDX 30, 50, 

70 mg

Children + 

Adolescents

Phase 

III

randomized, 

placebo-

controlled

336 7 weeks ADHD-RS + CGI-I
LDX and 

placebo: ~40

LDX: -24.3

MPH: -18.7

placebo: -5.7

LDX: 78%

MPH: 61%

placebo: 14%

10.1016/j.euroneuro.2012.11.012

LDX
LDX 30, 50, 

70 mg
Adults

Phase 

III

Open-label 

Extension Study
420 4 weeks ADHD-RS + CGI-I

LDX and 

Placebo: ~40

LDX: about -17.4

placebo: about 

-8.2

LDX: ~62%

Placebo: 29%
PMID: 19012818 

MAS XR

MAS XR 

10, 20, 30, 

40 mg

Adolescents ?

randomized, 

placebo-

controlled

287 4 weeks ADHD-RS + CGI-I
MAS XR and 

placebo: ~35

MAS XR: -17.8

placebo: -9.4

MAS XR: ~60-70%

placebo: 26.9%
10.1016/j.cl inthera.2006.02.011 

MAS XR

MAS XR 5, 

10, 15 ,20 

mg

Children ?

randomized, 

placebo-

controlled

58 3 weeks CGI-I - -

MAS XR: 90%

MPH: 65%

placebo: 27%

PMID: 10802980 

MAS XR

MAS XR 

10, 20 ,30 

mg

Children ?

randomized, 

placebo-

controlled

584 3 weeks
CGIS-T + CGIS-P + 

CGI-I
- -

MAS XR: ~60%

placebo: ~18%
PMID: 12165576 

SHP465
SPD465 

12.5-75 mg
Adults

Phase 

III

randomized, 

placebo-

controlled

272 7 weeks ADHD-RS + CGI-I
SPD465 and 

placebo: ~36

SPD465: -14.3

placebo: -6.3

SPD465: 51.5%

placebo: 21.2%
PMID: 19012813 

d-MPH
d-MPH 10, 

20, 30 mg
Children ?

randomized, 

placebo-

controlled

253 5 weeks CGI-I + CGI-S - -
d-MPH: ~73%

placebo: 22.2%
10.1089/cap.2009.0007

Note: Estimations (~) are the result of averaging across active dose cohorts

ADHD Common Treatment Short-Term Data vs. NFC-1
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Figure 12 (Company Presentation) 

Medgenics’ ADHD Non-interventional Phenotype/Genotype Study and Phase II/III NFC-1 mGluR+ 

ADHD Trial 

Turning to the road ahead, Medgenics is currently enrolling ADHD patients in their non-interventional 

ADHD phenotype/genotype study. This trial was 

initiated with a goal of enrolling 1,000 ADHD 

patients ages 6-17 from 25 sites (40 each site). This 

trial allows Medgenics to further characterize the 

genotype/phenotype of patients and confirm the 

market size (variant prevalence). Importantly, this 

trial allows Medgenics to warehouse patients to 

call back for future NFC-1 trials – expediting 

enrollment. Medgenics has already enrolled over 

1,500 ADHD patients in this non-interventional 

study, and have recently released interim results 

(figure 12) that will be expanded upon with a data 

presentation at AACAP in October 2016. As a reminder, these initial phenotype/genotype data were 

extremely important in confirming the ~20-25% tier I/II mGluR prevalence. This translates to a ~$2-2.5 

billion dollar market opportunity (discussed in more detail in the Valuation Section of my thesis).  

In June 2016, Medgenics initiated a phase II/III study assessing NFC-1 in ADHD patients harboring tier I/II 

mGluR network mutations (mGluR+ ADHD). This trial is currently targeting enrollment of 90 adolescent 

mGluR+ ADHD patients from 25 sites. Phase A consists of ascending dose titration (100 to 400 mg BID) 

over 4 weeks, and phase B consists of 2 weeks at the optimal dose. Endpoints will consist of ADHD-RS 

and CGI-I. Pending positive results, Medgenics plans to accelerate the clinical development of NFC-1 in 

numerous mGluR+ ADHD patient populations. Medgenics will most likely be required (pending FDA 

agreement) to run a single confirmatory phase III trial in adolescent (12-17 y.o.) mGluR+ ADHD patients. 

For label expansions (pediatric and/or adults), Medgenics will most likely be required to run two phase 

III trial in each of these patient populations.  

As previously mentioned, Medgenics is also investigating NFC-1 in 22q11.2 Deletion Syndrome, 

supported by the response of two 22q11.2 variant patients in the phase I NFC-1 trial.  

NFC-1 and 22q11.2 Deletion Syndrome (22q11.2DS) 

In the NFC phase I/II GREAT mGluR+ ADHD trial, two 22q11.2 variant patients diagnosed with ADHD 

were enrolled. Parents reported significant symptom improvement in both patients, and each patient 

had marked improvement assessed by CGI-I and Vanderbilt [11]. The parents of both these patients 

opted to enroll in the NFC-1 safety extension study. Keeping in mind the small N caveat, these data 

support further development of NFC-1 in 22q11.2DS, but before I transition to discussing the road ahead 

in 22q11.2DS, a quick introduction to the disease is appropriate. 

22q11.2 deletion syndrome (22q11.2DS) is the most common deletion syndrome and is associated with 

many neuropsychological disorders such as ADHD, autism spectrum disorder (ASD), and schizophrenia 

(figures 13-14) [9]:  
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Figure 15 (Company Presentation) 

 

Figure 13          Figure 14 

Current management of neurological diseases manifesting as a result of 22q11.DS consist of standard-

of-care treatment for each respective disease [10]. The lack of a specific treatment for neurological 

manifestations of 22q11.2DS is not surprising considering the lack of awareness of the disease, and the 

disease’s phenotypic heterogeneity. Part of the rational for testing NFC-1 in 22q11.2DS patients is 

derived from the fact that one of the genes typically deleted in the 22q11.2 loci is RANBP1, an mGluR 

network protein.  

Transitioning to the road ahead, Medgenics has recently initiated a phase I/II 22q11.DS trial investigating 

NFC-1. Considering the orphan drug development path for NFC-1 in 22q11.DS, and Medgenics’ ability to 

leverage CHOP’s “22q and You” Center – which serves over 1,300 22q11.2DS patients –, this program 

should advance rapidly. Thus, NFC-1’s lead indication will most likely be addressing the 

neuropsychological manifestations of 22q11.2DS.  

The recently initiated phase I/II 22q11.2DS trial (figure 15) 

is an open-label titrate to effect study (100 to 400 mg BID). 

Phase A consists of a 5 week dose titration followed by 

phase B, a 7 week randomized placebo withdrawal phase. 

Medgenics is currently guiding for initial open-label 

responder data by the end of year, and placebo-withdrawal 

data most likely in the 1st half of 2017. If these data are 

positive, Medgenics plans to initiate a single registrational 

trial that could form the basis of approval (pending FDA 

agreement; age group TBD). Notably, since 22q11.2DS is 

an orphan disease, it could give Medgenics commercial 

advantages for NFC-1 such as low development cost, time to market (single phase III trial), and 

premium pricing.  

In conclusion, Medgenics has advanced NFC-1 into placebo-controlled trials with key data readouts for 

the phase II/III SAGA mGluR+ ADHD trial and initial phase I/II 22q11.DS data expected in the 4th 

quarter of 2016. In addition, efficacy endpoints assessed in the phase I/II 22q11.DS trial could have 

read-through to the potential efficacy of NFC-1 in the respective disease indications (ADHD, ASD, and 
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Figure 16 

Discount Rate 30%

Sales Multiple 4.5x

Current Year 2016.75

NFC-1 ADHD (6-17 y.o.) Peak Sales Year 2026

NFC-1 ADHD (6-17 y.o.) Peak Sales 2,539,288,375$    

NFC-1 22q11.2DS Peak Sales Year 2025

NFC-1 22q11.2DS Peak Sales 515,232,801$       

EU ADHD Sales (50% of US Sales) 1,269,644,188$    

EU 22q11.2DS Sales (50% of US Sales) 257,616,400$       

EU ADHD Royalty Rate 20%

Current Shares OS (+ warrants/options) 51,500,000

Future Dilution 20%

Future Shares OS (+ warrants/options) 61,800,000

NFC-1 US mGluR+ ADHD (6-17 y.o.) Value 16.33$                    

NFC-1 US 22q11.2DS Value 4.31$                       

NFC-1 EU mGluR+ ADHD (6-17 y.o.) Value 1.63$                       

NFC-1 EU 22q11.2DS SOTP Value 2.15$                       

NFC-1 Total SOTP Value (ped. ADHD + 22q) 24.42$                    

Capital Structure

Assumptions

SOTP Model

anxiety). This theory is further supported by the previous clinical experience with mGluR modulators – 

reviewed in the Appendix.  

Is The Market Mispricing Medgenics and NFC-1? 
I believe the market is mispricing the future potential value 

creation that can occur at Medgenics. In my opinion, the 

markets current inability to properly value Medgenics opens 

the door to a compelling investment opportunity, especially 

considering the key value driving catalysts expected in the 

next 9 months.  As my SOTP model in the upcoming Valuation 

Section of my thesis demonstrates, there appears to be a lot 

of potential value creation from NFC-1 that has yet to be 

priced into the stock with Medgenics currently valued at a 

market cap of $200-$250 million. This is highlighted in the 

summary of my SOTP model in figure 16. In addition, my 

market model indicates a modest 10-15% market penetration 

for NFC-1 into the currently treated 6-17 y.o. mGluR+ ADHD 

population corresponds to around $1 billion in annual sales. 

The immense market opportunity for NFC-1 is further highlighted by stimulants being a $10 billion a 

year drug class.  Furthermore, my ADHD market and valuation model only assumes NFC-1 sales in 

mGluR+ 6-17 y.o. ADHD patients – providing upside if NFC-1 is approved in mGluR+ adults diagnosed 

with ADHD (and/or other neurological disorders). 

I believe NFC-1 has the best chance out of all of the previous mGluR modulators for clinical success 

because of Medgenics’ ability to leverage observations from the CAG collaboration. These observations 

allow Medgenics to enrich the enrollment population (and commercial population) with patients that 

have the best probability of receiving clinical benefit, in turn, enabling these trials to have the best 

chance at success. The importance and uniqueness of Medgenics’ ability to apply this process cannot be 

understated – there is no other small cap biopharma company that has a resource/collaborator like 

CAG.  

Turning to the broader valuation of the company, the market’s current valuation of Medgenics implies 

no future value creation from NFC-1 label expansion, MDGN002, the in-licensing additional assets, or 

the development of TARGTCNS gene therapies. I believe this is a very conservative assumption 

considering the biological evidence supporting the potential efficacy of MDGN002 in IBD, and 

Medgenics’ goal of licensing 1-2 genomic-based programs per year. The major risks to my thesis include: 

 Negative NFC-1 ADHD and/or 22q11.2DS data (no positive genetically defined subgroup) 

 Non-renewal of CAG collaboration 

 Negative MDGN002 DcR3 LoF pediatric IBD data 

 Negative TARGTCNS preclinical data 

Upcoming Key Events/Catalysts: 
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Figure 17 (NRDD) 

 October 24-29, 2016 (AACAP 2016) – Non-interventional Phenotype/Genotype ADHD Data  

 4Q 2016 – NFC-1 top-line phase II/III SAGA mGluR+ ADHD Data 

 4Q 2016 – Initial NFC-1 phase I/II open-label portion 22q11.2DS data 

 4Q 2016 – Additional TARGTCNS preclinical data 

 4Q 2016 – MDGN002 phase I pIBD trial initiation 

 1H 2017 – NFC-1 phase I/II placebo-withdrawal portion 22q11.2DS data 

 1H/mid-2017 – initial MDGN002 phase I pIBD data 

 2017 – Potential additional asset license(s) via CAG collaboration 

In conclusion, I believe Medgenics is mispriced by an unquantifiable amount. This provides an 

intriguing risk/reward opportunity ahead of key value driving events in 2016 such as top-line NFC-1 

phase II/III mGluR+ ADHD data and initial NFC-1 phase I/II 22q11.2DS data. The other value drivers for 

Medgenics such as MDGN002 (anti-LIGHT) and the development TARGT gene therapies is expanded 

upon in the soon to be released Part II+III of my thesis. 

Appendix – What Additional Scientific Data Supports the Exploration of NFC-1 

in Neurological Disorders? 
This section is meant to provide a review on the role 

of glutamatergic signaling in neuropsychological 

disorders and the experience of mGluR modulators 

in these diseases – supporting the development of 

NFC-1 in additional genetically-defined 

neuropsychological patient populations. Recall, 

NFC-1 is a pan-selective mGluR1/3/5/7/8 PAM. 

Metabotropic glutamate receptors (mGluRs) are a 

subclass of the glutamate receptors. The other type 

of glutamate receptors, ionic glutamate (iGlu) 

receptors, modulate fast-synaptic transmission. 

Essentially, it is believed mGluRs modulate iGlu 

signaling and the broader glutamatergic 

neurotransmission via downstream and secondary 

signaling. In layman’s terms, the current belief is 

that one of the key functions of mGluRs is the 

positive and negative feedback control of glutamate 

neurotransmission (glutamatergic signaling). Recall, 

the hypothesis of administering NFC-1 to mGluR+ 

network mutation patients is to potentially correct deregulation of glutamate-mediated synaptic 

transmission via modulating mGluRs. A very basic guide to the function of individual mGluR is provided 

in figures 18 and 19:  
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Receptor Group Function

mGluR1 Group I

coupled to PLC and release of intracellular Ca2+ 

modulate rather than mediate excitatory neurotransmission

Generally expressed postsynaptically 

mGluR5 Group I

coupled to PLC and release of intracellular Ca2+ 

expressed pre- and postsynaptically as well as on glial cells

Evidence for role in LTP/LTD and glial-sensing of glutamate

mGluR2 Group II
Primarily inhibit synaptic transmission via decreasing cAMP

Propensity of data suggests predominant expression presynaptically

mGluR3 Group II Evidence of expression on pre-, postsynapse, and glial cells

mGluR4 Group III

Primarily inhibit synaptic transmission via decreasing cAMP

Activation generally produces a depression of glutamatergic and GABAergic 

transmission with a net effect of balancing facilitatory and inhibitory actions

mGluR6 Group III
Positively coupled to cGMP phosphodiesterase

Expressed in retina

mGluR7 Group III

Primarily inhibit synaptic transmission via decreasing cAMP

Activation generally produces a depression of glutamatergic and GABAergic 

transmission with a net effect of balancing facilitatory and inhibitory actions

mGluR8 Group III

Primarily inhibit synaptic transmission via decreasing cAMP

Activation generally produces a depression of glutamatergic and GABAergic 

transmission with a net effect of balancing facilitatory and inhibitory actions 

Figure 19 

Glutamate and Anxiety  

Early research with NMDAR modulators led to the postulation that dysfunctional glutamate 

neurotransmission is involved in the pathophysiology of anxiety disorders. Indeed, ketamine’s anxiolytic 

signal in depressive disorders has spurred further clinical research into glutamatergic modulation for the 

treatment of anxiety disorders. Despite this signal, therapies modulating glutamatergic signaling have 

been relatively disappointing to date, however, the lack of adequate treatment options, and the 

continued generation of data implicating (to a degree) glutamatergic dysfunction in anxiety, supports 

the continued exploration of glutamatergic modulation in this disorder [12]. Considering the relation of 

mGluRs to glutamatergic signaling and ionotropic receptors such as NMDAR (as well as the preclinical 

mGluR data), the exploration of mGluR modulators for the treatment of anxiety disorders, in my 

opinion, is warranted. In fact, Eli Lilly was the first entity to explore the use of mGluR2/3 agonists for the 

treatment of generalized anxiety disorders (or any neuropsychological disorder).   

Eli Lilly’s LY354740, and its prodrug form LY544344, have been pioneers in the exploration of mGluR 

modulators for the treatment of anxiety and other neurological disorders. LY354740 is an orthosteric 

mGluR2/3 small-molecule agonist and structural analog of glutamate. The “hand-waving” explanation of 

LY354740’s mechanism of action could be described as a negative modulator of glutamate and 

neurotransmission via the agonism of mGluR2/3 [13]. As for the clinical studies, the key published 

LY354740 clinical trials and conclusions are summarized below: 

 Phase I clinical trial in healthy volunteers assessing fear-potentiated startle paradigm [14]:  

o In this placebo-controlled healthy-volunteer (n=44) trial, LY354740 attenuated fear as 

defined by certain objective and subjective measurements. 

o These results confirm the neurological activity of this compound, however, the design 

and measurements of this clinical trial warrant these conclusions to be confirmed in 

larger placebo-controlled trials. 

 Phase I healthy volunteer ketamine co-administration study [15]: 

o Objective of this study was to evaluate if pretreatment with LY354740 could reduce the 

cognitive effects of ketamine. 

 LY354740 did demonstrate an effect on working memory during ketamine 

infusion compared to placebo, however, the small trial size (n=19) and lack of a 

robust efficacy signal make these data difficult to determine. 

Figure 18 
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o Regardless, these clinical data support the continued exploration of LY354740 and other 

mGluR modulators in neuropsychological indications. 

 Phase II trial in panic disorder [16]: 

o In the 9 week placebo-controlled, active comparator (paroxetine) trial in panic disorder, 

LY354740 100/200mg QD failed to demonstrate a statistically significant difference from 

placebo as measured by the primary endpoint of percentage of patients having no panic 

attacks during the final 3 weeks of treatment (p<0.1, one-sided [per protocol]) . 

o Statistically significant reduction in the manifestation of “pain anxiety” vs. placebo 

(p=0.019, two-sided). 

 Manifestation of pain anxiety measured by failure of second CO2 challenge to 

induce anxiety symptoms following treatment. 

 Initial proof of concept studies in generalized anxiety disorders: 

o Unpublished. Data on file via Eli Lilly. 

 Phase II trial in generalized anxiety disorder (GAD) [17]: 

o In the 5 week placebo-controlled, active comparator (lorazepam) trial in GAD, LY354740 

100/200mg BID (n=201) demonstrated a statistically significant change in HAMA total 

score (p<0.005). 

o Statistically significant greater percentage of responders (defined as >50% improvement 

in total HAMA score) for patients receiving LY354740 (49%, 52%) and lorazepam (53%) 

compared to placebo (36%). All p<0.008. 

The above LY354740 clinical data demonstrates that LY354740 has neurological modulatory properties, 

potentially enabling it to become a therapeutic for neuropsychological indications. However, the modest 

efficacy signals in phase I, and a single successful phase II trial casts doubt on this theory. Despite these 

doubts, the lack of a robust efficacy signal could be because of rational reasons such as LY354740’s poor 

bioavailability. In fact, Eli Lilly viewed LY354740’s poor bioavailability as such a drawback that it led to 

them developing LY544344, a prodrug version of LY354740 with hypothesized improved bioavailability. 

LY544344 was tested in two phase I and one phase II clinical trials (the two that are fully published will 

be summarized). In the phase I placebo-controlled, crossover healthy volunteer trial (n=12) assessing 

LY544344’s dose titrated (20 -> 80 mg BID) effect on panic anxiety induced by CCK-4 peptide [18-19]. 

LY544344 treated volunteers failed to demonstrate a statistically significant difference versus placebo 

on the increase of anxiety and panic symptoms following CCK-4 challenge, however, an effect on 

autonomic recovery was suggested. These results should be interpreted with caution due to the small 

trial size, short duration, and caveats of these types of neurological assessments. Despite this, these 

phase I data do support the further exploration of LY544344 in neuropsychological indications, 

especially considering LY544344 demonstrated significantly improved oral bioavailability compared to 

LY354740 (8mg LY544344 and 100mg LY354740 demonstrate approximately equivalent plasma 

concentrations). Eli Lilly subsequently advanced LY544344 into an 8-week phase II placebo-controlled 

trial assessing 8 and 16 mg BID doses in patients diagnosed with generalized anxiety disorder [20]. In this 

study (n=103), 16 mg BID LY544344 demonstrated a statistically significant reduction in HAMA total 

score (p<0.05), HAMA psychic factor (p=0.019), and HAMA somatic factor (p=0.0051), however, 8mg BID 

failed to show a statically significant separation from placebo. In addition, treated patients failed to 
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demonstrate a statistically significant difference compared to placebo on the secondary endpoints of 

HADS anxiety and depression subscale, MADRS total scale, and CGI-S (statistically significant difference 

in LY544344 16mg BID versus placebo measured by CGI-I). Importantly, caution must be warranted 

when interpreting these data due to the small sample size and typical neuropsychological trial endpoint 

caveats. Of note, the lack of a robust sample size was the result of enrollment being terminated early 

(148 providing informed consent of the target enrollment of 672) due to findings of convulsions in 

preclinical studies. According to the investigators at the time of publication, the mechanism underlying 

these convulsions in preclinical studies is unknown and no convulsions in humans had been detected.  

Conclusion: Eli Lilly’s clinical experience with LY354740/LY544344 demonstrates the safety and the 

potential for mGluR modulators (specifically mGluR2/3 agonists) to be treatments for neurological 

diseases. This is supported by the varying efficacy signals measured in the numerous clinical trials, 

specifically in generalized anxiety disorder (GAD), of these compounds. Unfortunately, further clinical 

exploration of these compounds was halted when convulsions were detection in preclinical LY544344 

studies. At the time of these clinical trials, it was unclear if these convulsions were potentially a 

molecule-specific effect or class effect, however, additional clinical experience with other group II 

mGluR selective agonists (more on these later) suggests these convulsions were potentially molecule-

specific. Notably, the promise of mGluR2/3 modulators facilitated Eli Lilly to further explore their 

potential in schizophrenia via newly synthesized agonists. 

Glutamate Neurotransmission and Schizophrenia 

Before jumping into clinical schizophrenia data involving mGluR modulators, some quick background on 

schizophrenia is appropriate. With the discovery that the first effective schizophrenia treatments were 

D2 receptor modulators, schizophrenia has been seen as a disease primarily perpetuated by the 

neurotransmitter dopamine. However, it has been acknowledged that there are limitations to the 

theory schizophrenia is perpetuated solely by dopamine dysregulation. This was supported with the 

observation that ketamine and phencyclidine (PCP) – compounds that induce similar psychologic effects 

as those characterized in schizophrenia – mediate their psychopharmacological effect by acting as open-

channel NMDAR antagonists. Interestingly, studies have suggested that dopaminergic dysregulation in 

schizophrenia could be a result of NMDAR dysfunction [21]. This in turn suggests that glutamate 

neurotransmission plays a role in the perpetuation of schizophrenia, and supports the investigation of 

therapeutics that modulate glutamate neurotransmission – such as mGluR modulators. These 

observations facilitated Eli Lilly to explore the use of mGluR2/3 agonists for the treatment of 

schizophrenia. Before examining these therapeutics, it is important to note CAG has patented research 

concerning mGluR network mutations and schizophrenia – paving a potential translational path for 

NFC-1 similar to ADHD (further discussion is outside the scope of this paper).  

LLY2140023 mGluR2/3 agonist 

As summarized in the anxiety section, Eli Lilly was one of the earliest companies to realize the potential 

of mGluR modulation and began testing compounds in the clinic. Following the disappointing conclusion 

of the LY354740/LY544344 clinical program, Eli Lilly advanced their improved mGluR2/3 agonist 

LY2140023 (LY404039 prodrug, aka pomaglumetad methionil) into the clinic with a focus on 

schizophrenia. Preclinical studies indicate LY404039 has advantageous properties compared to 
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LY354740 such as improved bioavailability and higher Cmax [22].  This spurred an extensive clinical 

development program with LY2140023 as shown by the 20+ trials on clinicaltrials.gov. Figure 20 

summarizes some of the key late stage (phase II/III) LY2140023 clinical trials enrolling schizophrenia 

patients: 

 

Figure 20 

To briefly summarize, in Study 1, a statistically significant decrease in PANSS total, positive, and negative 

score was detected in patients treated with LY2140023 (and olanzapine) vs. placebo [23]. These Study 1 

data validated the exploration of the glutamate hypothesis in schizophrenia, in addition to supporting 

the additional exploration of the effects of LY2140023. This facilitated additional trials (summarized 

above), however, these trials failed to replicate the promising responses seen in Study 1. These negative 

trial results lead to LLY discontinuing clinical development with the compound in schizophrenia in 2012. 

Despite LY2140023’s discontinuation in clinical development, LLY conducted post-hoc genomic data 

mining on the clinical data set to determine if genomics can explain the responses to LLY2140023.  

Liu et al. of LLY publically published their initial pharmacogenomics findings in The Pharmacogenomics 

Journal in 2012 [24]. The group examined 8 genes: GRM2, GRM3, HTR2A, DRD2, DRD3, NRG1, COMT, 

and PKHD1. Within these 8 genes, 23 SNPs (HTR2A, NRG1, PKHD1, DRD3, DRD2) were associated with a 

change in PANSS total score at 28 days in Caucasian patients receiving LY2140023 versus placebo 

(unadjusted p<0.01) in Study 1 (above). Interestingly, 5 out of the 8 genes the group tested are part of 

the mGluR gene network. These pharmacogenomics results suggest a role for mGluR modulation in the 

treatment of patients with mGluR gene network mutations. However, this is a single trial and thus, these 

results must be validated in additional trials. Eli Lilly did just this, and in 2016, Nisenbaum et al. 

published further HTR2A pharmacogenomic post-hoc analysis across all key late-stage LY2140023 

schizophrenia trials [25]. The group sought to confirm the efficacy signal of in schizophrenia patients 

receiving LY2140023 with the T/T (mutated) genotype at the rs7330461 SNP in the HT2RA gene. Indeed, 

the group confirmed that Caucasian rs7330461 T/T schizophrenia patients receiving 40 mg BID 

LY2140023 had statistically significant improvements in PANSS total scores compared to placebo, and 

had similar improvements compared to standard of care. These pharmacogenomic data suggest an 
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enhanced treatment effect in schizophrenia patients with mGluR gene network mutations who received 

the mGluR2/3 agonist LY2140023. Eli Lilly were not the only large pharma to have investigated mGluR 

positive modulators in the clinic. The other companies, such as JNJ, MRK, and AZN, also failed to succeed 

with selective mGluR agonists in the clinic, and specifically in schizophrenia. 

Johnson & Johnson (JNJ), in partnership with Addex Therapeutics (ADXN), advanced JNJ-40411813 

(ADX71149) into the clinic. Even considering none of the placebo-controlled trials (schizophrenia and 

major depressive disorder) with JNJ-4011813 were positive, there is still clinical data suggesting CNS 

activity of this compound. In a phase I healthy volunteer study, co-administration of JNJ-40411813 with 

S(+) ketamine led to modest (43% and 30%) reduction in ketamine-induced negative symptoms in a 

fraction of the treatment groups [26]. These data do not provide support for the modulation of mGluR in 

neuropsychological indications, however, this could be because of the non-mGluR+ enriched study 

population and the selective nature of the molecule. Of note, ADXN has received 10.2m euros in 

milestones to date from JNJ, and is eligible to receive $109 million in milestones (and low digit royalties 

in 2 indications) for any future development [27].  

In 2008, Addex announced a collaboration with Merck to develop the mGLUR5 agonist ADX63365 (and 

follow-on compounds). Addex received $22 million upfront and was eligible for $455 million in 

milestones for first 2 product indications prior to the collaboration being terminated [28]. Although this 

compound appears to have been discontinued, it does showcase the interest in mGluR modulators prior 

to the clinical failures of mGluR selective agonists.  

AstraZeneca attempted to develop AZD8529, an mGluR2 agonist, for the treatment of schizophrenia 

[29-30]. Considering that the only placebo-controlled trial published failed (no change in PANNS score 

vs. placebo), and that there are no ongoing AZD8529 trials in schizophrenia, it is not unreasonable to 

assume AZD8529 has ceased development in this indication.   

Conclusion: In conclusion, placebo-controlled trials with group II mGluR agonists, particularly 

LY2140023, have failed. This calls into question the relevance of mGluR modulation for the treatment 

of schizophrenia. Despite these disappointing results, emerging post-hoc pharmacogenomics data 

generated by Eli Lilly exploring the genetics behind responses to LY2140023 have implicated mGluR 

gene network mutations – such as those within HT2RA gene – that are associated with enhanced 

responses to LY2140023 compared to those with wild-type genotype. These post-hoc 

pharmacogenomics data support the continued exploration of mGluR modulators, specifically in a 

subpopulation of patients with schizophrenia harboring mGluR gene network mutations.   

Glutamate Neurotransmission and Autism  

Autism Spectrum Disorder (ASD) refers to a heterogeneous and phenotypically similar family of 

neurological disorders primarily characterized by dysfunctions in behavior, communication, and social 

interaction. Most cases of ASDs cannot be linked to a genetic determinate, whereas ~10% of ASDs (such 

as Fragile X syndrome) can be attributed to a genetic defect. Recently, glutamate neurotransmission has 

become a focus of ASD research because of the preponderance of data suggesting glutamate 

dysfunction in ASD patients [31-33]. This theory is further corroborated by CAG’s research concerning 
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Figure 21 [36] 

the association of mGluR network mutations with autism (further discussion is outside the scope of 

this paper). 

Scientists began exploring the 

glutamatergic theory in ASD patients 

diagnosed with Fragile X syndrome 

(FXS) – one of the few genetically 

defined ASDs.  FXS is caused by a 

mutation in the control region of the 

FMR1 gene resulting in the lack of 

FMRP production. FMRP exerts control 

over translation of certain proteins via 

FMRP regulation by molecules 

involved in glutamate signaling 

pathways such as mGluR5 (figure 21) 

[33]. The role of glutamate 

neurotransmission and mGluR5 was 

confirmed in FXS animal models, and 

this facilitated the advancement of 

mGluR5 antagonists into clinical 

testing for FXS. It was proposed that 

mGluR5 antagonists such as basimglurant 

(Roche), AFQ056 (Novartis), and fenobam 

could have a role in the treatment in FXS because these compounds could potentially compensate for 

the lack of transcriptional control by FMRP [34-37]. Unfortunately, all mGluR5 antagonists have failed in 

placebo-controlled trials for FXS. The lack of efficacy with these mGluR antagonists provides clinical 

evidence that refutes the potential role of mGluR modulation in FXS and ASDs. Despite these failures, 

there is still a scientific basis for the continued exploration of glutamate neurotransmission (mGluR) 

modulation for the treatment of ASDs, especially in a genomically defined patient population. 

Clinical rational for the continued exploration of glutamatergic signaling modulators is supported by the 

limited clinical use of NMDAR modulators such as ketamine and memantine in patients with ASDs. Both 

of these NMDAR antagonists have had varied success in the clinic – memantine failing a placebo-

controlled active-comparator trial, and ketamine having limited clinical data in ASDs [31]. Notably, these 

compounds continue to be tested in ASDs, supporting the continued interest from investigators in 

modulating glutamate neurotransmission for the treatment of ASDs. 

It has been proposed that dysfunctional glutamatergic signaling is present in a subset of ASDs. As 

introduced above, current available genomics (many studies coming out of CHOP CAG) and 

pharmacogenomics data continues to support this theory – and the rational for enriching trials for 

patients with dysfunctional glutamatergic signaling (mGluR gene network mutations) [5-6, 38-40].  

Conclusion: As outline above, there is a preponderance of evidence implication glutamatergic 

dysfunction in ASDs. Unfortunately to date, there has been disappointing clinical results from 
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glutamatergic signaling modulators such as mGluR5 agonists and NMDAR modulators. Despite this, I 

believe the above data supports the continued exploration of glutamatergic modulators in a targeted 

subpopulation of patients – such as those harboring mGluR gene network mutations – who may be 

amenable to these types of therapeutics. 

Glutamate and Depression 

Some of the excitement surrounding the modulation of glutamatergic signaling for the treatment of 

neuropsychological disorders results from the early clinical evidence of ketamine’s antidepressant 

effects. The antidepressant effects of ketamine were confirmed in subsequent placebo-controlled trials 

leading to a surge in development of NDMAR modulators. Before diving into the biology behind NMDAR 

modulators, it’s important to understand some of the controversy surrounding ketamine. Despite the 

promising rapid antidepressant activity of ketamine, there are drawbacks to its use. Prior to the onset of 

antidepressant effects, ketamine results in dissociative and psychotomimetic effects, and is also 

susceptible to abuse. In addition, despite ketamine being acknowledged as an NMDAR antagonist, there 

is continued disagreement on the exact mechanism of ketamine’s antidepressant effects despite it being 

an NMDAR modulator. More specifically, ketamine is a non-selective open-channel NMDAR (NR2A-D 

subunit) antagonist with affinity for other receptors such as D2, 5HT2A, and opioid receptors. For this 

reason, experts continue to debate which receptor(s) and signaling pathways are primarily responsible 

for ketamine’s antidepressant effects. In addition, the racemic nature of ketamine and its numerous 

metabolites makes deciphering the mechanism responsible for its antidepressant effects even more 

difficult [41-48].  

Despite this, clinical work with other differentiated NDMAR modulators continues to support the theory 

that ketamine (and other NMDAR modulators) mediate, at least to a degree, their antidepressant effects 

via NMDAR and the downstream signaling pathways. For example, GLYX-13 has shown promising 

antidepressant effects in the clinic [48-50].  

 

Figure 22 [48] 

GLYX-13 is a NMDAR partial agonist via binding to the glycine binding site (receptor co-agonist) of GluN1 

NMDA subunit. Although the exact mechanism of NMDAR modulation by GLYX-13 is still debated, there 

seems to be two common ways of describing its mechanism of action: 
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 GLYX-13’s effect on NMDAR is determined by the level of glutamate – GLYX-13 acts as an agonist 

in low levels of glutamate, but acts as an antagonist in high levels of glutamate 

 GLYX-13 enhances the magnitude of LTP of synaptic transmission while simultaneously reducing 

LTD 

Besides ketamine and GLYC-13, other NMDAR modulators have had varying degrees (mostly negative) of 

success in the clinic for depression. Considering the differentiation of these NMDAR modulators, and 

their varying degrees of success, it becomes apparent that there is significant complexity to the 

antidepressant effects of these compounds. In addition, the lack of a robust understanding of the 

biology adds to the complexity.  

Conclusion: In conclusion, NMDAR and other glutamatergic signaling modulators continue to show very 

promising data in depression considering the limited efficacy of standard-of-care SSRIs, however, the 

exact mechanism responsible for their antidepressant effects has yet to be fully elucidated. Despite this, 

I believe these data do support the continued exploration of modulators of glutamatergic signaling, 

especially considering NMDARs relation to glutamate neurotransmission.  

Glutamate and Parkinson’s 

For review, Parkinson’s disease (PD) is a chronic neurodegenerative disorder consisting of the 

progressive loss of dopaminergic neurons and neurotransmission. Levodopa (L-DOPA), a precursor of 

dopamine, is considered the standard of care for PD, however, significant drawbacks are associated with 

the use of L-DOPA. Notably, L-DOPA is associated with dyskinesia – referred to as levodopa-induced 

dyskinesia (LID) – and exasperation of dopaminergic neurodegeneration. Further, the time of effect 

(“ON”) period for L-DOPA is limited and decreases over time due to the continued dopaminergic 

neurodegeneration. Preclinical studies have implicated dysfunctional glutamatergic neurotransmission 

in the exasperation of dopaminergic neurodegeneration. Interestingly, this effect appears to establish a 

positive feedback loop in PD, as current studies have implicated dopaminergic neurodegeneration with 

the establishment of a hyperglutamatergic state. The establishment of the hyperglutamatergic state is 

in-part believed to be associated with a loss of proper negative control of glutamatergic signaling. 

Interestingly, preclinical studies have implicated mGluR5 activity in contributing to the 

hyperglutamatergic state [51-52]. Therefore, these observations led to the exploration of mGluR5 

antagonists for the treatment of LID, most notably by Novartis (Mavoglurant/AFQ056) and Addex 

Therapeutics (dipraglurant/ADX48621).  

Recall, Novartis’ mavoglurant was also tested in FXS (and failed). Initial placebo-controlled trials with 

mavoglurant in LID produced an efficacy signal measured by mAIMs, however, these promising results 

appear to have not been confirmed considering Novartis discontinued the program in November 2013 

due to a lack of efficacy from NCT01385592 and NCT01491529. Notably, the lack of confirmation of the 

original efficacy signal could be because of the transition to a modified-release formulation [53-54]. As 

for Addex’s mGluR5 antagonist, dipraglurant is advancing into a phase III clinical trial in LID following the 

promising results from the placebo-controlled phase II study [55]. Notably, dipraglurant has 

demonstrated a rapid Cmax (~1hr) in humans – a potentially advantageous PK property considering the 

PK profile of L-DOPA [27]. 
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Conclusion: In conclusion, preclinical studies have implicated hyperglutamatergic signaling and mGluR5 

activity with exasperation of dopaminergic neurodegeneration. These observations led to the 

exploration of mGluR5 antagonists for the treatment of LID. Efficacy signals were initial detected in the 

early LID clinical trials with mGluR5 antagonist’s mavoglurant and dipraglurant, however, additional 

studies have yet to confirm these findings. These data continue to support the modulation of 

glutamatergic signaling via mGluRs for the treatment of neuropsychological diseases.  
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MDGN002 US pediatric IBD (pIBD) Market Model 2016E

Pediatric IBD Prevalence 71/100,000

(Percent terms) 0.00071

US Patient Population (<20 yrs old) 84,484,682

US pIBD Cases 59,984

anti-TNF usage (35-55%) 45%

US pIBD Pts receiving anti-TNFs 26,993

anti-TNF response rate 70%

anti-TNF non-response rate 30%

US pIBD pts responding to anti-TNF 18,895

resistance rate 50%

US pIBD pts resistant to anti-TNFs 9,447

US pIBD non-responders to anti-TNFs 8,098

DcR3 LoF Prevalence 15%

pIBD DcR3 LoF anti-TNF resistant pts 1,417

pIBD DcR3 LoF anti-TNF non-responders 1,215

Initial Market Opportunity

DcR3 LoF pIBD patients 2,632

Pricing 100,000$                

Initial Market Opportunity ($) 263,180,345$        

pIBD Upside Market Potential

pIBD anti-TNF failures (excluding DcR3 LoF) 14,914

Upside Market Potential ($) 1,491,355,288$    

MDGN002 Total US Market Opportunity

pIBD anti-TNF failures 17,545

Total pIBD Market Opportunity ($) 1,754,535,633$    

US NFC-1 Autism Opportunity 2016E

US Population 333,167,701

Autism Prevalence 1.47%

US Autism Population 4,899,525

mGluR+ Prevalence 5.8%

US mGluR+ Autism Population 284,172

NFC-1 Annual Price 10,000$                  

US NFC-1 Autism Market Opportunity 2,841,724,511$    

US NFC-1 Schizophrenia Opportunity 2016E

US Population 333,167,701

Schizophernia Prevalence 0.7%

Schizophrenia Population 2,332,174

mGluR+ Prevalence 6.6%

mGluR+ Schizophrenia Population 154,335

NFC-1 Annual Price 10,000$                  

US NFC-1 Schizophrenia Opportunity 1,543,350,381$    

Discount Rate 30%

Sales Multiple 4.5x

Current Year 2016.75

NFC-1 ADHD (6-17 y.o.) Peak Sales Year 2026

NFC-1 ADHD (6-17 y.o.) Peak Sales 2,539,288,375$    

NFC-1 22q11.2DS Peak Sales Year 2025

NFC-1 22q11.2DS Peak Sales 515,232,801$       

EU ADHD Sales (50% of US Sales) 1,269,644,188$    

EU 22q11.2DS Sales (50% of US Sales) 257,616,400$       

EU ADHD Royalty Rate 20%

Current Shares OS (Fully Diluted) 51,500,000

Future Dilution 20%

Future Shares OS (Fully Diluted) 61,800,000

NFC-1 US mGluR+ ADHD (6-17 y.o.) Value 16.33$                    

NFC-1 US 22q11.2DS Value 4.31$                       

NFC-1 EU mGluR+ ADHD (6-17 y.o.) Value 1.63$                       

NFC-1 EU 22q11.2DS SOTP Value 2.15$                       

NFC-1 Total SOTP Value (ped. ADHD + 22q) 24.42$                    

Capital Structure

Assumptions

SOTP Model

Medgenics Valuation Model 
For this valuation analysis, I will assume a SOTP model is the best method for valuation, and I will 

exclude MDGN002 (no clinical efficacy data) from the model. As introduced above, NFC-1 has the 

potential to be a treatment for numerous indications, but for the BASIC scenario, we will assume NFC-1 

has the potential to be a therapeutic for the treatment of only 22q11.2 deletion syndrome and pediatric 

(6-17 y.o.) tier I/II mGluR+ ADHD (other diseases that can potentially being addressed are provided for 

reference only). Notably, this valuation model should be interpreted with caution due to the number of 

estimated variables (pricing, market size, etc.) incorporated into this analysis. A discount rate of 30%, 

peak sales multiple of 4.5x, and future dilution of 20% of current shares outstanding is assumed. Further 

assumptions can be found in the figures below. Notably, premium pricing compared to stimulants 

assumed because, among other reasons, NFC-1 being a non-stimulant and potentially having an 

advantageous safety profile compared to a typical stimulant. In addition, 30% peak market penetration 

is assumed due to the hypothesized severity of these amenable patients’ conditions.  

 

 

 

 

US NFC-1 ADHD Market Model 2020E 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E

US Population 333,167,701 335,499,875 337,848,374 340,213,313 342,594,806 344,992,970 347,407,921 349,839,776 352,288,654

Growth Rate 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7%

Age 6-17 Prevalence 17.3% 17.3% 17.3% 17.3% 17.3% 17.3% 17.3% 17.3% 17.3%

Population Age 6-17 yrs 57,638,012 58,041,478 58,447,769 58,856,903 59,268,901 59,683,784 60,101,570 60,522,281 60,945,937

Current ADHD Dx Prevalence 8.8% 8.8% 8.8% 8.8% 8.8% 8.8% 8.8% 8.8% 8.8%

ADHD Population (6-17 yrs old) 5,072,145 5,107,650 5,143,404 5,179,407 5,215,663 5,252,173 5,288,938 5,325,961 5,363,242

Current ADHD Tx Prevalence 69.0% 69.0% 69.0% 69.0% 69.0% 69.0% 69.0% 69.0% 69.0%

ADHD Tx'd Population (6-17 y.o.) 3,499,780 3,524,279 3,548,949 3,573,791 3,598,808 3,623,999 3,649,367 3,674,913 3,700,637

Tier I/II mGluR+ Prevalence 20% 20% 20% 20% 20% 20% 20% 20% 20%

ADHD Tx'd mGluR+ Population 699,956 704,856 709,790 714,758 719,762 724,800 729,873 734,983 740,127

NFC-1 Treatment Penetration 2.0% 4.0% 10.0% 15.0% 20.0% 25.0% 30.0% 30.0% 30.0%

NFC-1 Tx'd Population (6-17 y.o) 13,999 28,194 70,979 107,214 143,952 181,200 218,962 220,495 222,038

Annual Price 10,000$               10,250$               10,506$               10,769$                  11,038$                  11,314$                  11,597$                  11,887$                  12,184$                  

Price Growth 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%

US NFC-1 ADHD Sales (6-17 y.o) 139,991,204$    288,990,843$    745,722,808$    1,154,574,658$    1,588,964,131$    2,050,111,315$    2,539,288,375$    2,620,989,979$    2,705,320,331$    

US 22q11.2DS Market Model 2020E 2021E 2022E 2023E 2024E 2025E 2026E 2027E 2028E

US Population 333,167,701 335,499,875 337,848,374 340,213,313 342,594,806 344,992,970 347,407,921 349,839,776 352,288,654

Growth Rate 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7%

22q11.2DS Prevalence 0.022% 0.022% 0.022% 0.022% 0.022% 0.022% 0.022% 0.022% 0.022%

22q11.2DS Patient Population 73,297 73,810 74,327 74,847 75,371 75,898 76,430 76,965 77,504

NFC-1 Market Penetration 4.0% 10.0% 15.0% 20.0% 25.0% 30.0% 30.0% 30.0% 30.0%

NFC-1 Tx'd 22q11.2DS Patients 2,932 7,381 11,149 14,969 18,843 22,770 22,929 23,089 23,251

NFC-1 Annual Price 20,000$               20,500$               21,013$               21,538$                  22,076$                  22,628$                  23,194$                  23,774$                  24,368$                  

Price Growth 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%

US NFC-1 22q11.2DS Sales 58,637,515$      151,310,444$    234,268,286$    322,407,824$        415,976,620$        515,232,801$        531,810,416$        548,921,416$        566,582,963$        
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As shown in the figures above, both mGluR+ pediatric ADHD and 22q11.2DS (assuming approval in all 

ages) represent multi-billion dollar opportunities for NFC-1 annually. Notably, the ADHD market model 

demonstrates that even with modest market penetration (10-15%) into the currently treated 

population, NFC-1 could reach over a $1 billion in annual NFC-1 US sales. Clearly, my SOTP model 

indicates NFC-1 has the potential to drive significant value for Medgenics in the future. Importantly, this 

SOTP value does not include any success of MDGN002 in pediatric IBD or NFC-1 in other 

neuropsychological disorders such as autism. As a reminder, this valuation model should be interpreted 

with caution (many assumptions/estimations) and is only meant to estimate NFC-1 and MDGN002’s 

potential value.  

Considering Medgenics is currently trading around $5.50/share – equivalent to ~$250 million market 

cap (including ITM warrants/options) – the market is pricing in very little success for NFC-1 (and 

MDGN002). This is further reinforced by the fact that Medgenics stock is trading >20% below where 

the stock was trading when they acquired NFC-1 via the NeuroFix acquisition.  
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Figure 21 (Company Presentation) 

Introduction 
Part II of my thesis is meant to provide a deep-

dive on the rational for licensing and advancing 

MDGN002 (formerly known as F19; anti-LIGHT 

mAb) in genetically defined pediatric IBD 

patient population. In addition, MDGN002 

provides another example, this time in a 

heterogeneous autoimmune disorder, for the 

framework of Medgenics licensing shelved 

drugs against genomically-validated targets 

(identified with CAG), and advancing them in 

orphan indications. Further value is potentially 

driven by Medgenics’ strategy to expand drug 

labels to additional (non-orphan) indications 

(figure 1). 

On June 6, 2016, Medgenics announced the acquisition of rights to Kyowa Hakko Kirin’s (KHK) first-in-

class anti-LIGHT mAb (herein referred to as MDGN002) in pediatric onset inflammatory bowel disease 

(IBD), and other pediatric autoimmune conditions. This agreement was of course made possible by Dr. 

Hakonarson and CAG’s research, “that has shown children with pediatric IBD and other autoimmune 

diseases have loss of function mutation in a specific regulatory protein, decoy receptor 3 (DcR3)” [1].  

Under the terms of the deal, Medgenics will have an option to license rights to MDGN002 upon 

completion of a single finding study in pediatric onset IBD. If exercised, Medgenics will make a $2 million 

upfront payment to KYK, and then KYK will select one of two collaboration structures: “a co-

development/co-commercialization partnership or licensing arrangement. Terms for both structures 

have been pre-agreed and include a combination of royalties and profit-sharing” [1].   

Medgenics plans to enroll pediatric IBD DcR3 LoF patients who have previously failed anti-TNFs in their 

MDGN002 signal finding study (more on this study later). Notably, this study will be conducted in 

collaboration with the Center for Pediatric IBD at CHOP.  

 

 

 

 

 

 

 

http://phx.corporate-ir.net/phoenix.zhtml?c=217925&p=irol-newsArticle&ID=2175197
http://phx.corporate-ir.net/phoenix.zhtml?c=217925&p=irol-newsArticle&ID=2175197
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Figure 22 [2] 

Figure 23 [5] 

The rational – explained in more detail below – for modulating LIGHT In DcR3 LoF patients consists of 

the biological relation of these two proteins: “a critical function of DcR3 is to effectively dampen 

inflammation by binding pro-

inflammatory proteins such as 

LIGHT. In addition, LIGHT has been 

shown to be in the intestines of 

patients with IBD” [1]. Therefore, in 

theory, DcR3 LoF patients could 

have enhanced (auto)-immune 

activity driven by overexpression of 

LIGHT, and loss of negative control 

of LIGHT via DcR3. Before diving 

into the specifics of this theory and 

its relation to autoimmunity, 

history on LIGHT and DcR3 biology 

is appropriate.  

LIGHT Discovery and Biology 
In 1998, Mauri et al. (herein referred to as the “La Jolla Group”) published 

their findings of a new TNF superfamily member: LIGHT (lymphotoxin-like, 

exhibits inducible expression, and competes with HSV glycoprotein D (gD) 

for HVEM, a receptor expressed by T lymphocytes; TNFSF14). LIGHT acts as 

a ligand for HVEM (herpes virus entry mediator), a receptor expressed on T 

cells [3]. It wasn’t until years of research that the La Jolla Group began to 

elucidate the complex network biology underlying LIGHT and its associated 

signaling pathways [4-6]. As shown in figure 2-3, LIGHT acts as a ligand for 

three receptors: LTβR, DcR3, and HVEM. Below I will summarize the current 

preclinical and clinical data surrounding disruption of the HVEM-LIGHT-

DcR3 and LTR-LIGHT-DcR3 signaling pathways, providing support for developing MDGN002 in 

autoimmune disorders.  
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Figure 24 [7] 

LIGHT, HVEM, and BTLA Introduction 

In reality, the network biology of HVEM-LIGHT signaling is much more complex than depicted in figure 2-

3. As shown in figure 4, the receptors and ligands for LIGHT and 

HVEM are intertwined in a complex signaling network. Despite 

this complexity, the function and signaling of these pathways can 

be elucidated by focusing on the key receptor/ligands involved in 

immune modulation: HVEM, LIGHT, and BTLA (B- and T-

Lymphocyte Attenuator) (more on DcR3 later).  

HVEM-LIGHT-BTLA signaling is believed to be bidirectional in both 

positive and negative regulation of (T cell) immune responses. In 

order to explain this signaling network, a brief summarization of 

the research elucidating the expression of these proteins is 

appropriate: 

 HVEM is believed to be expressed on a wide range of hematopoietic and non-hematopoietic 

cells with notable expression on naïve T cells [8].  

 LIGHT is believed to be widely expressed on lymphoid cells such as T, B, NK, and dendritic cells. 

Notably, LIGHT expression is induced on T cells after TCR engagement, and is also constitutively 

expressed on mucosal specific CD4+ T cells (more on this later) [4, 7].  

o mLIGHT: Full-length membrane bound light (mLIGHT) 

o LIGHTΔtm : Alternatively spliced cytosol-localized soluble light 

o sLIGHT: Soluble enzymatically cleaved mLIGHT localized in microenvironment 

 BTLA is believed to be expressed on lymphoid cells such as T and B cells at different stages of 

development. Notably, BTLA expression is increased on T cells following TCR engagement [7].  

The expression pattern of HVEM-LIGHT-BTLA summarized above contributes to the complex biology of 

these signaling pathways. Despite this complexity, significant research on these proteins, especially by 

the La Jolla group, has help unravel the functions of this signaling network.  

HVEM-LIGHT and HVEM-BTLA Signaling 

Put simply, when LIGHT engages its receptor HVEM on T cells, it transmits a co-stimulatory activating 

signal promoting T cell cytokine secretion, survival, and proliferation. Therefore, it is currently believed 

the majority of co-stimulation and positive immune regulation mediated through HVEM is the result 

of HVEM-LIGHT engagement (particularly on T cells).  

In contrast to HVEM-LIGHT engagement, HVEM engagement of BTLA is believed to primarily transmit 

inhibitory signals to immune cells – a similar concept as PD-1/PD-L1 engagement. Despite the simplicity 

of the previous sentence, the actual underlying biology is much more complex, especially considering 

the bidirectional signaling of HVEM-BTLA engagement. Put simply, BTLA can act as a receptor when 

engaging HVEM. Although this dynamic is still not fully understood, it is thought by some that 

downstream signaling from BTLA as a result of HVEM engagement can result in pro-inflammatory 

signaling in the cell expressing BTLA. In conclusion, current research indicates the primary consequence 

of HVEM-BTLA engagement is the delivery of an inhibitory signal to the HVEM-expressing cell, 
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Figure 25 [7] 

Figure 26 [7] 

however, additional consequences of this HVEM-BTLA engagement such a pro-inflammatory signaling 

downstream of BTLA are possible (further research is required) [3-8].  

HVEM-LIGHT-BTLA Signaling: HVEM as a bidirectional multifunctional molecular switch 

The signaling network associated with 

HVEM engagement of its ligands allows for 

the description of HVEM as a 

multifunctional molecular switch. Figure 5 

depicts three different engagement 

scenarios for HVEM with its ligands. 

Depending on the combination of BTLA, 

mLIGHT, and sLIGHT (in addition to CD160) 

binding to HVEM, a stimulatory or 

inhibitory signal could be transmitted 

through HVEM or ligands.  

The discovery of BTLA as a ligand for HVEM helped 

explain the phenotype of HVEM knockout models 

(figure 6) [8]. HVEM knockout models develop 

autoimmune phenotypes – this result contrasts the 

early research implicating HVEM primarily in 

costimulatory signaling via HVEM-LIGHT signaling. 

Therefore, these results have compelled researchers to 

conceptualize HVEM primary role in inhibitory signaling 

via HVEM-BTLA (and HVEM-CD160) engagement.  

With respect to LIGHT, its function in the HVEM 

molecular switch and associated network signaling 

concept can be broken into “three functional attributes: 

 activation of LTβR. 

 activation of HVEM. 

 disruption of the HVEM-BTLA complex” [6].  

Notably, all three of these functional attributes are believed to promote positive immune and 

inflammatory processes – providing rational for disrupting HVEM-LIGHT engagement to treat 

autoimmune disorders.  
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Figure 27 [10] 

Figure 28 [10] 

Figure 29 [10] 

IBD LIGHT Non-interventional Human Studies 

In the 2000s, the La Jolla group began non-interventional studies in 

humans to better understand the dynamics of the HVEM-LIGHT-

BTLA signaling network in IBD. They began by collecting blood and 

intestinal specimens from healthy volunteers and IBD patients to 

study the expression of LIGHT and HVEM. Unfortunately, it wasn’t 

until their second study that they developed a proper (non-

enzymatic) cell isolation technique allowing for accurate 

measurement of protein expression on isolated cells [9, 10]. In this 

second study, constitutive expression of LIGHT was detected on 

mucosal specific T and NK cells. As shown in figure 7, freshly isolated 

cells from intestinal samples showed constitutive LIGHT expression on 

CD8+ T cells, CD4+ T cells, and NK cells. Notably, LIGHT expression 

diminished after a 24 hour resting period and was subsequently 

induced on P/I stimulation – in-line with the current understanding of 

LIGHT being induced following TCR engagement.  

To further elucidate the expression profile of LIGHT with respect to 

mucosal tissues, the investigators hypothesized gut-homing T cells 

expressing LIGHT could be identified by surface expression of β7 and 

CCR9. Indeed, as shown in figure 8, “LIGHT was identified on a small 

subset of integrin β7 T cells and on a major subset (>40%) of 

unstimulated CD4+/CCR9+ T cells” [10]. These results were further 

validated by RT-PCR.  

The results above support the theory that LIGHT overexpression, and 

dysregulation of its associated signaling network (HVEM-LIGHT-BTLA-

CD160 signaling), could play a role in a perpetual proinflammatory 

response. In support of this theory, investigators examined LIGHT 

expression levels in biopsy samples from each patient in inflamed and 

uninvolved intestinal regions. As shown in figure 9, when mRNA levels 

via RT-PCR were compared between biopsies, significantly higher trend 

of LIGHT mRNA levels were detected in inflamed tissues versus 

uninvolved (p < 0.019, n=11). In addition, significantly higher LIGHT 

mRNA levels were detected in small bowel tissues versus colonic tissue 

(p < 0.036) [10].  

In conclusion, this non-interventional study supports the theory of 

LIGHT’s (and the associated HVEM-LIGHT-BTLA signaling network) 

involvement in intestinal inflammation and T cell co-stimulatory 

processes. Interestingly, this study demonstrated constitutive 

expression of LIGHT on mucosal T and NK cells isolated from intestinal biopsy samples. In addition, 

LIGHT expression was identified on mucosa-associated (β7+ and CCR9+) T cells from peripheral blood 
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Figure 30 [11] 

samples. These results robustly support further investigation of HVEM-LIGHT-BTLA signaling in 

intestinal autoimmune disorders, especially considering the plethora of supporting preclinical 

research.   

LIGHT-LTβR Signaling 

As previously mentioned, LIGHT can also engage LTβR and lead to its activation. The consequences of 

LTβR signaling are not completely understood, however, it is believed to be involved in regulation of 

lymphoid architecture and cell trafficking. Figures 10 and 11 (A-D) depicts the current understanding of 

consequences of LTβR activation via engagement with its ligands (LIGHT or LTα1β2) [12]. 

  

Figure 31 [12] 

Elucidating the function of LTβR signaling has been hampered by the loss of lymph node development 

(and other developmental defects) in preclinical knockout models [12]. Therefore, with current available 

technology, the best methodology utilized for elucidating the function of LTβR signaling has been 

pharmacological disruption of the LTβR signaling axis. Biogen (BIIB) developed baminercept (LTβR-Fc) to 

help elucidate the biology behind LTβR (described above), in addition to eventually advancing 

baminercept into clinical development. 
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Figure 33 [12] 

Figure 32 [13] 

Figures 14-15 [13] 

Baminercept 

Biogen appears to have begun preclinical development of 

baminercept (LTβR-Fc) in the early 2000s. Baminercept is a fusion 

protein consisting of LTβR fused to IgG1 Fc that binds both LTβR 

ligands: LIGHT and LTα1β2.  

As shown in figure 12, baminercept demonstrated activity in multiple 

rodent disease models. At Biogen’s 2007 R&D day, they described the 

preclinical data in arthritis and IBD as similar/equal to TNF inhibitors. 

Biogen proceeded to advance baminercept into a phase I single dose 

(subcutaneous) healthy volunteer study that showed no serious 

safety signals up to the highest dose tested (3 mg/kg). These safety 

data supported Biogen’s initiation of a randomized-placebo controlled 

(n=47) study assessing baminercept (in combination with 

SoC methotrexate) in moderate/severe rheumatoid 

arthritis (RA) patients. Patients had to have failed at least 1 

DMARD or anti-TNF and received weekly doses of 0.01-3.0 

[mg/kg] of baminercept or placebo for 4 weeks followed 

by 8 weeks of observation. 

 

 

As shown above in figures 13-15, baminercept demonstrated a modest efficacy signal versus placebo. 

This is evident by the ACR50/70 responders at day 77 for baminercept versus placebo. Interestingly, 

baminercept demonstrated modest efficacy (based on SJC and TJC responses) at the trial’s original 

lowest dose (0.05 mg/kg) that was expected to be a no-effect dose. This led to Biogen redesigning this 

phase IIa study to include a lower dose cohort – 0.01 [mg/kg]. These data supported Biogen’s decision to 

advance baminercept into a (n=400+) phase IIb program (two trials) in moderate/severe RA patients 

with inadequate responses to non-biologic DMARD and anti-TNFs.  
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DMARD-IR Ph2b N Withdrawn ACR20 ACR50 ACR70
Dose 

equivalent
Placebo (q2w) 79 9 32.0% 11.0% 4.0%

Bam - 5 mg q2w 78 1 36.0% 14.0% 4.0% ~0.07 mg/kg

Bam - 70 mg q2w 78 4 36.0% 8.0% 3.0% ~1mg/kg

Bam - 200 mg q2w 78 25 38.0% 18.0% 10.0% ~3mg/kg

Bam - 70 mg q4w 39 3 40.0% 14.0% 8.0% ~1mg/kg

Bam - 200mg q4w 39 3 33.0% 10.0% 6.0% ~3mg/kg

TNF-IR Ph2b N Withdrawn Completed ACR20 ACR50 ACR70
Dose 

equivalent
Placebo (q2w) 38 8 30 13.0% 5.0% 3.0%

Bam - 200 mg q2w 76 25 51 14.0% 11.0% 1.0% ~3mg/kg

Figure 16 

Figure 17 

Figure 18 [18] 

These phase IIb trials enrolled essentially the same 

type of patient population as those enrolled in the 

phase IIa. Patients received baminercept or placebo 

(in combination with SoC methotrexate) every other 

week or monthly for 14 weeks. Biogen presented 

the data from these trial at the 2009 ACR/ARHP 

Annual Meeting [14-15]. As shown in figure 16 

and 17, baminercept failed to demonstrate any 

efficacy signal versus placebo as assessed by 

ACR20/50/70 (ACR50 primary endpoint). The 

lack of efficacy in these phase IIb trials is surprising considering the efficacy signal in the baminercept 

phase IIa study, which has been characterized by one investigators as: “the magnitude and decrease in 

the tender and swollen joins in this small study was generally compared to that achieved with TNF 

inhibition, CTLA4 blockade, and B-cell depletion”[12].  

Following these phase IIb data, Biogen discontinued baminercept development for RA in October 2008 

[16]. After careful analysis, it appears baminercept’s phase IIb failures could be because of Biogen 

changing the dosing regimen from weekly dosing in the phase IIa to biweekly and monthly dosing in 

the phase IIb trials (most likely for commercial reasons). Unfortunately, PK data is unavailable to 

corroborate this suspicion, however, wording from baminercept’s patent suggests baminercept’s 

unexpected effect at low doses in the phase IIa trial may have also prompted the dosing regimen switch. 

Of note, Biogen eventually tested bamincercept in a second autoimmune indication, Sjogren’s syndrome 

with a weekly 100 mg dose.  Unfortunately, baminercept failed to show an efficacy signal in this 

indication, however, this is not surprising considering infliximab (anti-TNF) failed in this indication as 

well [17].  

In conclusion, baminercept is a drug with a similar MOA (anti-LIGHT/LTα1β2) as MDGN002. 

Interestingly, the failure of this drug in phase IIb RA trials could be because of poor trial design, not 

lack of biological effect. Therefore, considering the phase IIa data, this asset supports the 

development of anti-LIGHT (MDGN002) in autoimmune disorders such as arthritis.  

Pateclizumab 

Genentech also developed a therapeutic designed to disrupt LTβR signaling, 

pateclizumab. Pateclizumab is a depleting mAb that binds LTα in both of its 

multimer forms: LTα3 and LTα1β2. By binding to these ligands, pateclizumab 

partially disrupts LTβR and TNFR signaling; in addition to potentially 

depleting cells expressing LTα3 and LTα1β2. Pateclizumab’s phase I trial 

enrolled patients diagnosed with moderate RA, on stable DMARD therapy, 

and who have received no more than one biologic agent. As shown in figure 

18, pateclizumab demonstrated a modest efficacy signal versus placebo 

measured by ACR50 [18]. These data supported Genentech’s decision to 

advance pateclizumab into a head-to-head phase II trial in RA patients versus 
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Figure 20 [2] 

Figure 19 [19] 

adalimumab (and placebo). 

The phase II pateclizumab “ALTARA” study enrolled active RA patients who have failed at least one 

DMARD and had no previous biologic (anti-TNF) therapy. As shown 

in figure 19, pateclizumab failed to meet primary and secondary 

endpoints versus adalimumab and placebo. Despite the lack of a 

statistically significant signal, secondary endpoints and trends in 

ACR20/50/70 suggest pateclizumab is biologically active [19]. 

Following these data, it appears Genentech discontinued 

pateclizumab. 

In conclusion, pateclizumab has a similar MoA as anti-LIGHT 

(partial disruption of LTβR signaling), however, its failure in 

clinical development does not provide support the development 

of anti-LIGHT therapeutics in autoimmune indications such as RA 

considering its lack of efficacy. 

Baminercept and Pateclizumab Conclusion 

In conclusion, baminercept and pateclizumab are therapeutics with similar MoAs as MDGN002, 

however, these assets failed in large phase II RA trials. Despite these failures as assessed by their 

primary endpoints, both of these assets showed biological activity including CXCL13 reduction 

(baminercept/pateclizumab), increased lymphocyte trafficking, and IFN signature reduction 

(baminercept) [13-15, 17-20]. These biological effects support the rational for modulating LTβR/HVEM 

signaling to facilitate a biological response, however, these data do not robustly support the potential 

clinical efficacy of MDGN002. 

Development of La Jolla’s anti-LIGHT mAb: MDGN002 (F19) 
Pivoting off the robust preclinical and non-interventional data surrounding HVEM-LIGHT-BTLA signaling, 

La Jolla developed an anti-LIGHT mAb and collaborated with KHK to humanize it – lead now referred to 

as MDGN002 (fka F19) – for clinical development. In 2009, KHK licensed the worldwide rights (excluding 

Asia) of MDGN002 to Sanofi-aventis. KHK received an (undisclosed) upfront payment and was eligible 

for up to $315 million in milestones (and sales royalties) [21]. Following this deal, Sanofi conducted two 

associated human studies: 

1. Non-interventional study assessing LIGHT expression in healthy and IBD patients 

a. The single center non-interventional study 

provided further support for the assessment 

of MDGN002 in IBD patients. As shown in 

figure 20, compared to healthy controls, IBD 

patients (both UC and CD) had over 2-fold 

increase in LIGHT mRNA expression [2]. This 

study further validated La Jolla’s in-house 

interventional study summarized above.  

2. Phase I dose escalation study in healthy volunteers 
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Figure 21 [14] 

Figure 22 [15] 

Figure 23 [15] 

a. A single subcutaneous dose (40-1200 mg) of MDGN002 was assessed in an n=48 healthy 

volunteer trial (36 active, 12 control). There were no SAEs and majority of TEAEs were 

mild intensity. Most frequent TEAE was upper respiratory tract infection (1/12 placebo, 

7/36 active). These data confirm F19’s safety in humans up to a single 1200 mg dose 

[22].  

i. Interestingly, the increased prevalence of upper respiratory tract infection in 

patients receiving MDGN002 could theoretically support LIGHT expression’s role 

of T cell co-stimulatory and proinflammatory processes in mucosal tissues.  

Surprisingly, MDGN002 was never advanced into autoimmune patients, and on Sanofi’s Q1 conference 

call in April 2015, they announced the returned of full rights to the drug to KHK [23]. This provided a 

unique opportunity for CHOP and Medgenics to acquire rights to MDGN002, and to explore its efficacy 

in a genetically-defined autoimmune population (DcR3 “loss-of-function”). 

DcR3 GWAS and Biology 

DcR3 GWAS 
In 2008, Kugathasan et al. reported on results of their pediatric IBD GWAS which identified multiple loci 

associated with the pediatric IBD phenotype including those 

near the DcR3 gene [24].  Supporting the theory of DcR3’s 

association with IBD, investigators detected increased 

serum DcR3 mRNA expression and serum DcR3 

concentration in IBD patients compared to healthy controls 

(figure 21). Further research would be required to further 

elucidate this relationship considering the sparse research 

on DcR3 at the time indicating DcR3 as a pleotropic protein with pro or anti-inflammatory effect based 

on its engagement context [24].  

In 2013, Cardinale et al. advanced the understanding of DcR3 variants in pediatric IBD patients by 

identifying variants that are defective in cell secretion [15]. As shown in figure 23, the investigators 

identified 11 DcR3 

missense variants from 

528 pediatric IBD 

patients compared to 3 

missense variants out of 

549 healthy controls. Of 

these 11 missense 

variants, 6 were 

identified as having 

defective secretory 

capacity (additional variants shown). Interestingly, as shown in figure 22, 

secretion competent DcR3 variants maintained binding to their ligands. 

Using NHLBI exome sequencing project data, the investigators confirmed 



 

41 
DISCLAIMER: Mr. Fink has a conflict of interest. This document does not constitute investment advice. 

Please read the disclosure at the end of this paper for more information. 

 © 2016 Zachary Fink  

Figure 24 [26] 

the “sevenfold increase in likelihood that the variants in Caucasian Crohn’s are non-secretors compared 

with our own panel of healthy Caucasian controls” [25].  

Current research (covered below) classifies as a “decoy receptor”, involved in precise control of 

unbound LIGHT levels and the associated HVEM-LIGHT-BTLA signaling. These results support the 

theory that loss of proper DcR3 secretion in a subset of IBD patients results in dysregulation of proper 

HVEM-LIGHT-BTLA signaling, and the subsequent autoimmune phenotype.  

DcR3 Biology 

The biology of DcR3 provides another twist to an already complicated 

biological network associated with HVEM-LIGHT-BTLA signaling. DcR3 

is believed to have “decoy receptor” functions via binding its ligands 

LIGHT/TL1A/FasL (figure 24). In addition, DcR3 is believed to possess 

“non-decoy” immune modulating functions not fully understood. To 

summarize, DcR3 is believed to have pleotropic immune modulating 

effects via decoy and non-decoy receptor functions resulting in 

either net pro or anti-inflammatory consequences. The pleotropic 

nature of DcR3 and complex underlying biology is supported my 

numerous non-interventional studies demonstrating overexpression 

of DcR3 in autoimmune disorders compared to controls [26].  

In conclusion, in-vivo and non-interventional studies elucidating the function of DcR3 does not 

provide robust support for its upregulation (or functional mimic) in autoimmune patients. This is not 

too surprising considering the pleotropic nature of DcR3 and the complex signaling pathways 

associated with its ligands. 

Putting It All Together: HVEM-LIGHT-BTLA/LTβR Signaling and DcR3 in Autoimmune 

Disorders Hypothesis 
As summarized in the above sections, LIGHT’s key functions are activating LTβR, modulating HVEM-BTLA 

signaling, and activating HVEM.  

Preclinical and clinical data from baminercept and pateclizumab corroborate the hypothesized biological 

effects of LTβR signaling modulation such as improved lymphocyte trafficking and tissue remodeling. 

Unfortunately, the failure of both of these assets in large phase II trials for RA refutes the hypothesized 

efficacy of LTβR modulators in autoimmune disorders. Despite this, these results need to be taken with 

a grain of salt with respect to a read through to an anti-LIGHT therapeutic because of differences in MoA 

and enrolled patient population.  

With respect to HVEM signaling, HVEM acts as an important bidirectional switch involved in pro or anti-

inflammatory processes primarily via HVEM-LIGHT-BTLA signaling. The balance of pro- and anti-

inflammatory consequences of HVEM engagement is tightly regulated by the context of ligand 

engagement and HVEM ligand’s transcriptional control as exemplified through the current 

understanding of the regulation of LIGHT. Recall, LIGHT engagement of HVEM can be described as 

having two key functions: transmission of HVEM co-stimulatory signaling and disruption of HVEM-BTLA 
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inhibitory signaling. This signaling network is further controlled at the transcriptional level by the 

production of an alternatively spliced LIGHT variant (LIGHTΔtm) localized to the cytosol that limits 

sLIGHT/mLIGHT available for engagement in the microenvironment. Providing further control of 

sLIGHT/mLIGHT available for engagement is DcR3 which acts as an “antigenic sink” preventing 

sLIGHT/mLIGHT from binding to its receptors. Loss of proper control of this signaling network could 

result in a perpetual pro- or anti-inflammatory signaling response, ultimately contributing to an 

autoimmune phenotype. This theory is the key rational for testing MDGN002 in DcR3 “loss-of-function” 

(LoF) pediatric IBD patients. These patients, theoretically, are “permanently” deficient in the skewing 

of HVEM-LIGHT-BTLA to anti-inflammatory via DcR3. Thus, this could ultimately perpetuate a pro-

inflammatory response, especially in mucosal tissue, resulting in an autoimmune phenotype.  

In conclusion, a preponderance of evidence suggests potential efficacy of MDGN002 in a genetically 

defined autoimmune patient population such as DcR3 LoF pediatric IBD patients.  

The Road Ahead for MDGN002 in Pediatric IBD  
Recall, Medgenics plans to enroll pediatric IBD patients (n=12) with and without DcR3 LoF variants who 

have failed TNF agent(s) in a single center signal finding trial at CHOP. Patients will receive ascending 

does of MDGN002 for 8-12 weeks. At the end of the treatment period, three key endpoints will be 

evaluated: Pediatric Crohn’s Disease Activity Index (PCDAI), endoscopic evaluation, and safety.  

Considering responses are seen rapidly in anti-TNF induction therapy, Medgenics should have an idea if 

MDGN002 is active in anti-TNF failure pIBD patients (both DcR3 LoF positive and negative). As shown in 

figure 25-27, the majority of the depth of response via anti-TNFs in pIBD patients (as assessed by PCDAI) 

occurs during the first few weeks (induction phase).  

 

Figure 25 

Trial/Phase Drug Dosing N

% Prev. 

anti-

TNF

Concurrent 

Immunomo-

dulator?

Endpt
PCDAI 

Baseline
Response Remission

Mean 

PCDAI 

Decrease 

(Induction)

Source

REACH Phase 

III
IFX

5 mg/kg w2/4/6 

(Induction)

5 mg/kg q8w q12w 

(maintanence)

112 None Yes (100%) PCDAI ~40

week 2: ?

week 10: 88.4%

week 54: ?

week 2: ?

week 10: 58.9%

week 54: ?

~30 pts 

(week 10)

10.1053/j.gas

tro.2006.12.0

0

Univ. of Rome ADA
See paper (varied by 

weight)
23 60.8% Yes (56%) PCDAI 36.5

week 2: 87%

week 4: 88%

week 12: 70%

week 48: 91%

week 2: 36.3%

week 4: 60.8%

week 12: 30.5%

week 48: 65.2%

~20 pts
10.1038/ajg.

2009.372

IMAgINE 1 

Phase III
ADA

See paper - low and 

high dose cohort
192 43.6% Yes (~60%?) PCDAI ~41

week 4: 82.4%

week 26: 53.7%

week 4: 27.7%

week 26: 33.5%
N/A

10.1053/j.gas

tro.2012.04.0

46

Diet vs. 

Steroids
oral steroids

10 week polymeric 

(PD) diet or oral 

steroids (CS)

37 0% - PCDAI ~36.5 N/A
PD week 10: 79% 

CS week 10: 67%

~30 pts 

(week 10)

10.1016/j.cg

h.2006.03.01

0

Univ. of Rome Vedolizumab Induction then q8w 18 94% No PCDAI ~27.5 N/A
week 6: 46.6%

week 14: 54.5%
~11 pts

AGA 2015 

Abstract 321

CHOP severe 

pIBD
Vedolizumab Induction then q8w 13 100%?

53.8% 

(steroids)
PCDAI 31.0 N/A N/A ~10.2 pts

AGA 2015 

Abstract 322

Polish Study IFX 10 week induction 66 0% 100% PCDAI 52.5 week 10: 72% week 10: 33%
37.5 

(median)

10.1097/MEG

.0b013e3283

5159f2

Univ. of Rome IFX 10 week induction 18 0% 100% PCDAI 34.1 N/A week 10: 55.5% ~20 (mean)
10.1016/j.dld

.2003.12.014

Efficacy of Therapies in Key Pediatric IBD Clinical Trials (PCDAI Scale)



 

43 
DISCLAIMER: Mr. Fink has a conflict of interest. This document does not constitute investment advice. 

Please read the disclosure at the end of this paper for more information. 

 © 2016 Zachary Fink  

Figure 26 

 

Figure 27 

In order to assess MDGN002’s disease modifying activity, mucosal healing will be assessed in the signal 

finding phase I trial. As shown in figure 28, Reinink et al. conducted a meta-analysis that demonstrates 

the clinical benefit of mucosal healing as assessed by relative risk of surgery, remission, and 

hospitalization [27].  

 

Figure 28 

To put results of mucosal healing in pediatric IBD into context, pediatric (and key adult) IBD trials 

assessing mucosal healing for infliximab (and other drugs) are shown in figure 29.  
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Figure 29 

If MDGN002 leads to a rapid reduction in PCDAI score and mucosal healing (similar to infliximab treated 

patients) in anti-TNF failure pIBD patients, this should facilitate Medgenics advancing MDGN002 into a 

potential single registrational trial in anti-TNF failure pIBD patients harboring DcR3 LoF variants.  

Considering the potential rapid clinical and regulatory path for MDGN002 in anti-TNF failure pediatric 

IBD patients, valuation creation can occur very quickly (considering the potential requirement for a 

single phase III trial). 

The Big Picture – MDGN002 Driving Value 
Despite the small N enrollment target for MDGN002’s phase I trial, it has the potential to drive value in a 

few key ways. First, an efficacy signal in DcR3 LoF anti-TNF failure pIBD patients could support the 

theory that MDGN002 could be a competitive treatment in this patient population. As for putting a 

dollar amount on this opportunity, my basic market model (see Valuation Section) indicates a potential 

annual market opportunity of $250m+ (assuming orphan pricing). Second, since Medgenics is enrolling 

non-DcR3 LoF anti-TNF failure pIBD patients, an efficacy signal in these patients could support the 

theory MDGN002 could be a competitive treatment in this much larger patient population as well. As 

shown in my market model (see Valuation Section), the annual US pIBD anti-TNF failure population 

could be an additional $1+ billion market opportunity for MDGN002 (assuming orphan pricing). Third, 

efficacy in the DcR3 LoF pIBD patient population, to a degree, supports the theory that MDGN002 could 

be an efficacious drug for genetically-defined juvenile idiopathic arthritis and psoriasis since CAG has 

identified DcR3 LoF variants in these diseases as well. 

Looking at the bigger picture, the initial MDGN002 data has the potential to validate CAG and 

Medgenics’ network biology approach to repurposing drugs in genetically-defined, (autoimmune) 

disorders. However, further discussion of this concept is outside the scope of this paper. What is left 

to discuss, in part III of my thesis, is another potential value driver Medgenics has the ability to leverage 

– the development of TARGT gene therapies for monogenic and malignant disorders.  

Trial Drug
IBD 

Type
Dosing N

% Prev. 

anti-

TNF

Concurren

t 

Immunom

o-dulator?

Endpoint MH Criteria/Scoring MH (any)
Complete 

MH

CDEIS (% 

improvement 

from BL)

Source

Belgium IFX
adult 

CD

Induction 

then 

maintenance

214 (183 

responders 

& evaluable 

for MH)

0% 67.3% Endoscopy

MH 1: no healing or worsening

MH 2: partial healing (clear 

endoscopic improvement but 

with ulceration present)

MH 3: complete healing 

(absence of ulcerations)

67.8% 

showed MH 

(22.4% 

partial MH)

45.4% N/A
10.1002/ibd.2092

7

ACCENT I IFX
adult 

CD

Induction 

then 

maintenance

57 

evaluated 

for MH

0% Unknown
Endoscopy 

+ CDEIS

Complete MH: absence of all 

mucosal ulcerations

Only 

Complete 

MH 

Assessed

week 10: 

31% (10/32)

week 54: 

50%

76% (median 

at wk 10)

85-95% 

(median at wk 

54)

10.1016/j.gie.200

5.08.011

EU 

Multicent

er

IFX
adult 

CD
Single Dose

30 (22 on 

IFX)
0% >50%

Endoscopy 

+ CDEIS
None No scoring No scoring

57%-61% 

(mean at wk 4)

10.1016/S0016-

5085(99)70005-3

Polish 

Study
IFX

mod-

severe 

pCD

10 wk 

Induction
66 0% 100%

Endoscopy 

(SES-CD)

SES-CD is a 0-3 score based off: 

ulcer size, ulcerated & affected 

surfaces, and stenosis)

- -

Median 58.3% 

reduction at 

wk 10 (18 --> 

7.5)

10.1097/MEG.0b

013e32835159f2

Univ. of 

Rome
IFX

mod-

severe 

pCD

10 wk 

Induction
18 0% 100%

Endoscopy 

+ CDEIS
None No scoring No scoring

Mean -52.6% 

(16 --> 7.87)

10.1016/j.dld.200

3.12.014

NCT00336

492
IFX pUC

Induction 

then 

maintenance

60 0% 100%

Endoscopy 

+ Mayo 

Score

MH defined by Mayo endoscopy 

subscore of 0 or 1
-

week 8: 

68.3%
N/A

10.1016/j.cgh.20

11.11.026

Muchich-

Grosshad

ern 

Hospital

IFX and 

ADA
IBD

Induction 

then 

maintenance

248 ~19% Yes Endoscopy

UC - Mayo endoscopy score (0 = 

MH)

CD - SES-CD Score (0 = MH)

-
TNF1 - 27.7%

TNF2 - 28.3%
-

10.1371/journal.

pone.0099293

GLPG Filgotinib

mod-

severe 

CD

Induction 

then 

maintenance

174 Yes - Endoscopy
SES-CD improvemetn by at least 

50%

Filgo: 25%

Placebo: 

13.6%

- -
Filgo UEGW 2016 

Abstract

Efficacy of Therapies in Adult/Pediatric IBD Clinical Trials (Mucosal Healing)
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Why Medgenics and Not a NewCo? 
I propose a simple question: Why Medgenics? Why did Mike Cola, John Leaman, and Garry Neil join 

Medgenics, an off the radar Israeli biotech company? Couldn’t they have started a NewCo, or taken 

another route prior to the CHOP collaboration instead of joining Medgenics? I believe the team has not 

only a vision of leveraging the CAG collaboration to in-license derisked assets (as outline above), but 

also to develop their own in-house gene therapies for rare pediatric diseases. This made Medgenics an 

ideal company to gain control of considering their differentiated TARGT gene therapy platform. 

Many (ultra)-orphan diseases – specifically in the CNS – require a therapeutic modality that can 

upregulate or downregulate a specific missing or dysregulated gene. One of the best treatment 

modalities tested in the clinic that can accomplish this difficult task in the CNS is gene therapy. With 

respect to CNS gene therapy, the two main gene therapy strategies utilized in the clinic include in-vivo 

AAV and ex-vivo retro/lentiviral gene therapy. To date, there have been encouraging clinical data for in-

vivo AAV and ex-vivo retro/lentiviral gene therapy in CNS disorders, however, the Achilles heel of these 

approaches so far has been poor transduction efficiency and relative (to normal expression) low cross-

correction. For these approaches, better vectors and/or delivery strategies are going to be required in 

order to improve results.  

Instead of licensing access to an ex-vivo retro/lentiviral and/or in-vivo gene therapy platforms, the team 

joined Medgenics with the vision of developing TARGT gene therapies. Importantly, the team is 

exploring the TARGT platform in the CNS where it could potentially have a differentiated product profile 

compared to traditional gene therapy approaches. Specifically, TARGT could theoretically accomplish 

high transduction efficiency and gene expression in a small portion of TARGT cells (relative to the size 

of the CNS) enabling improved cross-correction in the CNS compared to the traditional gene therapy 

approaches. Importantly, a big differentiating factor for TARGT gene therapies is that the cells are 

removable. Lastly, the recent Stanford AAV vector and GeneRide licensing deals showcases Medgenics 

desire to add new tools to their TARGT “toolbox”.  

Part III of my investment thesis will provide a scientific overview of the iterations of the TARGT 

platform providing the context to understand why I believe it has unquantifiable value, and could 

have certain advantages over traditional gene therapy platforms. Importantly, Part III also emphasizes 

how next-gen TARGT, TARGTCNS, will be part of Medgenics’ ability to create long term value. 

 

What is TARGT? 
According to Medgenics’ 10-K SEC filing: 

“Transduced Autologous Restorative Gene Therapy (TARGT) is a protein therapy that uses the patient’s 

own skin to provide sustained production and delivery of therapeutic protein. The process starts by 

taking thin, small samples of dermis tissue (about 1.5-2.5 mm in diameter and approximately 30 mm in 

length) named a Micro-Organ (MO), by a rapid subcutaneous removal protocol, utilizing the DermaVac, 

a proprietary harvesting device developed by Medgenics. The MOs preserve the vital cell-to-cell 

relationships found in-situ in skin tissue. A viral vector, which carries the gene coding for the therapeutic 

protein, is used outside the body (ex-vivo) to introduce the gene into the nuclei of cells in the MO, which 
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Figure 30 

then secrete the therapeutic protein, thereby converting the MO into a “TARGT”. After transduction is 

complete, the TARGT is washed extensively to remove remaining viral vectors. The process of converting 

the MO into functional TARGTs takes about 7-10 days of ex-vivo treatment. Currently, TARGT 

manufacturing is done manually in an open system at the GMP environment, however, in the future it is 

desired to use a closed-system for TARGT 

processing and that the whole process will be 

done in a semi-automated fashion. Post 

processing, the TARGTs are implanted back into 

the patient in the desired location, either under 

the patient’s skin into the subcutaneous fat or 

into the Central Nervous System (“CNS”) utilizing 

the proprietary implantation devices developed 

by Medgenics. After implantation, the TARGTs 

integrate into the surrounding tissue and should 

provide sustained protein secretion within the 

therapeutic range for several months. Non-transduced 

MOs have the potential to be stored under cryo-storage 

conditions for later thawing and reuse for future implantations” (Figure 30) [28]. 

Put simply, TARGT is an ex-vivo cell (gene) therapy platform that consists of transducing dermis tissue, 

referred to as the Micro-Organ (MO) – consisting of fibroblasts –, with a viral vector. Numerous TARGT 

gene therapies have been advanced into clinical trials, however their success has been hampered by, 

among other things, poor vector design. This will be apparent below, where I review the two current 

“generations/versions” of the TARGT platform. Notably, Medgenics’ TARGT-EPO (v1 and v2), TARGT 

gene therapies secreting human erythropoietin (hEPO), will be used as case studies highlighting how 

these programs derisk the TARGT platform as a whole. 

TARGT-EPO-v1 – Ad5 Vector 

TARGT-EPO-v1 (aka BP-EPO) was manufactured by transducing the TARGT MOs with an adenovirus type 

5 vector possessing E1/E3 deletions carrying the hEPO transgene. This vector was most likely chosen 

because it facilitated greater magnitude transgene expression compared to other vectors such as AAV1 

[29-31].  

In 2003, Medgenics initiated a phase I clinical trial with TARGT-EPO-v1 enrolling 13 chronic renal disease 

patients with anemia. To briefly summarize these results, dose-dependent increases in hEPO were 

observed in 10 patients for ~2 weeks, however, an immune response against adenoviral proteins 

resulted in the loss of transgene expression. Of note, no change in hemoglobin (Hb) expression was 

detected, most likely due to the short duration of increased hEPO expression. This loss of transgene 

expression was most likely the result of infiltration of adenoviral protein-specific CD8+ and CD4+ T cells 

into the MO microenvironment [29-30]. The immunogenicity of TARGT-EPO-v1 led to the development 

of TARGT-EPO-v2, which utilizes a gutless adenoviral vector with the goal of avoiding the production of 

immunogenic viral proteins.  
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Figure 31 [34] 

TARGT-EPO-v2 – HDAd Vector  

In 2007, Medgenics licensed non-exclusive rights to a helper-dependent, “gutless”, adenoviral (HDAd) 

vector manufacturing process from Baylor College of Medicine [32]. This manufacturing process consists 

of culturing the HDAd with Baylor’s AdNG163R-2 to produce the viral vector – avoiding the endogenous 

production of viral proteins. TARGT-EPO-v2 (aka MDGN201) utilizes the above HDAd manufacturing 

process with an optimized hEPO expression cassette [29, 33]. Medgenics has treated a total of 13 

patients (as of September 2015) with TARGT-EPO-v2 across three different clinical trials:  

 MG-EP-RF-02 – Phase I/II trial assessing TARGT-EPO-v2 enrolling CKD and ESRD dialysis patients 

– NCT02117427 

 MG-EP-RF-03 – Phase I/II trial assessing TARGT-EPO-v2 enrolling peritoneal dialysis patients – 

NCT02378662 

 MG-EP-RF-04 – Phase I/II trial assessing TARGT-EPO-v2 enrolling peritoneal dialysis patients – 

NCT02468414 

These three trials all have the same primary endpoint: pharmacokinetics of hEPO secretion. In addition, 

key secondary endpoints include kinetics of hemoglobin and safety. For the sake of simplicity, I will 

provide only a brief overview of these clinical data 

to date. Despite this, analyzing these data reveal 

important observations that derisk the TARGT 

platform moving forward. 

Although all 13 patients have shown an initial 

increase in hEPO expression in the first month 

post-treatment, many of patients have 

demonstrated a slow continuous decrease in 

transgene expression over the subsequent 

months. In addition, this decrease in hEPO 

(transgene expression) correlated with a decrease 

in serum Hb over the corresponding months post-

treatment. These hEPO and Hb kinetics are 

apparent when analyzing pooled data from these 

three TARGT-EPO-v2 clinical trials presented at 

the American Society of Nephrology Annual 

Meeting in November 2016 (Figure 31). Notably, 9 of 13 patients have shown relatively stable hEPO 

secretions out to 5 months with correlating stable serum Hb. Also, patient 1 demonstrated hEPO 

transgene expression for at least 15 months. Importantly, TARGT-EPO-v2 has shown a good safety 

profile with the TARGT procedure being well tolerated [34].  

Looking at the bigger picture for the TARGT platform, these TARGT-EPO-v2 data have very important 

implications for the platform. First, these provide proof of concept data for TARGT transgene inducing 

the desired physiological response. Second, these data provide critical validation for the safety of the 

TARGT harvesting and implantation procedures. Lastly, Patient 1’s 15+ month transgene expression 

profile validates the 12+ month human in-vivo viability of TARGT MO’s. 



 

49 
DISCLAIMER: Mr. Fink has a conflict of interest. This document does not constitute investment advice. 

Please read the disclosure at the end of this paper for more information. 

 © 2016 Zachary Fink  

With respect to transgene expression kinetics, the three apparent observations are: variability in 

transgene expression, waning transgene expression in following months post-treatment, and a dose-

dependent response. The variability in transgene expression is most likely because of the variability in 

the number of MOs implanted and HDAd vector biology. The variability in transgene expression because 

of the intra/inter-dose cohort variability in number of MOs implanted is expected because there would 

inherently be a greater or lesser transgene copy number depending on the number of implanted MOs. 

This ties into the aspect of TARGT’s dose-dependent response – you can “tune” the dose by varying the 

number of implanted MOs. As for the waning transgene expression, this is not at all surprising 

considering the HDAd vector’s tropism and inherent MO biology. Brill-Almon et al. demonstrated that 

most of the transduced MDGN-EPO-v1 MO cells are fibroblasts [31]. This is an important observation 

because fibroblasts are known to exist in a quiescent state for many months in a dermal setting – 

making them an ideal dermal cell type to target for gene therapy. Theoretically, the initial, rapid, 

decline in transgene expression is the result of transgene copy number reduction in non-fibroblast and 

fibroblast cells due to natural cell turnover. The waning of transgene expression over the subsequent 

months would then be due to decrease in transgene copy number partially due to natural cell 

turnover in the “quiescent” transduced fibroblasts.  

TARGTCNS – Taking Advantage of Delivery behind the Blood-Brain Barrier 
Since the “New” Medgenics team has taken over, the development of TARGT gene therapies has shifted 

focus to the broad concept of delivering proteins behind the blood-brain barrier. These programs have 

been broadly termed TARGTCNS, since the MOs are implanted in the CNS. These TARGTCNS MOs, in 

preclinical models, are being implanted in the subdural and/or subarachnoid space – theoretically taking 

advantage of the CNS lymphatic and glymphatic system for endogenous protein transport [36]. 

Medgenics presented the first preclinical TARGTCNS data – generated via a collaboration with Harvard – 

at ASGCT 2016 discussing 3 main experiments in rats and pigs [35]: 

1. Implanted harvested MOs in Lewis rats’ cisterna magna. The procedure was well-tolerated, and 

histopathology of excised MOs (several weeks post-implantation) demonstrated viability and 

integration of these MOs. 

2. Rat MOs were harvested, transduced with HDAd-HuEPO (human EPO), and then implanted in 

rat’s cisterna magna. Results suggest the implantation was well tolerated and measurable hEPO 

levels were detected in rat CSF for the duration of the experiment. 

3. Pig MOs were harvested and transduced with HDAd carrying the sequence for Humira mAb 

(TARGTHumira). Two TARGTHumira MOs were implanted in the pig subdural space and followed for 1 

week post-implantation. Excised MOs demonstrated viability, and no signs of inflammation or 

damage to brain tissue was observed. Importantly, Humira was measured in CSF in the lumbar 

space and at the implantation area.  

These experiments, to a degree, validate TARGTCNS as a safe cell therapy treatment in rats and pigs – 

supporting further exploration of this gene therapy modality in the CNS. Importantly, these data 

support the in-vivo viability of TARGT MOs in the CNS – a concept critical for TARGTCNS’s success. 

Notably, Medgenics is guiding to present additional TARGTCNS preclinical data in 2016 generated via 

their collaboration with Harvard.  
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Recall, Medgenics is currently focusing on developing TARGTCNS for brain malignancies and lysosomal 

storage diseases. One of the potential advantages of TARGTCNS for brain malignancies is that transgene 

expression (mAb expression) could be “turned off” via excision or ablation of the MOs – something 

currently not possible with traditional CNS gene therapy modalities. Although the exact details of the 

current design of TARGTCNS is unknown, some hints may lie in Medgenics’ TARGT toolbox (and previously 

disclosed improvements), discussed below.  

The TARGT Toolbox – Preparing For the Future 
In Medgenics’ most recent 10-K, they stated their “next generation TARGT” platform will have 

advantages over the current TAGRT platform (and other cell therapy procedures) such as: 

 “ex-vivo transduction (which helps with residual viral wash) 

 Ability to control the implanted dose (amount of cells) 

 The potential to use higher dose than what TARGT allows, much higher number of cells with 

much smaller dimensions 

 The ability to stop the treatment with excision or ablation 

 Very simple harvest procedure for the patient 

 The ability for retreatment without additional harvesting and with minimal processing time 

 Potential for improved secretion profile while using integrated expression cassette (not 

episomal)” [28]. 

Most interestingly is Medgenics’ desire to develop transgene-integrated TARGTs via GeneRide 

technology licensed from Stanford. Put simply, GeneRide consists of using homologous recombination 

(with or without nucleases) to site-specifically integrate a transgene of choice. In theory, this should 

facilitate longer transgene expression because the transgene will be integrated into the MO’s genome as 

opposed to existing episomally. Since GeneRide is designed to integrate into a specific gene’s open 

reading frame, it is under control of this gene’s endogenous promoter. By utilizing control of an 

endogenous promoter, the chance of insertional mutagenesis is greatly decreased. In conjunction with 

licensing the pLK19 vector – which possesses enhanced fibroblast tropism – from Stanford, Medgenics 

appears positioned to incorporate GeneRide into their TARGT platform. 

TARGT Conclusion 
Over the last decade, TARGT-v1 and TAGRT-v2 therapies, such as TARGT-EPO-v1 and TARGT-EPO-v2 

(MDGN201), have provided key proof-of-concept clinical data for the TARGT platform. Observations 

from these clinical trials that provide proof-of-concept validation for the TARGT platform including: 

 TARGT transgene expression inducing the desired physiological response. 

 12+ month human in-vivo MO viability and transgene expression in a single TARGT-EPO-v2 

patient. 

 Safety and tolerability of the TARGT harvesting and implantation procedure. 

Looking into the future for TARGT, I believe Medgenics has licensed in a suit of gene therapy 

technologies, namely the pLK19 AAV vector and GeneRide technology, enabling Medgenics to continue 

to improve upon TARGT’s transgene expression profile. I believe these improvements, in combination 
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with Medgenics’ new focus on TARGT applications in the CNS (TARGTCNS), makes TARGT an exciting 

platform to leverage for rare/orphan and malignant applications. The potential for the transgene to 

be integrated into the MOs genome would theoretically enable durable transgene expression 

dependent on the in-vivo viability of said MOs.  For oncology, Medgenics has emphasized exploring 

the use of TARGT to secrete anti-cancer mAbs in the CNS. This would be an extremely unique 

application of the TARGT platform that is made possible by the ability to remove (ablate or excise) 

TARGT MOs. In conclusion, considering the above information, and that the TARGT platform is 

relatively derisked, there is value in the TARGT platform despite this value being unquantifiable.  

Conclusion – The Medgenics Elevator Pitch 
Medgenics stock is significantly mispriced considering the potential value creation from four key sources 

explained in each part of my investment thesis: NFC-1, MDGN002, in-licensing of assets via CAG, and 

future TARGTCNS gene therapies.  

Part I introduced the Medgenics and CAG story through the lens of NFC-1’s potential value in genetically 

defined ADHD, 22q11.2DS, and other neuropsychological disorders. Part II emphasized how Medgenics 

and CAG are not a “one trick pony” with NFC-1, and this is demonstrated by using MDGN002 in DcR3 LoF 

pediatric IBD as a case study for future licensing deals enabled by the CAG collaboration. Part III explains 

why Cola and the team joined Medgenics, and how they plan to leverage the TARGT platform to 

potentially create long-term value by developing gene therapies for rare pediatric genetic disorders. 

Additionally, my SOTP valuation model in the Valuation Section indicates there is very little success for 

NFC-1 and MDGN002 being priced into Medgenics’ stock. Importantly, Medgenics’ current stock price 

also indicates very little value being priced in for Medgenics’ collaboration with CAG, assets in-licensed 

in the future, and the TARGT platform. 

These three parts of the investment thesis each contribute to the big picture that I believe Medgenics’ 

stock is mispriced. Considering this, and the fact there appears to be multiple value diving events for 

Medgenics in the next 9 months, I believe Medgenics is set-up with a significantly skewed risk/reward 

in the coming years.  

As a reminder from Part I, major risks to my thesis include: 

 Negative NFC-1 ADHD and/or 22q11.2DS data (no positive genetically defined subgroup) 

 Negative MDGN002 DcR3 LoF pediatric IBD data 

 Non-renewal of CAG collaboration 

 Negative TARGTCNS preclinical data 

Upcoming Key Events/Catalysts: 

 October 24-29, 2016 (AACAP 2016) – Non-interventional Phenotype/Genotype ADHD Data  

 4Q 2016 – NFC-1 top-line phase II/III SAGA mGluR+ ADHD data 

 4Q 2016 – Initial NFC-1 phase I/II open-label portion 22q11.2DS data 

 4Q 2016 – Additional TARGTCNS preclinical data 

 4Q 2016 – MDGN002 phase I pIBD trial initiation 
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 1H 2017 – NFC-1 phase I/II placebo-withdrawal portion 22q11.2DS data 

 mid-2017 – initial MDGN002 phase I pIBD data 

 2017 – Potential additional asset license(s) via CAG collaboration 
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