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Introduction 

 

Major discoveries often defy intuition and change the way we view the world. Leo 

Tolstoy wrote in the second and concluding epilogue of War and Peace, “It is true that we do 

not feel the movement of the Earth, but by admitting its immobility, we arrive at absurdity, while 

by admitting its motion (which we do not feel), we arrive at laws.”  

It is often only in retrospect, in sorting through the data, that the greatest truths emerge. 

In FOP as well, our cherished beliefs often fall victim to prevailing evidence.  

“In every work of genius,” noted Emerson, “we recognize our own rejected thoughts; 

they come back to us with a certain unaleniated majesty.” 

 During the past two years, four FOP research studies from five institutions, using clinical 

case studies and animal models with features of FOP, each stumbled across the same truth - or 

collided with it. It was not what happened, but rather what did not happen, that captured the 

attention of the investigators.  

 “We pushed and we expected our world to move, but surprisingly it stood still,” said one 

investigator. “FOP is caused by a damaged gene, but the damaged gene alone was not sufficient 

to cause flare-ups. Time after time, experiment after experiment, it was not sufficient. What 

could possibly be going on?”  
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 “As always,” wrote the anthropologist Loren Eiseley in The Unexpected Universe, “there 

is an apparent break, a rift in nature before the insight comes.” 

 To better understand the epiphany and its importance to FOP, we will digress for a 

moment.  

“Metaphor,” as the biologist and author Stephen J. Gould wrote, “is no more than a 

means of moving an idea from one place to another.”  

 The writer Arthur Ransom noted, “All the most exciting charts and maps have places on 

them that are marked, “unexplored.”  

“But, of true places,” remarked Herman Melville, “they are never down on any map.”  

Elugelab is one of those places.  

Elugelab?  

Where is Elugelab, and what does it have to do with FOP? Perhaps, in some strange way, 

it invites a meaning deeper than one might imagine.  

Elugelab was a tiny island, part of Enewetak Atoll in the Marshall Islands - just a few 

acres of coral and sand rising out of a mile-wide reef - a lush green mound emerging from the 

deep blue of the central Pacific Ocean.  

“For centuries” wrote Dick Dunlap, “natives visited Elugelab to gather coconuts and 

roots, fish its reefs, and take shelter from raging storms.” 

But, they no longer do. That all changed at 7:15 a.m. on Saturday, November 1, 1952, 

when Elugelab was blown to kingdom come - 90 million tons of coral, sand, reef, palm and 

coconut trees, vaporized in a second - transformed from a tiny little island into a deep sea canyon 

in an incredible metamorphosis.  

What exactly happened at Elugelab, and what does this have to do with FOP?  
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 A picture from Elugelab, taken the day before the island disappeared, holds a clue. The 

picture shows five scientists, smiling and relaxed, standing in front of an enormous corrugated 

steel shack, code-named, “Iron Mike.” Inside the shack, safely stored, was a thermos of 

refrigerated liquid deuterium, heavy hydrogen, surrounded by an atom bomb. Without a trigger, 

nothing would happen. The trigger, an electronic switch, was safely locked away until the next 

morning. When it was activated, the switch triggered the atom bomb whose chain reaction 

produced enough energy to detonate the thermos of deuterium, stored harmlessly until that 

moment, inside “Iron Mike.”  

The immense energy released from the chain reaction destroyed Elugelab. Without the 

trigger and the detonator, absolutely nothing would have happened. With it, catastrophe.  

 The fireball, over three miles wide, ballooned into a mushroom cloud that rose to an 

altitude of 25 miles above the Earth. The blast created a crater more than a mile in diameter, 164 

feet deep, where Elugelab had once been, now no more than an underwater canyon filled by the 

deep blue waters of the Pacific, a lagoon for radioactive fish. Elugelab had undergone a 

metamorphosis from a quiet, little island of palm trees into the roiling furnace of the sun as a 

result of the world’s first test of a hydrogen bomb. 

FOP flare-ups have two phases - a highly destructive phase (the atom bomb) 

characterized by a chain reaction of inflammation that detonates a highly formative phase (the 

hydrogen bomb) characterized by the creation of cartilage and bone that destroys all semblance 

of normal form and function.  

“Everything was fine,” described a young FOP patient from Norway. “I did everything 

other kids did; played sports, loved basketball. I was a normal kid. Nothing was wrong. Then, I 

woke one morning and couldn’t straighten my leg. They did scans. They said I had a tumor. I 
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had an operation. Six weeks later, I couldn’t move anything. It was a like a hydrogen bomb went 

off in my body.” 

 As the anthropologist Loren Eiseley wrote in The Invisible Island, “One cannot help but 

dwell upon the hidden powers that produce so delicate a balance between freedom and 

catastrophe.”  

 Sometimes, the last things we learn are the first things we knew. Sometimes, the 

background is the painting. Sometimes, what goes on behind the scenes is, in fact, the real play.  

Over the vaults of the world’s nuclear stockpiles hangs an implacable truth, as accessible 

as air: Atom bombs detonate hydrogen bombs.  

In plain English, powerful destructive forces trigger and detonate powerful formative 

ones. Trauma triggers inflammation, and inflammation detonates metamorphosis. Elugelab and 

FOP. 

For many years, we said that an FOP flare-up was like an atom bomb, a bad switch due to 

a faulty gene. The episodic nature of FOP always suggested that the mutation alone would be 

insufficient. The FOP gene sets the stage. It is the fuse, but it is not enough. It must be triggered 

and detonated, and when it is, it sets in motion a chain reaction that obliterates all semblance of 

normality.  

 Immunological features of FOP were recognized long ago. Many puzzling features of the 

disease strongly implicated an inflammatory trigger:  

 Episodic disease flare-ups are associated with a bewildering array of conditions: tissue 

trauma, viruses, intramuscular immunizations, muscle fatigue - to name a few. 
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• Monocytes, lymphocytes, and mast cells (cellular members of the immune 

system) are inflammatory actors right out of central casting. These are the exact 

cells that accumulate in affected skeletal muscle and are associated with its 

destruction during the earliest phases of an FOP flare-up. 

• Early FOP flare-ups respond dramatically to corticosteroids, powerful anti-

inflammatory medications.  

• Long periods of disease quiescence occur between FOP flare-ups, reminiscent of 

the exacerbation and remission cycles of patients who have asthma, multiple 

sclerosis or rheumatoid arthritis, three autoimmune disorders triggered and 

sustained by inflammation. 

• Long periods of disease quiescence occur when patients are taking 

immunosuppressive medications, commonly prescribed following organ 

transplantation. 

 

In 2005, prior to the discovery of the FOP gene, we wrote that the myriad clinical, 

pathological, and epidemiological features of FOP suggested that the immune system played a 

prominent and provocative role in the pathophysiology of the disease. We were right, but we did 

not fully realize then the entire magnitude of the problem. It was the immune system, called into 

action by many different types of macroscopic and/or microscopic triggers, that was the atom 

bomb. The subsequent inflammatory chain reaction detonated and unleashed an even more 

powerful hydrogen bomb of ectopic cartilage and bone formation in the setting of an unstable 

and broken fuse – the FOP receptor.  
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 The first clue came years ago when lymphocytes, monocytes and other cells of the 

immune system were first found in the earliest FOP lesions. We did not know then whether the 

immune system was the cause of the problem or its effect. It turned out; it was both.  

An article published in 2007 in The Journal of Bone and Joint Surgery provided 

compelling insight from a single FOP patient who underwent bone marrow transplantation for 

the treatment of an unrelated bone marrow disorder. Something just didn’t seem right. While the 

bone marrow transplantation expectedly cured the patient’s fatal bone marrow disorder, it did not 

cure the FOP. However, when the new immune system, a life-saving gift from the patient’s 

unaffected sister, was modulated with powerful immunosuppressive drugs (something that had to 

be done to prevent it from attacking the rest of his body), the FOP became quiescent. Stunningly, 

years later when the immunosuppressive drugs were discontinued, the FOP bomb exploded. 

 When the FOP gene was discovered, attention shifted from the immune cells to the FOP 

gene, the lead actor in the play. But most plays are not a one-man show and require a supporting 

cast - FOP is no exception. Many attempts to introduce the FOP gene into animal models to 

create new bone led to a dead end, or to use a now familiar metaphor, a hydrogen bomb just 

sitting there in a metal shack on a nice quiet desert island.  

 A study by Lixin Kan and colleagues from Northwestern University, published in Stem 

Cells, and using the FOPPY mouse, a mouse that over-expresses BMP4 at the neuromuscular 

junction, provided another clue. Dr. Kan and colleagues, whose work was supported by a 

Developmental Grant from the Center for Research in FOP and Related Disorders, showed 

through two different and elegant approaches, that macrophages originating from the immune 

system were required to detonate flare-ups triggered by soft tissue injury. If the macrophages 

were disabled, not much happened. Kan and colleagues further showed that once flare-ups were 
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triggered, lymphocytes played a prominent role in the propagation or spread of the FOP-like 

lesions.  

 Another study by Paul Yu, Charles Hong, and colleagues from Harvard and Vanderbilt 

Universities that was published in Nature Medicine, provided additional evidence that an 

artificially mutant copy of the ACVR1 gene in skeletal muscle did nothing, absolutely nothing. 

However, when the gene was triggered with a virus, it was like triggering a hydrogen bomb. If 

the inflammation was prevented, the chain reaction did not occur, and if the chain reaction did 

not occur, the bomb did not explode. 

 In a seminal study, published recently in The Journal of Bone and Joint Surgery from 

The University of Pennsylvania and The University of Connecticut, Vitali Lounev and 

colleagues showed that FOP-like lesions could not be induced reproducibly in FOPPY mice 

unless they were triggered by trauma and detonated by inflammation. Eliminating the traumatic 

trigger and the inflammatory detonator eliminated the flare-ups, just like inactivating the bomb 

on Elugelab. No trigger, no chain reaction, no detonation, no explosion, despite the thermos of 

liquid deuterium (or the presence of the FOP gene).  

 In summary, data from multiple laboratories strongly suggest that the FOP gene is 

necessary but insufficient to detonate a flare-up. Injury of some sort, macroscopic or 

microscopic, may be required to trigger an inflammatory chain reaction (an atom bomb) that 

destroys skeletal muscle and detonates an explosive soft tissue flare-up (a hydrogen bomb) that 

creates a new skeletal element in the setting of a damaged gene. The final proof, however, will 

await detailed studies of the immunological triggers in a real FOP mouse (more on that later).  

 But, for the meanwhile, how do these new revelations translate into developing therapies 

for FOP? Immediately - with new insight that inflammatory triggers really do make a difference; 
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perceptibly - with new knowledge that triggers come in all different shapes and sizes, from 

macroscopic injuries to microscopic viruses; functionally - with new understanding that all 

triggers large or small are connected directly to the detonator of inflammation and that when 

inflammation is safely suppressed, not much happens; and practically - with new options that 

might be used to dampen the inflammatory detonator, as safely as possible, until more insight 

and better solutions arise.  

But, all of this, especially the last point, comes with an urgent note of caution: Tampering 

with the immune system is tricky, dangerous business and can quickly become life threatening. 

The same cells that are involved in triggering the formation of a second skeleton are also 

involved in protecting the body from infection. These dual roles cannot be separated; at least, not 

yet. No new immune suppressing regimen should be undertaken anecdotally or without the 

closest consultation and monitoring in well-designed clinical trials. Ongoing studies in animal 

models will pinpoint appropriate targets for safe therapy.  

“Once the complete mechanism is understood,” said one investigator, “the treatments will 

become obvious and inevitable.”  

 As T.S. Eliot wrote in the Four Quartets: 

“We shall not cease from exploration, 

And the end of all our exploring 

Will be to arrive where we started 

And know the place for the first time. 

Through the unknown remembered gate 

When the last of Earth left to discover 

Is that which was the beginning.” 
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Arthur C. Clarke (1917-2008), a giant of science fiction literature said, “The only way of 

discovering the limits of the possible is to venture way past them into the impossible.”  

The nuclear physicist, J. Robert Oppenheimer said the following about optimism in the 

face of despair: “It has led us up those last few steps to the mountain pass; and beyond, there is a 

different country.”  

 A different country, indeed.  

FOP research is now in a period of major transition as we evolve from the era of the gene 

discovery into the era of molecular mechanisms, animal model development, and drug discovery. 

Each year, the horizon changes as new truths are revealed and we move closer to our ultimate 

goal - the successful treatment and eventual cure of FOP.  

 During the past several years, members of the FOP Research Consortium have: 

 

• Discovered the FOP gene 

• Identified major clinical and molecular variants of FOP 

• Modeled the structure of the mutant protein encoded by the FOP gene and 

identified a previously unrecognized and unstable switch, enabled by the FOP 

mutation. 

• Demonstrated that the mutant FOP receptor has leaky BMP signaling when it 

should be at rest and hyper-responsive BMP signaling when triggered by signals 

in the cellular microenvironment 

• Recognized that circulating monocytes and tissue macrophages are critical 

inflammatory detonators of FOP flare-ups 
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• Revealed progenitor cells expressing vascular markers that contribute to every 

stage of the FOP lesion 

• Showed that hypoxia dramatically enhances BMP signaling in FOP cells  

• Unveiled a key co-conspiratory protein, FKBP12 (FKBP1A), that normally acts 

as a safety lock for ACVR1, but binds less efficiently to the mutant (FOP) 

receptor and thus causes it to be extremely unstable 

• Used the mutant FOP gene to rescue a lethal ACVR1 knockout in zebrafish, thus 

demonstrating functional over-activity of the FOP gene in an animal model 

• Developed a chimeric mouse model of FOP 

• Identified a class of compounds that partially inhibit FOP-like lesions in animal 

models and that may serve as a basis for future drug development. 

 

In this Eighteenth Annual Report, we will review many newsworthy stories of the past 

year, including those outlined above. Our goal is not to overwhelm with technical detail, but to 

provide a snapshot of the ongoing work - of the breadth and depth of the commitment, of the 

extraordinary focus and collaborative nature of the mission, and of the immediate insight and 

long-term value of the discoveries - while keeping in mind our shared and common goal - the 

treatment and cure of FOP. 

 For those who wish to delve deeper, we refer you to previous annual reports, especially to 

numbers 15-17 (2006-2008), for background information on the FOP gene discovery, and to our 

numerous publications that contain abundant technical information.  

 For those who wish to go even further, feel free to write or phone. As always, we will do 

our best to answer your questions in a timely manner. 
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 Now, some of the other headlines of 2008. 

 

1.  

Examining the Fuse of the FOP Hydrogen Bomb 

 

On January 1, 2009, at the center of the editorial page of The New York Times, a 

headline read: “Looking out for unique possibilities.”  

There was no text. There didn’t need to be.  

Underneath, there was a magnified picture of a solitary snowflake.  

 Each snowflake is a unique crystal showing hexagonal symmetry resulting from the 

tetrahedral arrangement of hydrogen bonds in each water molecule. The three-dimensional 

structure of crystals is also at the very center of our understanding of FOP. Complex biological 

switches, such as the FOP receptor, are composed of proteins, and proteins, in their most basic 

form, fold to create crystals.  

The FOP receptor is a crystalline switch that is broken at a very specific place. In order to 

understand how the switch is broken and how that affects its structure and interactions with other 

proteins, it is necessary to produce pure crystals of the normal and mutant proteins and study 

them in truly minute detail at the atomic level.  

 In the introduction, we spoke of injury and inflammation, the trigger and detonator of the 

FOP fuse. But, how is the fuse broken? Even more importantly, why do we need to know?  

The reason we need such knowledge is that the broken fuse is at the very center of the 

FOP hydrogen bomb. Sure, the broken fuse may not be enough. It may need the “atom bomb” of 

inflammation to detonate it. But, conversely, inflammation alone will not cause a flare-up 
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without the broken fuse. There are more than six billion people on the planet who have had 

inflammation in their muscles, and they don’t have FOP flare-ups. Thus, we need to understand 

precisely on an atomic level how the switch is broken in order to fix it, or bypass it - in other 

words to design effective treatments to prevent the detonation of devastating FOP flare-ups.  

 The way to determine the structure of the damaged switch (encoded by the mutant FOP 

gene) is by the process of x-ray crystallography. X-ray crystallography is the science of 

determining the arrangement of atoms within a crystal from the manner in which a beam of x-

rays is scattered by the atoms within the crystal. The method produces a three-dimensional 

picture of the atoms from which their chemical bonds, their specific interactions, and their three-

dimensional structure can be derived. That three-dimensional structure provides a critical picture 

for the medicinal chemists, scientists who design and engineer drugs to fit like keys in a lock.  

 As a well-known corporate motto proclaims, “Only people who see things differently can 

give you a different point of view.”  

The computer modeling of the control and FOP ACVR1 crystals provide stunning atom-

by-atom predictions of the broken fuse. But, that is only a model. We need a picture of the real 

thing.  

As Leonardo Da Vinci wrote, “Dispel from your mind the thought that an understanding 

of the human body in every aspect of its structure can be given in words.”  

 If the major advance in FOP research in 2008 was a dramatic insight into the nature of 

the trigger and detonator of the FOP hydrogen bomb (flare-up), then the next major advance on 

the horizon may be a real picture of the crystalline fuse - the guts of the hydrogen bomb that is 

detonated by inflammation.  
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 So how is the work progressing to crystallize the normal and mutant proteins that make 

up the fuse of the FOP “hydrogen bomb?”  

 A recent confidential report from a noted chemical company that was contracted to purify 

ACVR1 protein is filled with intrigue. Much of it is highly confidential and cannot be revealed 

here. However, we can say that the report describes the purification of “weapons grade” receptor, 

the material that will allow the reformation of a pure crystal, the fuse of the FOP hydrogen 

bomb. Sequestered safely in the research laboratory, the pure compound is being used to 

generate the unique crystals. In a way, this is like the FOP Manhattan Project - highly technical, 

extensively ramified, with implications that go far beyond what is obvious to any single 

investigator. The work is of profound importance to our understanding of the mutant fuse that is 

the center of the FOP hydrogen bomb. 

 Jay Groppe, Professor of Biomedical Sciences at Baylor College of Dentistry and Texas 

A&M University Health Science Center, has been working diligently on this project and has 

been consulting with colleagues in industry, at the Salk Institute, and at the Argonne National 

Laboratories. In the next few years, clear pictures will emerge – atom-by-atom, more complex 

than a snowflake, and with a terrifying beauty that will give us all - and ultimately the disease 

itself - the weapons to stop it. 

 

2.  

The Unstable FOP Fuse 

 

As Albert Einstein said, “The world is not only stranger than it appears, but stranger than 

we can imagine.”  
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While we do not yet have an atom-by-atom picture of the broken fuse that is the driving 

force of an FOP flare-up, we have used insights from biochemical experiments to identify an 

abnormal interaction between the mutant FOP receptor and its co-conspiratory proteins. One of 

those proteins, FKBP12 (FKBP1A), may play a critical role in silencing the FOP fuse when it is 

supposed to be inactive, or in the “off” position. The mutation that causes FOP dramatically 

interferes with the “safety lock” in the FOP receptor creating the highly dangerous and unstable 

fuse that is the critical component of the FOP hydrogen bomb. The loss of binding of the mutant 

receptor to FKBP12 (FKBP1A) may, at least in part, create the instability of the fuse. That’s 

what the data show. The exact dimensional details of that interaction are being calculated, atom-

by-atom.  

 

3.  

FOP: Where the Air is Thin 

 

The air we breathe contains 21 percent oxygen, but by the time it gets to the tissues inside 

our body, it is much more diluted. At the site of an injury and subsequent inflammation, the 

concentration of oxygen is reduced further. This, of course, has important implications for FOP.  

 Computer modeling of the mutant FOP fuse predicts that it is sensitive to a low oxygen 

micro-environment around and within the FOP cell. Clinically, it is possible that a low tissue 

oxygen microenvironment, present at the site of soft tissue injury, could promote increased BMP 

signaling through the sensitized mutant receptor in FOP patients. We recently began to test 

whether a low oxygen concentration could enhance the activation of the mutant FOP receptor 

and thus trigger a chain reaction of increased BMP signaling that would fuel a flare-up. 
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Preliminary studies strongly support this hypothesis and provide the first evidence that a low 

oxygen concentration in the cellular microenvironment of the FOP fuse may be an important 

mediator of inflammation-induced activation of FOP flare-ups. Preliminary findings, reported by 

Haitao Wang and colleagues from the FOP Laboratory, were presented at the 2008 Annual 

Meeting of the American Society for Bone and Mineral Research, in Montréal, Canada. 

Presently, this work is the subject of intensive ongoing investigation and has important 

therapeutic implications. 

 

4.  

What FOP Variants Teach Us 

 

In 2008, we published a major research article on classic and atypical cases of FOP. In 

addition to patients with classic FOP, we identified a small number of individuals with unusual 

forms of FOP. Although these patients formed heterotopic bone, they had either additional 

features that were not commonly associated with FOP (FOP Plus), or they had major variations 

in the classic defining features of FOP (FOP Variants).  

 Among all of our patients with FOP, we identified 20 who showed notable variations in 

the clinical presentation of FOP. Most of these variations occurred in the great toes, and they 

included a group of patients who had severe malformations of the great toes, as well as a group 

of patients who had almost no malformations of the great toes.  

 The goal of the study was to examine detailed clinical features in a large cohort of 

patients to determine whether the same mutation associated with classic FOP was present in all 
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patients with FOP-like heterotopic ossification. Interestingly, we found that all patients with 

either classic or atypical forms of FOP had mutations in the ACVR1 gene.  

 We also found that small variations in the DNA sequence of the FOP gene resulted in 

large variations in the clinical features of the condition. Such variations provide deep insight into 

the mechanism of FOP.  

 Most interestingly, we found that those who had variations in toe malformations (either 

less severe or more severe than the classic malformations) had different mutations that localized 

to distinct sites in the ACVR1 gene. Our data suggest that correlations exist between the severity 

of the toe malformations and the exact location of the DNA mutation in the ACVR1 gene. 

 Identification of disease-causing mutations in ACVR1 that lead to classic and variant 

forms of FOP has important diagnostic and therapeutic implications. The discovery of mutations 

in ACVR1 identifies this receptor as a pharmaceutical target for the development of small 

molecule inhibitors as well as other therapeutic strategies, currently being investigated. However, 

in addition to treating FOP, inhibition of ACVR1 might have a significant role in treating 

common acquired disorders of unwanted bone formation. Conversely, the mutations of FOP and 

its variants might be harnessed for tissue engineering to form bone for therapeutic applications. 

 This research, published in Human Mutation in December 2008, described 112 patients 

with classic FOP, FOP Plus, or FOP variants. Additional important papers on FOP variants were 

presented and/or published in 2008 from our collaborators in Italy, Japan, and the United 

Kingdom. 
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5.  

Nature’s Tool Kit for Building a Second Skeleton: Clues from the Dinosaurs 

 

A study published recently in the Journal of Bone and Joint Surgery (by the FOP 

Research Laboratory at The University of Pennsylvania, along with collaborators at The 

University of Connecticut) described the discovery of progenitor cells that form a second 

skeleton in conditions of BMP-induced heterotopic bone formation. Unexpectedly, a major 

repository of progenitor cells for extra-skeletal bone formation exist deep within skeletal muscle 

and other connective tissues, and belong to a lineage of cells that become blood vessels. 

However, the study identified the lineage of only half of the cells that are present in heterotopic 

bone, indicating that other critical pools of progenitor cells remain to be identified.  

 The study used genetically engineered mice to permanently label progenitor cells from 

specific tissue and cell lineages and follow them through the renegade bone formation process 

under the influence of the powerful skeletal stimulating hormones, the bone morphogenetic 

proteins (BMPs). The study has particular importance for understanding FOP as well as other 

more common forms of heterotopic ossification that occur following brain injury, spinal cord 

injury, athletic injury, and war injury, for example. 

 The study unites the inflammatory response to injury with responding progenitor cells 

from the blood vessel lineage that together orchestrate the metamorphosis of muscle to bone. The 

interaction of blood vessel cells with immune cells appears to ignite the explosive bone 

formation when the genetic switch is damaged or overactive, as in FOP, a phenomenon that has 

important implications for understanding bone formation in normal and pathologic conditions.  
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 By identifying the interaction of key cellular and molecular elements in the 

metamorphosis of muscle to bone, the study points the way to designing more effective 

treatments for undesirable bone formation as well as for engineering new bone where it may 

desperately be needed, such as in congenital malformations, fractures, spinal fusions, and bone 

loss from tumors.  

Dr. David Goldhamer, Professor of Developmental Biology at the University of 

Connecticut and a co-author on the study, noted, “BMPs regulate a vast number of essential 

physiological processes. For this reason, development of therapies for heterotopic ossification 

that specifically target the offending progenitor cell populations is of primary importance in 

order to minimize side effects. Identification of progenitor cells directly involved in heterotopic 

bone formation is thus a critical first step toward this goal.” 

 In summary, the study showed that progenitor cells of vascular origin respond to an 

inflammatory trigger, differentiate through an endochondral bone forming pathway, contribute to 

every stage of the pre-osseous scaffold, and form heterotopic bone in response to promiscuous 

BMP signaling in animal models of FOP. The study suggests that the heterotopic skeleton of 

FOP is not only supplied by a rich vasculature, but appears to be constructed in part by cells of 

vascular origin. Further, the study strongly suggests that dysregulation of the BMP signaling 

pathway, as well as an inflammatory microenvironment, are both required for the formation of 

FOP lesions.  

 The study provides dramatic new insight into the cellular pathophysiology of heterotopic 

ossification and demonstrates that progenitor cells for FOP-like heterotopic ossification reside, at 

least in part, in the muscle vasculature.  



18th Annual Report 19 

 While it is well known that heterotopic bone is supplied by a rich vasculature, no one 

suspected that cells from the blood vessels, when triggered by cells from the immune system, 

could undergo a metamorphosis that becomes the second skeleton. It is exciting and humbling to 

discover key interacting components of one of nature’s ancient tool kits that have been around 

since the time of the dinosaurs. 

 We also turn to three-year-old Miranda Friz and her bother Owen from Burnaby, British 

Columbia, Canada, for further insight into just how important and ancient this process is. In a 

letter dated February 2008, Karen and Peter Friz, the parents of Miranda and Owen wrote: 

Dear FOP Research Team: 
 
For our summer vacation, the Friz family went on vacation to Alberta, Canada. 
One of our stops was in Drumheller to visit the world-renowned Tyrell Museum 
of Paleontology. At the Tyrell Museum, we learned much about dinosaurs. In 
particular, we leaned about one group of dinosaurs called the Ankylosaurs. 
Ankylosaur, as you may know, means fused lizard. These dinosaurs are called 
ankylosaurs because they had numerous plates and lumps of bone covering their 
backs, tails, and heads. The bony pieces were fused together. Unlike the bone 
produced by FOP, which is undesirable and harmful, the bony coverings of the 
ankylosaurs were put to excellent use protecting them from ferocious meat-eating 
dinosaurs, like Tyrannosaurs Rex!  
 

We are sure that as a result of your dedicated efforts, a day will come when FOP bone no 

longer troubles our community. A day will come when lumps and bumps of bone will be found 

only where they should be - on ankylosaur skeletons.” 
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6.  

Zebrafish: A Minnow of Maxi Importance 

 

Bruce Alberts, the Editor-in-Chief of Science, wrote in a recent editorial:  

We have all been taught that the shortest distance between two points is a straight 
line. But, the same idea has been repeatedly proven not to be true for progress in 
medical research. Why? I certainly support a head-on assault against diseases 
wherever possible. But, critical medical insights frequently arise from attempts to 
understand fundamental mechanisms in organisms that are much easier to study 
than humans. With so many mysteries remaining about the incredibly 
sophisticated chemistry of life, it is certain that future medical breakthroughs will 
depend to a substantial extent on research on organisms that are much smaller and 
easier to investigate than our selves. This counterintuitive fact may need to be 
much better conveyed to the public if we are to make sound investments for 
improving health. 
 

 Last year, once again, we entered the aquatic realm of the tiny zebrafish for some our 

most subliminal and unexpected insights into FOP. Zebrafish, or danio rario, is a tropical 

freshwater fish belonging to the minnow family and an important model organism in scientific 

research. The zebrafish is native to streams of the South-eastern Himalayas. Importantly, 

zebrafish embryonic development, as in all fish, occurs outside the mother’s body, and because 

of their small size and hardy nature, is conducive to being monitored under laboratory 

conditions. For example, the tiny zebrafish is an extremely valuable animal model for studying 

the effects of BMP signaling during early development. It shares the same BMP genes as humans 

and is much easier to study.  

 In 2008, two of the world’s leading experts in zebrafish biology, Dr. Mary Mullins at the 

University of Pennsylvania and Dr. Charles Hong at Vanderbilt University, made extraordinary 

contributions to the study of FOP.  



18th Annual Report 21 

 The world’s expert on the FOP gene (ACVR1) in zebrafish, Dr. Mary Mullins, is 

Professor of Developmental Biology at the University of Pennsylvania, a serendipitous 

occurrence that facilitates close collaborative interaction with the FOP core laboratory.  

 Coincidentally, Dr. Mullins had been working on the ACVR1 gene (called Alk8 in 

zebrafish) prior to the discovery that mutations in that gene caused FOP. Dr. Mullins had 

previously discovered that when both copies of the ACVR1 gene are genetically knocked-out (or 

removed) from zebrafish embryos, severe developmental malformations occur. Microinjection of 

messenger RNA encoded by the normal human ACVR1 gene into zebrafish embryos partially 

rescued the embryos, and the malformations were less severe. In 2007, Dr. Mullins discovered 

that microinjection of messenger RNA encoded by the mutant ACVR1 gene (FOP) into zebrafish 

embryos over-corrected the ACVR1 deficiency. This critical experiment in vertebrate embryos 

demonstrated the important proof-of-principle that the mutant FOP gene was indeed an 

overactive gene.  

 In 2008, Dr. Mullins showed that the ACVR1 (Alk8) gene in zebrafish does not act alone 

but in consort with another BMP type I receptor. These results suggest a surprising co-

dependence of BMP receptors in the FOP signaling process, and have extremely important 

clinical implications for developing therapies for FOP. These findings will have to be verified, of 

course, in human cells and in mouse models of FOP.  

  Additionally, to the delight of all, Dr. Mullins has made major advances in developing a 

transgenic FOP zebrafish that will be instrumental in the study of FOP. Preliminary studies 

further support that the FOP mutation is an activating mutation that enhances BMP signaling, 

both at rest and after simulation with BMPs.  
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 Dr. Mullins’ experiments are vitally important not only in elucidating developmental 

effects of the FOP gene mutation, but also for screening large pharmaceutical libraries for 

compounds that block overactive BMP signaling in living organisms. And this brings us to the 

extraordinary work of our collaborator Dr. Charles Hong, M.D., Ph.D., Assistant Professor of 

Medicine and Pharmacology at Vanderbilt University in Nashville Tennessee, who is the hero of 

our alluvial adventure in FOP drug development.  

 In 2007, Dr. Hong visited the FOP Lab at the University of Pennsylvania to describe his 

groundbreaking discovery of Dorsomorphin, the first small molecule inhibitor of BMP type I 

receptors. Dorsomorphin was identified from among thousands of compounds, by screening for a 

molecule that could block BMP signaling in zebrafish development. Dr. Hong and colleagues 

showed that Dorsomorphin selectively inhibited all BMP receptors, including ACVR1. 

Preliminary experiments performed in collaboration with colleagues from Saitama Medical 

University (Saitama, Japan), Harvard University, and the University of Pennsylvania, showed 

that Dorsomorphin can block BMP signaling in mouse muscle stem cells into which the FOP 

gene was artificially introduced. This work, under the direction of Dr. Take Katagiri in Saitama, 

Japan, was published in 2008 in The Journal of Biological Chemistry. 

 More recently, in a paper in Nature Medicine, Dr. Hong and his colleagues showed that 

Dorsomorphin can partially inhibit heterotopic ossification in a mouse model of artificially-

activated ACVR1. Inspired by the possibility of using drugs like Dorsomorphin and its 

derivatives to better treat and possibly cure FOP, Dr. Hong applied for and received a 

Developmental Grant from the Center for Research in FOP & Related Disorders at the 

University of Pennsylvania. Dr. Hong wrote:  
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I am honored to submit this application to the Developmental Grants 
Program at the University of Pennsylvania, to help find the cure for FOP. My 
laboratory has been engaged in discovering drug-like molecules that control cell 
fates by looking for compounds that can disrupt embryonic body axis using 
zebrafish. Through this approach, we successfully identified Dorsomorphin, the 
first selective inhibitor of BMP type I receptors.  

Since Drs. Shore’s and Kaplan’s group at the University of Pennsylvania 
had shown that FOP was caused by abnormal BMP signaling due to the mutation 
in the BMP type I receptor ACVR1, I am hopeful that BMP inhibitors like 
Dorsomorphin could one day lead to treatment for FOP. 
 On hearing of my work, Drs. Kaplan and Shore graciously invited me to 
their laboratory to discuss our findings and to explore ways to work together. 
They also invited me to the 2007 IFOPA Symposium in Orlando, where I 
witnessed the devastation that FOP had on affected children. Like every physician 
and scientist who attended the meeting, I was struck by the courage and hope 
exhibited by patients and families affected by FOP. As a physician-scientist, this 
was a remarkable event, which allowed me to see that my research could make a 
real difference to those afflicted with this utterly devastating childhood disease. 
 I am hopeful for the children and adults afflicted with FOP. Understanding 
the molecular mechanisms behind this previously mysterious illness, along with 
the discovery of small molecules that could selectively block the disease process, 
are major advances. 
 However, there remain numerous hurdles to finding a safe and effective 
treatment for FOP. Working together with Drs. Kaplan and Shore, and other 
dedicated physicians and scientists, I hope to contribute to this important 
endeavor by developing more potent and safer inhibitors of BMP signaling.  
 
Sincerely yours,  
 

Charles C. Hong M.D., Ph.D. 
Assistant Professor of Medicine and Pharmacology 

Vanderbilt University School of Medicine 
Nashville, Tennessee 

 

To Drs. Mullins, Hong, and colleagues, goes our admiration and gratitude. Already, their 

work has stimulated enormous interest and excitement in the FOP community and intensive 

work on discovering more specific Dorsomorphin derivatives and better animal models in which 

to test their in vivo effects. Dorsomorphin and its presently available derivatives may not yet be 

the miracle drugs for FOP, as we will see in the next section of this report, but the research 

pioneered by Drs. Mullins, Hong, and colleagues, takes us a giant step forward. 
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7.  

What Should Be Done to Cure Him: Lightning or the Lightning Bug for FOP?  

 

A father from India writes:  

 

Hello Dr. Kaplan,  
 
When I tell people that my daughter is suffering from a condition that does not 
have a cure in modern medicine, they are baffled and almost unable to believe this 
could be true. That makes me wonder. With so many advances in modern 
medicine: we have conquered plague, malaria, smallpox, tuberculosis, and other 
devastating illnesses, prolonged people’s lives through pacemakers, ventilators, 
and performed complicated surgical procedures to separate twins at birth, and 
things that were possibly unimaginable even a few decades ago, why don’t we 
have some kind of treatment to disrupt the activities of a malfunctioning FOP 
gene? I am not even asking for medications to silence the gene, but just some 
medication that can prevent the results of its rogue activity. Is it that modern 
medicine draws a blank when it comes to genetic diseases in general?  
 
Thanks.  
 
Sincerely,  
Ram 
 

Dear Ram: Work is proceeding not only to block and disable the damaged FOP gene, but 

also to target the triggers, cells and cellular microenvironment that are critical parts of the 

pathway. While exciting progress is being made, there are both predicted and unforeseen 

obstacles to progress - all surmountable, in time. We are wrestling with the pitfalls and 

challenges of drug development and proceeding boldly to solve them. 

 Recently, we published an editorial describing the discovery of the Dorsomorphin class 

of molecules that partly inhibit FOP-like heterotopic bone formation. This work was made 

possible by the seminal discovery of the FOP gene. While Dorsomorphin derivatives are not the 
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only avenue to potential therapy, they are certainly ones that have received much attention in 

2008, and they continue to hold much promise. But, we are not there yet.  

As the editorial (reproduced below) makes clear, hope and caution must be balanced in 

order to develop safe, specific, and effective drugs that can be brought to the clinic. 

 

The Editorial 

 

For nearly three centuries, fibrodysplasia ossificans progressiva (FOP), one of the most 

disabling conditions known to mankind has seemed to many like a hopeless cause. The 

childhood victims of this rare musculoskeletal sabotage appear physically normal at birth except 

for characteristic malformations of the great toes. That is the last time, however, that life appears 

relatively normal for the world’s approximately 700 known individuals with this condition. Soon 

thereafter, usually between two and five years of age, children with FOP succumb to progressive 

and episodic waves of inflammation-induced ectopic skeletogenesis that transform the body’s 

soft connective tissues into an armament–like encasement of bone, in effect, a second skeleton. 

Massive and rapidly appearing soft-tissue swellings (flare-ups), usually triggered by minimal 

trauma, are often the first sign of the metamorphosis. Ribbons, sheets, and plates of heterotopic 

bone replace the body’s soft connective tissues, span the joints, lock them in place, and relegate 

its victims to a state of permanent and lifelong immobility. Any attempt to remove this 

heterotopic bone leads to additional episodes of explosive soft tissue swelling and subsequent 

new bone growth. Although corticosteroids may greatly ameliorate symptoms of acute flare-ups, 

their long-term use in prevention or treatment is questionable. 
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 FOP, known by many names throughout history, was first placed on the medical and 

scientific agenda by John Freke, a London physician, who wrote to The Royal Society on April 

14, 1736: “There came a boy of healthy look, and about 14 years of age, to ask of us at the 

hospital, what should be done to cure him of many large swellings on his back which began 

about three years since and have continued to grow as large on many parts as a penny-loaf, 

particularly on the left side. They arise from all the vertebrae of the neck and reach down to the 

os sacrum; they likewise arise from every rib of his body and joining together in all parts of his 

back, as the ramifications of coral do, they make, as it were, a fixed bony pair of bodice.” 

 What should be done to cure him? Nearly two centuries later, in 1918, Jules Rosenstirn 

of San Francisco wrote: “One does not wonder that a disease, so baffling in its course from the 

first causes to its ultimate state, should invite the speculative as well as the patiently investigating 

observer to lift the obscuring veil and solve this embarrassing puzzle.” 

 An embarrassing puzzle it remained for nearly another century until early 2006 when the 

FOP gene was discovered with a liberating wave of hope. As Ian Cali, a young man with FOP 

said upon learning of the gene discovery and upon understanding the insight it provided for an 

eventual treatment and cure, “It is no longer a matter of if, but a matter of when.” 

 In reality however, cures for rare genetic diseases are rare occurrences. Shakespeare 

wrote, “Diseases desperate grown, by desperate appliance are relieved, or not at all.” But, 

desperation can give rise to reason, reason to inquiry, inquiry to discovery, and discovery to 

knowledge. Knowledge is a powerful medicine.  

 Coincidental discoveries often propel science and medicine in serendipitous and 

unanticipated ways. The discovery of the FOP gene, coupled with the extraordinary specificity of 

the causative mutation in a highly conserved bone morphogenetic protein (BMP) receptor, 
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immediately predicted the discovery of known molecules to block it. “With so much being 

discovered about how the BMPs act,” said Brigid Hogan, a prominent developmental geneticist, 

nearly a decade earlier in response to emerging discoveries in FOP, “it might be possible to 

develop drugs that would block some part of the BMP pathway, and therefore prevent the 

progression of what is a horrible nightmare disease.” 

 What should be done to cure him? Recently, Charles Hong and colleagues, working in 

the field of cardiovascular research, re-discovered a unique signal transduction inhibitor 

compound C that was initially identified as an inhibitor of AMP activated kinase (AMPK) 

activity. By screening a large library of chemical compounds for their ability to dorsalize 

zebrafish embryos and thereby inhibit BMP signaling, Hong and colleagues found that 

compound C (which they renamed Dorsomorphin) could non-specifically inhibit all BMP type I 

receptors. They also discovered that Dorsomorphin specifically inhibits the Smad limb of the 

BMP signaling pathway without affecting transforming growth factor-beta (TGF-β) or p38 

MAPK activity. Thus, Dorsomorphin provides a powerful new tool for dissecting the effects of 

BMP signaling.  

 The recurrent and highly specific mutation in the gene encoding Activin receptor 

1A/Activin-like kinase 2 (ACVR1/ALK2) that causes FOP was originally suspected to be a 

constitutively active mutation. However, recent studies have shown that while FOP cells exhibit 

a low level of ligand-independent (constitutive) activity, they also exhibit robust non-constitutive 

activity in response to ligand. These and other FOP studies, conducted collaboratively by 

scientists at The University of Pennsylvania in Philadelphia (USA), The Max Planck Institute for 

Molecular Genetics in Berlin (Germany), Harvard University (USA), and Saitama Medical 

University in Saitama (Japan), show that basally active BMP signaling in FOP cells, mediated 
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through the Smad pathway, can be blocked by Dorsomorphin, the compound recently described 

by Charles Hong and his colleagues. These studies establish the proof-of-principle that 

promiscuous BMP receptor activity, as in FOP, could be blocked, at least in part, by 

Dorsomorphin.  

 What should be done to cure him? In the December 2008 issue of Nature Medicine, in 

a paper entitled “BMP Type I Receptor Inhibition Reduces Heterotopic Ossification,” Yu et al. 

examine a more selective derivative of Dorsomorphin in an animal model of inflammation-

induced heterotopic ossification. In their study, the authors show that a newer, more potent, and 

slightly more specific derivative of Dorsomorphin (LDN-193189; DM-3189) partially blocks 

heterotopic ossification caused by an artificially constructed and constitutively active mutation of 

ACVR1/ALK2 that is conditionally triggered by an inflammatory viral stimulus. Despite the 

claims in the abstract, the Dorsomorphin derivative was not tested against the classic FOP 

mutation in this study nor was it very effective in blocking heterotopic chondrogenesis or 

ossification induced by the constitutively active mutation. In their study, Yu and colleagues were 

not able to accomplish what Noggin, a secreted BMP antagonist, did with similar specificity five 

years earlier. Interestingly, the study showed that corticosteroids, a standard symptomatic 

treatment for early FOP flare-ups, were just as effective as the Dorsomorphin derivative in 

preventing inflammation-induced heterotopic ossification in their model, albeit with greater 

systemic side effects. The authors further suggest that the newer Dorsomorphin derivatives might 

be developed as a treatment for FOP, something that gives us all great hope. However, despite 

their impressive work, the authors do not explicitly acknowledge either the surrogate nature of 

their FOP model or the fact that not a single FOP patient in the world suffers from the genetic 

mutation studied in their system.  
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 What should be done to cure him? While the Yu et al. study makes an important 

contribution towards developing treatments for heterotopic ossification and possibly for FOP, 

lest we succumb to irrational exuberance, there are important matters to consider and perhaps 

occasion for pause:  

 

1. Although several animal models, including the one used by Yu et al., mimic various 

clinical and molecular features of FOP, none of these models reproduces the features 

of classic FOP, nor the distinct molecular mechanisms of FOP. The mutation that 

causes classic FOP is recurrent and highly specific in all affected individuals. 

Although the constitutively active mutation at codon 207 and used by Yu et al. has 

features of FOP-like bone formation, it is not FOP, nor is its molecular mechanism 

the same. There are no known FOP patients in the world who harbor the mutation 

tested in the present study. 

2. Although the highly specific and recurrent mutation in ACVR1 (R206H) that causes 

FOP in all classically affected individuals exhibits low level basal constitutive BMP 

activity through the Smad signaling pathway, the mutant receptor also displays 

impressive responsiveness to stimulation by BMP ligands and other extracellular 

mediators through the p38MAPK pathway. This branch of the ACVR1-regulated 

BMP signaling pathway is completely unresponsive to Dorsomorphin and its 

derivatives, and does not appear to be relevant to the codon 207 mutation studied by 

Yu and colleagues. Thus, the model studied by Yu et al. may not provide an accurate 

representation of the ability of Dorsomorphin derivatives to block heterotopic 

ossification in classic FOP.  
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3. The effects of Dorsomorphin derivatives (regardless of dose) are far more potent and 

non-specific than simply blocking promiscuous ACVR1/ALK2 activity in FOP. 

Currently available Dorsomorphin derivatives block all BMP-specific Smad 

phosphorylation from BMP type I receptors.  

4. In a zebrafish model of classic FOP, Dorsomorphin causes severe lethal 

embryopathy, and in post-natal mouse studies causes seizure activity (unpublished 

results), a recently noted and atypical feature of FOP. Whether newer Dorsomorphin 

derivatives are more specific and less toxic in animal models of classic FOP remains 

to be tested. 

5. Only testing in an animal model of classic FOP (presently in progress) will indicate 

how effective Dorsomorphin derivatives may be in preventing or abrogating the 

pathologic features of classic FOP, suffered by real FOP patients. 

6. Dorsomorphin and its derivatives are one of several novel therapeutic approaches 

presently being studied in FOP, based on the recent gene discovery. Others include 

blocking monoclonal antibodies, BMP antagonists, inhibitory RNA, and agents to 

alter the intracellular microenvironment of an early FOP flare-up. It is still far too 

early to determine which approach or combination of approaches may be most 

beneficial to FOP patients. Presently, all are being robustly investigated. 

 

What should be done to cure him? FOP is a catastrophic disease with unimaginable 

human suffering. Affected patients and their families are vulnerable to hype, and are suspicious 

of inflated claims. While studies on Dorsomorphin derivatives provide much hope, much 

additional work needs to be done before any novel compounds can be brought to the clinic. 
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Dorsomorphin derivatives must be tested for efficacy, not in a surrogate model, but in an animal 

model of classic FOP, and must be fully vetted for safety in several animal models before testing 

in humans could be considered. Safety and pharmacokinetic studies are mandatory. Much 

additional work needs to be done, and is underway. 

 The literature is filled with examples of promising signal transduction inhibitors that fail 

in the safety arena because of lack of specificity. Unfortunately, neither Dorsomorphin nor any 

of its recently synthesized derivatives is specific for the FOP gene and none have been tested in a 

model of classic FOP. As with Noggin, Dorsomorphin derivatives are non-specific, thus 

effectively blocking all BMP type I receptors as well as AMP kinase to a lesser degree. Their 

chronic use, an almost certain necessity for FOP patients, would likely cause toxicity. There is 

much opportunity here for medicinal chemists and x-ray crystallographers who are already 

working diligently to solve this important roadblock to chronic therapy. The short-term use of 

Dorsomorphin derivatives may actually not be necessary, if corticosteroids, as suggested by Yu 

et al. are equally effective. Possibly, the compounds could be used in tandem or sequentially to 

lessen mutually exclusive side effects. Of note, in the current treatment of FOP, corticosteroids 

are routinely used to ameliorate the symptoms of acute FOP flare-ups, and if used early enough 

in the course of a flare-up, may abrogate symptoms entirely. Further experimentation will help 

clarify these issues.  

 Dorsomorphin and its derivatives are not the first treatments to be proposed for FOP, nor 

will they be the last. As Jules Rosenstirn noted in 1918, “The disease was attacked with all sorts 

of remedies and alternatives for faulty metabolism; everyone of them with more or less marked 

success observed solely by its original author, but pronounced a complete failure by every other 

follower.”  
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 What should be done to cure him? For FOP patients and their families, for whom this 

work means the most and for whom the most is at stake, there is reason for hope. But there is 

also ample reason for reserve. At the very least, Dorsomorphin and its derivatives are powerful 

new tools to dissect the intricacies of BMP signaling in FOP and in other disorders of 

dysregulated BMP pathway activity. Dorsomorphin and its derivatives are possibly more, but it 

is much too early to know.  

 FOP patients and their families, as with individuals who have any rare and devastating 

disorder, look for every word of hope. But the difference between hope and hype is one letter. As 

FOP patients and their families know from the story of the FOP gene discovery, one letter can 

change the meaning of a word (especially a genetic word) and that can alter the destiny of a 

human life.  

 As Mark Twain wrote in a letter in October 1888, “The difference between the almost 

right word and the right word is really a large matter – it’s the difference between the lightning 

bug and lightning.” Whether Dorsomorphin derivatives are just lightning bugs or are real 

lightning is yet to be determined. For the FOP community, the FOP gene discovery was a 

lightning strike, as it illuminated the way to the next horizon. If the next generation of 

Dorsomorphin derivatives, presently being developed by several laboratories, proves to be 

effective, safe, and specific in animal models of classic FOP, and eventually in patients, it may 

be a case of lightning striking twice. As John Freke asked nearly three centuries ago after seeing 

a young man with FOP who sought his help: “What should be done to cure him?”  

 Two hundred seventy-two years later, we still do not have a definitive answer, but at least 

now, we have some hope and a glimmer of light.  
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8.  

FOP: Counting the Chickens  

Before They Hatch 

 

At the Max Planck Institute for Molecular Genetics in Berlin, they not only count the 

chickens before they hatch, but they also count their toes! In 2008, Dr. Petra Seemann, a young 

biologist at the Institute, dramatically enhanced our understanding of the actions of the mutant 

FOP gene during development. When a normal copy of the ACVR1 gene is injected into the 

developing limb buds of chicken embryos, not much happens. But, when a mutant (FOP) copy of 

the ACVR1 gene is injected into the developing limb buds, the chickens are hatched with 

malformed great toes, just like in FOP!  

 For this work, Dr. Petra Seemann has been awarded a Developmental Grant from the 

Center for Research in FOP and Related Disorders at the University of Pennsylvania. Dr. 

Seemann’s research project will use the chicken as a model organism to study the molecular 

mechanism by which mutations in classic FOP and its variants cause disease. The influence of 

the mutant gene on cartilage differentiation will be analyzed by several different methods that 

will enhance our understanding of the molecular, cellular, developmental mechanisms that cause 

FOP.  

 This work will be instrumental in helping us better understand the molecular mechanisms 

by which the mutant FOP gene causes disease symptoms and will provide important new insight 

for drug development. 

 When describing her work to the Review Committee, Dr. Seemann wrote:  
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I am a biologist working at the Max Planck Institute for Molecular 
Genetics in Berlin, Germany, in the field of biomedical research with a focus on 
BMP signaling and associated skeletal diseases. I became scientifically interested 
FOP when I read the breakthrough discovery on the identification of the gene 
causing FOP published by Shore et al in 2006 in Nature Genetics. Shortly, 
thereafter, I had the privilege to meet with Drs. Shore and Kaplan in person. I was 
fascinated with their mission to help patients with FOP, to understand the 
underlying pathomechanism of FOP, and to develop a treatment for FOP. As a 
result, we set up an intense collaboration for studying the effect of the FOP 
mutation during development.  
 In 2007, Drs. Kaplan and Shore invited me to attend the Fourth 
International Symposium on FOP in Orlando, Florida. I was very excited about 
this opportunity because as a biologist, I had never had direct contact with 
patients before. This fantastic symposium really changed my life in many 
different ways. I have not only seen patients - I made friends. I was deeply 
impressed by the FOP families: their love and power to fight against all of the 
daily difficulties dealing with FOP, and in addition to that their work in building a 
worldwide FOP network to distribute information and disseminate knowledge.  
 I am now a member of the FOP organization, and my work on the biology 
of FOP means much more to me than just a scientific task. It has become a 
personal matter. During the last year, I was able to establish a young and highly 
motivated research team, and we are all looking forward to increasing our 
scientific activities in the FOP field - ultimately for the benefit of the patients and 
their families.  
 
Sincerely yours,  
 

Petra Seemann, Ph.D. 
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9.  

Lord of the Flies: A New Buzz for FOP  

 

“Daddy said they haven’t found all the animals in the sea yet.” 
- William Golding, Lord of the Flies 

 

Dr. Kristi Wharton, Professor of Medical Sciences at Brown University in Providence, 

Rhode Island, continues her groundbreaking studies on the role of the FOP gene (called 

saxophone; or sax for short) in fruit flies. Flies don’t have bones and people don’t have wings, 

but just as humans have an internal skeleton, flies have an external skeleton, and the ACVR1 

gene (sax) plays a critical role in its formation and maintenance.  

 The last time flies and humans shared a common ancestor was approximately 550 million 

years ago, long before dinosaurs appeared on the Earth. Yet studies by Dr. Wharton in 2008 

showed that the FOP receptor has similar structure and function in flies and humans. That 

remarkable fact has astounding functional implications and enables detailed in vitro and in vivo 

studies of the FOP gene in fruit flies, a far easier job than studying it in vertebrates.  

 Dr. Wharton wrote, “We are very pleased to find that ACVR1 has similar properties to 

sax, and we hope to have some transgenic flies in the next several months.” In vivo analysis of 

FOP transgenic flies will be invaluable in understanding the pathophysiology of the FOP 

mutation in humans. Already, detailed studies of FOP mutations in the fruit fly have revealed 

new secrets of the FOP gene. A detailed description awaits peer review and publication, and we 

will keep you informed of those developments.  
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10.  

The Year of the Mouse, and the Mouse of the Year 

 

Meiqi Xu, a co-discoverer of the FOP gene, reminded us that 2008 was officially “the 

year of the rat,” but no one, not even in China, would argue that for FOP, it was also “the year of 

the mouse.” 

At least four different mouse models, all with variable features of FOP, have been 

developed and all have been invaluable in understanding both the prenatal and postnatal features 

of the condition. However, while there have been many “knock-offs” of the FOP mouse, there 

has really been only one “knock-in,” and those findings have been revelatory.  

Numerous chimeric mice, containing both normal and FOP cells, were born in 2008, and 

many of those mice had a high proportion of cells with the classic FOP mutation. Analysis of 

young chimeras through physical examination, microscopy, and radiography revealed clinical 

features consistent with those of FOP patients, including short, malformed great toes. 

 The FOP chimeric mouse was first unveiled by Drs. Shore and Chakalakal from the FOP 

Laboratory at a plenary session of the annual meeting of the American Society for Bone and 

Mineral Research in Montréal, Canada in September 2008, and again by Dr. Shore at a special 

session of the First Scientific Conference on Advances in Rare Bone Diseases at the National 

Institutes of Health in Bethesda, Maryland in October, 2008. Work to obtain germline 

transmission continues. Such an animal model will provide the best system for testing new 

medicines for FOP and other conditions of heterotopic ossification.  
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11.  

A High-Tech Stop for FOP 

 

FOP flare-ups make more than just bone; they make more skeleton. In FOP flare-ups, the 

body forms a cartilage scaffold out of soft connective tissue and then in the final stages of 

development converts it to bone. Recent work has identified specific BMP inhibitors of the 

Dorsomorphin class of molecules that can reduce ectopic bone formation in vivo when the 

mutant FOP gene is locally expressed in a mouse limb. While promising, the small molecule 

signal transduction inhibitors (reviewed earlier in this report) did not appear to inhibit the initial 

formation of the cartilage scaffold.  

 In order to model early events in an FOP flare-up including the formation of the cartilage 

scaffold, Dr. Robert Mauck and colleagues at the University of Pennsylvania have been studying 

cartilage formation from connective tissue stem cell pellets in the presence of specific biofactors. 

The investigators are presently applying a new high throughput screening (HTS) technology to 

examine thousands of different pellets simultaneously. HTS uses precise robotic liquid handling 

systems and multi-well plate systems, and requires the development of sensitive, but easily 

quantifiable assays. HTS is a useful tool in drug discovery, and few studies have used this 

approach to study inhibition of cartilage formation. An HTS assay for cartilage formation would 

provide a novel screening platform for drug discovery in FOP. 
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 With Developmental Grant support from the Center for Research in FOP and Related 

Disorders, Dr. Mauck and colleagues have developed an assay system using high throughput 

screening of compounds that inhibit cartilage scaffold formation, the precursor to FOP bone. 

This novel assay system was recently described in their first publication on this topic in The 

Annals of Biomedical Engineering. To demonstrate the capacity of this new assay system, they 

used it to screen two large chemical libraries containing thousands of compounds of FDA-

approved molecules. The researchers identified several molecules, not previously known to 

influence cartilage formation, and then used secondary screening methods to validate their 

findings. Additional assay development will further refine the approach with greater sensitivity 

and at earlier time points.  

 With this new tool in hand. Dr. Mauck and colleagues are screening a larger chemical 

library made available by the National Institutes of Health. This chemical library is particularly 

valuable as it contains more than 200,000 compounds of unknown action, and thus holds 

incredible untapped therapeutic potential. Screens are now underway using this library and will 

be conducted over the next several months. Identified molecules will be tested on connective 

tissue stem cells or tooth pulp cells donated from FOP patients. 

 With these chemical screens, Dr. Mauck, and colleagues hope to identify novel 

therapeutic agents that can inhibit the early process of cartilage and bone formation, and thus 

identify potential candidates for treating FOP.  
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12.  

FOP: Let’s Face It 

 

Minor physical features of genetic conditions can provide important clues to underlying 

molecular pathways responsible for the conditions, and identification of those pathways can lead 

to the development of more effective therapies to treat them. Anyone who has ever attended an 

FOP symposium or family gathering has noticed that there are remarkable facial similarities 

between unrelated individuals who have FOP. The most prominent facial feature noted in 

patients with FOP is undergrowth of the mandible (or jaw bone) associated with an overbite that 

seems to occur in many by the second decade in life regardless of whether or not there is fusion 

of the jaw. However, knowledge can fundamentally bias what one sees, and a rigorous approach 

to studying facial features is critically important in further characterizing the craniofacial 

phenotype of FOP. Such knowledge would help us better understand the developmental events 

that lead to jaw dysfunction in FOP. 

 Professor Peter Hammond, from The University College of London, is the world’s 

leading expert on the genetics of facial morphometry. Professor Hammond attended the Fourth 

International Symposium on FOP in Orlando in 2007, and conducted a detailed study of facial 

features in patients who have FOP. Professor Hammond’s stunning images have enabled him to 

perform detailed mathematical analysis of the facial features of FOP.  

 In late 2008, Drs. Kaplan and Shore met with Professor Hammond at the Royal College 

of Surgeons in London to review the preliminary findings of the study and to determine what 

additional information would be necessary to derive the most useful conclusions. FOP patients 
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who participated in this study have recently been contacted for additional information that will 

help in interpreting the preliminary findings that Professor Hammond has made.  

 When completed, Professor Hammond’s study will provide a detailed understanding of 

the craniofacial features of FOP and will suggest how the renegade BMP signaling pathway 

predisposes FOP patients to jaw involvement and other features that are identified. We thank all 

of those who have volunteered for this important study. We will keep you informed as the 

analysis progresses, and as findings are validated. 

 

13.  

Banner Headlines for FOP Lecture  

 

 Researchers from the University of Pennsylvania School of Medicine presented 

groundbreaking research studies at the Annual Meeting of the Society for Developmental 

Biology, which was held from July 26-30, 2008 on the Penn campus. Highlights of Penn’s 

scientific presentations included a keynote lecture by Dr. Eileen Shore on: “Fibrodysplasia 

ossificans progressiva (FOP): How does one tissue become another?” Dr. Shore discussed 

the molecular genetics of FOP and how its signaling pathway was a therapeutic target not only 

for patients with FOP, but also for others who have more common conditions of too much and 

too little bone formation. 

 Nearly 800 developmental biologists from around the world attended the meeting in 

which Nobel Laureate Eric Wieschaus, current president of the Society, assembled a program of 

45 distinguished lecturers. In addition to the keynote lecture by Dr. Shore, invited speakers 

included Nobel Laureate Christiane Nüsslein-Volhard, who won the Nobel Prize in physiology 
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and medicine (with Dr. Eric Wieschaus and Dr. Edward B. Lewis) in 1995 for her discoveries on 

the genetic control of early embryonic development. 

 

14.  

The International FOP Co-Laboratory 

 

Joshua Lederberg (1925-2008), a Nobel Laureate and President of the Rockefeller 

University, was one of the great biologists of our time. He was awarded the Nobel Prize in 1958 

for work that established the field of molecular genetics. Later in his career, he developed the 

concept of the “co-laboratory,” a virtual collaboration across geographic boundaries.  

 The Lederberg concept of a co-laboratory was championed by Dr. William N. Kelley, 

former Dean of the University of Pennsylvania School of Medicine, and endorsed by the Cali 

family at a seminal meeting with Dr. Kelley in the late 1990’s. It was the Lederberg concept, the 

Kelley championship, and the Cali endorsement that led to the formation of the Center for 

Research in FOP and Related Disorders at the University of Pennsylvania. The Center, and its 

unique Developmental Grants Program funded by the Ian Cali Endowment, has expanded the 

horizons of FOP research well beyond the physical boundaries of a single geographic location 

into a true international co-laboratory.  

 Recently, Dr. Arthur Rubenstein, the current Dean of the University of Pennsylvania 

School of Medicine, had the vision to permit expansion of the program beyond the University of 

Pennsylvania to other institutions in the United States, and most recently in 2008, to FOP 

researchers in the international scientific community. With the vision of Dr. Lederberg, the 

inspiration of Dr. Kelley, the foresight of Dr. Rubenstein, and the incredible generosity of the 
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Cali family, the Center for Research in FOP and Related Disorders and its associated novel 

Developmental Grants Program has flourished during the past decade for the benefit of the FOP 

community worldwide.  

Presently, the Developmental Grants Program supports work by eight principal 

investigators at six institutions including the University of Pennsylvania, Brown University, 

Baylor University, Vanderbilt University, Northwestern University, and the Max Planck Institute 

for Molecular Genetics. 

 In 2008, the Developmental Grants Program supported the following investigators: 

 

• Mary Mullins, Ph.D., at the University of Pennsylvania, who has created an 

FOP model in zebrafish in order to study the BMP signaling pathways involved 

in abnormal embryonic patterning and ectopic bone formation.  

• Charles C. Hong, M.D., Ph.D., at Vanderbilt University, who has successfully 

used zebrafish chemical genetics and modern synthetic chemistry to discover 

candidate drugs for FOP including his novel discovery of the Dorsomorphin 

class of molecules, reported in 2008. 

• Robert Mauck, Ph.D., at the University of Pennsylvania, who has developed 

high throughput assays for screening large FDA and NIH-approved small 

molecule libraries for factors that alter the formation of the cartilage scaffold on 

which the FOP “second skeleton” is built. 

• Jason Burdick, Ph.D., at the University of Pennsylvania, who is studying non-

viral gene therapy approaches for bone growth, based on the discovery of the 

FOP gene. 
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• Kristi Wharton, Ph.D., at Brown University, who is studying Saxophone, the 

Drosophila homologue of ACVR1 (the FOP gene), to elucidate fundamental 

mechanisms of the BMP signaling pathway relevant to FOP. 

• Jay Groppe, Ph.D., at Baylor University, who is studying the structural basis of 

ACVR1 dysregulation in FOP using x-ray crystallography to create detailed 

atomic models of the normal and mutant ACVR1 receptor, work that is essential 

for successful drug development. 

• Lixin Kan, Ph.D., and Jack Kessler, M.D., Ph.D., at Northwestern University, 

who are using the FOPPY mouse model (which they developed) to study the 

biological basis of myoclonus (a type of muscle seizure disorder) that occurs in 

some individuals with FOP. 

• Petra Seemann, Ph.D., at the Max Planck Institute for Molecular Genetics in 

Germany, who is studying the molecular mechanisms of skeletal malformations 

in FOP using the chicken embryo model system.  

 

Each of our distinguished research colleagues and collaborators has made important 

contributions to the understanding of FOP, and has greatly enriched the concept of the FOP “co-

laboratory” inspired by Joshua Lederberg, implemented by Deans William Kelley and Arthur 

Rubenstein and carried forward inspirationally by the Cali family. 
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15.  

Bone in Unwanted Places: A Meeting at the Royal College of Surgeons  

 

“Bone in Unwanted Places,” an international conference on ectopic ossification with 

particular reference to fibrodysplasia ossificans progressiva (FOP), was held on November 13-

15, 2008, at the Royal College of Surgeons in London, England, U.K. The meeting, supported by 

the Wellcome Trust and the Royal Microscopical Society, was organized by Professor James 

Triffitt of Oxford University, and featured invited speakers from Europe including the United 

Kingdom, France, Italy, and Germany.  

 Professors Kaplan and Shore, specially invited guests from the United States, presented 

lectures on FOP and its variants, FOP stem cells, and in vivo models of FOP. Other noteworthy 

presentations included those from Professor Roger Smith on an overview of ectopic ossification, 

Professor James Triffitt on osteogenic stem cells, Professor Allan Boyd on three dimensional 

microscopy of heterotopic ossification, Professor Graham Russell on cellular mechanisms of 

bone formation and metabolism, Professor Nick Athanasou on the pathology of soft tissue 

ossification, Professor Ostlere on imaging ectopic ossification, Professor Catherine Shanahan on 

vascular osteogenesis, Professor Peter Hammond on facial morphometry in FOP, Professor 

Martine Le Merrer on clinical experience on FOP in France, Professor Roberto Ravazzolo on 

studies of the ACVR1/ALK2 gene in FOP patients in Italy, Ms. Kristin Petrie (a graduate student 

from Oxford University) on genetic analysis of FOP patients from the United Kingdom, 

Professor Petra Knaus on BMP signaling pathways in heterotopic ossification and tissue 

regeneration, and Professor Petra Seemann on limb development and BMP pathway mutations.  
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 The meeting was organized around events at The Royal College of Surgeons to honor the 

lives of Mr. Jeffs, Joyce Miller, and Sarah Cameron, FOP patients whose skeletons were on 

display at the Royal College. The skeleton of Mr. Jeffs is part of the Hunterian Collection from 

the 1700s, and is one of the oldest known FOP skeletons in the world. Sarah Cameron and Joyce 

Miller, both well known in the FOP community, willed their bodies to medicine following their 

death. Sarah and Joyce were particularly inspired by Harry Eastlack who has played such an 

important role in the education of students, scientists, and physicians over the past 35 years since 

his death, and whose skeleton is on display at the Mutter Museum of the Philadelphia College of 

Physicians. The unveiling of the meticulous skeletal preparations at the Royal College of 

Surgeons was an educational highlight of the meeting and revealed important physical features 

of FOP to many physicians and scientists in attendance.  

 Another highlight of the meeting at The Royal College of Surgeons was the exhibition 

entitled “Delineating Disease” which featured drawings by Lucy Lyons, a doctoral student of 

fine arts at the City of Guilds of London Art School. Lucy used the medium of drawings to 

explore the impact of FOP on people’s lives. Based on a three-year project, Lucy’s drawings 

traced both the impact of the disease within the body and the process by which these pathological 

changes affected the lives of those who have them. The entire meeting at the Royal College was 

an important scientific gathering and educational experience for all involved. 

 



18th Annual Report 46 

16.  

FOP Participates in Rare Bone Disease Conference at NIH 

 

Last fall, the FOP community was invited to participate in a groundbreaking scientific 

and medical conference at the National Institutes of Health (NIH) in Bethesda, Maryland. The 

meeting was conceived several years earlier by Hillary Weldon, a trustee of the U.S. Bone & 

Joint Decade, and a generous patron of FOP research, and by Charlene Waldman, the Executive 

Director of The Paget Foundation. The meeting, entitled “The First Scientific Conference on 

Advances in Rare Bone Diseases,” was designed to advance knowledge of rare bone diseases, 

to foster an exchange of ideas between the nation’s major organizations representing rare bone 

diseases, and to encourage research in all rare bone diseases. 

 The two-day conference at the NIH highlighted plenary lectures by some of the nation’s 

leading bone biologists on a variety of scientific topics of general interest to the Rare Bone 

Disease community, as well as “state of the art” lectures by physicians and scientists performing 

cutting-edge research on each of the conditions represented at the meeting.  

 Dr. Kaplan provided a major overview of progress in FOP research since the gene 

discovery in 2006, and Dr. Shore discussed progress on development of the FOP mouse model, 

both to a packed audience of leading bone biologists. Representatives from the other rare bone 

diseases provided similar updates and progress reports. 

 The format of the meeting encouraged robust and dynamic interaction between rare 

disease organizations at the administrative, scientific, medical and patient level. Evening 

brainstorming sessions, labeled “fireside charts,” were held by each group to outline future 

research directions for the representative disorders. The meeting was attended by members of the 
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rare disease organizations, and was enthusiastically received by physicians, scientists and 

patients alike. Congratulations to Hillary, Charlene, and all of the organizers of this extraordinary 

and groundbreaking event.  

 

17.  

Connecting Cultures on Both Sides of the Taiwan Strait 

 

Dear Dr Kaplan,  
 

For the past eight years, the Taiwan Foundation for Rare Disorders 
(TFRD) has strived to improve the life of patients with rare diseases. We assist 
rare disease patients to receive proper medical treatment and rehabilitation, 
securing orphan drugs and fulfilling the needs of rare disease patients for 
education, employment, and long-term care. Furthermore, TFRD advocates the 
adoption of relevant legislation and ensures rare disease patients’ rights, 
encourages rare disease research, and raises public awareness for rare diseases.  
 Each year, we invite researchers or groups whose specific concerns are 
rare disorders from around the world to hold workshops or activities.  
 We have great admiration for your work and for the dedication of your 
group. Your medical research lights a torch for FOP patients to keep going in 
their lives. We would like to invite you for a public lecture on FOP at the National 
Cheng Kung University Medical Center in May 2008. Your participation would 
be of tremendous importance to our medical community on FOP. 
 We sincerely hope that you will accept this invitation to spend several 
days here in Taipei and Tainan with physicians, nurses, medical students, and the 
public who is concerned about this disease.  
 Thank you and best regards. 
 

Y-T Chen, M.D., Ph.D. 
Chairman, Board of Directors 

Taiwan Foundation for Rare Disorders 
  

The following report from the Taiwan Foundation for Rare Disorders (TFRD) was 

subsequently posted on their website: 
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A Transnational Friendship Built on FOP:  
The First Remarkable FOP Forum in Taiwan 

 
Fibrodysplasia ossificans progressiva (FOP) is a very rare inherited 

disease with a prevalence of one in two million. In Taiwan, out of 23 million 
people, there are only five known FOP patients at present. It shows how rare this 
disease is!  
 In order to stimulate medical discussion and offer opportunity for patients’ 
families to share their experience, we invited Dr. Frederick S. Kaplan from the 
University of Pennsylvania School of Medicine, Dr. Carol-Zapata Whelan, the 
author of the fascinating book, Finding Magic Mountain: Life With Five 
Glorious Kids and a Rogue Gene called FOP, and her son Vincent Whelan, who 
has FOP, to visit Taiwan.  
 On May 19, together with the Genetics Center of the National Cheng 
Kung University Hospital, we held a forum for FOP in Tainan. The Director of 
the Genetics Center, Dr. Jean Lin, hosted the forum and introduced the guests to 
the audience. During the main lecture, Dr. Kaplan reported the latest research on 
FOP, describing the point mutation found in all patients with classic FOP 
worldwide. He emphasized the importance of disseminating accurate knowledge 
on FOP, accurate and prompt diagnosis, injury prevention, and the development 
of new highly specific drugs to combat the condition.  
 After Dr. Kaplan’s lecture, enthusiastic, warmhearted Dr. Carol Zapata-
Whelan shared several life stories with FOP families. These stories come from 
different countries, and all of them are very touching and inspiring. The audience 
was moved by their bravery and perseverance, especially the story of her son 
Vincent who, despite the hardship caused by FOP has never given up. With the 
support and love of his family, Vincent made up his mind to be a doctor to serve 
other FOP patients in the future. Vincent recently received acceptance from the 
University of California Medical School at Irvine and will fulfill his dream of 
being a doctor. He spoke brilliantly about his passion for his upcoming medical 
studies. 
 Three special guests also attended the forum; the main actors and actress 
of the FOP film, Wudang Shao Nian, joined us to give their encouragement. 
Wudang Shao Nian is the story of a young boy who had been dreaming of 
learning Kung Fu (martial arts) at Wudang Mountain, the most famous place in 
the world for learning Kung Fu. When he traveled to Wudang Mountain with his 
mother, he found it impossible to learn Kung Fu, for he had FOP. Despite this, he 
persevered and was able to triumph over his physical limitations. The film, which 
will be released in Taiwan and in Mainland China in 2009, was inspired by Carol 
Zapata-Whelan’s book, Finding Magic Mountain. Dr. Kaplan said this film will 
raise great awareness of FOP in China, and that it will help a lot of FOP patients 
on both side of the Taiwan straits. 
 After the forum, another remarkable event was the meeting of the five 
FOP families from Taiwan. In the past, the FOP families in Taiwan fought the 
disease alone. This first gathering was an excellent chance for them to share with 
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each other their experiences with FOP and the experience of nurses who help 
them. Drs. Kaplan and Lin examined the patients together. 
 On the second day, Dr. Kaplan, Dr. Whelan and Vincent Whelan gave 
lectures on FOP, this time in Taipei. All three attended an FOP teaching clinic at 
the Veteran General Hospital in Taipei. Following these lectures, TFRD invited 
the Chief Editor of Living Psychology Publishers to host an interview with Dr. 
Kaplan, Dr. Whelan, and Vincent, as well as three other families whose children 
have rare disorders. With this interview, we hoped to share with the public in 
Taiwan the courageous life stories of these incredible families - how they face the 
severe disease in their life with positive attitudes and optimistic minds. We 
encouraged the patients with rare disorders to walk into the sunlight to share their 
difficulties and get proper support, rather than hiding in a gloomy corner with 
sorrow.  
 

 It was a great honor to have Dr. Kaplan, Dr. Carol Zapata-Whelan, and her brave son 

Vincent, and all of the courageous FOP families in Taiwan who did their best to unite and 

provide support for FOP patients all over the world. 

 

 

18.  

New Jersey High School Students  

Visit FOP Lab  

 

Newark Academy has been a staunch supporter of the FOP Laboratory for the past five 

years, raising approximately $80,000 for the FOP cause. In January 2008, a large contingency of 

the student body of Newark Academy visited the FOP Laboratory at the University of 

Pennsylvania. One of the teachers from the Newark Academy, Deborah A. Tabias, wrote the 

following to Amanda Cali, former Chairman of the Board, and current Board Member, of the 

IFOPA, about the visit:  
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I wanted to thank you for a wonderful day! You know that I love biotechnology! 
No doubt, I truly enjoyed the science. However, there was the human element that 
was radiating from all corners of the room, which took the center stage for me. I 
was inspired by the dedication, the sense of purpose, and the camaraderie of the 
Lab staff. The interaction with our young people was genuine and heartfelt and 
our kids responded. Thank you for letting me be part of it. 

 

The Newark Academy FOP Lab visit was a grand success. The students were asked by 

one of their teachers to write down their thoughts on the visit to the FOP Lab as they returned to 

school later that afternoon. The comments were extraordinary, and a few are excerpted below: 

First, I thought it was extremely impressive how many students turned out today, 
and notably the array of students. Not just seniors, but all grade levels came, and 
really cared about the topic and what was being done. I was mostly impressed 
about the FOP mice - a brilliant, intricate, and technical concept. The technicality 
and intricacy of FOP and the work that goes into the research thoroughly goes 
unspoken - this was eye-opening.  

- Matt Ainsley, grade 12 
 

I found the research on tissue growth to be particularly fascinating. To me it was 
fascinating to hear how tissue is analyzed, specifically how it can form bone. I 
thought it was great how people across the globe are in contact and are working 
together to find a cure. I think this teamwork is a sign of great things to come. 

- David Ulrich, Grade 12 
 

I thought it was really cool that they took us into the room with the woman where 
the FOP gene was found. It just shows that important things can be found 
anywhere by anyone. She wasn’t a famous researcher in a fancy lab, just a 
hardworking lady in regular lab room.  

- Ryan Diehl, Grade 12 
 

I love the FOP team at U Penn. I feel like all of the money we raised is going to 
very good use now that I have visited the Lab. I learned a lot from the researchers. 
Now, I can go back home and educate more people about FOP and give them a 
better understanding of what it is. 

 - Kyle Ostroff, Grade 11 
 

This was an extremely worthwhile trip. While not only bringing my attention to 
the progress that the FOP Lab has made, the trip has shown me the path to the 
future. The trip motivated me to continue the support for the Lab and spread more 
awareness to those who I know. I feel privileged to have had that opportunity. 

 - Ashley Ulrich, Grade 9  
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It was fascinating to learn about the process of figuring out which gene caused 
FOP. I will definitely keep myself updated with the newest research on FOP.  

- Liza Seiden, Grade 9 
 

I now understand just how important it is to continue to support these 
hardworking scientists and how the research they are doing can benefit people all 
over the world with all conditions. Thank you. 

- Elizabeth Celebre, Grade 9 
 

The entire Lab is different than normal research labs. I was inspired by their 
description of discovering something new, and instead of repeating the same 
experiments over and over, they build on it and move forward.  

- Gen Geiger, Grade 12 
 

I enjoyed hearing about the production of the FOP mice and watching the 
dedication that these doctors have shown to this cause. I gained an understanding 
of how the world is affected by this disease - and how few people have been 
diagnosed. The Lab was very interesting; I now realized what delicacy and care is 
present when working in these areas.  

- Rebecca Ellis, Grade 9 
 

I found one of the doctors very inspiring in his exhaustive dedication to climbing 
to the summit and beyond in FOP, and his eloquence in describing the process 
that he and his team went through in finding the FOP gene. He describes his work 
with a series of anecdotes and analogies that really help to deliver the significance 
of isolating the FOP gene. I also found it very interesting that the idea that first 
led him to the FOP gene was bone deformity in chickens! 

- Emily Erickson, Grade 10 
 
During our trip today, I became more and more informed about how expensive 
this disease is. It also occurred to me that I don’t have to sit around wondering 
what I think I should do about this issue. I have come to the conclusion that 
everyone can make a contribution to helping people with FOP find a cure so that 
they can move freely again. It hit me that I take too much for granted while doing 
intense sports like track and cross- country. A lot of us take that for granted as 
well, and in saying this, I think it is crucial that we do the work and provide 
opportunities for our fellow brothers and sisters in allowing them to move.  

- Dudley Charles, Grade 10 
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19.  

Top Honors in Genetics Class 

 

 In late August 2008, on his way to college at the University of Delaware, Ian Cali 

stopped off at the University of Pennsylvania to participate in a groundbreaking educational 

program. Ian shared his life experience with FOP with first-year Penn medical students as part of 

their course in human genetics.  

Following a brief lecture by Drs. Shore and Kaplan, Ian told the students what it is like to 

live with FOP, and how it affects not only his life but also that of his entire family. The freshman 

medical school class of 155 students was dazzled by Ian’s presentation and discussion, and then 

they sat in amazement as he fielded questions from the large audience. Most importantly, Ian 

shared his perspective on how physical disability often provides unanticipated opportunities for 

personal growth. Joining Ian were his brother Jason, his mother Amanda, his uncle, Bill Schmidt, 

and his grandfather, Peter Laue. 

 The genetics course ran for more than four weeks, with many sessions including lectures, 

case presentations, and problem solving exercises. However, the hour with Ian was rated the 

number one (#1) session of the entire course. The students were effusive in their praise.  

One wrote: “This was phenomenal! If you can bring Ian back in future years, you must. 

He is incredible!”  

Another wrote, “Wow! All I can say is wow! That was an incredible session. Ian was 

extraordinary; the research team was extraordinary; the family was extraordinary… Thank you 

for making that hour a part of my life.” 
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20.  

Inquiring Minds: Students Challenged by FOP 

 

 Education on FOP has always been a major focus of our mission. The nearly steady 

stream of requests for information on FOP has continued from students from all over the world, 

from elementary school students through post-doctoral trainees. It is always gratifying to hear 

from students who tell us that they have selected FOP for their research project or term paper. 

Thirteen year-old Lilly Davenport was so inclined, her mother Sarah Davenport wrote:  

 

I would like to express my appreciation for the assistance you gave my daughter, 
Lilly, in providing research resources for her paper on FOP and for responding so 
promptly to her questions. The subject of FOP has been on her mind ever since 
she read about the condition in The New York Times several years ago. When her 
cell biology teacher made the assignment to write a paper on a genetic disorder of 
the student’s choice, Lilly knew immediately that she wanted to explore FOP in 
more detail. She has very much enjoyed the process of doing research for the 
paper. The project has given her new ideas to consider, and your willingness to 
share your expertise has had much to do with that. 

 

 Jarrod Phelps, a Master’s student at Des Moines University in Iowa, wrote:  

 
I am a student at Des Moines University and will present my Master’s project on 
FOP. I am a friend of the McWilliams family in Victor, Iowa, and I have been 
waiting to get the final draft reviewed from faculty and staff before I sent it on to 
you. I have to admit I have been quite nervous about sending this paper to you, 
but at the same time, completely thrilled. Thank you and your staff for all of the 
new literature and the FOP organization for posting the articles on the website. I 
would like to fully express the respect, gratitude and admiration that I have for all 
of the research staff who have done so much to advance research and treatment of 
FOP.  
 
Thanks again.  
Jarrod Phelps 
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 And, finally, pre-doctoral student Philipp Mews, from the Max Planck Institute for 

Molecular Genetics in Berlin, arrived at the FOP Lab for a year of pre-doctoral studies and FOP 

Research. Philipp is studying BMP signaling pathways in FOP variants. We are delighted to have 

Philipp in our Laboratory. 

 

21.  

Stride to a Cure  

 

 While looking through the microscope at an FOP biopsy specimen, or through the 

macroscope at an FOP fundraiser, Bob Caron has his heart and soul in FOP. Anyone who has 

ever visited the FOP Lab will know Bob Caron. He is the scientist in the back room processing 

and evaluating FOP specimens, and working diligently every day to solve whatever technical 

problems may arise.  

In November 2008, Bob, and his wife, Lynn, organized a wonderful FOP community 

fundraiser, “Stride to Cure FOP.” With their friends and volunteers at Havertown Health and 

Fitness Center, Bob and Lynn organized and ran this beautiful event that took much time, effort, 

and planning. All who attended the race for a cure had a great time, and it was inspirational to 

have the participation and commitment of three FOP families, the FOP Laboratory, and a 

representative from the IFOPA. 

We thank Bob and Lynn for their extra measure of devotion to this wonderful and 

memorable event that we will never forget.  
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22.  

On the Map at National Geographic 

 

 Every subscriber to National Geographic knows that the pictures are great, but the maps 

are legendary! In 2008, the FOP community found itself on the pages of National Geographic 

and on one of their maps as well.  

 In a National Geographic book entitled, Medical Mysteries: Science Researches 

Conditions From Bizarre to Deadly, by Scott Auden, FOP was featured as one of the most 

important medical mysteries. The book jacket notes: 

 

In this book, you will read about conditions in five areas of medicine and about 
the dedicated individuals who have persevered when so many of those afflicted 
had given up hope that help could be found. These men and women are using the 
latest technology as they work to bring hope to those whose ailments can best be 
described as medical mysteries. It is National Geographic’s mission to explore 
the world and all that is in it and to bring scientific discoveries and knowledge to 
the widest array of people possible. 

 

So, where is the map?  

Calendars are maps of time, and in the introduction, the author establishes a visual 

timeline of major medical mysteries. Interestingly, the first item on the timeline is dated 1692, 

the year when FOP was first recorded in the medical literature by French doctor, Guy Patin. That 

is followed in 1740 by John Freke, who described a 14-year-old patient with FOP in a scientific 

paper to the Royal Society of Medicine in London.  

Discoveries related to other rare disease are noted on the timeline and include an entry 

from 1953, when biologists unlocked the mystery of the structure of DNA, the building block of 

life, a discovery that is relevant to the study of all rare diseases (and common ones too)! Other 
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timely notations include the discovery of Mad Cow Disease and the Nobel Prize for work with 

patients who have congenital malformations of the brain.  

However, the final entry on the map was reserved for 2006, when Drs. Kaplan, Shore, 

and colleagues identified the gene that causes FOP. On the map, the arrow of time continues to 

the right, and some day, hopefully soon, there will be another entry, noting the cure. 

 The chapter on FOP is entitled, “Heredity: Dangerous Transformation,” and it begins 

with the description of Harry Eastlack as a young boy. On the face page appears a life-size 

picture of the malformed great toes, the harbinger of FOP.  

The subtitles of the chapter are themselves informative: “Bizarre Symptoms,” “Hundreds 

of Years of Mystery,” “Eastlack’s Legacy,” “Commitment to a Cure,” “Complications,” 

“IFOPA,” and “Discovery at Last.” 

 Classic National Geographic pictures include those of Harry Eastlack as a young boy, 

Harry’s skeleton at the Mutter Museum of the College of Physicians in Philadelphia, malformed 

great toes in an FOP child, Dr. Kaplan talking to Stephanie Snow at the lab bench where the FOP 

gene was discovered in 2006, a shark that highlights Dr. Zasloff’s discovery of the importance of 

blood vessels in the growth of FOP-like lesions (and the possible role of anti-antiangiogenic 

compounds in combating such lesions), and finally Dr. Eileen Shore and research specialist 

Meiqi Xu in the FOP Research Lab at the University of Pennsylvania.  

 The chapter concludes:  

 

In 2006, after many years of work at the University of Pennsylvania School of 
Medicine, Kaplan and Shore announced that they had found the key, or as they 
had called it, the skeleton key, to the mystery of FOP. They had managed to 
identify the precise gene that causes FOP. Changes in that protein cause FOP 
sufferers’ bone to grow out of control. Unfortunately, there is still no known way 
to prevent FOP. An understanding of the genetics behind the bone growth, normal 
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or abnormal, holds the answer. And, it is not at all impossible that in the future 
such an understanding, resulting from the study of FOP, could lead to the control 
of bone growth. 

 

23.  

FOP in Print - 2008 

 

Since the publication of the Seventeenth Annual Report, there have been 16 additional 

publications on FOP, nine of which appeared in major peer-reviewed journals. There were also 

several major reviews on bone morphogenetic protein signaling in which the FOP gene 

discovery was highlighted.  

As of January 1, 2009, the classic paper in Nature Genetics (April 23, 2006) describing 

the discovery of the FOP gene has been cited in 64 major scientific publications worldwide and 

has been quoted in many languages.  

 

24.  

FOP: Where To Turn for Help? 

 

In 2008, we made the first major revision to the FOP Treatment Guidelines, the first 

since the FOP gene discovery. The FOP Treatment Guidelines, officially known as The 

Medical Management of Fibrodysplasia Ossificans Progressiva: Current Treatment 

Considerations, is the result of a massive collaborative effort by the International Clinical 

Consortium on FOP.  

The organization of the document, including the modular arrangement of medical 

references, tables and charts containing practical information, and contact lists of participating 
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physicians, is now conducive to frequent updates. We plan to revise the FOP Treatment 

Guidelines at least twice annually; more frequently, if necessary.  

 The document can be downloaded from the IFOPA website (www.ifopa.org) and is found 

under the “Research” menu. The document can also be obtained from Dr. Kaplan or his assistant, 

Kamlesh Rai, via email at this address: Kamlesh.Rai@uphs.upenn.edu. 

The participating physicians are excited about the updated FOP Treatment Guidelines 

and hope that it will provide families, physicians, and medical specialists much needed practical 

information and guidance on the care of patients who have FOP. 

 

25.  

From the Atlantic to the Adriatic, from the Gulf of Bothnia to the Strait of Taiwan - 

Educating Patients, Families, Doctors, and Researchers about FOP 

 

During 2008, we were proud to present major lectures on FOP at the:  

 

• American Academy of Orthopaedic Surgeons; Washington, DC 

• American Society for Bone and Mineral Research; Montreal, Canada 

• Annual Meeting of the Society for Developmental Biology; Philadelphia, 

Pennsylvania 

• Charité University Hospital and School of Medicine; Berlin, Germany 

• Children’s Medical Center of Dayton; Dayton, Ohio 

• Gordon Research Conference on Musculoskeletal Biology; Andover, New 

Hampshire 
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• International Conference on Bone Morphogenetic Proteins; Lake Tahoe, 

California 

• Jefferson Medical College; Philadelphia, Pennsylvania 

• National Cheng Kung University Medical Center; Tainan, Republic of China. 

• National Institutes of Health; Bethesda, Maryland 

• Ospedale Santa Maria del Carmine, Department of Pediatrics; Rovereto, Italy 

• Regeneron Pharmaceuticals; Tarrytown, New York 

• Royal College of Surgeons of England; London, United Kingdom 

• Taiwan Foundation for Rare Disorders; Taipei, Republic of China 

• University of California - Los Angeles; Los Angeles, California 

• University of Connecticut Health Center; Farmington, Connecticut 

 

During 2008, we were honored to present highlights of FOP research at regional, 

national, and international FOP family meetings and gatherings in: 

 

• Aberdeen, Scotland 

• Atlanta, Georgia 

• Bethesda, Maryland 

• Dayton, Ohio  

• Lulea, Sweden 

• Philadelphia, Pennsylvania 

• Plainfield, New Jersey  

• Rovereto, Italy 
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• Santa Maria, California  

• Sausalito, California 

• Tainan, Republic of China 

• Taipei, Republic of China 

• Valbert, Germany 

 

26.  

New Support from the Rita Allen Foundation  

 

The Rita Allen Foundation has provided a generous and timely two-year grant for FOP 

research at the University of Pennsylvania. Scientific work will focus on the cellular mechanisms 

by which the FOP mutation causes FOP, and will use that knowledge to develop treatment 

strategies that might not otherwise be possible at this time. Two of the directors of the Rita Allen 

Foundation who visited the FOP Laboratory noted that they “came away with a much greater 

appreciation of FOP as a catastrophic disorder for children.” They noted “the tremendous 

dedication of the FOP research team” and hoped that “some more mountain peaks will follow in 

the next two years.” We are grateful to the Rita Allen Foundation for their generous support. 
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27.  

Allison Weiss-Brady Receives the University of Pennsylvania  

Distinguished Young Alumnus Award for Her Work on FOP 

 

In late October 2008, at a black tie ceremony at the Annenberg School of 

Communications, Allison Weiss-Brady received the highest award given to an alumnus by the 

University of Pennsylvania.  

 The citation accompanying the award noted the following: “Allison, your motto is if you 

can make some one’s life better, do it. Following your own maxim, you are improving lives in 

countless ways, through your service and philanthropy at Penn and in the broader community.”  

 The citation went on to state: “After being inspired by the stories of children with a rare 

and devastating bone disease called fibrodysplasia ossificans progressiva (FOP), you joined your 

mother, Diane Weiss, in a determined effort to raise funds and awareness for research at Penn, 

which helped lead researchers to a major genetic breakthrough in 2006: identifying the gene that 

causes the disease.”  

 In addition to establishing the Isaac & Rose Nassau Professorship of Orthopaedic 

Molecular Medicine, Diane Weiss and her daughter, Allison, have raised funds for the Allison 

Weiss Fellowship and the Borne-Lotke-Zasloff Fellowship at the FOP Research Laboratory at 

the University of Pennsylvania School of Medicine. 

 Congratulations to Allison on her distinguished award and for her extraordinary service 

to the FOP community. 

 

 



18th Annual Report 62 

28.  

Worldwide Holiday Greetings Continue to Express Spirit of Hope 

 

The spirit of hope is most often expressed at holiday time, but it is relevant all year long. 

Each year, we receive numerous cards, letters, and emails from around the globe. We truly love 

hearing from you. Through such communications, we gain access, in a very personal way, to 

those who are the sole reason for what we do. Regardless of the native language or the country of 

origin, the primary message is the same worldwide – the spirit of hope. 

 In 2008, we continued to register this spirit for the FOP community from around the 

world. Not every day is a sunny one, but there is always hope for a better tomorrow, and that 

hope is nowhere more evident than in the FOP Laboratory in Philadelphia and in its co-

laboratories around the world.  

 While most will not read this report until the spring or summer of 2009, it is being written 

in the depths of winter - during the earliest days of January, 2009. There is no time like the 

holidays, when the global nature of the FOP community is more apparent. The internet and email 

have connected our world like no other. What is even more apparent – immediately, and at the 

speed of light – is that the wishes are the same worldwide – for a treatment and cure for FOP. 

They are number one on everyone’s list –  

 

• � From Victor, Iowa to Okinawa, Japan 

• � From Rio de Janeiro, Brazil to Oyster Bay, New York 

• � From Somers Point, New Jersey to Winter Springs, Florida 

• � From Meridian, Mississippi to Nelson, New Zealand 
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• From Baton Rouge, Louisiana to Bari, Italy 

• From Mahopac, New York to Maldonado, Uruguay 

• From Cedar Rapids, Iowa to Concepćion, Chile 

• From Istanbul, Turkey to Wylie, Texas 

• From Trento, Italy to Rome, Georgia 

• From Limerick, Ireland to O’Fallon, Illinois 

• From Pozega, Croatia to Paoli, Pennsylvania 

• From Ashdod, Israel to Lebanon, New Jersey 

• From Seabrook, Texas to Shiraz, Iran 

• From Moosburg, Bavaria to Seal Cove, Maine 

• From Goodsoil, Saskatchewan to Rock Hill, South Carolina 

• From Cheshire, England to Chihuahua, Mexico 

 

We want you all to know that your wishes and hopes resonate throughout every season 

and inspire us in all that we do.  

 

29.  

What Needs To Be Done? 

 

The FOP gene discovery is relevant to every disease that affects the formation of bone 

and every disease that affects the formation of the skeleton. Answers to FOP are relevant to 

many common skeletal conditions such as unwanted bone growth that forms after hip 

replacement surgery, athletic injury, brain injury, spinal cord injury, soft tissue injury, burns, war 
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wounds, valvular heart disease, and even bone spurs from osteoarthritis. Eventually, through 

progress being made in FOP research, much of which has been highlighted in this Eighteenth 

Annual Report, it might be possible to harness the FOP gene, and create bone in a more 

controlled way where it is desperately needed such as in fractures that do not heal, surgical spine 

fusions, severe bone loss from trauma, osteoporosis, tumors, and congenital malformations. The 

FOP gene discovery is a great beacon of hope for all of us in the FOP community, and for 

millions in a much wider global community who are affected with common skeletal disorders 

such as osteoporosis, fractures, and bone cancer. Better treatments for FOP are not just a dream – 

they are now likely, and a cure is a distinct possibility. 

 During the past several years, we have begun to turn the FOP gene discovery into insight, 

and insight into development. We have set our sights on the distant horizon. But, we won’t get 

there by wishing it, and we cannot do it alone. We continue to need your help. 

 What needs to be done? During this past year, we have continued to expand the network 

of physicians and scientists who are working on FOP through targeted identification and funding 

of those who can help most and of those who can help the fastest – wherever they may be. In 

2008, we funded our first international collaborative research grant at the laboratory of Dr. Petra 

Seemann in Berlin, Germany who is performing groundbreaking experimental work on the 

developmental effects of the FOP gene. Importantly, we are funding the first collaborative 

development of novel ACVR1 inhibitors in the laboratory of Dr. Charles Hong at Vanderbilt 

University. We need to expand these programs and others like them, and we need your help. 

 What needs to be done? During the past year, we have continued to develop cellular and 

animal models to determine how the renegade FOP gene acts at the molecular level. We now 

have a chimeric animal model for FOP and several animal models that have features of FOP. We 
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need those critical models to design new drugs and to test them, and we need germline 

transmission and larger animal colonies to accomplish those goals. We need to continue that 

work, to expand it, and we need your help. 

 What needs to be done? During this past year, we have continued to crystallize the 

mutant FOP protein to study its atomic structure, its catalytic domains, and its interactions with 

other co-conspiratory proteins in the molecular switch that is detonated to form catastrophic new 

bone formation. Such knowledge will be needed to custom-design the best medications to block 

the mutant switch. We need to continue that work, to expand it, and we need your help. 

 What needs to be done? During the past year, we have continued to model the mutant 

ACVR1 receptor, the so-called “fuse” of the FOP “hydrogen bomb.” We are beginning to use 

that knowledge to design the best methods to block, jam, and bypass it. We need to continue that 

work, to expand it, and we need your help.  

 What needs to be done? During the past year, we have identified the inflammatory 

detonator of the mutant FOP receptor and have begun to probe the mechanisms by which the 

inflammatory microenvironment of an injury detonates the receptor to form heterotopic bone. 

When we truly understand that complex molecular mechanism, we’ll be able to use that 

knowledge to inhibit the chain reaction. We need to continue that work, to expand it, and we 

need your help. 

  What needs to be done? During the past, year, we have begun to scour the world’s 

available libraries of medicinal compounds to identify those that may block the abnormal FOP 

switch and its downstream molecular circuits. We have identified one such class of compounds 

that is under intense investigation. We need to continue that work, to expand it, and we need 

your help.  
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  These goals and the tasks they support are easy to articulate and all have been started, 

but they need continued funding to be fulfilled. These are challenging financial times for all, 

but we need your help to continue these vital programs and ensure their success, to do more, to 

do it faster, to expand our horizons, and to make sure that no clue is ignored. It could be the 

clue that leads to a cure.  

  Our research budget of $1.5 million annually supports a core laboratory of 15 scientists 

as well as collaborators around the world. Each year, we struggle to find the funds to persist. 

But we need to do more than persist. We need to prevail. We need your help. 

  FOP is an uncommon condition of uncommon brutality, but there is finally a chance to 

do something intelligent and rational to interrupt the inexorable progression of what has been 

described as a “horrible nightmare disease.” Chemistry combined with compassion will lead to 

orphan drug development, to more effective treatments for those with FOP, and for those with 

more common forms of heterotopic ossification. We have worked hard to get this far, and your 

generosity has helped get us there. But, we need your help to go farther. We all know what 

needs to be done, and we need your help to prevail. 

  As we have said many times, cause and cure are the two words that propel us and 

provide the guiding principle for all we do: to discover the cause of FOP, and to use that 

knowledge to develop effective treatments and eventually a cure. Many said that identifying 

the gene mutation that causes FOP couldn’t be done. In 2006, with your commitment and 

generosity, we reached the summit of a great mountain and discovered the genetic cause of 

FOP. In 2007, we headed for a higher and more distant summit – the treatment and cure of 

FOP. In 2008, we have made great progress in our journey to that summit. We need to continue 

that journey, to expand it, and we need your help.  
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  What needs to be done? As David Ben Gurion, the first Prime Minister of Israel said, 

“The difficult we do immediately; the impossible takes a little longer.” With your help, we plan 

to do the impossible, not just climb mountains, but also move them. Finding an effective 

treatment and cure for FOP is not a job; it is a mission.  

  

30.  

Many Thanks 

 

All of us at the FOP Center, in the Developmental Grants Program, and in the co-

laboratories around the world are extremely proud to be part of the FOP mission, and are 

enormously grateful to those who support this vital research effort: 

 

• The International FOP Association (IFOPA) 

• The National Institutes of Health (The People of the United States of America) 

• The Rita Allen Foundation 

• The University of Pennsylvania 

• The Center for Research in FOP & Related Disorders 

• The Cali Family Endowment for FOP Research 

• The Weldon Family Endowment for FOP Research 

• The Isaac and Rose Nassau Professorship of Orthopaedic Molecular Medicine 

• The Allison Weiss Fellowship in Orthopaedic Molecular Medicine 

• The Born-Lotke-Zasloff Fellowship in Orthopaedic Molecular Medicine 

• The Whitney Weldon - Stephen Roach Fellowships in FOP Molecular Genetics 
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• The Roemex Fellowship in FOP Molecular Pathophysiology 

• The Grampian Fellowship in FOP Molecular Pathophysiology 

• The Orthopaedic Research & Education Foundation Zachary Friedenberg Clinician-

Scientist Fellowship 

• The Medical Research Council and The University of Oxford (United Kingdom) 

• The Association Pierre-Yves (France) 

• FOP e.V. (Germany) 

• FOP Italia 

• The Brazilian FOP Association 

• Canadian FOP Families & Friends Network  

• The Pittsburgh Foundation 

• The Max Planck Institute for Molecular Biology 

• Saitama Medical University 

• The Sarah Cameron Fund (U.K.) 

• The Scandinavian FOP Association 

• Members of the FOP International Research Consortium 

• A Generous and Anonymous Donor from Caldwell, New Jersey 

• The People of Santa Maria (16 years of extraordinary service) 

• And the many individuals, families, friends, and communities throughout the world 

who contribute generously and tirelessly to the FOP effort. 

 

Thank you, as always, for your continued generous and heartfelt support of this vital and 

urgent mission. 


