
Ichthyosis and FIRST
Common threads in my life of investigation

Leonard M. Milstone, MD
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Presentation Notes
In 1975, after 3 years at the NIH studying proteins and molecular genetics, I knew two things about my future.  I enjoyed the thrill of laboratory discoveries and I wanted to do something to help people with skin disease. But at that time, information about important proteins in the skin and the epidermis was very scanty and, except for the collagens in the dermis and tyrosinase in the melanocyte, there were no proteins and no genes known to cause disease in skin disease.



Merging Interests Make Good 
Bedfellows

• Retinoids
• Scale and Desquamation
• Importance of genetic diagnosis
• Keratins
• Emerging therapies
• Skin Microbiome
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Today I will talk about topics that have been important in my research career and are also of obvious importance to those with ichthyosis.I’ll start with retinoids – which were a focus of my early investigations and in the origin of FIRST.



Pharmaceutical retinoids improve scaly skin 
and are safer than vitamin A

10 y.o. with lamellar ichthyosis
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In 1975 Gary Peck had just published his initial study of isotretinoin in ichthyosis.  I contacted Dorothy Windhorst, who was recruiting sites for Hoffmann LaRoche’s initial multi-center ichthyosis study and in 1977 Joe McGuire, my dermatology mentor, and I began enrolling ichthyosis patients in that Roche Accutane study.  The changes we saw were dramatic.



Pharmaceutical retinoids improve scaly skin 
and are safer than vitamin A

40.y.o. with epidermolytic ichthyosis (epidermolytic hyperkeratosis)
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Most of those we treated had very significant reduction in the amount of scale on their skin, and many noticed less itch and time spent in the bath or applying emollients.  Some even began to sweat for the first time.  



10.y.o. with PRP

PRP after
isotretinoin

CARD14-associated papulosquamous
eruption: A spectrum including features
of psoriasis and pityriasis rubra pilaris

Craiglow et al. JAAD, 2018
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And in some, the redness improved, as well. I was hooked on studying this group of diseases.  As an aside, 40 years after I took these pictures, Britt Craiglow and Keith Choate finally helped me figure out that mutations in CARD14 were the cause of this girl’s Pityriasis rubra pilaris. 



Beginning of the Ichthyosis Foundation
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In retrospect, I believe that this multicenter study of Accutane (isotretinoin), also had no small part in the beginning and early success of FIRST (Originally called the Ichthyosis Foundation).  	Most dermatologists who saw ichthyosis patients in 1977 did so within the context of a busy general practice, and it was highly unusual for two ichthyosis patients to be in the waiting room at the same time.  But this clinical study changed that dynamic.  Those of us who participated in that study found it convenient to bring our study patients together in clusters. This meant that learning and teaching about ichthyosis could move from the textbooks to a living reality.  Just as importantly, people with ichthyosis began meeting others who shared their practical, social and medical concerns.  In many ways, the Isotretinoin study was the catalyst for the formation of the Ichthyosis Foundation in 1980, when two Moms, Barbara Landwehr and Pam Brown, talking about their shared experiences in Mary Williams’ office, realized that they had much to learn from each other and from successful adults in the trial, like Rita Tanis.  Physicians participating in the Accutane trial quickly recognized the importance of those interactions, and a medical advisory board, headed by Lowell Goldsmith, was soon organized to support the work of the Ichthyosis Foundation.  I have been involved with FIRST since then, and this has turned out to be a mutually beneficial relationship. One thing I emphasize to my young colleagues about getting deeply involved with a patient support organization:  you get at least as much as you give.



FIRST – Foundation for Ichthyosis and Related Skin Types

• A remarkable group of resilient people
• Refocused my thinking about what is important 
• Critical questions for that community
• Importance of research to people with incurable disease
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What did I get?First and foremost, the FIRST introduced me to a group of remarkably resilient, problem-solving people: patients, families, office staff, board members and medical colleagues.Refocused my thinking about what is important to these individuals and this communityForced me to learn and use tools that were new to me in order to address critical questions important to this communityNew perspective and appreciation for the importance that people with incurable disease place on research



Retinoids facilitate skin shedding
(desquamation)
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The Accutane study was the prod that made me realize that I needed to learn how retinoids reduced scale in ichthyosis.  



Epidermal Renewal

Differentiation 

Proliferation
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This diagram shows the kinetics of epidermal turnover and desquamation.  The epidermis renews itself continuously, and differentiated keratinocytes, also called squames, are shed from the surface at a rate of about 1 billion cells per day.  In many forms of ichthyosis, epidermal turnover is increased as much a three-fold.  This means that shedding is increased, but the more rapid turnover doesn’t allow enough time for the stratum corneum to mature properly so it becomes thicker and the shed scales form larger clumps than normal. 



Thick stratum corneum in ichthyosis
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Here is what many kinds of ichthyosis look like under a microscope. and the one-minute version about what you need to know shedding and scale in ichthyosis. dermis; epidermis; stratum corneum The outermost, layer of dead cells in epidermis, is much thicker in ichthyosis than normal epidermis and is qualitatively different – because it hasn’t had time to mature properly.Looking at the skin or tissue sections of isotretinoin-treated patients it was clear that retinoids reduce the thickness of the stratum corneum.My research questions was how?



Retinoids increase shedding from surface 
of confluent, stratified epithelia

Milstone et al 
J Invest Dermatol 1981
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I used a newly described method to culture human of keratinocytes, grown to fill a dish and allowed to form a 3-D structure.  After time, cells started to shed from the surface and could be counted every time the medium was changed.  This is a figure of cells shed from such a culture.  Increasing doses of retinoid caused more desquamation and the epithelium eventually became thinner.  To get a clue about how this might be happening I took these electron micrographs.   I noticed increased intercellular spaces in RA-treated cultures, suggesting that retinoids acted by loosening the glue that holds cells together.  I also noted that desmosomes were considerably less obvious than in the controls.  I decided to focus on the spaces because, at that time, the popular idea about how retinoids worked was that they altered the sugars that were added to proteins.  So I spent the next ten years isolating proteins from keratinocytes that had lots of sugars, thinking they could be the mysterious glue.  We did find one, a heparan/chondroitin sulfate proteoglycan which we named Epican, that weakly held keratinocytes together - but was essentially unaffected by retinoids.  And that is the way for many scientific discoveries: good hypothesis>good science>new discovery - but does not answer the original question.     
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30 years later, we now know more about desquamation and retinoids, and about desmosomes, the obvious glue that I ignored.  This very high-power EM shows desmosomes that act as tiny spot-welds to hold two keratinocytes together.   We now know that weakening of desmosomes is essential for normal desquamation and that retinoids reduce the number and size of corneodesmosmes in the stratum corneum.  And they do that by both inhibiting the synthesis of the proteins in the desmosome and by increasing the enzymes that are released in the stratum corneum that digest the desmosomes.  The net result is to reduce the cell-cell stickiness and the thickness of the stratum corneum.Besides less scaliness, are there other benefits to reducing stratum corneum thickness?



Retinoids relieve pseudoainhum
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A thick stratum corneum is less pliable than a thin one and, as it loses water, it contracts and cracks.  This can make gripping difficult, cause painful fissures and even pseudoainhum.  Retinoids can ameliorate those things by reducing S.C. thickness.  



Topical Tazarotene for Ectropion

Baseline

6 weeks

1 year Craiglow et al
Ped Derm, 2013
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When a thick stratum corneum dries and contracts on the eyelids it everts them causing ectropion.  Oral, and even topical retinoids thin eyelid stratum corneum and ectropion.  



Retinoid effects on bones

permanent            reversible

JAAD 7:663-666, 1982                               Retinoids pp 419-439 (Karger) 1984                       

Fused Epiphyses           Calcified Ligaments (DISH)                   Osteopenia

Arch Derm 138:1517, 2002
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Part of being a good doctor is watching for unintended effects of treatments.  Vitamin A is critical for normal bone development, but too much vitamin A and all other oral retinoids have profound effects on bone growth and mineralization.  The oral retinoids in use today were chosen in large part because, relative to their action on skin, they have milder effects on bones than does vitamin A. Quite unexpectedly, I became an expert on side effects that retinoids have on bones when a young patient in the initial Roche trial had a partial fusion of the growth plate in his knee. Here is what we learned from many studies: There are permanent effects and there are reversible effects of retinoids on bones:Permanent effect are fused epiphyses (closure of the bony growth plate) and calcium deposits in ligaments.  The growth plate problem only occurs only in those on very high doses of Vitamin A or oral retinoid – doses that were used in early studies but are far greater than doses we now use to treat skin diseases.  Calcified ligaments and bone spurs are common in general population, but they occur more frequently in some – but not all –those on oral retinoids.  These are often asymptomatic; but can cause stiffness in spine and pain.Reversible effects: transient osteopenia.  We had found that retinoids can acutely decrease bone density in young men, as they do in experimental animals.  If retinoids are stopped, density returns to normal.  I have followed many of my ichthyosis patients on log-term retinoids and importantly, none have had progressive bone demineralization or osteoporotic fractures.  So, clearly, retinoids do impact bone density in the short term, but internal compensatory homeostatic mechanisms seem to prevent long-term problems. At the 1988 FIRST family conference in New Haven, I talked about bony effects of retinoids. Shortly after that, Lowell Goldsmith the inaugural chair of the Medical Advisory Board of the Ichthyosis Foundation, asked me to become chair of the MSAB, which I did for the next 30 years.



FIRST’s Evolution from Advocate        
to Participant in Research

NIH-funded Ichthyosis Registry in Seattle - 1995-2005
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For the first twenty years of its existence, the Medical Advisory Board mostly provided information to FIRST and were a resource at family meetings.  In 1994, NIH offered grants for patient support organizations to establish registries.  The FIRST MAB partnered with Phil Fleckman and the University of Washington to do that for ichthyosis.  FIRSTS’s role in that registry was mostly a passive/advisory one. 
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From its inception, representatives of the Ichthyosis Foundation, then FIRST, made trips to Washington DC on “skin day” to lobby congress more funding for the NIH.Many of us interested in ichthyosis received funding from the NIH, but that was usually for laboratory work – or for the registry whose funding was to end in 2004. After one of those Washington visits in early 2000s, Jean Pickford – recognizing the importance of research to the ichthyosis community – asked how FIRST could get more federal money or raise its own for research.  So began FIRST’s involvement in patient-focused research. 
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As a first step, a group of us collaborated on writing a large NIH consortium grant in 2003.  Many of the names will be familiar.  The grant didn’t get funded – but it did have great value.  It established an agenda of important unanswered questions, a precedent for national collaboration between ichthyosis researches, and a commitment of FIRST to become involved in research.



FIRST’s Evolution from Advocate        
to Participant in Research

• Ichthyosis Registry in Seattle – 1994-2012
• Consortium Grant Applications – 2003, 2013
• Grant Funding -2006
• Frontiers in Ichthyosis Meetings – 2010
• Ichthyosis Registry at Yale - 2016
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FIRST provided a small amount of support for the Seattle registry for several years after the NIH funds ran out in 2005.FIRST began funding small research grants in 2006.  Most of those grants went to laboratories; only a few of those projects involved patients. In 2010 FIRST, with funding from the NIH, sponsored an international meeting at the beginning of its biannual family conference.  The expectation was that members of FIRST and the research community would get to know each other better and think about a research agenda that was more immediately relevant to patients.  Another consortium grant, to which Keith Choate and a few others were added, was submitted in 2013.  Though it also was not funded, it again served to solidify an ichthyosis research agenda with more far-reaching questions and updated technologies.Much of the research you see happening this weekend was anticipated or planned at that 2010 Frontiers meeting and in the 2013 grant application.  The commitment to advance ichthyosis research, even without the NIH carrot, from my colleagues and FIRST is admirable.   	
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International contributors – USA, Japan, France, Germany, Austria, Israel, Ecuador



Incidence and Prevalence of Ichthyosis?

Jeff Hoerle

We need data!

Presenter
Presentation Notes
All good institutions need to understand their constituency – who and how many they serve as well as their reach or their market share.In 2010 with less than 1000 members, the board of FIRST wanted to know the incidence and prevalence of ichthyosis in order to judge their success in reaching people who might need or want their help.At board meeting that year, Jeff Hoerle kept pushing me for data.So I left the room and called my niece, Merle Haberman, who analyzed medical databases at Thompson-Reuters. 



Incidence of Moderate to Severe Ichthyosis in the United States

Milstone, Miller, Haberman, Dickens
Arch Dermatol 148: 2012

Merle Haberman
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I knew that ichthyosis had a unique ICD-9 code, the universal billing code used by physicians and hospitals, and reasoned that ichthyosis at birth was a diagnosis hard to confuse with anything else.  We expected that most moderate to severe cases of ichthyosis would have been seen by a physician at least once during the first year of life.  Given that information, Merle and her colleagues looked at 3 databases representing over 150 million Americans.Each year for ten years they looked for the unique ICD-9 code assigned to babies in the first year of life.And found that the 3 data bases were in general agreement.  There were 4-13 cases per 100,000 live births every year.  CCAE = Commercial Claims and Encounter DatabaseHCUP = Healthcare Cost and Utilization Project



Incidence and Prevalence of Moderate to Severe Ichthyosis in USA

6.7 cases per 100,000 births

With 4 million births per year = 270 new cases per year

With population of 330,000,000 = 22,000 total cases in USA
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Averaged over ten years it was 6.7cases/100,000births. 22,000 in USA.  Why was FIRST only reaching 1000 and how could it do better?Laura Phillips, a recent past president of FIRST, hosted a website called ichthyosis.com.  She and others were early advocates for FIRST to better utilize social media.  I among others, were slow adaptors.  Yet here now were data that provided a new benchmark for FIRST to measure its reach.  It chose to do that using social media to make itself known to affected individuals.  Today FIRST is in contact with over 9,000 individuals – a 9-fold increase over the past ten years.  It is not an exaggeration to say that FIRST has become the major source of support for the practical, social and emotional needs of many more ichthyosis patients than are followed by dermatologists.  So what do ichthyosis patients and FIRST want or need from physicians and scientists?  They want diagnosis, prognosis and better treatment.



How FIRST Became a Driver 

for Genetic Diagnosis
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So let me start with FIRST’s role in encouraging early genetic diagnosis, and the involvement of my group at Yale in that effort. 



Personal relationships developed at patient support organizations stoke drive to research 
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This is a 20 year story that begins with this child and her mother, Donna Rice.  Donna, as president of FIRST, reorganized FIRST from a Mom and Pop operation to a professional NGO with bylaws, boards, meetings, publications and, of course, fund raising.  At FIRST’s national family conference in the late 1990s Mary Williams said to me, “Len you have to help Donna and figure out what is going on with Donna’s daughter, Haley.”  Because of my respect for how Donna had reorganized FIRST, I couldn’t say no.  Besides, Haley’s problem was particularly interesting to me because she had white spots on her skin, and I had recently seen two other children with similar white spots. 



Presenter
Presentation Notes
This was a teenager, previously diagnosed with CIE, who came to me from Maine wondering what kind of ichthyosis she had and why she was getting white spots. Through the magic of magnifying a digital image, when I looked at photos of her white spots I thought that they looked like normal skin, not ichthyosis. 



1999                                                                          2002
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Then I saw this 4 y.o. boy who appeared to have CIE when I saw him in 1999.  Suddenly, I realized that the white spots were acquired and not congenital. I thought that these two children had a disease described by the French in 1980 as Ichtyose en Confetti.  20 years after that initial report, a handful of additional cases had been described, but the natural history or details of those patients were sparse, and no one had paid much attention to the white spots or noticed that they were acquired, not present at birth.  Having recently read about very rare cases of spontaneous correction of a mutant gene by a process called revertant mosaicism, I wondered whether the cause of the white spots was genetic reversion.  Yet without knowing the gene causing the ichthyosis, proving genetic reversion was going to be difficult.  



Michele Mak Richard Lifton

Jing Zhou

Keith Choate

Histology of white 
spot looks normal

Explanation simple:
Loss of heterozygosity

White spot keratinocytes
show LOH on Chr 17

Red spots have mutations
in KRT 10 or KRT 1; 
white spots do not

Ichthyosis with confetti 
caused by mutations in 
KRT10 or KRT 1; white 
spots represent revertant
mosaicism from mitotic 
recombination.
Choate et al 
Science 330:94-97, 2010

Revertant mosaicism?
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This slide summarizes 10 years of investigation. Michele Mak started this by showing that the white spots really looked like normal skin under the microscope, supporting the idea that they represented revertant mosaicism.  Soon afterward, I convinced Keith Choate, who had entered our residency program after doing his PhD thesis with RL, the chair of genetics, to become interested in this problem. We took our hypothesis and the clinical and histological data we had to Rick Lifton who told us to consider each white spot an independent event and do classic genetic mapping to identify the gene.  But genetic mapping takes a fair amount of DNA.  Fortunately, Jing Zhou, my laboratory manager for many years and who is now Keith’s laboratory manager, could grow keratinocytes from small biopsies and harvest lots of DNA.   So we recruited patients, including Donna Rice’s daughter Haley, to come to New Haven from Texas, Maryland, North Carolina and British Columbia for biopsies. Jing cultured and Keith analyzed keratinocyte DNA from dozens of white spots and quickly localized the gene to the long arm of chromosome 17 and proved that the spots arose by revertant mosaicism.  But what was the mutant gene? Keith used a variety of classical genetic and sequencing approaches to identify the gene but was unsuccessful.  Finally, after 4 years, he devised a new sequencing technique that allowed him to identify mutations in KRT 10 and KRT 1 as the genetic cause of IWC.  That long slog paid off because Keith’s struggle to find those IWC genes positioned him to become the DNA sequencing guru needed by the ichthyosis community.  



FIRST supports genetic diagnosis of ichthyosis in 1000 ichthyosis kindreds

Other genotypes include ABHD5, ALDH3A2, AP1B1, ASPRV1, ATP2A2, ATP2C1, CARD14, 

CAST, CDSN, CERS3, CLDN1, CSTA, DKC1, DSC2, DSG1, DSP, EBP, ELOV1, ERCC2, FLG, 

GJA1, GJB2, GJB3, GJB4, GJB6, KANK2, KDSR, KRT14, KRT16, KRT6B, KRT9, LOR, LSS, 

MBTPS2, NSDHL, PERP, POGLUT1, RHBDF2, RSPO1, SDR9C7, SERPINB7, SLC27A4, 

SNAP29, SREBF1, ST14, STS, TGM5 and TRPV3. 

Mike Briggs and Dave Scholl

Keith Choate
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At the time, obtaining a genetic diagnosis for ichthyosis was an administrative hassle, and the number of genes tested in clinical labs was quite limited. Dave Scholl, president of FIRST at that time, had led a viral diagnostic company and was technically very savvy.  So when he and Mike Briggs asked whether emerging gene-sequencing technology could be used to get genetic diagnoses for ichthyosis patients, I recommended that FIRST support Keith’s research in identifying rare genes that caused ichthyosis.  For over six years now FIRST has generously supported Keith through an ichthyosis registry in New Haven.This slide shows the genes identified in the first 1000 families in the registry.  Note that even today, 13% of ichthyosis  patients have undiscovered genetic cause for their ichthyosis and 26% have extremely rare causes, shown in this list below.Clearly, another merging of interests has been a great success for FIRST and, this time, for Keith. 



Importance of Early Genetic 
Diagnosis

• Prognosis

Presenter
Presentation Notes
Why is genetic diagnosis important?  The first reason is prognosis.  When a baby with ichthyosis is delivered, survival and prognosis are the top questions in the minds of family.  



Collodion baby – TGM1 mutations 

Presenter
Presentation Notes
Most obstetricians and pediatricians who see ichthyosis for the first time haven’t a clue about prognosis.  As recently as twenty years ago, even those of us knowledgeable about ichthyosis, would go into the nursery wondering about what to say about prognosis for a collodion baby, because we knew that several of the recessive, syndromic types of ichthyoses would have a more guarded prognosis than for most collodion babies.  In the absence of a genetic diagnosis, all we could offer was guarded optimism, and watchful waiting.   



Professor Anne Kaier

Finding Refuge With the Skin I’m In
By Anne Kaier  
New York Times,  Aug. 24, 2016
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Let me give this issue of prognosis some historical context by relating an anecdote told by Anne Kaier, Professor Emeritus of English at Penn State who has written extensively about her life with ichthyosis. When she was born, her parents were told her prognosis was terrible and they should leave her in the hospital to die.  Luckily, they took her home and she thrived.  As an adult she did some library research on her own and she discovered that in the 1940s  25% of collodion babies were expected to die, far more than I would have expected – because my colleagues and I now rarely see neonates with ichthyosis who die.  To get some clues about what has changed, let me start with the most severe recessive type of ichthyosis, Harlequin ichthyosis.



Harlequin – ABCA12 mutations

Koochek, Choate, Milstone
Ped Derm 31:e63, 2014
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Until 1980 it was thought that Harlequin ichthyosis was uniformly lethal.  Then with the introduction of oral retinoids, it was thought that retinoids could be lifesaving for at least some of those kids.  But we now know of many Harlequin babies survive without retinoids.  Has something else changed?The answer is yes, a lot has changed.  



• Critical role of St. corneum as barrier to water loss
• Hydration
• Emollients to reduce water loss
• NICUs
• Broader social acceptance of disability    

and chronic disease

Why better outcomes in past 50 years?
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It has only been during the past 50 years that we understand that the most critical function of the skin is to prevent water loss and that function resides in the stratum corneum.  Despite its thickness, the thick, immature stratum corneum in ichthyosis is a poor barrier to water loss.  Furthermore, neonates have a very large surface area to mass ratio and, therefore, are at particularly at risk for dehydration.  Appreciation of those two facts drive our intensive focus on hydration and emollients.But that focus often cannot be put into effect without NICUs, which first appeared in the 1960s and rapidly came to most large American hospitals in the 1970s.  NICUs have also become specialized places where psychological and emotional support for families begins. My feeling is that intensive, supportive medical care in NICUs, with particular attention to hydration, played a crucial role in making the difference between life and death for many ichthyosis babies.  Finally, I can’t help but think that well-intentioned, but prejudiced beliefs contributed to the recommendation to Anne Kaiser's parents that they abandon her.  We have come a long way in the past 50 years in terms of broader social acceptance of those who have disabilities or chronic disease.



Are any types of ichthyosis lethal?

• Non-syndromic ichthyoses
• Collodion baby Should not be
• Harlequin Should not be

• Syndromic ichthyoses
• KID syndrome Usually not; in rare cases unavoidable
• Cardio-cutaneous Long-term prognosis guarded 
• Neuro-cutaneous Long-term prognosis guarded 
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Are any types of ichthyosis lethal?  I would like to say there are none, because with good care, most non-syndromic cases should not be lethal, at least where NICUs are available.Yet for some types of syndromic ichthyosis long-term prognosis remains guarded.Rarely neonatal lethality may be unavoidable - and this again brings us to the importance of early genetic diagnosis. 



Lethal Keratitis Ichthyosis Deafness (KID) syndrome

More than keratitis, ichthyosis, and deafness: 
Multisystem effects of lethal GJB2 mutations

Lilly, et al 
JAAD 80:217, 2019

Cased by mutations in GJB2, coding for connexin 26 protein

Many cases worldwide; not usually lethal

All cases with A88V or G45E mutation are lethal in 1st year

No uniform cause of death 

Abnormalities in many organ systems  
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This baby with KID syndrome died in our hospital at 5 months of age, despite heroic efforts.  KID syndrome is caused by a dozen mutations in the Connexin 26 and can be difficult in terms of skin care and varying degrees of deafness and visual impairment, but it had not been thought to be lethal for babies.   When Evelyn Lilly, who cared for this child, reviewed the literature of deaths in neonates who had a genetic diagnosis of KID syndrome, she discovered that all of them had one of two specific mutations in Cxn 26.   And checking with physicians around the world and with Gabi Richard at GeneDx, there were no known survivors with those two mutations.The death of this child was traumatic for the family and for those caring for him.  Perhaps if we had known the grim prognosis for his specific mutation, different recommendation and decisions would have been made during his short life.



Importance of Early Genetic 
Diagnosis

• Prognosis
• Family planning
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It almost goes without saying that a genetic diagnosis becomes the best way to help with family planning.  This is certainly critical for many recessive cases where it isn’t immediately apparent whether you are dealing with syndromic or non-syndromic ichthyosis.  Even excellent physicians can be misled by phenotype.  Just remember that IWC baby who I thought had CIE, a recessive disease.  The chance of having a second child with a recessive disease is 1:4.   Before their true diagnosis was known, several of our IWC families went on to have more children and were quite surprised when they had more children had IWC.  



Importance of Early Genetic 
Diagnosis

• Prognosis
• Family planning
• Targeted therapy
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Genetic diagnosis enables thinking about targeted therapy.Abnormal proteins are responsible for all cases of ichthyosis.  But for monogenic diseases like ichthyosis, it is much easier to prove that the cause of the ichthyosis lies in the gene rather than the protein that results from that gene.  However, once you know the gene – you can target therapy to the DNA, the RNA, the protein or the protein’s function. 



FIRST Supports of Basic Research 

Helps Me Revisit a Core Research Interest
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And this brings me back to skin basics.  As I mentioned earlier, I knew that proteins unique to epidermis would play an important role in my career.  Since keratins make up about 20% of the protein in the epidermis, it was critical for me to understand them, and keratins has been a recurring theme throughout my career.   And my interest in targeted therapies goes through keratins.  



Isolation and Characterization of Two 
Polypeptides That Form Intermediate 
Filaments in Bovine Esophageal Epithelium

Leonard M. Milstone
THE JOURNAL OF CELL BIOLOGY 88:317-322, 1981
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When I started my lab a handful of keratin proteins had been identified in cutaneous tissues.  The big questions at the time was how many were there and how were they assembled. So I went to the slaughterhouse and collected different tissues from cows.  Fortuitously, calf esophagus, a stratified squamous epithelium like epidermis, had only 2 keratins, one acidic and one basic, while skin and hoof had 5-7.  I could purify them, reassemble into filaments like the filaments seen in keratinocytes, and could predict that that the essential filament structure was a dimer, a two-stranded structure like DNA, rather than a trimer, like collagen, as had been proposed by Peter Steinert, who was arguably the most influential keratin biochemist.  There were no diseases known to be caused by keratins, they would be described ten years later by Fuchs and Epstein, so I moved on.  In the intervening 30 years much had been learned about the primary structure and function of keratins, but one critical question eluded analysis: How did the heterodimers of acidic and basic keratins assemble into 10nm intermediate filaments? So when a young dermatology resident, who had a PhD in crystallography, came to Yale and asked what important skin protein he should work on, I immediately suggested keratins.   And Chris Bunick didn’t disappoint. 



Anti-parallel heterodimers

Human keratin 1/10-1B tetramer structures reveal
a knob-pocket mechanism in intermediate
filament assembly.  EMBO Journal e100741,  2019

Christopher Bunick
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Chris did what had eluded protein chemists for 50 years.  He crystalized a portion of K1-K10, the proteins responsible for epidermolytic ichthyosis, – and began to solve the lateral assembly problem.  And he did this with the support of a career development award from FIRST.Here are two K1-K10 heterodimers.  Until the crystal structure was solved, no one knew whether they lined up parallel or anti-parallel to each other, or whether they were in perfect alignment or staggered.  Chris’s structural work clearly shows that they are staggered in an anti-parallel arrangement and that surface changes on heterodimers provide a knob and pocket bridge between the dimers.Importantly this knob pocket structure is preserved in all keratin and non-keratin intermediate filaments.While there is no immediate clinical application for Chris’s laboratory findings, he has become deeply involved treating patients with keratin disorders.
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Meanwhile, my interest in keratins led me to work with another patient support group, PC project.Their focus is on pachyonychia congenita, a disease of keratins 6, 16 or 17.  The key clinical findings in PC are painful calluses on the feet and some degree of thickened nails.  



Targeted Therapy: siRNA Reduces Callus in Pachyonychia Congenita

siRNA                                           vehicle
d4         d115                                  d4         d115

Leachman, et al
Molecular Therapy 18:442-446, 2010

Presenter
Presentation Notes
PC like epidermolytic ichthyosis or other dominantly inherited diseases occurs because the mere presence of the mutant protein is thought to cause the disease.  Our thinking about this type of disease was that, if you eliminated the mutant DNA, mutant RNA or mutant protein the disease manifestations would go away.  In 1999 a new form of RNA, siRNA, was shown to selectively degrade mRNA, the RNA that takes information from the gene and turns it into a protein.   The scientists at PC project chose to focus their efforts on an siRNA that would degrade the mRNA for keratin 6, thereby reducing the mutant protein.  I got to play a small role in this first in human demonstration that siRNA can ameliorate the most obvious sign of PC – the callus.  After 5 years of preliminary laboratory testing, this slide shows the result of a single patient, double-blind trial in which siRNA was injected several times a week over 12 weeks.  These are calluses over the medial aspects of R and L great toes. After 115 days, the callus in the foot that got the siRNA had partially resolved, but callus receiving the vehicle alone was unchanged.  This work was hailed as a great proof of principle of the efficacy of siRNA in a clinical setting, but our enthusiasm was tempered by the clinically unacceptable delivery issues that were cumbersome and themselves painful.   That result led to a 10-year collaboration in which I and others tried to improve delivery of nucleic acids to skin.  While we are not there yet, we have demonstrated the first example of direct editing of a gene in the skin (Rogers et al, JID 133:685-691, 2013) and many advances in delivery. 



Azim Munivar and Travis Whitfill  >>>>>>>  Azitra

Engineer bacteria to deliver therapeutic proteins to skin

TARGETS:

Ichthyosis vulgaris – Filaggrin

Netherton - LEKTI

Presenter
Presentation Notes
My final scientific, ichthyosis-related story involves the microbes that live on our skin and recessively inherited ichthyoses that occur because a protein is missing or non-functional.Several years ago Azim and Travis approached me to help with a project they had dreamed up: engineer bacteria that normally live on the skin to produce therapeutic proteins.  I initially told them it would be very difficult, but after 6 months of returning with increasingly interesting data, I agreed to help as their skin science advisor.Their target diseases were to be be Ichthyosis Vulgaris and Netherton.And they formed a company.
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AZITRA – disclaimer – I continue to consult for themI will not talk about their work, because it is still in the development stage.But it was there that I met Julia Oh, a scientist interested in microbes on the skin.



Julia Oh
Jackson Labs

Nan Ring
Yale

Presenter
Presentation Notes
I realized that with our complimentary interests we could address a simple ecological question: If you change the skin soil on which microbes live by mutating a single protein in the epidermis, do the microbes change?She and I and Nan Ring, a dermatologist who recently received a small grant from FIRST to study microbes in Darier disease, have been collecting skin swabs from many of you.  The background here is that most healthy adults have the same kinds and amounts of microbes as other adults.  Several years ago people noticed that microbes on skin of adults with psoriasis or dermatitis were different from those of normals.  But the deeper question is whether those changes are specific for the disease or caused simply by the scale? Or the redness? Or something else?Here are some tantalizing preliminary results.All you have to do is look at the colors, because each color represents a different staphylococcal species recovered from the skin of 3 controls, 3 patients with Darier and 3 patients with TGM1 ichthyosis. TGM1 Ichthyosis patients are more like each other than they are like Darier or controls.  And they seem to be quite different from published microbiome data from other skin diseases like psoriasis and atopic dermatitis. We don’t know where this information will lead us.  At the very least, these data will prevent us from making unwarranted assumptions about whether they change simply because of the scale, or the redness or the dryness.   We do know that some staph species improve barrier function of the stratum corneum.  Wouldn’t it be nice to isolate something from a Staphylococcus that improves the barrier in ichthyosis? X= 10 different body sites of controls and three patients who are controls, DD or TGM1 ichthyosisY= relative abundance



My journey and the ever-present role of FIRST

• Retinoids
• Scale and Desquamation
• Importance of genetic diagnosis
• Keratins
• Emerging therapies
• Skin Microbiome

Presenter
Presentation Notes
These are the topics I covered.I have been lucky to have made some discoveries.I am truly fortunate to have met so many warm and caring people through FIRST - at Board meetings - at Medical and Scientific Advisory board meetings - at Family conferences
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It’s been a privilege to work with FIRST’s leaders, board members and staff.



Presenter
Presentation Notes
And dedicated colleagues - Members of the MSAB discussing problem cases



Presenter
Presentation Notes
And families – and the opportunity to read the Saggy Baggy Elephant





FIRST LEADERS
Board Presidents                       Office Executives

• Ellen Rowe
• Francis McHugh
• Deb Vilas
• Mark Dunleavy
• Donna Rice
• Laura Phillips
• Dave Scholl
• Mike Briggs
• Jeff Hoerle
• Mark Evans
• Tracie Pretak

• Charles Eichhorn
• Susan Snyder
• Nicholas Gattuccio
• Mark Levitan
• Elena Levitan
• Jean Pickford
• Moureen Wenik
• Denise Gass
• Christopher Boynton

Presenter
Presentation Notes
I’ve always had a soft spot for my ichthyosis patients and their families.  FIRST has given me access to more of you.This list of FIRST’s leaders, many of whom I consider friends, – just scratches the surface of the large number of board members, staff and medical colleagues 
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