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4™ International Conferencein London, 21 and 22 October 2006

20 Years after finding the Duchenne Gene: A Terrible Diseaseis being Conquered.

Standing on the Shoulder s of Giants This was the title of the™International Conference of the Parent Project UK
Muscular Dystrophy (PPUK) which took place on 28 22 October 2006 in London. Thirty scientists ahidicians for mus-
cular diseases presented and discussed their ewasitresearch results, ongoing and planned dlitniaks, up-to-date medi-
cal management methods, and registratioBiihter Scheuerbranda biochemist from Germany, was asked\tigk Catlin,
the president of PPUK, to write this report for ythe boys and their families, who wish to know atheach successful step
on the way to an effective treatment. As | am nolirdcal expert, the report contains 23 summaoiesnly the scientific pres-
entations, 16 from the scientists present at thetimg 2 from scientists who were unable to attemd 5 from other re-
searchers who were not at the meeting but whosk iw@qually important for the development of Duahe therapies.

All scientists whose research is summarizasiehhad the opportunity to see the draft of thersary of their presentation
and to correct it if necessary, and all of themehdone so, thus there should be very few mista{esAnother consequence is
that even results are reported which were obtaieddeen the conference and the writing of this rejpaJanuary 2007.

After the annual meeting of the American PaRnaject Muscular Dystrophy in Cincinnati/Ohio frdr to 16 July 2006, |
have written a similar report which can be seetherinternet atvww.duchenne-research.coifhe two reports belong to-
gether and both are not scientific publicationsythre written for you, the boys and your parents, language you should be

able to understand.

In general, | am using the names of the sisientvithout their titles, most are professors aldhave either a PhD or MD
title or both. And almost all are heads of laboria® that means they have colleagues and postshatstudents working as a
team on the projects reported here, but it is irsjibs to mention all their names.

About 140 years after the descriptionGayillaume Duchenne de Boulogard 20 years afteérouis Kunkeisolated its
gene, the dystrophin gene, this terrible diseasehBnne muscular dystrophy, is slowly looseningjiis, this is obvious after
the presentations of so many new research redutiese two meetings. Duchenne muscular dystrapbging conquered
step by step by so many dedicated people workinggen many countries. The two reports are showihy this is so.

Introduction by Nick Catlin: Standing on the Shoulders of Giants

In 1675, Isaac Newton wrote to Robert Hooke thatrarer
to make great advances in Science we 8testd on the
Shoulders of GiantOf course he was being rather too
humble and perhaps making a point to Hooke that he
should take more time studying the likes of Cojmears
Kepler and Galileo than frequenting the London €eff
houses. During this conference we are very priedetmp
have some of the scientists speaking who have witale
discoveries that have opened the possibilitiesiér gene
therapies for Duchenne Muscular Dystrophy. For more
than 100 years since the first description of tiseake by
Duchenne, we had little knowledge of the causd3MD.
In 1986, this is the 2Danniversary, the dystrophin gene
structure was discovered hyis Kunkel, Anthony Mona-
co, Kay Davies, Eric Hoffmaand others. Without their
work we would have little hope of finding a cure fu-
chenne today.

There was a great surge of optimism thataltifol-
lowed the discovery of the gene structure. BiQryears
we have lost another generation of boys to thishier
muscle wasting disease. A deep general pessimidmdta
in by the time my son Saul was diagnosed in 200@&ric
ties and scientists alike dared not to speak afsor treat-
ments to parents and even the use of steroidstillas$

commonplace. Many scientists had left the fieldat
chenne research as funding dried up and neuronarscul
diseases seemed to be forgotten in the global fighinst
cancer, AIDS and other diseases that affect laggmips
of the world population. However dedicated groupsee
searchers, scientists and clinicians and parents ihattled
on trying to overcome a devastating disease thalsl¢éo
total paralysis and early death. We also now krimat t
many young boys are also affected by related lagrand
behaviour problems.

For me and PPUK the most significant turniognp
came when we lobbied for £ 1.6 million of Departineh
Health funding in 2003 for the UK MDEX exon skipgin
consortium. This was a watershed in terms of owego
ment at last waking up to the needs of Duchennditam
and providing significant funding for a major geherapy
research project. The MDEX consortium of cliniciamsl
scientists have broken new ground in collaborative
search and we have great hopes for the first gerapy
for DMD. Since then other clinical trials have mush
roomed and we now have biotech companies like VASTo
in the UK, Prosensa in Holland, PTC and AVI frora th
USA, and Santhera from Switzerland not only addog
chenne projects to their portfolios but seeing ¢heslead-



ing project developments.

This trend of new research projects and furtfipical
trials seems set to continue into 2007. MYOAMP hesn
established from a large European grant to acdelera-
mising advances in muscle stem cell therapy. T\é4D
has secured a € 10 million budget to put together met-
works of scientists and clinicians to promote hrattmical
practice and accelerate clinical trials. PPUK tigtothe
wonderful efforts of many UK Duchenne families masv
funded six key projects for some £ 300,000 in paehip
with our international Parent Project groups infeeand
Monaco.

But this is not the time to sit back and waitir fami-
lies must understand the urgent need to redoulrleau-
paigns and fundraising efforts if we are to save genera-
tion of boys from this devastating disease. We havake
as our inspiration and hope those scientists tat paved
the way for the progress being made today. Welase
to stand on the shoulders of giants like Pat Fygriorthe
USA who has refused to give up the fight to cureM
despite losing her own two sons. It was Christofpher
long who told her before he died $tbudon't fight for a
cure Mum - no-one else will”

Twenty-year anniversary: Findingthedystrophin geneand itsproten.

In 1980,Louis Kunkelstarted work as a postdoctorate fel-
low at the laboratory dfamuel A. Latat the Children’s
Hospital of Harvard University in Boston with th&en-
tion to finally find the cause of Duchenne musculgs-
trophy, 118 years after DRuchenneén Paris described
correctly this most frequent hereditary diseasehdtl-
hood. He asked the American Muscular Dystrophy Asso
ciation MDA to fund this project, but they did rnmlieve
that he could really find the Duchenne gene, stolie
them how he planned to do it: (1) Mapping the géima,

is, finding where exactly it is on the X chromosort®)
checking whether and how it is mutated, damaged, in
Duchenne patients; (3) identifying the coding seqes,
those many separated strings of genetic lettezsexbns,
that contain the information for making a protdiy; put-
ting these exons together, that is, making theadled
cDNA consisting of these active parts of the g€Bgpre-
dicting the amino acid sequence of the protein with

help of the genetic code; and (6) finally isolatthg pro-
tein. That convinced the MDA, and Louis got the ean

At this meetingl.ouis Kunkedescribed these steps,
which led him to his goal. At that time, a quartentury
ago, it was much more difficult and time-consumiingn
today to isolate a gene and then to predict ardiifinpro-
tein. Here are, very abbreviated, the steps takdind the
gene:

It was known that the Duchenne gene must hib@iX-
chromosome, because — with very rare exceptiomgy- o
boys get the disease and their mothers are oftegahetic
carriers Kay DaviesandBob Williamsorseparated the en-
tire X chromosome from the others using new teaesq
Markers were found, short genetic sequences oy tags
which allowed to pinpoint the position of the gerethe
chromosome in relation to the many other genesaily
at this stage it was realized, that there was ong/gene
for Duchenne and Becker dystrophy. And wahrtjan
van Ommenmethods for early and prenatal diagnoses
were developed which even then made genetic cdngsel
much more precise.

Then some unusual patients helped to appribech
Duchenne gene further. There was a woman who had
Duchenne symptom&onald Wortorfound that a small
piece of the short arm of her X chromosome waglatta
to a shortened chromosome 21, and the missing pfece
chromosome 21 was now located where the X chromo-
some had lost that part of its structure. Thusaasioca-
tion, an exchange, of chromosome material had hegzpe
in all her cells. The scientists could see theseed chro-

mosomes under the microscope, thus they coulditecal
the breakpoint. And because the female patienChad
chenne symptoms, this breakpoint must have beéleins
the Duchenne gene and thus disrupted and inadivtate

Then a child appeared who had Duchenne dysgrop
and also three other diseases with the same motieref
dity. So withUta Francke it could be shown that all three
genes were missing, there was a very large del@titre
X chromosome that could be seen. Other patientedur
up with smaller deletions also close to the plabers the
Duchenne gene was supposed to be. Then many pieces
normal chromosome material which represented the de
leted regions were isolated, and among them was one
called PERT87, which actually detected deletiors%of
Duchenne boys. Many more researchers started to wor
with this short chromosomal sequence which thratsgh
very specific DNA base pairing attached itselfite tom-
plementary sequence inside the Duchenne gene and no
where else. But it does that only if the targetuseqe was
there; if it was not there, deleted, the PERT87cc oot
find it and thus the scientists could distinguistignts
with and without a deletion at that site.

Louis Kunkelwith his growing team collected all the
data from his colleagues and finally could analgeaetic
details of 1,346 Duchenne and Becker patients tisél
largest study of this kind. Because 8.7% of théepét had
a deletion at the PERT87 site, the Duchenne getiécha
be there. Because this gene is very important migtfor
humans but also for all other animals with muscdésilar
experiments with PERT87 were done on muscles from
mice, chicken, and monkeys, and indeed, this gease w
conserved during evolution. Finally, clones, icepies
were made from the area around the PERTS87 sitkalinti
coding sequences, the 79 exons of the gene, wené-id
fied.

So, six years after Dr. Kunkel started his kyan 1986,
he and his colleagues really had done it, theythadjene
with, as is now known, exactly 2,220,223 nuclectide
genetic letters. It is by far the largest of thewtt22,000
human genes, representing 0.1% of the entire genamle
it is still not known why such a large gene is reskd

From the sequence of the cDNA and with tHp bé
the genetic coddlichel Koenigand others in Kunkel's
laboratory were able to predict the structure efghotein
whose production was guided by this gene. It hdakta
rod-shaped protein chain of 3,685 amino acids.vilhére
was it located? Together witric HoffmanandKevin
Campbell two large coding sequences from several exons



of the cDNA were isolated and then transferred aui
bacteria which then produced, expressed, largetigiean
of two proteins which actually were short stretch&the
Duchenne protein. These shortened proteins wegeted
into rabbits, which treated them like vaccines aratle
antibodies against them. After attaching fluorestags to
these antibodies, the research teanRRmfald Worton
then in Canada andideo Sugitan Japan, and Kunkel's
group also, could show that the protein was locatetie
underside of the muscle fiber membranes. It redeitde
presence there by producing fluorescent bluish ligh
around the rim of vertically cut muscle fibers unttee mi-
croscope, a technique which still is used to ptbreepres-
ence of this Duchenne protein or its absence irclaus-
sue.

So, one year after the gene was found, iteprovas
also known, which the researchers namgstrophin And
the gene was no longer the unknown Duchenne gene bu
the now well-knowrdystrophin gene

Theses discoveries led to the developmentaiécalar
diagnostic methodgeffrey Chamberlaiand his group
used the new polymerase chain reaction, PCR, fecte
ing deletions in the dystrophin gene and found et
65% of Duchenne patients have such deletikpsin
Flaniganand again Kunkel's group started working on
high-speed sequencing methods to detect point toed o
more rare mutations in the gene.

ThenEric Hoffmanrealized that, while Duchenne pa-
tients have no or very little dystrophin in theiuscles,

Becker patients have altered dystrophins, Anthony
Monaco,while trying to explain this findingzame up with
the reading frame-hypothesis in 1988, which, witme
exceptions, is now the proven basis foreen-skipping
technology. In fact, this now very promising methode-
store the reading frame was discussed and projassad
possible therapeutic approach among the researahers
that time already, but nobody knew that early howli-
minate exons from the messenger RNA.

One other important consequencéadis Kunkebk
and his colleagues’s work was the detection ofjéees
for the many limb-girdle muscular dystrophies, LGND
because when they pulled the dystrophin out ofrihe-
cles with antibodies, a rather large number of ofine-
teins were taken out, too. A®vin Campbelin lowa City
andEijiro Ozawain Tokyo showed, they belonged to the
dystrophin associated protein complex DAPC which an
chors the dystrophin to the outside of the museleraem-
brane. It is now known that mutations in the gesfebese
proteins cause the different forms of LGMD.

Now, 26 years after setting out to find thagé ouis
Kunkelis still working on muscular dystrophy at the same
children’s hospital in Boston, concentrating orl trainsfer
techniques with myoblasts and other muscle stets cel
which show promise of becoming therapeutic methiods
addition to the other techniques. He finished héspnta-
tion with the statement: “We are in a stage nowretiieis
not hopeless anymaore for a child now born and diagd
with Duchenne”.

Why do we need clinical trials?

In her first presentatiorKate Bushbyof the University of
Newcastle upon Tyne explained that clinical treale very
much needed for the development of an effectivg dnd
that these trials can take much time. But Duchdiays
do not have many years to wait until such triaés @er-
formed and finally a drug is developed. So they tsd
parents should understand that the scientists wgfkir
an effective therapy do appreciate their situatind are
working with the regulators to be sure that effextreat-
ments could come to trial as quickly as possiliighé in-
terest of the families and their sick children, sioéentists,
when they have an idea, a hypothesis, how a tharegiyt
work, have to work step by step, even before dinidals
can be started, in order to be certain that easdareh step
gives valid answers on which more research carabed)
first with small experimental animals, the mdx mefisr
example, then with larger animals, the dystroploig dr
monkeys, until finally the technique developed tiglo
these steps can be tested in living patients, theghB®nne
boys. Any mistakes, sometimes caused by dangerous
shortcuts, cannot be tolerated because they waléy d
the research progress by many years.

Duchenne muscular dystrophy is a complex disor
and effective treatments in the long run will prblyahave
to act on the genetic machinery that makes dystnaph
healthy but not in Duchenne muscles. Such a gedsiig
will probably be a completely new type of drug,etd
work for a very long time, to treat all the manypds of
muscles of a boy, even the inside ones like thbdeeco
lungs and the heart. Therefore, the demands fosafety
and the efficacy of such a Duchenne drug are \ergre.

To understand what clinical trials are, KatesBby
mentioned four rules:

Rule 1 Trials are about testing a hypothesis, an idea
that makes sense. They are there to answer aquésti
which an answer is needed — for example “doegdttig
work to cure DMD?” — and they do not necessarilegi
the expected answer. Such a hypothesis shoulddwmel lwen
good and reliable preliminary data.

Rule 2 Being a participant in a trial should not be a
substitute for receiving the best available came Gwust
not drop everything one knows, after all, a triajint not
work.

Rule 3 The design of a trial is dictated by the nature o
the hypothesis to be answered. It might be a pilegn
label, blind, or double-blind placebo-controllekr The
number of participating patients depends on whgteke
of data reliability is needed to answer the questmore
participants make the results more precise and netire
able. Usually, the trials have to go through ttpbases,
and it is important to note that in phases | arttiél par-
ticipants in the trial may not actually experie@es im-
provement as these kinds of trials are set up $avan
safety and limited efficacy questions only: (1) &hato
test for toxicity, (2) phase Il to test for effigaalosage
and safety, and (3) phase Il to confirm a clirlicatle-
vant positive effect and determine the optimal ddsels
with children who have a progressive disease like
Duchenne are very challenging, they have to begdesdi
very carefully because young children with DMD grow
and become better even without a drug.

Rule 4 The supervision and regulations imposed by



different authorities are there to protect thequrat from
damage and also their doctors from legal conse@senic
a possibly dangerous treatment. The ethical coratides
are more than only issues of consent by parentshend
patients themselves, but also have to make cehatra
trial is adequate to answer the question beingdaskee
regulations should also ensure consistency andacgof
the data for the following and the final regulatagpro-
vals. The extensive paperwork, the long delays,thad
rather large cost of clinical trials make sure #aatrything
is being done correctly.

The clinical trials to find a Duchenne thergpgsent a
number of special problems: (1) This diseaseris, ra
therefore the pharmaceutical industry is not alwates-
ested, but their involvement is necessary for tineetbp-
ment of a drug. They also need a profit motivettmat
sufficient capital, so the orphan-disease reguidibo tax
savings are important. (2) Because Duchenne dysjrigp
quite rare, patients with specific mutations inittliystro-
phin gene will be scarce, often caused by the aftising
full molecular diagnosis. So parents should irtiat the
exact mutation in the dystrophin gene of their siok is
determined as soon as possible. (3) The establighmhe
registries with the full diagnostic data of as maagients
as possible from all over the world would be a #adous
advantage for the design of future trials, and fesi

should be encouraged to find out about the existeific
such registries and enrol their child. (4) A redaltculture
among in the Duchenne community of families, dagtor
and scientists with international cooperation niugstle-
veloped in as many countries as possible. Theaan&swy
international collaborative effort run li§ate Bushbynd
her colleagué&/olker Straub TREAT-NMD: www.treat-
nmd.eu — which hopefully will accelerate the progress of
promising molecules into trials and treatments.

There are more negative than positive clinigals, so
no patient should stop or neglect the best possileidical
care that is already available. For the same redisdoes
not make sense to travel large distances to takérpa
trial when there is still no idea if it is going give a posi-
tive result. Consent should always be given voltiytaf-
ter full explanation of all positive and negativetails.
Discussions with the scientists and doctors shalvidys
be possible, and the parents should be allowedtharaw
their sick son from a trial at any time without hayto
defend their decision.

Kate Bushby said finally: Only correctly deségl and
performed clinical trials will bring an effectivedrapy
within a reasonable time. Mistakes must be avoateall
cost: they would set back the entire research tsford
prolong the time the boys have to wait for a deeisind
positive change of their future life.

Exon skipping.

How exon skipping works: Exon skipping is one of the
potential therapeutic techniques that is alreadiygested
clinically on Duchenne patients. In his introdugtpre-
sentationSteve Wiltorof the University of Western Aus-
tralia in Perth, described this technique in detile read-
ers of this report who are not familiar with thed¢hemis-
try of how genes make proteins, of the structuckfanc-
tion of the dystrophin gene and its protein dydtinpand
how mutations cause Duchenne dystrophy, shouldglea
read first the introductory chapters of the reporthe
Parent-Project meeting in Cincinnati/Ohio in JuD08&.
This report is available in English, German, andrggh

on the internet avww.duchenne-research.com

Theexon skippindechnique tries to change a Du-
chenne mutation into a Becker mutation, so thaséwer-
ity is reduced. If a mutation disturbs the readiagne and
thus causes Duchenne dystrophy, the reading framée
restoredby artificially removing from the messenger RNA
one or more exons directly in front or after théetlen,
the duplication, or the exon which contains a poiata-
tion. In the latter case, either removal of theated exon
alone may by-pass the defect, or it may be necgssar
remove one or more neighboring exons to maintain th
reading frame.

Exons can be eliminated from the mRNA vatiti-
sense oligoribonucleotideAONSs. They are short RNA-
like single-stranded compounds consisting of 28Gamu-
cleotides whose sequences are constructed in swaly a
that they attach themselves by Watson-Crick basapa
only to the complementary sequence inside the &xbe
removed or to its border regiomsntisenseneans that
their base sequence is complementary to the taeget
quence in the pre-mRNA. These AONs thus interfdath w
the splicing machinery so that the targeted exoexons

are no longer included in the mRNA, they sk&ped

Splicing the exons of the pre-mRNA to the mRNA
very complicated and precise procedure mediateal by
complex of many proteins that recognize the borters
tween the exons and the introns. The AONs havave A
sufficient long nucleotide sequence so that théjbihthe
splicing of only those target exons which are nsagsto
restore the reading frame of the defective dystroph
MRNA. At present 231,677 exons in the about 23260
man genes are known. The exon skipping proces®-the
fore, has to be extremely specific and precisthdfAONs
would cause skipping of exons in other genes, dange
side effects would be the consequence.

Exon skipping does not alter the gene itself vighriu-
tation, but its mMRNA no longer contains the information of
the skipped exon or exons, and not of the deletedse
either. This therapy affects how the defectiveegisread
and processed. As this skipped mRNA is shorter tizan
mal, the dystrophin protein is also shorter, itteors
fewer amino acids. If the missing amino acids ae pf
non-essential regions, like the central rod domahres
shorter protein can often still perform its statiig role of
the muscle cell membrane. The result would be tizege
of the severe Duchenne symptoms into the much milde
symptoms of Becker muscular dystrophy.

Oligoribonucleotidesare short pieces of RNA - oligo
means fewNucleotidesare the building blocks of nucleic
acids. They consist of three molecular units: dbese,
one base, and one phosphate. So there are foerethiff
ribonucleotidesThe two kinds of AONs, which are mostly
used for exon skipping, are protected oligoriboeatities
so that they are not or only slowly destroyed i tiuscle
cells by nucleases, enzymes, that destroy nuobiis a

The Dutch scientists are usi2@-methyl-phospho-



thioates also callednethyl thioatesr 20-methylsThey
have a methyl group, a carbon with three hydrogems,
on the oxygen of the second carbon of the ribo#s,.and
a sulfur atom instead of one of the oxygen atonth®f
phosphate groups. Timeorpholinoswhich the Australian
researchers have found most promising, and thesBrit
will use in their planned trial, have one of thephphate
oxygens replaced by a dimethyl amide group, a géno
carrying two methyl groups, and the entire ribositsuare
replaced by morpholino rings, six-membered ringshe
consisting of four carbon atoms, one oxygen andnine
trogen atom with hydrogen atoms attached to thieores:

In Dr. Wilton’s laboratory, morpholino AONseabeing
developed, tested, and optimized, so that all dgsin
exons can now be skipped, one alone or severagat t
same time, in cell cultures of normal and dystrophi
mouse, dog, and human muscles. Some exons aredkipp
more easily than others. Exons that are difficultemove
from the mRNA need higher concentrations of the AQON
but work continues to optimize their structures.rMo
pholinos AONs are probably quite safe in humansabse
they have been tested already in adults, not idrem, as
antibiotics to destroy viruses.

Exon skipping wilhotbea cure for Duchenne dystro-
phy, it should reduce the severity of its symptomssthu
converting it into Becker dystrophy with a betteogno-
sis. It will probably benefit up to 80% of all Dustine pa-
tients. The first clinical studies, one using 2C0tmyés and
the other morpholinos as described below, will¢hexon
51 locally in a single muscle to establish gneof of prin-
ciple. Systemic trials with injections of the AONSs irte
blood circulation will follow soon. The researcherid
continue to work with and to test clinically botiméts of
AONSs, because it might happen that negative reBufis
ture clinical trials with one AON type will makeadvis-
able not to use it in the long-term studies. Even con-
ceivable that combinations of both AON types cdudd
used in the future.

Many details about exon skipping were discussezhin
interview withSteve Wiltorwhich is part of the report on
the Cincinnati meeting. That report contains oriaits pa-
ge also a detailed example of the skipping of ed®1to
restore the reading frame after the deletion oheis.

Exon skipping in the heart: At the beginning of his pre-
sentationDominic Wellsof Imperial College London
summarized his exon skipping experiments with mdx
mice. He used morpholino antisense oligoribonucleotide,
AON, that contained 25 ribonucleotide units whose s
quence was directed against the last 7 bases afZ&and
the first 18 bases of the following intron 23 of timouse
dystrophin pre-mRNA. This AON attaches itself exclu
sively to the complementary sequence at the boedgon
of exon 23/ intron 23. This prevents the splicingctmnery
inserting exon 23 between the exons 22 and 24eof th
mMRNA. It skips exon 23And this is intended, because in
the mdx mouse, this exon has a point mutation sitipa
3,185 which changed the codon CAA for the amind aci
glutamine to the premature stop codon TAA. Thersfor
the production of dystrophin terminates at thipstign
and the animal does not have any or very littlerdydin

in its muscles. The elimination of the entire e23re-
moves this stop signal, and because both bordersoof
23 are between entire amino acid codons, the skippfi

this exon does not disrupt the reading frame. T r
somes, the “protein factories” then make a shahizn
normal dystrophin, 72 amino acids are missing, nmgan
that the new dystrophin is about 2% shorter thamab
After only one local injection of the specific AGNto a
single skeletal muscle, the muscle recovered itstfan
significantly and expressed, produced, dystropbiraf
least 10 weeks. Previously published worKTieyry Par-
tridge’s group has shown that in a systemic application, a
similar normalization of the structure and funct@frmany
skeletal muscles was obtained after 7 weekly imaus
injections of 100 mg AON/kg bodyweight in 6-weeki ol
mdx mice.However, it was not possible to get the morpho-
lino AONSs into the heart muscles of the miieis was a
severe disadvantage of the morpholino comparedthéth
20-methyl AONs which at high doses do enter thathea
muscles and cause exon skipping.

Julia Alterin Dominic Wells’s laboratory was able to
change this situation by applying ultrasound witime
mercial diagnostic ultrasound equipment focusseetty
to the heart of the mice. The ultrasound causepdesmny
pores in the cell membranes of the cardiac masdleis
allows the morpholino AON molecules to pass in® itin
terior of the cells. When the ultrasound treatnigialis-
continued, the pores in the membranes disappear.aga
And this effect was significantly enhanced by apmyat
the same time the contrast agent Optison whichss g
filled albumin bubbles of about 2 micrometer diaenet

This very simple-to-apply technique increasehstan-
tially the number of dystrophin-positive fibersthre heart.
It did not interfere with the AON treatment of thleeletal
muscles, it has even been shown to increase threskio-
ping effect in the gastrocnemius, the calf musatel no
side effects have been detected.

This simple technology uses an evaluated #ed-0
employed diagnostic procedure which one shouldidens
to apply in the systemic clinical exon skippinglksi not
only with morpholinos but also with 20-methyl AONs
where it should also enhance their uptake inttypks of
muscles.

Exon skipping: Preparation of aclinical trial in the
United Kingdom: In the United Kingdom, thIDEX
Consortiumwas established in January 2005 to develop
the exon skipping technique further and to perfolimical
studies. The members of the consortiumFaencesco
Muntoni, Kate Bushby, Volker Straub, Dominic Wells,
Jenny Morgan, George Dickson, lan Graham, Matthew
Wood, Steve WiltomndJenny Versnehll of them are ac-
tive in Duchenne research. The Department of Hetlth
Medical Research Council, the Parent Project Utd, the
British muscular dystrophy association, Musculasfdy-
phy Campaign, are also involved. In addition, thBBX
Scientific Advisory Board (SAB) consisting &fay Da-
vies Serge Braunlan Eperon David Hilton-JonesChris
Mathew andStephen Meechs well as non-voting repre-
sentatives from several associations are meetiaegyevto
6 months to oversee and validate the consortiurnikw
At the meeting, the chairman of the MDEX Canso
tium, Francesco Muntoniof the Imperial College in Lon-
don, reported at the on the state of the preparédiothe
upcoming first trial and the plans for the futurer this
trial, a number of decisions have already been niBide
exon to be skipped will bexon 51 because the largest



group of Duchenne mutations like the deletion afrex
45-50, 47-50, 48-50, 49-50, 50, 52, 52-63, abott D9
all Duchenne deletions, could be treated by skigppist
this one exon 51. Six different AONs were testedan
mal human muscle cultures, in muscle cultures filom
chenne boys, in entire muscle preparations (wigveét
Wilton) and in the humanized dystrophic mice whocim-
tain muscle from Duchenne patients (with Judith De-
tekom). The best results were obtained withrttoepho-
lino AON H51Adeveloped irSteve Wilton’saboratory.
Dominic Wellscould show that after injection into mdx
mice, these types of AONs were still present fter
weeks, which shows that morpholino AONSs are suffi-
ciently stable for the long-term treatment that Wwé nec-
essary for a life-long therapy of Duchenne boys.

Three groups of two Duchenne boys each, 12 tol
years old, will participate in this first trial. £&&r all three
relevant authorities, the Gene Therapy Advisory Gaim
tee (GTAC), the Medical and Helthcare Product Ragul
tory Agency (MHRA), and a local committee have give
their approval, the first boy will be recruited andl re-
ceive his injections in March 2007. Three differdos-
ages: 0.09, 0.297, and 0.9 mg AON in 0.9 ml sofutidll
be used for each group, delivered into a volumenef cu-
bic centimeter of muscle with nine injections dthginto
one of the twaextensor digitorum brevi€EDB) muscles
on the outside of the foot that is needed only tiggle the
toes. Humans do not really need it and 0.8% ofdbaeral
population do not even have it. So it can be rerdovigh-
out serious consequences if some unacceptablefaits
should occur. Extensive clinical checks includingpsies
will be done before and 30 days after the injectitmas-
sess the results of the treatment. The highestwitisenly
be used if the lower doses are not sufficient. Aretrial
will not continue if clear results, positive or radige ones,
are obtained in the first two patient groups.

No preliminary results on this first trial Wide released,
unless there are negative results which will sugthed the
trial has to be stopped on safety grounds. The fasaults
of the entire study will be put together for comrmation
as soon as they are analyzed and approved by tHeXMD
Scientific Advisory Board.

This first trial is only a very small stepjutst will pro-
vide theproof of principlethat the local administration of
the morpholino AON into a single human muscle fe sa
and that it is effective to restore at least sogsrdphin
production. It is hoped that with the different dges used
dystrophin would appear in more than 10% of thealeus
fibers. This would allow to get reliable resultsiaaiso to
estimate the total amount of AONs needed to trittte
muscles of a bay in a future systemic treatment.

The boys participating in this first trial Witnorpholi-
nos injected locally will not get any therapeutenbfit.
But all the results of this trial will be needed &oreal
treatment, for a systemic application of the poéimu-
chenne drugs into the blood circulation of a boyted all
his muscles can be reached. If the first local isigauc-
cessful, this second and more important trial witstemic
intravenous injections will start in the secondf la&l2007,
its results should be available in 2008.

As far as the commercialization is conceriieig, will
depend on the results of the trials. If the Britistthe
Dutch approaches do not work systemically, it ikkety
that the commercial development of AON drugs wét b

gin. However, if they show that the systemic agilan
works with sufficient efficacy in Duchenne boysethit is
hoped that shortly afterwards, there could be pudiduc-
tion of AONSs targeted at many exons for extendedcall
protocol studies.

Exon skipping: Thefirst clinical trial in the Nether-
lands. At the meeting in CincinngtGerard Platenburg
presidenpf the biotechnology company Prosensa B.V. in
Leiden, the Netherlands, and, at the meeting imdoo,
Judith van Deutekornof Leiden University Medical Cen-
terreported orthe first in-human trial with the exon skip-
ping technique

The aim of this trial is to prove that exornpghng is
safe and works effectively in Duchenne patients #
“local study” in a small area of a single muschettbialis
anterior muscle of the shin, which is being treated with an
antisense-oligoribonucleotide, AON, against exonT5ie
trial will only provide aproof of principleand although
shortened dystrophin is generated, no therapeatiefii
of the treated boys is expected, as treatmentpkeaplo-
cally and only once

Exon 51 was selected as the first skippingetabe-
cause successful skipping of this single exon wailtav
restoration of the protein reading frame for aln&% of
all Duchenne boys with deletions. For this trialjif 8-to-
16-year old Dutch Duchenne boys, have been selected
Each boy has a different deletion, namely of thenex50,
52, 48-50, and 49-50 respectively. The study isippe
meaning everybody concerned knows that all fouskze
receiving a potential Duchenne drug.

Because exon skipping is an unprecedentechmenhi-
cal procedure, intensive clinical and molecularejen
tests and a skin biopsy were performed on eactbbfye
they were allowed to take part in this trial. Frdm biopsy
material, cell cultures were prepared in whichpheticu-
lar deletion was determined in the DNA and alsthin
messenger RNA and — in order to be completely iterta
the expected base sequences of the border regimnsca
the deleted exons were confirmed in detail. In toiaj the
entire dystrophin gene was screened to make sate th
there were no unexpected irregularities. This speeire
had to be taken, because this first human applicaif
exon skipping will influence decisively the furthéevel-
opment of this potential Duchenne therapy.

For this trial, the Dutch researchers havectetl the
2'-O-methyl-phosphothioate version of the anti-5DM —
also called a 20-methyl — because they have exies-
perience with these chemically stabilized AONs, oty
by successfully treating muscle fibers in cell crds but
also by local and systemic injection into indivitloaus-
cles and the blood circulation of living animals.

In this currently ongoing trial, each boy rieeel one
single injection under local anaesthesia into allsanea of
the tibialis anterior muscle of a solution contagD.8 mg
of the anti-51 20-methyl. Four weeks after thedtigm, a
muscle biopsy has been or will be taken and theclaus
tissue checked for the presence of the shortekgzhesd,
dystrophin protein and its messenger RNA.

No serious adverse reactions were observatl four
treated patients. Two biopsies had already beennpezd
at the end of October and the first results ofRhNA and
dystrophin analyses in the obtained muscle tissere w
quite promising! Although Drvan Deutekomvas not able



to provide more details at this time, she couldtkay the
procedure seems to work rather nicely and thastingy
can be continued and completed as planned.

The Dutch researchers are now preparing tkedtiai-
cal trial during which they will try to skip exorl%ysys-
temic applicatiorof the appropriate 20-methyl AONs into
the blood circulation so that the potential drug oeach
all muscles including those of the lung and thethea
These studies will be short-term trials that wilbipably be
followed by long-term studies, which could possialy
ready could slow down the boys' Duchenne symptagas s
nificantly. How much the muscle function will beim
proved will depend on the Becker-like proteins otxtd
after skipping. Some will work better than others.

At the end of her presentation, Ban Deutekom
asked the parents to be careful and not to jungpema-
ture conclusions.We are not there yetshe said. Even if
exon skipping works in one patient, it does not mieavill
work in others. All the data have to be availal#éobe it
can be said it really works after a local applicatiBut the
treated area is very small, therefore no improveraén
muscle strength is expected. That was not the &tim
first study, but only the proof that exon skippingrks in
principle and is safe. However, local intramusciuiggc-
tions will not be the way to treat patients. Theref be-
fore starting further trials, more data and morenah
studies are needed, to find — among other thirtge best
AON dosage for a systemic full-body treatment.

The answer to the question “When will it betbe
market?” was, that it will take at least five mgesars to
have the AON for exon-51 skipping ready. If thisris
well, the development of other AONSs will follow soaf-
ter. In addition to the 20-methyl AON for skippiegon
51, the company Prosensa has already designedand p

duced in sufficiently large quantities four oth€-ne-
thyls. These AONs would allow treatment of over 56£6
all patients with deletions. Drug development negetst
of testing, takes a lot of time and money. WithBrisen-
sa, things may have gone much slower. Even witin the
engagement it took two years to prepare and tanltegi
present clinical study.

To the question of how patients could partitépin the
next studies, the answer was that if the clinical genetic
data of the boys are in the Dutch data bases,atents
will be called if their son fulfils all the inclush criteria
and is needed for the trials.

Judith van Deutekorfinally thanked above all the Par-
ent Project organizations in the different coumsthbet also
other funding agencies for their financial suportl ask-
ed the boys and their parents to have patienceamfit
dence because “We will get there!”

Systemic exon skipping in the dog: Terry Partridgeof
the Children’s National Medical Center in Washingto
who was not present in London, sent the followirgsm
sage on 23 January 2007:

In the Japanese dystrophic dog colony, theatiwt has
been bred onto a beagle background. One 5-monttiogjd
was given intravenous infusions of the morpholinmbi-
nation designed to skip the mutation. Two weeksrafte
last injection, he had significant amounts of dyshin in
many of his muscles, the muscle pathology lookdtebe
and he had maintained his running speed. His twe no
treated siblings had no significant amounts of iystin
and had deteriorated in all measures used. No &ffects
were noted in the treated dog. We are just abostiai
further experiments on two dogs using higher dasets
delivering the original dose over a longer timeiqer

Transfer of the dystrophin gene.

Viral Vectorsand muscle stem cells: Jennifer Morgan
of the Dubowitz Neuromuscular Unit of the ImpeiGal-
lege in London started her presentation with a rifetsan
of the different vectors that are used for thegfanof the
entire coding sequence of the dystrophin gene s pit
into muscle cells of Duchenne boys. The weedtoris
used for the molecular transporters of the genaesazes.
They are mostly viruses which normally infect liginells
and bring their own genes with them which thenriredt
the cells to multiply them. Scientists have legongrow
non-pathogenic viruses — that do not cause sevszases
—in the laboratory after they have taken outhadint multi-
plication genes but leaving what they need to igtet their
target cells. This leaves room for foreign genataterial,
which can be introduced into their almost emptytgiro
shell. These modified viruses can still infect tharget
cells, but they cannot be multiplied in them anyendrhe
transported foreign genetic material is depositetthé cell
nucleus, either inside or outside the chromosotdader
the right circumstances, this foreign materials floireign
gene, can become active and take over the funofian
damaged gene that cannot work properly any moreliMo
fied viruses carrying all or only some of the caglse-
quences of the dystrophin gene, can thus caustyttm-
phin protein to be made again, Thus, viruses cavige a
genetic therapy, they can bganetic drug

There are a number of different kinds of véisisvhich
have been used as vectors in gene therapy expdésimen
The one type, with which the Duchenne researchestlyn
work to restore the dystrophin protein in muscléscare
theadeno-associated viruseBhey are small viruses that
have a single-stranded DNA molecule as their nogeal
netic material, their normal genome. They can ettier
post-mitotic skeletal muscle cells which make ugetO
45% of the body weight of a human being. Post-naitot
means that these cells do not undergo mitosis,aheyot
dividing any more. Because these viruses are s,sma
they can only accept foreign genetic material thaiot
longer than about 5,000 nucleotides. Thus, theyocdy
transport about one third of the dystrophin cDNAg o
third of the joined exons of the gene. The vectarstruc-
tion now used in the first dystrophin-gene clinigahe
transfer trial performed in Columbus/Ohio contaansi-
cro dystrophin cDNA which makes a shortened dystiop
protein consisting of only 2,539 amino acids, tk&81.1%
of the 3,685 amino acids of the normal dystropBie-
cause of this shorter-than-normal dystrophin, tyye of
gene therapy will not cure Duchenne dystrophy cetepl
ly, but, like exon skipping, will only reduce theverity of
its symptoms to those of the much slower progrgssin
Becker muscular dystrophy.

The adeno-associated viruses deliver thega;ahe



therapeutic gene material, into a chromosome atoran
and it cannot be predicted or controlled where ltlais-
pens. They may insert the transferred gene bettvezn
other genes, inside an intron or an exon, andrasac-
tivate, deactivate or destroy another gene. Thisceaise
another disease or even cancer when a proto-oneagen
activated.

For this and other reasons, Dr. Morgan andéwgarch
team have started to work on another strategycahebi-
nation of stem cells with gene therape satellite cells
of muscle fibers are stem cells that can givetossom-
plete new muscle cells in damaged muscle tissuaeSxf
them divide asymmetrically, as stem cells oftenaiw
thus create more satellite cells which then plaeet
selves at the outside of the muscle cell membrname f
where they are able to regenerate the musclefdeii
injured. In fact, satellite cells from a healthyndo, a per-
son with normal dystrophin genes, have shown teeau
the production of new and normal dystrophin afteyt
were injected into the degenerating muscles of ehBane
patient. Other types of stem cell have also béewn to
regenerate skeletal muscle, e.g synovial stem aetisme-
sangioblasts. We will find the stem cell that gitke best
skeletal muscle regeneration and use this cell ityfature
experiments.

Lentivirusesre a type of retroviruses with RNA as
their genetic material which integrate into thetraml's
DNA and create a double-stranded DNA copy inside th
infected cells. These viruses can infect dividind aon-
dividing cells, thus also satellite cells of musiiters. Dr.
Morgan’s research team used such lentiviruseatster
the genes of a modified U7 splicing factor withaam
tisense sequence for skipping exon 51 into satalbtls.
This is a similar technique as developed by theéhesci-
entists aroundluis Garcig who are using adeno-associat-
ed viruses as vectors. Dr. Garcia provided Dr. Morg
with the lentiviral U7 construct. In preliminary exri-
ments with this lentivirus technique, skipping @ba 51
was obtained in cultures of human muscles celés aft
few hours. But these are very preliminary resufts»e
periments which have to be repeated and develaped f
ther. More news about this additional approachaf®u-
chenne therapy are expected soon.

First clinical trial of dystrophin genetransfer in the
USA: Xiao Xiaoof the University of North Carolina in
Chapel Hill, could not attend the meeting in Londout
he sent the following report on tharcent status of AAV
mini-dystrophin gene therapy for Duchenne dystrophy

Gene therapy is one of the numerous stratbgies)
vigorously developed for the treatment of Duchetdys
trophy. Among the gene therapy approaches, adesww-as
ciated virus (AAV)-mediated gene delivery of a ftional
mini- or micro-dystrophin gene has some apparevamd
tages. It is highly effective in muscle and head able to
cover almost the entire spectrum of the Duchentiera.
Preclinical proof-of-principle studies in small aladlge
animal model systems have supported the developofient
mini-dystrophin gene therapy for clinical trials.

Through collaboration between the UniversitjNorth
Carolina, the Ohio State University and Asklepids-B
pharmaceutical company, and supported by the Aieric
Muscular Dystrophy Association MDA, a phase-la gene
therapy clinical trial has been initiated in Ma@f?006. It
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was approved by the Federal Drug Agency FDA folloyvi
safety and toxicology testing of the AAV mini-dygphin
vector in laboratory animals.

It is a randomized, double-blinded trial wailx patients
and two different doses involving local intramusatih-
jection of the gene vector. The major objectives ét) to
collect safety data including the patient’s histofysymp-
toms, febrile reactions, swelling or erythema -nshi
flammation — at the injection site, measuremerdh@nges
in serum chemistries and hematology, urinalysismpu
nary function testing, and isometric muscle strhrigst-
ing; (2) to determine the dose required to achteeepro-
duction — expression — of the mini-dystrophin instie;
and (3) to monitor potential immunological respate
the mini-dystrophin as well as to the delivery wedtself.

So far, all three patients in the low-doseugrbave
been injected and muscle biopsies collected. Ne ¢jeer-
apy-related adverse events were observed. Tweaeof th
three patients in the high-dose cohort have aleo e
jected. No gene therapy related adverse effects bagn
observed in them either, suggesting that the proecid
well tolerated. Due to the nature of double-blindegign,
the muscle biopsy data will not be analysed ufitgia
patients are injected and muscle samples colleBtesults
from preliminary analysis of these patients areeetgd in
late summer of 2007.

Our next goal is to develop regional geneveeli
methods — similar to the one used in the Frencénpld
trial — to treat large groups of muscles and eedhtuhe
entire body. We have investigated this retro-grautea-
venous perfusion method in the limbs of normal dyst
trophic dogs with both reporter genes and the dimgr m
dystrophin gene. Encouraging gene transfer andessm
results have been obtained. In addition, we hase iaiti-
ated the investigation of this method in monkeyagis
reporter gene. Our preliminary data revealed wickszsgh
gene expression in various muscle groups in the legs
we tested. However, extensive, short- and long-tord-
ies are required to optimize the gene deliveryesysand
to establish safety and efficacy in large animai®te the
phase-lb clinical trial of regional gene delivegndake
place.

At the Cincinnati meetingcott McPheef Asklepios
reported that the vector used in this trial is alified
AAV of serotype 2, called BNP2.5, containing a mini
dystrophin gene which does not contain parts ohexg
all exons from 18 to 59 and from 70 to 79 inclusiVhat
means that the expected Becker dystrophin willdmia
one third as long as the normal protein becauseks the
rod regions R3 to R21 and the C terminal end.

Exon Skipping with U7 genetransfer: Luis Garciaof

the Généthon Institute in Evry near Paris presetitede-
sults obtained in his laboratory on an approaaotabine
exon skipping with gene theraphhe French researchers
are attempting to instruct the muscle cells to poed
themselves thantisense oligoribonucleotide8ONs,
which are necessary for exon skipping, so that ttegot
have to be applied repeatedly. This can be achibyed
transporting into the muscles the genetic inforarafor
the construction of the AONs. Their idea was toWge
snRNAssmall nuclear RNAs, which have a structure simi-
lar to splicing factors. These U7-snRNAs can be ifrextl
so that they are able to cause exon skipping.



To provide theroof of principle the French scientists
tested this approach in the mdx mouse whose dystrop
mutation, a premature stop codon, can be corrdxted
skipping exon 23. To achieve this, the scientidtiea the
short DNA sequence with the information for twoiant
sense sequences to the sequence of the gene fdvthe
snRNA. It is important to know at this point, thhé
SnRNAs, like all other RNAs too, are also "made" by
genes. These additional DNA-sequences in the UN#nR
gene were 24 and 20 nucleotides long and were rieig
in such a way that, after they are copied into RbbY) at-
tach themselves specifically to two sequencesefrtbuse
dystrophin pre-mRNA. One is located at the enchtsbin
22 and the other at the border of exon 23 withfohlew-
ing intron 23.

To transfer the modified U7-gene, U7 SD23/BP22
into the muscles of the mice, it was inserted togetvith
additional control sequences into a vector, adeno-
associated viruse#\AV, of a type-2 genetic structure with
a type-1 protein shell, parts of whose own genatterial
was removed to make room for the gene sequence to b
transported. Up to 20 trillion (20 x 13 of these modified
and harmless viruses were injected into muscl&s of
mdx-mice. After six weeks, up to 80% of the fibefghe
treated muscles had new shortened dystrophin wthith
not contain any more the 72 amino acids deterniiyeithe
normal sequence of exon 23. And this new dystroplais
still present one year after this single injectadrthe vec-
tors. The new dystrophin had also migrated toadtsnal
position underneath the muscle cell membranesttand
"rescued" muscle cells looked quite normal undemti-
croscope. The dystrophic processes in the mdx msiscl
that is, their accelerated degeneration and regéory
were completely halted. And there was also no imenun
reaction against the new dystrophin.

Then, five other mdx-mice were treated sirfylaout
the virus vectors were injected systemically irfteit
blood circulation. After one month, more than 80Pthe
fibers of all investigated leg muscles had new myastin,
and also other proteins of the dystrophin compléhich
were analyzed, had reappeared. This means, thhirttie
ing sites of the new dystrophin to these proteaus the
normal structure. Their muscle function was studigd
measuring the spontaneous contraction of the tieates-
cles after they were forcefully lengthened. Thismally
much reduced function of the mdx-mice had returtoed
normal, if the muscles contained more than 70%dibe
with new dystrophin. And treated mdx-mice, whichreve
physically stressed by downhill running on a trediliehid
not develop the usual muscle damage found in reated
mdx-mice.

This U7-gene transfer technique was then agt
treat thedystrophicgolden retrieveGRMD-dog.In con-
trast to the mdx-mouse, which is not significartindi-
capped by the absence of its dystrophin, the dykicadog
has severe clinical symptoms similar to boys witk D
chenne dystrophy. Its dystrophin gene has a poirtia-
tion in the splice receptor region of exon 7 sd this
exon is deleted and the reading frame after thetidelis
shifted leading to a premature stop sign with #sult that
the dog has no dystrophin in its muscles. By skigphe
two flanking exons 6 and 8 simultaneously, the mgad
frame can be repaired.

This is a mutation that is difficult to deaithv At first,

the required two-exon-skipping was tried with tirawdta-
neous transfer of two different modified U7 gengaiast
exons 6 and 8. When the results were disappoiritireg,
researchers used in the same vector the modifieel ge
against exon 8 and a modified gene against theekoas

6 and 7. After two months of the local intramusciitgec-
tion of 1 trillion (10 of these “tandem” vectors, a practi-
cally normal dystrophin level in the biopsy matedf
about 1 cm length was obtained.

This showed that there is a chance to restg&eetal
muscles with this type of gene therapy. Therefasethe
next step, a systemic application of the vectoosikh
have been attempted. However, the French sciedtits
not have enough of the viruses, loaded with theRNA
and the AON sequences, to treat the entire dogefdre,
they blocked the blood circulation in one leg amj@dted
into its veins within 15 minutes practically all thieir 100
trillion (10 prepared viruses. Some oedemas developed,
but that was not bad, because then the viruseatar
without problems to where they were supposed to go.
Quite a lot of new and shortened dystrophin appkare
which, however was not distributed evenly in thg feus-
cles, but which was there in amounts similar totwha
Becker patients have. After six months, it wagd 8igére!

Now, a phase-I clinical trial with Duchenneybas be-
ing prepared in which exon 51 will be skipped. Sach
treatment with virus vectors will probably need iome
suppression. And Luis Garcia and his colleaguetrgirg
also to combine this treatment with a similar geaasfer
in which the gene for myostatin will be blocked.igh
combination was already tried in mice, althouglytaee
not the most appropriate animals, since they rageme
their muscles quite efficiently. Now, it is beinggd in
dogs. The results should be reported within aboatyear.

Clinical dystrophin transfer trial with plasmidsin
France: Serge Braun the Director of Research and De-
velopment of the French Muscular Dystrophy Assaaiat
AFM, who was not present at the London meetingit se
the following report

The AFM and the company Transgéne in Stragpbour
started a cooperation in 1995 to test the dystrogbne
transfer with plasmid vectors. For this technicge,com-
bined 79 DNA exon sequences of the normal dystrophi
gene, its cDNA, and its controlling structures wierserted
into the genetic material of plasmids. Plasmidssanall
circular DNA structures without proteins inside tea@ to
which they mostly confer resistance against aniitgo As
the plasmids consist only of genetic matenaked DNA
but do not contain any protein, no immune reactievel-
ops against this vector and its charge.

After successful preliminary experiments instie cell
cultures with dystrophic mice and dogs, a firshiclal trial
with patients started at the end of 2000. In thé,t9 Du-
chenne boys participated, they were all older ttagears
because they had to give their informed consers.plias-
mid solution was injected into one single muscléhef
forearm. New full-length dystrophin appeared intoip
25% of the muscle fibers around the injection sitdgre
were no signs of an immune reaction, neither ag#ies
plasmid construction, nor against the newly produtys-
trophin. This phase-I trial thus showed that geaedfer
with naked DNA is a safe procedure.



The French scientists then started workindp Wit
team ofJon Wolffof the company Mirus in Madison/ Wis-
consin who injected similar plasmid constructianto the
blood stream of single limbs of mice, rats, dogs| mon-
keysunder pressureThe pressure was produced by short-
term blocking of the blood circulation of a limbttvia
blood pressure cuff.

The next step is to start a clinical trialwiduchenne
patients using this new delivery system, the regjiamtra-
venous injection into single limbs under pressiire
same delivery system has been used recently andsaic
fully in mice and dogs for exon-skipping after AAKans-
fer of the U7 gene in the laboratorylafis Garcia But for
the preparation of the plasmid trial, there havenbsome
technical difficulties related to the large-scateduction
of the plasmid vectors with dystrophin genetic mate
However, this is mainly a technical and not a cpeca!
problem, and that will be solved soon.

The American and French regulatory authorhiage
been approached in view of the new trial. Predihéon-
trolled safety studies are required in monkeys tteefioe
plasmid vectors can be applied to humans. Transgede
Mirus have now good records of safety in both dyshic
GRMD dogs and monkeys, so those safety studiedashou
also not be a problem.

This plasmid full-length dystrophin approaaeds to
be further developed, as even in case exon skidgeng
comes successful in humans, patients who are igiblel
for exon skipping need alternatives.

Myogenic cell transfer, clinical trialsin Canada:
Jacques Tremblapf Laval University in Québec City,
who was not present at the London meeting, sent pub
lications about new experiments with the myoblestgfer
technique, which now should be calkednsplantation of
myogenic cells

In a clinical trial with 9 Duchenne patienitse Cana-
dian scientists could show that in 8 patients upa#o
muscle fibers with new normal dystrophin were cedat
after the injection of normal myogenic cells frometa-
tive. The cells were injected at a distance of dntg 2
mm from each other into a small area of the shisaiey
the Tibialis anterior.

At the moment, a second clinical trial is urvagy with
injections throughout a muscle in which one wougdable
to demonstrate easily a functional improvementfting
the hand using the wrist only — . This cell transpation
would have some advantages, among them, (1) the new
dystrophin would have the normal length and be utite
control of its normal control sequences; (2) thsifpoe
effect would be long-term; (3) the technique cduddcom-
bined with a myostatin inhibition; and (4), mostpion-
tantly, it could also help older Duchenne patiehigw-
ever, the human ethic committee of his hospitallinaited
the participation of the patients only to those tir@ more
than 18 years old. This is a major restriction mgldiffi-
cult the recruitment of patients that can stilltdis motion
on both sides. Indeed one side is injected with gepnic
cells while the other side is injected with salifibe pa-
tient does not know which side has been injected oells
so that the improvement can be evaluated withas. bi

Several parents have concerns about the fangbers
of injections required to deliver the myoblastotighout a
muscle — 100 injections per square centimeter is fijpe
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of transplantation has so far been done in a laugeber
of monkeys without problems and more recently io tw
DMD patients under only local anesthesia which was
enough to reduce the local pain felt after the @frithe lo-
cal anesthesia and both patients said that theydweu
ceive additional injections in other muscles withbesita-
tion. In collaboration with AFM, Dr. Tremblay hasgan-
ized a small meeting in Evry for the beginning ebFuary
2007 to understand the mechanisms involved in nagbbl
migration in a muscle so that the number of in@ctould
be eventually reduced.

The group of Dr. Tremblay is also pursuingeersh
work on blocking myostatin in combination with ttrens-
plantation of myogenic cells. Recent results intiayzhic
mice clearly demonstrate that the muscle fibersesging
dystrophin are more than twice bigger. The preseifce
dystrophin should make the muscle fibers more tasis
during muscle contraction while their increasee siz
should increase the strength of the muscle.

Another research topic is the developmentrohuno-
logical tolerance. This is a treatment which airmnaveid-
ing the requirement of a sustained use of immuno&s
sive drugs following myoblast transplantation. Tasults
obtained in mice are excellent. Dystrophin posifibers
were obtained in the dystrophin muscle without staned
immune suppression and it was even possible tosdea
ond transplantation of myogenic cells without remea
the tolerigenic, immune suppression, treatmentil&im
experiments are ongoing in monkeys and dogs tdrobta
results that may permit one day to use such taarigy
treatments in patients. There are still, howevevesl
years of research before this goal is met. Therigénic
treatment would eventually be useful for the tréausg-
tion of stem cells obtained from a donor, suchhasmeso-
angioblasts currently investigated Gyulio Cossu

Genetransfer with mesoangioblasts, adult muscle stem
cells: Giulio Cossuof the Stem Cell Institute at the Hospi-
tal San Raffaele in Milan, who was not in Londothei,
updated and amended my earlier summary on his work:

For an effective stem cell therapy of Duchedystro-
phy, a safe and ethically acceptable source afge la
amount of adult muscle stem cells is needed, tbatdv
give rise exclusively to muscle cells and to naghéfse,
especially not to tumors. And it should be possiblap-
ply these cells systemically by injecting them ittie
blood vessel system which could distribute thenuado
the body. Then they have to cross the vessel aadl,stay
inside muscle without creating any local troublee3e
conditions seem to be met mesoangioblastsvhich are
adult stem cells located on the outside of smalbtlves-
sels within the muscle tissue.

Giulio Cossland his colleagues performed basic ex-
periments whose results will not only become inmgiatrt
for a stem cell treatment of Duchenne dystrophyabad
for many other muscular dystrophies.

The Italian researchers did not use the mdusa@s an
animal model but a mouse whose gene for alpha-glgrco
can, one of the proteins of the dystrophin assediabm-
plex, was made inactive. These mice have a typienbf
girdle muscular dystrophy, LGMD, which is clinicall
similar to Duchenne dystrophy. The researchersatsd|
mesoangioblasts from normal mice, which contaimed t
intact alpha-sarcoglycan gene, treated them witbrsg



different growth factors and then injected theno itite
blood circulation of the LGMD mice. These "healthy"
stem cells were able to migrate into all skeletabates of
the living mice and caused the re-appearance of itham
80% of the normal amount of alpha-sarcoglycan. B&imi
results were obtained with mesoangioblasts isolfted
dystrophic muscle and transduced with a viral veeio
pressing the sarcoglycan gene.

For a possible Duchenne therapy by this nelrigue,
the intact gene for dystrophin has to be transéeimt pa-
tient-derived mesoangioblasts by an ex-vivo prooedu
with known vectors, then multiplied in the labongtcand
finally re-injected into the blood circulation dfe patient.
Possibly, this treatment would have to be repepésib-
dically, therefore it is important that these celtsuld not
be regarded by the immune system as ‘non-selfrand
jected. Alternatively normal donor cells may bediseder
immune suppression.

Therefore, as the next step towards a hurpplica-
tion, Dr. Cossu’s team isolated mesoangioblasts fro
normal and dystrophic dogs, multiplied them in arét
and injected them into an artery of the dystroplugs’
hindleg. Before infusion, the gene, the cDNA, ohigro-
dystrophin was transferred with a lentiviral vivaictor
into the dystrophic mesoangioblasts.

Up to five monthly injections of either therntl or
corrected dystrophic mesoangioblasts led to newralys
phin protein in many muscles in the dystrophic ddgs
one animal, the cells were released from a catlitethe
aorta. This allowed more widespread disseminatfadheo
mesoangioblasts. The results of the stem-cell iofiss
were dramatic: this last animal displayed a maiked
provement in its dystrophy and was walking welkfiv
months after the final injection; the other animaézover-
ed to a lesser degree. In general, dogs receivingrccells
fom normal animals improved more than those rengivi
the corrected mesoangioblasts from the same dogse S
muscles in the injected dogs had nearly normalsevie
dystrophin, and even the muscles with only moderate
levels of dystrophin showed significantly improved
structure and function.

With further experiments, the researchers \abéie to
increase the therapeutic efficacy of the mesoatagoby
treating them in cell culture either with DETA-N® o

IMN, two well-known compounds which release the gas
NO, nitric oxide, into the culture medium. Nitrigide acts
like a hormone, its main effect is a dilation obddl vesels.
After the systemic injection of the NO-treated naasgio-
blasts into the arteries of the LGMD mice witholytea-
sarcoglycan, these stem cells had a significalhaeoed
ability to migrate to dystrophic muscles, to re#istir cell-
destroying environment and to fuse with regenemgtai
muscle fibers. This resulted in a significant rezrgvof the
production of alpha-sarcoglycan. This treatmens thvas
able to limit muscle damage of the dystrophic mice.

In view of the ultimate aim to develop a Duche the-
rapy, the scientists had the idea to look for aydwhich
not only could generate NO but also had anti-inflzatory
properties similar to prednisolone. As the drugluodice,
HCT 1026 was selected, a derivative of flurbiprofiddN,
one of the most potent nonsteroidal anti-inflammato
drugs. HCT 1026 releases NO and does not showftine o
severe side effects of corticosteroids. It is avkmand
safe drug, already approved for human use, andtifée
on oral administration. Thus it is suitable fordet@rm
treatment. The anti-inflammatory action of HCT 1@fes
not correct the genetic defect of Duchenne dystypput
its ability to generate NO, which had been shown to
stimulate the effect of mesoangioblasts, suggeksac
combination of these two approaches could be eslbeci
promising.

ThereforeGiulio Cossuand his colleaguEmilio
Clementiand their teams tested the effect of HCT 1026
alone and together with mesoangioblasts on theatvimal
models of muscular dystrophy, the alpa-sarcoglyuzga-
tive and the mdx mouse in a long-term trial lastmg
year. HCT 1026 alone dramatically slowed the pregie
the disease and maintained muscle integrity anckifum
It was significantly more potent than prednisolamel did
not induce detectable side effects. Moreover, trelined
drug and stem cell treatments increased up toditfa
number of dystrophin-positive fibers in mdx micelahus
improved significantly the therapeutical potentimeso-
angioblasts by increasing their migration to arslrfg
with dystrophic muscle fibers. These results opaira
dow to an effective therapy of Duchenne muscular dy
trophy.

Phar macological approaches.

Utrophin to replace dystrophin: Kay Daviesof Oxford
University is one of the “giants” who in the 1988srked
like Louis Kunkebn finding the gene which causes Du-
chenne muscular dystrophy when inactivated by amut
tion. They were then and still are in a friendlyrgeetition
to find a treatment, they exchanged students ans, a
usual among scientists with the same goal, theyt ofee
ten, discuss their work and their ideas and plandstiaus
stimulate each other’s work. The research fielthakcu-
lar dystrophy has produced remarkable resultsaraht
years so there will be several effective treatméortshis
terrible disease.

There are four great challenges that havetmét by
anybody trying to find a therapy for Duchenne dyghy:
(1) Dystrophin is a huge protein whose function tealse
restored; (2) to make a difference, at least 20%hehor-
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mal level of dystrophin has to reappear againf pof this
protein, then another one like utrophin which ogplace
it; (3) this must happen in all skeletal muscleg] & those
of the heart and lungs, also; and (4), any immeaetion
against a new protein has to be avoided.

When Dr. Davies and her colleagues triedrid the
Duchenne gene, they found instead this other protei
utrophin and its gene, and they started to use simple com-
pounds as drugs to upregulate the low amount sfdio-
tein in muscle tissue. Such drugs may have sideistbut
because they are small molecules and not protieg,do
not produce immune problems, and will be easy tvale
into the blood circulation to reach all muscles.

Utrophin is a protein with a structure anddtion very
similar to dystrophin. In humans, its gene is ledabn
chromosome 6, it has 75 exons, and is about ori@mil



base pairs long. The utrophin protein is about Agster
than dystrophin. Like dystrophin, it connects thacdkin
structure in the cells with a protein complex ie them-
branes similar to the dystrophin associated compéno-
phin is present in many body tissues, also in neydmit
there it is concentrated in regions where the magoves
contact the muscle membranes, tleeiromuscular junc-
tions

If utrophin and dystrophin are so similar, wdges na-
ture not use utrophin when dystrophin is missinBin
chenne patients? There are indications, that nagaily
tries this. In Duchenne patients, utrophin startspread
from the nerve-muscle junctions to the muscle mamébs.
The more utrophin a patient has, the later he nmsesia
wheelchair. That is an indication that upregulatémitro-
phin would make Duchenne dystrophy more benign- Dur
ing development at 12 weeks, the muscles have btrth,
phin and dystrophin, then utrophin disappears ftoencell
membranes, remains only at the neuromuscular pmgti
and at birth dystrophin alone remains on the mendwa
Thus utrophin is a fetal form of dystrophin. Thigans,
that if one could reactivate the developmental pogfor
utrophin, one would get a treatment for Duchenrgrdy
phy.

Mdx mice whose utrophin gene wascked ouéxper-
imentally, which thus have neither dystrophin ntsophin
in their muscles, have Duchenne-like symptoms aad d
early in contrast to “normal” mdx mice whose muscle
show less severe damage.

In other experiments with transgenic mdx mitech
had utrophin mini genes in their germ line, introéld by a
technique that cannot be used in humans, it coaild b
shown, that utrophin, if it is present in largeramts, can
replace dystrophin. By increasing the amount afphin
by a factor of three to four, the development &f dlys-
trophic symptoms could be prevented and this leal to
complete functional recovery.

Thus, for a possible Duchenne therapy, oneldhoy
to increase the low amount of utrophinugyregulationof
the activity of its gene. The gene is now well kmowut
20 years ago, it took two years to find and charét it,
today that could have been done in two weeks. Ene g
has two different start sites, promoter sequertoeshich
signaling compounds bind to initiate the synthes$ithe
utrophin protein. One promoter induces the productif
one form of utrophin, the A-form, in the regionsté
neuromuscular junctions. The other promoter starts
make the other form, the B-utrophin, in the bloagitar-
ies. One part of the promoter sequence, the N-dumx,
tains a stretch of six nucleotides, TTCCGG, thats¢o
be responsible for confining the A-utrophin to thascle-
nerve junctions. The researchers are now tryirigtesfere
with this signaling process so that more of theoAxf of
the utrophin is made and directed to the musclenoein-
branes where it would possibly occupy the sitesitext by
dystrophin in Duchenne boys.

Even before all these molecular details ofutiephin
biology was elucidated, work started to find a sabse
that could upregulate utrophin and properly direttd the
membranes. That could not be done in a univerakig-
ratory. SoKay Daviedooked for a pharmaceutical com-
pany that would be interested in this difficult aagen-
sive task, and as she could not find one, she Ifi¢osead-
ed a new one: VASTox plc. in Abington near Oxford.
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Jon Tinsleyof this company then reported in a separate
presentation how much has been done to find a fiaten
utrophin drug: Until now, 13,000 chemical compounds
have been screened for their ability to upregulageactiv-
ity of the utrophin gene in mdx mice. The light-guging
enzyme luciferase from fireflies was used in a esagys-
tem to test for the presence of utrophin. More thad
promising substances were found which could iner¢las
low utrophin concentration three- to fourfold. Thee
now being optimized and tested on muscle cell cegtu
and in living mdx mice with the aim to increase #i-
ciency further and to assure that utrophin is sigfitly
upregulated in all muscles of the animals.

One of the most active compounds, VOX185,dlas
ready been tested systemically in mice by injecima the
abdomen. It reacts only with the promoter of théoAn of
utrophin, that is present in muscle. The A-utrophiall of
the skeletal muscles of the mice tested could beguat-
ed two to threefold, but it is not known yet, wiestlthe
utrophin in cardiac muscles is upregulated alsterAE2
weeks of weekly systemic injections, the animatsigd a
significant recovery of their muscular function.

This and other active compound are now bept o
mized further by chemical modifications. Clinicahts
with Duchenne patients are being prepared now aultic
start in 2008.

Steroid therapies, international clinical trial: In her sec-
ond presentatiorKate Bushbydiscussed the use of ster-
oids in Duchenne dystrophy and the planned internat
clinical trial with prednisolone.

For about the last 20 years, the corticostisqmiedni-
sonethe very similaiprednisoloneand the newer form
deflazacorthave shown positive effects in Duchenne boys:
The daily use of these drugs preserve the ambuolafithe
boys over several years up to about their mid-tgena
years; they increase their energy, the functionthago-
wer of the patients markedly, so that they carebetike
part in social activities; they reduce the needafsurgical
correction of scoliosis, the curvature of the spthey pre-
serve significantly the vital capacity, the lungétion;
they seem to be cardioprotective, meaning that tiaey
also a positive effect on the heart; and the mositipe
results have been shown in the younger boys. Tia us
doses are 0.75 mg/kg/day for prednisone and preidnis,
and 0.9 mg/kg/day for deflazacort. However, thegdru
may also have side effects: weight gain so thatithgs
can make the boys hungry and lead to Cushingotdres,
a round face; osteoporosis, weakened bones witt-an
creased risk of fractures; cataracts, a slightibpa€the
eye lenses, especially with deflazacort; and rednictf
height by slowing their growth.

Although the main medical effects of cortiesids in
other diseases are a reduction of inflammationaameif-
fect on the immune system, this does not seem smbe
explanation why prednisone, prednisolone, and dadlart
have positive effects in improving strength in mosys
with Duchenne muscular dystrophy. And becauseitte s
effects discourage many families to use these daigs
least 15 different application methods, which anep®sed
to minimize the side effects, are in use in thattrent
centers worldwide. Dr. Bushby now works in thiddiéor
the last 17 years, she realizes that the situadistill
“chaotic” and that a large, if possibly internatdrclinical



trial is needed to determine once and for all thiaits of
an optimized treatment regime.

Therefore, in the UK, 19 centers have signetbuake
part in theNorth-Star Projecthich is working to a con-
sensus on the use of these steroid drugs takiogatount
all the knowledge accumulated over the years athaut
long-term positive and negative effects of predmésand
its other forms for maintaining the muscles of Derxhe
boys. The results of this cooperation will provitie basic
data for the planned large international clinicell twhich
already has a name: FOR-DMD.

More than 50 centers in 12 countries will perf this
trial over the next years with at least 300 Ducleehoys
under the supervision of tfOR-DMD Trial Managing

Groupin which many internationally known scientists and

clinicians will participate. The most important @mof the
trial will be: (1) Testing daily prednisone/preduisne
versus daily deflazacort versus intermittent prednée/
prednisolone regimes on the hypothesis that tHg dpi
plication will be more efficacious on the long-temain-
tenance of respiration, the time to rise from tberf, and
patient satisfaction; (2) determining the toleripibf the
different regimes and their side effects; and (8)ating
additional studies on protein and polymorphism itiraf
to find out why steroids work. The National Instés of
Health, NIH, in the United States will probably tuthis
international study. The Managing Group will fikeetfull
grant submission in 2007 after a planned meetirigen
Netherlands.

Despite their side effects, there is still @ajon role for
steroids in Duchenne dystrophy. Although the apginioey
genetic therapies will be available in the not distant
future, an optimized steroid treatment will be ¢judd
standard against which other treatments can beeflidg
And because the genetic drugs will be expensivenahd
easily affordable in developing countries, the makba-
per steroid drugs will have to be used for manyan@ars
there.

Kate Bushbyinished her presentation by saying that
the majority of the children treated with prednisamhow
an overall benefit from using the drugs and thatrtatural
history of the condition has changed since theofiserti-
costeroids has become widespread. Together witbrthe
thopedic, cardiac, and respiratory care alreadiladle,
the use of steroids in an optimized regime wittefidrat-
tention to possible side effects will continue taka a
huge and positive difference in the life of Duchetoys.

Reading through premature stop codonswith PTC124.
Richard Finkelof the Children’s Hospital of Philadelphia,
a Principal Investigator on the PTC124 study, priesh
preliminary data from the Phase-lla studies. Inpnesen-
tation, Dr. Finkel updated the information giveneth
months earlier by Di.angdon Miller,Chief Medical Offi-
cer of PTC Therapeutics, South Plainfield, NJhatRar-
ent-Project meeting in Cincinnati. Therefore, saheefol-
lowing summary uses parts of the text given inrgport
on the Cincinnati meeting.

About 15% of Duchenne boys have a point maotaiti
their dystrophin gene which changes an amino amitbic
into one of the three stop codons, TGA, TAG and TAA
In the mMRNA, these codons become UGA, UAG, and
UAA and cause the protein synthesis to shut dowempr
turely, before the new protein, in this case dygtin, is

fully assembled. These mutations are called noesens
tations because they do not lead to the producti@am
amino acid chain of the protein dystrophin. Thesgam
tions are also known as stop mutations or premature
mination codons.

PTC124 is an oral drug designed to overcoraseh
nonsense mutations. It has been developed inga dru
screening program conducted by PTC Therapeuticsalt
novel, first-in-class drug, which is not like anther drug.
It helps the cellular machinery to overcome onthefge-
netic causes of Duchenne dystrophy but it is naegaer-
apy or an exon skipping. Although the antibiotioige
micin was shown to act in a similar way, PTC124a$
related to gentamicin and is not an antibiotic.CR24 is
not yet available commercially, it is still undezwelop-
ment in clinical trials. It is a white crystallippwder that
is mixed with water, milk or juice.

Because PTC124 targets the nonsense mutatibe i
MRNA, not the gene, it has the potential to trehéohe-
reditary diseases, among them cystic fibrosis. Phéra-
peutics is conducting Phase-Il studies in cyshoofsis as
well. PTC124's action is not disease-specific butation-
specific, it is not a potential drug for Duchennstiophy
alone, but a potential drug for all genetic disosdiue to a
nonsense mutation.

Only those 15% of Duchenne boys who have iberd
der due a nonsense mutation can potentially befnefit
PTC124 treatment. Therefore, it is necessary tmkime
exact mutation of a Duchenne boy in order to detegm
whether it is a nonsense mutation. Only when thatie,
PTC124 could be a drug for him.

To determine whether PTC124 could be a Duchenn
drug, preclinical experiments were done on celiurek
and mdx mice. Full-length dystrophin appearedvimg
animals after oral dosing with a positive effectinscle
fibre resistance to stretch induced injury. Inemments
done in rats and dogs, no read-through of nornoal sb-
dons was detected. Toxicity studies in rats and djpe¢en
high doses of the drug have generally not showinsgr
acute side effects. These data showed that clitéséd on
Duchenne patients were justified.

In the first clinical testing of PTC124, twbase-| trials
were performed in 61 healthy 18-to-30-year old tdol-
unteers. In these studies, the drug appearededfdem-
onstrated few side effects. Doses of up to 10kgiday
were well tolerated by these healthy adults, a ddseh is
larger than planned to be given to Duchenne bolyes@
results supported the initiation of a Phase 2acdlirrial.

The initial part of this phase-lla clinicalairon 26 Du-
chenne boys, 5-13 years old, has now been compl&ied
boys received a dose of 16 mg/kg/day and 20 boys 40
mg/kg/day of the drug in three portions per dapeyhad
different stop mutations: 19 had stop codon UGA/AS,
and 2 UAA, distributed from exons 6 to 70. Theiguats
were clinically evaluated for up to 21 days befibre treat-
ment, then received the drug daily for 28 days farally
had follow-up examinations after an additional 2§
Muscle biopsies were performed before and aftetrtas-
ment on theextensor digitorum brevi§DB, foot muscles
to check for the partial restoration of full-lengtiastrophin
production. Other chemical and functional testsenaso
done to measure the therapeutic effect and mofaitor
safety.

Very preliminary data showed that in culturadscle



cells, obtained from the initial biopsy materia¢ithexpos-
ed directly to PTC124 , the expected full-lengtistdyphin
was detected. The muscle biopsies performed afkang
the drug for 28 days demonstrated slight visibzease in
dystrophin in some of the boys. In this study, ef®te in
the phase-I trial, no serious side effects wereiesl.
But the level of the new dystrophin was still toavito
produce a sufficient and reliable therapeutic effelow-
ever, several parents and teachers observed tieatthee
treatment, the boys showed greater activitieseased
endurance, and less fatigue than before the trestme
These are not really scientific results, they haviee
evaluated in more detail.

One of the reasons why new dystrophin wasmotd
in all boys may be that the PTC124 concentraticifén
blood was below the intended concentration rangetof
10 microgram/ml of plasma, due to the possiblesfadig-
radation of the drug in children when compareddolts.
Longer exposure to the drug may also be necessary t
achieve better dystrophin expression. ThereftiePthase
2a trial has been modified to enroll an additiotaDu-
chenne boys, who will receive 80 mg/kg/day PTC1#4 f
28 days, aiming for a blood concentration of asiéato
10 microgram/ml in plasma. The final data williee
ported in 2007. PTC Therapeutics plans to initiatger-
term studies lasting three to six months in late720

Upregulation of IGF-1: Nadia Rosenthabf the Euro-
pean Molecular Biology Laboratory in Monterotondzan
Rome described the influence of the natural grdfextor
IGF-1 on muscles and the role it could play assaapeu-
tic agent for children with Duchenne muscular dyshy.

IGF-1, insulin-like growth factor, is a pratedf about
70 amino acids in one chain with three stabiliziniglges,
thus with a similar shape as insulin. It existsnultiple
forms with slightly different structures. The effeof
some of these different forms depend largely onrevhe
they are produced in the body. One of these sed#&b-
forms, mIGF-1, which promotes cell growth in mustite
sue, is of interest for a possible therapeuticinigau-
chenne children.

mIGF-1 promotes the regeneration of muscleg well
and helps to form functional muscle because ivatg#s
the synthesis of new protein. Local injury of messults
in a burst of mIGF-1 production, therefore, it ig@d
candidate for a combination with other possible ame
therapies. It could keep the muscles in good shdgile
the genetic damage is being fixed by genetic tephes.

In order to answer the question of what wéppen
when the amount of mIGF-1 in the muscles is inedas
above the normal level, transgenic “normal” miceeve
created which had no dystrophy but which had dxfa1
genes in the nuclei of their muscle cells. Thase-dystro-
phic mice with high concentrations of mIGF-1 showed a
strong muscle hypertrophy, enlarged fibers, after 1
months. Some of the other effects were a decrddag o
the extended maintenance of muscle mass and dtrengt
aging animals, and an accelerated healing of musjciey.
The additional mIGF-1 did not induce cardiac praofde
did not promote cancer, and had no pathological sfe

fects.Dystrophicmdx mice, in which also transgenic addi-

tional IGF-1 genes were produced, showed decraased
flammation and fibrosis, and much reduced muscigede
eration. Thus mIGF-1 improves the local environnfent
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efficient muscle regeneration.

The question was now, whether one of the atiter
forms of IGF1 works better than mIGF-1. The codieg
guence of IGF-1 is relatively small, its few exapar-
range on the way to its mMRNA by alternative spligipro-
ducing different extension (E) peptides. The mIGBet
form contains an Ea variant, which is mainly aciive
skeletal and cardiac muscle. Ea means that this fas
an extension signal peptide of about additiona@ino
acids. A studentin Dr. Rosenthal’'s team workedeh
years to make transgenic animals with each ofdhe f
more important isoforms. Only the forms with theliad
tional Ea peptide increased muscle mass and skrgngt
moted regeneration. Tests with isoforms contaiitingr
E peptides showed that they only improved regeimerat
That means, one does not have to induce a musag ma
increase to be able to improve and to maintain teuse
generation. E peptides are very important for |GRedi-
ated regeneration — an artificial form lacking apdptide
did not have any beneficial effect on muscle.

So the muscle regulating system, in which IGpar-
ticipates, is much more complicated than was oaigyn
thought. Possibly there are so-called binding ginston
the outside of the muscle cell which stabilize & F-1.
If the EA peptide is present, the mIGF-1 promotesace
mass growth and regeneration. If the EA peptiddbient,
then there is still regeneration but no increasmascle
mass. However, the details of this process aflenstil
completely understood. However, the full undersitagaf
the action mechanism will be extremely importarfobe
IGF-1 can become a therapeutic drug for childreth wi
Duchenne dystrophy.

But it will always be an adjunct therapy, besait is
not acting on the genetic cause of the diseasewihe
probably have to combine growth factor therapy wim
cells, AONs, myostatin inhibitors, or other smalbhlex
cules. If one could synthesize in the laborator il
with a stable EA peptide, that may lead to the appate
therapeutic approach. Ideally, delivery of this trefs
fective form into the muscles could be achievedouit
having to transfer its gene, that is, without gengto-
cedures. Just injecting the purified compound th&o
blood stream or directly into the muscles, or epthre un-
defined mixture of the different forms as offeredthe
internet, will be ineffective or even dangerous.

An interview withNadia Rosenthabn the hope the
parents should not lose while waiting for a gentterapy
can be seen in my report on the meeting in Monaco i
January 2005 at my internet pagesw.duchenne-
research.com

Inhibition of myostatin: This summary starts with an in-
troduction to the substantial previous knowledgeutibhe
nature and action of myostatin — as described irearljer
reports — and then summarizes the new work dorarby
Grahamin George Dicksos laboratory at the Center for
Biomedical Sciences, Royal Holloway, of the Unitgrs
of London.

Myostatinis produced in muscle and other organs and

circulates in the blood as an inactive protein siimg) of
375 amino acids. To become biologically active, ftist

266 amino acids, called tipeopeptide are split off, and
two chains of the remaining portion with 109 amawds
each combine to form a double ring. The separatpgp-



tide again attaches loosely to the double rind,iscti-
vating it. The propeptide is removed and quicklgrdeled
when the complex binds to its recepaativin on the out-
side of the muscle cell membrane. Timgostatin-activin
complex then initiates on the other side of the imeme,
inside the cell, a series of chemical reactiorsgaaling
cascade, that finally interrupts the genetic retipfethat
would otherwise lead to the biosynthesis of newateus
proteins. This process thus inhibits muscle growttere-
fore by inactivating myostatin, the regeneratiohef
muscle fibers of Duchenne boys could possibly eust
lated so that they would not be destroyed as fastight
even increase in size.

Non-dystrophic mice whose gene for myostatid h
been knocked out by genetic methods, have up ¢ thr
times larger skeletal muscles with significantlyrmfibers
of larger than normal diameter, they have underdgre
pertrophy There are cattle, tHgelgian Blue Breedwhich
are very muscular because their myostatin gendnaas
tivated by a mutation centuries ago. And in Beimow
8-year old boy was identified whose skeletal musele
about twice as large as in a normal child. Becauseita-
tion in this family had changed the normal splicafghe
three myostatin exons, the boy has a very low lef/ehy-
ostatin in his muscles. This is a strong indicatiwat the
inhibition of myostatin would lead to an increagermus-
cle growth in Duchenne boys, too.

TheWyeth Research CompaimyCollegeville near
Philadelphia developed a specific antibody, MYO-029
against myostatin which has been shown in anindiess
to increase muscle mass significantly. In humardoés
not cause immune rejection because the proteintate!
of the antibody is the human one, it is "humanizédan
be injected into the circulation or under the skincoop-
eration withKathryn Wagnein Baltimore and_ee
Sweeneyn Philadelphia, Wyeth has now tested in a phase
I/l clinical trial this potential antibody drug ib08 adult
muscle disease patients, among them some Becker pa-
tients. The trial is now complete, the results,chhseem
to be positive, will be published in the spring2007.

George Dicksomnd his colleagues, in collaboration
with Wyethhave started another approach to inhibit my-
ostatin. After the propeptide is released whersttieve
part of the myostatin binds to the receptor, thiddted
chain of 266 amino acids is unstable, it is degiddehe
bloodstream with a half life of only two hours. Téaen-
tists then had the idea to transfer the gene foptbpep-
tide into muscles with the aim to maintain thisumat in-
hibitor of the action of myostatin permanently dtigh
level. They tried this approach with normal mice an
found that the best vector for this gene transfas tie
type-8 adeno-associated virus, AAV8, which is dbla-
fect non-dividing muscle cells. After the localeénjion of
the vector construct into the tibialis anterior elaof
these non-dystrophic mice, they obtained a muselesm
increase of 30% at 4 weeks which rose to 40% at 10
weeks. The systemic injection into the blood ciatioin
increased the mass of the same normal mice by 2660,
this increase was maintained for 10 weeks. The lausc
force was also improved, even in the slow musdler§. If
these results could be reproduced in Duchenne liags,
method would keep them out of the wheel chair longe

All these results were obtained in preliminarperi-

ments with normal mice. They have to be repeated no
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with mdx mice. Clinical trials with patients couldllow if
the results with mice and other animals continueeto
positive. However, a myostatin therapy would noab&
to influence the genetic cause of the diseasef batild
probably, in combination with the more basic gemtgat-
ments like dystrophin gene transfer and exon skippén-
hance their therapeutic effects.

SNT-M C17/idebenonein clinical development: Thomas
Meier, Chief Scientific Officer at Santhera Pharmaceuti-
cals in Liestal near Basel could not come to theting in
London. He sent the following summary:

SNT-MC17/idebenone is a molecule that protetts-
chondria, the power stations in the cells whereuthiger-
sal energy carrier, adenosine triphosphate, ATRade
by oxidative phosphorylation. This compound SNT-
MC17, oridebenongehas recently successfully completed
a clinical trial in the US in collaboration withegtiNIH
demonstrating efficacy on neurological aspectsrigf-F
dreich’s Ataxia, another devastating neuromusatitsr
ease. A phase-lll clinical trial for Friedreich'sakia is al-
ready ongoing in Europe. Friedreich’s Ataxia igeerneu-
romuscular disease which besides neurological symgpt
is frequently associated with cardiomyopathy, asev
disease of the heart muscle.

SNT-MC17/idebenone is a potent antioxidanhwait
chemical structure derived from natural coenzym@.Q1
The optimized chemical structure has a much shartdr
different side chain which results in an improvéxdipna-
cokinetic profile allowing the molecule to enter sole
cells easier than coenzyme Q10. SNT-MC17/idebenone
has also been shown to facilitate the ATP produadtiahe
mitochondria. It can be given orally as a tablet.

The absence of dystrophin also negativelyctdfehe
oxidative phosphorylation in the mitochondria oé theart
muscles of Duchenne patients and probably in thbse
their skeletal muscles, too. A phase-lla doubledlpla-
cebo-controlled randomized clinical trial with SNE17/
idebenone is currently underway in Belgium underléa-
dership of DrGunnar BuyseThe study has completely
enrolled 21 Duchenne boys at 8 to 16 years of Eige.
primary objective of this study is to determine #itect of
SNT-MC17/idebenone on heart muscle function. In-add
tion several different tests will be performed tdeatt the
possible functional benefit on muscle strength in D
chenne boys treated with SNT-MC17/idebenone. Tlys bo
are receiving the study medication three timesyainla
form of tablets containing either 150 mg SNT-MCi@é#
benone or placebo for the duration of 12 months.

This trial is called Duchenne Efficacy Studyliong-
term Protocol of High dose Idebenone, DELPHI. ésults
will be available in the second half of 2007.

Clinical trial with prednisone and cyclosporin: Under
the direction oRudolf Korinthenbergat the Children’s
Hospital of the University of Freiburg, who was it
London, a clinical trial with prednisone and cygosn is
being performed in Germany.

At present, the two cortisone preparationslpisone
and deflazacort are the only drugs known whichden
noticeable improvement for boys with Duchenne aystr
phy. But the prednisone treatment has side efféttsre-
fore, some clinicians in a number of German musele
ters have decided to reduce the total prednisosagioby



giving the normal dosage not continuously but dry
days in a row and then interrupting the treatmentlD
days so that one still gets the protective effettavoids at
least some of the side effects. However, it turoicthat
the therapeutic effect is somewhat smaller thannwred-
nisone is given continuously daily. In order to noye this
situation, it was suggested to combine the predeisceat-
ment with cyclosporin. Cyclosporin is a drug whieh
duces the immune reactions. It has a different izugisim
of action from cortisone. It also has side effebts,during
a long-term treatment, they are somewhat more &oler
than those of prednisone.

The clinical trial with the two drugs startedGermany
at the beginning of 2004 in which one half of tlaignts
receives 3.5 — 4 mg/kg/day cyclosporin combinedh wit
0.75 mg/kg/day prednisone and the other half theesa
prednisone dose alone. Each patient participatd®in
study for 15 months. At the moment, in January 203D
patients are being treated or have already contpthtsr
treatment. A few more will be added during Februdry
minimum of 150 patients was needed to evaluatsttiay
correctly. The study will continue through 2007 goadt of
2008, so that the results can be analyzed next year

No results about the combined effects of cstwin
and prednisone are yet available, because thegigal
double-blind study, i.e., neither the patients ther scien-
tists know whether a particular child has receiggck
losporin or a placebo, a neutral substance, intiaddio
prednisone. But we can say that the study is fanitp
very well and that no severe side affects have ajgge Of
the 150 patients, only two had to leave the stodg, be-
cause he lost his ambulation relatively soon, aedther,
because a diabetes manifested itself which we badis-
covered before his enroliment.

Oxidative stress and Duchenne dystrophy: Joe McCord
of the University of Colorado and the company LigeV
tage Corp. in Denver discussed a new way of thetape
control of oxidative stress. Oxidative stressrisrapor-
tant component of more than 100 diseases, among the
Duchenne dystrophy.

Every cell, also each muscle cell, contaimsynmito-
chondria. They are oval-shaped organelles typiadiiyut
0.002 mm in length and 0.0005 mm in diameter, abwait
size of a bacterium. They are the power statiorthetell
because they synthesize the energy-rich compougrbad
sine triphosphate, ATP, by the process of oxidgtives-
phorylation. The end products of this energy prdiduc
are carbon dioxide and water. But about 1-2% ofothe
gen consumed is not converted to water, but rathére
superoxide free radicalt has an odd number of electrons
which makes it especially reactive. The cell defeitsklf
against this toxic product with two very efficieanizymes.
One issuperoxide dismutas&0OD, which converts the
radical to hydrogen peroxide, that is less readfiviestill
an oxidant. The other enzymecstalase which converts
the hydrogen peroxide into water and oxygen, whieh
completely non-toxic.

When the production of the superoxide radieateeds
the normal limit of 2%, the cells experienmadative
stress This happens any time a cell is injured. Muselisc
become dystrophic when large amounts of calciura ion
enter through the cell membrane into the interibere
they cause the mitochondria to swell and to diswitht
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the consequence that more than normal superoxiieata
are made, more than the cell can destroy. The sxads
cals can oxidize lipids, oxidize proteins, modifyzgmes,
damage DNA and cause even cancer. They are also con
tributing to the aging process.

Another source of oxidative stress is inflantiora
White blood cells are the only cells that make frzgticals
intentionally in order to kill and digest invadingicrobes
and viruses. But this process also damages thecalbst
and cause muscle cells to releases proteins iatbltdod
stream like, for instance, creatine kinase. Inflaation
also changes the signaling processes and may apape
tosis, the self destruction of cells. Also fibrosisriggered
by oxidative stress, the forming of scar tissudigeases
with chronic inflammation, among them Duchenne st
phy where elastic muscle tissue is replaced begxitile
connective tissue.

Twenty years ago, it was found that the mostalent
products of oxidative stress, the peroxidized Bpidere
increased by an average of 35% in Duchenne boys. Bu
until very recently, it was impossible to restdne bxida-
tive balance when, in 200@8/erner Boeckeand his col-
leagues in Germany showed that in Duchenne andeBeck
patients, the muscle fibers and the vasculatuesbliod
vessels, undergo massive oxidative stress resiiftinge-
duction of bioactive NO, nitric oxide, a “good” &eadi-
cal. This gaseous hormone is produced by the eni@ne
synthase, NOS, and regulates, among other pre;ehse
elasticity of blood vessels, the vascular tone. &ieyme
NOS is upregulated in muscle tissue which triesaional-
ize the amount of NO, but this process is insugfitibe-
cause of the muscle degeneration and also becabse-N
acts with the superoxide radicals. The produchisfiteac-
tion is peroxynitrite, OONQ another reactive oxidant
which intensifies the oxidative stress.

In earlier laboratory experiments, it was shdhat the
addition of the enzymes superoxide dismutase atatasa
to isolated perfused hearts could block the oxigastress
by destroying the excess of the free radicals aadegmt
the release of the enzyme creatine kinase. In atheres,
superoxide dismutase was shown to reduce the elivat
levels of the protein factor TGF-beta which isgnsil for
fibroblasts to produce fibrosis.

The muscles of Duchenne boys function reltivesl|
until about three years of age. After this time tonse-
guences of oxidative stress overcome more and there
normal muscle regeneration. These consequences are
chronic inflammation, fibrosis and also cognitivepiair-
ment. For a therapy of Duchenne dystrophy, it wdadd
important to interrupt these processes at thisoagarlier.

It was believed that one rather easy way tthdo
would be the ingestion of the known antioxidantawiin
E and vitamin C. But it had been shown in manyistud
that large quantities of these vitamins do not reaveffect
on oxidative stress. Also eating 600 grams of $raitd
vegetables per day had no effect on oxidative danag
DNA. The “antioxidant” vitamins are important fother
reasons, but they do not reduce oxidative stress.cther
possibility is to increase the level of the two ymes su-
peroxide dismutase and catalase which, as menticaed
destroy the excessive amount of free radicals.r/Asfe
one molecule of vitamin C can eliminate two molesubf
free radicals, but not more, whereas one moledue-o
peroxide dismutase can eliminate one million fregicals



every second and maintain this activity for a ldinge.
Thus Dr. McCord with the company LifeVantage d
veloped a dietary supplement containing “adaptazjeni
compounds from five plant species for effectivelglucing
the two antioxidant enzymes to reduce the oxidatvess,
mainly the peroxidation of lipids. This supplemdrade-
namedProtandin®, contains extracts of the pla@acopa
monnieri Silibum marianunor milk thistle,Withania
somniferaalso known as ashwagandiaircuma longa
from which the spice turmeric is derived, abdmellia
sinensisor green tea. The last one provides one of the ac-
tive ingredients of green tea, (-)-epigallocatedatiate or
EGCG, which had been shown beforelrg Riieggn
Geneva to have a beneficial effect on Duchennealylsy.
In 2006, Protandim has been clinically teste?l9
healthy persons in age from 20 to 78 years. Seperal
rameters were measured at the beginning of the stodl

after 30 and 120 days of daily supplementation Witt+
tandim, among them superoxide dismutase and catalas
The average increase after 120 days were 30% fearsu
oxide dismutase and 54% for catalase and the @rox
tion of lipids was significantly inhibited. Imporiaifor the
age-related increase of oxidative stress was thdHat
after 30 days Protandim, the age-related increblgid
peroxidation virtually disappeared, and its averagel
dropped by 40%.

In conclusion: While Duchenne muscular dydtrojs
caused by a specific genetic defect, there is admitreli-
dence that oxidative stress becomes an increasimglgr-
tant factor in the progression of the disease.idwe de-
velopments in the effective management of oxidative
stress justify immediate consideration of clinitrals with
Duchenne patients.

Diagnostics and registration.

Why should onetest for variations, the mutations, in
the dystrophin gene? Stephen Abbgs the Director of the
DNA Laboratory of Guy’s Hospital in London. The gue
tion in the title of his presentation is practigate same
as the one used levin Flaniganat the PPMD meeting
in Cincinnati in July 2006. Therefore, the firstagraph
and the description of the MLPA method is almbst t
same as in the summary of Kevin Flanigan’s presenta
in the report on the Cincinnati meeting:

The exact mutation of a boy who seems to ltave
chenne dystrophy should be known to confirm thatetad-
ly has Duchenne dystrophy, and not some other muscl
disease, e.g. one of the many limb-girdle dystrephi
which might show symptoms similar to Duchenne. This
principle is the same as that used 20 years agen whro-
mosome breaks and deletions on a particular regiche
short arm of the X chromosome were found in pasient
with Duchenne muscular dystrophy and not in unaéfgc
individuals. This was evidence that these variaatsed
muscular dystrophy and enablieduis Kunkelnd his col-
leagues to identify and characterize the dystroghime.

This same principle is now applied to indiatipa-
tients, since if one can identify a pathogenicaatrin the
dystrophin gene it now confirms the clinical diagisoof
Duchenne or Becker muscular dystrophy. The typhef
mutation does not always distinguish correctly Darate
from Becker muscular dystrophy. But if the mutation
shows that the dystrophin reading frame is shifiad,
chenne muscular dystrophy is much more likely. Tlrn
most cases, a muscle biopsy can be avoided. Eqoally
portant, knowing the exact mutation allows reliagpmetic
counseling of the boy's family and his maternatreés,
among whom Duchenne genetic carriers can be ddtecte
In addition, prenatal and preimplantation diagnases
only possible when we know which gene is respoadil
the disorder. The only way to confirm this is bgntifying
the exact mutation in the family. Finally, new thgies,
such as exon-skipping methods, and stop-codon read-
through drugs require knowledge of the specificatiah
within the patient's dystrophin gene.

About 60% of the dystrophin mutations are tietes of
whole exons, about 10% are duplications of wholnex
about 30% are point mutations that involve charafes
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only 1 to 4 nucleotides, and about 1% are invessioom-
plex rearrangements, or mutations deep in therstro

In order to detect whole exon deletions anglida-
tions, the analytical technique now widely usethesmul-
tiplex ligation-dependent probe amplificatiorethod,
MLPA, developed a few years ago by Dan Schoutenf
the companyRC-Hollandin Amsterdam. To give a very
short description of the procedure: 158 oligo deitronu-
cleotides with specially designed sequences to &itdio
sites of each of the 79 dystrophin exons are used.
exon is present, the two nucleotides designedd$qrar-
ticular sequence bind on the two target sites hed are
connected, ligated, to each other. The ligatedeuiicles
serve as a template for a PCR amplification, aiplida-
tion method. The amplified product can then be sdt
electrophoretic separation as a peak on a chaxtpéfrticu-
lar exon is not present because it is deletedvibenu-
cleotides for this exon cannot bind to the exorusege
and thus cannot join each other, so the correspgrm#ak
is missing on the chart.

This technique detects deletions and dupticatof all
79 exons of the dystrophin gene in Duchenne patidnit
is not designed to detect point mutations. But bseat is
a quantitative method, deletions and duplicatiars also
be reliably detected in just one of the two dystiogenes
of Duchenne carrier women, even if the deletiodwpli-
cation in the related patient is unknown. Thisrie of the
most important advantages of the widespread utgsof
method.

If no mutation can be found with the MLPA teste
patient probably has a point mutation, which ineslyust
one or a few of the two and a half million nuclees in
the gene. There are two general approaches tafidegt
these mutations. One is to perform a preliminagnsan
all 79 exons to look for any exons that show déferre-
sults compared with normal results, and then hestetxons
showing any differences can be sequenced to firetiven
the cause of the difference is a normal variatidthinw the
gene, a polymorphism that does not cause a disease,
whether it is the mutation causing the musculatrdpy.
The alternative method is to sequence all 79 egtragyht
away, which is a more costly approach.

Because the gene is so huge, many methodsdor



ning the exons have been developed. Dr. Abbs meadio

9 different ones. The one which has been used ims
laboratory was developed by his colleagimema Ashton
and is calledluorescent multiplex conformation sensitive
capillary electrophoresisFM-CSCE. A similar process is
now being developed at Guy’s Hospital Agnabel
Whibleyand is calledemperature gradient capillary elec-
trophoresis TGCE. Instruments for the development of
the TGCE method were funded by the UK Department of
Health for speeding up genetic testing in the UK.

The FM-CSCE method uses 12 fluorescent mabtipl
PCR assays which amplify 84 DNA fragments represent
ing all 79 exons. Then the PCR products from thep#s
DNA are mixed with the corresponding PCR products
from an unaffected individual’s DNA to generate du-
plexes. In most cases, the patient’'s DNA will be $ame
as the normal DNA, so both partners of such a dupdee
the same structure; they dremoduplexedf the partner
that comes from the patient has a point mutatios niu-
cleotide sequences in this duplex will not matcmptete-
ly and the DNA duplex has a bulge at this sités @het-
eroduplexand migrates at a different speed in an electro-
phoresis compared withreomoduplexThis different mi-
gration enablebeteroduplexe® be identified, and any
exon from a patient’s DNA that results in such &ehmdu-
plex can then be sequenced to determine the chhages
causing the heteroduplex. The change in the sequbera
has to be interpreted to decide whether it is théation
causing the muscular dystrophy, or whether itn®anal
variation, a polymorphism.

If neither deletions nor duplications nor gaimutations
are found in a boy with typical Duchenne symptothen
he may have a mutation that is difficult to ideytind
may involve a complex rearrangement, an inversion,
maybe a mutation in one of the introns of the g@hese
types of mutation, which are thought to be pregseabout
1% of DMD patients, generally will not be detected
DNA, and RNA must be used to detect them. To fireké
rarer mutations in the dystrophin gene, its mMRNA twabe
isolated from biopsy material and investigat8teve Abbs
mentioned one example where a new exon with 7lepucl
tides was inserted between the normal exons 44 awk-
cause the gene had a point mutation far insidenthen 44
which, with 250,000 nucleotides, is one of the éatgn-
trons in the dystrophin gene. This mutation wasted
about 9,000 nucleotides away from exon 45, anduseca
standard mutation screening of DNA can efficiewthyy
include about 50 intron nucleotides either sidéhefex-
ons, the FM-CSCE method did not find this unusualan
tion in the DNA of the gene.

Dr. Abbs discussed also a new approach tonptan-
tation genetic diagnosis, PGD, developed in hisdatory,
calledpreimplantation genetic haplotypinfGH. Preim-
plantation genetic diagnosis, licensed in the UKHsy
Human Fertilization and Embryology Authority, HFEI&,
a method whereby a single cell is removed from gur
after artificial fertilization, and tested to exdkiaffected
embryos before implantation into the uterus.

The PGH approach to PGD entails testing thiergos
for several polymorphic genetic markers in the aystin
gene to determine which parental genes they hdnez4in
ited. This one method can be applied to all sugtddini-
lies, without having to develop specific testsdifferent
mutations present in individual families. An examplas
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presented where 8 embryos were tested from theemoth
who carried a deletion of dystrophin exons 12 toTlée
PGH test showed that 7 of the embryos had inhetiited
normal maternal dystrophin gene and were predictdxt
3 unaffected males and 4 unaffected females, bafen
male embryo had inherited the mutated X-chromosome
from the carrier mother and thus would have de\edop

a carrier girl.

This example shows the value of PGH in englilire
parents to make certain that their next child ithee a
Duchenne affected boy nor a Duchenne carrier Eiren
though the PGH test did not actually involve tegtime
embryos for the exons 12 to 16 deletion of the rdystin
gene, it was still essential to know the mutatiothis
family, otherwise the PGH test could have beeniloplat
the wrong gene in the embryos.

Dr. Abbs finished his presentation by sayinaf these
modern diagnostic tools are now leading to prediagno-
ses for 98% of boys with clinical Duchenne sympt@md
for 93% of boys with Becker symptoms. The remaining
boys are likely to have other neuromuscular disgased
in about half of these cases a mutation of the Fi§&#e is
found, which leads to a congenital musculgstrophy.

Duchenneregistry: Robin Sharpwho has a Duchenne
boy and is PPUK'’s computer specialist, describedkitail
the new online register which the Parent Projestdstab-
lished with the aim to collect all diagnostic arishical
data of as many Duchenne and Becker patients itite
ted Kingdom as possible. This register will havpdriant
benefits for the patients, their families, for theinicians
and other care givers, and also for the researetiersare
working on the development of effective treatments.

The benefits for the patients and their fagsilare: (1)
They will have immediate access to the most upatie-th-
formation on available management and medical proce
dures so that the patients can be kept in thepmssiible
state of health. (2) The researchers will have sxt® the
data of a large number of patients which will faiate on-
going research projects and encourage the estatdigthof
new projects in the interest of the patients. (3% Tegistry
will demand that all data of a patient are recorded thus
ensure that the most modern methods are useddamobt
them. (4) The inclusion of the complete moleculattads
of the mutation will be important for participatiamclini-
cal trials and later for the most effective therapy

The clinicians will benefit in the followingay: (1)
They will have controlled access to all the datéhefr pa-
tients. (2) The registry will provide informatiom ¢he
most effective treatment for an individual patiand thus
make his care optimal and patient oriented. (3) dlime-
cian can suggest participation in the approprittécal
trials and accompany the patient during the t(@l.Thus,
the specialized clinician or even the family doatan
maintain a central role in the care for his patient

The researchers will also have some advantébek
will be easy to recruit patients with the most adsq type
of mutation for clinical trials. (2) They will aldoave ac-
cess to a great number of patient data. (3) THisstiinu-
late and improve research projects, and (4) madket gp-
plications more effective.

To have a patient’s data entered in the nggitie fam-
ily should ask the office of the Parent Project tdksend
them a form. It can also be obtained from the irger



www.dmdregistry.orgThe parents or the patient himself and to make corrections if necessary. The regtstryalso
fill in all the information in the part that they be can show the geographic location of all registeredgas in
provide like name, date of birth, address, etc. fbhe is the UK and thus help to recruit participants fardbtrials
then given to the clinician who completes it withthe and patient support groups.

medical and diagnostic data. It is then sent badke Par- The registry has a steering committee whigrestises
ent Project office which passes it to the gendtas Dr. the program’s performance, suggests changes, dhdrau
Steve AbbsDNA laboratory at Guy’s Hospital in London, izes clinicians and researchers to have accedsdose-
who determine the genetic details of the patiedtemter lected data. It has as its members the followintegeists
all data online into the registry. The registry gmam then and clinicians: Steve Abbs, Emma Ashton, Kate Byshb
predicts treatment options like which exons shddd Francesco Muntoni, Terry Partridge, Federico Raslcar
skipped or which other genetic or pharmacologicsdit Su Stenhouse.

ments are possible and available. The data formighan All about 2,000 Duchenne and 500 Becker ptdian
predictions are returned either online or by nmaihte par- the UK should have their data entered in the regisind
ents and the clinician who are asked to checkntles it is also open to patients in other countries.

Do not missthewood for thetrees! Final words by Francesco Muntoni.

There are very exciting developments in the fidldlimi- that families, patients and doctors hope thata finre
cal research in Duchenne muscular dystrophy. A rumb will be found soon for DMD; however it is very imgant
of very encouraging novel experimental therapeayic to realise that the timing and the impact thatéhesw ex-
proaches focused on the modification of dystroghxin perimental approaches will have are currently mavk
pression (antisense oligonucleotides; PTC124) eimgb This is why is it of fundamental importance to makee
tried for the first time in boys with DMD and thesenow that each child gets the best level of care withvérious
realistic hope that they might have an impact @nptio- approaches that are available today to slow dowrdi
gression of the condition. In addition other phacoiagi- ease progression. Steroids and drugs for the Hearbt
cal experimental approaches aimed at making thealys sresolve” the condition but they unequivocally alléo
phin deficient muscle more ,tolerant” to the ongpuham- buy time and prolong the window of opportunity éor
age have been recently tried with success in animdlels child to benefit from future experimental therapige the
of DMD and it is likely they will enter clinical ials in the best way, today, to facilitate DMD boys to benéfitm
future. future therapies is that of keeping them in gocapshby
In this phase of excitement it is entirely arstandable applying the agreed optimal standards of care.

As mentioned at the beginning of this report, Idhaummarized only the more scientific presentatgwesn at the meeting in
London and additional scientific information. Hoveeythere were 12 more presentations on medicatacidl as well as le-
gal subjects, which, together with similar presgate at other meetings, could eventually be surirediin a special report at
a later time. But it is important to draw attenttorthe new Parent Project working group:

PPUK Working Group on Behaviour and Learning: At the conference this ye&eronica Hintonfrom Columbia Univer-
sity spoke in detail on her research relating ekibhaviour and learning difficulties experiencgdbys with Duchenne mus-
cular dystrophy and launched PPUK's new LearnimgBehaviour toolkitJanet Hoskina specialist teacher for dyslexia in
London, also introduced a session on ways of asgearsd implementing an early reading and spelfiragramme. The de-
tails of Dr. Hinton’s research is now publishediinew toolkit -PPUK Learning and Behaviour Toolkit for Duchenneddur
lar Dystrophypublished by PPUK. Copies are freely available fileRUK by calling *44-(0)208-556 9955.

This report, written in December 2006 and Janu@fy72is also available in Spanish and German. Allearlier reports in
English, German, and Spanish can be seen on gmaéttatvww.duchenne-research.coifhe next annual meeting of the
AmericanParent Project Muscular Dystrophi?PMD, will take place in July 2007 in Philadelphi his will be an opportu-
nity to write another report on all new Duchenrgegech results. Those who wish to receive my futeperts by e-mail as
soon as they are ready, should please send mesthwail address.

Gunter ScheuerbrandtPhD., Im Talgrund 2, D-79874 Breitnau, Germamnynéil: gscheuerbrandt@t-online.de

19



