Santhera develops drugsfor the treatment of
Duchenne muscular dystrophy.

An interview with Thomas Meier, PhD,
Chief Scientific Officer at Santhera Pharmaceusi¢ad.
in Liestal near Basel, Switzerland.

Dr. Glnter Scheuerbrandt spoke on 11 January 2@@&wx Thomas Meier about the scientific developiseat Santhera
Pharmaceuticals which could lead to a pharmacaddtrieatment of Duchenne muscular dystrophy (DMDhe near future.
The following text is a shortened version of theorded interview. It was authorized by Dr. Meier foe information of the
affected families and their doctors. The questminiSr. Scheuerbrandt are written in italics.

Dr. Meier, thank you for agreeing to explain to trerents
of children with Duchenne muscular dystrophy tHertsf
which your company is making to find medicatiohgtv
would slow down the muscle degeneration of thlis sti
incurable disease considerably.

Santhera has clinical and preclinical programster
development of drugs for the treatment of Duchenne
muscular dystrophy and related diseases. Firsbuldv
like to explain our preclinical program for the ééapment
of calpain inhibitors, i.e. of substances thatriigte with
the degradation of muscle proteins. Then, | wik @bout
the clinical studies with our lead-product SNT-
MC17/idebenone. We have already been working foreso
time with SNT-MC17/idebenone in the indication ke
reich’s Ataxia. Based on the mode of action of SNT-
MC17/idebenone we believe that it could improve the
function of the heart and skeletal muscles of Dnoke
patients.

Beginning with the discussion of our calpaihibitor
program, the principal cause of DMD is the absefce
functional dystrophin which is an anchor proteirtta
muscle cell membranes. As a consequence of dystroph
deficiency muscle cell membrane becomes unstalle an
leaky allowing uncontrolled influx of calcium intauscle
cells. This leads to the activation of calpain, apyee
that cleaves muscle cell proteins. Calpains have an
important function in healthy muscle cells, mainiag the
equilibrium between the synthesis and the degraidati
proteins. An increased activation of calpains ircBenne
muscular dystrophy leads to a dramatic degradation
muscle proteins. We were able to show in experiment
with animals, that by inhibiting the calpains, awaild
significantly improve the typical symptoms of thisehse.

We started our calpain inhibitor program altbute
years ago. One of the challenges that we had e scs
that inhibitors have to reach and enter the targetcle
cells in order to produce the desired therapefiice We
therefore had to establish a comprehensive medhcina
chemistry program which allowed us to improve the
inhibitors step by step. In the meantime, we hasgéed
more than 800 different chemical compounds, most of
them in cell culture and about 50 in the mdx mdase

standard animal model for DMD). We are now advagcin
the most promising inhibitors into preclinical
development. By applying our calpain inhibitors & to
maintain the structural integrity of muscle proseand
cells and to improve their function.

So all, the substances you are now testing predlilyi are
calpain inhibitors?

Yes, all compounds that we are currently developing
preclinically for the indication DMD are calpairhibitors.
They are now entering formal preclinical developrraerd
also undergoing the toxicity studies that are nesgliby
regulatory authorities. We expect that we will sémel
necessary documents and applications to the atiésoin
Europe and the United States at the beginning of 200
that we can begin human trials.

Up to now, we have tested our inhibitors ia thdx
mouse. After a treatment of four to eight weeks caeld
observe a clear improvement in the histology diedént
muscles. We then tested our inhibitors in long-time
running experiments with mdx mice using computer-
controlled running wheels. We saw that mdx micattd
with calpain inhibitors could run significantly et than
untreated mice, although the improved running
performance did not reach the level of healthy atém
However we must bear in mind that the mdx mouswis
an optimal model of the human disease. Comparddawit
sick child, the mdx mouse is really “too healthis a
small animal with a low weight, the mouse doesstiass
its muscles as heavily. Thus, the typical disegsgptoms
are not present to the same extent as in a chilithel dog,
the disease is much more severe, and in the patient
more. Despite this, the significant improvementhef
musculature of the mdx mouse mediated by our calpai
inhibitors is an important finding.

Early on we decided at Santhera that we wilifoon
pharmacological treatment options for neuromuscular
diseases. In our opinion gene or stem cell therapy
approaches are still too difficult and too riskytz
present time. Santhera concentrates its effortdassical
pharmacological research in the field of neuromlascu
diseases. Perhaps we will get less attention this bt



we know much more precisely what authorities wélvé
to see in order to approve a treatment for DMD. The
development time is shortened this way, and a new
effective compound could be developed much fakga t
through stem cell approaches or gene therapy.

Do the calpain inhibitors have to be injected itite
blood, or could one take them as tablets?

At the moment, we are discussing whether our calpai
inhibitors will be available for oral applicatioriBhe
experiments are in progress at this time, in-hasseell
as in external institutions. But we already knoattbur
inhibitors are effective in mice after subcutaneous
application, i.e. by an injection under the skin.

That means, if tablets cannot be used, the druggdwvo
have to be injected under the skin. Would that then

influence only those muscles which are close to the
injection site?

No, our calpain inhibitors are active systemicaillg, in

the whole body. If we inject them into the neckioagof
the mouse they are also active in the leg muscle fo

example.

What are your plans for this year?

We are working on an acceptable formulation for our
calpain inhibitors that could ultimately be usegatients.
We also have to prepare much larger quantitieseof t
substances than before, especially for the toxtesys
required by the authorities. This is actually thegeam for
this year. We expect to have the preclinical rasult
available by end of this year and if they are aBifive we
will submit the required documentation to the redgoy
authorities for examination. Clinical studies imfans can
be initiated as soon as the regulatory authottitzase
accepted the data package for our inhibitors.

Where will you perform these clinical studies?

We are already talking to different clinicians iarBpe and
in the United States and are discussing the pesdésign
of the clinical program. Eventually, we hope to garut
the studies in both regions simultaneously. lbsearly to
say in which countries we will start clinical despinent.
We also need to discuss with the authorities whietiee
have to perform clinical tests with healthy volwere
before we can begin studies with Duchenne patients.

And how old will the children who participate in ttrels
be?

The age of the participants in the trials will degp@m ma-
ny factors, including the nature of any side effeBut it is
still too early to discuss the details of clinidetails.

So much then about your work with the calpain iitbis.
Let us now talk about your more advanced prograth wi
idebenone.

Idebenone, internally known as SNT-MC17, is nowlin

nical trials for Friedreich’s Ataxia (FRDA).
Cardiomyopathy, a disease of the heart muscle, is
frequently diagnosed in patients with FRDA where in
many cases it becomes a life-threatening condi@u.
company is now performing the clinical studies rssegy
for approval in Europe and in the United Stateat t
indication. At the moment, a phase-IIl study witioat
200 FRDA patients is underway in Germany, the Uhite
Kingdom and in the Netherlands.

But the heart muscle is also affected in older Runcte
patients. Therefore, we have also initiated acéihi
program with SNT-MCL17 for the treatment of
cardiomyopathy in DMD patients. In October lastryeae
started a clinical phase-lla study in Belgium. \Wend to
enrol 21 Duchenne boys into this study of which 14
patients will receiving SNT-MC17/idebenone for grear
while 7 patients receive placebo, a look-alike prafion
without effect. This is a double blind study witlapébo
control, which must be done for every potential rrug.

Here, too, there is the question of whether theyadwill
have to be injected.

SNT-MC17 is orally available and will be given as a
tablet. The dosage we are currently testing is abket
three times per day.

How old will the children be?

In this study we include children between 10 angéd#&rs
of age. We cannot include very young patients bezau
minimal cardiomyopathy must be diagnosed at tha sfa
the study to enable us to detect the potentiabfieartic
effect of the study medication. We measure thethear
function in these Duchenne patients using veryiseas
methods which allow us to follow functional changes
during the duration of the study. In addition, veeefully
analyze any potential therapeutic effect on theabeus
strength of the patients of SNT-MC17 by monitoring
various parameters

Where have these techniques been developed?

This technique has been developed mainly at the
University of Leuven (Belgium) where it was usedin
study with Friedreich’s Ataxia patients. The pre@s at
this hospital are very experienced in the methaiiketie
Doppler imaging which we also apply in this study.

And where will the study be performed?

Also at the University of Leuven with Professor Gann
Buyse as principal investigator. We expect to finis
recruiting the patients shortly, then it will takee year
until the last patient has completed the protocol.

That will then be the beginning of 2007, and tHendata
will have to be analyzed.

We hope this will be relatively fast given we hamdy 21
patients. The evaluation will be done by a recogghiz
clinical research organization. We expect to kntvas



eight weeks after the end of the study whether awean
effect or not.

But you hope that idebenone will not only be goodtie
heart but also for the skeletal muscles, aftertalt, heart
is also a muscle.

Yes, the primary endpoint of our study is the inyamment
of heart function. However we are also investigatime
effect of the study medication on the function llstal
muscles. The clinicians at the University of Leuven a
using quantitative muscle strength measurements. Fo
example, with one of these instruments, the chalsl tio lift
a leg against a resistance and at the same tiroarhsee
on a screen how a ball moves or a plane flies over
mountains. This helps to motivate the childrengdqrm
these exercise tests. The methods used by theaieam
clinicians are standardized and fully validated arel
applied in many other hospitals. In addition, wepdtave
the manual muscle strength measurements perforgned b
physical therapists, and a whole series of othesrsdary
endpoints like the creatine kinase (CK) values @théer
clinical blood parameters. But the most interestigplt
will possibly be a positive influence of SNT-MC1i o
muscle strength and the endurance of the muscalatur

If you see positive results at that stage, doesrtiean that
you will already be seeing therapeutic effects?

Yes.
Do you then need a phase-Ill study?

We will discuss this with the authorities as sosma

have analyzed the data of the lla trial. We wiblpably

have to perform another trial, because, at the mome

are testing only one dosage of SNT-MC17. Perhagps t
authorities will ask us to test additional doseupand to
repeat the study with more patients. | would bessed if
SNT-MC17 would be approved based on a single phase-
lla study. This would be very unusual.

Would the phase-Ill study last about as long?

If we obtain clear effects after six months, we ldou
certainly have the possibility of shortening thiéddwing
study. At this moment, we have deliberately planfoech
long study duration in order to maximize our chantoe
detect therapeutic effects.

That means, if everything goes well, one couldbiout
three years and with a question mark, think about a
introduction of idebenone as a Duchenne medication.

Yes, but all | can only say with any certainty tpdathat
the results of the present phase-lla study wilglin
likelihood, be available in the second quarte26f7.

What the families will also be interested in ispyading
everything goes well and you are successful, hdvthei
drug then reach the patients?

We are planning to fully develop SNT-MC17 for the
treatment of DMD, file for approval and market threig

ourselves.

And you plan for approval of SNT-MC17 both in Europe
and the United States?

That is correct. At the present time, our SNT-MCL¥ D
chenne study is being performed in Europe. If vee ar
successful, the next step would be to agree wih th
European authorities on a centralized procedure for
approval as it is mandatory for rare diseases. Ween
must, as already mentioned, probably plan anothase
1l trial which, because of the large number ofigiaits
needed would possibly have to be performed
simultaneously in different countries, perhaps even
simultaneously in the United States and in Europe.

Can you also manufacture the drug SNT-
MC17/idebenone?

Yes, we have the production for SNT-MC17 in pland a
have already produced several hundred kilogranrsthHeo
present and the planned clinical studies, tablets a
available in two different dose strengths. The mhécdd
development is almost completed. What is missiranlg
the proof of efficacy for us to press forwards todea
approval.

Will SNT-MC17 be very expensive? And will healttecar
insurance pay for it?

At this time, we cannot say anything about theso$the
drug. But you also ask whether a drug for Duchenne
muscular dystrophy would be paid for by health care
insurance. Personally | am convinced that the healte
insurers will refund the price for an approved dwith
proven safety and efficacy. The insurers will netitb a
position to deny their patients an effective metiiica The
situation would not be comparable to & izadache
tablet to be brought to the market. SNT-MC17 would
hopefully be a therapy for a severe disease ofiehil
which, until now, cannot be treated efficiently.

In fact, you are not changing the molecular basithe
disease. You are not altering the gene.

Correct. As already mentioned, Santhera does ryatgen
in gene-therapy strategies or stem-cell basedykera
approaches. With our pharmacological methods, with
SNT-MC17 and also with the calpain inhibitors, want
to slow down the course of the disease, more gxaht
muscle weakness in Duchenne muscular dystrophy. | d
not believe that we will be able to stop the diseas
completely. But if we would succeed in keeping shak
children ambulant for a few extra years, this wduddan
€Nnormous success.

Even if it will not be a complete cure, the childreould
gain more time for waiting for a comprehensive #pst,
isn’t that so?

Yes, but, in addition, our therapy could also inyerthe

quality of life for the patients. | would like taress that in
our opinion more than one medication or treatmegthiod
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could eventually be useful for the Duchenne disease
me look far into the future: Perhaps, one day, Wehave
an exon skipping treatment with the result thagiain
amount of dystrophin can again be made by the resiscl
Such a therapy could then be combined with a aalpai
inhibitor which would slow down the degradationcet|
proteins including dystrophin. SNT-MC17 would theig
a third mechanism, improve the heart function autlice
the general muscle weakness. This approach toéngerf
simultaneously with several cellular and biochetnica
pathways is still far in the future for Duchennestwiar
dystrophy, however, it is already being discussed b
researchers and clinicians. It will be a challefigghem

to develop an optimal program using all the techeg
that will hopefully be available in the future.

The scientists at Santhera are now concentratirig the
efforts on obtaining the approval of the therapeuti
approaches mentioned in order to make these theiape
interventions available to the thousands of Duckdoys
everywhere in the world.

On behalf of the many families with Duchenne chitgi
would like to thank you very much for this intewié\nd |
am wishing, like all of us, that you and your teaith be
successful so that all our wishes will become true.

Santhera Pharmaceuticals AG is a biopharmaceuatictapany in Switzerland specialized on the discavdeyelopment and
marketing of new therapies for the treatment ofrogwscular diseases. The company was formed in 2064gh the merger
of MyoContract AG and Graffinity Pharmaceuticals Asoviding it with a fully integrated platform fdhe discovery and
development of drug candidates. Santhera has piiodwand research facilities in Liestal near Basel im Heidelberg and
has about 60 employees. Detailed information cafolned on the internet atww.santhera.com



