Spinal Muscular Atrophy & ISIS-SMN:.

Understanding SMA

Spinal muscular atrophy (SMA) is a severe genetic disease that affects approximately 30,000 — 35,000 patients in the
United States, Europe and Japan. One in 50 people, approximately 6 million people in the United States, are carriers of
the SMA gene. Carriers experience no symptoms and do not develop the disease, however, when both parents are
carriers, there is a one in four chance that their child will have SMA.

SMA is caused by a loss of, or defect in, the survival motor neuron 1 (SMN1) gene leading to a decrease in the protein,
survival motor neuron (SMN). SMN is critical to the health and survival of nerve cells in the spinal cord that are
responsible for neuro-muscular growth and function. The severity of SMA correlates with the amount of SMN protein.
Infants with Type 1 SMA, the most severe life-threatening form, produce very little SMN protein and have shortened life
expectancy. Children with Type Il and Type Il have greater amounts of SMN protein and less severe, but still life-altering
forms of SMA. Currently, there are no marketed treatments available for patients with SMA.

Splicing & Its Role in Disease I
Splicing is a normal mechanism that the cell uses in order to produce many /’ . ‘
different, but closely related proteins from a single gene by varying the processing .

of the RNA. It is estimated that of the approximately 25,000 genes in the human
genome, approximately 90 percent have alternative splice forms. In some cases,
alternative splicing results in diseases, such as SMA, where alternative splicing
inhibits the production of a functional protein necessary for normal motor function.
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children with SMA. L

Antisense Therapeutics

Antisense drugs are small (12-21 nucleotides) DNA- or RNA-like compounds that
are chemically modified to engineer good drug properties. Isis’ antisense drugs
have been evaluated extensively in both animals and man with more than 5,000
subjects dosed with Isis’ antisense drugs. Isis has conducted approximately 80
clinical trials in more than a dozen different patient populations from
cardiovascular to cancer. The most advanced antisense drug, mipomersen,

completed a broad Phase 3 program in patients with high cholesterol and is
I S I S currently being evaluated for marketing approval in Europe.

PHARMACEU CALS ISISSMN
- Rx

Isis’ drug, ISIS-SMNg, is designed to modulate the splicing of the SMN2 gene to
significantly increase the production of functional SMN protein. In previously
published results, researchers showed that ISIS-SMNg, produced sustained
activity in mouse models of SMA and that target drug concentrations were
achieved in non-human primates following a single intrathecal injection.

Isis Pharmaceuticals is a leader in antisense technology to discover and develop novel drugs. Isis’ broad drug pipeline
consists of 28 drugs in development designed to treat a wide variety of diseases with an emphasis on cardiovascular,
metabolic, severe and rare/neurodegenerative diseases and cancer.

For more information on Isis and antisense therapeutics, please visit: www.isispharm.com




Spinal Muscular Atrophy & ISIS-SMN:.

Clinical trials

Clinical trials are studies conducted using human participants designed to assess the safety and activity of new therapies in
development. Clinical trials can be categorized into distinct Phases (Phase 1 — 4) depending upon the stage of clinical
development of the drug. Phase 1 studies are the initial studies conducted in humans designed to primarily evaluate the
safety and pharmacokinetics of the drugs in humans. Phase 2 and 3 studies are larger, longer studies in patients that
continue to evaluate the safety of the drug and the activity of the drug prior to requesting regulatory agencies for
marketing approval. Phase 4 studies are studies designed to provide additional information for a drug that has been
approved for marketing and is already available to qualified patients.

More information on clinical trials can be found at: www.clintrials.qov
More information on ISIS-SMNy, please contact:
Isis Pharmaceuticals at info@isisph.com

Intrathecal Delivery

Antisense drugs do not cross the blood-brain barrier, but do distribute to peripheral tissues and organs within the body,
such as the liver and kidney when administered systemically (e.g. subcutaneously). This type of drug distribution is very
beneficial for developing drugs toward gene targets that are expressed in these organs, such as drugs for treating
metabolic diseases. However for neurodegenerative diseases like SMA, antisense drugs need to distribute broadly within
the central nervous system (CNS). Intrathecal delivery refers to the administration of a drug directly into the cerebral
spinal fluid, a fluid that surrounds the brain and spinal cord tissue. The drug is administered through an injection in the
lower back into a fluid-filled space below the end of the spinal cord, resulting in broad distribution of the drug in various
brain regions and the spinal cord. Isis has successfully delivered antisense drugs intrathecally into the CNS in patients with
ALS and plans to use intrathecal delivery for ISIS-SMNg,.
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Families of SMA
www.fsma.org
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