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Forward Looking Statement

This presentation contains forward-looking statements within the meaning of The Private Securit ies Lit igation Reform Act of 1995. All
statements contained in this presentation, other than statements of historic fact, are forward-looking statements, including statements with
respect to future revenue and statements regarding: the future expectations, plans and prospects for PTC, including with respect to the
expected timing of clinical trials and studies, availabil ity of data, regulatory submissions and responses and other matters; PTC's
expectations with respect to the licensing, regulatory submissions and commercializat ion of its products and product candidates; PTC's
strategy, future operations, future f inancial position, future revenues, projected costs; and the objectives of management. Other forward-
looking statements may be identif ied by the words "guidance", "plan," "anticipate," "believe," "estimate," "expect," "intend," "may," "target,"
"potential," "will," "would," "could," "should," "continue," and similar expressions.

PTC's actual results, performance or achievements could dif fer materially from those expressed or implied by forward-looking statements it
makes as a result of a variety of risks and uncertainties, including those related to: the outcome of pricing, coverage and reimbursement
negotiations with third party payors for PTC's products or product candidates that PTC commercializes or may commercialize in the future;
signif icant business effects, including the effects of industry, market, economic, polit ical or regulatory conditions; changes in tax and other
laws, regulations, rates and policies; the eligible patient base and commercial potential of PTC's products and product candidates; PTC's
scientif ic approach and general development progress; and the factors discussed in the "Risk Factors" section of PTC's most recent Quarterly
Report on Form 10-Q and Annual Report on Form 10-K, as well as any updates to these risk factors f iled from time to t ime in PTC's other
f i l ings with the SEC. You are urged to carefully consider all such factors.

As with any pharmaceutical under development, there are signif icant risks in the development, regulatory approval and commercializat ion of
new products. There are no guarantees that any product will receive or maintain regulatory approval in any territory or prove to be
commercially successful, including risdiplam.

The forward-looking statements contained herein represent PTC's views only as of the date of this presentation and PTC does not undertake
or plan to update or revise any such forward-looking statements to ref lect actual results or changes in plans, prospects, assumptions,
estimates or projections, or other circumstances occurring after the date of this presentation except as required by law.
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Small molecules 
(RNA)

Bio-e

(Redox)

Gene Therapy

(DNA)

Other

Replacement

Knockdown

Redox

ATP

Nonsense Splicing

PTC is the Leader in Small-Molecule RNA Biology



Translation

Protein

mRNA

Splicing

pre-mRNA

Transcription

Pre-mRNA Splicing is Required for Gene Expression
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Pre-mRNA Splicing is a Complex Process, Rich in Potential 
Targets 
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There is a rich source of potential drug targets in these mechanisms

Splicing is a multi-step process using many RNA-protein interactions



PTC is the Leader in Splicing With 15+ Years of Expertise And 
A Proven Track Record
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risdiplam

Familial dysautonomia

Huntington disease 

Exploiting splicing

2020 and beyond2019

Proprietary 

systems and 

specialty 

libraries

Isoform plex 

HTSpliceseq

Many additional targets

2005

Databases of 

Splicing Targets
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CNS NEUROMUSCULAR METABOLIC OPHTHALMOLOGY

Dozens of discovery assets

Multiple indications moving through POC

Hundreds of identified targets with therapeutic tractability

Splicing Platform’s Potential Extends Across PTC’s Core Areas 
of Expertise



Building the PTC Splicing Platform

1 0

Isoform plex platform

HTSpliceSeq

Transcriptome isoform surveillance

Single target screening

RNA-targeted 

library

Splicing program 

enhanced library
PTC diversity compound library

New target 1

New target 2

New target 3

SCA3

MAPT
HDFDSMA



Risdiplam 
Validates 
Targeting 
Splicing
Nikolai Naryshkin, Ph.D.

VP External Innovation



1 2

• Strong translational foundation, consistent 

target engagement from in vitro and in vivo to 

humans

• Demonstrated selective modulation of splicing

• Enabled screening tier and key assays

• Defined mechanism of action; principles are 

expandable to other noncanonical sequences

• Laid the foundation of the PTC splicing 

platform, built unique and critical insights

Risdiplam Validates Targeting pre-mRNA Splicing



Spinal Muscular Atrophy Overview: The Leading Genetic 
Cause of Mortality in Infants

• Genetic disorder primarily affecting the central 
nervous system and muscles

• Overall muscle weakness, reduced body weight, 
weak reflexes, difficulty swallowing

• Autosomal recessive, 1 in 50 people are carriers1

• One in every 11,000 newborn children is affected 
with the disorder1

• PTC is collaborating with the SMA Foundation and 
Roche to advance treatments for SMA

1 3 Sugarman EA, et al. Eur J Hum Genet. 2012;20(1):27-32.



FL mRNA

Functional 

SMN protein

Unique Molecular Genetics as Driver for SMA
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SMN1

6 87

mRNA 6 87

6 87

SMN2

6 87 6 8

C T

Truncated 

unstable 

SMN protein

ESE ESSU1

GA

U1

GA

Functional 

SMN protein

FL mRNA Δ7 mRNA

Activation Inhibition

Singh et al. Crit rev euk gene expr (2004)

Cho and Dreyfuss. Genes Dev. (2010)



Interactions between 5’- and 3’-Splice Sites Drive Exon 
Definition
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5’ Splice

Site

3’ Splice

Site

5’ Splice

Site
3’ Splice

Site

U1 recognizes the 

5’ splice site at 

each exon 

U2 recognizes the 

branch site near 

the 3’ splice site

U1 snRNP U2 snRNPU1 snRNPU2 snRNPExon Definition

Exon 1 Exon 2 Exon 3

Xi et al. Nature (2019)

Buratti et al. NAR (2006)



Noncanonical 5’ Splice Sites Represent a Unique Class of 
Targets With Significant Sequence Specificity
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Canonical exons

Perfect complementarity at the 5’ss

XYZ

Science 2019 364, 362

Nat. Chem. Biol. 2019 15, 1191

Noncanonical exons

Altered structure at the 5’ss



FL mRNA

Functional 

SMN protein

Targeting Alternative Splicing of SMN2 in SMA

SMN1

6 87

mRNA 6 87

6 87

SMN2

6 87 6 8

C T

Truncated 

unstable 

SMN protein

ESE ESSU1

GA

U1

GA

small molecule 

stabilization

Functional 

SMN protein

FL mRNA Δ7 mRNA

Activation Inhibition

1 7
Singh et al. Crit rev euk gene expr (2004)

Cho and Dreyfuss. Genes Dev. (2010)



Development Candidate

• SMN mRNA splicing (RT-qPCR)

• SMN protein expression (HTRF)

• Cytotoxicity

• Pharmacokinetics, profiling

• Tolerability

• Δ7 and C/C mice

• SMN expression

• Motor function, survival

In vitro

In vitro/in vivo

In vivo

In vivoSafety

SAR analysis

Compound

design and

synthesis

Comprehensive Lead Optimization Approach for Risdiplam Has 
Broad Application Across Splicing Platform

1 8



Compound Increases SMN Protein in Multiple Tissues to Near 
or Above Heterozygous Levels 

Brain Peripheral Blood Mononuclear Cells

• SMN protein levels in peripheral blood cells correlate to those in brain

• Similar increases in SMN observed in spinal cord, muscle, heart, liver, skin

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

V e h ic le

H e te ro z y g o u s  (n o

d is e a s e  p h e n o ty p e )

* * *

* * *

* * *

S
M

N
 p

r
o

te
in

%
 i

n
c

r
e

a
s

e


 S
E

M

2 6 1 0

D o s e  (m g /k g )

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

V e h ic le

H e te ro z y g o u s  (n o

d is e a s e  p h e n o ty p e )

* *

* * *

* * *

S
M

N
 p

r
o

te
in

%
 i

n
c

r
e

a
s

e


 S
E

M

2 6 1 0

D o s e  (m g /k g )

1 9 Naryshkin et al. Science 2014

Oral dosing for 10 days in mild SMA mouse model



SMN protein in blood of SMA patients and healthy subjects 

before and after 4 weeks of treatment
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2 0

Risdiplam Increases SMN Protein Levels in All SMA Types to 
the Level in Adult Healthy Subjects

Kletzl et al. WMS 2018 poster

Healthy subjects n=49, age 18 - 60 years.  Patients with SMA n=84, age 3.3 months - 52 years. Firefish part 1 (n=21), Sunfish part 1 (n=51), Jewelfish (n=12)



Included broadest group 

of SMA patients studied, 

age 2-25, representative 

of real-world spectrum of 

people living with SMA

Results confirm 

risdiplam’s clinically 

meaningful efficacy in 

infants with advanced 

and difficult to treat 

disease

1.59
Point change compared 

to placebo (p=0.0028) 
in RULM scores

1.55
point change compared 
to placebo (p=0.0156) 

in MFM-32 scores

Part 2 pivotal study 

demonstrated statistically 

significant improvement in 

MFM-32 scores compared 

to placebo

FIREFISH – Type 1 SMA 

SUNFISH – Type 2 and 3 SMA 

2 1

Risdiplam – Most Competitive Commercial Profile Across 
Broadest Population

FIREFISH Part 2 

demonstrated statistically 

significant improvement 

in proportion of infants 

sitting for at least 5 

seconds at 12 months

29%
12 of 41 infants were able 

to sit for at least 5 
seconds without support 
at month 12; p<0.0001

85%
35 of 41 infants were 
event-free at month 12

95%
of infants alive maintained 

the ability to swallow 
after 12 months

SUNFISH Part 2 met primary & key secondary endpoints

FIREFISH Part 2 met primary & key secondary endpoints



Studied in >450 

patients from 

newborns to 60 

years of age

Clinically meaningful 

efficacy in real world 

patient population

Strong safety 

profile

Small 

Molecule with 

systemic mode of 

action 

Oral, at home-

administration

Durable increase of 

SMN protein level in 

CNS and periphery 

Full target 

engagement - SMN2 

full-length , Δ7 

mRNA 

2 2

PDUFA date: 

August 24, 

2020

Risdiplam – Most Competitive Commercial Profile Across 
Broadest Population



PTC’s Unique 
& Proprietary 
Library
Matt Woll, Ph.D.

VP Chemistry



NMR structure

PDB: 6HMO
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SMN2 exon7 5’ 

splice site

U1 snRNA

SMN splicing modifier 

binds at the interface of 

U1/pre-mRNA at the 

noncanonical 5’ splice 

site of exon 7

Splicing Modifiers Bind at a Specific RNA Interface

Nat. Chem. Biol. 2019 15, 1191



Noncanonical 5’-Splice Sites Present Unique Structural 
Interfaces for Small Molecule Binding

2 5

Molecules are designed to match a unique pre-mRNA/U1 interface and 

serve as molecular glue to help initiate splicing events

Noncanonical duplex 1

Small molecule 1

Canonical duplex



Noncanonical 5’-Splice Sites Present Unique Structural 
Interfaces for Small Molecule Binding

2 6

Molecules are designed to match a unique pre-mRNA/U1 interface and 

serve as molecular glue to help initiate splicing events

Noncanonical duplex 1

Small molecule 1

Noncanonical duplex 2 Noncanonical duplex 3

Small molecule 2 Small molecule 3

Canonical duplex
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“Chemical Space”

Discovery of Next Generation Splicing Modifiers Requires A 
Purpose-Built Library

“Biological Activity Space”

Standard approach:

• Use molecular property descriptors to stratify compounds

Low probability 

of finding hits 

with unique 

biological activity



Commercially Available Diversity Sets Have Very Few 
Splicing Focused Small Molecules
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Commercial Diversity Sets

Chemical space categories
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Chemical space for high value RNA focused small 

molecules can be subdivided into 28 categories
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Commercial Diversity Sets

Chemical space categories
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Internal Splicing Efforts

Internal Splicing Efforts Contribute High Value Compounds to 
Categories



Ongoing Efforts are Expanding the Library Diversity Across All 
Categories

3 0

Commercial Diversity Sets

Ongoing Expansion

Chemical space categories
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Internal Splicing Efforts

PTC continues to build in additional diversity through 

acquisition and synthesis
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PTC approach:

• Classify molecules using the 3-D orientation of key structural motifs deemed critical for RNA-

directed small molecules

Higher probability 

of finding hits 

with unique 

biological activity

“Chemical Space” “Biological Activity Space”
PTC-defined RNA-focused

PTC’s Optimized Strategy for a Purpose-Built Splicing Modifier 
Library



PTC Has a Library Built for Success in Splicing Modulation

3 2

What makes our library unique?

• Largest collection of molecules 

synthesized for successful splicing 

programs

• Hand-picked commercial molecules that 

have splicing-centric properties

• Bold efforts to synthesize novel 

screening molecules in unchartered 

PTC-defined chemical space

• Purpose-built based on principles 

learned from selective splicing modifiers



Development Candidate

• Potency optimization

• Improve selectivity

• Permeability and efflux

• Pharmacokinetics

• Off-target effects

• Rodent PD

• Efficacy

In vitro

In vitro/in vivo

In vivo

In vivoSafety

SAR analysis

Compound

design and

synthesis

PTC Has the Infrastructure and Capabilities to Rapidly 
Transform Hits to Development Candidates

3 3

HTS and Hit ID



Splicing 
Platform 
Development
& Programs
Chris Trotta, Ph.D.

VP Biology
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Proprietary PTC Knowledge of Splicing Modifiers Enables 
Platform Technologies

PTC’s understanding of the 

mechanism of action of small 

molecule splicing modifiers 

has enabled platform 

technologies to identify new 

therapeutics to target splicing



Therapeutic Potential Lies within Noncanonical 5’ Splice Sites
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55% of 5’ splice sites are canonical

U1

Pre-mRNA

U1

U1

3 6

Canonical 5’ splice site
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U1

Pre-mRNA

U1

Pre-mRNA

XYZ

U1
U1

Nat. Chem. Biol. 2019 15, 1191

Science 2019 364, 362

3 7

45% of 5’ splice sites are noncanonical

Therapeutic Potential Lies within Noncanonical 5’ Splice Sites



Exon

3 8

Noncanonical duplex 1

Splicing Modifier

Canonical duplex

5’ splice site

AG

UG

GG

CG

AA

CU

AU

CA

GA

AC

GU

UU

CC

GC

UA

UC

15 subclasses of noncanonical 5’ splice 

sites (45% of all splice sites)

Discovery of a Comprehensive & Diverse Catalog of Druggable 
Noncanonical 5’ Splice Sites

Genetic reprogramming U1 to discover 

splicing competent exons for all 

potential noncanonical 5’ splice sites

GCGUAAGU

Pre-mRNA5’ss

CGCAUUCA

U1 GC Variant



Discovery of Non-canonical Splicing Genome-wide
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15 - U1 Variants
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Several thousand splicing 

events

• Inclusion cassette exons 

• Exclusion of cassette exons

• Inclusion of a new class of 

exons called psiExons

CAgt

CA GA TA AC CC GC TC CG GG TG AT CT GT TT

AAgt
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TTgt

AG

Noncanonical 5’ ss

GC

GC

Analysis of exon inclusion



Discovery of Non-canonical Splicing Genome-wide
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Several thousand splicing 

events

• Inclusion cassette exons 

• Exclusion of cassette exons

• Inclusion of a new class of 

exons called psiExons

• Proprietary bioinformatic 

pipeline to discover 

additional druggable 

noncanonical exons
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Proprietary PTC Knowledge of Splicing Modifiers Enables 
Platform Technologies

• Cross compare exons to:

• Dominant genetic diseases

• Haploinsufficiency diseases

• Splicing driven diseases

• Unlocking the therapeutic tractability 

for 100s of potential targets

TARGETS



Building a Database of Druggable Splicing Targets
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PTC Experience & Insights Lead to Proprietary Splicing 
Technologies



PTC Splicing Platform Technologies

4 4

HTSpliceseq Minigene models of splicing for hundreds of 

disease-causing splicing defects

Isoform plex 
Measurement of splicing changes to hundreds of disease-causing 

mRNA splice isoforms

Splicing 

Isoform 

Detection

Proprietary bioinformatics pipeline of genome-wide, small-molecule 

induced splicing changes

Transcriptome mRNA isoform detection platforms for the 

discovery of small molecule splicing modifiers
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PTC Experience & Insights Lead to Proprietary Splicing 
Technologies



Isoform Plex Platform Enhances Ability to Identify Splicing 
Modifiers

4 6
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Targets
RNA-directed PTC Library (4% hit rate)

Exon skipping

Exon inclusion

Identification of active 

splicing modifiers with 

varying degrees of splicing 

activity and selectivity

Noncanonical 

Probes

Druggable 

Splice 

Events

Controls



Targeting Noncanonical 5’ Splice Sites to Develop Therapies 
for Human Disease

Targeting noncanonical exons allows us to develop small molecule therapies to:

• Restore protein
• Promote inclusion of endogenous “weak” exons

• SMN2 exon 7 to treat SMA

• Mutations that create a “weak” noncanonical 5’ splice site such as Familial dysautonomia

• 15-50% of disease-causing mutations effect splicing

• Reduce protein
• Promote inclusion of psiExons

• Pseudoexon inclusion leads to loss of pre-mRNA to treat diseases such as Huntington’s Disease

• Promote exon skipping

• Leads to frameshift or decay of pre-mRNA to treat diseases such as Spinocerebellar Ataxia 3 and Tauopathies

4 7



Targeting Alternative Splicing to Treat FD

4 8

IKBKAP pre-mRNA in FD patients

19 2120

CAA

Δ20 mRNA19 2120

Functional 

IKAP protein

guaagc

19 21

No IKAP protein

FD phenotype

T to C mutation

weakened

FL mRNA



Targeting Alternative Splicing to Treat FD
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IKBKAP pre-mRNA in FD patients

19 2120

CAA

Δ20 mRNA19 2120

guaagc

19 21

T to C mutation

U1

strengthened

small molecule 

stabilization

Functional 

IKAP protein

No IKAP protein

FD phenotype

FL mRNA



Compound Increases Full Length IKBKAP mRNA and IKAP 
Protein Levels In Vivo
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Second example of targeting a noncanonical 5’ splice site
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Splicing Modifiers Activate a Stop Exon Within the HTT mRNA 
Leading to mRNA Degradation

5 1



HD Splicing Small Molecules Demonstrate Broad Tissue 
Distribution in BACHD Mice
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Ph1 trial planned for 4Q 2020

• Oral, crosses BBB

• Titratable 

• IND toxicology studies ongoing

• Ability to measure mRNA and protein 

in blood in healthy volunteers

Brain and blood HTT lowering
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Building a Database of Druggable Splicing Targets
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Spinocerebellar Ataxia 3 (SCA3) 

• SCA3, also known as Machado–Joseph disease (MJD) is the most common autosomal dominant ataxia 

worldwide

• Characterized by progressive cerebellar ataxia, which results in lack of muscle control and coordination 

as well as a slow progression to an early death

• To date no disease-modifying therapy is available

• The primary cause of SCA3 is the abnormal expansion of CAG repeats in the ATXN3 gene

5 4



Targeting Alternative Splicing of ATXN3 

noncanonicalnoncanonical

Alternative 

Splicing

5 5



Compound-Mediated ATXN3 Exon Skipping and Protein 
Lowering In Vitro 

ATXN3 exon skipping ATXN3 protein lowering 

End-point PCR
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ATXN3 protein lowering ATXN3 exon skipping 

PD effect on ATXN3 exon skipping and protein lowering was demonstrated in mouse xenograft models

409700_QDX1

PO

PO

1 2 4 7 24 1 2 4 7 24 1 2 4 7 24
-20

0

20

40

60

80

100

ATXN3 PD (MOLM13 xenograft)

Time (h)

%
 S

p
li
c
in

g

(f
o

ld
 o

v
e
r 

v
e
h

ic
le

 2
h

) Vehicle

20 mpk

60 mpk

PTC-cmpd

Compound-Mediated ATXN3 Exon Skipping and Protein 
Lowering In Vivo 
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• MAPT, microtubule-associated protein tau, 

enriches in neuronal axons and regulates 

microtubule dynamics, axonal transport, and 

neurite outgrowth 

• Accumulations of phosphorylated tau aggregates 

are the hallmark of several neurodegenerative 

diseases, referred to as tauopathies, such as 

FTDP-17 (MAPT mutation-driven)

• No disease-modifying therapy to treat tauopathies 

is available

Targeting Splicing of MAPT to Correct Tauopathies
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Closing 
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Stuart W. Peltz, Ph.D., CEO



PTC has Built a Fully Integrated, Validated, Innovative 
Splicing Platform with Broad Applicability
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Building a Database of Druggable Splicing Targets
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