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ALS REPORT POWERED BY BCIQ: BIOCENTURY’S 
BUSINESS INTELLIGENCE PLATFORM

49 50 38 $1.9B
Companies Compounds Deals and Collaborations $ Raised YTD

The following report will highlight BioCentury’s coverage of clinical and regulatory events in amyotrophic 
lateral sclerosis (ALS), in addition to outlining the current state of the ALS drug development pipeline, 
partnering, and financial environments. The report will also feature case studies on two companies in the 
ALS space. 

ALS is a severe neurodegenerative disease in which progressive loss of motor neurons in the brain and 
spinal cord leads to muscle weakness, atrophy and respiratory failure.  About 10% of ALS cases are 
inherited, whereas the remaining 90% of cases are sporadic. Life expectancy averages two to five years 
after diagnosis; however, 10% of sufferers live ten years or more after diagnosis. Sanofi’s Rilutek riluzole, 
a metabotropic glutamate receptor subtype 5 (mGluR5; GRM5) antagonist, is the only FDA approved 
therapy to treat ALS. While Rilutek may increase survival, it does not significantly improve symptoms nor 
slow disease progression.

The most advanced therapies in development include small molecules, stem cell therapies, biologics, 
antisense inhibitors and gene therapies. Several major milestones for these treatments are expected in 
2016.  AB Science’s Masiviera masitinib, a stem cell factor (SCF) receptor tyrosine kinase (c-Kit; KIT; CD117) 
inhibitor, is in Phase III testing with final data expected at the end of 2016. Cytokinetics’ tirasemtiv, a fast 
skeletal muscle troponin activator, is expected to complete enrollment in a Phase III trial in the first half 
of 2016. Neuralstem’s cell therapy is expected to start a pivotal trial this year. BrainStorm’s NurOwn stem 
cell therapy expects Phase II data in 2Q16.  There are at least 11 anti-inflammatory and five antioxidant 
compounds in development to treat ALS. Treeway’s TW001, an oral formulation of edaravone, a free 
radical scavenger cerebral neuroprotectant, is slated to start a Phase II/III trial in 2Q16. 

Understanding the underlying biology of ALS remains a barrier to disease-modifying treatments. Studies 
have pointed to some genetic mutations in a significant percentage of ALS patients. Three separate 
groups discovered that mutations in C9orf72 — one of the most commonly affected genes — disrupt 
nuclear transport. This mechanism could lead to a new class of therapies to treat ALS and other 
neurodegenerative diseases.
Data current as of March 18, 2016
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PIPELINE

49 50 42 4
Companies Products Unpartnered Products Fast Track Designations

ALS COMPOUNDS BY THERAPEUTIC 
MODALITY

ALS COMPOUNDS BY REGULATORY 
DESIGNATION

Source: BCIQ: BioCentury Online Intelligence. Data as of 3/18/2016
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PIPELINE

CLINICAL AND MARKETED PRODUCTS

Company Product Latest Stage of Development Description Therapeutic Modality

Corestem Neuronata-R mesenchymal 
stromal cells Marketed (South Korea) Autologous bone marrow-derived mesenchymal stromal 

cells (MSCs) Cell therapy: Stem cell

Mitsubishi Radicut edaravone Marketed (Japan, South Korea) Cerebral neuroprotectant that is a free radical scavenger Small molecule

Sanofi Rilutek riluzole Marketed (Global) Glutamate antagonist Small molecule

YooYoung YYB-103 Registration Not Disclosed Not disclosed

Eisai Mecobalamin Phase III Ultra-high dose of mecobalamin, a formulation of vitamin 
B12 coenzyme Small molecule

AB Science Masiviera masitinib1 Phase III Stem cell factor (SCF) receptor tyrosine kinase (c-Kit; KIT; 
CD117) inhibitor Small molecule

Cytokinetics Tirasemtiv1, 2, 3 Phase III Fast skeletal muscle troponin activator Small molecule

Orphazyme Arimoclomol1, 2 Phase II/III Oral small molecule heat shock response inducer Small molecule

BrainStorm NurOwn1, 2, 3 Phase II Autologous mesenchymal stromal cells induced to 
differentiate into neurotrophic factor-secreting cells Cell therapy: Stem cell

Genervon GM61, 2 Phase II
Endogenous embryonic stage peptide that binds to a 
subunit of insulin receptor (INSR), insulin-like growth 
factor-1 (IGF-1) receptor (IGF1R; CD221) and IGF2R

Peptide

Kyorin Ketas ibudilast2 Phase II
Oral small molecule inhibitor of phosphodiesterase-4 (PDE-
4), PDE-10 and macrophage migration inhibitory factor 
(MIF) that suppresses pro-inflammatory cytokines

Small molecule

Mallinckrodt H.P. Acthar gel Phase II Adrenocorticotropic hormone injection Peptide

Neuralstem Human neural stem cells (hNSCs)1 Phase II Human neural stem cells (hNSCs) Cell therapy: Stem cell

Neuraltus NP001 Phase II Small molecule regulator of macrophage activation Small molecule

Nutra Pharma Pepteron Phase II Detoxified protein complex derived from cobra venom Biologic

Otsuka Nuedexta dextromethorphan/
quinidine Phase II

Combination of the NMDA receptor antagonist 
dextromethorphan with quinidine sulfate, a cytochrome 
P450 2D6 enzyme inhibitor

Small molecule: 
Combination

Ionis IONIS-SOD1Rx (BIIB067) Phase I/II Antisense inhibitor of superoxide dismutase 1 (SOD1) Nucleic acid: Linear 
RNA: Antisense

Pharnext PXT-864 Phase I/II Low-dose combination of baclofen and acamprosate Small molecule

ViroMed VM202 Phase I/II PCK vector encoding the engineered hepatocyte growth 
factor (HGF) gene

Gene therapy: Non-
viral vector

Biohaven BHV-0223 Phase I
Sublingual formulation of riluzole, a glutamate modulating 
agent, using Zydis orally dissolving tablet (ODT) fast-
dissolve technology

Small molecule

Global 
Neurotech AAD-2004 Phase I Microsomal prostaglandin E synthase-1 inhibitor Small molecule

M's Science Cutamesine Phase I Sigma-1 receptor agonist Small molecule

Treeway TW0011, 3 Phase I Oral formulation of edaravone, a free radical scavenger 
cerebral neuroprotectant Small molecule

1 U.S. - Orphan Drug
2 U.S. - Fast Track
3 EU - Orphan Drug
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PIPELINE

PRECLINICAL COMPOUNDS

Company Product Latest Stage of Development Description Therapeutic Modality
Q Therapeutics Q-Cells1 IND Human glial restricted progenitor cells and their progeny Cell therapy

2M BioTech Aminopropylcarbazole Preclinical Neuroprotectant Small molecule

Amylyx AMX0035 Preclinical Combination of two undisclosed compounds Not disclosed

Anavex Oral ANAVEX 2-73 Preclinical Aminotetrahydrofuran derivative agonist of sigma-1 
receptor and muscarinic receptor Small molecule

Anida Neuroprotectin D1 Preclinical Resolvin derived from the oxidation of the omega-3 fatty 
acid docosahexaenoic acid (DHA) Small molecule

ArmaGen AGT-110 Preclinical IgG-decoy receptor fusion protein that inhibits tumor 
necrosis factor (TNF) alpha

Biologic: Fusion 
protein

BBB 
Therapeutics 2B3-201 Preclinical Glutathione pegylated liposomal methylprednisolone Small molecule

Catabasis CAT-4001 Preclinical Conjugate of fumarate and docosahexaenoic acid (DHA) Small molecule

Herantis HER-902 Preclinical Cerebral dopamine neurotrophic factor (CDNF) Biologic: Protein

ImStar IMS-088 Preclinical Small molecule derived from withaferin A Small molecule

Kadimastem AstroRx Preclinical Human embryonic stem cell (hESC)-derived astrocyte 
precursor cells Cell therapy: Stem cell

LifeSplice LSP-GR1 Preclinical Splice modulating oligomer (SMO) that reduces the 
expression of the GluA1-flip isoform Small molecule

Maas BiolAB Mitogard cyclosporin1 Preclinical Intrathecal mitochondrial neuroprotectant Macrocycle

miRagen MRG-107 Preclinical MicroRNA-155 antagonist Nucleic acid: Linear 
RNA: microRNA

Neuralgene PRCN-829 Preclinical AAV gene therapy designed to be neurotropic
Gene therapy: Viral 
vector: Adeno-
associated virus (AAV)

Neurotune NT-1654 Preclinical Biologic targeted at stabilizing the neuromuscular junction Biologic

ProMIS ALS vaccine Preclinical Vaccine against ALS using disease specific epitopes (DSEs) 
identified with its ProMIS discovery technology Active immunotherapy

ProMIS MAb against SOD1 Preclinical mAb against misfolded superoxide dismutase (SOD1) Biologic: Antibody

SciFluor SF0034 Preclinical Potassium channel Kv7.2 (KCNQ2) and KCNQ3 modulator 
and a fluorinated derivative of retigabine Small molecule

Tarix Orphan TXA127 Preclinical Formulation of the angiotensin (1-7) peptide Peptide

uniQure AAV5-GDNF Preclinical
Recombinant adeno-associated viral (AAV) serotype 5 
(AAV5) vector carrying glial cell-derived neurotrophic 
factor (GDNF) gene

Gene therapy: Viral 
vector: Adeno-
associated virus (AAV)

Voyager VY-SOD101 Preclinical AAV-based gene therapy designed to knock down mutant 
superoxide dismutase 1 (SOD1)

Gene therapy: Viral 
vector: Adeno-
associated virus (AAV)

Xencor XPro1595 Preclinical Dominant-negative inhibitor of tumor necrosis factor (TNF) 
alpha Biologic: Protein

1 U.S. - Orphan Drug
2 U.S. - Fast Track
3 EU - Orphan Drug
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PIPELINE

DISCOVERY COMPOUNDS

Company Product Latest Stage of Development Description Therapeutic Modality
Cellceutix KM 362 Discovery Small molecule Small molecule

CuroNZ NRP2945 Discovery Neural regeneration peptide (NRP) Peptide

Jeil JGK 263 Discovery Glycogen synthase kinase 3 beta (GSK3B) inhibitor Small molecule

Rxi SOD1 siRNA Discovery Short interfering RNA (siRNA) against mutant superoxide 
dismutase (SOD1)

Nucleic acid: Linear 
RNA: siRNA

UPCOMING MILESTONES

Company Product Latest Stage of Development Milestone Date
AB Science Masiviera masitinib Phase III Phase III interim data 1Q16

BrainStorm NurOwn Phase II Phase II data 2Q16

Treeway TW001 Phase I Start Phase II/III 2Q16

Cytokinetics Tirasemtiv Phase III Complete enrollment Phase III 1H16

Neuralstem Human neural stem cells 
(hNSCs) Phase II Start Pivotal trial 2016

Biohaven BHV-0223 Phase I Start Phase IIb/III 2016

Amylyx AMX0035 Preclinical Start Phase I 2016

Catabasis CAT-4001 Preclinical Start Phase I 2017
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PIPELINE

CLINICAL TRIAL DATA

Company Product Trial Design Endpoint Result

Sanofi Rilutek 
riluzole

Phase III 
data

Placebo-
controlled PhIII 
study in 959 
ALS patients

The primary outcome 
measure was survival 
without a tracheostomy. 
Secondary outcomes were 
rates of change in a series 
of functional measures, 
such as muscle strength 
and respiratory function.

The trial enrolled 959 patients who received placebo or 50, 100 or 200 mg 
of Rilutek daily. After median follow-up of 18 months, 122 (50.4 percent) of 
placebo patients were alive versus 134 (56.8 percent) of patients who received 
the 100 mg dose of drug (p=0.002). In the 50 mg group, 131 patients were alive 
(55.3 percent, p=0.04 versus placebo), and in the 200 mg group, 141 patients 
were alive (57.8 percent, p=0.0004 versus placebo). There were no differences 
between the treatment groups on the functional measures. Side effects, 
including asthenia (weakness), dizziness, gastrointestinal disorders, and rises 
in liver enzymes, were most common in the 200 mg group. The investigators 
concluded that the 100 mg group had the best benefit-to-risk ratio.

Cytokinetics Tirasemtiv
Additional 
Phase IIb 
data

Double-blind, 
placebo-
controlled, 
international 
Phase IIb 
BENEFIT-ALS 
trial in 711 
patients with 
ALS

Change from baseline 
in ALS Functional 
Rating Scale-Revised 
(ALSFRS-R) total score 
at week 12; change in 
Maximum Voluntary 
Ventilation (MVV), Sniff 
Nasal Inspiratory Pressure 
(SNIP), slow vital capacity, 
hand grip strength 
and fatigability by grip 
dynamometry and muscle 
strength by hand-held 
dynamometry

Twice-daily oral tirasemtiv significantly reduced the decline of slow vital 
capacity - a measure of the strength of the skeletal muscles responsible for 
breathing - vs. placebo (p=0.0006 for the difference in slope of decline). 
Additionally, declines in slow vital capacity were significantly less in patients 
receiving tirasemtiv at week 8 (2.85% vs. 5.81%, p=0.004) and at week 12 (3.12% 
vs. 8.66%, p<0.0001) vs. placebo. Cytokinetics also said that muscle strength 
mega-score - a measure of strength combining data from several muscle 
groups - declined more slowly in patients receiving tirasemtiv compared to 
placebo (p=0.016 for the difference in slope of decline), but there were no 
significant differences on the endpoint between treatment groups at any 
time point (p=0.61 at week 8 and p=0.205 at week 12). Additionally, the rate 
of decline for SNIP scores was not significantly different between treatment 
groups (p=0.21 for the difference in slope of decline) and there were no 
significant differences between treatment groups in MVV or hand grip fatigue 
scores. 
Serious adverse events during the double-blind portion of the trial were 
reported more frequently in the tirasemtiv arm vs. the placebo arm (9% vs. 
5.4%). The most common serious adverse event was respiratory failure which 
occurred in 1 patient receiving tirasemtiv and 3 patients receiving placebo. 
Confusional state and delirium occurred in 2 patients receiving tirasemtiv vs. 
0 patients receiving placebo. The most common adverse events reported in 
the tirasemtiv arm compared to the placebo arm were dizziness, fatigue and 
nausea. 
Furthermore, patients in the tirasemtiv arm lost significantly more weight 
at week 12 compared to patients in placebo arm (1.7 vs. 0.79 kg, p=0.006), 
which Cytokinetics said appeared to negatively impact the effect of tirasemtiv 
on ALSFRS-R scores compared to placebo (p=0.052 for weight change-by-
treatment interaction). Patients who tolerated 125 mg tirasemtiv in a 1-week, 
open-label period were randomized into the 12-week, double-blind, placebo-
controlled period evaluating ascending doses of tirasemtiv starting at 125 mg 
and increasing weekly up to 250 mg. Cytokinetics is evaluating the effects 
of tirasemtiv on slow vital capacity (SVC) and other skeletal muscle strength 
measures in the double-blind, placebo-controlled, international Phase III 
VITALITY-ALS trial in patients with amyotrophic lateral sclerosis (ALS).
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PIPELINE

CLINICAL TRIAL DATA (CONT.)

Company Product Trial Design Endpoint Result

Orphazyme Arimoclomol

Phase IIa 
extension 
study 
data

Open-label 
extension of a 
Phase IIa trial in 
69 patients

Safety; disease progression 
as measured by the revised 
ALS Functional Rating 
Scale (ALSFRS-R) and vital 
capacity

100 mg of arimoclomol given 3 times daily was safe and well tolerated over 
6 months. The company said that compared with a historical placebo group, 
arimoclomol decreased the rate of decline on the ALSFRS-R by 21%, vital 
capacity by 8%, total body weight by 23% and body mass index by 20%.

BrainStorm NurOwn Phase IIa 
final data

Open-label, 
single-arm, 
Israeli Phase 
IIa trial in 14 
early stage ALS 
patients

Safety; change in the ALS 
Functional Rating Scale 
(ALSFRS) and change in 
forced vital capacity (FVC) 
slopes, muscle strength 
and bulk, upper and lower 
extremities circumference 
and electromyogram 
(EGM) parameters

A single dose of NurOwn met the primary safety endpoint and was well 
tolerated at doses of <=2 million cells/kg when administered intrathecally and 
48 million cells when administered intramuscularly. Of the 12 evaluable patients 
with >=3 months of follow-up, 6 had an improvement in the slope of the 
ALSFRS score and 8 had an improvement in the slope of the percent-predicted 
FVC. Additionally, NurOwn slowed the rate of progression in ALSFRS scores 
from 1.41 points per month during the run-in period by 45% to 0.78 points per 
month at 3 months and by 57% to 0.6 points per month at 6 months. NurOwn 
also slowed the rate of progression in percent-predicted FVC from 2.6% per 
month during the run-in period by 73% to 0.7% per month at 3 months and by 
67% to 0.86% per month at 6 months. In mid-2015, BrainStorm plans to start 
a Phase II trial evaluating multiple doses of NurOwn. In 2Q16, the company 
expects to report data from a U.S. Phase II trial evaluating single doses of 
NurOwn in 48 ALS patients.

Genervon GM6 Phase IIa 
data

Double-blind, 
U.S. Phase IIa 
trial in 12 ALS 
patients

Percent change from 
baseline in cerebrospinal 
fluid (CSF) biomarkers 
at week 12 and safety; 
change from baseline 
in forced vital capacity 
(FVC), Amyotrophic Lateral 
Sclerosis Functional Rating 
Scale-Revised (ALSFRS-R), 
blood and other CSF 
biomarkers and mortality 
rate at week 2, 6 and 12

6 doses of 320 mg IV GM604 given over 2 weeks significantly reduced total 
microtubule-associated protein tau (MAPT; tau; FTDP-17) from baseline to 
week 7 vs. placebo (p=0.0369). GM604 also significantly reduced TAR DNA 
binding protein 43 (Tdp-43; Tardbp) from baseline to week 12 vs. placebo 
(p=0.0078). Additionally, GM604 reduced superoxide dismutase 1 (SOD1) from 
baseline to week 2 vs. placebo (p=0.055). Furthermore, GM604 significantly 
reduced the decline in ALSFRS-R score vs. historical controls (p=0.0047) and 7 
of 8 patients treated with GM604 had their ALS disease progression slowed or 
stopped at week 12. At week 12, mean FVC was reduced by 4.7% in GM604-
treated patients vs. a reduction of 11.5% in placebo-treated patients and 5 of 
7 patients treated with GM604 had their FVC disease progression slowed or 
reversed at week 12. GM604 was well tolerated with no deaths or withdrawals 
due to adverse events and no serious adverse events reported. Genervon said 
it submitted the data to FDA for guidance on the development pathway for 
GM604. GM6 is in development for ALS under the program name GM604.

Kyorin Ketas 
ibudilast

Interim 
Phase II 
data

Double-blind, 
U.S. Phase II 
trial in 21 ALS 
patients

Safety; Amyotrophic 
Lateral Sclerosis Functional 
Rating Scale-revised 
(ALSFRS-R), slow vital 
capacity (SVC), maximum 
inspiratory pressure (MIP), 
forced expiratory volume 
in 1 second (FEV1), muscle 
strength and non-invasive 
ventilation utilization

Once-daily 60 mg oral ibudilast plus riluzole led to no safety or tolerability 
concerns after 3 months of treatment compared to placebo plus riluzole. Based 
on the interim data, an independent safety monitor recommended that the trial 
continue as planned. The trial is evaluating ibudilast or placebo plus riluzole for 
6 months followed by a 6-month, open-label extension. Data were presented at 
the American Academy of Neurology meeting in Washington, D.C. MediciNova 
licensed ibudilast from Kyorin.
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PIPELINE

CLINICAL TRIAL DATA (CONT.)

Company Product Trial Design Endpoint Result

Neuralstem
Human 
neural stem 
cells (hNSCs)

Phase II 
data

Open-label, U.S. 
Phase II trial in 
15 ambulatory 
patients

Safety; ALS Functional 
Rating Scale (ALSFRS) and 
positive strengthening of 
grip strength

NSI-566 met the primary safety endpoint. NSI-566 was well tolerated with 1 
patient experiencing a surgical serious adverse event. The maximum tolerated 
dose (MTD) was 16 million cells. On secondary endpoints, NSI-566 led to a 
response rate, defined as either a near zero slope of decline or a positive slope 
of ALSFRS score or positive strengthening of grip strength, of 47% at 9 months 
post-surgery. The average ALSFRS score was 37 points for responders and 14 
points for non-responders at 9 months, corresponding to a 7% decline from 
baseline for responders vs. a 65% decline for non-responders. The average 
slope of decline of ALSFRS was 0.007 points per day for responders and 0.1 
points per day for non-responders. Additionally, lung function as measured 
by seated vital capacity remained within 94% and 71% of baseline scores for 
responders and non-responders, respectively. The first 12 patients received 
injections of 1-8 million cells in the cervical region of the spinal cord and the 
final 3 patients received injections of 8 million cells into both the cervical and 
lumbar regions of the spinal cord.

Neuraltus NP001 Phase II 
data

Double-blind, 
U.S. Phase II trial 
in 136 patients 
with ALS

ALS Functional Rating 
Scale-Revised (ALSFRS-R); 
inclusion of matched 
historical placebo control 
data and safety

NP001 missed the primary and secondary endpoints vs. placebo. Neuraltus 
said high-dose NP001 non-significantly slowed the rate of disease progression 
as measured by the change in slope of ALSFRS-R, the primary endpoint, by 
13% vs. the concurrent placebo group and by 19% when matched historical 
placebo control data were included with concurrent placebo control data. 
Neuraltus also said there were "trends of clinical benefit" with high-dose NP001 
vs. placebo on the secondary endpoints of change in ALSFRS-R score from 
baseline to 6 months and a joint rank analysis of change of ALSFRS-R score 
adjusted for mortality. NP001 was well tolerated. Patients received placebo 
or 1 or 2 mg/kg IV NP001 for 5 consecutive days in month 1 and then for 4 
consecutive days each month for 5 months with a 6-month follow-up period. 
A post hoc analysis of the trial showed that 27% of patients receiving high-dose 
NP001 had no disease progression during the 6-month dosing period vs. 11% 
for the concurrent placebo group. Furthermore, the company said that when 
matched historical placebo control data were included with concurrent placebo 
control data per an FDA-agreed upon secondary endpoint, the difference 
between treatment groups was statistically significant (27% vs. 10%, p-value 
not disclosed).
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PIPELINE

ALS THERAPEUTICS DISTILLERY

Target Published Paper
Online Paper 
Publication 

Date
Summary

Major 
histocompatibility 
complex class I 
(MHC); superoxide 
dismutase 1 
(SOD1)

Song, S. et al. Nat. Med.; 
doi:10.1038/nm.4052 2/29/2016

Patient sample, mouse and cell culture studies suggest expressing MHC in motor neurons could help treat 
ALS. Motor neuron levels of MHC were lower in spinal cord tissue samples from patients with familial ALS 
and a transgenic mutant SOD1 mouse model of the disease than from age-matched healthy volunteers 
and wild-type mice, respectively. In co-cultures of mouse motor neurons and astrocytes from the mouse 
model and in co-cultures of human embryonic stem cell (ESC)-derived motor neurons and astrocytes 
derived from neural precursor cells of ALS patients, overexpression of three MHC molecules in motor 
neurons decreased astrocyte-induced motor neuron death compared with normal MHC expression. In the 
mouse model, overexpression of MHC molecules in motor neurons increased survival and balance. Next 
steps could include identifying and testing agonists of MHC molecules in the ALS mouse model.

Interleukin-10 
(IL-10)

Gravel, M. et al. J. 
Neurosci.; doi:10.1523/
JNEUROSCI.0854-15.2016

1/20/2016

Cell culture and mouse studies suggest IL-10 could help treat ALS. Primary mouse glial cells from a 
presymptomatic mouse model of ALS had lower levels of IL-10 than cells from normal mice. In primary 
microglial cells from the mouse model, IL-10 increased levels of anti-inflammatory markers compared 
with vehicle. Also in the model, viral vector-mediated overexpression of IL-10 in the spinal canal before 
symptom onset delayed disease onset, decreased weight loss and increased survival compared with 
empty vector. Next steps could include testing IL-10 overexpression in other age-related neurological 
diseases.

RAD23 homolog A 
(RAD23A; HR23A); 
RAD23 homolog B 
(RAD23B; HR23A)

Jablonski, A. et al. J. 
Neurosci.; doi:10.1523/
JNEUROSCI.0642-15.2015

10/21/2015

Studies in animals, patient samples and cell culture suggest inhibiting RAD23A or RAD23B could 
help treat ALS. In a Caenorhabditis elegans model of ALS caused by a mutation in TAR DNA binding 
protein 43 (TDP-43; TARDBP), a genetic screen identified loss-of-function mutations in RAD23 that 
decreased locomotor deficits compared with normal RAD23 expression. Levels of the two human RAD23 
orthologs, RAD23A and RAD23B, were higher in spinal cord samples from ALS patients than from 
unaffected controls. In rat spinal motor neurons expressing ALS-associated disease mutations in TDP-43 
or superoxide dismutase 1 (SOD1), knockout of RAD23A or RAD23B decreased levels of mutant TDP-43 
or SOD1, increased solubility of the mutant proteins and increased motor neuron survival compared with 
normal RAD23A and RAD23B expression. Next steps could include developing RAD23A and RAD23B 
inhibitors.

Chromosome 
9 open reading 
frame 72 (C9orf72)

Zhang, K. et al. Nature; 
doi:10.1038/nature14973 
// Freibaum, B. et al. 
Nature; doi:10.1038/
nature14974 // Jovicic, 
A. et al. Nat. Neurosci.; 
doi:10.1038/nn.4085

8/26/2015

In vitro, yeast and fruit fly studies suggest restoring nucleocytoplasmic transport could help treat ALS 
caused by hexanucleotide repeat expansions in C9orf72. Genetic screening in yeast and Drosophila 
harboring the C9orf72 expansions identified loss-of-function and gain-of-function mutations of genes 
involved in nuclear protein transport that suppressed or enhanced neurotoxicity, respectively. In human 
neurons generated from induced pluripotent stem (iPS) cells, nuclear protein localization was lower 
in cells derived from ALS patients harboring the C9orf72 expansions than in neurons derived from 
unaffected controls. In neurons generated from the patient-derived iPS cells, an antisense oligonucleotide 
targeting C9orf72 repeats or a small molecule disruptor of RNAs containing the repeats increased 
nucleocytoplasmic transport and decreased neurotoxicity compared with scrambled antisense 
oligonucleotides or vehicle. Next steps include identifying new drug targets that restore mutation-induced 
deficits in nucleocytoplasmic transport.

Endosomal 
trafficking 
pathway; SNAP-
associated protein 
(SNAPIN)

Xie, Y. et al. Neuron; 
doi:10.1016/j.
neuron.2015.06.026

7/15/2015

Cell culture and mouse studies suggest SNAPIN or other therapies to enhance endosomal trafficking 
in neurons could help treat ALS. In vivo and ex vivo motor neurons from a transgenic mouse model of 
ALS had lower lysosomal density and clearance of mitochondria from autophagic vacuoles than motor 
neurons from wild-type mice. In ex vivo motor neurons from the transgenic model, viral vector-mediated 
expression of the endosomal trafficking adaptor protein SNAPIN increased retrograde transport of late 
endosomes compared with a vector encoding an inactive SNAPIN mutant or empty vector. Also in the 
model, vector-mediated SNAPIN expression decreased vacuole accumulation of mitochondria in motor 
neurons and motor deficits in mice. Next steps include screening for compounds that enhance endosomal 
trafficking in the ALS mouse model.
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PIPELINE

ALS TECHNIQUES DISTILLERY

Technique Published Paper Online 
Publication Date Summary

Mouse model of 
chromosome 9 open 
reading frame 72 
(C9orf72)-mutant 
amyotrophic lateral 
sclerosis (ALS)

O'Rourke, J. 
et al. Neuron; 
doi:10.1016/j.
neuron.2015.10.027 
// Peters, O. 
et al. Neuron; 
doi:10.1016/j.
neuron.2015.11.018

12/2/2015

Transgenic mice expressing human C9orf72 containing ALS-associated repeat expansions 
could be used to screen for therapies for ALS patients with expanded GGGGCC repeats in the 
C9orf72 region. In mice, bacterial artificial chromosome (BAC)-mediated expression of either 
the full human C9orf72 chromosomal region or a segment containing between 50 and 1,000 
hexanucleotide repeats recapitulated features of human ALS including RNA foci and dipeptide 
repeat protein (DPR) formation that are thought to contribute to neurotoxicity. In primary cortical 
neurons isolated from the mice, an antisense oligonucleotide targeting C9orf72 decreased RNA 
foci formation and DPR production compared with a control oligo. Next steps could include 
introducing additional stressors into the model to capture the neurodegenerative aspects of the 
disease phenotype.

Mouse model of 
endogenous retrovirus 
group K (HERVK; ERVK)-
associated amyotrophic 
lateral sclerosis (ALS)

Li, W. et al. Sci. 
Transl. Med.; 
doi:10.1126/
scitranslmed.
aac8201

9/30/2015

An HERVK-expressing mouse model of ALS could help identify therapeutics to treat patients 
who harbor the activated retrovirus in neurons. Levels of HERVK env and other HERVK structural 
proteins were higher in postmortem brain samples from ALS patients than from healthy controls 
or Alzheimer's disease (AD) patients. In cultured human neurons, plasmid-mediated expression of 
HERVK or the HERVK env protein increased cell death and neurite abnormalities compared with 
a control plasmid. Mice engineered with neuron-specific expression of HERVK env recapitulated 
features of ALS in patients, including progressive motor dysfunction, loss of corticospinal motor 
neurons and reduced motor cortex size. Next steps include testing antiretroviral therapeutics in 
the ALS model.

Mice with a CNS-specific 
knockin of a repeat 
expansion in chromosome 
9 open reading frame 
72 (C9orf72) as models 
amyotrophic lateral 
sclerosis (ALS) and 
frontotemporal dementia 
(FTD)

Chew, J. et al. 
Science; doi: 
10.1126/science.
aaa9344

5/14/2015

Mouse models with repeat expansions of GGGGCC in C9orf72, a major cause of ALS and FTD, in 
the CNS could be useful for screening new therapies to treat both diseases. Adeno-associated 
viral (AAV) vector-mediated expression of 66 of the repeats - but not 2 repeats - in the CNS of 
newborn mice recapitulated neuropathological features of both diseases by six months of age, 
including intranuclear RNA foci and inclusions of poly(GP) peptides and TAR DNA binding protein 
43 (TDP-43; TARDBP). Mice with 66 repeats also had fewer neurons in the cortex and cerebellum, 
poorer motor coordination and greater anxiety-like behavior than mice with 2 repeats. Next steps 
could include using the 66-repeat mouse model to screen for compounds to treat ALS and FTD.
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PRODUCT DISCOVERY & DEVELOPMENT

SOLVING THE ALS MAZE
By Michael J. Haas, Senior Writer
Published in BioCentury, January 21, 2013

Three companies with Phase II data for amyotrophic lateral 
sclerosis believe they have identified at least two ways to 
improve the odds of clinical success, even though the disease 
has poorly understood biology, heterogeneous presentation 
and progression, and no markers of progression or treatment 
response.
The first is to develop compounds with known mechanisms 
of action that target features of the disease found in all ALS 
patients. The second is to employ a range of strategies to identify 
and augment signals of effectiveness in Phase II trials. 
ALS companies, advocacy organizations and patients had high 
hopes that Biogen Idec Inc.’s dexpramipexole would succeed in 
Phase III based on trends of functional improvement seen in 
Phase II. But on Jan. 3, Biogen Idec said dexpramipexole missed 
the primary endpoint of improving function and survival as 
measured by the change in Combined Assessment of Function 
and Survival (CAFS) scores from baseline to 12 months vs. 
placebo.
As a result, the company discontinued development of the 
compound to treat ALS. Biogen Idec has exclusive worldwide 
rights to dexpramipexole from Knopp Biosciences LLC, which 
had run the Phase II program.
The failure does not necessarily send other ALS companies back to 
the drawing board. That’s because they believe dexpramipexole’s 
mechanism of action was not firmly established, and Knopp’s 
Phase II was underpowered.
These companies say that, absent a better understanding of 
disease biology, a compound should target a feature of the 
disease found in all ALS cases — such as loss of motor neurons, 
loss of muscle function or inflammation in the periphery and 
spinal column that contributes to disease progression. 
They add that a compound’s MOA in that aspect of the disease 
should be clearly understood.
Companies also may need to identify compound-specific 
markers of treatment response or compound-specific functional 
measures to improve the chances of detecting a therapeutic 
effect in Phase II.

Phase II trials must also be adequately powered, and several 
focused Phase II trials and a larger Phase IIb trial may be 
necessary before it is worthwhile to make the critical jump to 
Phase III.
The best strategy for navigating Phase III testing is less clear 
because no therapy has gained regulatory approval to treat ALS 
since Rilutek riluzole from Sanofi was approved in 1996 based 
on a survival endpoint. 

In the intervening period, the ALS Functional Rating Scale-
Revised (ALSFRS-R) has become the gold standard for assessing 
the function and quality of life of ALS patients because of its 
reliability and therefore is likely to be the primary endpoint for 
Phase III trials.
Some companies are exploring the feasibility of using individual 
functional measures — alongside or in place of ALSFRS-R — 
as primary endpoints for Phase III. However, it is uncertain 
what individual measures and what magnitude of improvement 
would be clinically meaningful to patients and acceptable to 
regulatory agencies. 
At least 12 companies have small molecules, proteins or 
antibodies in clinical testing to treat ALS (see “ALS Pipeline”).

UNDERSTANDING ALS
The unmet need in ALS is glaring. In the U.S., about 5,600 people 
are diagnosed with the disease annually, and about 30,000 have 
it at any one time. 

“A key thing we’re missing in ALS 
is a global biomarker of treatment 
response.” 
Steve Perrin, ALS Therapeutic Development Institute 
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Rilutek is the only approved therapy. It slows damage to 
motor neurons by reducing glutamate neurotransmitter levels, 
prolonging patient survival for three to five months. The drug 
may also delay the need for tracheostomy or ventilator-assisted 
breathing, but does not improve overall function or quality of 
life. 
Sanofi does not break out Rilutek sales.
Other drugs can help manage specific disease symptoms 
such as muscle spasms or excessive drooling but do not affect 
progression.
One impediment to the development of new ALS therapies is 
poor understanding of the underlying disease biology.
About 5-10% of cases are linked to hereditary mutations in one 
of several genes, including superoxide dismutase 1 (SOD1). But 
it is not clear how these mutations cause the disease.

The majority of ALS cases are sporadic. Indeed, ALS may well be 
a constellation of diseases with similar presentation but differing 
genetic and/or other causes.
The disease affects upper and lower motor neurons, resulting in a 
range of symptoms that include muscle weakness and spasticity; 
loss of muscle function; difficulty speaking, swallowing and 
breathing; and exaggerated motor responses to emotions. 
In most cases the disease first presents as weakness or 
compromised function in one limb or manifests as difficulty 
with speaking or swallowing (bulbar onset). Where in the body 
the disease first manifests and how the disease progresses to the 
rest of the body determine which aspects of daily activity and 
quality of life are most affected. 
Most patients eventually experience wasting and paralysis 
of muscles in the limb, trunk and those that control speech, 
swallowing and breathing.

ALS PIPELINE
At least 12 therapies for amyotrophic lateral sclerosis (ALS) are in or about to start clinical testing. The therapies range from neuroprotectants and neurotrophic 
factors to muscle activators and neural cell replacements. Source: BCIQ: BioCentury Online Intelligence

COMPANY PRODUCT DESCRIPTION STATUS

Eisai Co. Ltd. (Tokyo:4523; Osaka:4523) Mecobalamin (E0302) Mecobalamin (vitamin B12 coenzyme) formulation Ph III

Mitsubishi Tanabe Pharma Corp. 
(Tokyo:4508; Osaka:4508)

Radicut edaravone (MCI-186) Free radical scavenger Ph III

Neuraltus Pharmaceuticals Inc. NP001 Small molecule regulator of macrophage activation Start Ph III 2013

BrainStorm Cell Therapeutics Inc. 
(OTCQB:BCLI)

NurOwn Autologous mesenchymal stromal cells inducedto 
differentiate into neurotrophic factor-secreting cells

Ph II

Cytokinetics Inc. (NASDAQ:CYTK) Tirasemtiv (CK-2017357) Fast skeletal muscle troponin activator Ph II

GlaxoSmithKline plc (LSE:GSK; NYSE:GSK) Ozanezumab (1223249) Humanized mAb against reticulon 4 (RTN4; 
NOGO-A; NOGO; NOGO-B) 

Ph II

Newron Pharmaceuticals S.p.A. 
(SIX:NWRN)

sNN0029 VEGF protein Start Ph I/II 2013

Genervon Biopharmaceuticals LLC GM604 Endogenous embryonic stage peptide that binds 
to a subunit of insulin receptor, insulin-like growth 
factor-1 (IGF-1) receptor (IGF1R; CD221) and 
insulin-like growth factor-2 (IGF-2) receptor 
(IGF2R; M6PR)

Ph I compl

Neuralstem Inc. (NYSE-M:CUR) NSI-566 Human neural stem cells Ph I

Coyote Pharmaceuticals Inc. CNS-102 Orally bioavailable small molecule inducer of heat 
shock protein gene expression

Start Ph I 2013

to-BBB technologies B.V. 2B3-201 Glutathione pegylated liposomal 
methylprednisolone

Start Ph I 2013

FPRT Bio Inc. XPro1595 Inhibitor of soluble TNF alpha Start Ph I 2014
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Not all patients progress at the same rate; most patients die of 
respiratory failure or pneumonia within three to five years of 
diagnosis.
This variability of presentation and progression also makes it 
difficult to measure improvements in function in clinical trials.
In clinical practice, progression is measured using ALSFRS-R. 
Patients rate their function in 12 areas of daily life — such as 
speaking, swallowing, getting dressed, walking and breathing — 
on a scale of zero to four, with a lower score indicating lesser 
function. Scores are self-reported or assessed during a clinical 
interview. 

While scores in individual domains will vary among patients, 
the total ALSFRS-R score is a reliable and clinically meaningful 
measure of patient function and its decline over time.
“Physicians routinely use the scale to assess their ALS patients, 
and patients consider it a meaningful measure of their ability 
to function,” said Lucie Bruijn. chief scientist at The ALS 
Association. 
“ALSFRS-R has been used for many years, and its test-retest 
reliability is very good,” said Robert Blum, president and CEO 
of Cytokinetics Inc. “In a population of ALS patients, it will 
decline an average of 0.9 points per month in a linear fashion,” 
regardless of the initial presentation and specific features and 
symptoms of progression in individual patients. 
“This is one of the most reliable instruments in all of drug 
development,” noted Blum.
However, it is a blunt instrument when it comes to understanding 
a compound’s effect on the disease, and there are no biomarkers 
of progression or response.
“A key thing we’re missing in ALS is a global biomarker of 
treatment response,” said Steve Perrin, CEO and CSO of the 
ALS Therapy Development Institute (ALS TDI). “There is no 
measure of response apart from the ALSFRS-R.”

Perrin said a marker that could stratify patients as rapid or slow 
progressors also could help with recruiting the right patients for 
trials. “Right now we can’t put patients on that map. We only 
have crude inclusion and exclusion criteria to help improve the 
homogeneity of patients in Phase II trials,” he said.
Joe Lewcock, a neuroscientist and lead ALS scientist at Roche’s 
Genentech Inc. unit, said compound-specific markers of 
response could provide definitive evidence that a compound is 
modifying its intended target. 
Despite such difficulties, Lewcock said it should be possible to 
run good trials in the disease. “ALS trials are challenging, but 
in some ways ALS is more clinically tractable than Alzheimer’s 
disease,” he said. 
AD trials must recruit large numbers of patients, run for a long 
time and measure cognitive endpoints. “With ALS,” Lewcock 
said, “you are measuring motor function, patients progress 
faster, and the ALSFRS-R provides a reliable, validated readout 
of therapeutic effects on progression.”
Genentech has not disclosed any ALS programs (see BioCentury, 
Oct. 8, 2012).

DEX’S DOWNFALL
Dexpramipexole may have been stymied by challenges related 
to both biology and clinical execution.
For starters, the compound’s precise mechanism of action is not 
known. In the early 2000s, studies in human and rat neuronal 
cell lines and rat whole-brain lysates suggested dexpramipexole 
exerted a neuroprotective effect in stressed or injured neurons 
by modulating mitochondrial bioenergetics.
The compound also exhibited a neuroprotective effect in the 
mutant SOD1 mouse model of ALS and showed intriguing — 
but not statistically significant — signals of efficacy in early 
trials.
In 2009, Knopp reported data from Part 1 of a placebo-
controlled Phase II trial of dexpramipexole in 102 ALS patients. 
Doses of 50, 100 and 300 mg/day given for 12 weeks displayed a 
dose-dependent trend in slowing the rate of disease progression 
as measured by ALSFRS-R, one of several secondary endpoints.
At the 300 mg dose, the rate of decline in ALSFRS-R was reduced 
by 39% compared with placebo. The primary endpoint was 
safety, however, and the study was not powered for significance 
on efficacy endpoints.
In 92 patients in Part 2 of the trial, 50 and 300 mg/day 
dexpramipexole given for an additional 24 weeks showed a 
20.5% reduction in the rate of decline in ALSFRS-R and a trend 

“We recognize the need to improve 
the robustness of Phase II studies in 
ALS to give greater confidence in the 
results.”
Doug Kerr, Biogen Idec
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toward a survival benefit in the 300 mg group compared with 
the 50 mg group. Survival was another secondary endpoint for 
which the study was not powered.
A post hoc analysis presented at the American Academy of 
Neurology meeting in April 2010 showed a significant dose-
dependent trend in reducing treatment failure as measured by 
both ALSFRS-R and forced vital capacity (FVC). Specifically, 
treatment failure defined as a ≥6 point loss in ALSFRS-R scores 
from baseline was 35% for the 50 mg dose, 15% for the 150 mg 
dose and 8% for 150 mg vs. 33% for placebo (p=0.014 for the 
trend).
Treatment failure defined as a reduction in FVC of ≥20% from 
baseline was 13% for 50 mg, 12% for 150 mg and 4% for 300 
mg dexpramipexole vs. 30% for placebo (p=0.028 for the trend).
Biogen Idec in-licensed dexpramipexole in August 2010.
Alfred Sandrock, SVP of development sciences and CMO at 
Biogen Idec, described what drove the company’s decision at an 
analyst day in June last year.
In Part 1 of Knopp’s trial, he said, “what we were struck by is that 
there was a nice dose-dependent effect in the rate of decline in 
the ALSFRS.”
In Part 2, Sandrock pointed to the survival signal.
“If we look at the hazard ratio, there could be as high as a 68% 
reduction. I would not count on that number, because they are 
a very small number of patients here, but we did seem to see an 
effect on survival in Part 2 with a p-value of 0.07,” he said.
In addition, Sandrock highlighted a statistically significant 
difference between the 50 and 300 mg dose groups in a 
prespecified joint rank analysis of both survival and change 
on ALSFRS-R. The joint rank analysis was conducted to assess 
the effects of deaths and discontinuations on the change in 
ALSFRS-R scores.
Based on that result, Biogen Idec adopted a different endpoint 
for its Phase III EMPOWER study: CAFS — a joint rank analysis 
that combines ALSFRS-R and survival.
EMPOWER began in 2011. 
Doug Kerr, director of neurodegeneration clinical research 
at Biogen Idec, told BioCentury the company chose CAFS to 
balance survival with meaningful function.
At the investor day, Sandrock said CAFS has been approved 
by regulators in Europe and the U.S. as a primary endpoint in 
Phase III ALS trials.

“One of the things we wanted to do was to be sure that we 
reproduce as much as possible the Phase II program in our 
Phase III trial,” he said.
To that end, the company enrolled patients into the Phase III 
who were similar to those in Phase II in terms of age, gender, 
baseline ALSFRS-R scores, bulbar onset and riluzole use.
Interest was so high that the trial enrolled “in record time,” 
Sandrock said.
But this month, the trial missed the primary endpoint. The 
company has not reported detailed data.
Perrin said the Phase III failure can be traced back to a Phase 
II trial in which Knopp tried to measure the effect of too many 
dosing regimens in too few patients.

“The message is that we need to be cautious about doing Phase 
II by conducting a series of focused Phase II trials to select the 
right dose, show how the drug works and understand its effect, 
then move into Phase IIb with those parameters before going 
into Phase III,” he said.
Biogen Idec voiced similar conclusions.
“We recognize the need to improve the robustness of Phase 
II studies in ALS to give greater confidence in the results,” 
including the use of serum, cerebrospinal fluid (CSF)-based, 
electrophysiological and imaging markers, said Kerr told 
BioCentury. “We have been developing these capabilities with 
the ALS community in parallel with the dexpramipexole trial 
and hope to be in a position to carry out more predictive Phase 
II studies in the future.”

TARGETED EFFECTS
Cytokinetics is hoping to avoid dexpramipexole’s problems 
with a compound that has a known mechanism and targets 
pathological features of the disease that are involved in 
progression.

“We hope that improving muscle 
function will  
also translate into longer survival, 
because we’ve seen improvements in 
pulmonary function.”
Robert Blum, Cytokinetics
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Tirasemtiv (CK-2017357) is a fast skeletal muscle activator that 
promotes muscle function. According to Blum, the compound 
binds the complex of troponin proteins in fast-twitch skeletal 
muscles and increases their response to motor neuron firing, 
thereby increasing the force-producing capacity of those 
muscles.
“Irrespective of the cause of the disease and how motor neurons 
are lost, ALS manifests in all patients as loss of muscle function,” 
he said. “We hope that improving muscle function will also 
translate into longer survival, because we’ve seen improvements 
in pulmonary function.”
Between 2010 and 2012, Cytokinetics reported data from three 
Phase II studies of tirasemtiv in ALS. 

The first trial in 67 patients showed a single 500 mg dose 
significantly increased the proportion of patients assessed as 
“better” by an independent investigator on a global assessment 
of overall status vs. placebo six hours after dosing (p=0.004).
It was also a hypothesis-generating trial in which multiple 
measurements were made without specifying any of them 
as a primary endpoint. These included maximum voluntary 
ventilation (MVV), a measure of pulmonary endurance.
In the second trial, 24 patients who were not receiving Rilutek 
(Part A) and 24 who were (Part B) received once-daily doses of 
either 125, 250 or 375 mg tirasemtiv or placebo for two weeks. 
While the trial was not powered to detect significant differences 
in outcome measures, the company said a combined analysis of 
data from both parts of the trial showed dose-related, clinically 
meaningful trends in improvement of ALSFRS-R score and 
MVV vs. placebo.
The third trial was a dose-escalation study in which 27 patients 
who were receiving Riluzole were escalated to 250 mg tirasemtiv 
dosed twice daily for three weeks. While the trial was not 
powered to detect significant differences in clinical outcomes, 

data showed trends in improvement of ALSFRS-R score and 
MVV similar to those seen in the second trial.
Blum said these studies helped Cytokinetics identify the most 
sensitive and reproducible measures of the compound’s effect 
on slowing patient decline — the most consistent across all the 
studies was MVV. 
The company now has tirasemtiv in a placebo-controlled Phase 
IIb trial to treat ALS patients who may or may not be on Rilutek. 
The trial will enroll about 400 patients who will be escalated 
from 125 mg BID to 250 BID tirasemtiv over 12 weeks. The 
primary endpoint is the change in ALSFRS-R score; secondary 
endpoints include MVV and other measures of respiratory and 
skeletal muscle function.
Breaking up the scale
A relative newcomer to the ALS space is Newron Pharmaceuticals 
S.p.A., which last month completed its acquisition of Swedish 
biotech NeuroNova AB and its programs in ALS and Parkinson’s 
disease (PD). Newron is planning trials that will help it 
understand the effect of sNN0029 on components of ALSFRS-R.
sNN0029 is a splicing isoform of VEGF that acts as a neurotrophic 
factor to support growth and potentially renew motor neurons, 
said Anders Haegerstrand, senior scientist and general manager 
of Newron’s NeuroNova unit and former NeuroNova CSO. The 
compound is directly infused in the ventricles of the brain by a 
pump and surgically implanted catheter.
sNN0029 has completed a Phase I/II trial in 18 patients. The 
molecule showed a trend in slowing decline in function as 
measured by ALSFRS-R score for low doses of compound vs. 
placebo. 
Data will be reported in a forthcoming publication. 
Newron plans to begin a Phase I/II trial of high-dose sNN0029 
this half, CMO Ravi Anand said. 
The company plans to conduct exploratory analyses to determine 
whether the compound affects a specific symptom or cluster 
of symptoms on ALSFRS-R, as well as physiological measures 
such as the Accurate Test of Limb Isometric Strength (ATLIS) 
and Motor Unit Number Estimation (MUNE), a measure of the 
degree of innervation in a muscle. Those results could inform 
the design of a Phase III trial, Anand said. 
“We need to get back to looking at symptoms individually 
instead of all together on the ALSFRS-R, because the aggregate 
score potentially dilutes the signal of a specific therapeutic 
effect,” he said.

REDUCING VARIANCE

“If I had a compound that slowed 
the decline in respiratory function, I 
would choose to concentrate on that 
aspect of it.”
Ravi Anand, Newron
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Neuraltus Pharmaceuticals Inc. is pursuing a mechanism 
targeting central nervous system inflammation.
The company’s NP001 is a small molecule that modulates pro-
inflammatory macrophages and moves them from a neurotoxic 
state to a neuroprotective state, said CMO Gil Block.
“There is more and more evidence of an inflammatory 
component in the pathogenesis and progression of ALS,” he 
noted. 
In October, Neuraltus reported top-line data from a Phase II 
trial in 136 ALS patients — 49 who received high-dose NP001, 
45 who received low-dose NP001 and 42 who received placebo. 
The compound missed the primary endpoint of significantly 
slowing the rate of disease progression as measured by the 
change in slope of ALSFRS-R vs. placebo. 
It also missed the secondary endpoints of significant changes in 
ALSFRS-R score from baseline to six months and a joint rank 
analysis of change in ALSFRS-R score adjusted for mortality.
However, the company said high-dose NP001 non-significantly 
slowed the rate of ALS disease progression by 13% vs. placebo.
The difference increased to 19% when, as part of a prespecified 
secondary endpoint analysis, historical placebo control data 
were included with the concurrent placebo control data. 
The analysis included about 350 historical controls selected 
using the same inclusion criteria used in the Neuraltus trial. 
Analyses including the historical controls also showed trends of 
clinical benefit on secondary endpoints.
The addition of historical placebo data to the concurrent 
placebo data “evened out the noise and reduced the variance in 
the placebo group” and in turn, allowed a better measure of the 
response in the treatment arm, Block said. 
The historical data won’t be available for use in Phase III, 
however.
“We were able to use the historical database in Phase II for 
signal detection,” Chairman and interim CEO John Walker told 
BioCentury. “But we’ve had extensive discussions with FDA and 
learned those historical data are not acceptable for Phase III.”
Though NP001’s 13% and 19% reductions in rate of decline 
appear smaller than the 39% and 20.5% reductions Knopp 
saw, Block said the Neuraltus data are probably a more reliable 
estimate of treatment effect. That’s because the company ran its 
study for six months compared with three in Part 1 of Knopp’s 
trial, and because Knopp’s Part 2 did not have a placebo group.
Additionally, post hoc analysis of the Neuraltus trial showed 
27% of patients receiving high-dose NP001 had no disease 

progression during the six-month dosing period vs. 11% for 
the concurrent placebo group. When the historical controls 
were included, that 27% of non-progressors was significant 
(p=0.007).
Neuraltus plans to start a Phase III trial of NP001 in 2H13. The 
primary endpoint will be the percentage of non-progressors as 
measured by ALSFRS-R at six months. 
“We’ve had extensive discussion with FDA about using this halt 
in progression as a primary endpoint in Phase III,” Block said.
Secondary endpoints will include survival and reduction in the 
rate of decline of ALSFRS-R score.
Walker expects to be able to replicate the Phase II result “with 
500 patients over a longer time frame.”

POINTS AHEAD
An open question is whether any endpoint besides CAFS or 
ALSFRS-R might be clinically meaningful and acceptable to 
regulatory agencies.
Bruijn said there is no agreement in the ALS clinical community 
about the potential utility of alternative endpoints, but the 
choice of whether and how to use them is likely to come down 
to the therapy’s mode of action.
Robert Goldstein, ALS TDI spokesperson, said it could be useful 
to look for the effects on specific symptoms in Phase II and then 
design Phase IIb or Phase III trials accordingly, as both Newron 
and Cytokinetics are doing. But he cautioned that it could be 
difficult to recruit a cohort of symptom-specific patients for 
follow-on trials to test the proposed effects.
“Breaking down the ALSFRS-R is an interesting thought, but 
I question whether dividing up patients this way will lead to a 
loss of sensitivity” to signals of treatment response, Perrin said.
Walker said scores on the individual ALSFRS-R domains — or 
composites of those individual scores — might not be equal 
in terms of clinical meaning and effect on quality of life. But 
he noted that FDA approved Ampyra fampridine based on an 
endpoint that used the walking-related portion of the Multiple 
Sclerosis (MS) Functional Composite (MSFC), “so there is a 
track record that the agency is open to considering an endpoint 
that measures part of an established scale.”
Acorda Therapeutics Inc. and Biogen Idec market fampridine, a 
sustained-release formulation of the potassium channel blocker 
4-aminopyridine (4-AP), in the U.S. to improve walking ability 
in MS patients. The product has conditional approval for the 
indication in the EU as Fampyra. 
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Survival is also an important endpoint in ALS, but Bruijn, Blum 
and Block all agreed that prolonged survival is only clinically 
meaningful when there is a concomitant slowing in the decline 
of function and quality of life.
“We’ve done a lot of market research on the topic and it’s 
clear that patients value preservation of muscle function and 
independent living more than mere survival,” Blum said.
CAFS, which Biogen Idec used in EMPOWER, captures both 
function and survival. “But because the trial failed, I think the 
jury is still out on whether function and survival should be 
measured separately or together,” Perrin said.
Companies also are considering the use of other measures like 
MVV as potential endpoints in Phase III.
If Cytokinetics’ ongoing Phase IIb trial of tirasemtiv shows the 
same trend in MVV as previous Phase II trials did, Blum said 
the company might seek to use MVV as a co-primary endpoint 
with ALSFRS-R, or as a secondary endpoint in Phase III. 
“This might be a clinically meaningful endpoint for our 
compound, given its mechanism of action,” he said.
“The preservation of respiratory function could be a home 
run in ALS commercial drug development, because if you’re 
affecting this, then very likely you’re affecting muscle function 
everywhere else in the body,” Goldstein said.
That effect also correlates with survival, Anand noted. “If I had 
a compound that slowed the decline in respiratory function, I 
would choose to concentrate on that aspect of it,” he said.

If Newron’s next trial of sNN0029 shows a compound-specific 
effect in a measure such as ATLIS, MUNE and/or a domain 
or cluster of domains within ALSFRS-R, Anand said, “I would 
absolutely use that measure as a co-primary endpoint with 
ALSFRS-R in Phase III.”
“While no one can predict what regulatory agencies will say, I 
think they are open to discussing symptom-specific endpoints 
that have a clinical benefit,” he said.
Neither FDA nor EMA has issued guidance for clinical testing 
of ALS therapies. 

COMPANIES AND INSTITUTIONS MENTIONED

Acorda Therapeutics Inc. (NASDAQ:ACOR), Ardsley, N.Y.

American Academy of Neurology, Minneapolis, Minn.

The ALS Association, Washington, D.C.

ALS Therapy Development Institute (ALS TDI), Cambridge, Mass. 

American Academy of Neurology, Minneapolis, Minn.

Biogen Idec Inc. (NASDAQ:BIIB), Weston, Mass.

Cytokinetics Inc. (NASDAQ:CYTK), South San Francisco, Calif.

European Medicines Agency (EMA), London, U.K.

Genentech Inc., South San Francisco, Calif.

Knopp Biosciences LLC, Pittsburgh, Pa.

Neuraltus Pharmaceuticals Inc., Palo Alto, Calif.

Newron Pharmaceuticals S.p.A. (SIX:NWRN), Bresso, Italy

Roche (SIX:ROG; OTCQX:RHHBY), Basel, Switzerland

Sanofi (Euronext:SAN; NYSE:SNY), Paris, France

U.S. Food and Drug Administration (FDA), Silver Spring, Md.
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TARGETS & MECHANISMS

NUCLEAR BLOCKADE UNLOCKED 
By Lauren Martz, Senior Writer
Published in BioCentury Innovations, October 8, 2015

Understanding the basic biology of amyotrophic lateral sclerosis 
(ALS) is still the biggest barrier to a serious breakthrough in 
the disease, despite the fact that genetic studies have pointed to 
some clear culprits for a significant percentage of cases. Now, 
studies from three separate groups reveal that mutations in 
C9orf72 — one of the most commonly affected genes — disrupt 
nuclear transport, and the mechanism uncovered could lead to 
a new class of therapies that improve the outlook not only for 
ALS but also for other neurodegenerative diseases.
The papers, two in Nature and one in Nature Neuroscience by 
groups from The Johns Hopkins University, St. Jude Children’s 
Research Hospital and Stanford University, demonstrated 
that the mutations in C9orf72 impair the normal transport of 
proteins and RNA into and out of the nucleus in motor neurons, 
the cells most affected by ALS, leading to neurotoxicity.
At least one company has already taken notice of the data. 
Just a week after the papers were published, cancer company 
Karyopharm Therapeutics Inc. announced plans to test KTP-
350, one of its nuclear transport-targeting compounds, in 
preclinical models of ALS. According to Margaret Lee, VP of 
product leadership and biology at Karyopharm, the company 
has been exploring its XPO1 inhibitors, which block nuclear 
export, in neurodegenerative diseases such as multiple sclerosis 
(MS) and ALS, and the new studies support Karyopharm’s 
preclinical work.

“It is a really exciting time for the field of neurodegeneration 
to have the opportunity to prosecute a new pathway that is 
susceptible to pharmacological interventions,” she said.
Jeffrey Rothstein, principal investigator on the Johns Hopkins 
study, told BioCentury, “Independently, three different labs 
using three different approaches all came to the same conclusion 
that the C9orf72 mutation compromises the ability of proteins 
or RNA to get into or out of the nucleus.” With the new studies 
validating each other, he added that “it really does look like we’ve 
come upon the next step in the process of neurodegeneration 
following the mutation. This mechanism is upstream of many 
other neurodegenerative processes, so interfering in nuclear 
transport could affect a wide range of patients.”
Rothstein is professor of neurology and neuroscience and 
director of the Robert Packard Center for ALS Research at The 
Johns Hopkins University School of Medicine.
Mutations in C9orf72 were linked to ALS in 2011 when 
repeated expansions of the hexanucleotide sequence GGGGCC 
in the gene’s first intron were found in large families affected by 
ALS and the closely related disease, frontal temporal dementia 
(FTD). The repeats are responsible for about 40% of familial 
cases of ALS and FTD, and the mutation is also present in about 
10% of sporadic ALS cases.
Two principal hypotheses have emerged about how the 
repeats cause toxicity. The first, which was advanced in part 

“Independently, three different labs using three 
different approaches all came to the same conclusion 
that the C9orf72 mutation compromises the ability of 
proteins or RNA to get into or out of the nucleus.”
Jeffrey Rothstein, Johns Hopkins
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by Rothstein in light of 2013 findings from his group, is that 
the repeated RNA segments form 3D structures that bind and 
sequester proteins required for normal cellular functioning. The 
second proposes that the GGGGCC sequences are translated 
into polymers of dipeptides in all reading frames and from both 
strands — forming Gly-Ala, Gly-Pro, Pro-Ala, Gly-Arg and 
Pro-Arg repeats by a process called repeat-associated non-ATG 
(RAN) translation — and that the dipeptide repeat proteins, not 
the nucleic acids, cause toxicity.
But for neither hypothesis have any of the individual proteins 
or pathways been fleshed out and no compounds based on the 
hypotheses, other than those targeting C9orf72 itself, have been 
reported. Sanofi’s Rilutek riluzole, an mGluR5 antagonist, is still 
the only disease-modifying therapy on the market for ALS, and 
there are no therapeutics in the clinic that specifically address 
the C9orf72 patient subpopulation.

According to Rothstein, the new findings could change that 
picture. The studies don’t resolve which hypothesis is correct 
and, in fact, provide support for both. But between them, the 
three teams found that both proposed mechanisms of C9orf72-
mediated toxicity have the same downstream effect, causing 
disruptions in the structure and function of the nuclear pore 
that facilitates transport. “Knowing this mechanism could lead 
to an entirely new class of disease-modifying drugs for ALS,” 
said Rothstein. (See “Converging on Nuclear Transport”, page 3)
Moreover, because the groups found that disruptions in nuclear 
transport can impair normal function of genes implicated 
in other neurological disorders, the findings could point to a 
common mechanism and new therapeutic targets for a range 
of diseases.

A COMMON MECHANISM

CONVERGING ON NUCLEAR TRANSPORT
Three separate studies published in Nature and Nature Neuroscience converged 
on defective nuclear transport as a new mechanism to explain the neurotoxicity 
caused by a common amyotrophic lateral sclerosis (ALS) mutation. The groups 
found that hexanucleotide GGGGCC repeat expansions within the C9orf72 
chromosomal locus, the most common genetic cause for ALS, impair normal 
import and export of proteins from the motor neuron nucleus. All three studies 
put disrupted nuclear transport at the center of the neurodegenerative process 
in ALS, and support two different hypotheses about how the expanded C9orf72 
gene leads to defective nuclear transport. 
(1) In the motor neuron’s cytoplasm, C9orf72 mRNA containing the long, 
repeated sequences adopt a folded 3D structure. 
(2a) The first hypothesis for C9orf72-associated neurotoxicity proposes that 
the folded mRNA structures bind and sequester proteins (blue ovals) required 
for normal cell functioning, preventing them from carrying out their function. 
A new study in Nature from a team at The Johns Hopkins University showed 
that the folded structures sequestered proteins required for nuclear transport, 
thereby impairing nuclear transport and causing neurodegeneration. Another 
new study in Nature from a group at St. Jude Children’s Research Hospital 
also showed that C9orf72 repeats disrupted nuclear transport and caused 
neurodegeneration.
(2b) The second hypothesis proposes that C9orf72-associated neurotoxicity is 
caused by the dipeptide repeat (DPR) proteins (green strands) that result from 
translation of the repeated mRNA via the unconventional process of repeat-
associated non-ATG (RAN) translation. A new study in Nature Neuroscience 
from a group at Stanford University showed that up-regulating genes required 
for nuclear transport rescued toxicity caused by DPR protein expression, 
suggesting that DPRs cause toxicity by disrupting nuclear transport.
(3) Downstream of both proposed mechanisms, all three studies showed 
that impaired import and export through the nuclear pore complex resulted in 
pathologic accumulation of proteins such as TDP-43 or RNA molecules in the 
cytoplasm or nucleus, leading to neurodegeneration. 

C9orf72 - Chromosome 9 open reading frame 72; TDP-43 (TARDBP) - TAR 
DNA binding protein 43
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Although they ultimately converged on the same pathway as the 
cause of neurotoxicity, each of the three groups took a different 
approach to examine the pathology of the C9orf72 repeats.
In the Nature study from St. Jude, a team led by Paul Taylor used 
a Drosophila model of ALS to find genes that affect C9orf72-
associated toxicity. Taylor is chair of the Department of Cell 
& Molecular Biology at St. Jude and associate director of basic 
research at the hospital’s Comprehensive Cancer Center. He is 
also a Howard Hughes Medical Institute investigator. 
Taylor’s team performed a genetic screen in flies expressing 58 
C9orf72 hexanucleotide repeats in the eye, and found 18 genes 
involved in the nuclear pore complex and nuclear import or 
export that either enhanced or suppressed neurotoxicity when 
knocked out.
To confirm the results, the team expressed the C9orf72 repeats 
in human cells. In human cell lines and in neurons differentiated 
from induced pluripotent stem (iPS) cells derived from ALS or 
FTD patients expressing the mutation, the repeats impaired 
nuclear export and caused accumulation of RNA in the nucleus.
Rothstein and colleagues at Johns Hopkins, whose study was 
also published in Nature, used the same fly model to uncover 
the role of nuclear transport and presented data supporting the 
hypothesis that the RNA molecules play a role in toxicity.
“The repeats act as a sticky sink for RNA-binding proteins, so we 
wanted to see whether any of the proteins caught up in the RNA 
impacted neurotoxicity in the cells,” Rothstein told BioCentury.
Rothstein’s team overexpressed 19 previously identified 
hexanucleotide repeat binding proteins in the model and found 
one protein, RanGAP, the Drosophila ortholog of the human 
RANGAP1 gene, that suppressed neurotoxicity in the eye when 
overexpressed, and enhanced neurotoxicity when knocked 
out. In flies harboring the C9orf72 repeats in motor neurons, 
overexpression or gain-of-function mutants of RanGAP 
suppressed flight defects — a readout that reflected motor 
activity in ALS. Rothstein believes the findings support the 

hypothesis that the RNA repeats bind and block the function of 
neuroprotective proteins.
Because RANGAP1 is required for nuclear protein transport, 
the team next studied how expression of the repeats affected 
the process in patient iPS-derived neurons. The team found 
that the repeats impaired nuclear import of proteins — notably 
TDP-43, which is known to be dysregulated in ALS and other 
neurological disorders.
Rothstein and colleagues then tested whether relieving 
the suppression of nuclear transport might be a basis for 
therapeutics. Using iPS cell-derived neurons, the group tested 
antisense oligonucleotides already in preclinical development 
for ALS for their effect on nuclear transport. The oligos, which 
suppress the C9orf72 repeats, corrected nuclear import deficits 
and neurodegeneration compared with scrambled antisense 
oligos. The team also found that a small molecule that disrupts 
the tertiary structure of the repeated RNA and a tool compound 
from Karyopharm that inhibits XPO1 to block nuclear export 
had a similar effect on nuclear transport and neurodegeneration.
The third study, which was led by Aaron Gitler at Stanford 
and published in Nature Neuroscience, used yeast genetics 
to arrive at the same conclusion, but focused on the second 
hypothesis: that the dipeptide repeats play a role in the 
pathology of ALS. Gitler is associate professor of genetics at 
Stanford.
“We were focused on the protein-associated toxicity, while the 
other two studies used RNA to cause toxicity,” said Ana Jovicic, 
a postdoctoral research fellow in Gitler’s lab. 
Rather than using a model expressing the C9orf72 repeats, 
Gitler’s team directly expressed several dipeptide repeat 
proteins in yeast and found that those rich in arginine caused 
toxicity. Using knockout and plasmid overexpression screens 
in the yeast models, the researchers identified other genes 
that either enhanced or suppressed dipeptide repeat protein-
mediated toxicity, many of which are involved in nuclear 
transport.

“Knowing this mechanism could lead to an entirely 
new class of disease-modifying drugs for ALS.”
Jeffrey Rothstein, Johns Hopkins
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Gitler’s team also showed that overexpression of KPNA3 — 
one of the nuclear transport genes identified by the screen — 
in primary mouse neurons reduced the degeneration caused 
by the dipeptide repeat proteins.
Jovicic said her team’s next steps are to evaluate additional 
targets identified in the yeast screens to “see whether any of 
the other targets can achieve stronger neuroprotection.”

BEYOND C9orf72
Rothstein told BioCentury that the only strategy in preclinical 
development targeting the C9orf72 mechanism uses antisense 
to suppress generation of the repeat transcript. But authors 
on the studies agreed their findings could lead to new ALS 
therapies — even for patients who do not harbor C9orf72 
mutations — and possibly for other neurodegenerative 
diseases, too.
“When it comes to C9orf72 ALS, antisense oligonucleotides 
are the number one, two and three strategies for blocking the 
toxicity in development now,” said Rothstein. “There’s nothing 
else that seems to have the potential to block neurotoxicity 
that is not just generally neuroprotective downstream.”
The Johns Hopkins group has been collaborating with Isis 
Pharmaceuticals Inc. on antisense oligos against C9orf72 for 
ALS for the past two years. Isis plans to begin clinical testing 
in the next year, which would make the compound the first 
clinical candidate specifically designed to treat that subset of 
patients. 
Frank Bennett, SVP of research at Isis, told BioCentury the 
new studies provide mechanistic support for Isis’s approach. 
“The antisense should reverse the nuclear transport deficit 
that’s occurring within these cells,” he said.
But Jovicic and Rothstein think targeting the nuclear pore 
itself could be an even better option.
Rothstein noted that the most interesting part of the new 
finding is that it addresses issues beyond C9orf72 ALS. “We 
have to ask whether this defective nuclear transport is more 
generalizable to sporadic ALS, dementia and other forms of 
neurodegenerative disease,” he said. “If so, it means resulting 
drugs could also be more generalizable to a sizable patient 
population.”
He added that modulators of nuclear transport should have 
efficacy similar to antisense oligos in C9orf72 ALS. Although 
the effects on nuclear transport occur downstream of the 
mutation, Rothstein believes it is one of the few mechanisms, 
if not the only mechanism, involved in C9orf72-mediated 
neurotoxicity because “the collection of research identifies so 
many nuclear transport genes disrupted by C9orf72.”

In diseases such as ALS, dementia and traumatic brain injury, 
aberrant localization of TDP-43 has been linked to pathology, 
he said. “TDP-43 should be in the nucleus of every cell in the 
brain, but in disease states, we often see it clumped up in the 
nucleus,” he said. “It is likely that the transport defect we’ve 
found is one of the reasons it’s not in the nucleus, and impaired 
nuclear transport is at play in a variety of neurodegenerative 
diseases.”
Jovicic said her group hasn’t yet tested whether the same 
mechanism is involved in other diseases or ALS patients, but 
she expects the field will move in that direction next. 
Rothstein’s group has started to test for the same mechanism 
in non-C9orf72 ALS, dementia and other forms of 
neurodegeneration. 
Johns Hopkins University and Isis have filed patent applications 
covering antisense oligos for C9orf72 ALS, but the Johns 
Hopkins team has not filed any patent applications based on its 
mechanistic work. The Stanford team’s work is unpatented and 
unavailable for licensing. 
Taylor did not respond to requests for comment and the 
licensing status of the St. Jude research is unavailable.

COMPANIES AND INSTITUTIONS MENTIONED

Howard Hughes Medical Institute, Chevy Chase, Md.

Isis Pharmaceuticals Inc. (NASDAQ:ISIS), Carlsbad, Calif.

The Johns Hopkins University, Baltimore, Md.

The Johns Hopkins University School of Medicine, Baltimore, Md.

Karyopharm Therapeutics Inc. (NASDAQ:KPTI), Natick, Mass.

Sanofi (Euronext:SAN; NYSE:SNY), Paris, France

Stanford University, Stanford, Calif.

St. Jude Children’s Research Hospital, Memphis, Tenn.

TARGETS AND COMPOUNDS

C9orf72 - Chromosome 9 open reading frame 72

KPNA3 - Karyopherin α3

mGluR5 (GRM5) - Metabotropic glutamate receptor subtype 5

RANGAP1 - Ran GTPase activating protein 1 

TDP-43 (TARDBP) - TAR DNA binding protein 43

XPO1 (CRM1) - Exportin 1
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TARGETS & MECHANISMS

ART FOR ALS
By Lauren Martz, Senior Writer
Published in BioCentury Innovations, October 15, 2015

Although GeNeuro S.A. has made the case for human 
endogenous retroviruses (HERVs) in multiple sclerosis, 
it’s been a slow road to establish a solid link for the viruses 
to other diseases. An NIH group has now found a link 
between HERVs and amyotrophic lateral sclerosis (ALS) 
by studying a rare subset of HIV patients with ALS-type 
symptoms, and the team plans to explore whether HIV 
antiretroviral therapies (ARTs) could be redesigned to treat 
the neurological disease. 
“Researchers have been looking into HERVs in different 
diseases and we do have a therapeutic targeting a HERV 
protein in development for MS, but the idea hasn’t gained as 
much traction as it should and has remained controversial,” 
said Avindra Nath, principal investigator on the new study 
and senior investigator in the section of infections of the 
nervous system at NIH’s National Institute of Neurological 
Disorders and Stroke (NINDS). 
He added that the field has had several setbacks in showing 
relevance for the retroviruses in other indications. “We keep 
seeing the same story — someone finds a virus, then we can’t 
reproduce the data and the excitement dies out.”
HERVs are a family of viruses that make up about 8% of the 
human genome and are believed to have entered genomic 
DNA during the non-human primate phase of evolution. 
In most cases, the viruses have acquired a series of point 
mutations during evolution, or have been epigenetically 
silenced, rendering them inert and harmless. 
Some of the skepticism for the idea that HERVs are 
involved in disease comes from the fact that geneticists have 
considered endogenous viruses to be “junk DNA.” 
However, a growing body of evidence indicates that the 
viruses are transcriptionally reactivated and contribute to 
a variety of diseases. Unlike most exogenous viruses that 
infect humans, HERVs don’t replicate or infect human cells. 
Instead, their pathology lies in their toxic viral proteins that 
become expressed when the HERVs are activated. 
In MS, the HERVW envelope protein has been detected 
in patient brains and causes toxicity by stimulating 

neuroinflammation. GeNeuro’s GNbAC1 mAb targets the 
toxic protein and is in Phase II testing for the disease. 
Nath’s team is one of about 20 investigating the role of HERVs 
in disease that discussed progress in the field at the HERVs 
& Disease meeting hosted by GeNeuro in May. (See “Disease 
indications involving HERVs.” BioCentury Innovations (June 
11, 2015)) 

His team thought a viral infection could be involved in ALS 
because ARTs given to some HIV patients with ALS-like 
syndrome reversed the neurological symptoms. But earlier 
studies by other groups had failed to find a link between 
ALS and any traditional viruses. 
In 2011, Nath — then a professor of neurology at The Johns 
Hopkins University — and colleagues provided the first link 
between HERVs and ALS by showing levels of the HERVK 
polymerase are higher in the motor cortex of ALS patients 
than in the cortexes of patients with Parkinson’s disease 
(PD) or other neurological diseases.
“We were a group of HIV researchers who were never funded 
for ALS research and who stumbled on the fact that there 
were rare patients with HIV and ALS,” said Nath. “This is a 
perfect example of how funding for one disease can benefit 
another.”
Last month, Nath’s team at NIH and collaborators from the 
Johns Hopkins Packard Center for ALS Research published 

“We do have a therapeutic targeting 
a HERV protein in development for 
MS, but the idea hasn’t gained as 
much traction as it should and has 
remained controversial.”
Avindra Nath, NIH
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evidence in Science Translational Medicine that HERVK is 
transcriptionally activated in some cases of sporadic ALS, 
and that the retrovirus’ envelope protein is toxic to human 
neurons.
“The identification of a second HERV protein linked to 
disease, in this case ALS, provides further evidence for the 
pathogenic role of HERVs in human diseases,” said Hervé 
Perron, CSO of GeNeuro. “This work continues to expand 
our knowledge of HERVs as novel causative agents in disease 
and potential targets for novel therapeutics acting upstream 
of current drugs.”

THE NEUROTOXIC ENVELOPE
The team screened postmortem brain samples from ALS 
patients, healthy controls and patients with Alzheimer’s 
disease (AD) for expression of HERVK viral transcripts and 
proteins, and found three HERVK structural proteins — the 
polymerase, envelope and gag proteins — in brains from 
ALS patients but not AD patients or controls.
To determine whether the HERVK virus or its individual 
structural proteins contribute to disease pathology, the 
group expressed either the full-length HERVK or HERVK 
env in cultured human neurons. Both the full retrovirus and 
the envelope protein alone decreased neuronal survival and 
increased neurite abnormalities. In addition, the researchers 
induced transcriptional activation of the HERVK virus in 
neurons and found it led to the same neurotoxicity.
The team used two different methods to express HERVK 
env in mice and discovered that HERVK expression caused 
neurotoxicity and recapitulated features of human ALS. 
In the first model, the researchers used electroporation to 
deliver HERVK env directly to the brain of in utero mice 
and showed that the protein altered neuron structure and 
function and produced similar effects to those seen in vitro.

The second model involved developing transgenic mice 
expressing HERVK env specifically in neurons. The neuron-
specific HERVK env expression decreased the number of 
corticospinal neurons and the volume of the motor cortex 
and led to progressive motor dysfunction compared with no 
HERVK env expression. (See Distillery)
Finally, the team tested whether HERVK-induced ALS 
involved TDP-43, a protein that is frequently mutated in 
ALS and contributes to neurotoxicity.
In human neurons, TDP-43 increased expression of HERVK 
viral transcripts and HERVK env, while siRNA-induced 
knockdown of endogenous TDP-43 decreased HERVK 
expression. 
Although the results establish a link between the HERVK-
induced disease and mechanisms associated with ALS 
pathology, Nath told BioCentury that learning more details 
about the mechanism is the next priority.
“We want to identify the mechanism by which activation 
of the virus occurs, and once the virus is activated, how it 
leads to neuronal injury,” he said. “We have some hints, but 
developing therapeutics requires a better understanding.” 

ART-ISTIC POSSIBILITIES
Although HERVK env emerged as a key player in the 
HERVK-associated ALS pathology, and GeNeuro is targeting 
the HERVW envelope protein in MS, Nath doesn’t expect 
that targeting the viral envelope protein will work in ALS 
due to fundamental differences in disease pathology. 
“The HERVK envelope is not a free protein floating around,” 
he said. “Unlike the HERVW envelope that is released from 
cells to cause toxicity and is easily targeted, the HERVK 
envelope doesn’t need to be released from cells to cause 
damage. I don’t think targeting it would work.”

“The identification of a second HERV protein linked to 
disease, in this case ALS, provides further evidence for 
the pathogenic role of HERVs in human diseases.”
Hervé Perron, GeNeuro
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Instead, his group aims to identify and evaluate new targets 
involved in HERVK pathology based on new mechanisms 
they hope to uncover. 
In the meantime, the team is testing whether ARTs developed 
for HIV could work in ALS. 
“We want to see if existing antiretrovirals can block HERVK 
pathology in ALS patients and to what degree,” Nath said. 

“I’m not expecting strong clinical efficacy, but the results 
might help us design the next line of drugs to prevent 
replication of this virus.”
Nath explained that the purpose of the study is to see 
whether anti-HIV drugs can decrease HERVK viral load in 
ALS patients who have high levels of the virus, but not to 
evaluate clinical efficacy. “If it does show a partial effect, 
then redesigning the drugs will make sense,” he added.
He told BioCentury that because the available antiretroviral 
drugs are highly specific for HIV and designed to act in the 
periphery, they are likely to be of limited use in ALS.
“This is a different virus with different targets and sequences, 
so HIV drugs might not work,” he said. “Importantly, HERVK 

is expressed in the ALS patient brains, while HIV acts in the 
periphery.” But he noted that redesigned therapeutics could 
include ARTs that cross the blood-brain barrier.
Whichever therapeutic strategy proves most promising, Nath 
noted that it will probably only be beneficial to the subset of 
ALS patients with HERVK re-activation, so screening will 
be essential. 
“Just as we monitor viral load for HIV, we’d probably need to 
measure the HERVK virus in ALS patients before deciding 
who to treat,” said Nath. He added that viral load monitoring 
could also track treatment efficacy.
The findings are unpatented and unavailable for licensing, 
but Nath said the transgenic mouse will probably be made 
available for distribution. 

COMPANIES AND INSTITUTIONS MENTIONED

GeNeuro S.A., Geneva, Switzerland

The Johns Hopkins University, Baltimore, Md.

National Institute of Neurological Disorders and Stroke (NINDS), Bethesda, Md.

National Institutes of Health (NIH), Bethesda, Md.

TARGETS AND COMPOUNDS

HERVK (ERVK) - Endogenous retrovirus group K

HERVK env - Endogenous retrovirus group K envelope protein

HERVK gag - Endogenous retrovirus group K gag protein

HERVK pol - Endogenous retrovirus group K polymerase protein

HERVW (ERVW-1) - Endogenous retrovirus group W member 1

TDP-43 (TARDBP) - TAR DNA binding protein 43 
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TRANSLATION IN BRIEF

MODELING ALS
By Lauren Martz, Senior Writer
Published in BioCentury Innovations, January 14, 2016 

The discovery of a mutation in the chromosome 9 open reading 
frame 72 (C9orf72) region as the most common genetic cause 
of amyotrophic lateral sclerosis (ALS) over four years ago has 
led to new mechanistic understanding of the disease and even 
new therapeutic candidates, but progress has been limited 
by a lack of mouse models that capture the pathology. Two 
separate groups have developed mice that express the human 
gene with the mutation and recapitulated the biochemical 
characteristics of the disease — but not the cognitive ones. 
However, that might not be a show-stopper in a field that is 
moving towards emphasizing genetic over behavioral models 
for drug development.
Most preclinical research in ALS has been performed in patient-
derived cells, including induced pluripotent stem (iPS) cell-
derived neurons containing the mutation, and in zebrafish. 
Although some mouse models of ALS do exist, notably the 
mutant superoxide dismutase 1 (SOD1) mouse model, they 
don’t capture the unique features of the C9orf72-mutant form 
of the disease, which is characterized by an increased number 
of GGGGCC hexanucleotide repeats within the C9orf72 region. 
As many as 40% of patients with familial ALS and frontal 
temporal dementia (FTD) express hundreds of repeats, and the 
mutation is also present in about 10% of patients with sporadic 
ALS. Healthy adults have up to 30 repeated segments.
Two main mechanisms of toxicity have been proposed. Some 
researchers believe folded structures caused by the long, 
repeated RNA transcripts — called RNA foci — bind and 
sequester proteins needed for neuroprotection. Others think 
that the unusual, repeat-associated non-ATG (RAN) form of 
translation that occurs on the repeated RNA segments produces 
toxic, aggregation-prone dipeptide repeat proteins (DPRs). 
Many believe it’s a combination of the two. 
One therapeutic strategy is to cut out the repeated segments 
using nucleic acid therapeutics. Ionis Pharmaceuticals Inc. 
(NASDAQ:IONS) is developing an antisense oligonucleotide 
targeting C9orf72 and plans to begin clinical testing this year. 
Others have published studies on ways to eliminate DPRs. (See 

“Nuclear blockade unlocked.” BioCentury Innovations (Oct. 8, 
2015))
In two papers published last month in Neuron, groups from the 
Cedars-Sinai Medical Center and the University of Massachusetts 
Medical School reported the development of transgenic mice 
carrying bacterial artificial chromosomes (BACs) containing 
the human C9orf72 gene and different numbers of repeated 
segments. Both groups found that expression of the C9orf72 
repeats in mice caused many of the expected pathological 
features of the disease found in patients, including RNA foci 
and DPR formation.

The Cedars-Sinai group, led by Robert Baloh, associate professor 
of neurology and director of neuromuscular medicine, produced 
mice expressing the full-length C9orf72 gene having between 
100 and 1,000 human hexanucleotide repeats. Although the 
mice didn’t develop behavioral or cognitive symptoms of ALS, 
RNA foci were distributed throughout the nervous system and 
DPRs accumulated as the mice aged. 
An antisense oligonucleotide against human C9orf72 decreased 
RNA foci and DPR production in primary cortical neurons 
isolated from the mice. 
The UMass group, led by Robert Brown and Christian Mueller, 
developed mice expressing a segment of C9orf72 with 500 
hexanucleotide repeats. It also observed no behavioral or 
cognitive features of the disease and saw RNA foci and DPR 
accumulation in the CNS. In cortical neurons from the mouse 

Expression of the C9orf72 repeats in 
mice caused many of the expected 
pathological features of the disease 
found in patients, including RNA foci 
and DPR formation.
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model, miRNA targeting a C9orf72 exon decreased DPR 
expression compared with a control miRNA.
Brown is chair of neurology and director of the Day 
Neuromuscular Research Laboratory and Mueller is assistant 
professor at the UMass Medical School. 
Neither team responded to requests to comment, and neither 
team discussed in its paper whether the lack of effects on 
cognition would limit the use of the models.
However, at the 2013 SciBX Summit on Innovation in Drug 
Discovery and Development, a panel of experts concluded 

that it’s time to move away from behavioral readouts in 
animal models that aim to mimic human phenotypes, and to 
move towards measuring responses that give proof of target 
engagement.
The patent and licensing status of the disease models are 
unavailable. O’Rourke, J., et al. “C9orf72 BAC transgenic mice 
display typical pathologic features of ALS/FTD.” Neuron (2015); 
Peters, O., et al. “Human C9orf72 hexanucleotide expansion 
reproduces RNA foci and dipeptide repeat proteins but not 
neurodegeneration in BAC transgenic mice.” Neuron (2015)
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PRODUCT R&D

CROSSING PATHS
By Selina Koch, Staff Writer
Published in BioCentury Innovations, February 18, 2016 

With its first foray into the brain, Catabasis Pharmaceuticals 
Inc. is using its linker technology to simultaneously target 
the inflammatory and oxidative stress pathways that drive 
neurodegeneration, starting with amyotrophic lateral sclerosis 
(ALS) and Friedreich’s ataxia. While the two diseases affect 
different neurons, have different pathologies and cause different 
symptoms, the company believes there’s enough common 
ground in the pathway biology to develop a single compound 
for both, and plans to complete IND-enabling studies by year-
end.
The compound, CAT-4001, joins the NF-κB inhibitor 
docosahexaenoic acid (DHA), an anti-inflammatory, with the 
NRF2 agonist fumarate, which activates antioxidant pathways. 
(See “Catabasis Goes Neuro”)
It came about through Catabasis’ strategy of finding independent 
pathways that drive disease, and linking together drugs that 
might produce better outcomes if they hit the same cell at 
the same time than if delivered independently. CAT-4001 is 
Catabasis’ fourth disclosed candidate.
Andrew Nichols, SVP of research and non-clinical development, 
told BioCentury CAT-4001 evolved from its CAT-1004 program, 
which targets the NF-κB pathway by joining DHA with the anti-
inflammatory compound salicylate.
CAT-1004 is in Phase I/II for Duchenne muscular dystrophy 
(DMD). The other two candidates, CAT-2054 and CAT-2003, are 
in Phase II for hypercholesterolemia and hypertriglyceridemia, 
respectively. 
Nichols said as the company looked further into NF-κB signaling, 
it found evidence in the literature that the transcription factor is 
chronically activated in ALS and Friedreich’s ataxia. 
According to Nichols, genome-wide association studies have 
turned up multiple hits upstream of NF-κB. “In both genetic 
and sporadic cases of ALS, a variety of biological pathways are 
activated that converge on NF-κB” to trigger inflammation, he 
said. “A lot of the roads lead to NF-κB, and they can come from 
different directions.”
Once activated, the pathway turns on transcription of a variety 
of factors including other inflammatory molecules, creating 
a self-propagating feedback loop. The chronic inflammation 

coupled with the oxidative damage also present in the disease 
eventually cause motor neurons to die, said Nichols. 
He emphasized, “It’s really a mash of emerging biology with 
these molecules, and what our platform can do, that has led us 
into these neurodegenerative diseases.”
CEO Jill Milne noted that the approach used to create CAT-
4001 is in keeping with the company’s strategy of targeting 
downstream mechanisms driving disease rather than genetic 
causes. “We anticipate that CAT-4001’s mechanism of action 
will be agnostic as to the underlying mutation.” 

LINKING PATHWAYS
At the heart of Catabasis’ platform is a set of linkers that can 
be used to covalently join pairs of small molecules to control at 
least four aspects of their biology. 
First, the linkers force the two compounds to have identical 
tissue distributions and PK profiles. 

BIOCENTURY PRODUCT PROFILE

INNOVATION STAGE

Product CAT-4001, a conjugate of fumarate and 
docosahexaenoic acid (DHA) 

Concept A dual-mechanism treatment for ALS 
and Friedreich’s ataxia that inhibits both 
inflammation and oxidative damage to 
prevent loss of neurons

Disease Amyotrophic lateral sclerosis (ALS); 
Friedreich’s ataxia

Competition Therapies that either inhibit 
inflammation or oxidative damage

Differentiation Triggers anti-inflammatory and 
antioxidant responses in the same cells 
at the same time to produce synergistic 
responses

Administration Oral

Risks Side effects due to actions of the 
compound in non-neural tissues

Development status IND-enabling studies

Patents Patented

Company; lead investigator Catabasis Pharmaceuticals Inc. 
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CATABASIS GOES NEURO
Catabasis Pharmaceuticals Inc., which has three compounds in the clinic for a 
variety of metabolic, autoimmune and musculoskeletal conditions, is stepping 
into the neurodegenerative disease space with its preclinical asset CAT-4001. 
Like the clinical candidates, CAT-4001 uses the company’s linker technology 
to join two bioactive molecules intended to target multiple disease pathways 
in the same cells.
(A) CAT-4001 consists of docosahexaenoic acid (DHA), which decreases 
inflammation by inhibiting the NF-κB pathway, and fumarate, which activates 
NRF2 to up-regulate protective antioxidant pathways, and also inhibits the 
NF-κB pathway. The company is testing the conjugate in preclinical models of 
amyotrophic lateral sclerosis (ALS) and Friedreich’s ataxia.

(B) ALS and Friedreich’s ataxia affect different types of neurons, but the loss of 
motor neurons in the former and sensory neurons in the latter are both thought 
to be driven by excessive inflammation and oxidative stress. Literature evidence 
suggests the NF-κB pathway is chronically turned on in activated microglia and 
reactive astrocytes, which release inflammatory molecules and reactive oxygen 
species (small pink dots) that cause neuronal damage (red spots), eventually 
leading to neuronal death and progressively worsening symptoms in patients. 
CAT-4001 is meant to slow disease progression by reducing NF-κB-mediated 
inflammation and up-regulating NRF2-dependent antioxidant pathways.
NRF2 (NFE2L2) - Nuclear factor (erythroid-derived 2)-like 2; NF-κB (NFKB1; 
p105; p50) - Nuclear factor of κ light polypeptide gene enhancer in B cells 1. 
Reproduced with permission from Catabasis Pharmaceuticals Inc.
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Second, by connecting the bioactive regions of each compound 
to the linker, the molecules remain inactive while in circulation, 
which allows Catabasis to control when and where the target 
pathways are activated. 
Third, the linkers can influence how the compounds are taken 
up by cells and where they are trafficked inside.
Finally, the linkers are designed to be cleaved by intracellular 
enzymes, which release the bioactive compounds to bind their 
respective targets. (See “Attacking Networks”)
Last month, Catabasis disclosed its linker technology for the 
first time in a paper in the Journal of Medicinal Chemistry, and 
explained how it combines chemistry, cellular biology and PK 
to optimize the activity of the conjugates in specific disease 
pathways. The study focused on CAT-2054 and CAT-1004.
To create CAT-2054, which contains niacin and eicosapentaenoic 
acid (EPA), the company began by testing at least five linkers 
comprising one or two carbons and either ester or amide bonds 
connected to the bioactive molecules.
The linker containing two amide bonds yielded “complete 
plasma stability” with no sign of breakdown after two hours in 
mouse, rat, dog or human plasma. By contrast, less than 40% 
of the other conjugates, whose linkers all contained at least one 
ester bond, remained.
The stable conjugate displayed different cellular uptake and 
trafficking than unbound EPA, which enters cells by a two-step 
process in which it integrates into the plasma membrane and is 
released intracellularly by phospholipases. Then, it is trafficked 
to lysosomes for degradation.
However, in a human liver cell line, the niacin-EPA conjugate 
entered cells via endocytosis — most likely via clathrin-coated 
vesicles — and was then trafficked to the endoplasmic reticulum, 
where its amide bonds were cleaved by the integral membrane 
enzyme FAAH. 
The authors noted that while FAAH caused the cleavage in the 
in vitro system, in vivo the compound may be cleaved by an 
array of amidases and hydrolases. 
Because PK studies in rats showed the conjugate was extensively 
hydrolyzed in the intestine, Catabasis tweaked the linker 
structure to slow down the rate of hydrolysis. That produced an 
approximately 60-fold increase in the distribution to the liver — 
the compound’s target organ. 
In a mouse model of familial dysbetalipoproteinemia, the 
lead compound lowered plasma levels of PCSK9, low-density 
lipoprotein (LDL) cholesterol and triglycerides to a greater 

extent than either niacin or EPA alone, or co-administration of 
the two as free molecules.
Catabasis showed similar results were achieved with conjugates 
of DHA and salicylate. Those too were endocytosed by liver 
cells, trafficked to the ER and cleaved by FAAH. In rats, the 

ATTACKING NETWORKS
Catabasis Pharmaceuticals Inc. has developed its linker platform to deliver 
pairs of compounds with identical tissue distributions and PK profiles, 
allowing simultaneous targeting of multiple disease pathways. 
(1) A selected linker (green line) is covalently bound to the bioactive 
regions of compound A (blue) and compound B (green), which connects 
the two and renders both inactive while in circulation.
(2) The conjugate enters cells via endocytosis and can be cleaved by a 
variety of intracellular enzymes to release compounds A and B.
(3) The free compounds bind their respective targets to alter the activity of 
networks of disease pathways in the same cells, at the same time.
Reproduced with permission from Catabasis Pharmaceuticals Inc.

SMART linker conjugate1
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compound and its constituent molecules concentrated in the 
same tissues and synergistically inhibited NF-κB. 

SYSTEM UPGRADES
However, while the company has shown its linkers can ensure 
conjugates remain inactive outside cells and be used to 
manipulate tissue distribution, it hasn’t yet determined how to 
target specific cell types, such as microglia, the motor neurons 
that die in ALS or the sensory neurons lost in Friedreich’s ataxia. 

But Nichols is optimistic, and said making conjugates that are 
selectively cleaved in target cells is “definitely within the realm 
of possibility.”
“What you need to do is identify an enzyme that’s only in those 
cell types and make linkers that can be cleaved by that enzyme,” 
he said, adding that the company has “lots of ideas” for how to 
do that.
Additional upgrades in the works include making trifunctional 
conjugates.
“There’s nothing that says that the linker itself has to be inert. 
We’re looking at building molecules where we have two 

PARALLEL PATHS IN ALS
The table lists companies that are directly targeting inflammation or oxidative stress pathways that drive neurodegeneration in amyotrophic lateral sclerosis (ALS), 
indicating there are at least 11 anti-inflammatory and 5 antioxidant compounds in development. CAT-4001 from Catabasis Pharmaceuticals Inc. (NASDAQ:CATB) 
is designed to treat both pathologies and to treat all patients regardless of mutation status, whereas therapies targeting mutant superoxide dismutase (SOD1) 
would be restricted to a subset of patients. Source: BCIQ: BioCentury Online Intelligence, ClinicalTrials.gov, company documents and websites

ANTI-INFLAMMATORY COMPOUNDS

Company Product Description Status

MediciNova Inc. (NASDAQ:MNOV; 
JASDAQ:4875) / Kyorin Pharmaceutical Co. 
Ltd. (Tokyo:4569) 

Ibudilast (MN-166, AV411) Oral small molecule inhibitor of phosphodiesterase-4 
(PDE-4), PDE-10 and macrophage migration inhibitory 
factor (MIF) that suppresses pro-inflammatory 
cytokines

Phase II

Neuraltus Pharmaceuticals Inc. NP001 Small molecule regulator of macrophage activation Phase II

Global Neurotech (GNT) Pharma Co. Ltd. AAD-2004 Microsomal prostaglandin E synthase-1 (PTGES; 
mPGES-1) inhibitor

Phase I

Anida Pharma Inc. Neuroprotectin D1 Resolvin derived from the oxidation of the omega-3 fatty 
acid docosahexaenoic acid (DHA)

Preclinical

ArmaGen Inc. AGT-110 IgG-decoy receptor fusion protein that inhibits tumor 
necrosis factor α (TNFα) 

Preclinical

Catabasis Pharmaceuticals CAT-4001 Conjugate of DHA and fumarate Preclinical

FPRT Bio Inc. / Xencor Inc. (NASDAQ:XNCR) XPro1595 Dominant-negative inhibitor of TNFα Preclinical

ImStar Therapeutics Inc. IMS-088 Small molecule derived from withaferin A Preclinical

miRagen Therapeutics Inc. MRG-107 MicroRNA-155 (miR-155) antagonist Preclinical

Regenesance B.V. Regenemab mAb against complement 6 (C6) Preclinical

Tarix Orphan LLC TXA127 Formulation of the angiotensin (1-7) peptide Preclinical
COMPOUNDS TARGETING OXIDATIVE STRESS PATHWAYS

Company Product Description Status

Treeway B.V. TW001 Oral formulation of edaravone, a free radical scavenger 
cerebral neuroprotectant

Phase I

Biogen Inc. (NASDAQ:BIIB) / Ionis 
Pharmaceuticals Inc. (NASDAQ:IONS)

IONIS-SOD1Rx (BIIB067) Antisense inhibitor of SOD1 Phase I

Catabasis Pharmaceuticals CAT-4001 Conjugate of DHA and fumarate Preclinical

ProMIS Neurosciences Inc. (TSX:PMN) mAb against SOD1 mAb against misfolded SOD1 Preclinical

Voyager Therapeutics Inc. (NASDAQ:VYGR) VY-SOD101 Adeno-associated virus (AAV)-based gene therapy 
designed to knock down mutant SOD1

Preclinical
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bioactives conjugated by a linker that’s also bioactive,” said 
Nichols. 
That would allow Catabasis to modulate a wider network of 
disease pathways. It would also give it the flexibility to retain 
dual functionality while replacing one of the compounds in 
the conjugate with a molecule that isn’t therapeutic but enables 
uptake into specific cell types, said Nichols. 

In the meantime, the company is moving ahead with CAT-4001, 
which crosses the blood-brain barrier to enter neurons and 
microglia but is also distributed throughout the body. 
The team is taking the recent Phase I results for CAT-1004, which 
shares its DHA component with CAT-4001, as a positive sign. 
The company reported no serious adverse events or treatment 
discontinuations in the Phase I portion of its Phase I/II trial of 
CAT-1004 to treat boys of ages four to seven who have DMD.
The other half of CAT-4001, fumarate, is similar to Biogen 
Inc.’s multiple sclerosis (MS) drug Tecfidera dimethyl 
fumarate, which carries a small risk of progressive multifocal 
leukoencephalopathy (PML). 

ROAD MOST TRAVELED
Nichols told BioCentury the company is testing CAT-4001 in 
a transgenic mouse model of ALS that harbors mutations in 
SOD1 linked to familial forms of the disease.
While he acknowledged other compounds have produced 
promising results in SOD1 mice only to later fail clinical trials, 
he said the model can yield reliable results “if it’s run robustly.”
According to Nichols, some of the previous studies used too 
few animals and didn’t properly control for age or use equal 
proportions of males and females across groups. “You have to be 
very careful when you run the model to make sure that, if you’re 

seeing an effect, the only variable that’s actually being studied is 
truly the drug.”
After weeding out the rigorous studies from the sloppy ones, he 
said, “there’s actually only been a few things that have shown 
any real level of efficacy in well-designed animal model studies 
of ALS, and all of them were anti-inflammatories of some sort.” 
However, he noted, “most of the things currently being developed 
for ALS are directed towards specific aspects of inflammation 
as opposed to inhibition of NF-κB, which is a more broadly 
applicable approach to the inhibition of the inflammation.” 
At least 11 compounds have been disclosed that target 
inflammation, and at least 5 targeting oxidative stress, for ALS. 
(See “Parallel paths in ALS”)
Nichols noted that the situation in Friedreich’s ataxia is similar 
to ALS, but oxidative stress plays a larger role and inflammation 
a smaller one, and probably also occurs in several other 
neurodegenerative diseases including Rett syndrome and 
Parkinson’s disease (PD).
“I don’t think the role of CAT-4001 is limited just to ALS and 
Friedreich’s ataxia,” he said, but added that the company is 
sticking with those two indications for now because it thinks it 
could make a significant difference in them. 
“Inhibition of NF-κB would not be a cure in the sense that it 
would not remove the initial stimulus, but it would definitely be 
disease-modifying in that it would significantly impact a major 
part of the process that drives the loss of neurons,” said Nichols. 
Milne added that the two indications also fit squarely into the 
biotech’s rare disease strategy, and the company has no plans 
to partner. “For us, as a small company, rare diseases make a 
lot of sense because we can apply our technology to discover 
product candidates in-house and take them all the way through 
to commercialization.”

COMPANIES AND INSTITUTIONS MENTIONED

Biogen Inc. (NASDAQ:BIIB), Cambridge, Mass.

Catabasis Pharmaceuticals Inc. (NASDAQ:CATB), Cambridge, Mass. 

TARGETS AND COMPOUNDS

FAAH - Fatty acid amide hydrolase

NF-κB (NFKB1; p105; p50) - Nuclear factor of κ light polypeptide gene enhancer in B cells 1 

NRF2 (NFE2L2) - Nuclear factor (erythroid-derived 2)-like 2 

PCSK9 - Proprotein convertase subtilisin/kexin type 9

SOD1 - Superoxide dismutase 1

REFERENCES

Vu, C., et al. “Synthesis and characterization of fatty acid conjugates of niacin and salicylic acid.” 
Journal of Medicinal Chemistry (2016)

"There's actually only been a few 
things that have shown any real level 
of efficacy in well-designed animal 
model studies of ALS, and all of them 
were anti-inflammatories of some 
sort." 
Andrew Nichols, Catabasis
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CASE STUDY: CYTOKINETICS
CYTOKINETICS INC. (NASDAQ:CYTK)
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HEADLINES ANALYST RATINGS
Headline Date Close Change %

A Cytokinetics reports 1Q15 results1 4/30/2015 $5.65 -$0.64 -10%

B
Cytokinetics and the ALS Association 
awarded a grant for Phase III trial and 
biomarker research collaboration

7/14/2015 $6.63 +$0.42 +7%

B Cytokinetics starts Phase III trial of 
tirasemtiv in ALS patients 7/14/2015 $6.63 +$0.42 +7%

C Cytokinetics reports 2Q15 results1 7/29/2015 $7.06 -$0.34 -14%

D

Amgen comments on positive 
top-line results from Phase II trial 
of omecamtiv mecarbil during 3Q15 
earnings call1

10/28/2015 $8.86 +$1.26 +17%

E
Amgen and Cytokinetics present 
data from Phase II trial of omecamtiv 
mecarbil at AHA Scientific Sessions1

11/8/2015 $12.29 +$1.47 +14%

F

Cytokinetics and Origent Data 
Sciences announce research 
collaboration on predictive analytics 
model in ALS

3/31/2016 $7.05 +$0.32 +5%

G
Cytokinetics starts Phase II trial of 
omecamtiv mecarbil in Japanese 
subjects with heart failure

4/4/2016 $7.53 +$0.34 +5%

Date Brokerage Firm Rating (Action) Price Target 
(Previous)

9/15/2015 FBR & Co. Outperform (Reiterated Rating) $14 

10/23/2015 Roth Capital Buy (Reiterated Rating) $18 

11/9/2015 Roth Capital Buy (Boost Price Target) $22 ($18)

11/10/2015 FBR & Co. Outperform (Boost Price Target) $24 ($14)

12/16/2015 Piper Jaffray Buy (Reiterated Rating) $24 ($17)

1/4/2016 Piper Jaffray Overweight (Reiterated Rating) $24 

1/19/2016 Roth Capital Buy (Reiterated Rating) $22 

2/16/2016 Roth Capital Buy (Reiterated Rating) $22 

2/17/2016 Cowen and 
Company Outperform (Reiterated Rating) $16 

3/9/2016 JMP Securities Outperform (Lower Price Target) $14 ($16)

* Changes in share price were calculated using the closing share price on the date of the news announcement and the previous day’s closing price. 
1 News announcement was made after the close of the U.S. financial markets. Change in share price was calculated using the next day’s closing price. 
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STRATEGY

LEAVING CANCER BEHIND
By Michael Flanagan, Senior Writer
Published in BioCentury, September 22, 2008 

Faced with a decision about how best to utilize its platform 
technology targeting the cytoskeleton, Cytokinetics Inc. initially 
chose cancer as the path of least resistance for attracting investors 
and partners. Ten years later and without a breakout success 
in oncology, the company last week said it will restructure 
and refocus on muscle biology, an area that has received an 
increasing amount of in-house investment and produced one 
clinical candidate, with more close behind.
Cytokinetics was founded in 1997 based on the idea of targeting 
specific motor proteins involved in the cytoskeleton that play 
crucial roles in cellular processes as varied as intracellular 
transport, cell division and motility; signal transduction; and 
the establishment and regulation of cell polarity.
The cytoskeleton is believed to play a fundamental role in both 
cell proliferation and muscle contractility. This led the company 
to identify cancer and muscle biology early on as the two areas 
of human physiology most amenable to intervention with small 
molecules against cytoskeletal proteins, CEO Robert Blum told 
BioCentury.
Given the technology’s broad applicability, the dilemma was 
charting a course that the company could reasonably pursue 
with the resources of a fledgling biotech. Cytokinetics decided 
to focus its initial efforts on cancer, where it thought programs 
would be easier to monetize, and succeeded in signing a 
partnership with GlaxoSmithKline plc that paid for much of its 
early stage work.
“Back in the 1990s and early 2000s a lot of cancer companies 
were formed because investors and entrepreneurs thought the 
space offered a faster, less expensive and more reliable path to 
approval,” said Blum. But the field has become far more crowded 
and the regulatory environment less certain.
In cancer, Blum noted, “the cost per patient in a Phase II trial has 
more than doubled from $20,000-$25,000 to something closer 
to $50,000-$60,000, while the patients being enrolled in trials 
are increasingly chemo-refractory and difficult to treat. The 
regulatory environment is also much different now than it once 
was, with what is sufficient for approval becoming less clear.”

Blum added that Cytokinetics always has been mindful of the 
importance of diversifying risk.
“As a biology-centric company that for over 10 years has been 
mining biology of the cytoskeleton, we set out long ago to 
investigate a number of different pathways and targets that 
could take us in multiple directions without being beholden to 
any one pathway or disease area,” he said.
The company’s strategic review “pointed to the fact there may 
come a day where, because of constraints in the capital markets 
and partnering, as well as successes in the development-stage 
readiness of our work in muscle biology, we may be forced to 
approach our areas of focus a little differently,” Blum noted.
Indeed, he said the company had been “dialing up” its spending 
on R&D in muscle biology while in parallel “dialing down” in 
antimitotics. “For the last two years, close to 70% of our R&D 
spend has been dedicated to our work in muscle biology, 
which was done purposefully in order to diversify risk beyond 
oncology given how crowded, expensive and uncertain cancer 
drug development has become,” Blum said.
Last week the company announced it would drop discovery 
research in cancer and focus exclusively on identifying small 
molecules for diseases related to muscle biology. As part of the 
shift, Cytokinetics will reduce headcount by 45 (29%) to 111, 
with the cuts coming primarily in G&A and early oncology 
research (see B7).
Blum believes Cytokinetics’ technology has the potential to 
churn out multiple candidates for a range of diseases related 
to contractile function of cardiac, skeletal and smooth muscle 
systems (see “Muscle Biology Applications”).
The first compound to emerge from the company’s muscle 
biology program, CK-1827452, is in Phase IIa testing to treat 
heart failure.

ACT 1: CANCER
According to Blum, cancer initially looked to be “the low 
hanging fruit” because of promising preclinical data for the 
company’s kinesin spindle protein (KSP) program, combined 
with interest from investors and potential partners. In addition, 
drugs such as the taxanes and vinca alkaloids already had 

http://www.biocentury.com/Home
http://www.biocentury.com/Home
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validated the strategy of disrupting mitosis to treat cancer, 
though Cytokinetics believed targeting specific motor proteins 
might avoid side effects such as peripheral neuropathy (see 
BioCentury, Dec. 21, 1998).
“Our initial focus was on discovering and then developing 
antimitotic agents as anti-cancer chemotherapeutics, which 
produced our first three clinical candidates and helped the 
company get financed early on, do our first deal, do an IPO, and 
build out into a more robust company,” said Blum.
This first deal came in 2001 when Cytokinetics and GSK 
partnered to discover and develop inhibitors of mitotic kinesins, 
which are cytoskeletal enzymes that act in concert to form 
and operate the mitotic spindle during cell division. A pair of 
KSP inhibitors emerged from the collaboration and eventually 
reached the clinic, including ispinesib (SB-715992) and SB-
743921 (see BioCentury, July 2, 2001).
Thanks in large part to the increased bandwidth provided by 
money and clinical support from GSK and with help from the 
National Cancer Institute, Cytokinetics was able to evaluate 
ispinesib in a total of three Phase I, three Phase Ib and nine Phase 
II trials for a variety of cancers. The Phase II program evaluated 
the agent in breast, colorectal, head and neck, hepatocellular, 
hormone-refractory prostate, melanoma, non-small cell lung 
and renal cell cancers.
While ispinesib demonstrated some activity in a number of 
tumors types, most notably breast, non-small cell lung and 
ovarian cancers, Cytokinetics did not see the level of efficacy 
necessary to move directly into Phase III testing. 
“In late-stage patients we saw a 9% response rate, which is 
comparable with a number of now marketed agents, plus 
our product had a much better tolerability profile. But before 

investing the many tens of millions of dollars or more in 
registration trials we wanted to see if we could maintain the 
favorable tolerability with a more dose-dense schedule in 
earlier-stage patients,” said Blum.
“We now know that we have a well tolerated agent that shrinks 
tumors, the question now is does it shrink tumors in a large 
enough population and are the responses sufficiently durable to 
warrant progression into Phase III testing,” he added.
To answer this question, the company began a Phase I/II trial 
earlier this year to evaluate the new dosing regimen of ispinesib 
as monotherapy in chemotherapy-naïve patients with breast 
cancer. Earlier this month, Cytokinetics presented interim data 
showing one partial response and three cases of stable disease 
among 13 evaluable patients.
Meanwhile, SB-743921 is in Phase I/II testing for non-Hodgkin’s 
lymphoma (NHL). GSK has an option to co-develop both 
the KSP inhibitors and is expected to make a decision about 
whether to opt in on each program by year end (see BioCentury, 
Dec. 6, 2006).
Cytokinetics also has an option to co-develop GSK-923295, a 
small molecule inhibitor of centromere-associated protein E 
(CENPE) for which GSK is leading development. The compound 
is in Phase I testing for solid tumors.
While Blum stressed that last week’s shift would not affect 
its commitment to developing the two KSP inhibitors or 
supporting GSK’s work with GSK-923295, “the muscle biology 
franchise has eclipsed oncology in terms of offering diversified 
programs that extend across multiple clinical indications while 
offering better synergies between programs than we ever had in 
oncology.”

MUSCLE BIOLOGY APPLICATIONS 
Cytokinetics (NASDAQ:CYTK) is developing small molecule activators of cardiac and skeletal muscle and inhibitors of smooth muscle with the goal of repairing 
faulty muscle contractility. Below is a list of indications that Cytokinetics believes its cytoskeleton-based technology platform has the potential to address.

CARDIAC SKELETAL SMOOTH

Acute heart failure Amyotrophic lateral sclerosis (ALS) Asthma

Cachexia Chronic obstructive pulmonary disease (COPD)

Claudication Pulmonary arterial hypertension (PAH)

Muscular dystrophies Systemic hypertension

Sarcopenias

Spinal muscular atrophy

http://www.biocentury.com/Home
http://www.biocentury.com/Home
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ACT 2: MUSCLE BIOLOGY
According to Blum, there are many parallels between the 
company’s work in addressing the cytoskeleton for cancer and 
muscle biology. 
“Many of the same technologies involved in identifying and 
optimizing small molecules against motor proteins involved 
in cell division are also useful in identifying activators and 
inhibitors of motor proteins involved in muscle contractility,” 
he said. These include overlaps in biochemical assays, robotics 
and cell informatics.
Importantly, Blum noted little progress has been made in 
addressing many of the indications that fall under the muscle 
biology umbrella because the underlying science is poorly 
understood.
“There is no question that muscle biology is less crowded; in fact 
we’re the only ones working in this space. The unmet need in a lot 
of these areas is extremely high and the regulatory requirements 
are much more straightforward [than cancer], plus a number of 
indications offer accelerated paths to approval,” he said.
To that end, Cytokinetics hopes that targeting the cytoskeleton 
directly will address a number of historically difficult diseases. 
The approach targets the fundamental interaction between 
actin and myosin, the cytoskeletal proteins that make up the 
sarcomere.
The company’s initial focus in muscle biology was on small 
molecules that enhance cardiac myosin, the motor protein that 
controls cardiac contraction. In 1Q04, CK-1213296 was the first 
candidate selected to begin preclinical development for heart 
failure. It was eventually shelved in favor of CK-1827452 due to 
its better tolerability, pharmacokinetics and potency.
A Phase I trial of intravenous CK-1827452, which began in 
2005, showed a 0.5 mg/kg/hr dose given as a six-hour infusion 
led to a mean increase in left ventricular ejection fraction and in 
fractional shortening vs. placebo (p<0.0001 for both).
Based on the strength of the Phase I data, Amgen Inc. paid 
$75 million up front, including a $33 million equity purchase, 
in exchange for an option to license the program after Phase 
IIa testing. Cytokinetics has begun a Phase IIa program to 
treat heart failure that consists of three trials, including two 
evaluating intravenous CK-1827452 and one involving oral and 

intravenous formulations of the compound (see BioCentury, 
Jan. 8, 2007).
Behind the cardiac muscle program, the company has research 
in skeletal and smooth muscle function. “The skeletal muscle 
program is just a nose in front, and I expect the first IND will 
be for a skeletal sarcomere activator. But the smooth muscle 
program is just behind it, and I expect two to three INDs will be 
filed in the 2009 and 2010 time frame,” said Blum.
In April, Cytokinetics announced it had selected a small molecule 
activator of the troponin complex of the skeletal sarcomere to 
begin preclinical development for diseases related to aging and 
neuromuscular wasting. The company believes activating the 
troponin complex will increase its sensitivity to calcium, which 
will lead to enhanced skeletal muscle contractility.
Blum said skeletal muscle activators have potential utility for 
indications ranging from muscular dystrophies and cachexia, to 
claudication and sarcopenia, and amyotrophic lateral sclerosis 
(ALS).
The company’s smooth muscle program is focused on identifying 
small molecule inhibitors, which Blum said have the potential 
for addressing asthma, bronchospasm, chronic obstructive 
pulmonary disease (COPD) and systemic hypertension 
depending on formulation and how long- or short-acting the 
agents are.
Cytokinetics expects the restructuring to reduce operating 
expenses by $12-$16 million in 2009. It also said it expects its 
2008 operating expenditures to be $76-$81 million. At June 30, 
the company had $86.9 million in cash.
Blum said the company’s financing moves will largely depend 
upon whether GSK and/or Amgen exercise one or both of their 
options. The pharma’s option expires at the end of the year while 
Cytokinetics also will have completed the required Phase IIa 
trials of CK-1827452 by year end, though the amount of time 
Amgen has to make its decision has not been disclosed.

COMPANIES AND INSTITUTIONS MENTIONED

Amgen Inc. (NASDAQ:AMGN), Thousand Oaks, Calif.

Cytokinetics Inc. (NASDAQ:CYTK), South San Francisco, Calif.

GlaxoSmithKline plc (LSE:GSK; NYSE:GSK), London, U.K.

National Cancer Institute, Bethesda, Md.
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CASE STUDY: BRAINSTORM

BRAINSTORM CELL THERAPEUTICS INC. (NASDAQ:BCLI)
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Source: BCIQ: BioCentury Online Intelligence. Data as of 3/18/2016
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HEADLINES ANALYST RATINGS
Headline Date Close Change %

A BrainStorm to present positive 
NurOwn Phase IIa clinical data 4/14/2015  $5.09 +$0.49 +11%

B BrainStorm completes enrollment 
in Phase II trial of NurOwn in ALS 8/11/2015  $3.13 +$0.22 +8%

B Maxim Group reiterates buy rating 8/11/2015  $3.13 +$0.22 +8%

C BrainStorm announces treatment 
of final patient in Phase II ALS trial 10/7/2015  $2.67 +$0.07 +3%

D Phase II trial of NurOwn in ALS 
receives positive DSMB review 11/9/2015  $2.90 +$0.07 +2%

E BrainStorm reschedules corporate 
update conference call to 1/11/16 12/10/2015  $2.72 -$0.15 -5%

F

Clinical trial partner Hadassah 
Medical Organization holds a 
press conference announcing “a 
revolutionary new ALS treatment” 
without BrainStorm’s approval

1/11/2016  $2.39 -$0.69 -22%

F

BrainStorm publishes NurOwn’s 
clinical trial data indicating 
clinically meaningful benefit in 
JAMA Neurology

1/11/2016  $2.39 -$0.69 -22%

G Maxim Group reiterates buy rating 1/20/2016  $2.17 +$0.17 +9%

Date Brokerage Firm Rating (Action) Price Target (Previous)
3/29/2015 Maxim Group Buy (Reiterated) $14 

8/11/2015 Maxim Group Buy (Reiterated) $14 

10/7/2015 Maxim Group Buy (Reiterated) $14 

12/22/2015 Maxim Group Buy (Reiterated) $5 ($14)

1/20/2016 Maxim Group Buy (Reiterated) $5 

* Changes in share price were calculated using the closing share price on the date of the news announcement and the previous day’s closing price.
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TARGETS & MECHANISMS

NEW HOME FOR BDNF
By Kai-Jye Lou, Staff Writer
Published in SciBX (now BioCentury Innovations), February 26, 2009 

BDNF’s clinical track record has been less than stellar and 
includes a Phase III failure in amyotrophic lateral sclerosis. A 
group at the University of California, San Diego attributes past 
failures to ineffective drug delivery that didn’t get enough of the 
growth factor to the proper locations. The group is trying a gene 
delivery approach in Alzheimer’s disease and has demonstrated 
BDNF’s neuroprotective effects across a panel of rodent and 
primate models.1
By targeting the entorhinal cortex region of the brain, the 
team showed that brain-derived neurotrophic factor (BDNF) 
prevented neurodegeneration and decreased cognitive deficits in 
multiple models of AD.
BDNF has neuroprotective effects in the mammalian brain. The 
growth factor is produced by neurons in the entorhinal cortex 
and is then trafficked to the hippocampus—a structure important 
for learning and memory.2
The entorhinal cortex is one of the earliest casualties of AD—
neurons in that area degenerate during the initial stages of 
the disease.3 In addition, BDNF levels in the entorhinal and 
hippocampal regions decline with AD progression.4
With these relationships in mind, Mark Tuszynski and colleagues 
sought to show that the neuroprotective effects of BDNF could 
slow the progressive neurodegeneration that occurs in AD. 
Tuszynski is director of the Center for Neural Repair and a 
professor of neurosciences at UCSD. He is also a cofounder and 
director of Ceregene Inc. and a neurologist at the VA San Diego 
Medical Center in La Jolla.
Ceregene’s CERE-110, an adeno-associated viral (AAV) vector 
encoding nerve growth factor (NGF), is in Phase I testing to treat 
and prevent AD.
In a paper published in Nature Medicine, a research group led 
by Tuszynski used lentivirus-mediated gene delivery to increase 
BDNF in the entorhinal cortex. In six AD models, including 
mice, rats and monkeys, higher BDNF consistently protected 
against synapse loss, neuronal death and atrophy. Control groups 
showed no such benefits.
Increasing BDNF also improved AD-associated deficits in spatial 
learning and memory. In the β-amyloid (Aβ) rodent AD models, 

the improvements in synaptic and behavioral measures occurred 
independently of effects on Aβ levels.
“The data in the Nature Medicine paper suggest that BDNF 
could treat the disease through a mechanism directly targeting 
cell death pathways, independent of β-amyloid load,” said 
Tuszynski. “BDNF broadly modifies neuronal death mechanisms 
and improves cellular functional pathways, providing a potential 
opportunity to synergize with the AD drugs that are being 
developed that target amyloid.”

EARLY TO THE PARTY
Elliott Mufson, a professor of neurological sciences at Rush 
University Medical Center, said neurotrophic factor–based 
therapies like BDNF may be able to affect AD in its earliest stages. 
“The neurons in the entorhinal cortex are known to undergo 
degeneration very early in the Alzheimer’s disease, and if you 
can prevent this, you may be able to slow the progression of the 
disease,” he said.
Tuszynski agreed. “The hope is that we can get in early enough to 
delay disease progression,” he said.
William Pardridge had a slightly different view. He thinks BDNF 
and other neurotrophic factors would be better suited for use 
later in the disease. “I would imagine a potential two-stage 
therapy where the first stage involves administering an amyloid 
disaggregation compound to the brain to remove the plaques,” 
he said. “This can then be followed in a second stage involving 
the delivery of a neurotrophic factor to the brain to repair the 
dystrophic neurites,” which are the degenerating outgrowths 
from neurons.
Pardridge is a professor of medicine at the University of 
California, Los Angeles and CSO of ArmaGen Technologies 
Inc. The company’s AGT-160, an anti-β-amyloid therapeutic 
fusion protein, is in preclinical testing for AD. The company also 
has neurotrophic factor–based therapeutic fusion proteins in 
preclinical development for stroke and Parkinson’s disease (PD).

SPECIAL DELIVERY
Regardless of when BDNF is given in the course of AD, Tuszynski 
thinks the gene therapy approach will be able to deliver enough of 
the neurotrophic factor to actually achieve efficacy.
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Lack of efficacy has dogged virtually all neurotrophic factors that 
have entered the clinic.5 In 1999, Amgen Inc. discontinued its 
intraventricular glial cell–derived neurotrophic factor (GDNF) to 
treat PD. Two years later, the company and partner Regeneron 
Pharmaceuticals Inc. discontinued a BDNF program in ALS.
“I think delivery in effective amounts has been a major failure in all 
these trials,” said William Mobley, a professor in the Department 
of Neurology and Neurological Sciences at Stanford University 
School of Medicine. “We were enamored by all the potent data 
seen in vitro and in animals.” As a result, he said, “the necessary 
preclinical studies, like the design of a feasible delivery system, 
just didn’t happen.”
Tuszynski also said the negative clinical trials of neurotrophic 
factors “failed to deliver sufficient amounts of these proteins to 
degenerating neurons.”
He noted that other researchers have shown that directly infusing 
a neurotrophic factor—NGF—into the spinal fluid space of the 
brain of three AD patients was ineffective and led to widespread 
dissemination of the protein, which caused pain, nausea and 
weight loss.6
“The real challenge has been getting effective doses of BDNF to 
the brain and preventing toxicity when growth factors widely 
spread throughout the brain,” Tuszynski told SciBX. “The key is 
being able to deliver an adequate dose of the factor and restrict 
the dosing to the degenerating neurons in the disease.”
Indeed, last November, Ceregene’s CERE-120 failed in a Phase II 
trial to treat PD. CERE-120 is an AAV type 2 vector encoding the 
gene for the neurotrophic factor neurturin (NTN).
Despite the setback, Tuszynski thinks gene therapy is still well 
suited to treat AD and other neurodegenerative diseases.
In 2005, he and his colleagues reported long-term follow-up 
data from a Phase I trial showing that ex vivo NGF gene delivery 
in eight patients with mild AD had no long-term adverse 
effects.7 Tuszynski said safety and imaging data from that study 
supported the case for using a gene delivery–based approach for 
neurotrophic factor–based therapies.

IS BDNF ENOUGH?
Although the work in the Nature Medicine paper suggests 
therapeutic potential for AD, companies and academics think 
more validation and proof-of-concept experiments are needed 
before advancing into the clinic.
“We have not yet seen proof of concept in humans showing that 
if we provide excess BDNF, we will be able to treat this disease,” 
said Eldad Melamed, chief medical advisor at BrainStorm 
Cell Therapeutics Inc. and a professor of neurology at Tel Aviv 
University. “Right now, we still don’t know the exact causes of 
neurodegeneration in diseases like Alzheimer’s, Parkinson’s and 

Lou Gehrig’s. Once we know what causes the death of these nerve 
cells, we may be able to design more clever strategies to treat these 
diseases.”
Because many neurodegenerative diseases have unknown causes, 
BrainStorm is taking a basket approach. The company harvests a 
patient’s bone marrow and isolates the mesenchymal stem cells. 
Those cells are differentiated in serum-free media into cells that 
secrete multiple neurotrophic factors.
Stanford’s Mobley wanted to see a study demonstrating that 
AD symptoms can be improved via the BDNF pathway. He also 
wanted to see additional imaging and animal studies to evaluate 
whether BDNF-based therapies can increase cortical function.
“Many neurons are involved in AD, and not all are necessarily 
responsive to BDNF,” he said.
Rush Medical’s Mufson said he wanted to see better targeting 
of the BDNF-based therapy to the entorhinal cortex. He also 
wanted to see BDNF evaluated in monkeys that overexpress Aβ, 
as opposed to just rodents.
Tuszynski said his group is evaluating its BDNF gene delivery 
approach in long-term safety and dosing studies in animal models 
of AD. He did not give a time frame for starting the Phase I study.
Tuszynski said a patent covering the use of BDNF in AD is 
pending. The technology is available for licensing from the 
University of California, San Diego Technology Transfer Office.
Lou, K.-J. SciBX 2(8); doi:10.1038/scibx.2009.301 
Published online Feb. 26, 2009

COMPANIES AND INSTITUTIONS MENTIONED

Amgen Inc. (NASDAQ:AMGN), Thousand Oaks, Calif.

ArmaGen Technologies Inc., Santa Monica, Calif.

BrainStorm Cell Therapeutics Inc. (OTCBB:BCLI), New York, N.Y.

Ceregene Inc., San Diego, Calif.

Regeneron Pharmaceuticals Inc. (NASDAQ:REGN), Tarrytown, N.Y.

Rush University Medical Center, Chicago, Ill.

Stanford University School of Medicine, Stanford, Calif. 

Tel Aviv University, Tel Aviv, Israel

University of California, Los Angeles, Calif.

University of California, San Diego, La Jolla, Calif.

VA San Diego Medical Center, La Jolla, Calif.
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DEALS

38 7 $231.5M $549.5M
Deals since January 2009 Disclosed Financials Total Upfront Total Value
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ALS PARTNERSHIP SUMMARY (2015-2016 YTD)

Date 
Announced Companies Involved Deal Headline Asset Type Deal Type Exclusivity Total Deal 

Value

11/9/2015
Sanford Burnham Prebys 
Medical Discovery Institute 
/ Iron Horse Therapeutics

Sanford Burnham Prebys grants Iron 
Horse exclusive rights to small molecule 
inhibitors of EPH receptor A4 (EPHA4)

Pharmaceutical 
Products

Academic / 
Foundational / Govt. 
Research

Exclusive Not disclosed

10/8/2015
University of British 
Columbia / ProMIS 
Neurosciences

University of British Columbia grants 
ProMIS exclusive, worldwide rights to 
develop and commercialize IP based 
on the use of the ProMIS computational 
discovery platform.

Discovery 
Technology

Academic / 
Foundational / Govt. 
Research

Exclusive Not disclosed

9/29/2015 Cloud Pharmaceuticals/ 
Therametrics

Cloud and Therametrics partner to 
discover, develop and commercialize 
small molecule and peptide therapeutics 
for Orphan central nervous system (CNS) 
diseases and other indications

Discovery 
Technology

Development and 
Commercialization 
License

Not disclosed Not disclosed

8/18/2015 ALS Biopharma / Biohaven
Biohaven purchased worldwide rights to 
IP covering more than 300 prodrugs from 
ALS Biopharma

Pharmaceutical 
Products

Product, Pipeline or 
Platform Purchase

Not 
Applicable Not disclosed

8/18/2015
Biogen / Columbia 
University / The ALS 
Association

Biogen, Columbia university's medical 
center and The ALS Association partnered 
to use next-generation sequencing and 
clinical phenotyping to identify genetic risk 
factors in 1,500 patients with ALS

Sequencing Data
Academic / 
Foundational / Govt. 
Research

Not 
Applicable $33.5M

1/14/2015 uniQure / Treeway

uniQure granted Treeway an exclusive 
license to IP covering adeno-associated 
virus serotype 5 (AAV5)-based gene 
therapy vector encoding glial cell-derived 
neurotrophic factor (GDNF) in ALS

Pharmaceutical 
Products

Development and 
Commercialization 
License

Exclusive Not disclosed

1/9/2015 Biogen Idec / Columbia 
University 

Biogen and Columbia University Medical 
Center partnered to conduct genetics 
research focusing on ALS and idiopathic 
pulmonary fibrosis (IPF)

Discovery Research
Academic / 
Foundational / Govt. 
Research

Not 
Applicable $30M
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FINANCE
24 25 14

Public Companies* Private Companies* Financings in 2015*

FINANCING HISTORIES FOR COMPANIES WHOSE ALS COMPOUNDS LEAD THEIR 
PIPELINES - JAN. 2009 FORWARD

Company ALS Compound ALS Stage of Development Company Financing History 
Date, Type, Amount

Amylyx AMX0035 Preclinical 11/17/2015 Seed financing $1.30M

Biohaven BHV-0223 Phase I 8/11/2015 Undisclosed venture round $4.10M

BrainStorm NurOwn Phase II

1/8/2015 Warrant exercise $13.05M

1/7/2015 Warrant exercise $3.10M

6/13/2014 Common and warrants $10.50M

8/13/2013 Follow-on $4.00M

2/7/2013 Common and warrants $0.25M

7/19/2012 Common and warrants $5.75M

2/28/2011 Units $3.59M

2/8/2011 Common and warrants $0.25M

2/17/2010 Common $1.50M

8/24/2009 Common and warrants $0.95M

Cytokinetics tirasemtiv Phase III

2/20/2014 Follow-on $40.25M

6/20/2012 Follow-on $42.50M

6/20/2012 Convert pref. common and warrants $17.50M

4/18/2011 Common and pref $20.06M

5/19/2009 Direct public units $14.00M

Neuralstem Human neural stem cells Phase II

1/9/2014 Direct public offering $20.00M

9/9/2013 Direct public offering $4.06M

3/25/2013 Debt $8.00M

9/19/2012 Direct public offering $7.00M

8/14/2012 Follow-on $2.76M

2/14/2012 Direct public units $5.20M

6/25/2010 Direct public units $10.00M

5/17/2010 Warrant exercise $8.13M

2/18/2010 Warrant exercise $3.73M

12/29/2009 Common $1.50M

7/1/2009 Direct public offering $1.00M

Neuraltus NP001 Phase II 3/26/2009 Series A $17.00M

Orphazyme arimoclomol Phase II/III

1/9/2015 Series B $23.63M

9/8/2011 Series A $19.81M

2/17/2011 Seed $5.00M

SciFluor SF0034 Preclinical
4/22/2015 Series A $30.00M

5/17/2011 Seed $5.00M

Treeway TW001 Phase I 12/12/2012 Undisclosed venture round $1.95M

* Top page statistics are for companies with any ALS compound in their pipeline



COLLECTIONS

©2016 BIOCENTURY INC.44

POST-IPO FINANCING BREAKDOWN OF PUBLIC COMPANIES WITH ALS 
COMPOUNDS
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Source: BCIQ: BioCentury Online Intelligence. Data as of 3/18/2016 
*PIPES: Private investments in public equity

COMPLETED OFFERINGS (>$10M) BY COMPANIES WITH AT LEAST ONE ALS ASSET

Companies Date 
Completed Type Raised Investors/Underwriters/Agents/Advisors

ALS 
Compound 
Stage at 
Financing

Company 
Stage at 
Financing

Post-
Money 

Valuation

Xencor 2/25/2015 Follow-on $122.9M Leerink Partners, Wedbush, Oppenheimer Preclinical Phase II $571M

uniQure 4/9/2015 Follow-on $88.5M Leerink Partners, Cowen, Piper Jaffray, Oppenheimer, H.C. Wainwright Preclinical Approved $632M

Voyager 11/10/2015 IPO $80.5M Cowen, Piper Jaffray, Nomura, Wedbush Preclinical Phase I $375M

Catabasis 6/25/2015 IPO $69M Citigroup, Cowen, Oppenheimer, Wedbush Preclinical Phase II $184M

Voyager 4/13/2015 Series B $60M Brookside Capital, Partner Fund Management, Wellington Management, 
Casdin Capital LLC, and other undisclosed investors Preclinical Phase I N/A

miRagen 11/10/2015 Series C $41M
Merck Research Labs Ventures Fund, JAFCO, Brace Pharma Capital, MP 
Healthcare Venture Management Inc., Atlas Venture, Boulder Ventures, 
Remeditex Ventures, Amgen Ventures, and other undisclosed investors

Preclinical Preclinical N/A

SciFluor 4/22/2015 Series A $30M Invesco, Woodford Investment Management, Allied Minds Preclinical Preclinical N/A

Orphazyme 1/9/2015 Series B $23.6M Kurma Partners, Idinvest Partners, Novo A/S, Sunstone, Aescap Venture Phase II/III Preclinical N/A

BrainStorm 1/8/2015 Warrant exercise $13.1M Existing investors, Maxim Group Phase II Phase II N/A

RXi Pharma. 5/28/2015 Units $10.4M H.C. Wainwright Discovery Phase II N/A
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BIOCENTURY EXTRA

TAKEDA INVESTS $5M IN AQUINNAH
Published in BioCentury Extra on December 21, 2015
Aquinnah Pharmaceuticals (Cambridge, Mass.) said Takeda 
Pharmaceutical Co. Ltd. (Tokyo:4502) invested $5 million in the 
newco’s first equity round.
Aquinnah said it is developing therapies that target pathological 
protein complexes in the brains of most amyotrophic lateral 

sclerosis (ALS) patients. The company said it has designed 
compounds to slow or reverse ALS progression by preventing 
or reversing the accumulation of neurodegenerative stress 
granules.

BIOCENTURY EXTRA

AVALON, GSK LAUNCH ALS COMPANY IRON HORSE
Published in BioCentury Extra on November 9, 2015
Avalon Ventures and GlaxoSmithKline plc (LSE:GSK; 
NYSE:GSK) launched build-to-buy company Iron Horse 
Therapeutics (San Diego, Calif.) with up to $10 million in 
series A funding and R&D support. The company is developing 
small molecule inhibitors of EPH receptor A4 (EPHA4) to treat 
amyotrophic lateral sclerosis (ALS).
Iron Horse has an exclusive license to the inhibitors from Sanford 
Burnham Prebys Medical Discovery Institute (La Jolla, Calif.). 

The company will be housed at Avalon’s COI Pharmaceuticals 
incubator.
Also on Monday, Avalon and GSK expanded their 2013 deal to 
form and fund early stage companies. The expansion removes 
the deal’s previous cap of 10 newcos and increases to $50 
million from $40 million the earn-outs Avalon can receive (see 
BioCentury, Sept. 24, 2014).

http://www.biocentury.com/Home
http://www.biocentury.com/Home
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FINANCE

BIGGER BUILD-TO-BUY
Steve Edelson, Senior Editor
Published in BioCentury on November 16, 2015
An expanded build-to-buy partnership with GlaxoSmithKline 
plc (LSE:GSK; NYSE:GSK) will be a cornerstone for Avalon 
Ventures as it raises its eleventh fund. The pre-arranged exits 
will make up half of Avalon’s life science investments in the 
new fund.
In 2013, GSK and Avalon partnered to form and fund 10 
companies. Each newco could receive up to $10 million from 
the partners, including $3 million in series A funding from 
Avalon and the remainder from GSK in the form of R&D 
support. For each company GSK buys, Avalon is eligible for 
up to $40 million in earn-out payments (see BioCentury, June 
22).
With the eleventh fund, the partners are removing the cap 
on the number of companies. In addition, Avalon is going to 
increase the proportion of its contribution to $10 million for 
each newco. In return, the firm will be eligible for up to $50 
million in earn-outs per company.
“Avalon has provided the network and access to academia on 
the West Coast that we were hoping for from the beginning,” 
said Damien McDevitt, VP and head of business development 
for R&D extended therapy areas and head of R&D at GSK’s 
West Coast hub. “The question was why limit ourselves to 10 
companies.” 

“We’re going to go well beyond 10 companies,” added 
Avalon’s Jay Lichter. “We wanted to take more risk at Avalon 
and translate that to more reward.” 
Avalon’s new fund will split its investments evenly between 
life science and technology. Within life science, half of the 
investments will be in build-to-buy companies for GSK.
The firm is still raising money for the planned $300 million 
fund, which had a first close of $103.5 million in September.
Thus far, Avalon and GSK have announced seven newcos, all 
of which are part of Avalon’s $201.6 million tenth fund, which 
closed in August 2012. The most recent investment came last 
week when the partners formed Iron Horse Therapeutics, 
which is developing small molecule inhibitors of EPH 
receptor A4 (EPHA4) to treat amyotrophic lateral sclerosis 
(ALS).
In animal models of ALS, blocking the target protected 
neurons from degeneration, prolonged survival and decreased 
disease severity.
The newco has an exclusive license to the inhibitors from 
Sanford Burnham Prebys Medical Discovery Institute.

http://www.biocentury.com/Home
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FINANCE

PLANTING FIDELITY’S SEEDS
By Steve Edelson, Senior Editor
Published in BioCentury on May 18, 2015
Fidelity Biosciences Research Initiative has helped create 
a neurodegenerative disease company that could serve as a 
repository for the discoveries stemming from seed investments 
in academia that FBRI has quietly been making for the past six 
years. The newco, Denali Therapeutics Inc., debuted last week 
with $217 million. 
“While Fidelity Biosciences is disease-agnostic, we’re mission 
driven and are focused on neurodegeneration,” said Stacie 
Weninger, executive director of FBRI. “We find and fund 
everything from basic research in academia to early stage 
company research before a VC would get interested.”
FBRI is a division of Fidelity Biosciences, a venture firm 
that itself is a division of the financial conglomerate Fidelity 
Investments. In academia, FBRI provides what Weninger 
terms “catalyst funding,” or a couple of years of financial 
support designed to get a project to the stage where it can 
attract early academic grant support or even traditional 
venture funding. 
FBRI’s investment in the neurodegeneration field is little 
known because most of the initiative’s investments are 
anonymous, said Weninger. 
FBRI has surfaced at least once before through its involvement 
with Annexon Bioscience Inc., which is developing inhibitors 
of the complement pathway to treat neurodegenerative and 
autoimmune diseases. “We funded that for years in the lab and 
then turned it into a company” with seed financing in 2011, 

said Weninger. In December 2014, Annexon raised $34 million 
in a series A-1 round with Novartis Venture Fund, Satter 
Investment Management and Clarus Ventures. 
“Fidelity isn’t big on PR but is quietly one of the largest funders 
of AD research in the world,” added Robert Nelsen of Arch 
Venture Partners, which invested in Denali alongside Fidelity 
Biosciences. 
On top of the undisclosed dollars that FBRI commits to 
neurodegeneration research, the initiative also hosts two-day 
think tanks where it brings together 15-25 scientists to discuss 
obstacles in neurodegeneration research and how to overcome 
them.
At one such think tank, Weninger said she met Ryan Watts, 
then director of the department of neuroscience at the 
Genentech Inc. unit of Roche. “I’ve always said that when the 
time is right to start a neurodegeneration company, I want 
Ryan to lead it,” said Weninger. 
Watts co-founded Denali and is the company’s acting 
CEO. He also is Denali’s president, CSO and head of 
R&D. At Genentech, Watts’ lab focused on mechanisms of 
neurodegeneration and on AD drug discovery. He also helped 
develop methods for getting antibodies across the blood-brain 
barrier (BBB).

“The identification of a second HERV protein 
linked to disease, in this case ALS, provides 
further evidence for the pathogenic role of 
HERVs in human diseases.”
Hervé Perron, GeNeuro

http://www.biocentury.com/Home
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The company’s other co-founders are COO Alexander Schuth 
and Chairman Marc Tessier-Lavigne, both of whom also have 
ties to Genentech.
Schuth was director and head of technology and diagnostics 
partnering at Genentech. His role before that was Genentech’s 
head of neuroscience partnering. Tessier-Lavigne was EVP 
and CSO of Genentech before he left to become president of 
Rockefeller University in 2011. 
“Alex, Marc and I have thought about doing something like this 
for some time,” said Watts. “Ten years ago there was too little 
known about targets and how to measure target activity. Now 
the science is at a tipping point in terms of the probability of 
success.”

THE TIME HAS COME
Both Watts and Weninger said a confluence of biology and 
technology prompted the formation of Denali to tackle a host 
of neurodegenerative diseases including Alzheimer’s disease, 
Parkinson’s disease and amyotrophic lateral sclerosis.
“The biology of disease from genetic and other basic 
biology discoveries have given us new targets to pursue, and 
technological advances in imaging and elsewhere can enable 
effective and efficient clinical trials,” said Weninger. “Fidelity 
started looking around and found like-minded individuals and 
decided it made a lot more sense to come together and form a 
company in a big way rather than do it on our own.”
Fidelity Biosciences led Denali’s $217 million A round 
and was joined by Arch and two other founding investors: 
Flagship Ventures and the Alaska Permanent Fund, which was 
represented by Crestline Investors. Other investors in the A 
round were undisclosed and included sovereign wealth funds, 
public mutual funds and private family offices. 
“Denali could have been four independent companies with 
significantly more risk and a lot less ability to fund multiple 
projects and pick winners,” Nelsen told BioCentury. 
“One of the goals here was to have several broad platforms and 
not be a hypothesis-driven company — that’s been the plague 
of neurodegeneration,” he added. “If your hypothesis is right, 
you’re fine, but otherwise you’re done. When the science isn’t 
100% worked out it’s better to take risks in a portfolio.” 
Last year, Arch dropped at least one hint that something big 
was in the works. When the firm closed its eighth fund at 
$410 million in August, Nelsen told BioCentury that Arch was 
looking for an opportunity to participate in a large investment 
with other investors of about $200 million total for one or two 
of its deals.

“From a financing perspective, the analogy to Denali is Juno, 
but from the perspective of betting on broad biology and 
wanting to own the science the philosophy is very Agios-like,” 
Nelsen said. 
Arch and Alaska Permanent Fund poured $120 million into 
Juno Therapeutics Inc.’s series A round in December 2013. 
The developer of chimeric antigen receptor (CAR) and T cell 
receptor (TCR) therapies for cancer went public a year later at 
a $1.9 billion valuation. As of Friday, Juno’s market cap was $3.9 
billion. 
In 2007, Arch was a series A investor in Agios Pharmaceuticals 
Inc. The company, which is focused on modulating cellular 
metabolism for cancer and rare disorders, went public in 2013 
with a valuation of about half a billion dollars. As of Friday, 
Agios’ market cap was $4.2 billion. 

HOUSING SEEDS
Denali already is home to one academic program FBRI helped 
fund, and the initiative hopes Denali can hold a lot more of the 
programs it has seeded. The newco also has internal discovery 
capabilities, although details of both the engine and programs 
are scant. 
“Denali is a great home for many programs we’ve been funding 
in academia. One program we worked on is a done deal, and 
others are in the works,” said Weninger. “With this size of a 
financing, Denali has the ability to be broad.”
“The key is that we didn’t raise money to work on one program. 
We are focused on four pathways, each with multiple targets,” 
said Watts. “We bucket the pathways we’re pursuing into two 
biological pillars — triggers and effectors. With triggers we want 
genes that directly cause disease. Also included are defects in 
cellular trafficking. The pathways we’re initially pursuing in 
the effector bucket are inflammation and mechanisms of axon 
degeneration.”
Denali plans to “partner with the full spectrum of potential 
collaborators from academia to patient advocacy groups to 
pharma,” added Schuth. 

THE APPLE AND THE TREE
Denali’s approach to neurodegenerative diseases isn’t entirely 
different from that of Roche and Genentech. For years, the 
two companies have maintained that advances in genetics 
and imaging, and an improved understanding of pathways and 
targets have helped unlock the biology of many CNS diseases. 
“We’ve done a lot of basic research in neuroscience and are 
committed to the area. In the next few years we’ll see some of 

http://www.biocentury.com/Home
http://www.biocentury.com/Home
http://www.biocentury.com/companies/flagship_ventures
http://www.biocentury.com/companies/juno_therapeutics_inc
http://www.biocentury.com/companies/agios_pharmaceuticals_inc
http://www.biocentury.com/companies/agios_pharmaceuticals_inc
http://www.biocentury.com/companies/roche


COLLECTIONS

©2016 BIOCENTURY INC.49

the fruits of those labors,” said Genentech’s Joe Lewcock, who 
replaced Watts as director of the department of neuroscience. 
“We’re trying to take advantage of some of the same aspects 
of the convergence of science and tools that Denali is. We 
agree that science is breaking open and lessons from tools and 
genetics make it a good time to be in the space.” 
Both Lewcock and Watts think animal models of 
neurodegeneration can be very limited. “You have to be very 
directed in the questions that you use the animal models to 
ask,” said Lewcock. “You can’t model AD in a mouse and 
hope to capture every part of AD in a patient — that’s just 
impossible.” 
“A major part of our effort will be a translational medicine 
model,” said Watts. “The concept there is that we’ve been misled 
by relying on complex animal models in neurodegeneration. 
We want to prove target engagement — that’s super central. If 
you look at the failures in this space, very few molecules ever 
showed evidence of target engagement, and it was unclear why 
companies used the dose they did.” 
He added: “Instead of complex animals, we want to go to the 
clinic and identify the right patient population. We view these 
diseases as huge populations that likely are subpopulations 

driven by certain molecular pathways that can be genetically 
identified or found via biomarkers. That will be a big part of 
how we build Denali, and it’s been missing historically from 
drug development in neurodegeneration.”
Nelsen said, “Denali’s depth, breadth, scale and scope allows us 
to think about making some risky bets that don’t actually bet 
the company. One thing this area needs is something that’s not 
along the lines of ‘beta amyloid is the only answer.’” 
Both Nelsen and Weninger sit on Denali’s board.

COMPANIES AND INSTITUTIONS MENTIONED

Agios Pharmaceuticals Inc. (NASDAQ:AGIO), Cambridge, Mass.

Annexon Bioscience Inc., Palo Alto, Calif.

Denali Therapeutics Inc., San Francisco, Calif.

Genentech Inc., South San Francisco, Calif.

Juno Therapeutics Inc. (NASDAQ:JUNO), Seattle, Wash.

Roche (SIX:ROG; OTCQX:RHHBY), Basel, Switzerland

The Rockefeller University, New York, N.Y.
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VOYAGING INTO GENE THERAPY
Kai-Jye Lou 
Published in BioCentury on February 17, 2014

Third Rock says advances in the design and delivery of adeno-
associated viral vectors makes it the right time to invest in gene 
therapies. The firm launched Voyager Therapeutics Inc. last 
week with a $45 million series A round to advance AAV-based 
gene therapies to treat Parkinson’s disease (PD), amyotrophic 
lateral sclerosis (ALS) and Friedreich’s ataxia.
Voyager has a platform for engineering, optimizing and 
manufacturing AAV vectors and also is developing optimized 
dosing and delivery protocols for its therapeutic candidates.
According to Third Rock’s Steven Paul, delivery has been one 
of the major obstacles in the development of effective gene 
therapies to treat CNS disorders. 
Paul, who is Voyager’s interim president of R&D, said collective 
data over the last decade have shown AAV vectors can be safely 
used in humans. He added that recent advances in vector design 
and dosing techniques could enable widespread gene delivery in 
the CNS when given via relatively non-invasive routes such as 
intrathecal injection. 
Voyager’s lead program is VY-AADC01 — an AAV2 vector 
encoding the dopa decarboxylase (DDC; AADC) gene injected 
into the putamen. The product is in a Phase Ib trial to treat 

PD, which is being run by the University of California, San 
Francisco. Initial data are expected in 2Q15. 
“With the exception of the PD program, we are going to be 
going after monogenic CNS disorders where knocking down 
or supplying a particular gene is expected to have a therapeutic 
effect,” said Paul.
Voyager also has two preclinical gene therapy programs: VY-
SOD101 for ALS and VY-FXN01 for Friedreich’s ataxia.
VY-SOD101 is an AAV-based gene therapy designed to knock 
down mutant superoxide dismutase 1 (SOD1); VY-FXN01 is an 
AAV-based gene therapy designed to deliver the frataxin (FXN; 
FRDA) gene. Paul is not giving details on the specific delivery 
methods and AAV vectors the company plans to use. 
Mutant SOD1 and FXN are well-established candidate targets 
for gene therapy in the respective indications.
Paul said the funding will advance the PD program to a pivotal 
trial and move the preclinical assets into Phase I. Voyager plans 
to start clinical trials of the ALS and Friedreich’s ataxia programs 
“in a few years.”
Voyager is not disclosing whether the round is tranched, nor is 
it saying how much runway it gives the company.
Third Rock’s Mark Levin is Voyager’s interim CEO.
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TARGETING ALS
Cytokinetics is developing tirasemtiv as a potential treatment for people living with ALS. In preclinical studies and early clinical trials, 
tirasemtiv demonstrated increases in skeletal muscle force in response to neuronal input and delays in the onset and reductions in 
the degree of muscle fatigue. Tirasemtiv has been studied in a dozen clinical trials that have enrolled over 1000 people international-
ly. In a completed Phase 2b clinical trial, tirasemtiv reduced the decline of slow vital capacity (SVC), a continuous measure of respira-
tory function in patients with ALS, however the trial did not meet its primary endpoint which was a change in the ALS Functional 
Rating Scale - Revised (ALSFRS-R) score. The most common adverse events observed during treatment with tirasemtiv were dizziness, 
fatigue, and nausea. Tirasemtiv is currently the subject of VITALITY-ALS, an ongoing Phase 3 clinical trial that is designed to assess the 
effects of tirasemtiv versus placebo on SVC and other measures of skeletal muscle strength in patients with ALS.

COMMITTED TO COLLABORATION
At Cytokinetics, we believe that collaboration is essential to accelerate research and development towards effective treatments for 
people suffering from debilitating diseases characterized by compromised muscle function, muscle weakness and fatigue. Cytoki-
netics has a longstanding commitment to active engagement and partnership with key stakeholders in the ALS community. We are 
working together with the ALS Association and other stakeholders to propose clinical trial guidelines and are contributing to the 
review and comment of draft FDA guidance initiatives to urgently bring new therapies to patients and caregivers fighting the fight 
against ALS. Throughout the year we support education, awareness and advocacy activities to raise the public profile of ALS.

ADVANCING MUSCLE BIOLOGY RESEARCH AND DEVELOPMENT
Cytokinetics is a late-stage biopharmaceutical company focused on discovering, developing and commercializing first-in-class 
muscle activators as potential treatments for debilitating diseases in which muscle performance is compromised and/or declining. 
As a leader in muscle biology and the mechanics of muscle performance, we are developing novel mechanism small molecule drug 
candidates that are specifically engineered to increase force, power, function and endurance for potential therapeutic gain.

EMPOWERING MUSCLE, EMPOWERING LIVES

SHARING OUR

STRENGTH
WITH THE ALS COMMUNITY

CARDIAC MUSCLE

omecamtiv mecarbil-iv (heart failure)

omecamtiv mecarbil-oral (heart failure)

PHASE 1 PHASE 3

ASTELLAS COLLABORATION

AMGEN COLLABORATION

AMGEN COLLABORATION

CK-2127107 (SMA)

PHASE 2

tirasemtiv (ALS)

SKELETAL MUSCLE

PRECLINICAL

RESEARCH

Next Generation Cardiac Muscle Activators

Next Generation Skeletal Muscle Activators

Other Muscle Biology Directed Research

AMGEN COLLABORATION

ASTELLAS COLLABORATION



Brainstorm Cell Therapeutics (Nasdaq: BCLI) is a biotechnology 
company developing novel adult stem cell therapies for 
debilitating neurodegenerative disorders such as Amyotrophic 
Lateral Sclerosis (ALS), Multiple Sclerosis (MS), and Parkinson’s 
disease among others. These diseases have very limited treatment 
options and, as such, represent unmet medical needs. We believe 
that NurOwn®, our proprietary process for the propagation 
of Mesenchymal Stem Cells (MSC), their differentiation into 
neurotrophic factor secreting cells (MSC-NTF cells) and their 
transplantation at, or near, the site of damage, offers the hope of 
more effectively treating neurodegenerative diseases. 
NurOwn® (the MSC-NTF cells) is in clinical development 
for the treatment of ALS.  It has been granted Fast Track 
designation by the FDA for this indication, and Orphan Status 
in both the United States and the European Union. Brainstorm 
has completed two clinical trials of NurOwn® in ALS patients at 
the Hadassah Medical Center in Israel. Both studies met their 
primary endpoints of safety and tolerability, with no treatment-
related adverse events. The results of these studies, recently 
published in a peer-reviewed paper in JAMA Neurology 
(January 2016), showed the treatment was safe and well 
tolerated and provided indications of possible clinical benefits 
as measured by well established endpoints, the ALS Functional 
Rating Score (ALSFRS-R) and Forced Vital Capacity (FVC). 
Brainstorm is completing a double-blind placebo-controlled 

Phase II clinical trial for ALS patients at three leading US 
medical centers: Massachusetts General Hospital (MGH) and 
the University of Massachusetts Medical Center (UMass) in 
Massachusetts and the Mayo Clinic in Minnesota. Additionally, 
a multi-dose study of NurOwn® for ALS is planned for 2016 
in Israel. An additional Phase I/II clinical study for other 
neurological disorders is also in preparation.

BRAINSTORM AT A GLANCE

ESTABLISHED 2004 

HEADQUARTERS 
United States: Hackensack, NJ
Israel: Petach Tikva 

EMPLOYEES 20 

STOCK SYMBOL NASDAQ: BCLI 

CEO Chaim Lebovits 

AREAS OF R&D FOCUS Neurodegenerative diseases, Autism Related 
Syndrome (ASD) 

CLINICAL TRIALS ALS Phase 2 single and multi-dose

COMPANY DESCRIPTION

OUR TECHNOLOGY:

Bone marrow cells are harvested from the patient, and 
Mesenchymal Stromal stem cells (MSC) are isolated and 
expanded in culture. Using the company’s core cell differentiation 
technology, the MSC are then induced to differentiate into 
MSC-NTF cells which are capable of secreting Neurotrophic 
Factors and transplanted back into the patient at or near the 
site of damage. Cryopreservation is employed for multiple 
administrations.
BrainStorm’s proprietary process offers the hope of repairing 
degenerated tissues and intervening in the underlying 
pathology, rather than simply treating symptoms. The approach 
has an excellent safety profile based on its use of autologous, 
adult stem cells, which are free of the risk of rejection, tumor 
formation, controversy or ethical issues.

For further information, please visit http://www.brainstorm-cell.com/

http://www.brainstorm-cell.com/
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