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is considered to be a key aspect of synaptic 
plasticity. 

Individuals with FXS—and FMR1 knock-
out mice—exhibit abnormal patterns of spine 
development, including an increased num-
ber of the structures, as well as the presence 
of abnormally elongated, immature spines. 
Afraxis co-founder, Nobel laureate Susumu 
Tonegawa, of Massachusetts Institute of 
Technology, in Cambridge, and his colleagues 
have demonstrated that PAK inhibition over-
turns the behavioral deficits observed in a 
mouse model of FXS (Proc. Natl. Acad. Sci. 
USA 104, 11489–11494, 2007). As yet, how-
ever, no therapy based on this finding has 
reached the clinic, and it is unclear whether 
this program will continue at Genentech, a  
S. San Francisco, California–based subsidiary 
of Basel-based Roche.

Furthest along in development for FXS is 
Seaside’s arbaclofen, a gamma-amino butyric 
acid type B (GABA-B) receptor agonist. Two 
phase 3 trials, one in children and one in adoles-
cents and adults, are underway. Preclinical stud-
ies showed that GABA-B receptor agonism also 
restores aberrant phenotypes in FMR1 knock-
out mice, possibly through correcting a posited 
imbalance between excitatory and inhibitory 
neurotransmission in FXS (Sci. Transl. Med. 
4, 152ra127, 2012). In a placebo-controlled, 
crossover phase 2 trial in 63 FXS patients, 
however, the drug was no different from pla-
cebo with respect to its impact on the study’s 
primary endpoint, the irritability subscale of 
Aberrant Behavior Checklist (ABC-I), a care-
giver’s assessment tool. Several other analyses  

two times in life,” says Kaufmann. “They are 
required for developmental plasticity and for 
plasticity of the mature brain.” That capac-
ity of the brain to alter its network of neural 
connections in response to stimuli—which 
is essential for high-level functions such as 
learning and memory—creates the possibility 
for successful therapeutic intervention. “We’re 
seeing improvements in symptoms in some 
trials even in adults,” says Randall Carpenter, 
CEO of Seaside Therapeutics, of Cambridge, 
Massachusetts, which has several clinical pro-
grams underway in FXS and in ASD. “We’re 
hoping that as we move into younger popula-
tions, we’ll see even greater benefit.”

About 15–30% of FXS patients meet the 
diagnostic criteria for autism, which is char-
acterized by impaired social interaction and 
communication and restricted, repetitive pat-
terns of behavior (Cell 135, 401–406, 2008). 
FXS—the most common cause of inherited 
intellectual disability in boys—arises from 
the presence of CGG trinucleotide repeats 
in the fragile X mental retardation 1 (FMR1) 
gene, which encodes a translational repressor 
protein FMRP. Its absence results in excessive 
protein synthesis within a neuron’s branch-
ing dendrites, leading to alterations in syn-
aptic signaling and downstream cognitive 
and behavioral effects. The lead program 
at Afraxis, a San Diego–based startup, tar-
gets p21-activated kinase (PAK), an enzyme 
associated with the development of den-
dritic spines, which are bulbous projections 
extending from the dendrite’s shaft. These 
are dynamic structures—spine remodeling 

Billions spent on rare 
diseases 

Funding for 
rare diseases 
is booming on 
both sides of 
the Atlantic. 
The European 
Commission (EC) 
has allocated 
€144 ($188) 

million among 26 new research projects, under 
the global banner of the International Rare 
Diseases Research Consortium (IRDiRC). In 
the US, members of the Washington, DC–based 
Pharmaceutical Research and Manufacturers 
of America (PhRMA) invested $49.5 billion 
in rare disease R&D in 2011 alone, whereas 
the National Institutes of Health bestowed 
$3.5 billion. Of approximately 7,000 rare 
diseases, only 5% currently have treatments. 
Support for the rare disease field in the EU 
has been steadily increasing for more than 
two decades. The latest initiative aims to 
diagnose all rare diseases, and create 200 new 
therapies by 2020 as well as provide support 
for basic research and improved healthcare 
management. According to Hanns Lochmüller, 
the chair of IRDiRC’s interdisciplinary 
scientific committee, international coordination 
and data sharing is necessary because no 
single institute has enough patients to do 
effective research alone. Moreover, he says, 
the recent explosion in whole-exome and 
whole-genome sequencing requires better 
harmonization to cope with the sheer amount 
of data. In the US, industry interest in rare 
diseases is also growing. A recent report by 
PhRMA (http://phrma.org/sites/default/files/2
435/2013innovationinthebiopharmaceutica
lpipeline-analysisgroupfinal.pdf/) stated that 
a third of US Food and Drug Administration 
approvals in 2007–2011 were for orphan 
indications. Genia Long of the Analysis Group, 
Boston, one of the co-authors of the report, 
said that for biologics, this figure is even higher 
at two-thirds. Although the Orphan Drug Act 
of 1984 provides strong financial incentives, 
she noted that this did not fully explain the 
more recent surge. Industry interest in rare 
diseases may be driven by improvements in 
clinical trial design, and better understanding 
of the molecular and genetic basis of disease. 
Oncology in particular, which makes up over 
a third of orphan diseases, has benefitted 
from intense basic research. Industry has 
also become more interested in drugs for rare 
diseases since it became obvious that they 
could command high prices. Also, although 
each individual disease has relatively few 
sufferers, the worldwide rare disease patient 
population represents a large market. “By all 
accounts the Orphan Drug Act has been highly 
successful in providing incentives for increased 
development investment in rare and orphan 
diseases, but there is still a high level of unmet 
need,” said Long. “Most rare diseases still have 
no effective therapy.” Jennifer Rohn

in brief

Rare diseases—only 5% can 
be treated

Table 1  Selected drug trials in autism and related neurodevelopmental disorders
Company Drug Mechanism indication Clinical status

Curemark  
(Rye, New York)

CM-AT Digestive enzyme replacement 
therapy

Autism Phase 3

Erasmus Medical 
Centera

Everolimus Mammalian target of rapamycin 
(mTOR) inhibitor

Autism and cogni-
tive disability in 
tuberous sclerosis 
complex

Phase 3

Novartis Mavoglurant 
(AFQ056)

Metabotropic glutamate receptor 5 
(mGluR5) antagonist

FXS Phase 2/3

Seaside 
Therapeuticsb

Arbaclofen 
(STX209)

Gamma-amino butyric acid type B 
(GABA-B) receptor agonist

FXS and ASD Phase 3

Seaside 
Therapeutics

STX107 mGluR5 antagonist FXS Phase 2

Roche
RO4917523 mGluR5 antagonist FXS Phase 2

RG7314 Arginine vasopressin receptor 1A 
antagonist

ASD Phase 2

Forest 
Laboratories  
(New York)

Memantinec N-methyl d-aspartate (NMDA) 
receptor antagonist

Autism and 
Asperger’s  
syndrome

Phase 2

Neuren 
Pharmaceuticals

NNZ-2566 Glypromate analog with neuro-
protective and anti-inflammatory 
effects

Rett syndrome Phase 2

Boston Children’s 
Hospitala

Insulin-like 
growth  
factor 1

Stimulation of synaptic maturation Rett syndrome Phase 2

aInvestigator-initiated trial. bRoche has an option to commercialize STX209. cMarketed as Namenda for treatment of  
dementia in Alzheimer’s disease.
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