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            Key Points

                	
                  Fragile X syndrome is a monogenic neurodevelopmental disorder associated with intellectual disability and autism spectrum disorders.

                
	
                  Animal models have provided insights into the neurobiological mechanisms and enabled the identification of novel drug targets.

                
	
                  Promising targets include metabotropic glutamate receptor 5 (mGluR5), GABA receptors and proteins that are regulated or regulate fragile X mental retardation protein 1 (FMRP).

                
	
                  Many compounds have been extensively investigated in preclinical studies and are able to rescue altered levels of protein synthesis, synaptic plasticity and behaviour. Behavioural phenotypes in Fmr1-knockout mice are difficult to measure, and the rescue of these deficits has been inconsistent across these different drugs.

                
	
                  Subsequent clinical trials in humans were unable to demonstrate any improvement using behavioural measures as primary end points.

                
	
                  Objective measures of core phenotypes such as direct assessments of cognition and language rather than secondary behaviours need to be implemented in future trials.

                
	
                  Very young patients have not yet been included in clinical trials, and this may be the only group in which effects of a disease-modifying agent targeting cognition and development can be seen. Efforts may need to be redirected towards the implementation of longer trials in younger children accompanied by learning interventions measuring cognitive and developmental outcomes.

                


              

Abstract
Neurodevelopmental disorders such as fragile X syndrome (FXS) result in lifelong cognitive and behavioural deficits and represent a major public health burden. FXS is the most frequent monogenic form of intellectual disability and autism, and the underlying pathophysiology linked to its causal gene, FMR1, has been the focus of intense research. Key alterations in synaptic function thought to underlie this neurodevelopmental disorder have been characterized and rescued in animal models of FXS using genetic and pharmacological approaches. These robust preclinical findings have led to the implementation of the most comprehensive drug development programme undertaken thus far for a genetically defined neurodevelopmental disorder, including phase IIb trials of metabotropic glutamate receptor 5 (mGluR5) antagonists and a phase III trial of a GABAB receptor agonist. However, none of the trials has been able to unambiguously demonstrate efficacy, and they have also highlighted the extent of the knowledge gaps in drug development for FXS and other neurodevelopmental disorders. In this Review, we examine potential issues in the previous studies and future directions for preclinical and clinical trials. FXS is at the forefront of efforts to develop drugs for neurodevelopmental disorders, and lessons learned in the process will also be important for such disorders.
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                    Figure 1: Drug targets in fragile X syndrome under investigation.[image: ]


Figure 2: Clinical trials performed since 2002 in fragile X syndrome.[image: ]
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Glossary
	Mosaicism
	
                  The presence of cell populations with a full mutation or premutation expansions. Methylation mosaicism is defined as some cells carrying fully methylated alleles and others carrying unmethylated alleles. Approximately 40% of male patients with fragile X syndrome present with size-mosaicism.

                
	Rotarod
	
                  A performance test in which the rodent is placed on a rotating rod to examine motor skills and coordination.

                
	Aberrant Behaviour Checklist
	
                  (ABC). A caregiver-rated symptom checklist that assesses problem behaviours via a 58-item and 5-subscale questionnaire. Each item is attributed a score from 0 (“not at all a problem”) to 3 (“problem is severe in degree”), resulting in total score ranks from 0 to 174.

                
	Endophenotypes
	
                  Phenotypes that bear a closer relationship to the biological processes underlying the clinical manifestation.

                
	ABC-CFX Social Avoidance subscale
	
                  The ABC-CFX is a modified version of the ABC-C, with 55 items and 6 subscales (irritability, lethargy/withdrawal, stereotypic behaviour, hyperactivity, inappropriate speech and social avoidance). The total score ranks from 0 to165, and a negative change from baseline indicates improvement.

                
	Vineland Adaptive Behavior Scale
	
                  (VABS). A test that measures adaptive behaviour across lifespan and contains five domains (communication, daily living skills, socialization, motor skills and maladaptive behaviour) each with 2–3 subdomains, such as expressive language.

                
	Audiogenic seizures
	
                  Convulsions caused by prolonged exposure to high frequency sound in, for example, rodents.

                
	National Institutes of Health Toolbox
	
                  A battery of extensively validated computer-administered cognitive, emotional, motor and sensory tests with utility across the lifespan.

                
	Cancellation task
	
                  A test of attention span in which the participants cancel the target figure and leave all other figures uncancelled (in other words, it is a test of the number of correct detections).

                
	Wechsler Intelligence Scale for Children
	
                  (WISC). An intelligence test for children between 6 and 16 years of age.

                
	Stanford–Binet
	
                  A cognitive ability and intelligence test used for individuals aged 2 to 85+ years.

                
	Jadad score
	
                  A score that ranks the quality of clinical trials with respect to randomization, blinding and placebo control on a score from 0–5, with 5 being the maximum score.

                
	Open label
	
                  A type of clinical trial in which the treatment being administered is known to both the researchers and participants.

                
	Bayesian Design trials
	
                  A theory of statistical inference in clinical trials.

                
	Sequential studies
	
                  Studies that combine longitudinal and cross-sectional designs by following several different age cohorts over time.

                
	Test–retest validation
	
                  A measure of reliability obtained by administering the same test twice over a period of time to a group of individuals.
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