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SUMMARY

Fragile X syndrome is an X-linked genetic disorder associated with
abnormal trinucleotide repeat sequences in the fragile X mental retar-
dation 1 (FMR1) gene. The resulting DNA expansions can cause varying
degrees of developmental problems, including learning disabilities and
cognitive impairment. Research into the molecular changes underlying
behavioral/medical problems associated with fragile X syndrome has
highlighted new avenues for pharmacotherapy, which will supplement
educational/learning support. This article highlights current clinical
focus in the field and summarizes the research underlying the ration-
ale for targeting, among others, the cholinergic system, AMPA, NMDA
and GABA receptor-mediated signaling. 

INTRODUCTION

Fragile X syndrome is an inherited syndrome involving a range of
developmental problems, including learning disabilities and cogni-
tive impairment. Its name came about due to the identification of an
associated “fragile” portion of the X chromosome in these patients,
induced by a change or mutation in the fragile X mental retardation
1 (FMR1) gene on the X chromosome. While less than 60 cytosine,
guanine and guanine (CGG) trinucleotide repeat sequences are
commonly seen in unaffected subjects, those with 60-200 CGG
repeats are said to have a “premutation” (carriers of an unstable
FMR1 mutation, and thus further expansion of the repeats in subse-
quent generations can cause the condition to occur more frequently
or severely [1, 2]), and subjects with over 200 repeats are said to have
a full mutation, which causes the fragile X syndrome (3, 4). The full
mutation triggers methylation of a region of the FMR1 gene and, as
a consequence, an absence of functional fragile X mental retarda-
tion protein (FMRP), a protein that plays a role in synaptic develop-

ment. The outcome is nervous system dysfunction and the signs and
symptoms of fragile X syndrome: anxiety, hyperactivity, attention
deficit disorder, seizures and autistic-like behavior (5, 6). 

Population analyses have shown that males are more severely
affected by this disorder than females, with additional physical char-
acteristics such as a long, narrow face, prominent ears, jaw and fore-
head, unusually flexible fingers and enlarged testicles after puberty
(7). Cognitive impairment is rare in those with a premutation; how-
ever, due to lower levels of FMRP, mild symptomatology is evident,
e.g., prominent ears and emotional problems such as anxiety or
depression. Approximately 20% of women with a premutation have
premature ovarian failure, in which menstrual periods stop by age
40 (6, 8). Men, and some women, with a premutation have an
increased risk of developing a disorder known as fragile X-associat-
ed tremor/ataxia syndrome (FXTAS) (9). As this is an “X-linked” con-
dition, a woman with a premutation or full mutation has a 50%
chance of passing on the X with the mutation in each pregnancy; as
males only pass their Y chromosome onto their sons, premutation
inheritance is only passed down to their daughters. 

In terms of the worldwide prevalence of males and females born
with the full mutation for fragile X syndrome, this has been reported
to be approximately 1 in 3,600-4,000 males and 1 in 4,000-6,000
females, respectively. In comparison, worldwide, approximately 1 in
800 men and 1 in 260 women are carriers of the fragile X premuta-
tion (10). 

While there is no cure for fragile X syndrome, quality of life can be
enhanced by therapies for speech and language, behavior, cognitive
development, sensory and social integration, and motor develop-
ment. Research into the molecular changes underlying behav-
ioral/medical problems associated with fragile X syndrome has
highlighted new avenues for pharmacotherapy. This article will focus
on new clinical advances in the pharmacotherapy of fragile X syn-
drome. Table I summarizes ongoing clinical research in this area. 

RECENT RESEARCH 

Cholinergic manipulation 

Studies have shown that disruption of the cholinergic system may
occur secondary to FMRP deficiency, contributing to cognitive
impairment associated with fragile X syndrome. A 3-week, open-
label pilot trial of donepezil, an acetylcholinesterase inhibitor (N =
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8), demonstrated that 5 mg/day significantly improved
cognitive–behavioral function via improvements in Contingency
Naming Task (CNT) scores (to measure working memory and mental
flexibility), reductions in the Aberrant Behavior Checklist (ABC; a
standardized rating scale developed to measure pharmacological
effects on problem behaviors in individuals with mental retardation)
and the Achenbach Child and Adult Behavior Checklists (CBCL,
ABCL; to assess general cognitive–behavioral status), with addition-
al improvements in hyperactivity and irritability (11). Researchers at
Stanford University School of Medicine recently initiated a phase II
trial of donepezil in a larger cohort (12). 

Several lines of research have hypothesized that overactive signaling
by group I metabotropic glutamate (mGlu) receptors could con-
tribute to many of the psychiatric and neurological aspects of fragile
X syndrome (13). Concerns about ataxia caused by mGlu1 receptor
blockers have opened the field for investigation of mGlu5 receptors.
An open-label trial of single-dose fenobam (50-150 mg p.o.), an
mGlu5 receptor antagonist, was carried out in 12 subjects with frag-
ile X syndrome. Beneficial clinical effects were observed as ≥ 20%
improvement in prepulse inhibition (a measure of sensorimotor gat-
ing) versus baseline in 50% of subjects, with a positive safety profile
(14). More recently designed mGlu5 receptor antagonists are also
being tested in fragile X syndrome patients in phase I/II studies
(Table I), i.e., RO-4917523 (15) and AFQ-056 (16). 

Ampakines 

Preclinical studies in Fmr1 knockout mice have identified an associ-
ated reduction in AMPA receptors and AMPA-mediated long-term
potentiation (LTP) (17). Subsequent to this, a 4-week, randomized,
double-blind, placebo-controlled phase II trial investigated the
potential of the Ampakine CX-516 to enhance AMPA receptor func-
tioning and cognition in fragile X syndrome (N = 49). Despite the
rationale for this study, no significant improvement in memory, lan-
guage, attention/executive function, behavior and overall function-
ing was seen for CX-516-treated subjects versus placebo. However, it
was suggested that the dosing strategy may have been inadequate
for a therapeutic effect (18). 

NMDA receptor antagonists

Preclinical studies in Fmr1 knockout mice have also demonstrated an
associated enhanced NMDA receptor-dependent LTP (19). In an
attempt to correct this abnormality and potentially improve neuro-
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logical impairment in fragile X syndrome, U.S. researchers are inves-
tigating memantine, an NMDA receptor antagonist (20). 

GABA

Studies have demonstrated that increasing γ-aminobutyric acid
GABAB receptor-mediated signaling may improve the behavioral
and neurological phenotype of fragile X syndrome (21). Arbaclofen,
the active enantiomer of racemic baclofen, a GABA derivative com-
monly used to treat spasticity, has been proposed to offer enhanced
efficacy and tolerability versus baclofen (22) and is currently under-
going phase II investigation at Seaside Therapeutics (23).

Minocycline

The neuroprotective effects of minocycline (24), along with its abili-
ty to lower matrix metalloproteinase MMP-9 levels (25), are now
being put to the test in clinical studies. Two studies, one in the U.S.
and one in Canada, are testing whether minocycline can improve
language, behavior and/or cognition in fragile X syndrome patients
(26, 27). 

The field of drug discovery for gene-based behavioral/neurological
syndromes such as fragile X syndrome is expanding with deeper
molecular research. Although the aim is for targeted treatments to
“strengthen” synaptic functioning, it is essential that these treat-
ments be combined with educational/learning support to address
the cognitive deficits in fragile X syndrome.

DISCLOSURES

The author states no conflicts of interest.

REFERENCES

1. Nolin, S.L., Lewis, F.A., Ye, L.L. et al. Familial transmission of the FMR1
CGG repeat. Am J Hum Genet 1996, 59(6): 1252-61.

2. Strom, C.M., Crossley, B., Redman, J.B. et al. Molecular testing for fragile
X syndrome: Lessons learned from 119,232 tests performed in a clinical lab-
oratory. Genet Med 2007, 9(1): 46-51.

3. Jacquemont, S., Leehey, M.A., Hagerman, R.J., Beckett, L.A., Hagerman,
P.J. Size bias of fragile X premutation alleles in late-onset movement disor-
ders. J Med Genet 2006, 43(10): 804-9.

4. Heitz, D., Devys, D., Imbert, G., Kretz, C., Mandel, J.L. Inheritance of the
fragile X syndrome: Size of the fragile X premutation is a major determinant
of the transition to full mutation. J Med Genet 1992, 29(11): 794-801.

Table I. Ongoing clinical studies investigating new treatments for fragile X syndrome.

Phase Drug Investigators Ref.
– Minocycline UC Davis MIND Institute 26

The National Fragile X Foundation
Fragile X Research Foundation of Canada 27

– Memantine University of California, Davis 20
National Institute on Aging (NIA)
Forest Laboratories

Phase II Arbaclofen (STX-209) Seaside Therapeutics, LLC 23
Phase II AFQ-056 Novartis 16
Phase II RO-4917523 Hoffmann-La Roche 15
Phase II Donepezil Stanford University 12
Phase I/II Fenobam Neuropharm 28



5. Farzin, F., Perry, H., Hessl, D. et al. Autism spectrum disorders and atten-
tion-deficit/hyperactivity disorder in boys with the fragile X premutation. J
Dev Behav Pediatr 2006, 27(2, Suppl.): S137-44.

6. Jacquemont, S., Hagerman, R.J., Hagerman, P.J., Leehey, M.A. Fragile-X
syndrome and fragile X-associated tremor/ataxia syndrome: Two faces of
FMR1. Lancet Neurol 2007, 6(1): 45-55.

7. Giangreco, C.A., Steele, M.W., Aston, C.E., Cummins, J.H., Wenger, S.L. A
simplified six-item checklist for screening for fragile X syndrome in the pedi-
atric population. J Pediatr 1996, 129(4): 611-4.

8. Bodega, B., Bione, S., Dalpra, L. et al. Influence of intermediate and unin-
terrupted FMR1 CGG expansions in premature ovarian failure manifesta-
tion. Hum Reprod 2006, 21(4): 952-7.

9. Jacquemont, S., Hagerman, R.J., Leehey, M.A. et al. Penetrance of the
fragile X-associated tremor/ataxia syndrome in a premutation carrier pop-
ulation. JAMA 2004, 291(4): 460-9.

10. The National Fragile X Foundation, 2010: http://www.fragilex.org/
html/prevalence.htm. Accessed July 20, 2010. 

11. Kesler, S.R., Lightbody, A.A., Reiss, A.L. Cholinergic dysfunction in fragile
X syndrome and potential intervention: A preliminary 1H MRS study. Am J
Med Genet A 2009, 149A(3): 403-7.

12. Randomized controlled study of donepezil in fragile X syndrome
(NCT01120626). ClinicalTrials.gov Web site, July 20, 2010.

13. Bear, M.F., Huber, K.M., Warren, S.T. The mGluR theory of fragile X mental
retardation. Trends Neurosci 2004, 27(7): 370-7.

14. Berry-Kravis, E., Hessl, D., Coffey, S. et al. A pilot open label, single dose
trial of fenobam in adults with fragile X syndrome. J Med Genet 2009,
46(4): 266-71.

15. A study with RO4917523 in patients with fragile X syndrome
(NCT01015430). ClinicalTrials.gov Web site, July 20, 2010.

16. Efficacy, safety and tolerability of AFQ056 in fragile X patients
(NCT0071834). ClinicalTrials.gov Web site, July 20, 2010.

17. Marenco, S., Weinberger, D.R. Therapeutic potential of positive AMPA
receptor modulators in the treatment of neuropsychiatric disorders. CNS
Drugs 2006, 20(3): 173-85.

18. Berry-Kravis, E., Krause, S.E., Block, S.S. et al. Effect of CX516, an AMPA-
modulating compound, on cognition and behavior in fragile X syndrome: A
controlled trial. J Child Adolesc Psychopharmacol 2006, 16(5): 525-40.

19. Pilpel, Y., Kolleker, A., Berberich, S. et al. Synaptic ionotropic glutamate
receptors and plasticity are developmentally altered in the CA1 field of Fmr1
knockout mice. J Physiol 2009, 587(Pt. 4): 787-804. 

20. Memantine treatment in fragile X-associated tremor/ataxia syndrome
(NCT00584948). ClinicalTrials.gov Web site, July 20, 2010. 

21. Pacey, L.K., Heximer, S.P., Hampson, D.R. Increased GABA(B) receptor-
mediated signaling reduces the susceptibility of fragile X knockout mice to
audiogenic seizures. Mol Pharmacol 2009, 76(1): 18-24. 

22. http://imfar.confex.com/imfar/2010/webprogram/Paper6707.html.
Accessed July 21, 2010. 

23. An open label extension study of STX209 in subjects with fragile X syn-
drome (NCT01013480). ClinicalTrials.gov Web site, July 20, 2010.

24. Bilousova, T.V., Dansie, L., Ngo, M., Aye, J., Charles, J.R., Ethell, D.W.,
Ethell, I.M. Minocycline promotes dendritic spine maturation and improves
behavioural performance in the fragile X mouse model. J Med Genet 2009,
46(2): 94-102. 

25. Koistinaho, M., Malm, T.M., Kettunen, M.I. et al. Minocycline protects against
permanent cerebral ischemia in wild type but not in matrix metalloprotease-
9-deficient mice. J Cereb Blood Flow Metab 2005, 25(4): 460-7.

26. Trial of minocycline to treat children with fragile X syndrome
(NCT01053156). ClinicalTrials.gov Web site, July 20, 2010.

27. Add-on pilot trial of minocycline to treat fragile X syndrome
(NCT00858689). ClinicalTrials.gov Web site, July 20, 2010.

28. Open label study investigating safety and efficacy of NPL2009 50 mg - 150
mg on prepulse inhibition tests and continuous performance tasks, adults
with fragile X syndrome (NCT00637221). ClinicalTrials.gov Web site, July
20, 2010.

C

S. Davies FRAGILE X SYNDROME

663THOMSON REUTERS – Drugs of the Future 2010, 35(8)


