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Abstract

The fragile X-associated tremor ataxia syndrome (FXTAS) is caused by the premutation in FMR1 
gene. Recent reports of environmental toxins appear to worsen the progression of FXTAS. Here 

we present a case of male adult with FXTAS and a long history of methadone use. The patient 

shows a faster progression in both symptoms of disease and MRI changes compared to what is 

typically seen in FXTAS. There has been no research regarding the role of narcotics in onset, 

progression, and severity of FXTAS symptoms. However, research has shown that narcotics can 

have a negative impact on several neurodegenerative diseases, and we hypothesize that in this 

particular case, methadone may have contributed to a faster progression of FXTAS as well as 

exacerbating white matter disease through RNA toxicity seen in premutation carriers.
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INTRODUCTION

The FMR1 premutation is caused by a trinucleotide repeat expansion from 55 to 200 CGGs 

in the 5’ UTR region of FMR1 gene. Fragile X-associated tremor/ataxia syndrome (FXTAS) 

(OMIM: 300623) is an FMR1 premutation-driven neurodegenerative disorder. CGG repeats 

expansions greater than 200 cause methylation which blocks transcription so that little or no 

mRNA and FMR1 protein (FMRP) is produced. The lack of FMRP leads to the full mutation 

and fragile X syndrome (FXS) (OMIM: 300624), a very different disorder than FXTAS 

which is caused by up-regulation of the FMR1 mRNA [Hagerman et al., 2013].
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The major radiological findings in FXTAS include white matter hyperintensities (WMH) in 

the middle cerebellar peduncles (MCP), brain stem, and corpus callosum in addition to 

generalized brain atrophy [Hagerman et al., 2013]. In other neurodegenerative diseases, 

white matter disease (WMD) is associated with cognitive impairment [Prins et al., 2005; 

Gouw et al., 2006], physical decline [Zheng et al., 2012] and depressive symptoms in the 

elderly [de Groot et al., 2000]. Furthermore, WMD occurs in schizophrenia [Voineskos et 

al., 2013] and bipolar disorder [Ahn et al., 2004; Lagopoulos et al., 2013], and is correlated 

with mortality in patients with and without dementia or stroke [Bokura et al., 2006; Kerber 

et al., 2006; Kuller et al., 2007; Ikram et al., 2009; Oksala et al., 2009].

Narcotics have been extensively studied and reported to trigger white matter changes in 

chronic substance users [Lyoo et al., 2004; Bae et al., 2006; Schlaepfer et al., 2006; Bava et 

al., 2009; Yucel et al., 2010; Bora et al., 2012; Lin et al., 2012; Shen et al., 2012; Bava et al., 

2013]. Furthermore, chronic exposure to opioids can lead to cell death [Boronat et al., 2001].

Methadone is a long-acting opioid agonist that is prescribed as a treatment for opioid 

dependence. Many studies report that methadone has adverse effects such as memory 

dysfunction and depression symptoms [Mintzer et al., 2002; Prosser et al., 2006; Peles et al., 

2007]. Conflicting with the previous studies, cognitive deficits are improved in patients 

stabilized on long-term Methadone Maintenance Treatment (MMT) [Wang et al., 2014]. 

However, enrollment in MMT has also positive effects induced by lifestyle changes that 

could be confounders in the study. Thus, whether or not methadone itself induces cognitive 

impairment remains unclear.

Substance abuse has been reported to be increased in premutation carriers compared to 

controls perhaps related to self- treatment of anxiety or depression which are also common 

in carriers [Kogan et al., 2008; Hagerman et al., 2013].

We present a case of a patient with FXTAS who has a history of narcotics use (Methadone), 

which may have exacerbated or accelerated his neurological symptoms of FXTAS.

METHODS

A male patient was evaluated at the Fragile X Research and Treatment Center located at the 

UC Davis MIND Institute. The patient signed an IRB approved consent form for this 

research when he was seen. Data were acquired from the medical history obtained during 

study visits.

Genotyping

CGG repeatsize and methylationstatus (Activation Ratio, AR) were measured by Southern 

Blot and PCR analysis as previously described [Tassone et al., 2008; Filipovic-Sadic et al., 

2010].

Imaging

Two different structural Brain MRI protocols were used for the radiological evaluations of 

the subject: Time 1: MRI acquired with a 1.5 Tesla GE Signa Horizon LX Echospeed. 
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Sequences were as follows: 3D spoiled gradient recalled echo (IR-prepped SPGR) 

acquisition (oblique axial plane), T1-weighted sequence (sagittal plane), T2-weighted high 

resolution fluid-attenuated inversion recovery (FLAIR) sequence (oblique axial plane), and a 

T2-weighted sequence (oblique axial plane). Time 2: The subject had two separate visits to 

the MIND Institute (separated by five years), during which an MRI was done. The second 

MRI was acquired with a 3 Tesla Siemens Magnetom TrioTim syngo MR B15. Sequences 

were as follows: T1 magnetization prepared rapid acquisition gradient echo (MPRAGE) 3D 

sequence, T2-FLAIR (sagittal plane), and a T2-turbo spin echo (TSE) (oblique axial plane) 

acquisition. MRI outcome measures are cerebral and cerebellar volume, thickness of the 

body of the corpus callosum and white matter abnormalities in the MCP, pons, corpus 

callosum body (3T MRI only), and splenium.

CLINICAL REPORT

A 64-year-old Caucasian man with 44 years of methadone treatment came to our clinic for a 

follow up in 2013. He was previously seen in 2008 and at that time was diagnosed with 

probable FXTAS, at age 59. He has 127 CGG repeats (Fig. 1). After a short bout of heroin 

use right after his military service he was placed on methadone maintenance, started at 20 

years of age and left on it for many years.

The onset of his tremor and ataxia was at age 57. At age 59, the Wechsler Adult Intelligence 

Scale III (WAIS-III) showed a full scale IQ of 89. His Wechsler memory scale III (WMS-III) 

showed an auditory immediate memory of 94, an auditory delayed memory of 99, an 

auditory receptive memory of 95, and a working memory of 71. He had executive function 

deficits documented by a Behavior Dyscontrol Scale II(BDS-II) score of 9. On MRI, he had 

avery subtle middle cerebellar peduncle sign, and massive white matter disease in the pons 

and cerebrum consistent with FXTAS (Fig. 2). Recommendations for tapering and 

discontinuing methadone were made but not carried out.

At age 60, he was started on a higher dose of methadone of 180 mg per day and his ataxia 

and falling became much worse. At age 61, he started using a cane. His tremor had become 

worse and it was interfering with dressing and carrying things like plates. He dropped things 

from his hand more frequently, but was able to eat on his own without significant spilling. At 

age 63, his handwriting became problematic and he also developed swallowing and choking 

problems. At age 64, he started to taper the methadone maintenance dosage to 

approximately 24 mg per day. However, at that time he had worsening of his cognitive 

function and memory. He was beginning to nap more frequently during the day. He was also 

complaining of numbness and tingling in his feet and severe left ankle pain. His ataxia led to 

frequent falling, specifically six times within the previousyear and ahalf. As he was tapered 

down from the methadone, his falling decreased. He has not fallen in the last four months. 

However, with the taper of the methadone, he did notice more anxiety and sleep problems. 

On the assessments at age 64, his WAIS-IV full-scale IQ was 74. On the WMS scale, his 

visual memory is 65, auditory memory is 58, visual working memory is 73, immediate 

memory is 60, and delayed memory is 58. His BDS-II score of only 2, demonstrated severe 

executive function deficits.
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Overall he developed significant deterioration in IQ, memory and executive function 

compared to his first visit. His MRI abnormalities were somewhat increased from his visit at 

age 59 and showed moderate cerebral volume loss, mild cerebellar volume loss, severe 

increased T2 signal intensity in both the truncus and the splenium of the corpus callosum, 

severe diffuse increased T2 signal intensity in the deep white matter of the cerebrum, a 

moderately thin truncus of the corpus callosum, and severe increased T2 signal intensity in 

the pons (see Fig. 2).

DISCUSSION

Leehey et al., studied a cohort of male premutation carriers with FXTAS and reported 

median tremor onset at ~60 years of age. After onset of tremor, median onset of ataxia was 2 

years later; onset of falls was 6 years later; dependence on a walking aid at 15 years later; 

and death after 21 years of onset [Leehey et al., 2007]. In our patient, onset of tremor and 

ataxia was at age 57, falling episodes started at age 58, and dependence on a walking aid is 

at age 61. The progression of FXTAS in the patient was more rapid as compared to the 

cohort study.

Methadone-induced brain toxic leukoencephalopathy is reported in several cases with 

decreased level of consciousness [Salgado et al., 2010; Cerase et al., 2011; Bileviciute-

Ljungar et al., 2014]. In addition, there is a cerebellar and basal ganglia involvement in 

methadone overdose as well [Corre et al., 2013]. Euphoria, slurred speech and ataxia were 

the most common initial symptoms of severe methadone poisoning [Caplehorn,1998]. Thus 

far, methadone toxicity occurred in acute setting but there is no study reporting the toxicity 

in chronic use particularly in patients with FXTAS.

Fragile X Mental Retardation Protein (FMRP) can be a translational repressor at synapse. 

Unfortunately, we do not have FMRP data on this patient, but generally for large 

premutation alleles (~80–200 CGG repeats) FMRP levels are mild to moderately reduced 

due to translational inefficiency [Primerano et al., 2002].

Fibromyalgia and chronic pain are common in premutation carriers [Coffey et al., 2008; 

Leehey et al., 2011; Winarni et al., 2012]. We often see substance abuse with FXTAS 

patients, particularly when pain symptoms become problematic. Methadone recently has 

been proposed for the treatment of moderate-to-severe pain. In our case, tapering off 

methadone made his chronic pain become worse. We think that long term use of methadone 

helped with his pain issue, but may haveexacerbated his white matter disease and FXTAS 

progression. Opiate addiction is associated with decreases in white matter integrity [Bora et 

al., 2012]. Furthermore, white matter changes are correlated with memory deficits and 

depression in heroin users under MMT [Lin et al., 2012]. WMH is described as patchy or 

diffuse white matter changes identified on T2-weighted MRI in the elderly population 

[Awad et al., 1986]. It affects approximately 11–21% of adults at aged 64, and up to 94% at 

age 82 in the general population [Garde et al., 2000]. WMH has been associated with age-

associated disease and cognitive decline [Carmichael et al., 2010; Debette et al., 2010]. 

WMH can predict progression from mild cognitive impairment to Alzheimer's disease 
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[Prasad et al., 2011]. Furthermore, there is a significantly negative correlation between 

WMH volume and verbal IQ scores [Garde et al., 2005].

The premutation produces excessive levels of FMR1 mRNA leading to a toxic RNA gain-of-

function effect in neurons [Tassone et al., 2000; Hagerman et al., 2004; Amiri et al., 2008; 

Garcia-Arocena et al., 2010]. Elevated FMR1 mRNA leads to sequestration of various 

proteins, including Sam68, DROSHA and DGCR8, important for neuronal function and 

miRNA maturation and this is likely the basis of RNA toxicity [Garcia-Arocena et al., 2010; 

Sellier et al., 2013]. Intriguingly, there is also a clear negative correlation between FMR1 
mRNA levels and cell viability [Hoem et al., 2011] leading to early death of cultured 

premutation neurons compared to neurons without the premutation [Chen et al., 2010]. In 

addition, chronic exposure to opioids can lead to cell death [Boronat et al., 2001] so the 

premutation neurons may die even earlier with exposure to opioids over many years. 

Basically the premutation may be more vulnerable to environmental toxicity including 

chronic methadone use.

Some other factors might also contribute to progression of WMD, such as depression [Fields 

2008; Godin et al., 2008], hypertension [Godin et al., 2011; Hamlin et al., 2012], and 

chronic pain [Buckalew et al., 2013], all of which this patient experienced.

For the presented case, we hypothesize that long term use of methadone may have 

exacerbated the neurological symptoms of FXTAS, including tremor, ataxia and cognitive 

decline as well as more rapid exacerbation of WMD.

CONCLUSIONS

In premutation carriers with narcotic dependence, long-term methadone use must be 

evaluated carefully to avoid possible exacerbation of symptoms of FXTAS including WMH 

and to avoid dependency of methadone to alleviate pain symptoms. Alternative treatments 

for pain include acupuncture, gabapentin, pregabalin, duloxetine, venlafaxine, tricyclics, 

omega 3 s and psychological approaches with cognitive behavioral therapy. In addition, 

supplementation of vitamin B12 might have a positive impact since there is a significant 

association between vitamin B12 status and severity of WMD [de Lau et al., 2009]. Proper 

management of depression, hypertension, chronic pain and preventing substance abuse and 

dependency may slow the progression of WMD in those with FXTAS. More comprehensive 

study is needed to explain the effect of methadone on WMD and progression of FXTAS in a 

large sample of patients
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FIG. 1. 
Southern blot results of a patient with FXTAS with methadone use. Lane 1 and 5 (left to 

right): 1 Kb ladder size marker. Lane 2 and 4: normal female and full mutation male control, 

respectively. Lane 3 showing the presence of a premutation allele in patient 1. CGG repeat 

size was measured by PCR analysis.
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FIG. 2. 
1.5 Tesla MRI: T1 (A1, A2), T2 (A3). 3 Tesla MRI: T2-FLAIR (A4, A5), T2-TSE (A6). 

Moderate cerebral volume loss (A1, A4), severe increased T2 signal intensity in both the 

truncus and the splenium (A5), severe diffuse increased T2 signal intensity in the deep white 

matter of the cerebrum (A4 and A6), moderately thin truncus of the corpus callosum (A2, 

A5) and severe increased T2 signal intensity in the pons (A3, A5). Slight increases in 

severity from age 59 (A1–A3) to age 64 (A4–A6), with largest changes in the splenium of 

the corpus callosum (A2 compared to A5).
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