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Abstract
Purpose Huntington disease (HD) mutation increases gain-
of-toxic functions contributing to glutamate-mediated
excitotoxicity. Riluzole interferes with glutamatergic neuro-
transmission, thereby reducing excitotoxicity, enhancing
neurite formation in damaged motoneurons and increasing
serum concentrations of BDNF, a brain cortex neurotrophin
protecting striatal neurons from degeneration.
Methods We investigated metabolic and volumetric differ-
ences in distinct brain areas between 11 riluzole-treated and
12 placebo-treated patients by MRI and 18F-fluoro-2-
deoxy-D-glucose (FDG) PET scanning, according to fully
automated protocols. We also investigated the influence of
riluzole on peripheral growth factor blood levels.

Results Placebo-treated patients showed significantly greater
proportional volume loss of grey matter and decrease in
metabolic FDG uptake than patients treated with riluzole in all
cortical areas (p<0.05). The decreased rate of metabolic FDG
uptake correlated with worsening clinical scores in placebo-
treated patients, compared to those who were treated with
riluzole. The progressive decrease in metabolic FDG uptake
observed in the frontal, parietal and occipital cortex
correlated linearly with the severity of motor scores
calculated by Unified Huntington Disease Rating Scale
(UHDRS-I) in placebo-treated patients. Similarly, the rate
of metabolic changes in the frontal and temporal areas of the
brain cortex correlated linearly with worsening behavioural
scores calculated by UHDRS-III in the placebo-treated
patients. Finally, BDNF and transforming growth factor
beta-1 serum levels were significantly higher in patients
treated with riluzole.
Conclusion The linear correlation between decreased met-
abolic FDG uptake and worsening clinical scores in the
placebo-treated patients suggests that FDG-PET may be a
valuable procedure to assess brain markers of HD.
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Introduction

Huntington’s disease (HD) is caused by a CAG repeat
expansion mutation in the huntingtin (HTT) gene, resulting
in brain damage primarily involving the striatum [1] and,
more extensively, several cortical regions [2, 3]. The
abnormal elongated protein huntingtin is widely expressed
in all body tissues, eventually reaching toxic levels [4].
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Further toxicity is attributed to the effect of mutant HTT on
other proteins, including neurotrophins such as brain-derived
neurotrophic factor (BDNF) [5–7], which are protective and
underexpressed in the presence of mutant HTT [5–7]. Other
growth factors such as glial cell line-derived neurotrophic
factor (GDNF), neurotrophic growth factor, and cytokines
such as transforming growth factor (TGF beta-1), play a role in
neurodegenerative diseases and, possibly, in HD, sometimes
showing dysregulation in brain and periphery [8–10].

The transcription of some neurotrophic factors is mediated
by metabotropic glutamate receptors [11], which are strictly
related to excitotoxicity in HD. The excitotoxic hypothesis
relates increased huntingtin toxicity to glutamate release in
the cortex through a cascade of events, causing cell
dysfunction and death in the striatum and several cortical
regions [12]. Indeed, the progressive cortical dysfunction and
degeneration associated with abnormal RNA expression in
motor cortical areas [13] contributes to the progression of
patients’ disability [2, 3]. Studies on cortical areas have
demonstrated abnormal progressive glucose metabolism in
HD [2, 14, 15], thus proving that neuronal stress occurs in
vivo as has been shown in vitro [16]. Therefore, early
damage to several brain cortical areas associated with
progressive striatum atrophy gives support to the hypothesis
that the wide spectrum of clinical signs and symptoms of HD
may relate to widespread damage to the cortex [3, 17].

Riluzole interferes with glutamatergic neurotransmission,
thereby reducing excitotoxicity, enhancing neurite formation
in damaged motoneurons [18], and increasing serum concen-
trations of BDNF [19, 20]. In a previous longitudinal
prospective study set up to analyse the magnitude of
volumetric and metabolic brain changes in riluzole-treated
patients in comparison to placebo-treated patients (100mg/day
riluzole versus placebo), we have demonstrated that brain grey
matter volume and glucose metabolism after about 2 years are
protected in patients receiving the drug compared to patients
receiving placebo [20].

In the present study we investigated metabolic and
volumetric differences in distinct brain areas between 11
riluzole-treated patients and 12 placebo-treated patients by
MRI and FDG PETscanning, according to our fully automated
protocols [2]. We also sought to determine whether these
changes were related to clinical markers in the two groups of
patients. Finally, we investigated the influence of riluzole on
peripheral growth factor blood levels.

Materials and methods

Subjects

All 23 patients [20] underwent genetic testing after
providing informed consent and after neurological exami-

nation, including motor, psychiatric, cognitive and func-
tional assessments, by a physician with expertise in HD
[20, 21]. Subjects’ consent was obtained according to the
Declaration of Helsinki (Br Med J 1991;302:1194). Age at
onset of symptoms was calculated according to the initial
neurological manifestations [20, 21]. Motor symptoms and
behavioural and cognitive changes were assessed clinically
with the unified HD rating scale (UHDRS) [22]. All
patients were matched for age, gender, mutation size, and
disease stage, according to a previously published strategy
(Table 1) [20]. Of the 23 patients enrolled, 11 received
blinded treatment with the neuroprotective agent, as
previously described [20].

Two MRI and PET scans were obtained for each patient
and a mean interval of 24 months elapsed between scanning
sessions [2, 20]. Serum BDNF, GDNF and TGF beta-1 levels
were measured after the second MRI and PET scans in
different cohorts of riluzole-treated patients, placebo-treated
patients and healthy control subjects, according to a previ-
ously described method [6, 20]. Serum samples from all

Table 1 Demographic and clinical characteristics of subject groups.
Patients were matched for age, gender, age at onset, motor (UHDRS I)
and behavioural (UHDRS III) scores, disease stage (total functional
capacity, TFC) score and disability scale scores (p<0.05, unpaired t-test)

Placebo-treated Riluzole-treated

No. of patients 12 11

Female:male ratio 5:7 6:5

Follow-up time (months) 24 24

Age (years)

Mean±SD 53.58±10.05 46.70±12.04

Range 35–70 25–64

CAG repeat number

Mean±SD 42.92±2.27 45.62±3.90

Range 39–48 41–54

TFC scorea

Mean 8.25±3.90 8.90±2.23

Range 3–13 6–12

Disability scoreb

Mean±SD 77.92±13.89 80.00±11.55

Range 50–92.50 65–100

UHDRS I

Mean±SD 41.17±20.38 41.10±18.69

Range 14–83 10–59

UHDRS III

Mean±SD 18.17±11.04 16.50±10.16

Range 3–44 3–33

a TFC score: ranges from 13 to 0, with lower scores indicating more
severe dysfunction
b Summary disability score: ranges from 100 to 10, with lower scores
indicating greater loss of independence
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subjects were collected and stored at IRCCS Neuromed, after
informed consent had been obtained. Of the 23 patients
enrolled, 11 received blinded treatment with the neuro-
protective agent [20].

MRI studies

MRI protocols included two interleaved sets of 15 slices
covering the entire brain obtained at 1.5 T (Magnetom,
Siemens, Erlangen, Germany), sampling the brain at a total
of 30 levels. Each of the two sets was composed of two
conventional spin-echo sequences, generating 15 T1-weighted
(TR/TE 600/15 ms) and N(H)/T2-weighted (TR/TE1–TE2
2200/15–90 ms) images (25 cm FOV, 256×256 acquisition
matrix, 4 mm thick axial slices). MRI segmentation procedure
and statistical analysis were performed as described previously
[2, 23]. In brief, brain compartments were segmented with a
fully automated postprocessing procedure kindly provided by
Dr. Bruno Alfano of the Biostructure and Bioimaging
Institute of the CNR. For each MRI study, total intracranial
volume and absolute volumes (in millilitres) of the grey
matter (GM), white matter (WM), and cerebrospinal fluid
(CSF), and the intracerebroventricular volume (ICV) and
corresponding fractional volumes (fGM = GM/ICV, fWM =
WM/ICV, and fCSF = CSF/ICV) were calculated to allow
comparison of data from subjects with different head sizes.
Each compartment (fGM, fWM, and fCSF) was then
corrected for age-related changes by adjusting variables to
the mean age of the subjects studied in years), according to
the corresponding rates of yearly decline (for fGM, 0.013‰
per year) or yearly increase (for fCSF, 0.015‰ per year), as
measured in the database of normal volunteers [2, 23].

PET data acquisition

All subjects underwent static 18F-FDG PET after receiving
a 300-MBq injection of 18F-FDG while resting with eyes
closed and ears plugged to reduce background noise. About
30 min after tracer injection, images were acquired with an
ECAT EXACT 47 scanner (CTI/Siemens). After 5 min of
transmission scanning with a 68Ge rod source, emission
scanning was performed for 25 min in two-dimensional
mode. Emission scans were reconstructed using the back-
projection method with a Shepp-Logan filter (cut-off
frequency 0.35), resulting in 47 slices with a 128×128
matrix (pixel size 1.8 mm) and an interplane separation of
3.125 mm. The attenuation effects were corrected using
measured transmission images.

PET image transformation and statistical analysis

PET images were converted into Analyze format using
ImageJ software (http://rsb.info.nih.gov/ij/). Integrated anal-

ysis of PET studies and coregistered segmented MR images
was performed with software that included a correction for
partial-volume effects and a region-of-interest module [24].
Partial-volume effects were corrected according to the
methods of Muller-Gartner et al. [25]. Regions of interest
were defined in the normalized space of Talairach using the
automated voxel-identification routine of the Talairach
Daemon software [26, 27]. The regions of interest encom-
passed the major GM structures (frontal, parietal, occipital
and temporal lobes, basal ganglia, and cerebellum). In order
to apply this region-of-interest set to each subject’s image
dataset in the original space, we applied to the ROI set in the
Montreal Neurological Institute space the parameters for
normalization of the subject’s PET image onto the PET
template space of statistical parametric mapping. Data were
normalized by mean global counts.

Statistics

The rate of volume and metabolic change over time was
calculated for GM and FDG-PET uptake according to the
following formula: rate of change = (delayed scan)−(baseline
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Fig. 1 Rate of metabolic and structural brain changes in riluzole-
treated and placebo-treated patients: a glucose metabolism changes; b
grey matter volume changes (*p<0.05, riluzole vs placebo, unpaired
t-test; empty bars placebo-treated, filled bars riluzole-treated)
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scan)/(delayed scan)×100/(time between scans). Differences
in the rate of change between riluzole-treated and placebo-
treated patients were compared using t statistics, controlling
for age and sex. The linear dependence of PET-normalized
data on UHDRS I and UHDRS III score was determined by
a simple regression model. A significance level of p≤0.05
was chosen. Statistical analysis was performed with the JMP
statistical software package (SAS, Cary, NC).

Results

After a mean interval of 24 months we observed brain
volumetric structural and metabolic changes in several

cortical areas both in the 11 riluzole-treated patients and in
the 12 placebo-treated patients (Table 1 and Fig. 1).
Placebo-treated patients showed significantly greater pro-
portional volume loss of fGM and decrease in metabolic
FDG uptake than patients treated with riluzole in all cortical
areas (p<0.05). All subjects showed a similar mean clinical
score at UHDRS I and III (Table 1) associated with their
HD stage. However, the decreased rate of metabolic FDG
changes observed in several areas of the frontal, parietal
and occipital cortex in placebo-treated patients correlated
linearly with the severity of the UHDRS I score, rating
motor performance (Fig. 2). The same rate of metabolic
change in the frontal and temporal areas of the brain cortex
in placebo-treated patients correlated linearly with worsen-
ing UHDRS III score, rating the severity of behavioural
manifestations (Fig. 3). Differences in the distribution of
longitudinal metabolic changes in the brain cortex in both
placebo-treated and riluzole-treated patients are shown in
Fig. 4. Serum levels of BDNF and TGF beta-1, but not
those of GDNF, were significantly increased in patients
treated with riluzole (Fig. 5). No significant differences in
the changes in the clinical scores were detected between the
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Fig. 2 Linear correlation between the rate of decrease in FDG uptake
in cortical brain areas and worsening UHDRS-I motor scores in placebo-
treated patients: a parietal cortex; b occipital cortex; c cingulate.
Regression equations are: a y = −0.25x + 6.38 (r2 = 0.45, p = 0.027);
b y = −0.21x + 8.64 (r2 = 0.34, p = 0.046); c y = −0.16x + 1.24 (r2 = 0.43,
p = 0.021)

-14

-12

-10

-8

-6

-4

-2

0

2

4

0 10 20 30 40 50

R
at

e 
of

 m
et

ab
ol

ic
 c

ha
ng

e 
(f

ro
nt

al
)

-10

-8

-6

-4

-2

0

2

4

6

0 10 20 30 40 50

R
at

e 
of

 m
et

ab
ol

ic
 c

ha
ng

e 
(t

em
po

ra
l)

A

B

UHDRS-III

6

-14

-12

Fig. 3 Linear correlation between the rate of decrease in FDG uptake
in cortical brain areas and worsening UHDRS-III behavioural scores
in placebo-treated patients: a frontal lobe; b temporal lobe. Regression
equations are: a y = −0.31x + 1.87 (r2 = 0.48, p = 0.012); b
y = −0.27x + 3.46 (r2 = 0.53, p = 0.008)
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riluzole-treated and placebo-treated patients, nor were they
correlated with metabolic brain changes.

Discussion

We sought to determine whether riluzole could be neuro-
protective in HD, adopting a strategy that combined
imaging, clinical and biochemical data from a relatively
small but well-characterized cohort of patients, longitudi-
nally followed-up for 2 years [20]. Considering that

follow-up is relatively restricted in most pharmacological
studies (not exceeding 3–4 years), we compared the
worsening (instead of the improvement) in metabolic and
structural brain changes in riluzole-treated patients to
those in placebo-treated patients matched by age, gender,
mutation size, and disease stage. We believe that the
short follow-up as in this and other studies [20, 28] may
have resulted in failure to detect improvements in clinical
scores. Moreover, to be neuroprotective and to be
extended to the presymptomatic life stage, an HD phase
where no visible symptoms are manifesting, a drug needs

Fig. 4 T1-W MR images show-
ing areas with significant
changes in glucose metabolism
in placebo-treated patients with
significant deterioration in (a)
UHDRS-I score and (b)
UHDRS-III score
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to at least interfere with biological markers reflecting HD
neuropathology. In our study we unequivocally demon-
strated that glucose metabolism and brain structure were
preserved in those patients who received riluzole, an
antiglutamatergic agent that increases blood levels of the
neurotrophins BDNF and TGF beta-1. The missing
increase in GDNF is not surprising, as this neurotrophin
strictly depends on BDNF [29] and TGF beta-1 [30] to
exert its neurotrophic potential.

An interesting finding of the current study is the linear
correlation between the progressive metabolic glucose
consumption and the severity of UHDRS scores, interna-
tionally validated rating scales [22], in patients who did not
receive riluzole. This finding corroborates the potential role
of FDG-PET as a valid examination to test brain markers of
HD, and gives strength to the hypothesis that riluzole
interferes with progressive brain hypometabolism in
patients with HD. Even more interestingly, increasing
motor scores in placebo-treated patients were related to
metabolic changes extensively occurring in the whole
cortical brain area, particularly the parietal cortex [3],
whilst metabolic changes in the frontal and temporal areas
correlated with increasing scores of behavioural manifes-
tations (particularly obsessive behaviour was related to the
frontal and temporal areas and apathy to temporal hypo-
metabolism). This finding is in line with the hypothesis that
parietal areas might influence motor manifestations [3]
whilst psychiatric manifestations may depend on frontal
[31] and temporal dysfunction [32]. A potential beneficial
effect on symptoms might perhaps be highlighted after
several years of treatment, and this may explain why a
previous large study over 4 years failed to highlight such
improvement [28].

These findings offer strength to the hypothesis that
antiglutamatergic drugs do represent a neuroprotective
strategy in HD and that riluzole should be seriously
considered as a well-tolerated pharmacological therapy
with the potential to be extended to subjects at the
presymptomatic stage [33]. For instance, the discovery of
distinct brain and peripheral markers that highlight the
progression from one stage to another would certainly
represent a crucial step in determining the best treatment
[34].
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