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CAG REPEAT EXPANSION IN HUNTINGTON

DISEASE DETERMINES AGE AT ONSET IN A

FULLY DOMINANT FASHION

N. Ahmad Aziz, Raymund A.C. Roos, Leiden, the
Netherlands: We read with interest the article by
Lee et al.1 concerning the potential effect of the CAG
repeat size in the normal HTT allele on age at motor
onset in Huntington disease (HD). Although the au-
thors have done an excellent job in analyzing data on
an impressively large number of patients with HD,
we feel that the following points should be consid-
ered before dismissing a potential disease-modifying
role of the normal HTT allele. First, the authors’
findings concern age at motor onset only yet cogni-
tive and behavioral disturbances often precede motor
onset and should be treated equally in defining age at
onset as in our study.2 Second, the authors equate age
at motor onset to rate of disease progression,1 and do
not formally assess serial clinical measurements on
the same individuals as we previously reported.2

However, the observation that, despite a similar age
at onset, homozygote patients display a faster rate of
clinical deterioration suggests that mechanisms con-
tributing to age at onset and disease progression
might not entirely overlap.3 Third, although exclud-
ing outliers generally yields more robust statistical
models, this comes at the cost of missing potentially
interesting genetic modifiers at the allelic extremes.4

Author Response: James F. Gusella, Jong-Min
Lee, Marcy E. MacDonald, Boston: We thank Aziz
et al. for their interest in our study1 but feel that some
clarification is required. They are correct that our
study was aimed exclusively at determining whether
the shorter CAG repeat allele in HD has a significant
impact, either alone or in interaction with the longer,
expanded allele, on the age at which motor distur-
bance—the phenotype considered diagnostic of the
disorder—is manifest.

This phenotype represents one point in a long
pathogenic process triggered by the expanded CAG
repeat. There are other, less HD-specific phenotypes
that may be displayed by HD individuals including
cognitive and behavioral disturbances. It is possible
that for these other phenotypes, the shorter CAG re-
peat allele may be a modifying factor. However, such
a modifying effect would have to act on a step in
pathogenesis that is not important in the pathogenic
pathway that leads to motor onset. Consequently,
this question should be examined by studying age at
onset of the given phenotype on its own, rather than
studying a single population in which ages at onset of
motor, cognitive, or behavioral symptoms are not
distinguished from each other.

It is inaccurate to state that we “equate age at
motor onset with rate of disease progression.” In our
study, the age at which HD motor symptoms are
manifest offers a direct measure of the rate of the
pathogenic process up to that point. That the length
of the expanded CAG repeat is tightly correlated
with age at onset indicates that the mutation’s effects
are the primary determinant of this particular rate.
Conversely, “progression,” as referred to by Aziz et
al., represents an examination of serial clinical mea-
surements on the same individuals and therefore typ-
ically refers to phenotypes that occur after onset. It
has been shown that many measures of progression
show little if any correlation with the length of the
expanded CAG repeat, indicating that other factors
are the primary determinants of the rate of progres-
sion of any particular clinical measurement or of
severity scores based upon them. We previously re-
ported the absence of any significant correlation of
the expanded CAG repeat length on duration of dis-
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ease, as measured by the time from motor onset to
death (and therefore not biased by studying primarily
living subjects).5 We have not examined the shorter
HD CAG repeat for any specific measures of pro-
gression and therefore cannot exclude it as a factor in
this process, which is clearly distinct from the process
that leads to motor onset.

Finally, we showed that using genotypic extremes
in an inappropriate statistical paradigm can lead to
false-positive results. This can negatively influence
the time, energy, and funds expended on false leads.
It does not deny the potential value of extreme indi-
viduals, but simply indicates that another mode of
analysis is required to reach definitive conclusions
from such individuals.
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THE TREMOR NETWORK TARGETED BY

SUCCESSFUL VIM DEEP BRAIN

STIMULATION IN HUMANS

Fan-gang Meng, Jian-guo Zhang, Beijing, China;
C. Chris Kao, Nashville, TN: Klein et al.1 provide
evidence that the network of structural connectivity
can be reconstructed from stimulation contact sites
to remote targets in deep brain stimulation (DBS) of
the ventral intermediate nucleus of thalamus (VIM)
in humans. Essential tremor (ET) is the most com-
mon tremor disorder and Parkinson disease (PD) is
often accompanied by tremors. ET and PD can both
can be treated with DBS but the difference is that
STN was used as a target in PD and VIM in ET.
There is evidence that STN stimulation-induced
motor improvement was sustained at 10 years in
PD,2 and habituation of tremor suppression can be
developed in VIM-DBS in ET.3 As the stimulation
effect of the 2 targets is different, the mechanisms
must be investigated. In addition, the differences

in the reproducible networks of structural connec-
tivity must be determined. Subthalamic nucleus
(STN) and VIM stimulation activate different re-
mote targets, and this might relate to the tolerance of
VIM-DBS in ET but long-term effect of STN-DBS
in PD. Further studies are needed to explore the re-
producible network reconstruction of STN and VIM
and to understand the mechanism of stimulation.

Author Response: Johannes C. Klein, Rudiger
Hilker, Frankfurt, Germany: We thank Meng et al.
for their interest in our work. Stimulation of VIM
and STN produces significantly different clinical re-
sults, along with a different spectrum of side effects.

It is likely that these observations are due to dif-
ferences of the neuronal circuitry, including remote
connections of these regions. Optogenetic studies in
parkinsonian rodents have found that stimulation of
axons projecting to the STN, in contrast to stimula-
tion of its cell bodies, mediates suppression of motor
symptoms.4 This study underlines the importance of
modulating the STN�s connectional network for
clinical efficacy in the treatment of PD.

A diffusion tractography study analyzed remote
connections of the STN in a set of normal volun-
teers.5 The authors reconstructed a remote network
of connectivity that is very different from the VIM
network, and comparable to previous studies of STN
connectivity in nonhuman animals. These differ-
ences between VIM and STN networks may explain
the disparate clinical effects of DBS of these targets.
However, data regarding the connectivity of the tar-
get point in STN patients are not yet available.
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