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ABSTRACT

Objectives: We aimed to describe the clinical phenotype conferred by the intermediate-length
huntingtin allele CAG repeat expansion in a population-based study.

Methods: The Prospective Huntington At Risk Observational Study (PHAROS) enrolled adults at
risk for Huntington disease (HD). They were assessed approximately every 9 months with the Uni-
fied Huntington's Disease Rating Scale (UHDRS) by investigators unaware of participants’ gene
status. UHDRS scores were compared according to the Huntingtin gene CAG repeat number:
expanded >36, intermediate 27-35, and nonexpanded controls <26.

Results: Fifty (5.1%) of the 983 participants had an intermediate allele (IA). They were similar to
controls on UHDRS motor, cognitive, and functional measures, but significantly worse behavior-
ally on apathy and suicidal ideation. On 5 of the 9 other behavioral items and on total behavior, the
|A group’s scores were worse than those of controls and expanded participants, who themselves
scored significantly worse than controls on 6 behavioral measures. Retention rates at 4 years
were 48% for the IA group compared to 58% and 60% for the expanded and control groups.

Conclusions: In a cohort at risk for HD, the |A was associated with significant behavioral abnormal-
ities but normal motor and cognition. This behavioral phenotype may represent a prodromal stage of
HD, with the potential for subsequent clinical manifestations, or be part of a distinct phenotype con-
ferred by pathology independent of the CAG expansion length. Neurology® 2013;80:2022-2027

GLOSSARY

CAG = cytosine-adenine-guanine; COHORT = Cooperative Huntington’s Observational Research Trial; FXS = fragile X
syndrome; HD = Huntington disease; IA = intermediate allele; PHAROS = Prospective Huntington At Risk Observational
Study; UHDRS = Unified Huntington's Disease Rating Scale.

Huntington disease (HD) is an autosomal dominant neurodegenerative disorder affecting motor,
cognition, and behavior. It is caused by an unstable expansion of the cytosine-adenine-guanine
(CAG) trinucleotide repeat within the huntingtin gene.' The presence of 40 or more CAG repeats
confers HD. At 36 to 39 repeats, there is reduced penetrance with a much later disease onset, if at
all.> A CAG expansion ranging from 27 to 35 CAG repeats is considered intermediate and is
nonpathologic by definition,” meaning that it has no direct phenotypic consequences. However,
as an unstable or mutable normal allele, this intermediate allele (IA) has the small risk of expanding
into the disease range upon germline transmission. Therefore, IA carriers, though unaffected
themselves, may pass on the expanded version of the HD gene to cause manifest disease in their
offspring.* There have been reports of individuals with an IA developing late-onset HD,”> but
population-based data are lacking. We sought to identify and describe the phenotype of individ-
uals with the IA as a component of the Prospective Huntington At Risk Observational Study
(PHAROS).¢

METHODS Study design and subjects. PHAROS is an observational study involving 43 North American sites of the Huntington
Study Group. Between July 1999 and January 2004, PHAROS enrolled 1,001 unaffected participants aged 26-55 years. The rationale
behind the cohort size has been previously described.® Subjects were at 50-50 risk for having inherited the HD repeat expansion by virtue
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of having an affected parent or sibling, but had chosen not to
undergo predictive DNA testing. Individuals were excluded for
severe depression or psychosis. Although de-identified examination
of DNA was a component of the study, neither participants nor

investigators were informed of individual results of gene analyses.

Clinical evaluation. Approximately every 9 months, partici-
pants were clinically evaluated on all domains (motor, cognition,
behavior, and functioning) of the Unified Huntington’s Discase
Rating Scale (UHDRS).”

Data analyses. Participants’ UHDRS scores were examined
according to (nonpredetermined) CAG expansion lengths as rec-
ommended by the American College of Medical Genetics’:
expanded >30, intermediate 27-35, and nonexpanded controls
<{26. Analysis of variance using ranks was used to assess pairwise
comparability at baseline among these 3 groups. Age- and sex-

adjusted repeated measures analyses were also performed.

Genetic testing. Blood samples were collected and the HD gene
trinucleotide expansion length (CAGn) was measured at the
DNA laboratory of the Molecular Neurogenetics Unit at Massa-

chusetts General Hospital, as previously described.®

Standard protocol approvals, registrations, and patient
consents. The study protocol and consent procedure were

approved by institutional review boards at all participating sites.

RESULTS PHAROS enrolled 1,001 participants.
Fourteen subjects with unequivocal HD motor features
at baseline and 4 subjects missing CAG data were
excluded from these analyses. Data from the remaining
983 participants were analyzed. Figure 1 shows the fre-
quency distribution of the huntingtin alleles in this

cohort. Baseline demographic and clinical characteristics
are presented in tables 1 and 2. Both at baseline and
over time, the IA group was found to be similar to the
control group in regards to motor, cognition, and func-
tioning. The mean UHDRS behavioral scores at base-
line are presented in figure 2. Compared to the
expanded and control groups, the IA group has higher
(worse) baseline scores on all behavioral features except
for depressed mood, anxiety, disruptive/aggressive
behavior, and compulsive behavior. Despite this, the
IA group is only significantly worse than the control
group in regards to apathy (p = 0.0381) and suicidal
thoughts (p = 0.0127). In contrast, the expanded group
is significantly worse than controls with respect to base-
line behavioral measures of irritability, anxiety, persev-
erative/obsessional  thinking, low  self-esteem/guilt,
depressed mood, apathy, and total behavior score. Over
the first 4 years of prospective evaluation, this pattern of
behavioral abnormalities persists, but with a slight trend
toward improved scores, as shown in figure 3. After 4
years, the retention rates were 46% for the intermediate
group and 58% and 60% for the expanded and control

groups.

DISCUSSION In a population at risk for HD, we
sought to characterize the phenotype associated with
the TA. The PHAROS IA group is one of the largest
ever studied in a premanifest population. This group
was not significantly different from the nonexpanded

[ Figure 1 Huntingtin allele frequency distribution in Prospective Huntington At Risk Observational Study cohort ]
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[ Table 1 Baseline demographic information of PHAROS cohort by CAG expansion length ]

Control:
CAG <26 (nh = 587)

Age, y, mean = SD 4224 ~ 7.38
Male, % 31

Marital status, %

Single 15

Married 72

Divorced 13
Education, y, mean = SD 148 + 2.6
Not in labor force, % 4

Intermediate: Expanded:
CAG 27-35 (n = 50) CAG =36 (n = 346)

41.54 = 7.04 41.06 = 7.22
42 29

24 22

66 67

10 11

151 + 21 151 +26

0 5

Abbreviations: CAG = cytosine-adenine-guanine; PHAROS = Prospective Huntington At Risk Observational Study.

control group on UHDRS measures of motor, cogni-
tion, and function. However, compared to controls at
baseline, the IA group had significantly worse apathy
and suicidal ideation, and it had higher (worse) scores
on 5 of the 9 other behavioral items, as well as the total
behavioral score. Such findings were unlikely affected by
information bias as both subjects and investigators were
blinded to participants’ gene status. Our findings sug-
gest that the IA, despite traditionally being considered
nonpathologic, may confer an abnormal behavioral
phenotype. This is supported by data from the Coop-
erative. Huntington’s Observational Research Trial
(COHORT), which studied HD-affected individu-
als and their close relatives.” Compared to controls,
COHORT’s IA group had worse depressed mood, sui-
cidal thoughts, and suicidal attempts per history.

The significance of the IA behavioral phenotype is

unclear, but it may represent a prodromal stage of

HD, with the potential for later development of the
motor and cognitive features of the disease. A behav-
joral prodrome is often seen in expanded individuals'
up to 20 years prior to the onset of the motor features
that are traditionally used to define diagnosis.!' The IA
group’s behavioral features representing a prodrome
would support the recent case reports of late-onset
HD in IA carriers.” The notion that motor abnormal-
ities would be of late onset (if at all) in individuals with
the relatively short IA is supported by the known
inverse correlation between age at onset of motor fea-
tures and CAG expansion length.'> However, only
approximately 60% of the variation in age at onset is
determined by the allele expansion length, with
genetic and environmental factors accounting for the
remainder.'® In late-onset disease, these modifiers can
be the determining factor as to whether or not the
disease will occur in a lifetime.

[ Table 2 Baseline clinical characteristics of PHAROS cohort by CAG expansion length ]

Control: CAG <26

Diagnostic confidence level, %

0 66
1 29
2 4
3 1
UHDRS total motor® 1.87 + 2.84

UHDRS cognition

Verbal Fluency 39.0+ 116
Symbol Digit 53.7 + 9.6
Stroop Color 81.8 + 13.1
Stroop Word 96.3 + 12.7
Stroop Interference 46.5 + 10.9
UHDRS Total Functional Capacity 12.97 = 0.21

Intermediate: CAG 27-35 Expanded: CAG >36

70 52

28 33

0 10

2 5

1.64 + 2.67 297 * 416
375102 384 +11.9
516 +11.8 524 +10.2
80.9 + 16.6 774 =147
92.7 = 15.0 93.8 + 13.5
474 =120 4511 +11.8
12.98 + 0.14 1295 + 0.31

Abbreviations: CAG = cytosine-adenine-guanine; PHAROS = Prospective Huntington At Risk Observational Study; UHDRS =

Unified Huntington's Disease Rating Scale.
2UHDRS values are listed as score means + SD.
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[ Figure 2

Baseline mean Unified Huntington's Disease Rating Scale behavioral scores by CAG expansion length
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Despite the fact that individuals with severe
depression were excluded from PHAROS, our IA
group was significant for concerning features com-
mon to prodromal HD: apathy' and suicidal idea-
tion.'”” Apathy leads to decreased goal-directed
behaviors and has a considerable adverse impact on
quality of life in manifest HD.'¢ Suicidal ideation is a
strong risk factor for suicide, which itself is known to
occur 4 to 8 times more often in HD than in the
Figure 3 Mean total behavioral Unified Huntington’s Disease Rating Scale
scores over time by CAG expansion length
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general population.”” In PREDICT, a prospective
study of premanifest subjects aware of their HD gene
status, even psychiatric features that were considered
subtle and subclinical were negatively associated with
daily functioning scores.'” In our study, the IA
group’s relatively high behavioral scores suggest that
they have mental health care needs that are not being
met. Currenty individuals found to have the IA
through predictive genetic testing are believed to be
unaffected with no need for follow-up care. However,
in light of our findings, perhaps better screening and
monitoring for psychiatric symptoms is warranted in
this population.

If behavioral features are indeed representative of a
prodromal stage for late-onset HD, then the IA is anal-
ogous to the “reduced penetrance” CAG repeat range
(36-39), and may or may not lead to late-onset dis-
ease. As such alleles have a low incidence and often go
untested, their penetrance is believed to be grossly
underascertained.'”® However, one report estimates a
60% penetrance with 39 CAG repeats (in a normal
lifespan), progressively decreasing to 14% with 36
repeats.'” It would seem possible that there might be
further decrementing probabilities of disease occur-
rence with each decrease in CAG repeat number, at
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least into the upper IA range. The values used for
defining the intermediate and reduced penetrance
alleles are not based on underlying pathology, but
on documented cases of HD. However, these cutoffs
have had to be adjusted accordingly with recognition
of new cases in the past.® Given the evidence from the
recent case reports of IA-associated late-onset HD, the
alleles’ ranges may warrant further adjustment, so that
the category of reduced penetrance extends to include
shorter expansion lengths stretching into the IA range.
Ultimately, given the wide range of estimated risk of
disease associated with these partially penetrant alleles,
it might be more informative to replace the use of
diagnostic cutoff values in favor of a diagnostic prob-
ability spectrum based on expansion length and pos-
sibly other relevant genetic or environmental factors as
they become known.

An alternative consideration is that the IA group’s
behavioral features represent, or are a component of, a
distinct phenotype. The total behavioral scores did
not correlate with the length of the IA expansion
(data not shown). In manifest HD, behavioral abnor-
malities are independent of the CAG expansion
length®' as well as the cognitive and motor aspects
of the disease.”” Instead, behavioral features are
thought to be the result of unknown heritable genetic

modifiers,?!?3

which IA carriers may also be suscep-
tible to given their common genetic background with
expanded individuals. In fragile X syndrome (FXS),
another trinucleotide repeat disorder, there is a com-
parable premutation that is pathogenically indepen-
dent from the primary mutation.** Specifically, a loss
of function underlies the mental retardation syn-
drome of FXS, whereas mRNA toxicity is believed
to be the cause of the distinct FXS premutation phe-
notypes, namely fragile X-associated tremor/ataxia

> and primary ovarian insufficiency.”

syndrome?
The FXS premutation was previously considered to
be nonpathologic, like the Huntington IA is. Perhaps
the behavioral abnormalities seen in the IA group (as
in HD itself) are secondary to a mechanism that is
independent from the expansion length that leads to
HD’s motor and cognitive dysfunction.

Our study had limitations. For one, it was not of
sufficient duration to ascertain whether or not any IA
carriers would ultimately progress to exhibit other
manifestations and warrant a clinical diagnosis of
HD. However, this is not surprising given the inverse
correlation between the CAG repeat expansion length
and the age at motor diagnosis. With the relatively
short IA expansions, one would not expect to see
any motor features until late in life, and the mean
age of the IA group was only 41.5 years. The eventual
development of motor and cognitive abnormalities in
this population would be consistent with our IA
group’s behavioral features representing an early

Neurology 80 May 28, 2013

prodrome of HD, support the recent case reports of
IA carriers manifesting late-onset HD, and reinforce
the need to consider adjusting the current genetic
criteria for HD’s reduced penetrance alleles.

PHAROS’s sample size of IA carriers was relatively
small, particularly in comparison to the much larger
control and expanded groups. At 4 years, less than half
(46%) of the IA group remained in the study, some-
what less than the retention rates seen in the expanded
(58%) and control (60%) groups. This is not unex-
pected, given that subjects with psychiatric symptoms
such as apathy or depression are more inclined to dis-
continue study participation.”” The seemingly selective
retention of behaviorally healthy participants may have
contributed to the slight trend in improved behavioral
scores. However, this trend may also be related to the
potential benefit of study participation or relatively
increased access to psychiatric treatment.

Individuals with behavioral abnormalities may have
been underrepresented in PHAROS. People with
depressive features may have been relatively less
inclined to enroll, and PHAROS excluded potential
subjects with psychosis or severe depression. These fac-
tors may have selected against participants with an IA,
not only resulting in underrepresentation of sample
size but also undermining the severity of the pheno-
type’s behavioral abnormalities. In addition, we did
not systematically evaluate the impact of medication
usage on our findings, thereby not accounting for sub-
jects with effectively treated behavioral symptoms.

Our findings suggest that the IA confers an abnor-
mal behavioral phenotype, despite traditionally being
considered nonpathologic. Further study is warranted
to better characterize the IA phenotype, its potential
development into late-onset HD, and its underlying
pathology. Findings from prospective studies may
help to inform decisions regarding genetic counseling
for individuals with the intermediate CAG repeat
expansion, and perhaps help to refine the diagnostic
criteria for HD alleles.
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