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CAG repeat size in Huntingtin alleles is associated with
cancer prognosis

Morgane Sonia Thion1,2,3,4, Sophie Tézenas du Montcel5,6,7, Jean-Louis Golmard5, Sophie Vacher1,
Laure Barjhoux8, Valérie Sornin8, Cécile Cazeneuve9,10, Ivan Bièche1,11, Olga Sinilnikova12,16,
Dominique Stoppa-Lyonnet1,13,16, Alexandra Durr9,10 and Sandrine Humbert14,15 for GEMO16

The abnormal expansion of a ≥36 CAG unit tract in the Huntingtin gene (HTT) leads to Huntington's disease (HD), but has also

been associated with cancer: the incidence of cancer is lower in HD patients than in age-matched controls, but HD-causing

variants of HTT accelerate the progression of breast tumors and the development of metastases in mouse models of breast

cancer. To investigate the relationship between HTT CAGs and cancer, data concerning 2407 women with BRCA1 or BRCA2
mutations that predispose to breast and ovarian cancers and 431 patients with breast cancer without family histories were

studied; the size of the CAG expansions on both HTT alleles was determined in each subject. The proportion of individuals

carrying a CAG expansion in a pathological range for HD was 10 times more frequent than previously reported in the literature.

In carriers of BRCA2 mutations, the length of the HTT CAG tract was correlated with lower incidence of ovarian cancer. Among

carriers of BRCA1 mutations who developed a breast cancer, its onset occurred 2.4 years earlier in individuals with intermediate

HTT alleles (≥27) than in those with a CAG tract o27. Finally, in patients with sporadic HER2 breast cancer, metastasis

increased by a factor of 11.10 per 10 additional CAG repeats in HTT. We concluded that whereas long CAG length could be

associated with lower cancer incidence, it could also be paradoxically associated with cancer severity (age of apparition and

metastasis development).
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INTRODUCTION

The Huntingtin (HTT) gene has mostly been studied in the context of
the neurodegenerative disorder Huntington’s disease (HD). HTT
carries a polymorphic trinucleotide repeat of CAG in exon 1, encoding
a polyglutamine stretch in the huntingtin protein (HTT).1 In the
general population, the CAG expansion ranges from 9 to 35 repeats
with an average between 17 and 20 repeats. An expansion exceeding 35
results in HD.2–4 Age at symptomatic disease is negatively correlated
with the CAG tract size, the longer the repeat, the earlier the disease
onset. Although for individuals with 40 or more CAG repeats, the
expansion is necessary and sufficient to cause HD, carriers of 36–39
CAG repeats may have incomplete penetrance or later onset. Inter-
mediate alleles between 27 and 35 CAG repeats were originally thought
to have no clinical implications. However, this view has been recently
challenged5 and evidence shows that patients with an intermediate
number of repeats could manifest some aspects of the disease.6

Two studies reported that the incidence of cancer is lower in
patients with HD than in aged-matched controls.7,8 On the other

hand, HD-causing variants of HTT accelerate the progression of breast
tumors and the development of metastasis in mouse models of breast
cancer.9 Thus, whereas the incidence of cancer may be low among HD
patients, a large number of CAG repeats might be an aggravating
factor when a cancer is already established. However, it is not known
whether the size of the CAG tract o36 repeats influences breast
cancer incidence and progression in the non-HD population.
Most of breast cancer are sporadic and involved a multitude of

risk factors.10 A small proportion of breast cancers are caused by
one of several transmitted mutations, including germline mutations
in BRCA1 and BRCA2, which confer a high risk of breast and
ovarian cancer.11 In this study, we first investigated if HTT CAG
repeats length is a BRCA1/2 cancer modifier by analyzing the
association between the length of HTT CAG repeat and breast and
ovarian cancer incidence or age of cancer diagnosis. Furthermore,
in a second cohort of patients with breast cancer of sporadic origin,
we explored the associations between the length of CAG tract and
breast cancer prognosis.
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SUBJECTS AND METHODS

Patients
This study used information from 2838 individuals, including 2407 women
with hereditary BRCA1/2 mutations (cohort 1) and 431 women with sporadic
breast cancer (cohort 2).
Cohort 1 (Figure 1): individuals with BRCA1 and BRCA2 mutations were

recruited through Genetic Modifiers of Cancer Risk in BRCA1/2 Mutation
Carriers (GEMO), a cohort of women carrying BRCA1 or BRCA2 germline
mutations. GEMO is the French branch of the international initiative CIMBA
(Consortium of Investigators of Modifiers of BRCA1 and BRCA2), which aims
at identifying modifiers of breast cancer risk through the collection of DNA and
clinical data from a large number of BRCA1 and BRCA2 mutation carriers.12–14

Participation in the GEMO cohort was proposed during the cancer clinic in
which patients were informed of a positive BRCA1/2 test result. Their written
informed consent was obtained. In total, 2407 women with hereditary BRCA1
(1608, 67%) or BRCA2 (779, 33%) mutations were identified. Among the 1746
patients who developed a cancer (1138 BRCA1, 71%; 608 BRCA2, 76%), 1353
had breast cancer (807 BRCA1, 71%; 546 BRCA2, 90%), 254 had ovarian
cancer (207 BRCA1, 18%; 47 BRCA2, 8%) and 139 had both breast and ovarian
cancer (124 BRCA1, 11%; 15 BRCA2, 2%) (Figure 1).
Cohort 2: informations about women with breast cancer of sporadic origin

were collected (Supplementary Table S1). Four hundred and thirty-one
consecutive primary unilateral invasive primary breast tumors were excised
from women at the Institut Curie/Hôpital René Huguenin (France) between
1978 and 2008.15,16 Immediately following surgery, the samples were stored in
liquid nitrogen until RNA extraction. Samples were considered suitable if the
proportion of tumor cells, determined histologically, was 470%. The patients
met the following criteria: unilateral non-metastatic primary breast carcinoma
for which complete clinical, histological and biological data were available; no
radiotherapy or chemotherapy before surgery; and full follow-up at the Institut
Curie/Hôpital René Huguenin. Patients underwent physical examinations and
routine chest radiography every 3 months for 2 years, and then annually.
Mammograms were performed annually. The histological type and the number of
positive axillary nodes were established at the time of surgery. The malignancy of
infiltrating carcinomas was scored according to the Scarff–Bloom–Richardson
(SBR) histoprognostic system. Estrogen receptor (ER), progesterone receptor (PR)
and HER2 status were determined from protein content by biochemical methods
(dextran-coated charcoal method, enzymatic immuno-assay or immunohisto-
chemistry) and confirmed by real-time quantitative RT-PCR assays of ERα, PR
and HER2. We subdivided our total population (n= 431) into four sub-groups:
the ‘luminal’ subtype expressed hormone receptors (HR; ER+ or PR+) and
showed no amplification of HER2 (n= 275); the ‘luminal B/HER2+’ subtype
expressed HR (ER+ or PR+) and overexpressed the HER2 receptor (n=50); the
‘HER2+’ subtype did not express HR but was positive for HER2 (ER− and
PR− /HER2+, n= 42); and the ‘triple negative’ subtype was negative for HR
and for HER2 overexpression (ER− and PR− /HER2− , n= 64). Standard
prognostic factors for these tumors are presented in Supplementary Table S1.

The median of follow-up was 8.4 years (range 4 months to 29 years). All patients
admitted before 2007 were informed that their tumor samples might be used for
breast cancer progression studies and they were given the opportunity to refuse
the use of their samples. Since 2007, patients have also given their approval by
signing an informed consent form. This study was approved by the local ethic
committee (Breast Group of René Huguenin Hospital).
For both cohorts, only women with available genotyping information about

HTT CAG length were included in the analysis. All samples and corresponding
data were encoded for anonymization.

Determination of HTT CAG length
Cohort 1: individuals provided blood samples for BRCA1/2 genetic testing.
DNA was extracted with classical protocols that may have differed among
diagnostic laboratories. Cohort 2: total RNA was extracted from biopsies with
the acid–phenol guanidinium method. All samples were sent to GenoScreen,
France (www.genoscreen.com). PCR was performed in 25 μl reactions contain-
ing 20 ng of template DNA or cDNA, 1× reaction buffer, 37.5 pmol MgCl2,
6 pmol dNTP, 10 pmol fluorescent primer, 10 pmol primer and 1 U Taq
polymerase (FastStart–Roche Diagnostics, Pleasanton, CA, USA).
Primers sequences were: 5′-TGGCCCGGTGCTGAG3-′ (forward) and

5′-CGGTGGCGGCTGTTG3-′ (reverse). The reverse primer was located
immediately after the CAG expansion: the fragments analyzed did not contain
the variable flanking CCG repeats. The PCR cycle consisted of an initial
denaturation step at 95 °C for 10 min, followed by 40 cycles of denaturation at
95 °C for 30 s, annealing at 62 °C for 30 s and extension at 72 °C for 1 min, and
a final extension at 72 °C for 10 min. Each amplification product was mixed with
Hi-Di Formamide and GeneScan 500 LIZ Size Standard (Applied Biosystems,
Foster City, CA, USA). Fragments were separated on an Applied Biosystems
3730XL DNA Analyzer. Alleles were scored with GeneMapper v4.0 software
(Applied Biosystems).

Statistical analysis
The allele containing the most CAG repeats was designated the ‘long’ allele, the
other was termed the ‘short’ allele. The two alleles were analyzed individually in
each patients. Intermediate alleles exceeding 26 CAG repeats and pathologically
expanded alleles exceeding 35 CAG repeats were distinguished.
The association between the size of HTT CAG tract and breast and/or

ovarian cancer incidence in BRCA1 and BRCA2 mutation carriers was
investigated with a retrospective likelihood approach of the observed genotypes
conditional on the disease phenotype. This method17,18 adjusts for the fact that
BRCA1/2 mutation carriers were not randomly sampled with respect to their
disease phenotype. These models, primarily developed for categorical covariates,
were used when the size of the HTT allele was considered as a continuous
covariate (short and long alleles). Both single disease risk and competing risk
models were implemented in a Fortran program.
We first analyzed the association of HTT CAG repeat length with either

breast or ovarian cancer. For the breast cancer risk association analysis, patients
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Figure 1 Characteristics of BRCA1/2 mutation carriers (cohort 1).
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were censored at their age when the first ovarian cancer was detected, bilateral
prophylactic mastectomy performed or age at last observation. Only individuals
with breast cancer were considered as affected; the remaining BRCA1/2
mutation carriers were assumed to be unaffected by the disease. For the
ovarian cancer risk association analysis, patients were censored at the age when
bilateral oophorectomy was performed or at the age of last observation. Only
individuals with ovarian cancer were considered as affected; the remaining
BRCA1/2 mutation carriers were assumed to be unaffected by the disease.
We then analyzed the association of HTT CAG length with both breast and

ovarian cancer, because BRCA1/2 mutation carriers are at risk of developing
both of these diseases. We used a competing risk analysis and estimated
simultaneously hazard ratios for both breast and ovarian cancer. In this
method,17 patients were followed up to the age when breast or ovarian cancer
was diagnosed, whichever occurred first, and were assumed to be affected with
the corresponding disease. Patients were censored at the age when bilateral
prophylactic mastectomy was performed for breast cancer, bilateral oophor-
ectomy for ovarian cancer or at the age of last observation and were considered
to be unaffected by both diseases. When patients developed breast and ovarian
cancers at the same age, they were considered to be ovarian cancer cases.
ANOVA was used with an empirical sandwich estimator to take into account
the effect of family to analyze the association between the age when BRCA1 or
BRCA2 cancer was diagnosed and HTT CAG length.
Pearson correlation tests were used to investigate the association between HTT

CAG tract size and age at onset of sporadic breast cancer. ANOVA was used,
followed by pairwise comparisons with Tukey–Kramer adjustment of P-values
for significant differences to compare HTT CAG tract sizes between categories
of qualitative variables. The following variables were tested: macroscopic
tumor size (≤25 or 425 mm), ER, PR and HER2 receptor status (positive or
negative), SBR histological grade (I, II or III), lymph node status (0, 1–3 or 43)
and molecular subtypes. χ2-tests were performed to evaluate whether specific
clinico-pathological characteristics were more frequent in patients with ≥27 CAG
in one HTT allele than in patients with o27 CAG in both HTT alleles.
Metastasis-free survival (MFS) was defined as the interval of time between

surgery and detection of the first metastasis in patients who developed
a metastatic disease and the interval between surgery and last checkup for
patients without metastases. Cox proportional hazard univariate analysis

followed by multivariate models with a stepwise procedure were used to
evaluate risk factors for the development of metastases in the whole cohort and
in each molecular subtype of breast cancer. The following variables were
included in the whole cohort analysis: age when cancer was diagnosed,
macroscopic tumor size, tumor grade, lymph node status, ER, PR and HER2
status and consequently, molecular subtype, length of the CAG tract on both
HTT alleles and the presence of ≥ 27 CAG on one HTT allele. For the analysis
of each molecular subtype, all variables were included except for ER, PR, HER2
status and molecular subtype. All the variables with a P-value o0.10 in
univariate analysis were included in multivariate analysis.
All analyses were performed with SAS version 9.3. P-values of 0.05 and below

were considered significant. All data are available in the data set file.

RESULTS

HTT CAG length among cancer patients
The distribution of the HTT CAG repeat number in both cohorts 1
and 2 was comparable to that described in the general population
worldwide19 with a mean number of repetitions of 20 on the long
allele and 17 on the short allele (Figure 2).
Among the 2838 individuals in the two cohorts, five patients

carried a pathological CAG expansion of 36 repeats or more on one
allele of the HTT gene (Table 1). The overall prevalence of patients
carrying a HTT allele with a CAG repeat equal or over 36 was
therefore high at ~ 1:568 (0.18%); higher than previous estimates
(0.008–0.017% reported in ref. 20–23). Furthermore, we found a
similar proportion of carriers of HD-causing CAG expansions in an
independent cohort affected with inherited ataxia (1:541; EUROSCA
cohort; data not shown), suggesting that this unexpected high
prevalence is not specific to cancer population.

Association between HTT CAG length and BRCA1/2 cancer
We then analyzed the association between HTT CAG tract size and
breast and ovarian cancer incidence in cohort 1. In BRCA1 mutation
carriers, HTT CAG repeat length was not associated with the incidence

Table 1 HTT CAG tract length according to BRCA1/2 mutation disease status

BRCA1 mutation (n=1608) BRCA2 mutation (n=799)

Breast cancer Unaffected (n=677) Affected (n=931) Unaffected (n=238) Affected (n=561) Sporadic breast cancer (n=431)

Agea 42.7±13.0 41.0±9.5 43.4±14.1 43.3±10.1 61.9±11.9

CAG repeatsb

Long allele 20±3 (15–33) 20±4 (14–36) 20±4 (10–38) 20±4 (15–33) 20±3 (15–36)

Short allele 17±2 (9–28) 17±2 (9–28) 17±2 (9–23) 17±2 (9–25) 17±2 (9–25)

Number of patients (%)
One allele Z36 0 (0.0%) 3 (0.3%) 1 (0.4%) 0 (0.0%) 1 (0.2%)

At least one allele Z27 36 (5.3%) 65 (7.0%) 14 (5.9%) 33 (5.9%) 26 (6.0%)

Ovarian cancer Unaffected (n=1277) Affected (n=331) Unaffected (n=737) Affected (n=62) —

Agea 43.9±12.2 50.9±8.9 47.3±12.8 57.7±8.7 —

CAG repeatsb

Long allele 20±4 (14–36) 20±3 (16–36) 20±4 (15–38) 19±3 (10–31) —

Short allele 17±2 (9–28) 17±2 (9–28) 17±2 (9–25) 16±2 (9–20) —

Number of patients (%)
One allele Z36 2 (0.2%) 1 (0.3%) 1 (0.1%) 0 (0.0%) —

At least one allele Z27 84 (6.6%) 17 (5.1%) 45 (6.1%) 2 (3.2%) —

aData are mean±SD (years). Mean age at last observation for unaffected patients or at age of cancer diagnosis for cancer patients.
bData are mean±SD (minimum–maximum).
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of breast or ovarian cancer, whether the analyses were performed
separately or simultaneously for these cancers (Table 2).
A similar result was obtained for breast cancer in BRCA2 mutation

carriers. However, a large number of CAG repeats in HTT was
correlated with lower BRCA2 ovarian cancer incidence in single (long
allele: HR 0.35 95% CI 0.14–0.87; P= 0.0245) and competing analyses
(short allele: HR 0.24 95% CI 0.06–0.92; P= 0.037).
Next, we investigated whether HTT CAG length was associated with

age at onset among BRCA1 or BRCA2 carriers who developed a

cancer. BRCA1 carriers developed breast cancer at 41.0± 9.5 years of
age on average and BRCA2 at 43.3± 10.1. BRCA1 carriers with a CAG
repeat number ≥27 on the long HTT allele developed cancer 2.43±1.06
years earlier than patients with HTT CAG lengths under 27 (P=0.0235;
Table 3). In the BRCA2 population, we observed the same trend although
the relationship was not significant (P=0.0900; Table 3). These effects
were specific to breast cancer as we did not observed associations between
HTT CAG length and the age at ovarian cancer onset in BRCA1/2 carriers.
Similar results were obtained when the four patients carrying a patholo-
gical HD CAG repeat ≥36 in this cohort were excluded (data not shown).

Associations between HTT CAG length and sporadic breast cancer
In cohort 2, there were no significant associations between the size
of the HTT CAG expansion and any of the clinic-pathological variables
studied (Supplementary Table S1). Results obtained in patients carrying
expansions with ≥ 27 CAGs were comparable to those obtained for
patients with o27 CAG repeats (Supplementary Table S1).
We then analyzed patient MFS in the population of cohort 2 as

a whole (Supplementary Table S2) as well as in each breast cancer
molecular subtype (Table 4 and Supplementary Table S3) with
univariate and multivariate Cox proportional hazards models.
At last follow-up, 160 patients had developed metastasis (37%) and
classical prognostic factors influenced MFS progression (Supplementary
Tables S2 and S3 and Table 4). In the whole population, the CAG size
in the HTT short allele emerged as a predictor of MFS with tumor size,
SBR grade II and III and lymph node invasion after multivariate
analysis (HR 2.19, 95% CI 1.01–4.73; P= 0.0469; Supplementary
Table S2). We therefore analyzed patient MFS in each breast cancer
molecular subtype (Table 4 for HER2+ and Supplementary Table S3
for other molecular subtypes). In the HER2+ subtype specifically,
univariate analysis revealed a positive correlation between the length of
HTT CAGs on the long allele and the risk of metastasis, which
increased by a factor of 11.10 for every 10 additional CAG repeats (95%
CI 2.09–58.64; P= 0.0046; Table 4). Furthermore, the length of the
CAG repeat in the long HTT allele was the only prognostic factor of
MFS after adjustment for lymph node invasion by multivariate analysis.

DISCUSSION

Two studies have reported a low incidence of cancer in polyglutamine
disorders without taking into account the number of CAG repeats or
cancer outcome.7,8 Our data reveal an association between the length of
the polymorphic CAG tract in wild-type HTT and cancer. The lower
incidence of cancer in HD patients7,8 is consistent with our results showing
that long CAG repeats in HTT are associated with protection against
ovarian cancer. In sporadic breast cancer patients, CAG repeat size was a
strong independent factor of metastases, specifically in the HER2-positive
subtype. Whereas the incidence of cancer may be inversely correlated to
the CAG length, a large number of CAG repeats might enhance the
progression of breast cancer once tumorigenesis has been initiated.
Our observations may be related to the biology of HTT, which is

regulated according to the length of the polyglutamine sequence
encoded by the CAG tract. Although HTT is widely expressed, the
amount of the protein differs between tissues and cell types within the
same tissue;24,25 therefore, the length of the CAG expansion in HTT
may differentially influence various types of cancer. Furthermore,
HTT may be involved in particular cancer subtypes depending on the
signaling pathways engaged in the oncogenic processes. For instance,
the regulatory effect of HTT could differ in cancers of BRCA1 and
BRCA2 origin, as HTT was reported to interact with BRCA1 -and not
BRCA2- through the BRCA1-associated RING domain protein,
BARD1.26 Loss of wild-type HTT in breast cancer promotes metastasis
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Figure 2 HTT allele frequency in BRCA1 mutation carriers (a), BRCA2
mutation carriers (b) and sporadic breast cancers (c).
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by altering tight junctions.27 Furthermore, HTT with a CAG repeat
≥ 36 leads to abnormalities in HER2 endocytosis in breast cancer cells,
which affect cell motility and metastatic behavior thus promoting
tumorigenesis and metastasis in HD mice.9 CAG tracts below 36
repeats may also regulate tight junctions maintenance and/or HTT-
mediated endocytosis and affect breast cancer development.7–9,27

This study has a number of limitations that may influence the
generalizability and translational potential of this research. Individuals
from cohort 1 were recruited as carriers of a BRCA1/2 mutation. This
testing strategy may lead to underreporting of non-founder mutations.
As such, some bias in the ascertainment of the full spectrum of
mutations could have occurred. The retrospective likelihood approach
allows correcting for this bias.17 For cohort 1, carriers of BRCA2
mutations composed a smaller sample set; in particular, the number of
women with BRCA2-associated ovarian cancers was relatively small.
The associations in cohort 1 did not remain statistically significant
after corrections for multiple testing; therefore, we cannot exclude
false positive and further studies are needed to investigate these
findings. A further limitation of our study is based on the retrospective
likelihood approach that relies on the availability of external disease
incidences for the mutation carriers. A specific selection of control
subjects within the same population of BRCA1/2 mutation carriers
sampled in similar conditions as BRCA1 and BRCA2 mutation carriers
would allow further clinicopathological comparison based on tumor
characteristics. In addition, the sample size in the cohort 2 is limited
regarding the sample size of the cohort 1 leading to a smaller power
for this cohort. Furthermore, cohort 1 is a ‘prognostic’ cohort as
BRCA1/2 mutation carriers are enrolled before the development of
breast or/and ovarian cancer, whereas cohort 2 is a ‘prognosis’ cohort
established 430 years ago that allows the investigation of long-term
prognosis that is not possible in cohort 1 due to shorter follow-up.
Besides, we found a high prevalence of pathological HD CAG

repeats in HTT compared to previous estimates of 8 and 17.3 per 100
000 worldwide.20–23 Here, we estimated CAG repeat length in a cancer
population with a priori no HD bias. Even if these allele sizes are
associated with low penetrance, they are pathological and risk to
expand further upon transmission.28 As we found a similar proportion of
carriers of HD-causing CAG expansions in an independent cohort
affected with inherited ataxia (1:541; EUROSCA cohort; data not shown),

Table 2 Influence of HTT CAG expansions on the incidence of breast and ovarian cancer in BRCA1/2 carriers in single and competing risk

analysis (cohort 1)

Short allele Long allele At least, one allele ≥27

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

BRCA1 breast cancer

Single 1.11 (0.77–1.60) 0.58 1.05 (0.85–1.30) 0.66 1.30 (0.96–1.75) 0.09

Competing 1.15 (0.79–1.67) 0.48 1.03 (0.83–1.29) 0.77 1.25 (0.92–1.70) 0.16

BRCA2 breast cancer

Single 0.94 (0.59–1.50) 0.80 1.15 (0.88–1.51) 0.31 1.10 (0.73–1.66) 0.64

Competing 0.87 (0.54–1.39) 0.55 1.09 (0.82–1.44) 0.54 1.09 (0.71–1.65) 0.69

BRCA1 ovarian cancer

Single 1.43 (0.80–2.56) 0.23 1.13 (0.81–1.58) 0.47 0.78 (0.46–1.33) 0.37

Competing 1.43 (0.69–2.98) 0.33 1.05 (0.69–1.62) 0.81 0.64 (0.30–1.39) 0.26

BRCA2 ovarian cancer

Single 0.35 (0.11–1.08) 0.07 0.35 (0.14–0.87) 0.02 0.60 (0.14–2.58) 0.50

Competing 0.24 (0.06–0.92) 0.04 0.40 (0.15–1.10) 0.08 0.84 (0.18–3.84) 0.83

Data are Hazard ratio per 10 additional repeat for short, and long alleles as well as when at least, one allele ≥27.

Table 3 Influence of HTT CAG expansions on the age at diagnosis of

BRCA1 and BRCA2 breast and ovarian cancers in affected subjects

(cohort 1)

Breast cancer Ovarian cancer

HTT alleles

BRCA1

mutation

(n=931)

BRCA2

mutation

(n=561)

BRCA1

mutation

(n=332)

BRCA2

mutation

(n=64)

Short allele −1.20±1.80
0.51

−0.11±1.95
0.95

−0.61±1.52
0.69

−1.57±2.20
0.47

Long allele −0.84±0.88
0.34

−1.70±1.15
0.14

+0.01±0.91
0.99

−2.11±1.18
0.08

At least, one
allele ≥27

−2.43±1.06
0.02

−2.70±1.58
0.09

+0.67±1.31
0.61

−2.15±1.58
0.18

Data are estimate±SE per 10 additional repeat or if at least one allele over 27 repeats (ANOVA
with sandwich estimator taking into account family effect); P-value.

Table 4 Metastasis-free survival of sporadic patients with HER2

molecular subtype of breast cancer determined by univariate Cox

proportional hazards models (cohort 2)

Characteristics Cases (n)

Hazard ratio

(95% CI) P-value

Age (years) 42 (100%) 0.98 (0.95–1.02) 0.3648
Macroscopic tumor size 42 (100%)

≤25 mm 13 (31.0%) 1 0.4104
425 mm 29 (69.1%) 0.68 (0.27–1.71)

SBR histological gradea 40 (98.2%)
I 1 (2.5%) 1
II 9 (22.5%) 1 0.3170
III 30 (75.0%) 0.53 (0.15–1.84)

Lymph node status 42 (100.0%)
0 9 (21.4%) 1
1–3 19 (45.2%) 2.38 (0.51–11.23) 0.2720
43 14 (33.3%) 5.27 (1.14–24.41) 0.0334

HTT short allele CAG length 42 (100.0%) 1.38 (0.13–14.28) 0.7868
HTT long allele CAG length 42 (100.0%) 11.10 (2.09–58.64) 0.0046
At least, one HTT
allele ≥27CAG

0 (0.0%) — —

Abbreviation: CI, confidence interval. Data are hazard ratio per 10 additional repeat for HTT
short and long alleles
aScarff–Bloom–Richardson classification.
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it is less expected that the high prevalence is specific to cancer population.
Recent evidence indeed suggests that the prevalence of HD is under-
estimated: in British Columbia it was estimated at 13.7 per 100 000 in the
general population and 17.3 per 100 000 in the Caucasian population.23

Studies investigating the prevalence of HD have used estimation models
to extend observations from subpopulations of individuals at risk or from
patients diagnosed with HD to the general population. Thus, there is a
crucial need to decipher the prevalence of HD-causing variants in the
general population without using estimation models.
We have described here associations between the size of the length of

CAG tracts in HTT and features of breast and ovary cancer with potential
implications for the follow-up of cancer patients. Future studies should
address the molecular mechanisms underlying the specific regulatory
effects of HTT CAG expansion on various types of cancer.
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