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ABSTRACT. Huntington’s disease (HD) is a rare progressive and fatal
neurogenetic degenerative disease, characterized by movement and
personality disorders and by progressive dementia. Its prevalence
varies by ethnic origin and different genetic profiles predisposing
individuals to HD in each population. The prevalence of HD is 5-10 per
100,000 individuals in Caucasian populations of North America and
Western Europe. It is an autosomal dominant disease associated with
the expansion of CAG-type repetitive DNA sequences in the HTT
gene. This gene, located on the short arm of chromosome 4, encodes
the protein huntingtin. In this study, we reviewed 17 articles about HD
that report data from 2400 affected individuals from various countries
around the world, including Venezuela, China, Croatia, Turkey,
Germany, Italy, Brazil, Spain, Taiwan, India, the Netherlands, Russia,
and the USA, with a focus on genetic profiles and intergenerational
expansions or contractions of expanded alleles responsible for
causing HD. We discuss the genetic characteristics of HD in different
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populations and any atypical cases reported in these studies.
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INTRODUCTION

Huntington’s disease (HD) is a rare progressive and fatal neurodegenerative disease,
characterized by a lack of motor coordination of voluntary and involuntary muscles, known as
choreic movement, personality disorders, and progressive dementia (Chandler et al., 1960). The
genetic profiles of HD and the intergenerational aspects of expanded allele transmission vary
across different regions of the world. The prevalence of HD varies with ethnic origin, with Cau-
casian populations of North America and Western Europe having 5-10 subjects affected by HD
per 100,000 people (Lima et al., 2000; Hormozian et al., 2004; Gil and Rego, 2008). Together
with literature reports of atypical cases of HD, the above-mentioned variations indicate that
there is a need for a systematic review of the HD literature. To this end, this review aggregates
information about the genetic profiles of HD in different populations and atypical cases.

HD is caused by a mutation triggered by variations in the number of CAG repeats in
unstable DNA regions of the HTT gene, which is located on the short arm of chromosome 4
(4p16.3). The mutable region is located in the first exon of H77 and encodes a polyglutamine
N-terminal tail of the encoded protein, huntingtin (Wexler et al., 2004). Alleles that bear 27 or
fewer copies of the CAG repeat result in a normal phenotype. Intermediary alleles, which have
27-35 CAG repeats, are unstable and can be transmitted as an expanded allele to offspring;
nevertheless, carriers of the intermediary allele type also have a normal phenotype. How-
ever, intermediary alleles get expanded mainly during male gametogenesis, which undergoes
a greater number of cycles of division and duplication of genetic material than oogenesis.
Hence, there is a greater probability of an error occurring in DNA replication during spermato-
genesis, which increases the risk of mutated alleles being inherited from the father (Wheeler
et al., 2007).

Alleles with 36-39 CAG units have reduced penetrance and generate both a normal
phenotype as well as some rare cases of HD. Alleles with >39 CAG copies show complete
penetrance and inevitably cause, at some stage of life, the HD phenotype.

Classical studies examining the geographical distribution of HD, along with several
epidemiological studies, suggest that the alleles responsible for causing HD originated from a
single mutation in a common ancestor from Western Europe, and this mutation then spread to
other regions of the world as a result of migration. Different haplotypes that include the CCG
repeat region, which is adjacent to the CAG region, were identified in different populations
and confirm the existence of mutations that had independent and distinct origins from that of
a single common HD ancestor (Garcia-Planells et al., 2005).

In patients with HD, the onset of clinical symptoms usually starts between the ages
of 35-55, although the disease can manifest after the age of 80, or much earlier, in teenagers
or children, because of the phenomenon of anticipation, which occurs in 20% of cases of HD.
Approximately 10% of patients with HD have onset of clinical manifestations before the age
of 20, and 5% before the age of 14. If the expanded allele transmitted to the offspring is of ma-
ternal origin, an expansion of >20 units is very rare (Andrew et al., 1993; Nahhas et al., 2005).

Genetics and Molecular Research 12 (2): 1974-1981 (2013) ©FUNPEC-RP www.funpecrp.com.br



L.A. Agostinho et al. 1976

The incidence of genetically confirmed cases of HD in individuals who have no fam-
ily history of HD and who would therefore be the first confirmed case in the family is greater
than 8%. These cases are caused by new, sporadic expansions of intermediary alleles. Such
unstable alleles favor the emergence of mutated alleles in offspring, which leads to HD (Nah-
has et al., 2005).

From the onset of initial symptoms, HD will progress to death within 15-20 years (Ho
et al., 2001). Variability in clinical signs and symptoms of the disease often requires a precise
molecular investigation at the genetic level to enable final diagnosis (Stevanin et al., 2003).

HD is an autosomal dominant genetic disease. Each child of an affected parent has a
50% chance of developing the disease; therefore, only one allele inherited from the mother,
or from the father, is able to cause the disease in the offspring. However, although very rare,
when in the homozygous state, the 2 expanded alleles result in increased physical deterio-
ration of HD-affected individuals when compared to affected individuals bearing only one
expanded allele. Studies further suggest that homozygosity in the expanded alleles does not
lead to an earlier onset of the disease, but changes the severity of HD symptoms and their
progression (Squitieri et al., 1994).

MATERIAL AND METHODS

A search was conducted on the Internet using databases related to the health sciences,
such as Pubmed/Medline, Scielo, and Bireme. Articles were selected from these 3 databases.
The key words used were “Huntington’s disease” and “CAG repeats”. Advanced search func-
tions were used to restrict the search to articles published from 2000-2012.

RESULTS

We identified 616 scientific articles published from 2000-2012, and 41 of them
were selected according to the chosen theme. Of the 41 articles, 17 were chosen because
they reported detailed molecular investigations of HD, intergenerational analysis of ex-
panded alleles in different regions of the world, and atypical cases of the disease (Table
1). The 2381 individuals investigated who were described in these papers are the subject
of discussion in this systematic review. Of the selected articles, 8 reported anticipation in
HD-affected patients, and 5 articles discussed cases of juvenile HD primarily caused by
paternal inheritance.

Studies conducted in Venezuela on 112 individuals with HD confirmed the high in-
stability of alleles transmitted through the father, as indicated by the higher frequency of
juvenile HD with paternal inheritance (Wheeler et al., 2007). However, 2 studies of juvenile
HD detected no significant difference in the frequency of HD between the paternal and mater-
nal routes of inheritance (Nahhas et al., 2005).

In 2005, a molecular investigation was conducted on 2 individuals who had inherited
HD with anticipation from the mother. She carried an allele with 70 CAG repeats, and had
transmitted an allele containing 130 CAG copies (Nahhas et al., 2005).

Few articles have reported data on Brazilian HD patients. These articles reported
investigations of CAG repeats-containing alleles at the molecular level (Lima et al., 2000;
Raskin et al., 2000; Agostinho et al., 2012). One of these papers correlated genetic character-

Genetics and Molecular Research 12 (2): 1974-1981 (2013) ©FUNPEC-RP www.funpecrp.com.br



1977

a systematic review

Huntington’s disease

a3ed 1xou uo penunuo)

sjeador
DV 95-14 st ojgoad onouad pue uonemndod

uonerndod erpuy
3o oyoid onouas pue ouod

suoi8a1 D)D)
pue ) sydiowkjod

ueIpuy Ul punoj sem sjeadar mojy ym o[a[[e HOD eIpU[ QH 2y Jo uISio ayy ajesnsaAug Jo sisk[eue 1e[NOd[O]N ST [eyuawadxs  S[enpIAIpul PRjodfye-qH (000 ‘T8 12 Nruewelq)
uoIsswsuen [euidjed pue [euidrew Aq
Pasned d1om sased (JH o[IudAn(-josuo ay) ‘syeadar soiuey qH  worSar ny ) sydiowkjod K1oysty Ajurey qH
DV 7p-9¢ st uonendod 0301 jo ojgoxd onouan Q1) J0 Apnys [euoneIoudSIA U] JO sisK[eue 1e[NOdOJA! €€ [eyuowtadxyg IM S[eNpIAIpU] (9007 “T& 10 DIESUEY)
d[9[[e ArerpauLiojul uorgor (Aprus
adKouoyd gy dH YIM [enpIAIpUL Ue 0y sydiowjod 10102 3sBI) [enpIArpur
asneo Aew d[a[e Arerpawoiul (Y sesoddng Aueuton ur swoydwiAs [eorut[dp qH 21y JO sisAJeue 1e[nO3[OJA 1 [eyuowtadxyg Ppaj”yye-gH duQ (8007 “'I® 12 youpuy)
adoing u19)sop\ WoIy sowWoo H 01 pajefar
uone[ndod ystuedg jo ouod 7z oy Jo uISLIo oy pue uredg ur oudf gy suor3a1 orydiowjod (S00T “1e 10
Josuo Jo o8e QY 03 pajejal st sjeadar D) ozig uredg oy Jo urSio oy a1eSNsoAu] 9 JO SIsA[eue 1[N0 SI1 [eyuowiodxyg  syenpiarpur pajaye-qH S[[ouR[J-10IRD))
a5e jo Josuo (H JO 108U0 suoi8a1 HHD (Aprus
(H 01 PAAR[a1 10U SI PIUS] D)) PUE 125UO JO T8 18 988 01 suoidar HH) pue Hy) orydiowkjod 101U0D JsBI)
H ur uoneLea 3y urejdxa syeadar Dy Jo dz1g uemie], pue Dy orydiowAjod are[ay Jo sisA[eue Ie[nod[O]N €S [eyuowiadxsg  sfenplAlpul pajddjje-qH ($00T “Te 10 Suep)
adoing
Jo saLunoo (H Jo 108U0 suoigor n))
19su0 Jo 98e (JH Ul UONBLIBA dY) 191)0 pue e 93 03 suoIdar DD pue Hy) orydiowkjod s[enpIAIpur
urejdxoe syeadar D)) pue Dy Jo azis  ‘Aey] ‘Auewron pue Hy) orydiowLod arejoy JO sisAJeue 1e[nNO3[OJA 086 [eyuowtadxyg parayye-aH (9002 T 10 198Z191N)
Aqruey g jo (Apms
uorssiwsuer) jeurojed ouds (74 oy jo uoisstsuer)  uoisar Hy ) sydiowkjod [01u0d oskd) K10181y qH
ur yuenbaiy a1ow st 279[[e papuedxy BUIYD TeuOneIAUSINUI oY) AJeSNSIAU] JO sIsAJeue IB[nNOJ[OJN SI [epuswLadx g M AJurej auQ (9007 “Te 10 SueL)
(H 0} paje[or (Aprus
adoing u19)sap woly Quad 7,77 Y Jo syeadar suorga1 orydiowjod 10102 3sBD)
SOW0D BNBOI) UI UdT (777 0Y) JO UISLIO O1joUaD) B1ROI) DDD pue DY) 2ednsoauy € JO sisAJeue 1e[nod[oJ\ e [eyuowiodxsy  s[enpIAIpul pajooye-qH  (Z00T <8 19 QTAOWIPOF)
uorgar (Apmis
suorssiwsuer) jeurojed ur Quds 1 H Dy sydiowAjod [01u0d osEd) s1opuad y1oqjo  (£00z ‘eumeun-joursig
Apuanbaiy 210w SINDI0 (TH JASUO-I[IUIAN[ Kodyang, ay Jo sieadar D) AeSnsaauy JO sISA[eue IRINO2[OA LT1 [eyudwadxg S[ENPIAIPUI J[NPY pue seqyy)
uorssiusuer) jeusojed ur uorgax pajoaye
uorssiusuer) Ajiqeisul [euoneIdudIauL YHm Dy orydiowkjod s[enpratput jo sajdwes
[euroyed ur AJiiqeisur [euoneIouaSIU] B[ONZOUAA PAIBIOOSSE SI0J0B) 01BNSOAU] JO sisk[eue 1e[noojojy 48 [eyuourodxsy poo[q pue wadg (L00T “Te 10 19]2Y A )
(IH JO 19su0 1e d3e 0} uorgar
19su0 Jo oS (JH Ul UOHBLIBA O} suoigar D)) pue HyD Dy swydiowAkjod
urejdxa syeadar Hy) Jo 2z1g B[ONZOUIA orydiowkjod oe[oy JO sIsAJeue IB[nNOJ[OJN hy [epuswLadxg UIP[IYO PIdRJJe-qH (L0O0T “Te 12 uasaIpuy)
pareSnsaaur
s[enpiatput
SISy Apmys jo ooelq 2A1192[q0 SPOUIIA Jo ToquinN usisop Apmg opow [ejuswLIadxy SIBOA pue s1oyiny

‘pIoMm Jo

SUOISa1 JUSIOYIP Ul ((TH) 9SeaSIp S, u0)Sununy JO UOISSIWSUEI) [EUOILIoUaSIAUI pue sa[joid o1jouss oSIOAIP INOGE MITAAI SIY} JO SI[OIIE PAJII[AS ° J[qEL

©FUNPEC-RP www.funpecrp.com.br

1974-1981 (2013)

Genetics and Molecular Research 12 (2)



1978

L.A. Agostinho et al.

syeador D)) £ pey
SI[[[B 35} JO 95698 PUE PASA) SIR[E TTT AU

QuaS 7.7 f7 9y Jo syeadar

suoi8ar HHD
pue Dy oydiowkjod

ur sjeadal g6 0 7] woij patreA uoisuedxa Dy 1zexg DD pue DY) a1eSnsoAu] Jo sisk[eue 1e[noa[ojy 19 [eyuowiadxs]  sjenpiaipul pajoaye-qH (10T e 10 oyunsosy)
UOISSIWISUR) [RUI)RW PUe [eurdted (Apms
U00M10q JOUAIAJJIP OU Sy UOTIBLIEA OZIS D)) pue (IH Jo 10suo 1e a5e 0y suoiSor  uwordar Ny ) orydiowAjod [01Uu0d ase0)
sieador DY) €6-¢ st ojgoad onouds uerizerg izeig Dy sydiowLjod ooy JO sisK[eue 1e[NOdOJA! e [eyuowiodxyg  syenpiarpur pajsje-qH (0007 “Te 10 eWII])
sieador Dy (Aprus
88-6¢ S19[goId onouas ueI[IZeIg PUB UOISSIWISURI) udd 77 g jo sieadar  uordar ny) swydiowAjod 101U0D JsBI)
[eudyed ur yuanbaly a1ow st ofaf[e papuedxy 1zexg DVD Aesnsaauf Jo sisk[eue 1e[noa[ojy %6 [eyuowiodxs]  S[enpIAIpUI Pajodfye-qH (0007 “'Te 10 unysey)
suo13a1 D)D)
uorsstwsuer) jeurojed sariwe) qH Jo pue Dy orydiowAjod
ur ouad (7 Ay Jo Aniqesut y3Siyg BISSIY Apmys [euoneIaUAZIANUL JO sISA[eue IRINO2JOA 65 [eludwiadxy  S[ENpIAIpUI pajodjye-qH ($007 “Te 12 AdNY)
(Apms
AH Jo saveistu  uordar ny ) sydiowAjod 101U0D J5LI)
(IH JO SISOUSeIp [EOIUI]O UI SOYE)SIL OIE JIAY |, spue[IoyIoN snsouSerp [earur[o a)eSnsoAu] Jo sisA[eue 1e[noo[ojN Ll [epuowitiodxy  s[enpIAIpur pajooyye-(qH (000 “'[& 30 Surjsarg)
(Aprus
9Zeour| jeurojew ouad gy oy Jo  wordar Hy) srydiowkjod 101U0D JsBI)
a1 ySnoay) 1nooo os[e ued suoisuedxo aF1e] AToA VSN  UOISSIWSUEI) [BUIJRW )eS1SIAU] Jo sisk[eue 1e[noo[ojy T [eyuowodxs]  S[enpIAIpUI PRjodfye-qH (S00T “'Te 10 seqyeN)
paresnsaaur
s[enpiatput
SINsay  Apnis Jo 29e[q 2a1102[qQ SPOYIIN Jo JoquinN ugisop Apms spowr [eyuawadxg sIedk pue s1oyny

panunuo) °f AqeL

©FUNPEC-RP www.funpecrp.com.br

1974-1981 (2013)

Genetics and Molecular Research 12 (2)



Huntington’s disease: a systematic review 1979

istics of HD with the age at onset of the clinical symptoms (Lima et al., 2000). A case-control
study investigated 84 HD-affected individuals. In another study, the shortest HD allele identi-
fied contained 39 CAG repeats. An inverse correlation between the onset of clinical manifes-
tations and the size of the CAG-repeat regions was also observed (Raskin et al., 2000). Fur-
thermore, in subjects showing trinucleotide expansions, these expansions were longer when
the mutated allele was inherited from the father than when it was inherited from the mother
(Raskin et al., 2000).

In 2012, a molecular study in Brazil reported that the length of the CAG expansion
varied from 12-58 repeats in 122 alleles tested. In the heterozygous subjects (N = 46), who
carried at least one expanded allele each, the normal alleles contained 12-26 CAG repeats
with a mean of 16 + 3.3 and a median of 15. The shortest expanded allele that caused an HD
phenotype contained 37 CAG repeats, and the longest contained 58 repeats. None of subjects
was homozygous for an expanded CAG allele (Agostinho et al., 2012).

In the same study, repeats of 7 CCG trinucleotides were found in 78.7% of the sample.
The CCG alleles, linked to the expanded CAG alleles had 6, 7, 8, or 10 CCG repeats (mean
7.1 £0.7), and 86.9% of these alleles had 7 CCG repeats. This was the first investigation of the
polymorphic CCG region in Brazil (Agostinho et al., 2012).

In Turkey, a study of 127 individuals showed that the shortest HD-causing allele con-
tained 38 CAG copies, and the longest allele contained 78 CAG repeats (Akbas and Erginel-
Unaltuna, 2003).

Another survey conducted on the Crete island, Greece, studying HD in 33 individu-
als, reported that the shortest HD-causing allele contained 36 CAG copies and the longest
allele had 42 CAG repeats (Kartsaki et al., 2006). In India, the shortest HD allele identified
contained 41 CAG repeats and the longest allele, 56 CAG repeats (Pramanik et al., 2000).

Furthermore, it was in India where, for the first time, 4 CCG repeats were found adjacent
to the CAG region in a subject with HD. The CCG region next to the CAG region has also been
the target of many molecular studies. These studies are useful for confirming the results of mo-
lecular diagnosis or for the genetic study of the ancestral origin of causative HD alleles. Most of
the articles that have analyzed the CCG regions reported that the genetic origin of the expanded
HD alleles was Western Europe (He¢imovic et al., 2002; Garcia-Planells et al., 2005).

An experimental study with 53 patients suggested that the size of the CCG repeats is
not a determining factor for the age of onset of HD (Wang et al., 2004), a finding that was con-
firmed by Agostinho et al. (2012). On the other hand, a study with 980 individuals in European
countries provided strong evidence for an association of the size of the CAG and CCG repeats
with age at onset of HD (Metzger et al., 20006).

Among the individuals studied in Brazil, the smallest allele causing onset of HD con-
tained 37 CAG repeats and the longest allele had 88 CAG repeats (Lima et al., 2000; Raskin
et al., 2000; Agostinho et al., 2012). In 2008, an atypical case was reported from Germany of
a patient who was affected by HD even though the disease allele contained only 34 copies of
the CAG repeat (Andrich et al., 2008).

DISCUSSION

HD is a disease of adults. Juvenile cases are rare (only approximately 10% of total
cases), and the majority of the affected individuals inherit expanded alleles from their fathers
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(Nahhas et al., 2005). However, one study showed no significant difference in the number of
cases of juvenile HD between paternally or maternally inherited HD (Lima et al., 2000). The
CAG repeat in a maternal allele usually does not expand to more than 20 copies (Nahhas et
al., 2005; Kenney et al., 2007); however, a report in 2005 showed that an affected mother had
transmitted a double-size allele to her daughter (Nahhas et al., 2005).

Two case reports in the literature have identified individuals who carried intermediary
alleles and who were clinically diagnosed as being affected by HD. In one article, an individ-
ual who had an allele with 29 CAG repeats was diagnosed with HD by post-mortem autopsy
(Andresen et al., 2007). Another article has reported that an individual who presented cortical
atrophy, disorder of movement, and cognitive impairment carried an allele with only 34 copies
of the CAG repeat (Andrich et al., 2008). However, neither study mentions any attempts by
investigators to diagnose a Huntington-like disease.

Among the studies on HD, where differential diagnosis for other similar diseases was
performed, the smallest number of CAG units associated with the HD phenotype was 37,
identified in a patient of European descent. The absence of the clinical symptoms of HD has
not yet been documented in any individual carrying an allele containing >39 CAG repeats.

Alleles with 7 CCG units were observed in 95% of cases. This finding might mean
that those alleles had a genetic origin in Western Europe, the presumed location of a founder
effect for HD. On the other hand, alleles containing 10 CCG units may have been the result of
independent mutations that recently originated from other geographical regions. Usually these
CCQG alleles possess 7 or 10 repeats, with the exception of a case, reported by Pramanik et al.
(2000), in which 4 CCG units were identified.

In conclusion, a molecular test that determines the length of a CAG repeat is essential
because it can provide a definite diagnosis of HD. It is important to note that only about 40%
of the carriers of the reduced penetrance allele may show the HD phenotype. Furthermore,
during clinical investigation, the following procedures must be taken into account: differential
diagnosis for atypical cases must be performed, along with paternity tests to confirm the origin
of the disease alleles, mainly for new cases in the family.

In addition, it is difficult to define the smallest size of expanded CAG repeats respon-
sible for the HD phenotype because there are many differences among individuals and popula-
tions. A definite clinical diagnosis often requires caution because the clinical presentation of
signs and symptoms of HD is variable.
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