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Abstract
Purpose: Huntington disease (HD) is a progressive and fatal autosomal dominant neurodegenerative disorder caused by trinucleotide
CAG repeats in exon 1 of HTT. Incidence is lower among Chinese with limited data. We characterize the clinical and genetic data of six HD Hong
Kong Chinese patients.
Materials and Methods: A total of 13 suspected cases were performed from 2008 to 2013. Repeat sizing was performed by PCR, agarose
gel electrophoresis, fragment analysis by capillary electrophoresis and confirmed with Sanger sequencing. Triplet repeat primed PCR was
performed for cases with one normal band detected. Reflex genetic testing of dentatorubral-pallidoluysian atrophy (DRPLA) was performed
for all negative cases.
Results: Six were diagnosed of HD with CAG repeat > 40. Three positive cases had no HD family history. Two pre-symptomatic testing
was performed with one positive. All symptomatic patients were adult onset with 43.4 ± 11.6 years (mean ± SD; range 29–59 years). The
duration from onset to genetic testing was 7 ± 4.8 years (mean ± SD; range 0 – 12 years). The major clinical presentations were generalized
chorea, behavioral disorders and dementia. The number of pathological expanded CAG repeats was 46 ± 6.8 (range 42 – 58). None of those with
negative HD mutation were positive for DRPLA.

Conclusion: We have characterized the clinical and genetic data of six Huntington disease Hong Kong Chinese patients. All were adult
onset and had CAG repeat > 40 and half had no HD family history. The duration from onset to genetic testing was significantly long. We have
simplified the PCR protocols of triplet repeat primed PCR and Sanger sequencing without gel excision for expanded allele. We recommend
reflex testing for other HD phenocopy conditions could be considered in patients with negative HD mutation.
Keywords: Hong Kong Chinese; Huntington disease; HTT

Introduction
Huntington Disease (HD, MIM #143100) is an autosomal
dominant neurological disease characterized with excessive motor
movements and neuropsychological impairments. The earliest
literature describing the symptoms related to this disease can
be dated back to 1832 [1]. Not until 1872, an America physician,
Dr. George Huntington published a medical literature which first
characterized this disorder and formally named as HD [2]. However
it was nearly a century later, in year 1993, a research group had
worked up the genetic cause of HD which was due to an unstable
trinucleotide repeats expansion on this disease chromosome within

the interesting transcript number 15 (IT-15) which later named as
Huntingtin (HTT, MIM*613004) gene [3]. HD is caused by cytosineadenosine-guanine (CAG) repeat expansions in HTT exon 1 on
chromosome 4p16.3 resulting in expanded polyglutamine tracts.
Affected patients present with a collection of symptoms which
include motor, cognitive and emotional disturbances. Clinical manifestations are gradually evolving involuntary movements and
progressive dementia. Chorea is the most prominent abnormality.
However, some can present with Parkinsonism, dystonia and ataxia with misdiagnosis such as spinocerebellar ataxias (SCA) [4-6].
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HD phenocopies can be autosomal dominant, autosomal recessive
or X-linked. Autosomal dominant examples are HD-like 2, HD-like
1, dentatorubropallidoluysian atrophy, SCA2, SCA17 (HD-like 4),
C9orf72 mutations, benign hereditary chorea and neuroferritinopathy, whereas, autosomal recessive examples are Friedreich’s
ataxia, neuroacanthocytosis, ataxia telangiectasia, HD-like 3 and
ataxia with oculomotor apraxia. McLeod syndrome is the X-linked
HD mimic.

An overall prevalence from Europe, North American and Australia studies is about 5.7 per 100,000 based on eleven studies [7].
For Asia population, HD is much less common with an overall prevalence of 0.4 per 100,000 based on three studies values [8-10]. The
different in size of CAG repeats and the frequency of HTT haplotypes may explain the different of geographic and ethnic difference
of HD [7]. Clinical and genetic data in Chinese is limited, especially
among Southern Chinese [5,8,11-18]. In this study, we report the
clinical and genetic characteristics of six HD Hong Kong Chinese
patients.

The sex incidence for HD is equal, with no sex differences in age
of onset and clinical features. The average age of onset ranges from
35 to 50 years but varying from early childhood to 80 years old. In Materials and Methods
approximately 25% of individuals with HD, the onset is delayed afA total of thirteen referrals for HD genetic testing were
ter age 50 years, a few even after age 70 years. The course is relentperformed during 2008 to 2013. Our laboratory is one of the two
lessly progressive with death occurs 15 – 20 years after disease onlaboratories providing HD genetic test in the captioned period in
set. There is a negative association of number of CAG repeats with
Hong Kong. The clinical findings and number of CAG repeats found
the age of disease onset. Juvenile onset HD has larger CAG repeats.
in each referral was summarized in Table 1. The test initiative was
Moreover, patients with paternal original have a greater repeat
based on the clinical findings with the suspicion of HD or there
number than those with maternally transmitted. The phenomenon
were family members who had HD. A special consent form and
of anticipation, in which age of onset tends to decrease in succesinformation sheet was provided for HD genetic testing. Genetic
sive generations; on average, affected children will develop the
counseling was performed by the referring neurologists and/or
disease about 8 years earlier than their affected father. The clinical
pathologists. For pre-symptomatic testing, collection of two EDTA
manifestation of anticipation can be dramatic; at times the children
blood specimens at different times was recommended. Otherwise,
of HD-gene carriers will develop the disease before their parents.
the whole analytical process was repeated by another operator.
There is no curative treatment for HD at present. Predictive testing
Patients were recommended to sign on the blood tube as well.
in asymptomatic adults at risk requires careful thought and genetic
counseling. Pre-symptomatic testing on individuals younger than
18 years old is not recommended.
Table 1: Clinical and genetic findings of all referrals for HD genetic test.
Case

Sex / Age at
referral (y)

Clinical presentations

Family history

1

F / 51

Chorea, pre-senile dementia, schizophrenia. Cerebral
atrophy

N

3

F / 60

Choreoathetosis, ataxia and progressive cognitive
impairment. Cerebral atrophy

2

F / 45

4

F / 29

6

F / 25

5

13

21

Normal

Father with abnormal movement and
was diagnosed as Parkinson’s disease.

17

43

HD

N

17

N
Y

18

45

HD

Asymptomatic

Y (42 CAG repeats in proband)

17

--

Normal#

F / 55

Progressive unsteady gait, dysarthria, chorea, slurring
speech

N

--

Normal#

F / 59

Choreoathetosis and anxiety

M/8

Progressive right sided dystonia, symmetrical atrophy
and T2 hyperintensity of bilateral caudate nuclei and
putamina

F / 56

12

16

HD

9

11

Diagnosis

58

M / 64

10

Allele 2

17

F / 52

F / 37

M / 21

Unsteady gait and choreoathetosis

Allele 1

Y (Father)

7
8

Progressive choreoathetosis

CAG repeat size

Chorea, frequent falls and slurring speech
Dementia, chorea and aggressive behavior
Chorea, cerebral atrophy

N
N

Y (Two siblings)

Asymptomatic

Y (43 CAG repeats in proband)

Episodic abnormal involuntary movement since 12
years old.

N

N

18
17

42
--

17

18

16

42

17
16
14

40

Normal#
Normal
HD
HD

18

Normal

19

Normal

Footnotes: #Triplet repeat primed PCR was performed for patients with one band detected and all showed normal results.
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PCR flanking the region containing CAG repeats sequence was
performed. Primers for HD were used according to references [1924]. The primers and thermal cycling conditions were tabulated
in Table 2. The 25 μL reaction mixture which was the same for all
primer sets contained 100 ng DNA template, 1x AmpliTaq Gold 360
Master Mix (Applied Biosystems), 5% of GC enhancer (Applied BiTable 2: PCR primers and thermal cycling conditions.

osystems), 400 pmol of each primer and DNAse free water. Positive
control, normal DNA control and water blank were included in each
analytical run. Before 2013, agarose gel electrophoresis was used
for allele separation and size estimation by comparing with a DNA
ladder marker, normal control and positive control (Figure 1a).

Primers for PCR, agarose gel electrophoresis and Sanger sequencing
HD3 (forward) [24]

5ꞌCCT TCG AGT CCC TCA AGT CCT TC 3ꞌ

HD5 (reverse) [24]

5ꞌCGG CTG AGG CAG CAG CGG CTG T 3ꞌ

Thermal cycling conditions

1 cycle

95ºC

7 minutes

94 ºC

5 cycles

45 seconds

70 ºC

45 seconds (decrease 1 ºC per cycle until 65 ºC)

94 ºC

45 seconds

72 ºC

1 minute

72 ºC

40 cycles

1 minute

65 ºC

1 cycle

45 seconds

72 ºC

7 minutes

4 ºC

Calculation of CAG repeats for HD344 / HD5 primers [(CAG)n + (CCG)n + (CCT)n]:

Soak

Number of CAG repeats = (band size in base pairs – 110) / 3
Primers for PCR and capillary electrophoresis

HD344 (forward) [23]

5ꞌ CCT TCG AGT CCC TCA AGT CCT TC 3ꞌ

Hu4 (forward)[19,20]

5ꞌ VIC ATG GCG ACC CTG GAA AAG CTG ATG AA 3ꞌ

HDC2 (=HD447) (reverse) [23]
Hu3 (reverse) [19,20]

5ꞌ6FAM CGG CGG TGG CGG CTG TTG 3ꞌ
5ꞌ GGC GGC TGA GGA AGC TGA GGA 3ꞌ

Thermal cycling conditions

For HDC2 / HD344 Primers

For Hu3 / Hu4 Primers

1 cycle

95 ºC

10 minutes

1 cycle

95 ºC

10 minutes

33 cycles

58 ºC

30 seconds

33 cycles

60 ºC

1 minute

7 minutes

1 cycle

95 ºC
72 ºC

1 cycle

72 ºC
4 ºC

30 seconds
45 seconds
Soak

Calculation of CAG repeats for HD344 / HDC2 primers [(CAG)n alone]:

95 ºC
72 ºC
72 ºC
4 ºC

1 minute
2 minute

7 minutes
Soak

Number of CAG repeats = (band size in base pair – 41) / 3

Calculation of CAG repeats forHu3 / Hu4 primers[(CAG)n + (CCG)n]:
Number of CAG repeats = (band size in base pair – 107) / 3
DNA sequence of HTT exon 1 (NM_002111.6)
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Modified thermal cycling condition of triplet repeat primed PCR
1 cycle

95 ºC

10 minutes

35 cycles

64 ºC

1 minute

1 cycle

95 ºC
72 ºC
72 ºC

30 seconds
2 minutes

Primer sequences[25]

(forward) 5ꞌ 6FAM ATG AAG GCC TTC GAG TCC CTC AAG TCC 3ꞌ
(reverse) 5ꞌ CGG TGG CGG CTG TTG CTG CTGCTGCTGCTG 3ꞌ

15 minutes

Band above 190 bp (27 repeats), if present, would be excised
from the agarose gel under low UV in the transilluminator for sequencing. All results were confirmed with Sanger sequencing. From
2013 onward, the agarose gel electrophoresis was replaced by capillary electrophoresis for allele detection and accurate sizing as it
has better sensitivity and reproducibility. All positive or suspicious
results were double-confirmed by Sanger sequencing (Figure 1b).
Triplet repeat primed PCR was performed for cases with only one
normal band detected using primers described by Jama et al. [25]
Reflex genetic testing of DRPLA was performed for all negative
cases except pre-symptomatic test with known HD family history.
Practice guidelines on HD genetic testing were referenced [26-28].
Our laboratory participated in the European Molecular Genetics
Quality Networks Huntington Scheme for regular monitoring the
test accuracy of size detection with satisfactory performance. Our
laboratory is accredited by the Hong Kong Laboratory Accreditation Scheme. Results were interpreted and reported independently
by two senior staffs that at least one of them was a qualified pathologist who has obtained the Fellowship of the Hong Kong College of
Pathologists in Chemical Pathology plus two years post fellowship
professional experience including molecular genetics. Ethical approval has been obtained in local institute.

3 – 5 and 10) and the remained positive case was pre-symptomatic
screening (Case 11). In addition, Case 6 also had a family history
of HD but screened negative. All symptomatic HD patients were
adult onset with 43.4 ± 11.6 years (mean ± SD; range 29–59 years).
The duration from onset to genetic testing was 7 ± 4.8 years (mean
± SD; range 0 – 12 years). The major clinical presentations were
generalized chorea, behavioral disorders, and dementia. Half of the
symptomatic HD patients had no family history. For the three positive cases with family history, no evidence showed that the age of
onset was much earlier than their affected parents. The number of
pathological expanded CAG repeats was 46 ± 6.8 (range 42 – 58). At
the time of the last follow-up, none had died.

Two patients had carried out pre-¬ testing after careful genetic
counseling (Cases 6 and 11). Case 11 was positive for HD and her
CAG repeats were more or less the same as her mother (42 versus
43 CAG repeats). The patient was calm to receive the result but she
developed depressive symptoms related to other family problems
on subsequent follow up which requiring anti-depressants. Though
there is no sex prevalence for this autosomal dominant disease, all
patients with diagnosed HD were female in our case series. Case
12 was an 8-year-old boy with progressive dystonia suspected of
juvenile onset HD and two normal alleles were detected (16 and 18
CAG repeat sizes). In our case series, none of those with negative
HD mutation were positive for DRPLA.

Discussion

Figure 1.

Results
Out of the thirteen cases, six cases were diagnosed as HD (Table
1). Five positive cases were tested with clinical symptoms (Cases 2,
Biomedical Journal of
Scientific & Technical Research (BJSTR)

HD is a progressive and fatal autosomal dominant neurodegenerative disorder with about 10-fold lower prevalence among Asians.
Our laboratory is one of the two major public laboratories providing HD genetic tests in Hong Kong whose population was 7.8 million. From 2008 to 2013, we only received 13 genetic test requests
for suspected HD cases. Six of them were diagnosed having HD, of
which three of them had no HD family history. The prevalence is
lower than expected. On the other hand, chorea is the main clinical
trigger for HD genetic test. However, since HD patients can present with Parkinsonism, dystonia and ataxia alone, we observed that
the test is not frequently requested in such circumstances and this
would probably lead to an under- or mis-diagnosis. We recommend
reflex genetic testing for HD phenocopy conditions in patients with
clinical symptoms of HD but tested negative HD mutation. In our
case series, none of those with negative HD mutation were positive
for DRPLA.
HD is a horrible disease with no cure and a grave prognosis.
Patients should understand the risks, benefits and up-to-date limitations of the test results. Patient consent, pre- and post-test genetic counseling shall be performed by qualified professionals with
proper molecular and clinical genetics training. Pre-symptomatic
4103
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testing should be carefully considered as it involves significant
psychological and emotional impacts. Wong et al. studied the psychosocial impact of HD on 28 asymptomatic subjects with family
history of HD in Hong Kong Chinese [29]. One third showed depression and anxiety symptoms and one quarter would consider suicide
if they screen positive. Good counseling can significantly alleviate
this situation. We recommend that repeated counseling over a reasonable length of time is required. It is even more desirable if it is
conducted by two independent counselors.

International Huntington Association and the World Federation of Neurology Research Group on Huntington’s Chorea has issued guidelines for the genetics predictive testing in HD [30,31].
Pre-testing genetic counseling must be provided ensuring that the
at-risk individual has a full understanding and make a knowledgeable decision about the risks and benefits of performing the test. In
addition, two separate blood samples should be collected preferably at different time for pre-symptomatic testing. Report should be
issued only if both samples results are consistent. Pre-symptomatic
testing for minor below 18 years old is not recommended. Moreover, exclusion test should also be made available to couples facing
reproductive choices along with prenatal diagnosis and preimplantation genetic diagnosis.

Juvenile HD is less common than adult onset HD with about a
10-fold lower in prevalence. Jiang et al. reported a large case series
of HD in 368 Chinese patients [17]. Among it, 6% were childhood
onset. Cao et al. also reported one of the six HD cases in two unrelated Chinese families was juvenile [32]. In contrast, there was no
juvenile HD case documented in Hong Kong Chinese so far to our
knowledge. Pediatric presentations vary differently from adult onset HD. It includes mainly, seizures, rigidity, dystonia and mental retardation rather than chorea. The clinical requests for such testing
were also extremely low (only 1 in 5 years in this study). This likely
reflects a low clinical suspicion index and subsequent under-diagnosis in our locality.
Technical method for HD genetic test has been well established
since 1993. Primer sequences are still referenced from previously
published literatures [19-24]. Specificity and sensitivity of the test
are over 99%. The accuracy of negative result also depends on the
accuracy of the diagnosed HD family history. The presence of only
one normal allele detected by conventional PCR-based methods
cannot differentiate homozygous normal from compound heterozygous with one normal and one HD allele with very large expansion such as juvenile onset HD. Juvenile HD is usually in the range
of 80 to 100 CAG repeat sizes. Gambardella et al. demonstrated a
the successful detection of alleles carrying 115 CAG repeats by such
method in a 9-year-old girl presented with 3-year history of progressive myoclonus epilepsy and negative family history [33]. On
the other hand, Nance et al. showed that alleles carrying more than
~125 CAG repeats cannot be reliably amplified [34]. Traditionally, such cases should be further tested by other methods such as
Southern Blot analysis.
A recent paper with triplet repeat primed PCR for HD was published [25] and we successfully employed the primers into our modBiomedical Journal of
Scientific & Technical Research (BJSTR)

Volume 4- Issue 4: 2018

ified protocol (Table 2) and (Figure 1D). The 20 μL reaction mixture
contained 50 ng DNA template, 1x AmpliTaq Gold 360 Master Mix
(Applied Biosystems), 4% of GC enhancer (Applied Biosystems),
625 pmol of each primer and DNAse free water. Triplet repeat
primed PCR is recommended to replace Southern blot for detection
of very large expansions and confirmation of true homozygous normal genotypes [27]. Triplet repeat primed PCR results were normal
in the three patients with one normal allele detected in our study.
In addition, presence of polymorphism in HD gene may lead to poor
primer annealing and thus amplification failure or allele drop-out.
The frequency of polymorphisms in HD gene may be as great as 1
%.
For expanded alleles, there may be presence of multiple bands
on the gels. This may be due to combination of PCR artifact or lymphocytes mosaicism. In general, the most prominent band is used
for reporting the number of repeats. On the other hand, direct comparison with other family member’s alleles repeats number also
help to resolve the problem. In our experience, we found that the
repeat size can still be accurately measured by Sanger sequencing
without prior gel excision of the expanded band procedure (Figure
1C). This could reduce the manual tediousness and avoid the uncertainty in choosing the less expanded band over the gel background
with multiple bands. One of the many concerns among HD patients is whether their descendants would carry this disease gene.
As most HDs are autosomal dominant, 50% of their descendants
would have acquired this disease gene. In the past, they were advised to avoid conception, or half of their descendants will acquire
HD. With the advance of in-vitro fertilisation and preimplantation
genetic diagnosis, they can have normal babies who do not have
this disease [35].

An understanding of HD genetics is critical to interpreting the
results of HD genetic tests. Though testing of expanded CAG repeats
is straight forward by PCR flanking the mutated gene exon, test limitation should be considered thoroughly before issuing the report.
The report shall state the CAG repeat length of both alleles with
the different CAG repeats categories and descriptors. But it should
be noted that calculation of number of repeat at disease marginal
range is limited by the method inaccuracy. In our method validation, the method is validated that the accuracy is ±1 CAG repeat for
alleles less than 40 repeats and ±3 CAG repeats for higher CAG repeats. To minimize the possible error, samples from both parents
and at least one affected family member should be available for result comparison.

Conclusion

HD is a progressive and fatal autosomal dominant neurodegenerative disorder typically with adult onset leading to motor,
cognitive and emotional disturbances. We have characterized the
clinical and genetic data of six Huntington disease Hong Kong Chinese patients. All were adult onset and had CAG repeat > 40 and
half had no HD family history. The duration from onset to genetic
testing was significantly long. Clinical requests for HD genetic test
are infrequent, especially juvenile, likely reflecting a low clinical
suspicion index and subsequent under-diagnosis in our locality. We
4104
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have simplified the PCR protocols of triplet repeat primed PCR and
Sanger sequencing without gel excision for expanded allele. In our
case series, none of those with negative HD mutation were positive
for DRPLA. An understanding of HD genetics is critical to interpreting the results of HD genetic tests. We recommend reflex testing
for other HD phenocopy conditions could be considered in patients
with negative HD mutation.
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