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Abstract

ObjecƟ ve:  With a shiŌ  towards noninvasive tesƟ ng, we have explored and validated the 
use of noninvasive prenatal diagnosis (NIPD) for HunƟ ngton disease (HD).

Methods: FiŌ een couples have been included, assessing a total of n=20 pregnancies. 
Fetal paternally inherited CAG repeat length was determined in total cell-free DNA from ma-
ternal plasma using a direct approach by PCR and subsequent fragment analysis.

Results:  All fetal HD (n=7) and intermediate (n=3) CAG repeats could be detected in 
maternal plasma. DetecƟ on of repeats in the normal range (n=10) was successful in n=5 cases 
where the paternal repeat size could be disƟ nguished from maternal repeat paƩ erns aŌ er 
fragment analysis. In all other cases (n=5) the paternal peaks coincided with the maternal 
peak paƩ ern. All NIPD results were concordant with results from rouƟ ne diagnosƟ cs on fetal 
genomic DNA from chorionic villi.

Conclusion: In this validaƟ on study we demonstrated that all fetuses at risk for HD could 
be idenƟ fi ed noninvasively in maternal plasma. AddiƟ onally, we have confi rmed results from 
previously described case reports that NIPD for HD can be performed using a direct approach 
by PCR. For future diagnosƟ cs, parental CAG profi les can be used to predict the success rate 
for NIPD prior to tesƟ ng.
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IntroducƟ on

HunƟ ngton disease (HD, OMIM #143100) is an autosomal dominant progressive neuro-
degeneraƟ ve disorder, characterized by irrepressible motor symptoms, cogniƟ ve impairment 
and psychiatric disturbances (L�Ä�½�Ý et al., 2004). HD is caused by the expansion of a poly-
morphic trinucleoƟ de (CAG)n repeat in exon 1 of the hunƟ ngƟ n (HTT) gene (previously known 
as IT15) which is located on chromosome 4p16.3 (T«� HçÄã®Ä¦ãÊÄ’Ý D®Ý��Ý� CÊ½½��ÊÙ�ã®ò� 
R�Ý��Ù�« GÙÊçÖ, 1993). CAG repeats are classifi ed in 3 major categories: Alleles < 27 CAG re-
peats are classifi ed as normal, the range between 27 and 35 as intermediate and > 36 repeats 
as causing HD. Repeats in the intermediate range can be unstable and may expand into the 
aff ected range over generaƟ ons, predominantly upon paternal germline transmission (S�Ã�»� 
et al., 2010). As a consequence, the off spring is at risk for developing HD.

ProspecƟ ve parents in families with HD may opt for prenatal tesƟ ng which can be ac-
complished via in vitro ferƟ lizaƟ on (IVF) in combinaƟ on with preimplantaƟ on geneƟ c diagno-
sis (PGD) or prenatal molecular tesƟ ng. The laƩ er opƟ on can be performed either by means of 
a direct approach, tesƟ ng the expanded CAG repeat and/or by linkage analysis of informaƟ ve 
markers (�� D®�-SÃç½��ÙÝ et al., 2013). In contrast to PGD, prenatal molecular tesƟ ng is of-
fered by many labs (�� D®�-SÃç½��ÙÝ et al., 2013). Prenatal diagnosis for HD, as for many other 
geneƟ c disorders, is performed on fetal DNA derived from invasive procedures such as chori-
onic villus sampling (CVS) or amniocentesis. These procedures are associated with a small but 
signifi cant procedure-related risk of fetal loss of ~0.5-1% (N®�Ê½�®��Ý et al., 1994; T��ÊÙ et al., 
2010). AŌ er the discovery of the presence of circulaƟ ng cell-free fetal DNA (cff DNA) in mater-
nal plasma, a shiŌ  towards noninvasive prenatal diagnosis (NIPD) occurred as an alternaƟ ve 
for prenatal tesƟ ng (LÊ et al., 1997). Several NIPD studies have since been incorporated into 
daily clinical pracƟ ce, including fetal sex determinaƟ on, fetal Rhesus D (RHD) determinaƟ on 
and the diagnosis of monogeneƟ c disorders caused by single mutaƟ ons or small duplicaƟ ons/
deleƟ ons (D�½�ù et al., 2014; ò�Ä ��Ä O�ò�Ù et al., 2013). However, only a few case studies 
have been reporƟ ng on disorders caused by the expansion of large polymorphic trinucleoƟ de 
repeats. Four previous papers from one group describe NIPD for a total of 7 unique cases of 
fetuses at risk for HD (GÊÄþ�½�þ-GÊÄþ�½�þ et al., 2003a; GÊÄþ�½�þ-GÊÄþ�½�þ et al., 2003b; 
GÊÄþ�½�þ-GÊÄþ�½�þ et al., 2008; BçÝã�Ã�Äã�-AÙ�¦ÊÄ�Ý et al., 2012). In these studies a direct 
approach for NIPD was used by determining paternally inherited fetal CAG repeat length in 
maternal plasma using (semi-)quanƟ taƟ ve fl uorescent polymerase chain reacƟ on. In 5 out of 
these 7 cases this direct approach was applied successfully.

All diagnosƟ c tesƟ ng for HD in the Netherlands is performed in our facility. Due to a 
general shiŌ  towards less invasive sampling techniques in the Netherlands, there is also an 
appeal for NIPD for HD. Here we describe a validaƟ on study for the detecƟ on of the paternally 
inherited CAG repeat in maternal plasma for fetuses at risk for HD.

PaƟ ents and Methods

PaƟ ents 
From 2010 onwards, pregnant couples of which the male was at risk for developing HD 

and opƟ ng for prenatal diagnosis, were asked to parƟ cipate in this study and to provide ad-
diƟ onal blood samples for NIPD. Inclusion criteria for this study were (1) only the prospecƟ ve 
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father is a carrier for a CAG repeat in the intermediate or HD range, (2) a singleton pregnancy 
with a gestaƟ onal age from 8 weeks onwards and (3) signed informed consent. Exclusion cri-
teria for parƟ cipaƟ on were (1) invasive procedure performed prior to blood sampling, (2) fetal 
demise at the Ɵ me of blood sampling, (3) inability to understand the study informaƟ on and (4) 
age at Ɵ me of sampling < 18 yrs. Sixteen couples directly met all inclusion criteria menƟ oned 
above. Two cases were excluded aŌ erwards: one pregnancy resulted in early fetal demise af-
ter blood sampling and subsequent karyotyping revealed triploidy. The blood sample from the 
other pregnancy did not contain fetal DNA. One couple was included later in pregnancy. In this 
case, a period of > 4 wks between the invasive procedure and blood sampling was considered 
suffi  cient to exclude procedure related eff ects on cff DNA levels in maternal plasma. In total 15 
couples were included in this study assessing 20 plasma samples from singleton pregnancies 
(Table 1). For 14 couples, full CAG repeat profi les from genomic DNA (gDNA) analysis were 
available for both parents. For 1 couple only the maternal profi le was known. The father was 
at 50% risk for developing HD and at the Ɵ me of prenatal diagnosis he refrained from molec-
ular geneƟ c tesƟ ng. WriƩ en informed consent was obtained for all cases and all procedures 
were approved by the ethical standards of the Medical Ethics CommiƩ ee (METC) of the Leiden 
University Medical Center. 

Sample preparaƟ on 
Maternal blood withdrawal was performed from 8 weeks of gestaƟ on onwards (range 

7+6 – 16+1 wks+days, see Table 1). Maternal plasma was processed within 24 hrs aŌ er with-
drawal and total cell-free DNA from plasma (input 800 μL) was isolated as previously described.
(ò�Ä ��Ä O�ò�Ù et al., 2012) Isolated cell-free DNA was concentrated to 20 μL using the Zymo 
Clean & Concentrator™-5 kit (Zymo Research, USA). Paternal plasma (n=4) was obtained and 
processed similar to maternal plasma and was used as a control during opƟ mizaƟ on. Paren-
tal gDNA was isolated from peripheral blood cells using automated isolaƟ on (QIAGEN, the 
Netherlands). Fetal gDNA from CVS was isolated on the QIAcube according to manufacturer’s 
instrucƟ ons (QIAGEN, the Netherlands). 

PCR amplifi caƟ on and fragment analysis: 
A combinaƟ on of PCR and subsequent automated fragment analysis was used to de-

termine CAG repeat size. PCR for NIPD was performed in a fi nal reacƟ on volume of 25 μL 
containing 5 μL of concentrated plasma DNA, 5 pmol of each primer (modifi ed from Warner 
et al. (W�ÙÄ�Ù et al., 1993); Fw (HD1*): 5’ 6-FAM*-ATG AAG GCC TTC GAG TCC CTC AAG TCC 
TTC-3’ and Rev (HD3): 5’-GGC GGT GGC GGC TGT TGC TGC TGC-3’ (Biolegio, the Netherlands)) 
and 12.5 μL OneTaq Hot Start 2x Master Mix with GC buff er (New Engeland Biolabs, USA). 
Cycling condiƟ ons were 94°C for 5 min, 40 cycles of 94°C 30 sec, 63°C 1 min and 68°C 2 min, 
followed by a fi nal extension at 68°C for 5 min. Each maternal plasma sample was tested in 
duplicate. In case of inconclusive results (i.e. no paternally inherited allele was detected), the 
test was repeated. Subsequent automated fragment analysis was performed on the 3130XL 
GeneƟ c Analyzer (Applied Biosystems, USA) using Gene Scan™ 500 LIZ Size Standard (Applied 
Biosystems) and data was analyzed with GeneMarker SoŌ ware version 2.4.0 (SoŌ geneƟ cs, 
USA) using an empirical determined and validated panel to convert fragment length (bp) into 
the number of CAG repeats. Fetal gDNA from CVS and parental gDNA samples (input 1 ng 
gDNA per reacƟ on) were also tested with this NIPD protocol as addiƟ onal controls. Findings 
from NIPD on maternal plasma were compared to results from rouƟ ne prenatal diagnosis 
using fetal gDNA from CVS. All diagnosƟ c tesƟ ng for HD in our facility is performed under the 
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guidelines of the European Molecular GeneƟ cs Quality Network and the Clinical Molecular 
GeneƟ cs Society (EMQN/CMGS).

Figure 1: RepresentaƟ ve results for direct CAG repeat analysis on maternal plasma for 3 diff erent pregnancies. 
In each panel, the top part represents the result from maternal gDNA. The boƩ om part represents results from mater-
nal plasma with the fetal paternally inherited repeat size indicated with *. Panel A: Family 78457; Fragment analysis 
on maternal plasma shows maternal CAG repeat of 17 and 22 together with the fetal paternally inherited repeat of 
40 CAG repeats (insert). Panel B: Family 56092; The maternal profi le of 18 and 20 CAG repeats is shown with a third 
disƟ nct peak at 15 CAG repeats corresponding to the paternally inherited allele of the fetus. Panel C: Family 8062; 
Results show a maternal CAG repeat of 17 and 23. The paternally inherited fetal repeat of 15 CAG repeats coincides 
with the maternal stuƩ er peak paƩ ern and could not be confi rmed.
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Table 1: Overview of ncluded samples.
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Results

All fetal paternally inherited HD (n=7) and intermediate (n=3) CAG repeats could be de-
tected in one or more replicates in maternal plasma (Table 1, Figure 1A). In our study, the CAG 
repeat had contracted upon transmission in two cases and expanded in two cases. The longest 
fetal repeat present in this cohort was 70 CAG repeats (Table 1). Transmission of repeats in the 
normal range could be detected in 50% of the cases (n=5). These repeat sizes were either at 
least 2 repeats larger or 3 repeats smaller than the nearest maternal CAG repeat (Figure 1B). In 
all other cases (n=5) results were inconclusive because either both parents shared a parƟ cular 
repeat size or the paternally inherited peak coincided with the maternal stuƩ er peak profi le in 
fragment analysis and could therefore not be disƟ nguished (Figure 1C). All NIPD results were 
concordant to results obtained in rouƟ ne prenatal diagnosis using fetal gDNA from CVS. The 
accuracy of this NIPD test is 100%, provided this test is performed in duplo or triplo.

Discussion and Conclusions

In the past few years, the use of NIPD in a clinical seƫ  ng has already been established 
for applicaƟ ons such as fetal sexing and RhD detecƟ on. Nevertheless, liƩ le is known yet about 
NIPD for disorders caused by polymorphic repeat expansions, such as HD. In this validaƟ on 
study for NIPD of HD, we show that we can indeed detect paternally inherited CAG repeats in 
maternal plasma. We have hereby not only confi rmed the results from previously described 
case studies reported by González-González et al. and Bustamante-Aragones et al., we have 
also extended the number of cases tested (GÊÄþ�½�þ-GÊÄþ�½�þ et al., 2003a; GÊÄþ�½�þ-GÊÄ-
þ�½�þ et al., 2003b; GÊÄþ�½�þ-GÊÄþ�½�þ et al., 2008; BçÝã�Ã�Äã�-AÙ�¦ÊÄ�Ý et al., 2012). 
Moreover, we show that NIPD for HD can also be used for successful detecƟ on of interme-
diate repeats in addiƟ on to normal and HD repeats. We did experience the same technical 
limitaƟ ons for the detecƟ on of extremely large HD repeats and repeats in the normal range as 
previously described.

The success of detecƟ ng the paternal repeat in maternal plasma is infl uenced by sev-
eral factors. DetecƟ on depends on the diff erence in size between the paternal and maternal 
repeats. IrrespecƟ ve of the size range of the transmiƩ ed repeat (e.g. normal, intermediate 
or HD), our study shows that the paternal repeat can be detected in maternal plasma when 
there was a suffi  cient diff erence in size between paternal and maternal repeats. With respect 
to parƟ ally informaƟ ve couples (i.e. parents share an allele size), this would mean that in NIPD 
only the extended paternal allele can be discriminated from the maternal profi le. In case of 
informaƟ ve couples (i.e. parents have 4 diff erent CAG repeats) on the other hand, the ter-
minology “informaƟ ve” may be misleading in some cases. Even though in theory 4 diff erent 
parental repeat sizes imply a high detecƟ on rate, results from NIPD may not always be inform-
aƟ ve when the paternal peak coincides with the stuƩ er peak paƩ ern of the maternal profi le. 
StuƩ er peaks are a known phenomenon in repeat amplifi caƟ on (W�½Ý« et al., 1996). Each 
peak in the stuƩ er lacks one core repeat unit relaƟ ve to the main peak. When the paternal 
CAG repeat size is directly adjacent to the maternal CAG repeat size, it may be very diffi  cult 
to disƟ nguish the signals. Therefore, the use of both parental gDNA profi les as a reference is 
very helpful in fragment analysis since paƩ erns observed in gDNA are quite similar to paƩ erns 
observed in plasma DNA. In our study, one family (#68395) was included in which the paternal 
genotype was unknown at the Ɵ me of maternal blood sampling. Results from NIPD showed 

NIPD for HunƟ ngton disease

6



90

the father had transmiƩ ed a CAG repeat in the normal range, that could clearly be disƟ n-
guished from the maternal profi le. Shortly aŌ er fetal results from rouƟ ne prenatal diagnosƟ cs 
were reported, he had his genotype determined. Outcome showed he actually had two CAG 
repeats in the normal range and both these repeats diff ered suffi  ciently from both the ma-
ternal repeats. This also illustrates that future cases where the father does not want to have 
his profi le determined can indeed be included for NIPD. However, it may be more challenging 
to disƟ nguish between a true or false negaƟ ve result and couples should be informed about 
the limitaƟ ons of performing NIPD without the accessibility of a paternal reference profi le. 
Preferably, profi les of both parents should be available prior to the start of NIPD to determine 
whether couples are eligible for this test and to esƟ mate the success rate of NIPD based on 
CAG repeat size diff erences. 

Besides the diff erence in repeat sizes between both parents, also repeat size itself can 
be of infl uence for the success of direct analysis for NIPD. With an average size of ~143 bp, the 
fragmented nature of cff DNA indeed makes the detecƟ on of expanded repeats in the fetus 
more challenging (C«�Ä et al., 2004; LÊ et al., 2010). Expanded repeats can be unstable. When 
the inherited paternal allele is expanded upon transmission, there is a possibility that it be-
comes too large to be detected in fragmented cff DNA. Flanking primers used for detecƟ on of 
the CAG repeat may not be able to bind both sides of the fragment and thus amplifi caƟ on will 
be hampered. The longest repeat size described in the study by the group of Bustamante-Arag-
ones et al. was 114 repeats and could not be detected (BçÝã�Ã�Äã�-AÙ�¦ÊÄ�Ý et al., 2008), 
while in our study the largest fetal CAG repeat was 70 (represenƟ ng a PCR product of ~245 bp) 
which could be detected with NIPD. In this study we could detect all HD repeats, however such 
long repeats were not detected in every replicate. We therefore strongly advice to perform 
the test in duplo or triplo to obtain a more accurate and robust test result. PreferenƟ al am-
plifi caƟ on of small repeats (i.e. repeats in the normal range) is oŌ en observed aŌ er fragment 
analysis. As a consequence, there can be a large diff erence in the intensity of signals between 
diff erent HD repeat ranges. The signal intensity of long CAG repeats is oŌ en much lower com-
pared to the signal of smaller repeats and this phenomenon is observed in both gDNA as well 
as plasma DNA. In maternal plasma, the fetal contribuƟ on to the total amount of cell-free DNA 
is on average only ~10% in the fi rst trimester, however this percentage may diff er quite exten-
sively between individuals (LÊ et al., 1998; LçÄ et al., 2008a). The group of Chan et al. report 
in their study only 20% of the total amount of fetal sequences in maternal plasma have a size 
>193 bp and this percentage decreases when fragments are even larger (C«�Ä et al., 2004). 
The low signal intensity of long CAG repeats together with the low amount of fetal sequences 
in these size ranges may explain why such long fetal repeats are not detected in every plasma 
DNA replicate.

Another factor to consider, especially when sampling very early in gestaƟ on, is a low 
amount of cff DNA in maternal plasma itself. Very low levels of cff DNA may lead to inconclusive 
results. In case of inconclusive results, a second blood sample could be requested to retest lat-
er in pregnancy. Nevertheless, for all inconclusive results prenatal tesƟ ng through an invasive 
procedure is recommended. 

In summary we show that in this study all fetuses at risk for HD could be idenƟ fi ed 
noninvasively in maternal plasma. Moreover, we have hereby confi rmed the results from pre-
viously published cases for NIPD of HD in a larger cohort. Our data also illustrates that when 
a paternally inherited allele in the normal range is transmiƩ ed to the fetus, the detecƟ on rate 
strongly depends on the size diff erence between paternal and maternal CAG repeats. With 
this validaƟ on study we show that NIPD for HD can indeed be performed through direct test-
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ing of paternally transmiƩ ed repeats in maternal plasma, although not every couple will be 
good candidates for this test. However, prior to tesƟ ng, parental CAG profi les can be used to 
determine whether a couple is actually eligible for NIPD. In conclusion, we consider the ap-
proach of detecƟ ng the paternally inherited repeat in maternal plasma by means of PCR and 
subsequent fragment analysis very promising applicaƟ on for NIPD of HD.
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