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Sir,

We thank Gauquelin et al. (2017) for their interesting

letter regarding our recent publication ‘Hypomorphic mu-

tations in POLR3A are a frequent cause of sporadic and

recessive spastic ataxia’ (Minnerop et al., 2017). The au-

thors of the letter question the pathogenic relevance of the

novel hypomorphic intronic POLR3A variant, which we

observed in a total of 19 independent families. Gauquelin

et al. suspected undetected mutations in other HSP and

ataxia genes in at least a subset of our families, while at

the same time arguing that the phenotype we reported in

those very same families falls well within the spectrum of

POLR3-related disease and should rather be classified as

atypical POLR3-related disease. They put forth clinical as

well as genetic arguments to support these somewhat

contradictory statements.

Gauquelin et al. questioned whether the reported periph-

eral neuropathy in some of our cases can truly be attributed

to the POLR3A gene-related defect and speculated about a

possible different aetiology. While alternative causes cannot

ultimately be ruled out, they are highly unlikely given

that (i) diagnostic work-up did not provide evidence for

secondary causes of neuropathy in any of the cases; and

that (ii) neuropathy was present even in childhood-onset

cases where secondary causes of neuropathy are rare.

Presence of childhood-onset neuropathy in Patient F19-1

carrying the c.1909+22G4A mutation at homozygous

state further supports neuropathy as a POLR3-related clin-

ical feature at least in carriers of that specific hypomorphic

variant. Lastly, (iii) the frequent occurrence of neuropathy

in our cohort (5/17, 29% of cases) render it unlikely that it

is just a coincidental finding secondary to other causes.

We thank the authors for pointing out myopia and

short stature as common non-neurological features in

POLR3-related disorders, both of which were not directly

obvious in our patients. We now aggregated more system-

atic information on these features (Table 1). Myopia was

only present in 8/20 patients carrying the c.1909+22G4A

mutation in a compound heterozygous state and neither

particularly pronounced or progressive as reported by
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Wolf et al. (2014). In contrast to our patients, their patient

sample included patients with mutation in either POLR3A

or POLR3B and most patients had a disease onset before

the age of 10 years, while our patients developed their first

neurological symptoms at a median age of 18 years. These

differences further emphasize that we are dealing with dif-

ferent phenotypes and myopia does not seem to be a prom-

inent feature in our patient sample, at least not with

pronounced incapacitating impairments on patients’ daily

lives. With respect to short stature as a further non-neuro-

logical feature, two out of five patients carrying the homo-

zygous c.1771-7C4G mutation were reported to have

short stature (both belonging to the same family), while

only three (two males) of the 20 patients carrying the

c.1909+22G4A mutation in a compound heterozygous

state (height information was lacking in further two)

fulfilled the definition of short stature (males 5166 cm,

females 5153 cm). However, body height is influenced by

different factors such as ethnic background, parental

height, socioeconomic status, year of birth, etc.

Unfortunately, neither Wolf et al. (2014) nor La Piana

et al. (2016) provided a definition of the statement ‘short

stature’ they used, and the information regarding the pre-

cise height of their patients is also missing. If the parental

height was taken into account (available in 16 patients),

only three patients (one male) were below the 95% target

range of expected body height (Falkner and Tanner, 1986).

In conclusion, short stature can hardly be regarded as a

prominent non-neurological feature in our patient sample.

We agree with Gauquelin et al. that we may underesti-

mate the frequency of dental abnormalities in our cohort as

the frequency we report in the larger cohort (11/17, 65%)

is based on patient history, although patients were specif-

ically prompted to report any dental issues, while the fre-

quency we found in patients that received a dedicated

dental examination was indeed higher (all seven patients

examined). Due to the international multicentre setting of

our study, detailed dental work-up for all patients was un-

fortunately not feasible. The important recommendation by

the authors to include questions regarding dentition in the

diagnostic work-up of patients with neurodegenerative

movement disorders is however highly appreciated.

We agree with the authors that the presence of typical

white matter features of POLR3-related disorders in cases

without comprehensive MRI results cannot be excluded.

However, myelination was possible to evaluate in most pa-

tients (20/29 patients; Minnerop et al., 2017). Additional

POLR3-typical MRI features including cerebellar atrophy

(1/22) or thinning of the corpus callosum (7/16) were in-

frequently present in those cases with comprehensive MRI

scans. We agree with the authors that there is some overlap

between the MRI pattern described by La Piana et al.

(2016) and the pattern observed in our patients.

However, the most distinguishing MRI features in our

cohort were the bilateral hyperintensities along the superior

cerebellar peduncles on FLAIR images observed in 11/12

patients with comprehensive MRI scans, which have not

been described in POLR3-related disorders before. It is

Table 1 Myopia and body height in POLR3A patients

Patient ID c.1909+22G4A Second mutation Mode of inheritance/gender Race/origin Age at onset (y) Age at exam (y) Myopia Body height (cm)

F1-3 Het Q31� AR/F CAU/GER 51 57 No 156

F1-5 Het Q31� AR/M CAU/GER 15 53 Yes 170

F1-7 Het Q31� AR/F CAU/GER 20 50 No 165

F1-8 Het Q31� AR/M CAU/GER 14 48 No 172

F2-1 Het D372N AR/F CAU/GER 20 47 2 y in adolescence 172

F3-1 Het F431Sfs�26 S/M CAU/GER 15 68 No 180

F4-1 Het E1261K S/M CAU/GER 20 56 No 170

F5-1 Het L454F S/M CAU/GER 28 38 No 165b

F6-1 Het S825Qfs�18 S/M CAU/GER 13 27 No 170

F7-1 Het G904� AR/F CAU/USA 17 30 No 173

F8-1 Het A515V S/M CAU/UK 18 31 Yes 193

F9-1 Het G854Afs�5 S/M CAU/GER 12 42 Yes 173

F10-1 Het Splice S/F CAU/GER 26 56 Yes 169

F11-1 Het Q511� S/M CAU/GER 12 66 No 176

F12-1 Het V1315fs�7 S/M CAU/GER 18 41 Yes 182

F13-1 Het K713Kfs�3 S/F CAU/GER 6 50 Yes 165a

F14-1 Het C109S S/F CAU/GER 12 45 No 163

F15-1 Het G350Gfs�27 AR/F CAU/GER 31 45 No 165

F16-1 Het R873� AR/F CAU/UK 21 30 Yes 147a,b

F16-2 Het R873� AR/F CAU/UK 23 35 N/E N/E

F17-1 Het M852fs�7 S/M CAU/UK 12 25 N/E N/E

F18-1 Het L356P S/M CAU/UK 20 42 Yes 155a,b

F19-1 Hom - S/F CAU/USA 11 18 N/E N/E

F20-1 - V1033A (hom) AR/M CAU/BEL 2 20 No 169

F21-3 - c.1771-7C4G (hom) S/M CAU/GER 16 55 No Normalc

F22-6 - c.1771-7C4G (hom) AR/F CAU/TR 0 29 No 163

F22-7 - c.1771-7C4G (hom) AR/F CAU/TR 0 21 No 163

F23-3 - c.1771-7C4G (hom) AR/M CAU/IL 2 12 N/E Shortc

F23-5 - c.1771-7C4G (hom) AR/F CAU/IL 2 19 N/E Shortc

AR = autosomal recessive; BEL = Belgium; CAU = Caucasian; F = female; GER = Germany; Het = heterozygous; Hom = homozygous; IL = Israel; M = male; N/E = not evaluated;

S = sporadic; TR = Turkey.
aShort stature according absolute body height values (males 5166 cm, females 5153 cm).
bShort stature in relation to parental body height.
cAccording to the subjective assessment of the clinician in charge.
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therefore of great interest that Gauquelin et al. confirmed

on re-evaluation the same finding in 4/8 of their previously

described POLR3-related cases with atypical MRI pattern

(La Piana et al., 2016). In light of these new results, the

cerebellar peduncular abnormalities may indeed not be spe-

cific for the 1909+22G4A mutation but may represent a

previously unreported finding in atypical POLR3-related dis-

orders. However, it would have been helpful to know

whether any of their four cases carried the

c.1909+22G4A variant (rs191875469) and whether these

cases also included POLR3B mutation carriers. We agree

with the authors that comprehensive MRI scans would

have been of special interest in those cases carrying the

homozygous c1771-7C4G variant and actually presenting

a different clinical phenotype. The evaluation of brain MRI

in all patients presenting with an ataxia or HSP phenotype,

in particular in combination with questions regarding denti-

tion, can therefore indeed provide significant clues towards

the diagnosis and will hopefully help to uncover previously

undiagnosed POLR3-related disorders.

The findings presented by Minnerop et al. (2017) are the

first large screening of POLR3A mutations in phenotypes

without any overt signs of hypomyelinating leukodystrophy.

As such, the estimated odds ratio (OR) of the association

with c.1909+22G4A may suffer the so-called ‘winner’s

curse’, i.e. OR of true association is inflated due to a given

threshold for statistical significance combined with an under-

powered sample to perform the discovery with this variant

(Ioannidis, 2008; Kraft, 2008). For this reason, the findings

of Minnerop et al. (2017) need confirmation in independent

samples. The results presented by Gauquelin et al. are the

first replication effort in an independent sample of HSP and

ataxia phenotypes. This analysis included exome-sequencing

data from 745 individuals from 492 families with either HSP

or ataxia. While the authors identified three heterozygous

carriers of c.1909+22G4A only in HSP families, none of

the ataxia families showed this variant. Furthermore, the

authors found an allele frequency for the rare allele of

c.1909+22G4A of 0.33% in their sample, very similar to

the frequency reported in the control sample of Minnerop

et al. (2017). Based on these findings, Gauquelin et al. con-

cluded that c.1909+22G4A is not a frequent cause of HSP

or ataxia. However, the results presented by Gauquelin et al.

should be interpreted with caution, as they lack several cri-

teria to formally consider their study a replication study

including similar sample selection, study design, and statis-

tical method applied for replication (Kraft et al., 2009).

Firstly, both studies differ in design and sample selection.

Minnerop et al. (2017) started from one unsolved family

classified as recessive HSP in which the authors performed

classical linkage analysis followed by whole exome sequen-

cing. The initial findings led the authors to search in

additional unexplained sporadic and recessive cases with

ataxia, spastic paraplegia, and peripheral neuropathy.

Hence, the study design in Minnerop et al. lack a priori

hypothesis on the causative gene, i.e. POLR3A. In contrast,

the authors in Gauquelin et al. have longstanding research

experience on the genetics of POLR3A, which may have

introduced bias in the sample used in this study (Daoud

et al., 2013; Wolf et al., 2014; Cayami et al., 2015). In

fact, as stated by Gauquelin et al., the author described pre-

viously c.1909+22G4A in a patient presenting ataxia and

hypodontia or dental abnormality (La Piana et al., 2016).

Thus, the clinical awareness of the authors regarding fea-

tures related to POLR3A mutations may have produced a

systematic depletion of potential POLR3A mutation carriers

in both the HSP and the ataxia cohorts. This bias introduced

in their 492 families may have led to the identification of

three heterozygous carriers of c.1909+22G4A only in the

HSP families. Furthermore, the same reason may explain

the 0.33% allele frequency for the rare allele of

c.1909+22G4A reported now by Gauquelin et al. Hence,

the sample studied by Gauquelin et al. resembles more the

‘disease controls’ cohort used by Minnerop et al., which

included neurological disorders and features not related to

the POLR3A spectrum.

Secondly, Gauquelin et al. did not include a proper con-

trol sample to perform the statistical analysis, a critical step

for a formal replication study. Importantly, several genetic

studies on rare variants, such as c.1909+22G4A, have

clearly shown differences in the allele frequency for the

same variant within European countries, i.e. Caucasian

population (Benitez et al., 2013; Cruchaga et al., 2014;

Genome of the Netherlands, 2014; Ruiz et al., 2014;

Heilmann et al., 2015). Minnerop et al. (2017) presented

genotype data for c.1909+22G4A in one ‘disease controls’

sample originating from the same database as the patient

samples and one healthy control sample from Germany

matching the ethnic background of several patients in

Minnerop et al. (2017). Following this line of arguments,

the allele frequency reported for c.1909+22G4A in ExAC

showed some differences across populations, i.e. in

European [minor allele frequency (MAF) = 0.0019], in

South Asian (MAF = 0.0008), in Latino (MAF = 0.0009),

and in African (MAF = 0.0004) populations. Interestingly,

all populations, including the European population, have

MAF for c.1909+22G4A lower than the 0.33% (0.0033)

reported by Gauquelin et al. In fact, the minor adenine

allele of c.1909+22G4A is significantly enriched

(P = 3.8 � 10–3, OR = 4.64, confidence interval 95% =

1.48–14.56) when comparing the allele frequency reported

by Gauquelin et al., based on three carriers in 492 inde-

pendent families, with that reported in ExAC. Hence,

Gauquelin et al. would have formally replicated the asso-

ciation reported by Minnerop et al. (2017). Unfortunately,

it should be noted that Gauquelin et al. did not present

clearly how they obtained the allele frequency for

c.1909+22G4A. In fact, the authors stated that the fre-

quency of this variant in their index cases is 0.33%.

However, it is unclear whether these index cases refer to

one case from each of the 492 independent families or to

the 100 cases left after subtracting 257 HSP families and

135 ataxia families (n = 392). Finally, Gauquelin et al. pre-

sent results based on the screening of 492 independent
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cases that is definitely underpowered to confirm or refute

the association presented by Minnerop et al. The 492 index

cases have a power of 13% to detect an association con-

sidering a high risk allele frequency of 0.0033, a prevalence

for the disease of 0.0005, an OR for heterozygous carriers

of 1.69 (lower value for the confidence interval in

Minnerop et al., 2017).

The lack of segregation of c.1909+22G4A reported by

Gauquelin et al. in their three HSP families is not surprising

because the mode of inheritance reported for POLR3A mu-

tation is recessive, i.e. both alleles must be affected. If no

additional mutations in POLR3A are observed in these

families, it cannot be expected that c.1909+22G4A segre-

gates with the phenotype as this mutation is not sufficient to

cause the disease, and therefore mutations in other genes may

explain the phenotype in these families. Nevertheless, it

would be interesting to study the phenotype of those patients

carrying c.1909+22G4A as this variant may act as modifier

of the phenotype produced by mutations in other genes.

Gauquelin et al. emphasize the importance of searching

for larger duplications or deletions in POLR3A as potential

missing cause. However, the authors have published several

screenings of POLR3A in different cohorts and never

found evidence suggesting that deletions or duplications

might be relevant potential pathogenic mechanisms in

POLR3A driven phenotypes. It is therefore unlikely now

that POLR3A duplications and deletions explain all pa-

tients carrying c.1909+22G4A reported by Minnerop

et al. (2017). Moreover, the majority of patients described

by Minnerop et al. (350 of 355 patients screened, 99%)

were screened with next generation sequencing technology

covering the entire exome or at least the genes linked to

POLR3A-related phenotypes, including HSP and ataxia

(see Supplementary material in Minnerop et al., 2017).

Hence, it is again unlikely, as stated by Gauquelin et al.,
that patients studied by Minnerop et al. are caused by mu-

tations in other genes. Noteably, c.1909+22G4A segre-

gated with the phenotype in two families reported by

Minnerop et al. (2017) where DNA was available to per-

form the segregation analysis.

In conclusion, Gauquelin et al. present findings that do

not support the results and conclusion reported by

Minnerop et al. However, several caveats in their study

design render results of Gauquelin et al. difficult to inter-

pret casting doubt on their conclusions. From a genetic

perspective, the study is underpowered and key elements

for a formal replication study are missing.
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