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Abstract

Autosomal recessive cerebellar ataxias (ARCAs) represent a heterogeneous group of inherited 

disorders. The association of early-onset cerebellar ataxia with hypogonadotropic hypogonadism 

is related to two syndromes, known as Gordon Holmes syndrome (GHS—ataxia and pyramidal 

signs with hypogonadotropic hypogonadism) and Boucher-Neuhäuser syndrome (BNS—ataxia 

with chorioretinal dystrophy). Mutations in the PNPLA6 gene have been identified as the cause of 

hereditary spastic paraplegia and complex forms of ataxia associated with retinal and endocrine 
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manifestations. We reported two Brazilian patients with sporadic, progressive cerebellar ataxia, 

associated with hypogonadotropic hypogonadism, in whom the GHS and BNS were confirmed by 

the demonstration of compound heterozygote mutations in the PNPLA6 gene. Genetic analysis of 

the patient 1 revealed compound heterozygous mutations, one allele in exon 34 and the other allele 

in exon 29. Genetic exam of the patient 2 also demonstrated compound heterozygous mutations. 

Three were novel mutations. The missense mutation c.3373G> A, found in the BNS patient, was 

previously related to Oliver-McFarlane syndrome. These different mutations in this gene suggest a 

complex phenotype associated disease spectrum.
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Introduction

Hereditary ataxias represent a heterogeneous group of neurodegenerative diseases, including 

the autosomal recessive cerebellar ataxias (ARCAs) and autosomal dominant cerebellar 

ataxias, known as spinocerebellar ataxias (SCAs) [1]. The most common forms of ARCAs 

are Friedreich’s ataxia and ataxia telangiectasia, but the differential diagnosis include a 

variety of rarer disorders, such as ARCAs associated with hypogonadotropic hypogonadism 

(AHH) [1, 2], which include Boucher-Neuhäuser (BNS), Gordon Holmes (GHS), and 

Perrault syndromes [1–3]. AHH is a genotypically variable as it can be linked to a different 

genetic defects, including STUB1, RNF216, OTUD4, HSD17B4, HARS2, LARS2, CLPP, 

and PNPLA6 mutations [1–3].

Mutations in the patatin-like phospholipase domain-containing protein 6 (PNPLA6) gene 

were originally described in as causative for hereditary spastic paraplegia 39 (SPG39) [4]. 

PNPLA6 mutations were additionally identified as the most frequent unifying genetic cause 

of two AHH: Boucher-Neuhäuser (BNS) and Gordon Holmes (GHS) syndromes [5, 6]. 

Subsequently, PNPLA6 was independently identified as the genetic cause in several families 

with Laurence-Moon and Oliver-McFarlane syndromes [7, 8]. PNPLA6 mutations also were 

related to a pure form of ataxia (Table 1) [5, 9].

Here, we describe two Brazilian patients with sporadic cerebellar ataxia with 

hypogonadotropic hypogonadism associated with PNPLA6 gene mutations.

Case Descriptions

Case 1

A 24-year-old male was assessed due to a 1-year history of progressive balance difficulties 

and intermittent diplopia. Clinical examination was remarkable for the absence of secondary 

sexual characteristics, with eunuchoid habitus. He was Tanner stage 4, with testicular 

volume of 15 ml by orchidometer and penile length of 10 cm (Tanner scale match sexual 

maturity stages, 0 to 5; stage 4 implies pre-adult development). Neurological examination 

showed mild gait ataxia, more evident while performing tandem gait, and horizontal gaze-

Teive et al. Page 2

Cerebellum. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evoked nystagmus. Ophthalmological examination was normal, as well as the retinography 

and optical coherence tomography (OCT). A normal electrooculogram with Arden ratio of 

2.5 in the right eye and 2.7 in the left eye ruled out Boucher-Neuhäuser syndrome. Brain 

MRI showed mild cerebellar atrophy. Endocrinological investigation showed sex hormone-

binding globulin (SHBG) of 80.9 nmol/l (normal range 13.2–89.5 nmol/l), low plasma total 

testosterone levels of 6.8 nmol/l (normal range 10.4–41.6 nmol/ l), and low free testosterone 

of 0.07 nmol/l (normal range 0.31–1.04 nmol/l), corresponding to 1.01% of total 

testosterone, in the presence of normal serum FSH of 2.7 mUI/ml (normal range up to 13 

mUI/ml) and normal serum LH of 2.4 mUI/l (normal range up to 14 mUI/ml), confirming 

the biochemical diagnosis of hypogonadotropic hypogonadism. Other hormonal tests of 

pituitary function and spermogram were normal. Genetic analysis of the PNPLA6 gene 

revealed compound heterozygous mutations, one allele in exon 34 with c.4081C>T, 

p.Arg1381* (introducing a premature stop codon) and the other allele in exon 29 the c.

3373G>A, p.Asp1125Asn (Fig. 1). Each parent was heterozygote for one of these mutations, 

proving that they are in trans in the patient. There were no clinical features in other family 

members. Scale for the Assessment and Rating of Ataxia (SARA) score was 6 at baseline, 

stable after 2 years of follow-up. The patient was started on hormone replacement therapy 

with long-acting testosterone undecanoate, with progressive modification of his voice, 

development of oily skin, acne, and secondary sexual characteristics, associated with 

normalization of plasma testosterone levels. Coenzyme Q10 was also initiated along with 

physical therapy.

Case 2

A 19-year-old male was evaluated due to a 12-year history of progressive ataxia associated 

and visual loss. At age of 15, he was evaluated due to short stature and puberty delay. At 

clinical examination, his height was 163 cm, his weight was 70 kg, and his body mass index 

was 26.4 kg/m2. He had mild gynecomastia and absence of axillary and body hair. He was 

Tanner stage 2, with testicular volume of 6 ml by orchidometer and penile length of 10 cm. 

Neurological examination demonstrated the presence of bilateral horizontal gaze-evoked 

nystagmus, mild dysarthria, gait ataxia, particularly in the tandem gait, and mild dysmetria 

in the upper limbs. In the ophthalmological examination, the visual acuity was 20/30 in both 

eyes (OU; oculus uterque). In the electroretinogram (ERG), the scotopic phase was normal, 

and photopic phase was subnormal in OU. The multifocal ERG showed subnormal 

amplitudes in the central area in OU. The presence of bilateral foveal atrophy in OU were 

confirmed by optical coherence tomography (OCT) and color fundus photographs (Fig. 2). 

Endocrinological investigation showed SHBG of 24 nmol/l (normal range 13.2–89.5 nmol/l) 

and very low plasma total testosterone level of 0.03 nmol/l (normal range 0.31–1.04 nmol/l, 

corresponding to roughly 2% of total testosterone), in the presence of low serum FSH and 

LH concentrations (0.7 and 0.6 mUI/ml, respectively), confirming the diagnosis of 

hypogonadotropic hypogonadism. Other hormonal tests of pituitary function were normal. 

He started therapy with human chorionic gonadotropin (Choriomon) 5000 UI every week, 

with modification of his voice, development of oily skin, acne and body hair, associated with 

normalization of plasma testosterone levels after 6 months of therapy.
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Genetic exam of the PNPLA6 demonstrated compound heterozygous mutations, one allele 

with c.3387G>A (p.Trp1129) and the other allele with c.2297T>C (p.Leu766Pro).

SARA scale score was 8/40. The patient is undergoing hormonal treatment as well as 

coenzyme Q10, buspirone, and physical therapy. There were no clinical features in other 

family members.

Discussion

BNS presents with AHH, visual impairment due to chorioretinal dystrophy, and is frequently 

also associated with peripheral neuropathy (sensorimotor) and hypersegmented neutrophils 

[10–15]. GHS is an AHH associated with pyramidal signs, including brisk reflexes, 

spasticity, and Babinski’s reflexes, with no visual impairment [10, 16]. Our patients 

presented with sporadic AHH, confirmed by endocrine evaluation, the first with no visual 

impairment or pyramidal signs, which lead us to the diagnosis of GHS. The second patient 

presented with visual impairment due to foveal atrophy, and complementary exams 

confirming the diagnosis of macular dystrophy, BNS, different from other reports that 

showed changes more diffusely in chorioretinal. The normal electrooculogram (EOG) and 

normal scotopic and subnormal photopic ERG suggest that the ophthalmological alterations 

are restricted to macular area [5, 12, 17]. Upon follow-up, both patients demonstrated 

stability of motor signs and symptoms with no significant longitudinal changes in the score 

of the ataxia scale (SARA) used, associated with improvement of endocrinological 

parameters after testosterone replacement therapy associated with coenzyme Q10 

supplementation [18].

PNPLA6 gene is related to a protein named neuropathy target esterase that belongs to a 

family of nine patatin-like phospholipase domain-containing proteins [5, 10]. Most of 

PNPLA6 mutations affected the enzymatic activity of the phospholipid esterase domain 

(EST), and then influencing the cellular signaling in the central nervous system (Fig. 3) [5, 

10]. On a functional level, proteins like PNPLA6, on which different phenotypes converge, 

may represent functional platforms or hubs that connect a diversity of pathways with 

multiple biological functions. These “hub proteins,” intersection nodes in phenotypic as well 

as cellular disease networks [5].

Our finding of compound heterozygous mutations in this case is in accordance with 

PNPLA6-related disorders following an autosomal recessive mode of inheritance [14]. The 

c.3373G>A mutation was previously described in a patient with Oliver-McFarlane syndrome 

[5]. It was also an isolated case and had compound heterozygous mutation with c.1571T>C 

in the other allele. The condition started at the age of 9 and on examination showed retinal 

degeneration with marked visual loss, 20/400 in OU. She had hypopituitarism, GH 

deficiency with growth delay, trichomegaly, but there was no hypogonadism. Our patient 

with the same mutation (case 1—BNS) had the mutation c.4081C>T on the other allele, 

introducing a stop codon. In spite of one identical mutation, both the genotype and the 

phenotype of these patients were different. Other mutations, such as c.3084_3085insGCCA, 

may be associated with distinct phenotypes, in this case with ataxia-spastic, Laurence-Moon 

and Oliver-McFarlane syndromes [5, 7, 8].
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Our cases reported with GHS and BNS patients, presenting as sporadic cerebellar ataxia 

associated with hypogonadotropic hypogonadism, confirm the expanded spectrum of 

PNPLA6 gene mutations.
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Fig. 1. 
Patient 1: family pedigree and genomic sequence chromatograms of missense and nonsense 

PNPLA6 mutations (Gordon Holmes syndrome)
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Fig. 2. 
Patient 2: ataxia associated with hypogonadotropic hypogonadism—ophthalmological exam. 

a, b Color fundus photographs reveals a small depigmented foveal symmetrical spot in OU. 

c, d OCT horizontal scan of RE and OCT vertical scan in LE show foveal area with 

disruption of C.O.S.T (cone outer segment tips) and choroidal hyperreflectivity, 

demonstrating retinal pigment epithelium (RPE) atrophy at this site. RE right eye, LE left 

eye
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Fig. 3. 
An illustration of PNPLA6 gene structure along with the mutations of the case reports. 

Exons highlighted corresponding to protein domains
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Table 1

PNPLA6-related disorders

Syndrome Features Mutations*

Pure ataxia Ataxia c.3847G>A
c.3929A>T

Boucher-Neuhäuser Ataxia, hypogonadotropic hypogonadism, chorioretinal dystrophy c.288T>G
c.343-2A>T
c.865C>G
c.1732G > T
c.2212-1G > C
c.2944_2947dub
c.3134C > T
c.3173C > T
c.3197T > C
c.3328G > A
c.3365C > T
c.3373G>A
c.3519C>G
c.3932 G>A
c. 4075 C >T
c.4081C>T (novel)

Gordon Holmes Ataxia, hypogonadotropic hypogonadism, pyramidal signs c.1127insG
c.2297T>C (novel)
c.2494insTGTGGGCCTGGGG
c.3084_3085insGCCA
c.3295 C>T
c.3380 C> G
c.3387G>A (novel)
c.3526G>A
c.3931C >T
c.4084C > G

Laurence-Moon Ataxia, distal muscle wasting, spastic paraplegia, trichomegaly, 
congenital hypopituitarism and retinal degeneration with choroidal 
atrophy

c.3526G>A
c.3084_3085insGCCA dup(Ex14-20)

Oliver-McFarlane Ataxia, distal muscle wasting, blindness due to severe photoreceptor 
degeneration, dwarfism due to pituitary growth hormone deficiency, 
trichomegaly and progressive alopecia

c.1238_1239insC
c.1571T>C
c.1973+2T>G
c.2116C>T
c.2763G>A
c.3322C>T
c.3373G>A
c.3385G>C
c.343-2A>T
c.1076C>T
c.3084_3085insGCCA

Spastic-ataxia Ataxia with spastic paraplegia c.3084_3085insGCCA
c.3299T > G

Hereditary spastic paraplegia 
39 (SPG39)

Spastic paraplegia with distal muscle wasting c.787G > A
c.2519G > A
c.2669G > A
c.2946_2947ins CAGC
c.3034 A > G

Built from references 3–8

*
The mutations in patients of this paper are in italic
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