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Abstract: An intronic GAA repeat expansion in the FGF14 gene was recently identified as a
common cause of autosomal dominant GAA-FGF14 ataxia (SCA27B). We aimed to characterize in
detail the clinical and video-oculographic features in our cohort of SCA27B patients. We
genotyped the FGF14 GAA repeat expansion in 52 patients with unsolved late-onset cerebellar
ataxia. Brain MRI and nerve conduction study, as well as video-oculographic (VOG) assessment,
were performed. Eight patients (15.4%) with pathogenic GAA repeat expansion in the FGF14 gene
were found. The median age at onset was 51 years (range—23-63 years). Sensory axonal
neuropathy was found in 5/8 pa-tients. Cerebellar atrophy was observed in 5/8 patients, and in
one case, pontocerebellar atrophy was found. All tested patients had impaired smooth pursuit,
5/6 patients had impaired vestibulo-ocular reflex suppression, nystagmus, and an increased
number of square wave jerks, 4/6 patients had horizontal gaze-evoked nystagmus, 3/6 had
spontaneous downbeat nystagmus, and 1/6 had an upbeat one. Video head impulse test gain was
lower than 0.8 on both sides in 2/4 patients, along with the presence of overt saccades. Further
studies in different cohorts are needed to complete the phenotype of the FGF14-related disorders.
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1. Introduction

Late-onset cerebellar ataxias (LOCAS) is a highly heterogenous group of progressive
neurological disorders with predominantly cerebellar involvement [1]. The most common
LOCAs types are multiple system atrophy, cerebellar type (MSA-C), idiopathic cerebellar
ataxia, alcohol-induced, and immune-mediated ataxias, as well as hereditary spino-
cerebellar ataxias (SCA) caused by microsatellite tandem repeat expansions (e.g., SCA
types 1, 2, 3, 6, and cerebellar ataxia, neuropathy, and vestibular areflexia syndrome
[CANVAS]) [2-4].po

It has been recently reported that GAA expansion of >250 repeats in the first intron
of the fibroblast growth factor 14 gene FGF14 causes a new type of hereditary ataxia,
SCA27B (GAA-FGF14), with SCA27A being associated with FGF14 point mutations [5,6].
Clinical, radiological, neurophysiological, and genetic features of SCA27B have already
been studied in different countries and cohorts [5,7-12]. It is estimated that this type of
ataxia may account for 15-30% of cases in European cohorts of patients with unverified
LOCAs [13]. The main clinical features of SCA27B are slowly progressive cerebellar ataxia
with a frequent combination of sensory and sensorimotor neuropathy, bilateral
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vestibulopathy, downbeat nystagmus, paroxysmal diplopia, vertigo or ataxia with cere-
bellar vermis, and hemispheres atrophy [8,9,14,15].

The aim of this study was to present our own first data on the frequency of SCA27B
among Russian patients with unsolved adult-onset ataxia and to determine their clinical
characteristics. We reveal some phenotypic features of this ataxia type in our cohort (fre-
quency of sporadic cases, evident anticipation phenomenon in one family, and absence of
episodic symptomatic fluctuations, upbeat nystagmus). We also attempt to estimate as
many video-oculographic (VOG) parameters in SCA27B patients as possible to fully de-
scribe the oculomotor features in our cohort, while most of the published data have fo-
cused mainly on the video head impulse test (vHIT) gain and the nystagmus characteris-
tics. While analyzing vHIT, we pay attention not only to the lowered gain but also to the
presence of covert and/or overt saccades.

2. Materials and Methods
2.1. Study Population

Patients attending the specialized neurogenetic clinic at the Research Center of Neu-
rology, Moscow, were enrolled from January 2017 to September 2023. This was a single-
center retrospective study conducted using the collection of DNA samples and medical
records data. Local Ethical Committee approval was received (protocol Ne3, 18 July 2019),
and all participants signed an informed consent form.

We evaluated 52 unrelated patients with progressive ataxia (sporadic-44 patients,
family cases-8 patients), age-56,8 + 21,7 years, age at onset-48,3 + 17,3 years (28 males).
Also, all patients underwent preliminarily FXN, RFCI1, ATXN1, ATXN2, ATXNS3,
CACNA1A, ATXNS/ATXNSOS, and TBP gene analysis to exclude pathogenic microsatel-
lite tandem repeat expansions.

2.2. Clinical, Neurophysiology, and Neuroimaging Assessments

Apart from routine neurological examination, all patients were evaluated with the
Scale for the Assessment and Rating of Ataxia (SARA). Mini-Mental State Examination
(MMSE) performance was used as a screening tool for cognitive impairment. Brain mag-
netic resonance imaging (MRI) and nerve conduction study (NCS) with sensory nerve ac-
tion potentials, muscle action potentials, and conduction velocity assessment [16] were
performed in all patients.

VOG assessment was carried out using monocular EyeSeeCam Sci system (EyeSeeTec
GmbH, Munich, Germany). Left eye movements were recorded. Test battery included re-
flexive and self-paced horizontal and vertical saccades, smooth pursuit, gaze holding dur-
ing fixation and in darkness, and vestibulo-ocular reflex (VOR) suppression. Additional
vHIT testing in the plane of horizontal canals was performed.

The reflexive saccade test had a pseudo-random step stimulation with an amplitude
of 10 and 20° for vertical saccades and 15 and 30° for horizontal saccades. Self-paced sac-
cades included stimulation at 20° for vertical and 30° for horizontal saccades. Smooth pur-
suit was performed with the target moving at 0.2 Hz, maximum velocity 20°/s. Gaze hold-
ing comprised fixation in primary gaze position, as well as towards 10° up, 10° down, 20°
left, and 20° right stimuli. In the VOR suppression test, patients were asked to fixate on a
head-fixed target while rotating in the darkness in the horizontal plane with a maximum
head velocity of 50°/s.

Saccadic peak velocity, latency, and amplitude gain, as well as velocity gain of
smooth pursuit, were calculated according to published data [17]. Saccadic parameters
were then compared with data obtained from healthy subjects [18]. The presence of sac-
cadic slowing was estimated based on saccadic velocity, and saccadic dysmetria was
based on saccadic amplitude gain. Rate of square wave jerks was calculated manually; the
cut-off value for a normal number of saccadic intrusions was set to less than 27 per minute.
VOR suppression was regarded as impaired if the VOR gain obtained in this test exceeded



Clin. Transl. Neurosci. 2024, 8, 29 3 of 11

0.14. Smooth pursuit was considered to be impaired with a gain lower that 0.7 in at least
two directions. The presence of nystagmus was established based on slow phase velocity
parameter and confirmed upon visual analysis of recorded graphs.

2.3. Genetic Assessment

Genomic DNA was extracted from blood leucocytes using extraction kit Wizard Ge-
nomic DNA Purification Kit (Promega Corporation, Madison, USA).

Screening of the FGF14 GAA repeat expansion was performed by flanking polymer-
ase chain reaction (PCR) and repeat-primed polymerase chain reaction (RP-PCR).

The primers flank the trinucleotide repeat region and are predicted to amplify a 306
bp fragment based on hg38 reference sequence (which includes 50 GAA repeats) using
standard PCR conditions. Products were visualized using agarose gel electrophoresis and
automatic capillary electrophoresis (QSep100, BiOptic Inc., Taipei, Taiwan) fragment
length analysis of FAM-labeled PCR products was performed on a Generic Analyzer
Nanophore 05 (Institute for Analytical Instrumentation RAS, Russia) using GeneMarker
(SoftGenetics 3.0.1) (Figure 1).

The presence of an expanded (GAA)n repeat was confirmed by RP-PCR utilizing the
following three primers: repeat specific forward primer (FGF14 RP F), anchor forward
primer corresponding to the anchor tail of the forward primer (FGF14 RPa F), and locus-
specific FAM labeled reverse primer (FGF14 R(Fam)). The presence of expansion was in-
dicated by the appearance of a characteristic ‘sawtooth’ pattern on the electropherogram.
Primer synthesis was carried out at the company “Syntol” (Moscow).
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Figure 1. Molecular analysis of the intronic FGF14 GAA repeat locus. (A) Agarose gel electrophore-
sis (1.5%): lanes 7, 8, 12, and 15, >250 repeat units. (B) Automatic capillary electrophoresis (QSep100)
of four patients: Patient #8 (20/280 repeat units); Patient #7 (8/277 repeat units); Patient #15 (43/197
repeat units), and Patient #5 (18/87 repeat units). (C) Fragment length analysis of fluorescent PCR
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amplification products of four patients. (D) Results of RP-PCR for the expanded (GAA)n repeat of
four patients demonstrated a characteristic ‘sawtooth’ pattern on the electropherogram.

2.4. Statistical Analysis

We used standard descriptive statistics for values with non-normal distribution (me-
dian, range, min-max). To assess the normality of distribution, Shapiro-Wilk test was
used. Spearman’s rank correlation coefficient was used to measure the association be-
tween length of GAA repeats and the age of disease onset. Statistical significance was in-
dicated if p <0.05.

3. Results

Eight patients (15.4%) with pathogenic GAA repeat expansion (median size-272.5
GAA repeats, range-256-290) in the FGF14 gene were found (median age-61 years, range-
36-73 years, 5 males). Median age at onset was 51 years, range 23-63 years. All patients
were of Slavic origin. Four patients had a positive family history corresponding to auto-
somal dominant inheritance. An anticipation phenomenon was discovered in only one
family (patient #5), in which the age of onset was 23 years for the proband, 30 years for
the mother, and 53 years for the grandfather (Table 1).

Table 1. Clinical, neuroimaging and oculomotor characteristics of the patients with SCA27B. Missed
values can be seen in the cells where the presence of the sign was not checked. NCS —nerve conduc-
tion study, SW]—square-wave jerks, VOR— vestibulo-ocular reflex, vHIT —video head impulse test,
NA —not available.

Parameter/Patients #1 #2 #3 #4 #5 #6 #7 #8
Age, y/sex 73/m 68/m 66/m 65/m 36/f 57/f 42/f 53/m

Age at onset, y 58 62 63 54 23 48 39 48
Disease duration, y 15 6 3 11 13 9 3 5
Family history + - - + + + - -

Number of GAA repeats 261 280 256 281 268 257 277 290

Neurological assessment

Cerebellar dysarthria Mild Moderate Moderate Mild Mild Moderate Moderate -
Pyramidal signs - - - - - + + -

Sensory axonal neuropathy (NCS) + + + + - - - +
Ataxia of upper limbs + + - + + + + -

Gait ataxia + + + + + + + +

Positive Romberg test + + + + - - + +
Overactive bladder + - - - - + - -

SARA score 15 12 13,5 13 14,5 16 17,5 11

MMSE score 27 29 24 27 28 28 26 30

Brain MRI study

Normal - - - + - - - +

Cerebellar atrophy + + + - + + - -
Cerebellar and brainstem atrophy - - - - - - + -

Eye movement assessment

Impaired smooth pursuit + + NA + + NA +
Nystagmus + + + + + + + +

Increased rate of SWJ] + + NA + + - NA +
Impaired VOR suppression + + NA + + - NA +
Saccade slowing (either for reflexive _ B NA B B B NA B

or self-paced saccades)

Saccadic dysmetria for reflexive sac- N N NA N N N NA _

cades
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Saccadic dysmetria for self-paced B NA _ B B NA _
saccades

vHIT abnormalities + NA NA + NA + NA +

All SCA27B patients had cerebellar nystagmus and moderate gait ataxia (SARA 11—
17.5 points) and walked without support. Other symptoms were cerebellar dysarthria
(7/8), ataxia in the upper limbs (6/8), mild pyramidal signs (hyperreflexia, extensor plantar
response, 2/8), overactive bladder (2/8), and mild cognitive impairment (MMSE < 27
points, 2/8).

In 5/8 patients, NCS showed a pronounced symmetrical sensory axonal polyneurop-
athy with absent or nearly absent sensory responses and almost no motor involvement.

In two patients, brain MRI was normal; in 5 patients, mild to moderate atrophy of the
cerebellar hemispheres and vermis was observed; and in 1 case, pontocerebellar atrophy
was found (Figure 2).

Figure 2. Brain MRI study. (A) Saggital T2 FLAIR and (B) coronal T2 images in Patient #5 show
moderate cerebellar atrophy involving both hemispheres and anterior and superior vermis. (C) Sag-
ittal and (D) axial T2 images in Patient #7 show moderate cerebellar and brainstem atrophy.

VOG results were available for 6 patients, and horizontal vHIT for 4 patients. All
tested patients had impaired smooth pursuit with vertical positional gain of 0.31 [0.20;
0.45] and horizontal positional gain of 0.55 [0.43; 0.68] (Figure 3C). Besides that, all patients
but 1 had impaired VOR suppression (gain 0.23 [0.2; 0.27]), nystagmus, and increased
number of square wave jerks (SWJ) per minute (45.0 [40.0; 62.0]) in the gaze holding test,
which was consistent with cerebellar dysfunction (Figure 3B,E). It is noteworthy that no
saccadic dysmetria could be detected in our cohort of patients. No dysmetria of self-paced
saccades could be detected in our cohort of patients, but reflexive saccades were either
hypometric or hypermetric at least in one direction in 5/6 patients.

Horizontal gaze-evoked nystagmus was the most prevalent type of nystagmus, seen
in 4 of 6 patients (Figure 3D); in some cases, it was asymmetrical. In addition, spontaneous
downbeat nystagmus could be seen in 3 of these patients, and upbeat in 1. One patient
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had right-beat fixation-off nystagmus while having normal gain in vHIT, which makes it
less likely to be vestibular in origin.

Saccadic velocities were normal in all tested patients, corresponding to preserved
brainstem function on neurological examination and absence of brainstem atrophy on
MRI (the only patient with MRI brainstem atrophy did not undergo VOG study). vHIT
gain was lower than 0.8 on both sides in two patients, along with the presence of overt
saccades (Figure 3A), but it did not exceed the lower limit of 0.6; so, the obtained data
were inconsistent with bilateral vestibulopathy [19]. Bilateral vHIT gain of <0.8 and >0.6
in one 73 y.o. patient led to the initial assumption of presbyvestibulopathy [20], but the
presence of various types of vHIT abnormalities in all tested patients of different ages
makes this hypothesis less probable. All tested patients, irrespective of vHIT gain, had
overt saccades that could not be attributed to nystagmus or saccadic intrusions, and one
patient with a gain of <0.8 also had covert saccades.
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Figure 3. Typical video-oculographic findings in SCA27B patients. (A) Horizontal vHIT in Patient
#8. Grey curves represent the velocities of passive head rotation over time, and black curves repre-
sent eye velocity. Note the presence of both covert and overt saccades. Gain at 60th ms for rightward
impulses was 0.65, and 0.57 for leftward ones. (B) Insufficient VOR suppression in Patient #8. The
cy an curve represents horizontal head rotation over time, and the blue curve represents horizontal
vestibular eye movements that the patient was unable to fully suppress, which resulted in a gain of
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0.24. (C) Saccadic pursuit in Patient #1. Grey and black curves represent changes in stimulus and
eye position over time, respectively. (D) Horizontal eye movements during rightward (upper part)
and leftward (lower part) fixation in Patient #5. Horizontal gaze-evoked nystagmus can be seen,
with a slow phase velocity (SPV) of 2°/s for leftward and 0.8°/s for rightward gaze holding. (E) Com-
bination of spontaneous downbeat nystagmus and excessive SW] in Patient #2. The green curve
stands for horizontal eye position over time, and orange for vertical. SPV for downbeat nystagmus
was 3.5°/s. In (B,D,E), upward deflections represent movement either up or to the right, and down-
ward deflections represent movement either down or to the left, depending on the color of the curve.

4. Discussion

In our study, we identified pathogenic FGF14 GAA repeat expansions in 8 out of 52
unrelated patients (15.4%) with progressive cerebellar ataxia. This study was conducted
for the first time in Russia, and GAA-FGF14 repeat expansions have not been previously
documented in Russian patients with unsolved LOCAs.

It was previously shown that SCA27B was found in different populations and ethnic
groups among patients with adult-onset unverified ataxia, as follows: France-15/118
(12.7%) [8], Germany—26/79 (32.9%) [21], Spain-18/64 (28.1%) [22], Greece-19/540 (11.9%)
[11], Brazil -8/93 (8.6%) [7], Japan-11/940 (1.2%) [12], China-17/1216 (1.3%) [23], and Ser-
bia-9/167 (5.4%) [24]. The obtained data on the frequency of SCA27B in different countries
need to be clarified. In some populations, a “founder effect” is possible (for example, in
Western Europe compared to East Europe and Asian countries), or patient cohorts may
vary across studies (e.g., all types of ataxia or predominantly familial cases, etc.). Accord-
ing to our preliminary data, SCA27B is one of the most common forms of autosomal dom-
inant SCA in Russia; less common than SCA1 and SCA2, approximately equal in fre-
quency to SCA3, and more common than SCA6, SCA7, SCAS, and SCA17 [25-27].

The median age at onset of our SCA27B patients was 51 years, which is younger than
in most previous studies [8,10-12]. According to the available data, the GAA repeat length
seems to only weakly correlate with age at onset [13]. Wirth T. et al. did not find a corre-
lation between GAA expansion size and clinical features. including age of onset [8]. We
also could not see a correlation between the length of GAA repeats and age of disease
onset (rs=-0,10, p = 0,57).

SCAZ27B is characterized by a high frequency of sporadic cases, varying between 15
and 50% [22,28], and in our cohort, 50% of cases were sporadic. These findings are pre-
sumably associated with the significant instability of the FGF14 GAA repeat locus upon
intergenerational transmission [13].

The main clinical characteristic of SCA27B is a slowly progressive pancerebellar syn-
drome, with gait ataxia being more severe than appendicular ataxia [8,15]. Sensory and
sensorimotor axonal neuropathies are common manifestations of SCA27B, and demye-
linating neuropathies are rare [8]. In our cohort, five patients had pure sensory axonal
neuropathy without involvement of motor fibers. In such cases, ataxia is combined, sen-
sory and cerebellar, resembling a CANVAS phenotype. Pyramidal syndrome is observed
in rare patients with SCA27B and usually presents with hyperreflexia and Babinski sign
without muscle weakness or severe spasticity [8,12]. Two patients had signs of neurogenic
overactive bladder without post-void residue or orthostatic hypotension. Additionally,
one of our patients had pontocerebellar atrophy according to the brain MRI study, which
is also one of the signs of MSA-C. Cerebellar and brainstem atrophy have been previously
described in rare patients with SCA27B [8], and cases with pathogenic GAA-FGF14 ex-
pansion have been also described in patients with clinically diagnosed MSA-C [23,29].
Summarizing these findings, we support the use of FGF14 GAA expansion screening in
patients with suspected MSA-C in doubtful cases.

Cognitive functions in SCA27B have not been sufficiently studied yet. In summary,
severe cognitive impairment and dementia are not typical for GAA-FGF14, even despite
advanced age at examination [15]. In our cohort, mild cognitive impairment was detected
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in two patients and did not correlate with signs of small vessel disease according to brain
MRI data (Fazekas grade 1).

It is known that point mutations in the FGF14 gene cause SCA27A and episodic ataxia
type 9 [6,30]. Moreover, it has been shown that episodic ataxia and episodic symptomatic
fluctuations are also characteristic of SCA27B [15]. Among our patients, there were no
cases with paroxysmal ataxia or vertigo even at the beginning of the disease, and cerebel-
lar ataxia was slowly progressive. In our cohort, there were also no cases of parkinsonism,
dystonia, postural tremor, amyotrophia, or fasciculations, which were described in previ-
ous studies [7,8,15].

Brain MRI study in SCA27B often shows isolated cerebellar atrophy predominantly
in the vermis, as observed in our cases [15]. Nevertheless, in some patients, cerebral MRI
is normal, without signs of cerebellar hemispheric or vermis atrophy [9,13]. In sporadic
cases with sudden onset of ataxia, vertigo or diplopia, and normal cerebral MR, it is nec-
essary to suspect immune-mediated ataxias, especially cerebellar ataxia with glutamic
acid decarboxylase antibodies [31].

Smooth pursuit abnormalities found in all patients could be at least in part attributed
to age-dependent changes in visual tracking. Other VOG findings suggestive of cerebellar
abnormalities, such as nystagmus, SWJ, or VOR suppression impairment, are not a part
of normal aging. In our cohort, horizontal gaze-evoked nystagmus was more frequent
than downbeat nystagmus, similar to the data published in a Chinese cohort [23]. Upbeat
gaze-evoked nystagmus in addition to horizontal gaze-evoked nystagmus was docu-
mented in our patient for the first time. Different results were obtained for positional ac-
curacy of reflexive and self-paced saccades: the latter had no dysmetria, while reflexive
was dysmetric to some extent in 83% of cases. According to published data, saccadic dys-
metria was present in nearly one-third of SCA27B patients [32].

VOR pathology was previously described in SCA27B patients documented by either
vHIT, rotatory chair, or caloric testing [13,32,33]. In examined patients, the prevalence of
bilateral vestibulopathy (BV) varies between 11% and 67% according to the published data
[13,24,32,33]. Such differences could depend on the size of the cohort, the severity of the
disease course, and the vHIT gain value assumed to be characteristic for BV (<0.7 or <0.6
on both sides). None of our patients had BV, but some of them had VOR gain below nor-
mal values. In previously published data [32,33], only the vHIT gain was taken into ac-
count, according to the established BV criteria [19]. Paying attention to covert and overt
saccades in addition to the gain allowed the observation that VOR was somewhat com-
promised in all of our SCA27B cohort. Mild VOR abnormalities in GAA-FGF14 could pos-
sibly have another pathophysiological mechanism than in the RFCI spectrum, including
cerebellar involvement [33]. The vHIT abnormalities present in some form in all of our
tested patients, also being mild, show some overlap with other syndromes manifested by
cerebellar ataxia, sensory axonal neuropathy, and vestibulopathy, especially CANVAS
(given similar age of onset) and POLG-associated SANDO syndrome [34]. It remains un-
clear whether vHIT gain will gradually worsen as the disease progresses or whether it
will remain stable. Both patients with decreased vHIT gains had axonal sensory polyneu-
ropathy, but our cohort is too small for now to establish a clear relationship between vHIT
gain and NCS parameters.

It is known that some drugs (e.g., benzodiazepines, tricyclic antidepressants, anti-
cholinergic medications) can affect oculomotor functions. In our cohort, Patient #2 was
taking imipramine. It has previously been shown that tricyclic antidepressants could
cause oculomotor symptoms, including internuclear ophthalmoplegia, partial or total
gaze palsy, and opsoclonus [35], but these are not the signs that were seen in this particular
patient. Patient #6 was taking amantadine, and her oculomotor findings also could not be
explained by medication intake. Other patients did not take any medications affecting oc-
ulomotor function.

The combination of VOG and vHIT abnormalities found in our patients (Figure 3) is
not disease-specific, but it can help narrow down the spectrum of suspected diseases. A
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combination of impaired smooth pursuit, cerebellar nystagmus, impaired VOR with in-
conclusive VHIT changes, and no saccadic velocity/gain abnormalities should be critically
revised as the number of cases examined increases.

Our study has some limitations. We did not include patients with MSA-C, so this
could result in an underestimation of SCA27B patients with autonomic symptoms. As a
retrospective study, the clinical, radiological, and VOG data were taken before the patients
were proven to have SCA27B, so we did not have some important data (including segre-
gation analysis in affected families). We also did not conduct reliability testing and train-
ing to ensure consistency among raters who tested patients with rating scales (SARA,
MMSE).

5. Conclusions

Our study suggests that SCA27B ataxia is a common form among unverified late-
onset cerebellar ataxia in a Russian cohort. According to our data, genetic testing (GAA
expansion analysis in the FGF14 gene) should be performed in adult patients (sporadic
and familial cases) with slowly progressive cerebellar and sensory ataxia with sensory
axonal neuropathy, spontaneous vertical nystagmus, and vHIT abnormalities (subopti-
mal gain with covert saccades). Brain MRI study is non-specific and may present as nor-
mal or reveal isolated cerebellar atrophy or pontocerebellar atrophy. Further studies in
different cohorts and ethnic groups are needed to complete the phenotype of the FGF14-
related disorders.
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