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Abstract

Mutations in NIPA1 cause hereditary spastic paraplegia type 6 (SPG6 HSP). Sequencing of the whole gene has revealed alterations of either
of two nucleotides in eight of nine SPG6 HSP families reported to date. By analysing CpG methylation, we provide a mechanistic explanation
for a mutational hotspot to underlie frequent alteration of one of these nucleotides. We also developed PCR RFLP assays to detect recurrent
NIPAI changes and screened 101 independent HSP patients, including 45 index patients of autosomal dominant HSP families. Our negative
finding in this cohort for which several other causes of HSP had been excluded suggests NIPA1 alterations at mutational hotspots to be less
frequent than previously thought. Nevertheless, the assays introduced represent a valid pre-screen easily implementable in the molecular

diagnosis of HSP.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The hereditary spastic paraplegias (HSPs) are a group of
movement disorders caused by degeneration of motoneur-
onal axons in the spinal cord. The major and unifying clinical
feature is progressive weakness and spasticity of the lower
limbs. Presence of complicating symptoms, mode of inher-
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itance, and age at onset vary widely. This heterogeneity is, in
part, explained by the existence of >30 spastic paraplegia
(SPG) loci [1]. The frequency of most of these genetic forms
is assumed to be small but large scale screens are often
lacking.

SPG6 HSP is caused by mutations in NIPA1 [2,3]. A total
of nine SPG6 HSP families have been identified to date by
sequencing of the whole gene; four of these had previously
been linked to the locus [3—5] while the remaining five were
amongst a total of 207 unlinked pedigrees or single patients
screened [3,6—9]. All NIP4Al mutations are associated with
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autosomal dominant (AD) inheritance of a pure phenotype;
age at onset ranges from 5 to 40 years. The nine families carry
four different changes affecting three NIPAI nucleotides:
c.134C>G (2%), ¢.298G>A (1x), ¢.316G>A (4x), and
¢.316G>C (2x). The recurrent alterations of nucleotides 134
and 316, responsible for 88% (8 out of 9) of known cases of
SPG6 HSP, were found in ethnically differing populations;
consequently, they have been suggested to represent altera-
tions at mutational hotspots [3,5,6,8,9]. The most frequent of
these mutations, ¢.316G>A, would be explained by spon-
taneous deamination of a methylated cytosine on the other
strand. This mechanism is a significant cause of DNA se-
quence change, making C>T and G> A transitions the most
frequent single-base-pair alterations [10].

In the present study, the methylation-based mutational
hotspot hypothesis is tested. In addition, PCR restriction
fragment length polymorphism (RFLP) assays to detect
all recurrent NIP4/ mutations are designed and subse-
quently applied for screening a large cohort of German HSP
patients.

2. Patients and methods
2.1. Methylation analysis

Detection of methylated cytosines was based on the
sodium bisulfite conversion method [11]. Using a commer-
cial kit (EpiTect Bisulfite Kit, Qiagen), leukocyte-derived
genomic DNA of six unrelated individuals was treated
(“converted”) as recommended by the manufacturer. The
sequence of interest containing NIPA 1 nucleotide ¢.316 was
amplified from treated DNA (oligonucleotides available
upon request) and cloned into pCR®4-TOPO (Invitrogen).
Three colonies per input DNA were sequenced using vector-
specific primers.

2.2. Development of suitable PCR RFLP assays

Wild-type and mutant genomic sequence surrounding
NIPAI nucleotides 134 and 316 were comparatively analysed
in silico for creation and removal of restriction enzyme rec-
ognition sites (http:/rebase.neb.com/rebase/rebase.html). Sev-
eral such sites were identified for c.134C whereas no restriction
enzyme recognition site was altered by replacement of ¢.316G.
Mismatches 2—4 base pairs away from the nucleotide in
question were therefore introduced and the analysis repeated.

Based on the results, PCR primers were designed and tested
for ability to specifically amplify the desired fragments from
leukocyte-derived genomic DNA. When successful, primers
were extended to incorporate positive control restriction sites
and binding sites for universal sequencing primers. End-
labelling (IRD800; MWG Biotech) was implemented to allow
detection of small size differences on a sequencing-type gel
(LI-COR). A DNA with the ¢.316G>C mutation [9] was used
as a positive control to assess sensitivity of the corresponding
PCR RFLP assay.

2.3. Screening of HSP patients

A total of 101 HSP patients, recruited via the German
Network for Hereditary Movement Disorders (GeNeMove),
were included in the screen for recurrent alterations at N/PA/
mutational hotspots; informed consent was obtained in all
cases. Mutations in SPG3A4, SPAST (SPG4), and REEPI
(SPG31) had been excluded by direct sequencing and in
SPG3A, SPAST, SPG7, and REEPI by multiplex ligation-
dependent probe amplification [12, in preparation, unpub-
lished data]. Family history was positive in 57 cases with
evidence of autosomal dominant inheritance in 45 index
patients. Pure and complicated phenotypes were evenly dis-
tributed in the sample (pure: n=37, complicated: n=36, in-
formation missing: n=28).

(o]
@
H

285
286
287
288
289
290
291
292
293
294
295
296
297 r
298 -
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
317+1
317+2
317+3
317+4
317+5
317+6
317+7
317+8
31749

“’:y

VVVVVYV

QOLOOT000000>>

vV vV Vv

¥ RN

A\

4

~repepa ~eeIEOHAHEoHT 4> 04444400 eooAdd444-4-4> >

ocoo@p@pe ~Q OOOHAHOOTHOTOOTH1000

vV Vv

Fig. 1. Methylation analysis. Genomic DNA was treated with sodium
bisulfite as outlined under Patients and methods. Treated DNA was then
amplified, cloned, and sequenced. Most cytosines originally present (left
sequence) are converted to thymines; three cytosines, however, remain (right
sequence and image). This indicates methylation of the corresponding CpG
dinucleotides (framed). Numbering indicates nucleotide position in reference
to the NIPA1 cDNA.
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