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Abstract Background: The cause of sporadic Alzheimer’s disease (AD) remains unclear. Given the growing
evidence that protein aggregates can spread in a “prion-like” fashion, we reasoned that a small pop-
ulation of brain cells producing such “prion-like” particles due to a postzygotic acquired mutation
would be sufficient to trigger the disease. Deep DNA sequencing technology should in principle allow
the detection of such mosaics.
Methods: To detect the somatic mutations of genes causing AD present in a small number of cells,
we developed a targeted deep sequencing approach to scrutinize the genomic loci of APP, PSEN1,
and PSEN2 genes in DNA extracted from the entorhinal cortex, one of the brain regions showing
the earliest signs of AD pathology. We also included the analysis of the MAPT gene because muta-
tions may promote tangle formation. We validated candidate mutations with an independent targeted
ultradeep amplicon sequencing technique.
Results: We demonstrate that our approach can detect single-nucleotide mosaic variants with a 1%
allele frequency and copy number mosaic variants present in as few as 10% of cells. We screened 72
AD and 58 control brain samples and identified three mosaic variants with low allelic frequency
(w1%): two novel MAPT variants in sporadic AD patients and a known PSEN2 variant in a Braak
II control subject. Moreover, we detected both novel and known pathogenic nonmosaic heterozygous
variants in PSEN1Q4 and PSEN2 in this cohort of sporadic AD patients.
Conclusion: Our results show that mosaic mutations with low allelic frequencies in AD-relevant
genes can be detected in brain-derived DNA, but larger samples need to be investigated before a
more definitive conclusion with regard to the pathogenicity of such mosaics can be made.
� 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

The concepts of somatic disease-causing mutations and
of mosaic genomic heterogeneity are well known in the eti-
ology of cancer [1–3]. Recently, several studies have
highlighted the role of such acquired mutations as
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pathogenic drivers for neurodevelopmental diseases [4–7].
The possibility that mosaic mutations contribute to
neurodegenerative diseases should also be considered [8–
11]. Indeed, neurons accumulate a wide spectrum
of somatic mutations, in the forms of single nucleotide
variants (SNVs), insertion/deletions (indels), retrotrans-
positions, copy number variants (CNVs), and whole-
chromosomal aneuploidies [4,5,12–14]. Although the
mutation rate of human cells varies for different kind of
mutations and for different tissues, a rate of 1 ! 10210 de
novo point mutations per base per cell cycle is a
reasonable estimate [15,16], implying approximately one
new mutation per cell division. The brain contains w1011

neurons and about a similar number of nonneuronal cells
[17], thus it is easily conceivable that pathogenic mutations
may arise de novo in a mosaic fashion during its ontogenesis.
Depending on the time point of the mutation appearance in
the cell lineage tree descending from the zygote, the
sequencing of DNA isolated from blood may only excep-
tionally detect such mutation [18] (Fig. 1). This explains
why this potentially important phenomenon has not been
systematically investigated for Alzheimer’s disease (AD).

Most AD patients are sporadic (SAD), i.e., character-
ized by a late onset and unclear familial inheritance.
The biochemical and clinical features of SAD resemble
those of familial AD (FAD), which is characterized by
a clear autosomal dominant inheritance of causative mu-
tations in mainly three genes (APP, PSEN1, and PSEN2)
[19,20]. Growing evidence that protein aggregates of Ab
or Tau (encoded by MAPT gene) can spread in the brain

and act as local initiators of further aggregation of normal
proteins in a “prion-like” fashion [21–25], provides a
mechanistic framework to understand how somatic
mutations in the brain could spark neurodegenerative
disease. De novo mosaic mutations of AD-relevant genes
would create a nidus of mutant cells mixed between
normal cells that would continuously produce and release
proaggregating proteins. Such aggregates could act as
seeds for further protein aggregation at sites distal from
their origin (Fig. 1).

Detection of low-grade mosaic mutations has been
hindered by the low sensitivity of classical Sanger
sequencing, which allows the detection of mosaic muta-
tions only with an allelic frequency of at least 20%
[26]. Recent attempts to identify mosaic pathogenic mu-
tations in Parkinson’s disease used high-resolution
melting analysis, which allows the detection of mutations
with 5% to 10% allelic frequency [11]. Here, we deep
sequenced DNA libraries enriched for AD-relevant genes
to achieve high sequencing depth, followed by an ampli-
con ultradeep sequencing validation: this approach
enabled the detection of mosaic SNVs having an allelic
fraction as low as 1%.

2. Materials and methods

2.1. Samples

Small blocks (w100 mg) of entorhinal cortex were
obtained from Lille NeuroBank (BB-0033-00030) and
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Fig. 1. Somatic mutations and hypothesis of pathology spread in sporadic Alzheimer’s disease (AD). An inherited mutation will be carried by all cells of a

human body Q19(B), this is the typical case of a familial AD patient. In case of mutations arising in a postzygotic stage, an individual will be a genetic mosaic

for such mutation, with cells either carrying the mutation (orange) or not (white). Depending on the developmental time point of the appearance of the mutation,

genetic mosaics can be either extensive (C), with mutant cells appearing in several organs/tissues, or focal (D), whenmutant cells are localized in a single organ/

tissue. Our working hypothesis is that some sporadic AD patients are focal mosaics for mutations in AD-relevant genes appearing in brain cells. Amyloid beta

(Ab) and/or tau aggregates produced locally as consequence of the mosaic mutation can then spread (red arrows in (D) and seed further aggregation in other

brain areas in a “prion-like” fashion, thus leading to full blown AD.

FLA 5.2.0 DTD � JALZ1971_proof � 28 April 2015 � 5:25 pm � ce

C.S. Frigerio et al. / Alzheimer’s & Dementia - (2015) 1-122

110
111
112

113
114
115

116
117
118
119

120
121
122

123
124
125

126
127
128
129

130
131
132

133
134
135

136
137
138

139
140
141
142

143
144
145

146
147
148

149
150
151
152

153
154
155

156
157
158

159
160
161

162
163
164
165

166
167
168

169
170

171
172
173

174
175
176

177
178
179
180

181
182
183

184
185
186

187
188
189
190

191
192
193

194
195
196

197
198
199

200
201
202
203

204
205
206

207
208
209

210
211
212
213

214
215
216

217
218
219

220
221
222

223
224
225
226

227
228
229

230
231



Download	English	Version:

https://daneshyari.com/en/article/5622644

Download	Persian	Version:

https://daneshyari.com/article/5622644

Daneshyari.com

https://daneshyari.com/en/article/5622644
https://daneshyari.com/article/5622644
https://daneshyari.com/

