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CORRESPONDENCE

Lack of evidence supporting a role for DPP6 sequence variants 
in Alzheimer’s disease in the European American population
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Using linkage analysis in a large Dutch early onset AD 
(EOAD) family, Rademakers et al. identified a candidate 
region chromosome 7q36 [7]. Follow-up studies of this 
region revealed a chromosomal inversion disrupting the 
coding sequence of DPP6 in the Dutch family, as well as 
several rare non-synonymous variants in a large EOAD Bel-
gian cohort [2, 7]. DPP6 encodes a transmembrane protein, 
predominantly expressed in the brain, which binds to potas-
sium channel Kv4.2 and regulates its gate activity, dendritic 
excitability and plasticity of hippocampal pyramidal neurons 
[6]. In vitro modeling showed reduced DPP6 expression in 
brain tissue of missense variant carriers and loss of protein 
which causes hyperexcitability and behavioral alterations in 
Dpp6-KO mice.

Here, we investigate whole exome sequence data (WES) 
for the potential association of coding variants present in 
DPP6 with AD, in three European American cohorts: the 
Familial Alzheimer Sequencing (FASe) project [5], an unre-
lated EOAD, and the unrelated Alzheimer Disease Sequenc-
ing Project (ADSP—pht003392.v7.p4) [1]. Cryptic relat-
edness and population admixture were performed and only 
non-Hispanic whites (according to the first two genetic prin-
cipal components (PC) using Hapmap as reference panel) 
were kept for further analyses (Table 1).

We examined five isoforms (ENST00000377770, 
E N S T 0 0 0 0 0 4 0 6 3 2 6 ,  E N S T 0 0 0 0 0 4 0 6 3 2 6 , 
ENST00000332007, ENST00000427557) of DPP6 for 
annotation purposes. We performed single variant logistic 
regression analysis using PLINK 1.9 [3], and two burden 
tests: (i) non-synonymous rare variants with MAF ≤ 1%; (ii) 
non-synonymous variants with a CADD ≥ 20 using SKAT-O 
[8]. We used sex and the first three genetic PCs (PC1, PC2 
and PC3) as covariates in all analyses.

We identified 15 DPP6 variants in FASe, 32 in EOAD 
and 143 in ADSP (Supplementary Table 1). No single vari-
ant was significant in any of the cohorts examined. We iden-
tified 42 and 3 nonsynonymous variants with a MAF ≤ 1% 
(Supplementary Table 2), and 39 and 2 variants with a 
CADD ≥ 20 in the ADSP and EOAD cohort (Supplementary 
Table 3), respectively, SKAT-O tests were non-significant 
(Table 2). For the FASe cohort, we only detected one rare 
nonsynonymous variant with a CADD ≥ 20 so this cohort 
was non-informative for gene-burden purposes.

Cacace et al. reported 7 pathogenic variants within Exon1 
of DPP6, and 13 variants in the extracellular domain. We 
found 8 of the 25 variants reported [2] in the ADSP cohort 
(p.Pro229Thr, p.Arg274His, p.Arg322His, p.His357Arg, 
p.Lys570Asn, p.Lys571Gln, p.Ala655Thr, p.Ala778Thr) 
and one of those (p.Ala655Thr) in the EOAD cohort (Sup-
plementary Table 1). We did not detect any of the variants 
reported by Cacace et al. on Exon1, regardless of the isoform 
examined.

In vitro modeling for variants p.Glu208Gln (found 
in a Frontotemporal Dementia patient), p.Arg274His, 
p.Arg322His, p.His357Arg (identified in AD patients) 
and p.Pro509Arg (found in a primary progressive aphasia 
patient) found that these variants destabilize the protein lead-
ing to a reduced level on the plasma membrane [2]. Only the 
p.His357Arg was observed with the same direction of effect 
(present only in cases) in both [2] and the ADSP (Supple-
mentary Table 1). We found p.Arg274Hist in one CO and 
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p.Arg322Hist in one CA and one CO of the ADSP, but we 
did not identify carriers for either p.E208Q or p.P509Q.

To summarize, we performed single variant and burden 
analyses for DPP6 in three cohorts of non-Hispanic white 
individuals: FASe, EOAD and ADSP. Neither the recently 
reported DPP6 variants [2] nor any other rare variants found 
in our study would confer risk to AD in European Ameri-
cans, despite our cohorts (FASe, EOAD, and ADSP) were 
larger than that of [2] (CA = 558 and CO = 775), and we 
had enough statistical power (96.4%, α = 0.05, MAF = 0.01, 
OR = 2.00) to replicate their findings. Cacace et al. [2] 
reported a high burden of rare variants in DPP6 which 
could be better explained with a possible population isola-
tion effect of DPP6 variants in Dutch population [7]. This 
correlation between rarity of a gene with population speci-
ficity has been previously reported for other AD risk loci 
[4]. Nonetheless, further studies should be conducted to 
clarify the real implication of this gene in AD in general, 
but also towards other neurodegenerative diseases, given that 
(i) Cacace et al. identified carriers of missense variants in 
FTD and PSP patients (ii) the functional studies from Cacace 

et al. that indicated that the missense mutations did alter 
the protein structure; and (iii) we only examined the exonic 
regions and some of the reported variants by Cacace et al. 
correspond to intronic structural variants.

Supplementary Information  The online version contains supplemen-
tary material available at https​://doi.org/10.1007/s0040​1-021-02271​-w.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Beecham GW, Bis JC, Martin ER, Choi SH, DeStefano AL, Duijn 
V et al (2017) The Alzheimer’s disease sequencing project: study 
design and sample selection. Neurol Genet 3(5):e194

	 2.	 Cacace R, Heeman B, Van Mossevelde S, De Roeck A, Hoog-
martens J, De Rijk P et al (2019) Loss of DPP6 in neurodegen-
erative dementia: a genetic player in the dysfunction of neuronal 
excitability. Acta Neuropathol 137(6):901–918

	 3.	 Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ 
(2015) Second-generation PLINK: rising to the challenge of larger 
and richer datasets. Gigascience 4:7

	 4.	 Fernández MV, Black K, Carrell D, Saef B, Budde J, Deming Y 
et al (2016) SORL1 variants across Alzheimer’s disease European 
American cohorts. Eur J Hum Genet 24(12):1828–1830

	 5.	 Fernández MV, Budde J, Del-Aguila JL, Ibañez L, Deming Y, 
Harari O et al (2018) Evaluation of gene-based family-based 
methods to detect novel genes associated with familial late onset 
Alzheimer disease. Front Neurosci 12:209

	 6.	 Lin L, Murphy JG, Karlsson RM, Petralia RS, Gutzmann JJ, 
Abebe D et al (2018) DPP6 loss impacts hippocampal synaptic 
development and induces behavioral impairments in recognition, 
learning and memory. Front Cell Neurosci 12:84

	 7.	 Rademakers R, Cruts M, Sleegers K, Dermaut B, Theuns J, 
Aulchenko Y et al (2005) Linkage and association studies identify 
a novel locus for Alzheimer disease at 7q36 in a Dutch population-
based sample. Am J Hum Genet 77(4):643–652

	 8.	 Wu MC, Lee S, Cai T, Li Y, Boehnke M, Lin X (2011) Rare-
variant association testing for sequencing data with the sequence 
kernel association test. Am J Hum Genet 89:82–93

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Table 1   Demographic characteristics of each of the cohorts employed 
in this study

CA cases, CO controls, %Fe percentage of female, %APOE4 percent-
age of APOE ε4

Cohort Status N %Fe %APOE ε4 Age (Χ ± SD)

FASe CA 1,212 63.61 69.66 72.71 ± 9.51
CO 341 56.89 51.24 80.52 ± 9.70

EOAD CA 1,385 51.91 67.87 60.39 ± 2.91
CO 3,864 61.05 61.05 91.27 ± 8.01

ADSP CA 5,656 57.00 42.35 75.50 ± 9.30
CO 4,601 59.00 14.00 87.20 ± 8.20

Table 2   Gene burden analysis on DPP6 variants in EOAD and ADSP 
datasets

MAF minor allele frequency, CADD combined annotation-dependent 
depletion, N number of variants included in the burden analysis, cum-
mOR cummulative Odds Ratio

Cohorts Gene set N cummOR SKAT-O

EOAD MAF ≤ 1% 3 5.32 0.47
CADD ≥ 20 2 NA 0.26

ADSP MAF ≤ 1% 37 0.94 0.72
CADD ≥ 20 38 0.98 0.87
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