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of sudden unexpected death (molecular autopsy),
may allow identification of the genetic cause of
death in the proband." This enables tailored clinical
and genetic evaluation of relatives and provides clarity
regarding the cause of death of their deceased family
member. However, in some cases, no blood or tissue is
available for postmortem genetic testing. Here, we pres-
ent an illustrative case that shows that deciduous teeth
are an alternative source for DNA in this setting, when
available, with important implications for family members.
The data that support the findings of this study are
available from the corresponding author upon request.
The study complied with the Declaration of Helsinki, and
informed consent was obtained from all participants.
The mother and sister of a 39-year-old male who
suffered sudden unexpected death were referred for
genetic counseling to the Department of Genetics, Uni-
versity Medical Center Groningen, the Netherlands. The
proband was found dead in his chair watching television.
He had no medical history of cardiovascular disease
and had a healthy and athletic lifestyle. Family history
revealed no suggestions for inheritable heart disease
(Figure). Comprehensive cardiological examination was
performed in the mother and sister. The sister's ECG
showed low R wave amplitudes. A left bundle branch
block was observed on the mother's ECG. Blood from
both mother and sister was taken for DNA storage, in
case broad (next-generation sequencing-based) genetic
testing failed in the proband. We did start targeted
genetic analysis of the PLN gene in the sister because of
the low-voltage ECG and the family’s Frisian roots. This
showed no genetic predisposition for cardiomyopathy.

Postmortem genetic testing, for example, in the setting

Autopsy was not preformed in the proband. No blood
or tissue from him was available for genetic testing.
However, his mother had several of his deciduous teeth
at home. DNA was isolated from one deciduous tooth in
the Forensic Laboratory for DNA research, Department
of Human Genetics, Leiden University Medical Center,
the Netherlands. To remove surface contamination, this
tooth was disinfected with Sanadep alcohol-tissues and
irradiated with ultraviolet C (45 minutes each side). The
cleaned tooth was placed in a mill-container, cooled in
liquid nitrogen (20 minutes N2, £1 minute room-temper-
ature, 15 minutes N2), and pulverized in a Retsch Mixer
Mill 400 (frequency 30, three 10 second cycles). DNA
was isolated from 0.4 grams of toothpowder using the
following steps: (1) overnight incubation (thermomixer,
1000 rpm, 56°C) in 1 mL 0.5 M EDTA pH 8.0, contain-
ing b % sarcosyl, and 90 pL proteinase K; (2) centrifu-
gation at 13000 rpm for 3 minutes; (3) purification of
the supernatant using the centrifuge protocol of the
QlAquick PCR Purification Kit; and (4) elution in 80 plL
nuclease-free water in a DNA-Lo-Bind tube by centri-
fuging for 2 minutes at 8000 rpm in soft mode.

Targeted next-generation sequencing was then per-
formed according to established techniques to search
for variants in 61 known cardiomyopathy-associated
genes. Identified variants were classified according to
established American College of Medical Genetics and
Genomics criteria.

In the proband, we found a previously described
Dutch founder mutation, the pathogenic missense vari-
ant c992G>A, p.(Arg331GIn) in the LMNA gene.? No
other (likely) pathogenic variants were found. Therefore,
a potential cause of death may be malignant ventricular
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Figure. Pedigree of the reported case with the pathogenic
variant c.992G>A, p.(Arg331Gin) in the LMNA gene.

Proband is indicated with an arrow. Square symbols indicate male,
and circles indicate female. Diagonal lines through symbols indicate
deceased. Solid symbol indicates sudden unexpected death. +
indicates an individual harboring the pathogenic c.992G>A LMNA
variant. — indicates a family member who was tested but does not
carry the variant. LBBB, left bundle branch block; and SUD, sudden
unexpected death.

arrhythmia, which is more likely to occur in individu-
als harboring a pathogenic LMNA variant, especially in
males.2® The pathogenic LMNA variant was also found
in his sister, mother, and aunt. They were advised to be
regularly reevaluated by their cardiologist according to
current guidelines.* First-degree relatives were advised
via family letter to seek a referral to a genetics depart-
ment to be tested (from age 12 onwards) for the patho-
genic LMNA variant.

To conclude, deciduous teeth are an alternative
source of DNA in the postmortem setting when no blood
or tissue is available. It may allow the identification of
the underlying genetic cause of death, providing clarity
and enabling targeted genetic and clinical evaluation in
relatives. This avoids unnecessary broad genetic workup
in relatives, with possible findings of unknown signifi-
cance. To the best of our knowledge, we are the first to
describe this alternative approach. However, for forensic
purposes, like identifying disaster victims, missing person
cases, and crime resolution, postmortem genetic testing
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on teeth has been successful for decades.® Preserving
deciduous teeth in a decorative box is a widespread tra-
dition in the Western world. It is important clinicians are
aware of this and, as a practical implication, ask fam-
ily members if there are any deciduous teeth available
from the deceased family member when genetic testing
is warranted, and no blood or tissue is available.

ARTICLE INFORMATION

Affiliations

Department of Genetics, University Medical Center Groningen, University of
Groningen, the Netherlands (W.PtR, HH.L, SZJ, YMH). Netherlands Heart
Institute, Utrecht (W.PtR)). Department of Human Genetics, Leiden University
Medical Center, the Netherlands (RH.PM, TK, Pd.K.). Hartdokters Centre for
Primary Cardiovascular care, Amsterdam, the Netherlands (J.J.R.). European So-
ciety of Clinical Investigation, Utrecht, the Netherlands (J.J.R).

Acknowledgments
We thank Kate Mclintyre for editing the article.

Sources of Funding

Dr te Rijdt is supported by Young Talent Program (CVON PREDICT; Cardiovas-
cular Research Initiative Netherlands - Predict Sudden Cardiac Death) grant from
the Dutch Heart Foundation and Postdoctoral Fellowship CURE-PLaN (Cure
PhospholLambaN induced Cardiomyopathy; Netherlands Heart Institute) from
the Leducq Foundation.

Disclosures
None.

REFERENCES

1. Lahrouchi N, Raju H, Lodder EM, Papatheodorou E, Ware JS, Papadakis M,
Tadros R, Cole D, Skinner JR, Crawford J, et al. Utility of post-mortem
genetic testing in cases of sudden arrhythmic death syndrome. J Am Coll
Cardiol. 2017;69:2134-2145. doi: 10.1016/}jacc.2017.02.046

2. Hoorntje ET, Bollen I|A, Barge-Schaapveld DQ, van Tienen FH,
TeMeerman GJ,Jansweijer JA,van Essen AJ,Volders PG, Constantinescu AA,
van den Akker PC, et al. Lamin A/C-related cardiac disease: late onset with
avariable and mild phenotype in a large cohort of patients with the lamin A/C
p.(Arg331GiIn) founder mutation. Circ Cardiovasc Genet. 2017;10:e001631.
doi: 10.1161/CIRCGENETICS.116.001631

3. van Rijsingen IA, Arbustini E, Elliott PM, Mogensen J, Hermans-van Ast JF,
van der Kooi AJ, van Tintelen JP, van den Berg MP, Pilotto A, Pasotti M, et
al. Risk factors for malignant ventricular arrhythmias in lamin a/c mutation
carriers a European cohort study. J Am Coll Cardiol. 2012;59:493-500. doi:
10.1016/jjacc.2011.08.078

4, Towbin JA,McKenna WJ, Abrams DJ, Ackerman MJ, Calkins H, Darrieux FCC,
Daubert JP, de Chillou C, DePasquale EC, Desai MY, et al. 2019 HRS expert
consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019;16:e301-e372. doi:
10.1016/j.hrthm.2019.05.007

5. Higgins D, Austin JJ. Teeth as a source of DNA for forensic identifica-
tion of human remains: a review. Sci Justice. 2013;563:433-441. doi:
10.1016/j.scijus.2013.06.001

April 2020 84





