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Postmortem genetic testing

“molecular autopsy™
- Channelopathies and clotting disorders
More affordable, more widely avallabie and guicker
- h institutlons and lal entitles
- Testing results take 34 weeks on average
ldentification of a pathogenlo gene In indlviduals who die suddeniy
may provide a more aceurate cause of death
First degree relatives of the decedent may be at. risk for having the
pathogenic. gene
Testing.ls.avallable, sometimes at no cost, for famlial variant testing

Postmortem genetic testing

Blood should be collected and stored in a purple. EDTA tube
- Some labs acoep! biood submitted in a grey-top Hite; however, not-all the.
testing can be-performed on those samples
- Nondtoren & prefarred
Save 2-3 extra purple toptubes In Individuals who have a sudden
unexpected cardlac death, as well as those with a possible
cardipmyopathy

Bloodstain card testing ¢an be done; however, L is not the preferred
sample

Should be submitted as soon as possible after collection
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Postmortem genetic testing

u Commercial labs: full-gene-sequenclng and deletion/dupiicatian
analysis using hext-generation sequencing technology
- Pre-defined paneis
u  Cardioimyopathy, andwthrila, sheletal muscle diséase, strivpathy, connéctive. tsspe.
disorders, congenital heart disease, famiial hypercholesterolemia and pultenary
hypertersion
= Pathogenic or Ukely pathagenic varianis are confiraed
» Research institutions: Whole exome testing or targeted full-gene-
seguencing may be performed

& Varlants are classified according to American College of Medlcal
Genetics (ACMG} guidelines.

Variant classification

u Results gomspared to multiple databases and assessed with medical
[Herature:
= Population, disease specilio and sequence databasas

» ACMG recommernids a 5-tler system
- Faihogenic! Sequence change direotly contributes to lhe development of disease
~ Lkely pathogeils: Sequence change is very fikely to contribute ta the deveiupment
‘0f disadse; fiowevey, the sclentific evidence fs durrently insufficient to prove it
conclusively
Uncartain significance; Insufficien? eviaence currently exists {o support a more
definitfve classiffeation
~  Llkely benlgn: Sequénce change s not expecied lo have a major éffect on didease;
however, the tic evidence & surrently- Insufficlent to prowe it conclusively
~ Benlgn: The sequence. change-kientiflod does not cause disease
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Commercial cardiomyopathy panel

m Currently tests for up:to 150 genes
- ABOCIACTCL ACTNZ AGL ANK2. BAG3 CACNALC CACNAZ2 CALMI CALMZ

CALMZ CASQ2 CAV3 CRYAB CSRP3.DES DMD DOLK DSC2 DSG2 BSP EMD
EYA4 FHLL FRRE FKTN FLNG GAA GLA GPD 1L HONA JUP KENAS HONEL
KONER KGNHZ KNI HONQL LAMP2 LMNA MYBPC3 MYHT MYL2 MYL3 MYL4
NKX2:5 PHP2 PLN.PREAG2 RAF1 RBM20 RYR2 SCNEA SGCDSLC22A5 TAZ
TCAR-TGFBS TMEMAS TNNCI TNNI3 TNNT2 TPM1 TRONTEN TTR VL AKAPS
ANKROL CACNAZDL CALRI CHRM2'ETF1 CTMNAS DTNA FHL2 GATA? GATAE
GATADI GJAS ILK JPH2 KCND3 KCNES KONES HCNJS KONJB KONK3 LAMAL
LDB3 LRRCIO MEDL2 MYHE MYLK2. MYOM1 MYOZ2 MYPN NEBL NEXN NPPA
PDLIM3 PLEKHM2 PROM16 RANGAF SCNA0A SCNAE SCN2B SCN3B.SCN4B,
SLMAP-SNTAL TMPO TRPAA TANRD2 AZML1 BRAF CBL HRAS KRAS MAPZK1
MAPZK2 NF1.NRAS PTPN11 RASAL RIT1 RRAS SHOC2 5051 5052 SPREDL
ACADVL ALMS1 CPT2 DNAUCLS ELAC MTO1 SDMA TMEMTO DEPLICS KONAL
HCNQ2 KONQ3I KONTL PCDHLY PRRT2 SCN1A SCNBA SCHIA S10241




Commercial arrhythmia panel

m Currently tests for up t¢ 75 genes

~ ABCCH ACTN2 ANK2 CACNALGC CACNEZ2 CALMI CALMZ CALMS CASQZ CAV3
DES DSC2 DSG2 DSP EMD FLNG GPIXIL HONA JUP KCNAS KONET KONEZ
HKONH2 KENJ2 KCNQE LMNA MYL4 NKX2-5 PKP2 PLN PRHAGZ RBM20 RYRZ
SONBA TMENMA3 THN3 TNNT2 TRON TTN AKAPS ANKROT CACNAZD 1 CTNNAZ
GATAE GJAS KONDI-HCNES-KCNES KCNJS KCNJS KONKI.LOB3 NPPA PDLIM3
RANGRF SCN10A SCN18 SCN2B SCN38 SONAB'SLMAP SNTAL TGFB3 TRPMA
DEPDCE.KCNAL KONQ2 KONQS KONT1 PCOH29:PRRTZ SCNIA SCNBA SCNGA
SLC2A1

10/3/2019 ;

Familial variant testing

m Can be performed on blood relatives of a decedent who was found to
have a pathogenic or likely pathogenie varfant on a gene or panel test
- Cascade streening
- Avaflable for children, parents, sibings; cousing, aunits/unclkes
- Looking for the abnpringl pathogenia gene; regardioss of the disorder It ls
assoclated with (nol the whole pane! inttially ordered)
- Family metbers do not.need to be symptomatic
» Saliva is:the preferred sample; however, it ¢an also be performed on
blood In @ purple top tube
- Rits garr bézsant directly-lo the individuals, so.locatfon fs ol & problem
u May alleviate the need for lifelong medical tests and foliow up If
tasting Is negative

Case presentation

34 year ol overwaight black male had witnessed cardiac arrest after
complaints of difficutty breathing

Pronounced dead at the scene

Spouse reports being diagnosed with an unspecified cardiomyopathy
in another state a coupks of weeks prior; pres¢ribed a beta blocker
m Autopsy:

- 600 gm fooibai! shaped hear! with asymrmetels left venisiuiar and seplal
hypetteophy with fibrosts

- Miocte disarray involving il sections
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Hypertrophic cardiomyopathy

= Most common cause of sudden cardiac death in young athletes

m Variable anatomic appearance
- Negligible to severe myocyte hypertrophy
- Minimal to excessive myocardial fibrosis
- Absent to severe left ventricular outflow tract obstruction
- Any of the ventricular walls may be affected

m Variable presentation
- May be asymptomatic or result in sudden cardiac death at any age

m Echocardiogram is the gold standard screening test

= No known cure; however treatments and screening tests are available
- Important for first degree relatives




Hypertrophic cardiomyopathy

= First chromosomal locus identified involved MYHT7 gene (encoded beta-myosin

heavy chain)
m Several hundreds of mutations amongst almost 30 genes now known to exist
- Encode sarcomeres, calcium handling, mitochondrial proteins
= Most common genetically transmitted form of HCM involves 9 genes encoding
myafilaments critical to the cardiac sarcomere
- MYBPC3: One of the most cammaon {myosin binding protein C)
MYHT (beta-myosin heavy chain}
MYL2 (regulatory) and MYL3 (essential) myosin light chains
- TNNT2 (cardiac troponin T)
- TPM1 falpha-tropomyosin)
TNNI3 (cardiac troponin I}
TNNC1 (cardiac troponin C)
- ACTC (actin)
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Case presentation: Genetic testing

= With consent of the family, blood sent
for genetic testing for cardiomyopatiy

- Pathogenic variant in MYBPC3
known to be associated with
HCM identiffed

Informed the spouse of the findings.

second wife; na kids together
- First wife has 2 kids with the

and obtained more information an the E .
O-#O OO
- The current spouse Is the # T

wvarcs

decedent | -

- Mother and father still ailve; two B D
brothers alive

- Testing offered to all and all smome
accepted Myhcerc

= Saliva is preferred sample for
this testing

Genetic testing

u Father of decedent informed us that two of his brothers (decedent’s
uncles) died suddenly at young ages
- One had an autopsy in another state
- Both brothers have living adult children

- Due to the sudden cardiac death in the decedent’s uncles, the decedent’s
cousins were located and testing was offered

= 11 family members total; 10 submitted samples for testing
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Genetic testing results

B The decedent’s father, one of his children and one cousin tested
positive for the MYBPC3 mutation (sample never received for one
cousin)

- 3710 sampies positive for mutation

m Referred for genetic counseling (offered through genetic testing lab)

and referred to cardiologist with autopsy report and genetic resulis

- Father had MR! and was found to have significant left ventricular hypertrophy
= Internal defibrillator placed

Chiid had full cardiac workup and has no hypertrophy at this time
u  Will undergo cardiac 1esting every 2 years

- Cousin had echocardiogram and then referred for MRI (resulis not currently
known)
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Postmortem genetic counseling

m Families must be referred for counseling services
~ May be offered through testing lab
Mationsl Sacity ol

- National Saciety of Genstic Counselors Genetic d 2. ¢07F‘"
. g Counselors

= Find a genetic counselar resource
m  Provides additional resources and information for patients and their families
= Help explain results and potential risk of transmission
m Provide emotional support
- Can be very difficult to receive positive results
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Postmortem genetic testing

® 14 cases submitted to date (2 year period)

Gross and/or microscopic findings suggestive of
other sudden cardfac death

4 cases with pathogenic variants identifled (28.6%)
= MYBPC3 (Hypertrophic cardiomycpathy)
= TR gene (Transtnyrelin amyloidosis)
m  SCNSA ugada, long QT) and
m  CPT2 and GAA (AR carnitine palmitoyliransferase deficiency and Pompe disease)
& cases with variant of unknown significance (VUS) identified (42.9%)
m  2allowed famillal variant testing
- Initlally only 2 VUS tests offered fres of charge
- Contacted company and they ara ailfowing additional tests when needed

3 cases negative (difated cardiomyopathy (1), thoracic aortic dissection (2))
{21.4%)

- 1 case still pending

Postmortem genetic testing

m Of two cases with pathogenic variants identified, 13 family members
tested

- 4 were positive for the pathogenic variant (30.7%); 1 not returned

Testing kits sent out for 6 other family members this month for other 2
cases

m Two cases with VUS that allowed testing
— 3 testing kits sent out to date

Discussion with lab to allow testing of family members for cases with
autopsy diagnosis of disease associated with the VUS mutation
identified

- Case by case basis




Summary

» Postmiortem genetic testing may ldentify Inherttable conditions in a
dacedant's family

- Should be standard of care for decedents ientiffed with cardiomopaihy and/or
-sudden cardiac death of unknown etlology

- important not only for cause of death determination; potentialto provent suddan
carging death in o bacs

n Famillal varlant testing can be performed on first degres relatives of any
age, regandless of the presence or abserice of symptoms

~  Thetosts and siresses of (fefong médical tests and folfow Up could be avolded for
‘famity mermbers who-test negative

- Ohly tests-for the pathogenic geéns iderntifed
o Treatments and preventative measures are available for many conditlons.
m Famlly members must be referred for genetic counseling
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