Spadbarnsmord eller hjerterytmeforstyrrelse?

Krimiudgaven af moderne
forskningsbaseret personlig medicin

Professor Michael Toft Overgaard, BIO, AAU
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Historien bag Kathleen Folbiggs morddom

Kathleen og 20-2-1989: 13-2-1991: 30-8-1993: 1-3-1999:
Craig Folbigg Caleb dar Patrick der Sarah dgr Laura der
bliver gift (19 dage) (8 mdr) (10 mdr) (18 mdr)
1-2-1989: 3-6-1990: 14-10- 7-8-1997:
Caleb Patrick 1992: Laura
bliver fadt bliver fadt Sarah bliver fadt

bliver fadt
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Kathleen og
Craig Folbigg
bliver gift

1-2-1989:
Caleb
bliver fgdt

Historien bag Kathleen

20-2-1989:

Caleb der
(19 dage)

3-6-1990:
Patrick
bliver fgdt

©® Kathleen og Craigs forhold oplgses.

® Craig finder Kathleens dagb@ger og melder hende til politiet.

13-2-1991:
Patrick dar
(8 mdr)

14-10-

1992:

Sarah
bliver fadt

Folbiggs morddom

30-8-1993:
Sarah dgr
(10 mdr)

7-8-1997:
Laura
bliver fgdt

1-3-1999:
Laura dgr
(18 mdr)

2001:
Kathleen Folbigg
anholdes og
anklages for mord



Kathleen og 20-2-1989: 13-2-1991: 30-8-1993:
Craig Folbigg Caleb dar Patrick der Sarah dgr
bliver gift (19 dage) (8 mdr) (10 mdr)
1-2-1989: 3-6-1990: 14-10- 7-8-1997:
Caleb Patrick 1992: Laura
bliver fadt bliver fadt Sarah bliver fadt
bliver fadt

©® Kathleen og Craigs forhold oplgses.

® Craig finder Kathleens dagb@ger og melder hende til politiet.
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Historien bag Kathleen Folbiggs morddom

2003:
Kathleen
Folbigg
dammes
1-3-1999: skyldig i
Laura dar firedobbelt
(18 mdr) barnemord

2001:
Kathleen Folbigg
anholdes og
anklages for mord




Kathleen idgmt 40 ars feengsel
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Hvorfor blev vi involveret?
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EKG /7\ &
Qs
Dreng med hyppige besvimelser under motion eller stress ElektroKardioGram (hjertediagram)

EKG i hviletilstand (inaktiv)

Hjertet ser normalt ud ved scanning v e 8t : %

EKG normalt i hvile (prominent U balge) e

Hjerterytmeforstyrrelser under sport == iz .8 e

EKG under fodboldtraening (12 ar gammel)

CPVT: Catecholaminergic polymorphic ventricular tachycardia

Mange tilfeelde i familien
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— Dominant mendelsk nedarvet sygdom
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Koblingsanalyse: identificér sygdomsgen

© Stor familie, hvor der optraeder en arvelig sygdom

© DNA fra mange familiemedlemmer (*)

©® Markgrdata (SNPs)

©® Screen nedarvning af hvert kromosom

© Identificér omrade pa kromosom, hvor nedarvning

stemmer med sygdomsbillede

v:1
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Jagten pa det rigtige gen (blandt 65 kandidater)

s Gene Sorter

PCR DNA Convert Ensembl NCBI PDF/IPS Session H

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly
s <<<| <<| < | > |>> | >>>| zoom in ‘I_5x| 3x | 'IDxl base | zoom out 'I.5x| 3x | 'ID'xl

position/search |chr14:?4.9 18,366-104,960,365

gene | iumplClea’lsize30=042=000bp_ configure |

|Chl"‘l4 (24, 3-932 .55 1

* ’(i‘ * * .(i‘ * ¢ ’(;‘ *
scale 18 Hef i V’ V‘ V’
L chri4: | EEEEEEY:E EEEELEEL ELELELYL EELEEEEL PELELELYLY
. Genetic Association Studies of Complex Diseases and Disorders * * *
L GRD Wisw | (. | | 1 1 1 (I
FefIeq Genes
JOFS | NGB | HREMS B FLRTz || GALG] TOFL{ TocaM|  ASE2| TCLE: Ci4orfi77| EWL] MWOR2E| ASFG|
JOFS | WIFAR | D10z | GALG | To2N)  ASE2 | BOKRE2 | BCOL116 || DIOS0S| AMM| INF2 |
JOFE | WIFAR | D10z | GALC | RINS | Gsc| Ak7]  BCOLLIG| DIOS| EIFS| JAGz|
JOF2 | WIFAR | D10z | GALE | LGMN | DICER1| wRki{  SETD3 | DYNC1H1 | CKE| JAG2| , .
EATF | AHEA1| Cl4orf145 He GFRES | LGMN | DICER1| Cls4orfes s EMLL  WDR28 | INF2 |
FLWCRZ | 1sM2| TSHR (=TT ) CHGA | DICER1 | SETDS | WOR28 | INF2 | Se kve nter de 6 exons I CALMl genet
FLWCRZ | 1sMz| TSHE | kohikia | RFSEKAS | ITFK1I CLMN CCHK | WOR28 | ADSSELL |
Cl4arfl | sHWl | TSHR | kohkia | RPsEwAS | ITFKL [l SHHG1G) CCOCESC | RAGE | ADESLL |
TTLLS Wl HRANS o0 SPATAT| SMORA11E1 MOAFL | SHHG18| HHIPL1] — 2NF839|  =IVA1L |
ECTRML ki HRHHS B SPATAT | GFRES) UBR7| GLRHS| HHIFL1 | CINP|  =IVAL |
TEFES | GTF2A1 | FTFNZ1 | CFRES) UERT|  TCLIE| crF4sat | CINF | AKTL |
Ci4arF17a | GTF2A1 | 2C3H14 | coocasc | BTEDT)  TCLLA| EML1 i CINF | AKTL |
Ci4arfF17a | SNORATS | 2C3H14 | SMEKL | FRIMAL| TCOLLA| MIRZ421 TECPR2D  AKTL]
Claorflis | sTOMz H 2C3H14 | Cl4orfls+|  OTUB2 | BOKREL | DEGs2 | TEGFRZ | ZETE+2 |
Cldorfiis | SELIL | 2c3H14 | cATsPERE W DDk24 |  ATGEE | 1] ANKRDE | FLO4 |
ESRRE i 2C35H14 | TCaN)  IFI27| FAFOLA| sLcesAza|  RCORL Y AHNAKE |
WASHL | 2C35H14 | FELNS| IFI27| MIRS451  TRAFS | COCA4 |
ANGEL 1 | EMLS I TRIF11]  MIRS173) SLC2SA47]  TRAFS | COCA4 |
C1l40rf1666 1 TTES | ATANE | FLJ452441 WARS | TRAFE | GFR132 |
IRF2EFL | TTES | ATANZ | Cl4orf13an WARS | TRAFE | NUDT14]
KIRALTST | TTES | ATANZ 1 Cléorf4a] WARS | EXOC3L4]  BRF1 ]
Z0HHC22 | FOKME 4 ATHMS | SCARMALS | WARS | TNFRIF2| EBRF1 ]
TMEMESC | FoxHE ] ATHNS | CLl4orFis2 WORZS [ EIFS | BTEDE |
MIR1268 | LOC4 88236 | ATHNE | Cl4orfias | WOR2S | SHORA2S 1 PACE2 |
FOMT2 | FROITES | ATHHZ LOC166129345 0 BEGAIN| MARKE | MTE
5T | EFCAELLH  ATHHZ BEGAIN | MARKE | MTE
GSTZ1 | KoHK1E | oPSF2 | CL4orf7e MARKS |
G3TZ1 | Claorfiez]| GOLGAS | DLE1 | MARKS |
TMEDS | Claorfiez | J iz | MEGS 1 MARKS |
SAMDLS | LOC4 88238 | ETECT § MEGS 1 TRMTE1A |
Cl4orfl4s | Cl4orf15a ]  COXSC | MEGS 1 BAGS |
Claorflas | Cl40rF159 | Cldorfse MEGS 1 BAGS |
VIFAR | ClaorF1sa | FAMLS1A MEGS 1 BAGS |
VIFAR | ClaorF15a | Cl4orfas MEGS 1 KLC1 |
SPTIre i rdmF1Ra il CianeFas MTRTZZAI kit

A small gene, going almost unnoticed, because there is no interesting variation in it
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Fgrste mutation nogensinde observeret i CALM1



Fgrste mutation nogensinde observeret i CALM1

¥ CALMI N54
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Det centrale dogme i molekylaerbiologi

DNA RNA Protein

Genetisk Effect pa
variant protein
(missense)
Variant Variant
pa DNA niveau pa protein niveau

(eendring i basepar) (eendring i aminosyrer)
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Den fogrste CALM1 mutation nogensinde
(2ndring i opskriften for calmodulin proteinet)

Chr14 (q32.11) K

Exon 1 2 3 4 5 6

ATC-GAA

Raske individer MM
l Asparagin (Asn N)

ATCﬁ#TGAA
Syge individer

Isoleucm (lle, 1)
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Jagten pa CALM1 mutation nr 2

B caLMI N98S
de novo
CPVT-lignende

Kassen med uforklarede hjerte a_rytmier
Prof Michael Christiansen, SSI



Calmodulin: et alsidigt calcium-bindende protein

Caz*-frit Ca?*-bundet

A

i
444 P,pﬁ
Mitochondria

SERCA2a

Sarcoplasmic reticulum

Apo-CaM

Extracellular space
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Calcium: et cellulaert signal

Ca?*-signal

| " -

Ca

Calcium
40.078
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N i O
G454 60
— Cytosol
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Ca?*-signal respons

Extracellular ;péée ¢| e PR
2K ¢
\ I Fertilization,
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[ Transcription
EE Metabolism

| :
Exocytosis Contraction
| 1 | | | 1 | | | 1 | | |
1076 1073 1 103 106
| us ms s min h |
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Calcium: et celluleaert signal

Ca?*-signal Ca?*-signal respons
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o Extracellular space

Calcium ‘ :

40.078 .
I Fertilization,
[ proliferation

[ Transcription
EE Metabolism

| :
Exocytosis Contraction
| 1 | | | 1 | | | 1 | | |
1076 1073 1 103 106
| us ms s min h |
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Calmodulin er unik

® Findes overalt i kroppen.

AAAAAAAAAAAAAAAAAA
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Calmodulin er unik

©® Findes overalt i kroppen.

® Mennesker har tre gener (CALM1-3).

CALMI1 (kromosom 14)
CALMZ2 (kromosom 2)
CALM3 (kromosom 19)

CALMI1 (kromosom 14)
CALMZ2 (kromosom 2)
CALM3 (kromosom 19)

CALM1 (kromosom 14)
CALMZ2 (kromosom 2)
CALM3 (kromosom 19)

CALMI1 (kromosom 14)
CALMZ2 (kromosom 2)
CALM3 (kromosom 19)

CALMI1 (kromosom 14)
CALM2 (kromosom 2)
CALM3 (kromosom 19)

ATGGCTGATC

ATGGCTGACC

ATGGCTGACC
100

|
AAGGAAETG
AAGGAATTGG
AAGGABTTGG

AATGGCACCA
AATGGCACHAA
AACGGEBACCA

280
|

CGAGTCTTTG
CGTGTBTTTG
CGTGTCTTTG

GAAGTHAGATG
GAAGTHGATG
GABGTBGATG

AGCTGACEGA
AACTGACTGA
AGCTGACTGA

GAACTGTEBAT
GAACTGTAAT
GBACAGTEBAT

200
|

TTGACTTCCC
TTGACTTCCC
TTGACTTCCC

ACAAGGATGG
ATAAGGATGG
ACAAGGATGG

380
|

AAATGATCAG
AAATGATCAG
ABATGATCAG

AGABCAGATT
AGAGCAGATT
BGAGCAGATT

120

|
GAGEBTCHACTG
GAGATCECTH
GAGATCECTG

CGAATTTETG
TGAATTTCTG
GGABTTECTG

300
|

CAATGGITAT
CAATGGCTAT
GAATGGCTAE

AGAAGCAGAT
GGAAGCAGAT
GGABGCTGAE

GCEGAATTCA
GCAGAATTCA
GCAGABTTCA

GGECAGAACC

GGEBCAGAAMC

GGBCAGAACC
220

I
ACTATGATGG
ACBATGATGG
ACEATGATGG

ATCAGTGCHAG
ATEAGTGCEG
ATCAGEGCEG

400
|

ATTGATGGAG
ATTGATGGG
ATEGATGGAG

R o

13

1]
19

AGGAAGCCTT

ABGAAGCRETT

AGGABGCCTT
140

CTCCCTATTT
FTCACTATTT
CTCCCTETTT

GATAAAGATG
GACAAAGATG
GACAABGATG

160
|

GATATGATCA
GABATGATHA
GATATGATCA

|
CBACAGAAGC
CCACAGAAGC
CCACMGAAGC

fcaARTTGCAG

AGAGTTHACAG

AGAGEBTGCAG
240

|
GAAAGATACA
GAAAGACACA
GAAGGACACA

CHEAGAAAAAT
CHAAGAAAAAT

GATAGTGAAG
GACAGTGAAG
CCAGAAABAT GACAGTGAGG

320 340
I |

CAGAACTHCG TCACGTEBATG ACAAACTTAG
CAGAACTECG EBCATGTBATG ACAAACCTIG
CAGABCTEBCG TCACGTAATG ACBAACCTEG

420
|

CAACTATGAA GARTTEGTAC
BAACTATGAA GAGTTTGTAC
AATITATGAA GAGTTTGTAC

ABGGHAC
ATGGIEC
ATGGECA

AALBORG UNIVERSITET

s
T

16

28
22

GEGATGGCAC
GTGATGGHAAC
GAGATGGCAC

ATGAAGTGGA
ATGAAGTRAGA
ATGABGTGGA

260
|

AAGAAATCCG
AAGAAATTAG
ABGABGATCCG

GAGABAABRCT
GAGAGAAGTET
GBGAGAAGCT

440
|

AGATGATGAC
ABATGATGAC
AGATGATGAC

EATCACAACA 90
TATBAACAACA 90
TATCACEBACE 90

TGCTGATGGT 180
TGCTGATGGT 180
TGCHAGATGGE 180

TGAGGCATTC 270
AGABRGCATTC 270
AGAGGCEBTTC 270

360
|

AACAGATGAA 360
AACAGATGAA 360
GACEBGATGARE 360

TGCAAARTGA 450
AGCAAAGTGA 450
TGCAAAGTGA 450
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Calmodulin er unik

©® Findes overalt i kroppen.

® Mennesker har tre gener (CALM1-3).

©® CALMT17-3 koder for samme protein.

! ’ 20 40

| I
/_'ffj“_x Menneske MADQLTEEQI|! AEFKEAFSLF DKDGDGTITT KELGTVMRSL GQNPTEAELQ 50

EIO 8|0 1(|)0

Menneske DMINEVDADG NGTIDFPEFL TMMARKMKDT DSEEE IREAF RVFDKDGNGY 100

1|20 1£|10

Menneske | SAAELRHVM TNLGEKLTDE EVDEMIREAD |IDGDGQVNYE EFVQMMTAK 149

«
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Calmodulin er unik

9,
ah

©® Findes overalt i kroppen.

® Mennesker har tre gener (CALM1-3).

©® CALMT17-3 koder for samme protein.

© Proteinet er evolutionaert bevaret.

Menneske MADQLTEEQI
Gris MADQLTEEQ|
Mus MADQLTEEQ|

ﬁO
Menneske DMINEVDADG
Gris DMINEVDADG
Mus DMINEVDADG
Menneske | SAAELRHVM
Gris | SAAELRHVM
Mus | SAAELRHVM

«
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20

|
AEFKEAFSLF
AEFKEAFSLF
AEFKEAFSLF

NGTIDFPEFL
NGT IDFPEFL
NGTIDFPEFL

120

|
TNLGEKLTDE
TNLGEKLTDE
TNLGEKLTDE

DKDGDGTITT
DKDGDGTITT
DKDGDGTITT

%0

TMMARKMKDT
TMMARKMKDT
TMMARKMKDT

EVDEMIREAD
EVDEMIREAD
EVDEMIREAD

4?

KELGTVMRSL
KELGTVMRSL
KELGTVMRSL

DSEEE IREAF
DSEEE IREAF
DSEEE IREAF

1?0

IDGDGQVNYE
IDGDGQVNYE
IDGDGQVNYE

GQNPTEAELQ 50
GQNPTEAELQ 50
GQNPTEAELQ 50

1?0

RVFDKDGNGY 100
RVFDKDGNGY 100
RVFDKDGNGY 100

EFVQOMMTAK 149
EFVQMMTAK 149
EFVQMMTAK 149
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Calmodulin er unik

*

©® Findes overalt i kroppen.

é Menneske MADQLTEEQ!
Gris MADQLTEEQI
Mus MADQLTEEQI

Laks MADQLTEEQI

Flue MADQLTEEQI

® Mennesker har tre gener (CALM1-3). Kornblomst MADQL TBEQ |
Geer MESNL TEEQ]

qO

Menneske DMINEVDADG

Gris DMINEVDADG

. Mus DMINEVDADG

© CALM1-3 koder for samme protein. Labe OMINEVDADG
Flue DMINEVDADG

Kornblomst DMINEVDADG

Geer DEMNENDVDG

© Proteinet er evolutionaert bevaret. Menneske | SAAELRHVM
Gris |ISAAELRHVM

Mus |SAAELRHVM

Laks | SAAELRHVM

’ Flue | SAAELRHVM

Kornblomst | SAAELRHVM

Geer | SAAELKHVE

«

AALBORG UNIVERSITET

20
|

AEFKEAFSLF
AEFKEAFSLF
AEFKEAFSLF
AEFKEAFSLF
AEFKEAFSLF
SEFKEAFSLF
AEFKEAFRALF

NGT IDFPEFL
NGT IDFPEFL
NGT IDFPEFL
NGT IDFPEFL
NGT IDFPEFL
NGT IDFPEFL
NHQIEFSEFL

1%0
TNLGEKLTDE
TNLGEKLTDE
TNLGEKLTDE
TNLGEKLTDE
TNLGEKLTDE
TNLGEKLTDE
TSNGEKLTDA

DKDGDGTITT
DKDGDGTITT
DKDGDGTITT
DKDGDGTITT
DKDGDGTITT
DKDGDGE I TT
DKDNNGS I 88

%O
TMMARKMKD T
TMMARKMKD T
TMMARKMKD T
TMMARKMKD T
TMMARKMKD T
NEMAKKMKD T

AEVSRAEKSN

EVDEMIREAD
EVDEMIREAD
EVDEMIREAD
EVDEMIREAD
EVDEMIREAD
EVEEMIREAD

EVDDMERENS

4?

KELGTVMRSL
KELGTVMRSL
KELGTVMRSL
KELGTVMRSL
KELGTVMRSL
KELGTVMRSL
SELATVMRSL

DSEEE IREAF
DSEEE IREAF
DSEEE IREAF
DSEEE IREAF
DSEEE IREAF
DSEEELEKEAF
DSEQEEEEAF

1*0
IDGDGQVNYE
IDGDGQVNYE
IDGDGQVNYE
IDGDGQVNYE
IDGDGQVNYE
VDGDGQIINYE
=DGSGENNIQ

GQNPTEAELQ 50
GQNPTEAELQ 50
GQNPTEAELQ 50
GQNPTEAELQ 50
GQNPTEAELQ 50
GQNPTEAELQ 50
GESPSEAENN 50
1?0
RVFDKDGNGY 100
RVFDKDGNGY 100
RVFDKDGNGY 100
RVFDKDGNGY 100
RVFDKDGNGE 100
RVFDKD@NGE 100
KVFDKNGBGE 100

EFVQMMTAK
EFVQMMTAK
EFVQMMTAK
EFVQMMTAK
EFVEMMTSK
EFVEKIMMAK

QFAALEESK

149
149
149
149
149
149
147
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Calmodulin er unik — p53 til sammenligning

Menneske M- - - EEB@SE
Mus MTAME ESQSD
Laks MADEVE - 255
Flue M---EE-EEE

120
|

Menneske Q-GSYGFRLG

Mus Q-GNYGFHLG
Laks P-GAEGFQLR
Flue NIGEYEFSME
Menneske YLBDRNTFRH
Mus YLEDR@TFRH
Laks YMEDGNTER@
Flue GISEREEERE
3]10
Menneske L-------- P
Mus Lo-oomm-- P
Laks  M-------- K
Flue

20

PsVEPPLS-Q
IsEELPLS-Q
-NvBLPLS-Q

-N¥isarmswH

FLASGTAKSYV
FLQSGTAKSV
FLQSBTAKSYV
EVEBEPPKsHE

240
|

SVVVPYEPPE
SVVVPYEPPE
SVEVPYEPPQ

SVVVPENNMSR

NNTs8srP@r -
CTsAsPp@-

PAPRPE

ETFSDLWKLL
ETFSBLWKLL
ESFEDLWKME
KESTDSEDDS

140
|

TCTYSPALNK
MCTYSPPLNK
TCTYSPBLNK

WME YSIIPLNK

V----GSBCT
A----GseNT
V----GSECT

SVIRSGLTRA

360
|

B----KKKPL
E----KKKPL

ASKKTKSSPA

EASL
TAIKTEDTES NDSRDCDDSA AEWNVSRTPE

40

|
PENNVLSPEP

PEBEDILEPSP B

ANENEMAVQP
TEVD | KEDNP

MFCQLAKTCP
LFCQLAKTCP
LFCQLAKTCP
L¥IRMNKAEN
2?0
TIHYNNMMCNS
TIHYK¥MCNS
TVEYNEMCNS
THAFKEVCEN

--DGEYFTLQ
--DGEYFTLK
VSDBENNTLQ
- -DGDYERLA

IIIIIIIIID
KTVEV-=8cs

160
|

VQLWVDSTPP
VQLWVSATPP
vl vDHBPP
VDV@FKsKMP

SCMGGMNRRP

SCMGGMNRRP

SCMGGMNRRP

sclicEEERKE
3€|30

| RGRERFEME

IRGRKRFEME

60
|

DLMLEPBDHE
D DLELEP@DNE
NEVMMETRLEQE
ELTTEPMAFL

- PGERVRAMA
-AGSRVRAMA
-PGANVRAEA
IQRPENERVEL

280
|

ILTIITLEDS
ILTIITLEDS
ILTIITLETQ

TSLVFELEKA

RELNEALELK
RELNEALELK

QWETEDPGPD
EFFE-EEGPS

EFE- -DPSLE E

Q= - - EEGEN
1?0

I YK@SQHMTE

| YKKSQHMTE

| YKKESDVAD
CEEEsSNDVSA

SGNLLGRNSF
SGNLLGRDSF

EGALLGRRSF
Ccblivcanvi

400
|

D----ABABK

D----AHATE E

80

|
EABRMBEAAR
EALRVSGAPA
V-------8
SENEmMAFSaQ

VVRRCPHHER
VVRRCPHHER
VVRRCPHH@S
PVVRCAGNHES

300
|

EVRVCACPGR
EVRVCACPGR
EVRVCACPGR

HVKlicTcPKR
EBBBSRAHSS

DSRAHSS

S6
IRGKEKYEME KKENDSLELS ELVPVADADK WREQKRETKR
| FTERNKEWLE QGSNEGMERRE H----EEERS EREEKEARAE

«
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PVAPAPAAPT
AQDPVTETPG
ATEPAREEPR
SVEREMMLEGD

200
!

CSD-8-DGLA
CsSD-B-DGLA
TSE-NNEGPA
VEPLTANNAK

DRRTEEE- -N
DRRTEEE- -N
DRKTEEM- -N
DRIGBERGEN
4?0
HLKSKKGQST
NMLKTKKGQST
VAKRENGVEP
VLRNPNGENLE

1?0
PAAPAPABSW
PUAPAPATRW

PSISTLDTES
nargAR=E=R

PPQHL IRVE -
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Almen overbevisning:

calmodulin tolererer ingen variation!

AAAAAAAAAAAAAAAAAA
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“If it is as conserved as the authors claim,

CALM variants must be incompatible with life”

Reviewer



Mutationer i Calmodulin gener giver pludselig
hjertedgd

AJHG b

2003 2006-12 ColPress
. . Volume 91, Issue 4, 5 October 2012, Pages 703-712
Report
e D Mutations in Calmodulin Cause
T — Ventricular Tachycardia and Sudden

Nyegaard

ctal Cardiac Death

é Mette Nyegaard ! ® 2 X, Michael T. Overgaard ? &, Mads T. Sendergaard 2,
Marta Vranas !, Elijah R. Behr 3, Lasse L. Hildebrandt ?, Jacob Lund ?,

Paula L. Hedley #°, A. John Camm 3, Géran Wettrell ®, Inger Fosdal 7,

Michael Christiansen %, Anders D. Borglum! 0
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Calmodulin mutationer anno 2023

© 43 forskellige mutationer (sjeeldne).
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Hvordan forarsager calmodulin mutationer

livsfarlige hjerterytmeforstyrrelser?
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— Hjertets funktion pa organ-niveau

A

Hjertet slar i respons pa elektrisk stimuli

©® De elektriske signaler forgrener sig til
hjertets kamre som traekker sig sammen

©® Sammentraekningen pumper blod ud |
kroppen R

© Elektroder udenpa kroppen kan male de

elektriske signaler (EKG) ElektroKardioGram (hjertediagram)
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— Calcium-ioner styrer et hjerteslag
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— Calcium-ioner styrer et hjerteslag

A

Organ Celle
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Calcium-ioner styrer et hjerteslag

Organ Celle
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Calmodulins rolle i et hjerteslag

Organ
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— Calmodulins rolle i et hjerteslag

Organ Celle
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Mutationer i calmodulin fejlregulerer calcium-kanaler
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Mutationer i calmodulin fejlregulerer calcium-kanaler
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Mutationer i calmodulin fejlregulerer calcium-kanaler

Organ Celle
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A

Mutationer i calmodulin giver hjertearrytmi ved at

forstyrre calcium-signaler i hjertets celler.
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Hvordan blev vi involveret i ‘Folbigg” sagen?
15t Inquiry into the Folbigg Conviction

2003 2012 2019
® 6 o o o o o
|2
ar




2015 Prof Steven Cordner:

”Ingen retsmedicinske beviser for at
bérnene er kvalt”

2018 Genetisk analyse af familien
bestilles

2019 Inquiry (hering) into Folbigg
conviction

Nye retsmedicinske beviser
Ney genetiske beviser

KATHLEEN

CRAIG
Ingen tilgaengelig
information

Besvimelser under
sport, graviditet og
forskraekkelser

CALEB PATRICK
f. 1/2 1989 f. 3/6 1990
d. 20/2 1989 d. 13/2 1991
Slapt strubehoved Epilepsi

SARAH LAURA
f. 14/10 1992 o718 1997
d. 30/8 1993 d. 1/3 1999

Infektion i luftvejene Infektion i hjertet
CALM2 genfejl CALM2 genfejl



2019 - Heoring efter den genetiske analyse

Prof Carola Vinuesa
Scientist

 Kathleen og de to dgtre har farlig mutation in CALM2
genet —G114R

* Mutationer i calmodulin-generne bliver brugt til at
diagnostisere Hjerterytmeforstyrrelse og pludselig
hjertedgd

* Der er en anden famile med en G114W mutation (i stedet
for G114R), hvor 2 bgrn dgde af hjertestop

* Der er familier hvor nogle med en calmodulin mutation er
mere alvorligt ramt end andre

Prof Jonathan Skinner
Cardiologist

* En calmodulin mutation af denne type og pa dette
sted er aldrig set fgr — sa vi kan ikke konkludere at den
er farlig

* Men hvorfor er Kathleen sa ikke dgd af t hjertestop?

* Der er ingen rapporter der beskriver helt unge bgrn
med calmodulin mutationer som dgr mens de sover
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Kathleen Folbigg inquiry into her four
convictions reinforces her guilt, judge finds

By Nick Sas
Posted Mon 22 Jul 2019 at 12:04pm, updated Tue 23 Jul 2019 at 2:40am




Novel likely pathogenic CALM2 mutan...

Filer Meddelelse = Hjeelp  Acrobat Q  Forteel mig, hvad du vil foretage dig
- BR[O © 5| @8 B | Oseg| sz |
N v
Novel likely pathogenic CALM2 mutant in legal case
. : - <« -
Carola Garcia de Vinuesa <carola.vinuesa@anu.edu. ZLRRRPARS
Til @ Michael Toft Overgaard 28-06-2019
() opfelgning. Fuldfart den 11. juli 2019.
Du svarede pa denne meddelelse den 16-04-2021 11:20.
Crotti Eur Heart J 2019.pdf o
PF | 949 KB

[»]

Dear Michael,

| have recently been involved in an inquiry into the Folbigg case. Kathleen Folbigg was accused of murdering her 4
children and has been in jail for 15 years. There are several documentaries online about her case.

| was asked to provide a genetic report on the family (WGS/WES of 4 deceased infants and mother). We found a variant
in CALM2 (G114R) in 2 of the children inherited from the mother, which Prof Peter Schwartz believes it is likely
pathogenic (I can provide you with his report if needed). It resides in the same calmodulin residue as the one found in

another family (CALM3 G114W) in which the proband and brother died of IVF-SCD at ages 4 and 5 (See attached Crotty ”J h o4 b . k | ° d k
et al). The variant was inherited from an asymptomatic mother that was a mosaic. e g a e r V I r e I g u a n

L] L]
| have ben adviced by Alfred George that you are the best person to approach regarding functional assay of the CALM2 h I d t k t |
variant. This evidence would be invaluable in court if the appeal is successful and would be included in a scientific J a p e O S I I I e a O I I I I I I e I
publication of this extraordinary case. . )
| really hope you can help us get to the bottom of this case. b u n d S I d e n n e S a g
Kind regards,
Carola
P.S. Here is a link to our initial report, available online:
https://www.folbigginquiry.justice.nsw.gov.au/Documents/Amended%20Exhibit%20AF%20-%20Joint%20report%200f%

20Canberra%20genetics%20team%20dated%2029%20March%202019.pdf i
For info on CALM2 mutation, see pages 20-22 v




"Selvfglgelig kan jeg hjaelpe!!”






A

Andrer Folbigg mutationen calmodulins
funktion i hjertet og kan den have

forarsaget bornenes dod?

«
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Biofysiske metoder kan studere proteiner i et isoleret miljo
(udenfor cellerne)

© Producer og oprens protein

©® Opbevar i buffer/oplgsning

© Mal pa:

Starrelse
Struktur
Vekselvirkninger
Aktivitet

«
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— Hvor og hvad er mutationen?
— calmodulin G114R

A

Position 1 ?

Position 114

Glycin, G

((‘ (Vildtype) Arginin, R

(Folbigg mutationen)
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Maling af calmodulins evne til at binde

— fluorescens spektroskopi
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Maling af calmodulins evne til at binde calcium
— fluorescens spektroskopi

Apo-CaM ~ Ca<CaM — 160007
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Folbigg mutationen forringer calmodulins evne til

Calcium bindingskurve
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— fluorescens anisotropi

BN

T
o
o]

~—

T
o
o
AN

(-) 1eubis v+

100+

10-10

500x

Calcium-maettet

250+

T T
o o
o 1]
N -~

(-) 1eubis v+

100+

10 107  10% 105 10+
caM (M)

10°

10—10

AALBORG UNIVERSITET



A

Folbigg mutationen forringer calmodulins evne til at binde til Ca,1.2

WT
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G114R
G114W
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Folbigg mutationen

CaM

RyR2 cytosol

Lav calcium

forringer calmodulins evne til at binde til RyR2
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A

Cellekulturer kan bruges til at studere (komplekse) effekter

© Isolér specifik celletype eller anvend standardiseret cellelinje

© Stimulér/pavirk cellerne

© Mal pa:

Sundhed (viabilitet, motolitet)
Signalering (on/off)
Enzymaktivitet

Transportaktivitet (fx. Ca?*-stremninger)
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— Folbigg mutationen forringer calmodulins evne til at lukke Ca,1.2
—
=
=
Z
.
7 WT
30 mV
804 =
e o SUODA
..o b Ca2+
100 ms
Cay1.2 cytosol
CaM
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Folbigg mutationen forringer calmodulins evne til at lukke Ca,1.2

e * *, Ca*

Cay1.2
CaM

[500 pA

cytosol G114R G114W

200 pA
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Ivy Dick
(USA)
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Folbigg mutationen forringer calmodulins evne til at

CaM

RyR2 cytosol

®
. . * Ca%

WT
2 mM Ca2+
Extracellular [Ca2+*] 2 mM Ca2+ 20 mM
0 mM 1 mM 2mM 1 mM tetracaine caffeine
[ | | | [ ]
_———————— Fmax
Fsoicr

YFP/CFP

lukke RyR2

Wayne Chen
(Canada)
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Folbigg mutationen forringer calmodulins evne til at

RyR2

CaM
cytosol
. *Ca*

WT
2 mM Ca2+
Extracellular [Ca2+*] 2 mM Ca2+ 20 mM
0 mM 1 mM 2 mM 1 mM tetracaine caffeine
[ | | | ]
———————— Fmax
Fsoicr

YFP/CFP

G114R
2 mM Ca2+
Extracellular [Ca2+] 2 mM Ca2+ 20 mM
0 mM 1 mM 2 mM 1 mM tetracaine caffeine
[ I | | | ]
________ Fm
Fsi

Fte

YFP/CFP

G114WwW
2 mM Ca2+
Extracellular [Ca2+] 2 mM Ca2+ 20 mM
0 mM 1 mM 2 mM 1 mM tetracaine caffeine
[ [ | I | ]
______________ Fmax _
Fsoicr
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@ ESC Europace (2021) 23, 441-450 CLINICAL RESEARCH

European Society doi10.1093/europace/euaa2?2 Channelopathies and cardiomyopathies
of Cardiology

Infanticide vs. inherited cardiac arrhythmias

Malene Brohus @ ”, Todor Arsov2'3T, David A. WallacezT, Helene Halkjeer Jensen © 1,
Mette Nyegaard ® *, Lia Crotti ® >*7, Marcin Adamski®, Yafei Zhang’,

Matt A. Field ® >'°, Vicki Athanasopoulos © 2 |sabelle Baro ® ',

Barbara B. Ribeiro de Oliveira-Mendes ©® ", Richard Redon ©® ",

Flavien Charpentier ©® " Hariharan Raju ® 12 Deborah DiSilvestre'?, Jinhong Wei'?,
Ruiwu Wang", Haloom Rafehi ® '>'¢, Antony Kaspi ® 1516 Melanie Bahlo @ '>'1¢,
Ivy E. Dick ® **, Sui Rong Wayne Chen'?, Matthew C. Cook ® ?,

Carola G. Vinuesa ©® 2**, Michael Toft Overgaard ©® 1**, and Peter J. Schwartz ® Sack

2003 2006-12 2019 2021
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Nyegaard Brohus
et al et al
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Conclusion
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@ ESC Europace (2021) 23, 441-450 CLINICAL RESEARCH

European Society doi10.1093/europace/euaa2?2 Channelopathies and cardiomyopathies
of Cardiology

Infanticide vs. inherited cardiac arrhythmias

Malene Brohus @ ”, Todor Arsov2'3T, David A. WallacezT, Helene Halkjeer Jensen ® 1,
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A novel functional calmodulin variant (G114R) predicted to cause idiopathic ventricular fibrillation, catecholaminer-
gic polymorphic ventricular tachycardia, or mild long QT syndrome was present in two children. A fatal arrhythmic
event may have been triggered by their intercurrent infections. Thus, calmodulinopathy emerges as a reasonable
explanation for a natural cause of their deaths.

2006-12 2019 2021

Nyegaard Brohus
et al et al
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@ ESC Europace (2021) 23, 441-450 CLINICAL RESEARCH

European Society doi10.1093/europace/euaa2?2 Channelopathies and cardiomyopathies
of Cardiology

Infanticide vs. inherited cardiac arrhythmias

Malene Brohus @ ”, Todor Arsov2'3T, David A. WallacezT, Helene Halkjeer Jensen ® 1,

....................................

lation, catecholaminer-

Conclusi . . .
onciusion Det er sandsynligt at calmodulin mutationen G114R har .
Iren. A fatal arrhythmic
o . ol e bl
slet Folbigg dgtrene ihjel. e e
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Calmodulin regulerer Nav1.5

6 November, 2022 — Hjertets Natrium-channel
Bekymringer der naevnes i andre ekspert Nav1.5
rapporter: SCN5A

LQTS3/BRGDA1

”Sygdomsbilledet i Folbigg familien passer
ikke med det sygdomsbillede vi kender fra
andre calmodulin-sygdomsforlgb”

® :
Q-;EE

"Feber udlgser kun hjertearytmi-anfald i : FQ/ < (") E
Brugada Syndrome E = A |

) ) ) ¢ gg ~ Sarcoplasmic E
— en Natrium-kanal sygdom i bgrn %K £ reticulum :
— o‘so(; / ;ooco Ca?' :3

CAGGL L Lhbe® g?

. ) ; o . Cytosol &
"Kun Natrium-kanal mutationer giver arsag til e ——————————————_———"ts
‘ded mens man sover’!” Extracellular space
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Position 1

Glycin, G
(Wild type)

Arginin, R
(Folbigg variant) 71



Calmodulin binder til Nav1.5 (peptide)

72



8 November

Ferste dataset!

Ana-Octavia Busuioc, VA

FA Signal

FA Signal
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10 November, 6.02am — Zoom Mgde

Calmodulin binding to the SCN5A (Nav1.5) IQ-domain
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The binding of G114R to the Nav1.5 IQ domain is severely reduced, in particular at low and medium
calcium concentrations
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Folbigg Inquiry: Mutations in calmodulin
were considered “incompatible with life”

Kathleen Folbigg inquiry examines new until a breakthrough discovery
scientific evidence and ‘likely genetic mutation’

JustiIn Watch Live Voice Referendum Politics World Business Analysis Sport Science

By court reporter Jamelle Wells

Posted Tue 15 Nov 2022 at 6:11am, updated Wed 16 Nov 2022 at 12:31am

Professors Michael Toft Overgaard and Mette Nyegaard [ Source: Aalborg University

12505420 vember The inquiry into the convictions of Kathleen Folbigg has heard that,
until discovered in 2012, mutations to the genes that produce the
important regulatory protein calmodulin were considered incompatible

[ with life.

?’ Husband-and-wife professors Michael Toft Overgaard and Mette
< Nyegaard, from Aalborg University in Denmark, were the sole experts to

Matthew present evidence to the inquiry in Sydney today. Due to their presentation
A Ward of what Tom Bathurst KC, conducting the inquiry, described as “new and
Aoine quite exceptional” information, they are the final witnesses in this hearing

Professor Nyegaard (left), and Professor Overgaard say the mutation was "unlucky” for families. (AAP:
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NEWS | 06 June 2023

‘Science was heard’: woman who
was convicted of killing her
children pardoned after inquiry

Kathleen Folbigg, who was jailed in Australia in 2003 over the sudden deaths of her
four young children, has been pardoned and released in the wake of new scientific
evidence.

Dyani Lewis




Laes og h@gr mere om sagen

IE LUNDBECKFONDEN Jyllands-Posten

”Danish research could lead
to acquittal of Australian
woman for the deaths of her
four children - she has served
18 years in prison”
Artikel-serie
13. marts 2021

”"Danske forskere fandt genbeuvis,
der kan fgre til benadning af den
mest forhadte kvinde i Australien”
Tema-artikler
27. marts 2021

”Gen som bevis”
Podcast, DR
31. marts 2021

G

"Genstart: mor og
morder?”
Podcast, DR
14. april 2021

Videnskab dk

”Dansk forskning kan frikende
kvinde, der er faengslet for
drab pa sine bgrn”
Artikel-serie
December 2021



Laes mere om sagen SNEWs

@he New ork Times Australian mom convicted of killing 4
She Was Imprisoned for Killing Her 4 Sh}ldrfndse]cel<sApaI;don o
Children. But Was It Their Genes All chlchen, dovens of sientiets are backing the claim that they mey have died of
Along? natural causes

The case of Kathleen Folbigg has become a contest petween
cutting-edge science and an Australian court system that
sometimes ignores it.

@he Washington Post

Democracy Dies in Darkness

World

An Australian mom was convicted of killing her 4
babies. Scientists say she’s innocent.

BlBJC

Genetics may free a woman convicted of

. . killing her 4 babies and help other parents
Kathlee.n Fqll?lgg: Cou.ld.sc1ence. free J explain the unexm;nab.e P
Australian jailed for killing babies?
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