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Crib Death Exoneration Could Usher In New Gene Te

Cameripee, LLE —For vears, prosgcuions in
the Linited Kinedom have applicd an omasil-
ten three-sirikes-md-yon re-oul Tudke b moth-
ars whose habies die in infincy: One unex-
plainad death is wagic but inmocent, wo is
suspicions, and three is murdar This creda,
tested in many 4 court case, led the TV
Croawn Prosecution Sarvice o iy a pharma-
cial namad Trupli Pabel for murder, Owvera 4-
ear span, Patel and her busband, Jay, losi

s 1o b b oo benelifs: Since 19491,
the mmber of 5105 cases has @llon by 50%
in the United States, although it is still the
thirid kzaiing cause of LS, infEnt moctaliy.
Pathologists e testilied thal the odds of
pwoeor more siblings dyving of SIS are van-
ishingh =mall: When factors such as parenial
amoking or low birth weight, which increse
the nsk of SIDE, are excluded, coincidence
camnot provide a plnsibla explanation Tor
rmultiple 5108 deaths, MNegli-

1858

gence of child abuse is a fir
mone likeh cuuse, prosaci-
tors arpne.

The under pinnings of
the three-strikes rule rest
largely on u 1977 study by
retired LK, pediatrician
und child abuse expert Ry
Meadow, He invoked a dis-
ardar callad “Munchavsen
syndrome by proxy.” in
which caregivers in multiple
SI06 cases inllict sulfering
Lo et atlention or sympaiby.
Muadow has served as an
exper! witness in sevaral
successfl prosecutions ol

Vindicated. Jay and Trupti Patel were al smiles outside the cowt-  multiple unexplainad infant
hiause last week after a jury cleared Tupti of wrongdoing. Recent  doaths, and he fesulied for
genetic findings appear tohave played a decisiee role in thewerdict.  Lhe prosaculion i the Patel

throe babies belore the age of 3 monihs An
operand-shnt case? Far from il Reonl ge-
netic silies thal challaiga the threz-strikes
rule wienz a declsve Bctor in Patel s shnning
aviuittal |zl week in Reading Criown Court,
The rubing coull have profound implica-
ticns for criminal justice, Well-paHicized in-
als in which muliple Grees of sudden infint
death syncmome CRI0E) lad o murdaer coovic-
tioms huve tendid 1o discredil the idea that
SIS could run i familics, In the wake ofthe
Patel ruling. many binavars and child protec-
Do advecates huve criticiosd the eagerness i
prosacule cazes of mulliple unexplained in-
fimt deaths. The oubcome could lead o mone
axlansive sereening of habies (e inherited

dizorders, as well a5 Lo genelic tesiing of

misthers aeesad of killing thiir babies.

S0, sometines callad enb or cot death,
15 1 "dingrosis of @lusion,” nofes the Ame-
ican Acadery of Pediatrics. Doctors assign a
death 1o 5105 only aller an aulopsy and ex-
amination of the babe s emvironment and
medical history reveal no other possibilities.
Adthough the canse o canses of STUS are an-
clear, hreathing difficullies appear o play a
central tole. In the last decade, a *Back to
Slep™ cmpaien urging parents to avoid al-
lewing babies 1o sleep on their stomachs ap-

case; he declined Lo com-
ment (o this article,

In thi Patel case, the defense challengod
the basis ol the three-sirikes rule, argoing
thal genetics, nol coincidence, lies behind
tha trugic deaths. Suggestions of @ genahc
link came [rom Patels grandmother, who
told ithe jury that Five of her own children
digd—including three bafore the age of &
wioaks, of unexplaimed canse—in e 19406
m Crujaral, Ineia, The prosecution did notol-
ferevidence to the contriry

Bul it was the scientific testimomy that

Telltale electrocardiogram. & sometimes fatal
heart arrhythmia called long QT syndrome
mary uriderlie some SI05 cazes,

pronvided the real reworks, b
climical geneticist al St Geo
Lordon, testified thal ananio
inharitance patiem with "vare
comld explun the Patel Emil;
fant deaths. He suggestod @
mitechondrial respiralory ch
sl of conditioms in which n
clear and mitochondrial DN
mitabolizm-—aml long O s

arrhythimia knewn for sieikin

athletes and linked o otat
ranspor genes, Pation astiong
miza ahoul 30 ol long O
identifiahle by clectmocardiog

Daovichors Tl bested Pabel’s
fior problems with heart deth
10 divs betione her death and
mulitizs. Hewever, hiochamic
the inamis provided some sup
tiegn of i mitochondrial dison
based defense was robust @
raisonable doubl in the mi
which cleared Patel after ¢
barehy S0minutes.

Ciiher findings nol airad
cold explain some 5108 cas
i inahility to metaboliae
masquerada us S[D8, And
linkezd tov thee 1110 gene: Ba
tieular allele have an exagueen
APCMED [ Cormren infocions
ogist David Drucker of th
Mlanchester, LK. Inherite
combing syrergistically, he s
suich as pareninl ameking or 3
to triggeer harmbul Muid baild

The bottom  line, says B
peiiarician b the Thiversity
testified in the Patel case, isl
should moutinely ke and ®
DA samples and =erom fo
anlars and hean arryibmins
rector of the Mational Cente
ordirs Rescarch in Bothesda
i aeperl on 5105 dingnosis
are multiple genetic sk fi
justas for arry other comlition

Thi Patal case has givan
proposal last month fom |
pendent Review of Corone
pangls conduct inguiries nt
they arize. In the Uit Sia
genetic explanations for mult
15 “just beginning (o cha
wide by accopbed” Hunt savs
the explosion of genelic it
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The Sudden Infant Death Syndrome Cene: Does [t Exist?

Siri H. Opdal, PhD, and Torleiy

ABSTRACT. Badgrownd. Sudden infant death syn-
drome SIS s in a difficult position between the legal
and medical systems. In the United Kingdom, prosecu-
tors have for years applied the simple rule that 1 unex-
pected death in a family a tragedy, 2 are suspicious
and 3 are munder. However, it seems that the pendulu
has now swung to the opposite extreme; mutations/or
polymomphisms with unclear biological significancg/are
accepted incourt as possible causes of death. This
pmient make arch on genetic predisp
or 5105 increa important, from the

the legal protechon al infants. The genetic comgfronent of
sudden infant death can be divided into 2 cftegnnies, ie
L mutations that give nse o genetic disorfers that con-
stitute the cause of death by themse lves and (21 paly mor-
phisms that might predispose infants o Aeath in critical
ituations. Distinguishing between thefe 2 calegone
emaenitial, and cases in which a mutatign causing a lethal
genetic disorderis identified should fie diggnosed not
SID% but as explained death.

Genetic Alterations That May/ Cavse Sudden Infant
Death,  [Deficiencies in fatty acid metaboli=m have been
extensively studied in cases of A1, and by far the most
well-investigated mutation 1s/the A9850 mutation in the
medinm-chain acy-CoA defivdrogenase (MCA D) gene,
which is the most prevalfnl mutation causing MCAD

evel-
ngAack
angpoint

. Rognum, MD

mfhy indicate that they are vulnerable o simple ingo-
ione. One reason Tor such vulnerability may be partiy
deletions of the complement component 4 gene. In cases
af 5105, an association between slight infections before
death and partial deletions of the complement compo-
nent 4 gene has been identified, which may indicabe that
this combination represents increased risk of sudden
infant death. There have been a few studies investigating
HLA-DE genotypes and SIDS, but no asscciation has
been demonsirated. The most common polymorphisms
in the interleukin=-10 1 L-10} gene promoter have been
investigated in 5105 ca and the ATAJATA senc vpe
has been reported to be associated with both 5105 and
infectious death. The findings may indicate that, in a
iven situation, an infant with an unfavorable 1L-10 ge-
notype may exhibit abemrant [L=-10 production, and they
confirm the assumptlion that genes involved in the im-
mune system are of importance with respect to sudden
unexpe:ted infant death. Ancther gene that has been
investigated is the serobonin transporter gene, and an
ation between the long alleles of this gene and
S105 has been demonstrated. Serotonin influences a
broad range of physiclogic systems, as well as the inter-
actions bebween the immune and nervous systems, and
findings of decreased semtonengic binding in pars af the
brainstem. together with the findings in the serotonin

EUTE
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chemical profil
disorders in a i
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SIDS: Esiste un gene specifico

may cause sud — — -

novel polymorphisms have been found when key pro-
eins involved in the regulation of blood glucoes levels
are investigated in e of S105. The long OT synd rome
LLOTSY d= another inherited condition proposed as the
cause of death in some case wdden infant death. The
LOTS is caused by mulations in genes encoding cardiac
ion channels, and mutations in the genes KVLQTE and
SCNAS have been identified in canes initially diagnomed
as 51125, in addition o several polymorphisms in these 2

menes and in the HERG sene. In addition, genetic nsk
[t dim were investigated inasmall num-
ber the study concluded that venous
throm bosis is not a major canse of sudden infant death.

Gene Polymorphisis That May Predispose Iifants to
Sudden Infawt Death Under Certain Ciroumnstances.  Many
SID% wictims have an activaled immune em, which
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ARCE DEOWCEn COMTmon poly i piisms 1 These geries
and S1D%. A number of human diseases are attributable
o mutations in mitochondrial DRA Em2NAL and there
are several reasons o think that miDN A mutations al
are involved in 5105 Both a higher substitution fre-
quency and a different substitution pattern in the HYR-1
region of mi2NA have besn reported in SIDS ¢
compared with control cases. A num ber af coding region
mtl N A mutations have also been reported, but many are
found only in 1 or a few 5108 cases, and, to date, no
predominant mt2NA mutation has been found o be
cciabed with 105,

Conclusions.  All mulations giving rise v melabolic
dizorders known o be associated with life-threatening
evenls are posaible candidates for genes involved in
cases of sudden infant death, either as a cause of death or
as a predisposing factor. [t is necessary o distinguish
between lethal mutations leading e = such as
MOAL and LTS, and polymorphisms Hor instance, in
the IL-10gene and mtD™ AT that are normal gene variants
but might be suboptimal in critical situations and thus
predispose infants to sudden infant death. Itis unlikely
that one mutation or polymorphism is the predisposing
factor in all S1D% cas However, it is likely that there
are Y5135 genes” operating as a polygenic inhentance
predisposing infants to sudden infant death, in combi-
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SIDS INCIDENCE in different COUNTRIES
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GENETICA e SIDS
Opdal e Rognum (2004); Hunt (2005)

1. MUTAZIONI

g

2. POLIMORFISMI

MALATTIE
GENETICHE
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PREDISPOSIZIONE

INTERAZIONE CON
AMBIENTE

MORTE




Componente biologica

GENETICS LOADS THE GUN
AND
THE ENVIRONMENT PULLS THE TRIGGER

Componente ambientale




>50% genuine SIDS

vulnerable

stage

Rredisposing
fagtors :

~1% MCAD?

velopmental

Funzioni autonomiche
Neurotrasmissione
Metabolismo energetico

~3% FAQ?

~3% LQTS?
>__ MtDNA?

neuromuscular disorders?

~30% other
unknown disorders

Risposta immunitaria

Copyright ©2004 American Academy of Pediatrics
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Affinit & patogenetica
BULBO -SPINALE (Matturri, 2005)

Affinit a patogenetica
CARDIACA - ARITMOGENA
(Schwartz, 2001)

Telmale electrocardiogiam. & sometimes Tatal
hoart aurhythmia called long QT synd ovre
miy underlie some 305 caves.



Raccolta del campioni

g Centro di Ricerca “Lino RossI”
20 SIDS :> Campioni B (Universita di Milano)
autoptici Dip. Patologia e Medicina di

5 SIUD __ Laboratorio (Universita di Parma)
/’ . .
U.O. Neonatologia (Ospedale di
28 ALTE Sangue Parma)
48 IALTE intero < U.O. Pediatria (Ospedale di
Varese)
U.O. Pediatria e Neonatologia

_ (Ospedale di La Spezia)

150 Controlli j>san9ue_'”tef0,
Saliva







Polimorfismi genici e metabolismo di
neurotrasmedttitori




Polimorfismi genici di neurotrasmettitori

Seroteniha Dopamina GABA
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TPH2 DAT GABA(B)R1
SHTT
MAOA

Htr 1a
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Recettore del GABA

0 ? Mutazione puntiforme
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PATHWAY METABOLICO della DOPAMINA
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PATHWAY METABOLICO della SEROTONINA

1PHZ
triptofana idrossilasi 2

SINTESI

TRYPTOPHAN

trasportatore della serotonina

RE-UPTAKE

MAQA
monoamino ossidasi A

DEGRADAZIONE




Serotonin Receptor 1A
Recettore della serotonina

TRYPTOPHAN

| SHT - SYNTHESIS

Mutazione puntiforme
1019 C>G




3IDS 01
3IDS 02
3IDS O3
3IDS 04
3IDS 05
3IDS 06
3IDS 07
3IDS 08
3IDS 09
3IDS 10
S5IDS 11
3IDS 12
3IDS 13
SIDS 14
3IDS 15
3IDS 16
SIDS 17
3IDS 18
3IDS 19
3IDS 20
CTE_01

TPH2-triptofano idrossilasi 2

TECAGGEAC T T TG AARGTCAATTACCCETCCC TTC TCAGTATACTTCAATCCCTACACACAG
THCAGGEAC T T TG AARGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACACAG
TGCAGGEAC T T TG ARG T AR T TACCCE TCCC T TC TCAGTATAC TTCAATC CC TACAC AT AG
TECAGGEAC T T TG AARGTCAATTACCCETCCC T TC TCAGTATAC TTCAATCCC TACACAC AG
TECAGEEAC T TTGCAARGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TAC ACAC AG
TGCAGGGAC T TG ARG TCAA T TACCCETCCC T TC TCAGTATAC TTCAATCCC TACACACAG
THCAGGEAC T TTGCAARGTCAATTACCCETCCC TTC TCAGTATACTTCAATCCC TACACACAG
TG TTTGCAARGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCCTACACACAG
TECAGGGAC T T TG AAAGTCAATTACCCETCCC TTC TCAGTATACTTCAATCCC TACACAC AG
TECAGEEAC T T TG AARGTCAATTACCCETCCC TTC TCAGTATACTTCAATCCC TACACACAG
TGCAGGGACTTTGC ARG TCAATTACCCETCCCTTC TCAGTATACTTCAATCCCTACACACAG
THECAGGEAC T T TG AARGTCAA T TACCCE T CCC T TC TCAGTATAC TTCAATCCC TACACACAG
TECAGEEAC T TG AARGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACACAG
TGCAGGGAC TTTGC ARG TC AR TTACCCETCCC TTC TCAGTATACTTCAATCCC TAC AC LC A
THCAGGEAC T TTGCAARGTCAATTACCCE T CCC TTC TCAGTATAC TTCAATCCC TACACACAG
TECAGEEAC T TTGCAARGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACACAG
TECAGGGACTTT G ARG TC AR TTACCCETCCC TTC TCAGTATACTTCAATCCCTACAC ACAG
TECAGEEAC T T TG AAAGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACAC AG
THCAGGEAC T T TG CARRGTCAATTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACACAG
TGCAGGEAC T TTGC ARG TC AR TTACCCETCCC TTC TCAGTATAC TTCAATCCC TACACAC A
TECAGGEAC T T TG AARGTC AT TACCCE T CC T T TCAGTATAC TTCAATCCC TACACAC AG

i e il i R e i i i i il

IMi AELEFIUN

G1463A R144H mai trovata




SHTT- trasportatore della Serotonina

“Long” Allele
Transcriptional

Control Region

egion
1

5.‘

“Short” Allele
Transcriptional

GENOTIPO L/L Fattore di rischio

GENOTIPO S/L
GENOTIPO S/S




Frequenze alleliche e genotipiche

SHTTLPR

SIDS

60,0%
50,0%
40,0%
30,0%
20,0%
10,0%

0,0%

5-HTTLPR GENOTYPES

L/L

L/S S/S

M controls

M SIDS

GENOTIPO L/L

60% vs. 14%

SIDS

controlli

p<0.001

p=0.001
;;QTTLPR ALLELES
80,0% -
60,0%
40,0% B Controls
20,0% B SIDS
0,0% \/ I"f’
allele L allele S




5-HTT FREQUENZE ALLELICHE

SIDS n=20

CONTROLLI n=150
Fre SIDS INCIDENCE in different COUNTRIES 30/
0.40% m ITALY
{ 0.30% o USA 115
2 @ JAPAN
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0,10%
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Frequenza allele L 73%

| Frequenza allele L 35%




SEROTONINA (5 Idrossitriptamina)

Neuroni serotoninergici esercitano effetto modulatoo su:

FUNZIONALITA' CARDIOVASCOLARE
TONO MUSCOLARE

RITMO RESPIRATORIO
TERMOREGOLAZIONE

RITMI CIRCADIANI

STATI COMPORTAMENTALI




ORIGINAL ARTICLE

A Serotonin Transporter Gene Promoter
Polymorphism (5-HTTLPR) and Prefrontal Cortical
Binding in Major Depression and Suicide

1 Jokm Mann, MDY, Yung-yu Huang, M5; Mark D. Underwood, PhDY; Suham A, Kassir, M5; Sara Oppanheim, PRD;
Theeras M. Kelly, PhD,; Andrew |, Dwork, MDY, Victoria Arango, PRD

Background: Major depression and suicide are associ-
ated with fewer serotonin transporter { 3-HT T sites. The
='-flanking promoter region of the 5-HTT gene has a bi-
allelic insertion'deletion (3-HTTLPR). We assayed pre-
frontal cortical (PFC) 3-HTT binding in major depres-
sion and swicide and examine the relationship to the
S-HTTLPR allele.

Metheds: Postmortem brain samples from 220 indi-
widuals were genotyped for the S-HTTLPR polymor-
phism. Binding of -HTT was assayed by quantitative au-
toradiography in the PFC of a subset ofsubjects (n=159).
Clinical information, including DSM-IT-R Axis 1 diag-
noses, was obtained by psychological autopsy and medi-
cal chart review.

Results: Binding to 5-HTT was lower in the ventral
PFC of suicides compared with nonsuicides and was

lower throughout the FFC of subjects with a history of
major depression. The S-HTTLPR genctype was associ-
ated with major depression but not with suicide or
3-HTT binding,

Conclusions: A diffuse redoction of 3-HTT binding in
the PFC of individuals writh major depression may re-
Aect a widespread impaimment of serotonergic function
consistent with the range of psychopathologic features
in major depression. The localized reduction in 3-HTT
binding in the veniral PFC of suicides may reflect re-
duced serotonin input to that brain region, underlying
the predisposition to act on suicidal thoughts. The
S-HTTLFPR genotype was not related to the level of 3-HTT
binding and does not explain why S-HTT binding is lower
in major depression or suicide.

Arclh Gem Psychiatry. 2000,57:720-738
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Genes regulating the serotonin metabolic pathway in the brain stem and their
role in the etiopathogenesis of the sudden infant death syndrome

N ‘:a( . P . . “ . h
Francesco Nonnis Marzano ***, Milena Maldini *, Laura Filonzi ®, Anna Maria Lavezzi °.
< b Sl y i s % o - b
Stefano Parmigiani ©, Cinzia Magnani ©, Giulio Bevilacqua °, Luigi Matturri
* Department of Evolutionary and Functional Biology, University of Parma, 43100 Parma, Italy

Y “Lino Rossi” Research Center, Institute of Pathology, University of Milan, 20122 Milan, ltaly
¢ Department of Gynecology, Obstetrics, and Neonatology, University of Parma, 43100 Parma, laly

Received 3 September 2007; accepted 31 January 2008
Available online 2 Apnl 2008

Abstract

Genotypes and allelic frequencies of TPH2, 5-HT'TLPR, the 3-HTT (5LC6A44) intron 2 variable-number tandem repeat (VNTR) region, and the
MAOAVNTR region were determined in brain-stem samples of 20 “genuine” SIDS cases and compared with results obtained from 150 healthy
controls. The SNP G1463A responsible for 80% functionality loss of TPH2 (tryptophan hydroxylase 2) was not detected, neither in SIDS infants
nor in the controls. In contrast, a strict relation was found between the 3-HTTLPR genotype and its allelic frequencies with SIDS cases. The L/L
genotype and the long allele (L) of the promoter region of the serotonin transporter were significantly associated (likelihood ratio (LR) test,
p=0.001) with the syndrome (L/L, 60% SIDS vs 14% controls; L, 80% SIDS vs 42.6% controls). Polymorphisms of the intron 2 VNTR of
the same gene showed a trend for significant differences between genotypes 10/10 and 12/12 (LR test, p=0.068), with the L-12 haplotype being
almost twofold in SIDS (44.5%) with respect to controls (23.4%). Differences were even higher considering the genotype combination L/L-12/12
(20% SIDS vs 2.6%), and variations among categories were statistically highly significant (p<0.001). Although additional differences were
observed in the frequency of the MAOA (monoamine oxidase A) VNTR genotype 3R3R between SIDS and controls (respectively 15% vs 26%),
the results were not supported by statistical significance. Molecular polymorphisms are discussed considering their functional role in regulating
serotonin synthesis (7PH2), neuronal reuptake (5-HTTLPR and 5-HTT intron 2}, and catabolism (MAOA4) in the nervous system of ltalian SIDS
infants. Comparisons are made with previous data obtained in different ethnic groups.
© 2008 Elsevier Inc. All rights reserved.

Keywords: 5-HTT, MAOA; TPH2;, Molecular polymorphisms; SIDS; Neurotransmitter




MAQA - monoamine oxidase A

MAOA VNTR

!

2, 3, 3.5, 4, 5 repeats

polimorfismo funzionale
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Frequenze genotipiche e alleliche
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ORIGINAL ARTICLE

Association of dopamine transporter and monoamine
oxidase molecular polymorphisms with sudden infant death
syndrome and stillbirth: new insights into the serotonin
hypothesis

Laura Filonzi - Cinzia Magnani - Anna Maria Lavezzi -

Guido Rindi - Stefano Parmigiani - Giulio Bevilacqua -
Luigi Matturri - Francesco Nonnis Marzano

Neurogenetics
DOL 10 1007/5 1004 8-010-0257-2

LETTER TO THE EDITORS

Confirmed association between monoamine oxidase A molecular
polymorphisms and Sudden Infant Death Syndrome
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