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	Hémochromatose	néonatale	
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NH:	definiPon	

•  rare	disease		
•  fetus	and	neonate	
•  H	CoQer	1957	
•  hepaUc	and	extrahepaUc	siderosis	sparing	the	
reUculoendothelial	system	

•  and		severe	liver	disease	
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NH	is	a	phenotype	:	several	ePologies	
2001	

2004	
Peter	WhiUngton’s	group	
Chicago’s	Northwestern	

University	
An	alloimmune-mediated	

mechanism		
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Alloimmune	NH	

Hypothesis	based	on:	
•  recurrence	rate	>	80%	

–  similar	to	rhesus	incompaUbility		
–  too	high	for	an	inheritance	explanaUon	

•  no	mutaUons	in	genes	of	hereditary	haemochromatosis	
•  affects	maternal	half-siblings	but	not	paternal	half-siblings	
•  intravenous	immunoglobulin	(IV-Ig)	therapy		

–  during	pregnancy	reduces	the	severity	and	the	recurrence	rate	
of	the	disease	
	High-dose	immunoglobulin	during	pregnancy	for	recurrent	neonatal	haemochromatosis.	Whi9ngton	PF,	Hibbard	JU.	
	Lancet	2004;364:1690–98.	

–  in	neonates:	improvements	in	outcome		

Treatment	of	neonatal	hemochromatosis	with	exchange	transfusion	and	intravenous	immunoglobulin.	Rand	EB,	
Karpen	SJ,	Kelly	S,	et	al.	J	Pediatr	2009;155:566–71.	

Whi9ngton	PF,	Malladi	P.	Neonatal	hemochromatosis:	is	it	an	
alloimmune	disease?	J	Pediatr	Gastroenterol	Nutr	2005;40:544–49.	
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Alloimmune	NH	mechanisms	

•  maternal	sensiUzaUon	
to	a	fetal	hepatocyte	
anUgen?		

•  ProducUon	of	maternal	
IgG	anUbodies	directed	
against	this	Ag	

•  acUvaUon	of	fetal	complement	via	
the	classic	pathway		

•  formaUon	of	membrane	ahack	
complex	on	hepatocytes	(MAC	or	
TCC	or	C5b9)	

•  Hepatocyte	injury	and	death	

transplacental	passage	of	the	
IgG	anUbodies	occur	in	the	
subsequent	pregnancy	

IgG	

Hepatocytes	

IgG	

fetal	complement	is	produced	
by	the	fetus	∼12	WG	nature	of	the	fetal	hepatocyte	

anPgen	is	currently	sPll	unknown	
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GALD	
•  gestaUonal	alloimmune	liver	disease	(GALD)-
associated	NH	(GALD-NH)	

•  for	each	case	GALD	complement-mediated	
hepatocyte	injury	can	be	demonstrated	

•  PosiUve	C5b-9	immunostaining	on	the	
hepatocytes	

•  GALD	is	considered	to	be	the	most	common	
cause	of	NH	(>95%	of	cases)	
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Cb9	immunostaining	on	hepatocytes	
q  Pan	X,	Kelly	S,	Melin-Aldana	H,	Malladi	P,	Whi9ngton	PF.	Novel	mechanism	of	fetal	

hepatocyte	injury	in	congenital	alloimmune	hepa99s	involves	the	terminal	complement	
cascade.	Hepatology	2010;51:2061-68.		

q  Whi9ngton	PF,	Pan	X,	Kelly	S,	Melin-Aldana	H,	Malladi	P.	Gesta9onal	alloimmune	liver	
disease	in	cases	of	fetal	death.	J	Pediatr.	2011	Oct;159(4):612–6.		

Immunohistochemistry	for	TCC	neoanUgen	in	typical	cases	of	NH	
with	subacute	and	chronic	liver	injury	

Immunohistochemistry	for	TCC	neoanUgen		in	cases	of		
NH	with	acute	liver	injury	
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GALD	:	mechanisms	of	iron	overload		

•  Complement-mediated	liver	injury	is	the	primary	
event		

•  It	is	not	a	primary	iron	overload	disease	
•  MAC-mediated	cell	lysis	
•  Fetal/neonatal	iron	overload	and	siderosis	of	
extrahepaUc	Ussues	result	from	fetal	liver	dysfuncUon	
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Proteins	involved	in	iron	homeostasis	

Iron	homeostasis.		
Step	1	represents	DMT1-mediated	iron	
absorpUon	into	mature	enterocytes.	Step	2	
indicates	ferroporUn-mediated	movement	of	
iron	from	enterocytes	(and	macrophages)	
into	the	circulaUon.	Step	3	illustrates	
movement	of	iron	from	the	circulaUon	into	
hepatocytes	and	duodenal	enterocytes	
fostered	by	the	complex	of	Transferrin	
receptor	2	and	the	HFE	protein.		
Step	4	indicates	hepatocyte	producUon	and	
excreUon	of	hepcidin	into	the	circulaUon.	
Hepcidin	downregulates	acUvity	of	
ferroporUn,	predominantly	in	duodenal	
enterocytes	and	macrophages	(step	2).	
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	GALD:	mechanisms	of	iron	overload	

•  FerroporUn	is	highly	expressed	in	placental	
cells	

•  Hepcidin	is	produced	by	the	fetal	liver	and	is	
the	main	regulator	of	iron	efflux	from	the	
placenta	

•  reduced	hepatocyte	mass		in	GALD		
– ↘	hepcidin	producUon		
–  impair	the	feedback	control	of	placental	iron	flux	
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Proposed	pathophysiology	of	neonatal	hemochromatosis.		
(Leq	panel)	Iron	transport	across	the	normal	placenta,	where	maternal	transferrin	bound	iron	is	taken	up	through	transferrin	medicated	endocytosis	at	
the	apical	(maternal)	membrane	of	the	syncyUotrophoblast,	which	is	released	at	the	basolateral	membrane	by	ferroporUn	and	binds	to	fetal	transferrin.	
Iron	release	is	controlled	by	the	fetus	through	fetal	hepcidin,	which	inhibits	ferroporUn.		
(Right	panel)	Iron	transport	across	the	placenta	of	a	fetus	with	neonatal	hemochromatosis.	Reduced	fetal	hepcidin	and	reduced	transferrin	concentraUon	
are	proposed	to	result	in	dysregulated	transplacental	iron	transfer	and	increased	non-transferrin	bound	iron,	which	is	toxic	and	primarily	stored	in	Ussues	
with	high	expression	of	the	transiUon	metal	transport	protein	ZIP14	and	low	expression	of	the	iron	export	protein	ferroporUn.	
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GALD	:	extrahepaPc	hemosiderosis		
	determined	by	the	Ussue’s	capacity	for	

imporUng	non-transferrin-bound	iron	(NTBI)		

ZIP14	facilitates	the	uptake	of	NTBI	into	various	cells	
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GALD	:		a	spectrum	
•  fetal	acute	liver	failure	and	fetal	death	with	or	
without	iron	overload	

•  neonatal	liver	failure	with	liver	and	extrahepaUc	
siderosis	

•  (antenatal	cirrhosis	and	mild	neonatal	liver	
disease	without	hepaUc	siderosis)	

•  mild	neonatal	liver	disease	(anomalies	of	LFT)	
	
	 	Inter	and	intrafamilial	variability	
	individual	sensiUvity	to	alloimmune	injury?	
	begins	in	utero	in	all	cases	(midgestaUon)		
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GALD	:	clinical	presentaPon	

Neonatal	Liver	Cirrhosis	Without	Iron	Overload	Caused	by	GestaPonal	Alloimmune	Liver	Disease	
Debray	FG,	de	Halleux	V,	Guidi	O,	Detrembleur	N,	Gaillez	S,	Rausin	L,	Goyens	P,	Pan	X,	WhiUngton	
PF.		

Pediatrics.	2012	Apr;129(4):e1076-9	

2	sets	of	twins	(1	set	without	pregnancy	immunotherapy):	1	infant	with	liver	failure	
and	the	other	nearly	unaffected	(elevated	serum	AFP	and/or		ferriUn	levels)	

34.5	weeks	of	gestaUon		
no	liver	or	extrahepaUc	siderosis	(liver	biopsy	and	MRI)	
But	anUplatelet	anUbodies	in	the	mother’s	serum→	fetal	alloimmune	
thrombopenia	 15	
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GALD	:	clinical	presentaPon	
•  panethnic	distribuUon	
•  sexe	raUo	≈1	
•  Mother:	previous	fetal	or	neonatal	loss	
•  No	consanguinity	
•  Antenatal	manifestaPons:	in	late	second	or	third	trimester		
–  IUGR,	oligohydramnios,	hydrops,	hepatomegaly,	ascites	

	→	fetal	death,	sUllbirth	and	prematurity	
•  Neonatal	manifestaPons:	

–  Liver	failure	usually	within	the	first	hours	of	life		→	
mulUorgan	failure→	death	

•  Without	treatment:	very	poor	prognosis	
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GALD:	Laboratory	tests	
•  Liver	failure		

–  severe	coagulopathy	:↑	INR	(normal	range	in	newborns:	0.8–1.5)	
–  hyperammonemia	(>95	umol/L)	
–  hypoglycemia	
–  hypoalbuminemia	

•  Liver	funcPon	test		
–  Transaminases	and	γGT:	N		or	mildly	↑	
–  ↑	AFP	>100	000	ng/mL	(normal	values	in	term	newborns	<80	000	ng/mL)	
–  ↑direct	and	indirect	bilirubin	

•  Iron	overload		
–  ↑	ferriUn	(normal	values	40–775	ng/mL)	
–  hypersaturaUon	(up	to	95–100%)	of	the	available	transferrin	

•  Severe	thrombocytopenia	(platelet	count	<50	000	μL)	+/-	anemia	
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•  nonspecific	and	may	mimic		
–  viral	or	bacterial	infecPons	but	negaUve	infecUous	work-up	
–  perinatal	asphyxia	:	low	Apgar	scores	+respiratory	distress	syndrome	

+	premature	neonates	,	tachypnea,	pulmonary	hypertension,	
pulmonary	hemorrhage	

–  disseminated	intravascular	coagulopathy	(DIC):consumpUon	of	
cloQng	factors	and	platelets+	schistocytes	+	severe	bleeding	

–  haemolyPc-uraemic	syndrome	(HUS):	acute	oligo-anuric	renal	failure		
	+	anemia	with	fragmented	red	blood	cells	(schistocytes	)+	
thrombocytopenia		

–  metabolic	disorders	
–  congenital	hepaUc	arteriovenous	malformaUon:	patent	ductus	

venosus	+	DIC	
	

•  liver	failure	and	hyperferriPnemia	are	not	pathognomonic	for	NH	
	 	present	in	other	causes	of	fulminant	liver	
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GALD	:	clinical	&	biological	
presentaPon	
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Doppler	ultrasound	:	patent	ductus	venosus	
•  in	the	seQng	of	portal	hypertension	
•  mistaken	for	a	congenital	hepaUc	arteriovenous	shunt	
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GALD:	pathological	findings	
acute	hepatocyte	injury		
•  fetal	acute	liver	failure	and	fetal	death		
•  Small	proporUon	of	GALD	cases	
•  with	or	without	iron	overload:	extrahepaUc	siderosis	
might	not	have	Ume	to	develop	

•  Liver	injury:	
–  Global	panlobular	hepatocyte	necrosis	
–  no	or	minimal	fibrosis	
–  no	viable	hepatocytes	
–  only	‘‘ghosts’’	remained		
–  Absent	hepaUc	cords		
–  #	postmortem	hepatocyte	autolysis	in	which	cords	remain	

WhiUngton	PF,	Pan	X,	Kelly	S,	et	al.	GestaUonal	alloimmune	liver	
disease	in	cases	of	fetal	death.	J	Pediatr	2011;159:612–16	

20	

SoF
Fo

et
 0

4/1
2/2

01
5 

S.C
OLL

ARDEAU



GALD	:	pathological	findings	
acute	hepatocyte	injury	

21	

AborUon	at	33WG	
Fetal	and	placental	Hydrops	at	27WG	

Massive	necrosis	
no	viable	hepatocytes	
Liver	:	Perls	score	4	
ExtrahepaUc	iron:	duodenum	&	stomach	
glands	only	
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subacute	or	chronic	liver	disease		
•  in	most	cases,	the	process	moves	more	slowly	
•  starUng	in	midgestaUon:			fetus	and	neonates	
•  extrahepaUc	siderosis	present	
•  Liver	injury:		

–  extensive	fibrosis	with	mild	inflammaUon	
–  loss	of	hepatocytes		
–  surviving	cells	show		

•  giant	cell		
•  or	pseudoglandular	transformaUon	and	varying	degrees	of	cholestasis	
•  tubular	forms	devoid	of	bile,	similar	to	“ductular	reacUon”	
neoductules	or	neocholangioles	

–  focal	nodular	regeneraUon	
–  most	of	the	iron	deposiUon	in	the	hepatocytes	

22	

GALD:	pathological	findings	
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GALD	:	pathological	findings	
subacute/chronic	hepatocyte	injury	

Heterogeneous	
Areas	with	extensive	fibrosis	and	variable	nodules	SoF
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panlobular	fibrosis		
loss	of	hepatocytes	
mild	inflammaUon		

Pseudoglandular		
formaUons		
with	bile	plug	

giant	cell		
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neoductules	
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Nodular	formaUon:	focal	nodular	regeneraUon	or	areas	of	preserved	hepatocytes?	

																surrounded	by	fibrosis		
																																										SomeUmes	enUrely	necroUc	
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Liver	iron	overload	
Inside	the	hepatocytes	,	giant	cells,	pseudoacinar	formaPon,	neoductules	
Some	macrophages	can	be	stained	
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1 2 

3 4 

Liver	iron	overload:	Perls	semiquanUtaUve	score	

<	25%	 25%–50%,		

50%–75%		 >	75%	

Perls	score	is	inversely	proporPonal	to	fibrosis	progression	

SoF
Fo

et
 0

4/1
2/2

01
5 

S.C
OLL

ARDEAU



29	

Birth	33GW,	died	at	6	days	

TOP	at	33	WG	
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Birth	:	30GW	
Died	at	5	days	
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ExtrahepaPc	iron	overload	
•  acinar	cells	of	the	pancreas		
•  acinar	cells	of	minor	salivary	glands	
•  proximal	renal	tubules	
•  thyroid	follicles	
•  adrenal	cortex	
•  myocardium	
•  parathyroid	
•  pituitary	gland	
•  Hassal’s	corpuscles	
•  DigesUve	glands		

31	

ExtrahepaPc	iron	storage	is	only	seen		
ajer	Perls	staining	

localizaPon	varied:	
•  depending	on	the	age	
•  within	the	same	sibship	
	
SomePmes:	
•  only	seen	in	a	few	organs	
•  with	a	mild	intensity	(high-power	

magnificaUon	is	required)	SoF
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In	fetuses:	more	frequent	in	thyroid	than	in	pancreas		
In	neonates:	more	frequent	in	pancreas	than	in	thyroid	
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myocardium	 Paratracheal	glands	

parathyroid	 Thymus:	Hassal	corpuscles		
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GALD:	other	lesions	
Hypoperfusion	&	ischemic	lesions		
	Renal	tubular	dysgenesis	:	30%	of	our	series	

–  reduced	hepatocyte	mass		
– ↘	hepaUc	angiotensinogen		
–  proximal	renal	tubular	development	

Other	renal	ischemic	lesions:	
•  	collapse	of	glomerular	tuqs	with	enlargement	of	the	urinary	

space	oqen	associated	with	renal	tubular	dysgenesis	
	

34	

•  Bonilla	SF,	Melin-Aldana	H,	Whi9ngton	PF.	Rela9onship	of	proximal	renal	tubular	dysgenesis	
and	fetal	liver	injury	in	neonatal	hemochromatosis.	Pediatr	Res	2010;67:188–193.	

•  Azar	D,	Bonilla	S,	Amaro	D,	Whi9ngton	P,	Krous	H.	Reduced	angiotensinogen	in	neonatal	
hemochromatosis	leads	to	impaired	development	of	proximal	renal	tubules	and	
compensatory	glomerular	changes.	Lab	Invest	2011;91:357A.	SoF
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CD10 EMA 

Renal tubular dysgenesis :  
absence or paucity of proximal tubules 
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Renal	tubular	dysgenesis	and	collapse	of	glomerular	tuqs	
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•  Hypoperfusion	&	ischemic	lesions	
– hypocalvaria		
– microcephaly	
– with	cerebral	ischemia		

37	

GALD:	other	lesions	
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Chronic	fetal	distress		
	thymic	hypoplasia		

	
Oligohydramnios	sequence	

	pulmonary	hypoplasia	
	arthrogryposis	
	facial	dysmorphism	

	
Portal	hypertension		

		splenomegaly	
		patent	ductus	venosus	

	
ExtrahepaPc	hematopoiesis	due	to	liver	failure		

38	

GALD:	other	lesions	
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Myofibroma:	3	cases	reported	in	the	liherature	
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GALD:	other	lesions	

Aksoy	F,	Go¨ksel	S,	Ilvan	S,	Dervis¸og˘lu	S,	Ramazanog˘lu	R.	Congenital	generalized	infan9le	
myofibromatosis	and	neonatal	hemochromatosis:	an	autopsy	case	report.	Turk	J	Pediatr	
2000;42:334–337.	
Dalhoj	J,	Kiaer	H,	Wiggers	P,	Grady	RW,	Jones	RL,	Knisely	AS.	Iron	storage	disease	in	parents	and	sibs	
of	infants	with	neonatal	hemochromatosis:	30-year	follow-up.	Am	J	Med	Genet	1990;37:	342–345.	
Collardeau-Frachon	S,	Heissat	S,	Bouvier	R,	Fabre	M,	et	al.	French	retrospec9ve	mul9centric	study	of	
neonatal	hemochromatosis:	importance	of	autopsy	and	autoimmune	maternal	manifesta9ons.	
Pediatr	Dev	Pathol.	2012;15:450-70.	

lung	 heart	
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GALD:	other	lesions:	placenta	
Chronic	hisPocyPc	intervillosiPs	

CD68	

Chronic	villiUs,	some	avascular	villi,	perivillous	fibrin	deposiUon	
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should	be	suspected	:	
•  in	all	neonates	with	antenatal	or	postnatal	
signs	of	severe	liver	disease	
– growth	restricted		
– born	prematurely	

•  unexplained	fetal	demise		
– unexpected	intrauterine	fetal	death	in	the	late-
second	and	third	trimester	

GALD:	diagnosis	

41	

SoF
Fo

et
 0

4/1
2/2

01
5 

S.C
OLL

ARDEAU



Based	on	:	
•  demonstraUon	of	extrahepaUc	siderosis		
– biopsy	of	oral	mucosal	salivary	glands:	Perls	
staining	

– T2-weighed	MRI	:	low	signal	intensity	in	
pancreas	(heart	and	adrenal	glands)	compared	
to	spleen		

•  Immunohistochemical	study	with	anUC5b9:	
posiUve	staining	on	or	in	hepatocytes	>75%	

GALD:	diagnosis	
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MRI-T2:	decreased	T2	signal	intensity	of	the	hepaPc		
parenchyma	(long	arrows)		and	pancreas	(short	arrow)	

GALD:	diagnosis	

iron	in	oral	mucosal	salivary	glands	
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GALD:	diagnosis	and	management	
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ProblémaPques	
1/	la	surcharge	en	fer		extrahépaPque	est-elle	spécifique	et	suffisante	pour	le	
diagnosPc	de	GALD	(HNAI)	?	 		
Ø  LisUng	de	toutes	les	maladies	avec	surcharge	en	fer		hépaUque	
Ø  Présence	ou	non	d’une	surcharge	extrahépaUque	
Ø  CaractérisUques	de	la	surcharge		en	fer	hépaUque	et	extrahépaUque	

	travail	de	thèse	de	Béatrice	Nadaud,	DESC	de	fœtopathologie	
	
2/	l’immuno	anP-C5b9	est-elle	spécifique	et	suffisante	pour	le	diagnosPc	de	
GALD	(HNAI)	?		

	travail	de	thèse	d’Estelle	Dubruc,		DESC	de	fœtopathologie	
	

	Enjeux	économiques	et	thérapeuPques	du	traitement		par	Ig	IV		
•  coût	moyen	évalué	à	>	USD	100,000	/	France	65000	euros/	
grossesse	

•  effets	secondaires	
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