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enes for Gestational Iron Loading?
ear Sir:
In a recent report,1 Bensaid et al present data from a genetic
apping study on the polygenic inheritance of hepatic iron levels in
FE-deficient mice. The study design consisted of breeding mice

omozygous for a targeted disruption (knockout or �/�) of the HFE
ene that had been extensively back-crossed on to the C57BL/6 (B)
nd the DBA/2 (D) backgrounds. Normal HFE replete B and D mice
re known to differ markedly in hepatic iron levels,2 a difference that
ensaid et al show is maintained in HFE nullizygotes. A backcross

trategy was used to breed the disrupted HFE allele on to the B and
genetic backgrounds. The resulting B and D HFE �/� mice were

hen bred to produce BXD F1 and F2 HFE �/� homozygotes. Based
pon the data presented in Figure 1, the F1 mice were severely iron
verloaded as expected. However, this result has potentially signifi-
ant implications for the interpretation of the iron overload pheno-
ype in the F2 progeny. With iron overload and presumed elevated
ransferrin saturation in the blood, the potential for substantial ges-
ational transfer of iron from F1 mother to F2 fetus could occur. This
ould result in F2 mice that were born with increased iron stores.
In human hereditary hemochromatosis, most HFE mutant ho-
ozygotes are born to mothers who are heterozygous and not iron

verloaded. The chance of a homozygous HFE C282Y woman carry-
ng a homozygous fetus is less than 1/20 (1/10 incidence of heterozy-
ous father x 1/2 chance of inheritance of mutant allele). In addition,
omen of reproductive age who are homozygous may not yet be

ignificantly iron overloaded, may be subfertile,3 or may already be
reated. One report measured the iron status of an infant born to a
reated hemochromatotic mother.4 The cord blood samples of the
nfant had elevated transferrin saturation (88%) and a raised ferritin
oncentration (250.2 �g/L). The mother had elevated transferrin
aturation (66%) but normal ferritin level (91.6 �g/L). In another
tudy,5 the amount of isotopic iron found in the circulation of human
eonates was shown to be significantly related to maternal iron
bsorption following maternal oral dosing. These results imply that
levated maternal blood iron levels during pregnancy may result in
ncreased iron transfer to the fetus.

Maternal age may have also affected iron levels. The ages of the
XD F1 HFE �/� homozygotes used for breeding the F2 mice may
ave varied, resulting in F1 female mice with potentially widely
ifferent degrees of iron overload due to age effects. Thus, each F2
itter may have developed in widely disparate maternal iron environ-
ents.
A related point is the age at which hepatic iron levels were

etermined in the F2 mice. Since the mice were only 7 weeks old at
he time of sacrifice, the amount of iron acquired during the approx-
mately 3 weeks spent in utero could represent a substantial portion
f the total iron stored. The subsequent 3 weeks in which the pups
resumably fed on breast milk until weaning may also have had an
mpact on iron levels. Iron intake or supplementation does not seem
o have a major impact on the iron levels in breast milk of normal
ndividuals,6,7 but little data is available on the iron content of breast

ilk in patients with hemochromatosis. A potential evolutionary

xplanation for the continued high prevalence of HFE mutations rests p
pon increased iron transfer during both gestation and lactation.8 The
ariables impacting hepatic iron levels in the phenotypic extremes of
he large F2 population selected for genotyping may therefore be very
ifferent than those affecting adult patients with hereditary hemo-
hromatosis or mice derived from HFE heterozygotes. We argue that
he modifier loci identified in their study may need to be considered
n a different physiological light, which, nonetheless, may provide
nsight into the contribution of genetic variation on iron metabolism
uring and after gestation.

GLENN S. GERHARD
Weis Center for Research
Danville, Pennsylvania

MICHAEL J. CHORNEY
Penn State College of Medicine
Hershey, Pennsylvania
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eply. In their response to our article, “Multigenic control of hepatic
ron loading in a murine model of hemochromatosis,” Gerhard and
horney raise an interesting issue for discussion. They suggest that

he increased iron stores found in the Hfe�/� F2 progeny could result
rom gestational transfer of iron from iron-overloaded Hfe�/�F1
others. The genetic loci we mapped would then control suscepti-

ility to gestational iron loading rather than modulate hepatic iron
oading in response to Hfe disruption.

We have, however, unpublished results that do not corroborate this

ossibility. First, we compared hepatic iron levels of Hfe�/� mice born
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rom either heterozygous Hfe�/� or homozygous Hfe�/� mothers of
imilar ages. Hfe�/� mice of DBA/2 background had 2442 �
41 �g iron/g dry weight (n � 3) when their mother was Hfe�/� and
461 � 311 (n � 3) when their mother was Hfe�/�. These figures
ere 643 � 44 (n � 3) and 620 � 137 (n � 3), respectively, in
fe�/� mice of C57BL/6 background. No influence of the mother’s
fe genotype on the degree of iron loading of the Hfe�/� progeny

ould thus be detected, whatever the genetic background.
Furthermore, a C57BL/6 Hfe�/� mother crossed with a Hfe�/�

eterozygous male produced Hfe�/� mice that were not significantly
ron loaded (250 � 39 �g iron/g dry weight; n � 3) compared to
heir Hfe�/� siblings (550 � 60; n � 2). Therefore, the eventual
nfluence of iron transfer from the mother to the fetus on the prog-
ny’s hepatic iron levels would only be marginal compared to that of
he progeny’s Hfe genotype.

Finally, Gerhard and Chorney suggest that the maternal iron
nvironment of each litter, which might influence iron loading in the
rogeny, is dependent on the age of the F1 Hfe�/� mice used for
reeding the F2. We examined 4 successive litters obtained from a F1
fe�/� mother aged 9, 13, 16, and 19 weeks when she gave birth.
epatic iron levels in the F2 mice of the different litters, measured at
weeks of age, were 1582 � 667 �g iron/g dry weight (n � 8),

289 � 510 (n � 10), 1561 � 646 (n � 8), and 1452 � 500 (n �
), respectively. In each litter, mice were found, who contributed to
he 2 phenotypic extremes of the whole F2 population. No influence
f the mother’s age on the hepatic iron loading of the Hfe�/� progeny
ould thus be observed.

Although the issue raised by Gerhard and Chorney deserved con-
ideration, our data unequivocally prove that the genetic loci we
apped in this study modulate the severity of iron accumulation in

esponse to Hfe disruption and are not merely genes for gestational
ron loading.

MOUNIA BENSAID
SÉVERINE FRUCHON
HÉLÈNE COPPIN
MARIE-PAULE ROTH
INSERM U 563
CHU Purpan
Toulouse, France
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hronic Diarrhea
ear Sir:
I have read with interest the comprehensive review of Dr. Schiller

n chronic diarrhea published in July 2004 issue of GASTROEN-
EROLOGY.1 The author directs us systematically to a correct
iagnosis and management of this complex entity, and provides the
eader with efficient tools to solve difficult cases.

My only criticism for this excellent paper is about the absence of
2A endoscopic capsule (Given Imaging, Israel) in the list of inves-

igative armament. The capsule endoscopy is the most sensitive
ethod for diagnosis of Crohn’s disease and tumors of the small

owel, such as carcinoid,2,3 for exclusion of pathology in suspected
rritable bowel syndrome,4 and may contribute to accurate transit

ime measurement. For any pathology mentioned this procedure is
ore sensitive than small bowel barium studies, CT, MRI, or en-
eroscopy.5

I believe that no paper dealing with chronic diarrhea can ignore
his new investigative modality.

YARON NIV
Department of Gastroenterology
Rabin Medical Center
Beilinson Campus
Tel Aviv University
Tel Aviv, Israel
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eply. I share Dr. Niv’s enthusiasm about capsule enteroscopy, but
ts place in the evaluation of patients with chronic diarrhea is uncer-
ain at present.

While capsule enteroscopy allows visualization of the entire length
f the small bowel, it does not permit biopsy of the mucosa or
ollection of an aspirate for quantitative culture, 2 procedures that can
e of great help in the diagnosis of more common causes of chronic
iarrhea. Moreover, many of the conditions causing chronic diarrhea
roduce pathological findings within reach of an upper endoscope or
olonoscope, making visualization of the midgut of much less ur-
ency.
For now it makes sense to proceed with colonoscopy with ileoscopy

nd upper gastrointestinal endoscopy or push enteroscopy with ap-
ropriate biopsies relatively early in the evaluation of patients with
hronic diarrhea, reserving capsule enteroscopy for cases that remain
ndiagnosed after initial testing. This approach would permit diag-
osis in most patients with chronic diarrhea who have structural
esions in the gut.

This recommendation may change as formal studies of the utility
f capsule enteroscopy in patients with chronic diarrhea are published.

few small studies suggest that capsule enteroscopy picks up more
esions than traditional tests, but the clinical impact of discovering
hese lesions is less well described.1–3 What is needed is a large
ead-to-head trial in this patient population with clinically mean-
ngful endpoints.

LAWRENCE R. SCHILLER, MD
Baylor University Medical Center
Department of Internal Medicine
Dallas, Texas

. Eliakim R, Fischer D, Suissa A, Yassin K, Katz D, Guttman N,
Migdal M. Wireless capsule video endoscopy is a superior diag-
nostic tool in comparison to barium follow-through and computer-
ized tomography in patients with suspected Crohn’s disease. Eur

J Gastroenterol Hepatol 2003;15:363–367.
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