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Abstract
Background—The mechanism of iron ab-
sorption by the intestine and its transfer to
the main iron storage site, the liver, is
poorly understood. Recently an iron car-
rier was cloned and named DMT1 (diva-
lent metal transporter 1).
Aims—To determine the level of DMT1
gene expression and protein distribution
in duodenum and liver.
Methods—A DMT1 cRNA and antibody
were produced and used in in situ hybridi-
sation and immunohistochemistry, re-
spectively, in rats in which the iron stores
were altered by feeding diets with normal,
low, and high iron content.
Results—Duodenal DMT1 mRNA was low
in crypts and increased at the crypt-villus
junction in iron deficient and control rats;
it fell in the iron loaded state. Staining for
DMT1 protein was not detected in crypts.
In villus enterocytes, protein staining was
localised to the microvillus membrane in
iron deficiency, in the cytoplasm and to a
lesser extent in the membrane in controls,
and entirely in the cytoplasm of iron
loaded animals. Liver DMT1 mRNA was
distributed evenly across hepatocytes.
DMT1 protein staining was observed on
hepatocyte plasma membranes, with
highest values in the iron loaded state,
lower values in control animals, and none
after iron depletion.
Conclusions—Results are consistent with
a role for DMT1 in the transmembrane
transport of non-transferrin bound iron
from the intestinal lumen and from the
portal blood.
(Gut 2000;46:270–276)
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Iron is essential for the function of almost all
cells due to its role in oxygen transport, energy
production, and cell proliferation. Cell mem-
branes are relatively impermeable to iron, so
that its transport across these structures must
be mediated by iron carriers. In the duodenum
where the majority of iron is absorbed, it is
proposed that at least one iron carrier exists on
the apical membrane of enterocytes, and a sec-
ond on the basolateral surface to transfer iron
to the bloodstream.1 Once absorbed it is
believed that nearly all the iron is bound by the

plasma protein transferrin; it is taken up by
most types of cells by transferrin receptor
mediated endocytosis. This process involves
the internalisation of the transferrin-receptor
complex into an endosome where the iron is
released from transferrin and is then trans-
ported across the endosomal membrane to the
cell cytosol by an iron carrier.1 Irrespective of
the way the iron is presented to the cell, either
as transferrin bound iron or non-transferrin
bound iron such as in the absorptive process,
the mechanisms of iron transport across cell
membranes are poorly understood.

Recently Gunshin et al,2 using expression
cloning of mRNA derived from rat duodenum,
identified a gene which encoded a protein
capable of transporting metal ions, including
iron, which was previously called divalent
cation transporter 1 (DCT1) and has been
renamed divalent metal transporter 1
(DMT1). The product of this gene is homolo-
gous to a natural resistance associated macro-
phage protein (Nramp1) which is associated
with natural resistance to infection with
intracellular parasites.3 Although DMT1 was
isolated from duodenal tissue, it is likely to
function as a carrier of iron in a variety of
tissues. This assumption is based on the
findings that high stringency northern analysis
of DMT1 mRNA from diVerent tissues
showed that the gene is widely expressed and is
found in the alimentary canal, bone marrow,
and liver, tissues which have very important
roles in iron metabolism. The strongest evi-
dence to date for a central role of DMT1 in
iron metabolism is derived from two recent
studies by Fleming et al,4 5 who identified by
positional cloning and PCR that a missense
mutation G185R in the DMT1 gene is respon-
sible for the microcytic, hypochromic anaemia
seen in mk mice and Belgrade rats. Homo-
zygous mk mice and Belgrade rats have a severe
defect in intestinal absorption and erythroid
iron utilisation.6–9 This mutation in DMT1 is
thought to cause distortion of the transmem-
brane transport channel, restricting movement
of iron into the cells as well as increasing the
rate of DMT1 degradation.10

In view of these findings, it is likely that
DMT1 is important in the transport of iron by
both transferrin receptor and non-transferrin
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receptor mediated processes. In order to deter-
mine the function of DMT1 in iron metabo-
lism it is crucial to study its tissue and cellular
distribution. Therefore, we produced a specific
rat DMT1 cRNA and antibody to study the
level of gene expression and protein distribu-
tion along the length of the crypt-villus axis of
the duodenum in rats with altered iron stores to
give insight into factors that may control iron
absorption and the regulation of expression of
this gene. As the liver is the major storage site of
excess iron absorbed from the diet it is likely
that DMT1 may mediate the uptake of this
iron. Therefore, we have determined the
location of DMT1 in livers from animals with
diVering iron stores and compared this distri-
bution with that seen in the duodenum.

Methods
ANIMALS

Twenty seven normal, weanling outbred male
Wistar rats were obtained from the Animal
Resource Centre (Perth, Australia). The rats
were placed on a semipurified diet containing
three concentrations of iron, the composition
of which has been published elsewhere.11 Nine
rats were fed the control diet containing a nor-
mal concentration of iron, 70 mg iron/kg diet,
in the form of ferrous ammonium sulphate;
nine rats were fed the iron loaded diet contain-
ing 30 g of carbonyl iron per kg diet; and nine
rats were fed the iron deficient diet containing
no added iron (iron content, 10 mg/kg). These
diets were available to the animals ad libitum
for 8–10 weeks. The animals were then killed
by injection of Nembutal (Boehringer Ingel-
heim, Sydney, Australia) at a dose of 100
mg/kg.

PRODUCTION OF DMT1 ANTIBODY

A peptide (CVKPSQSQVLRGMFV) was syn-
thesised according to the predicted amino acid
sequence obtained from the rat DMT1 cDNA
corresponding to codons 230–243 of the
protein between putative transmembrane re-
gions 5 and 6.2 This peptide was selected
because it is in an extracellular region of the
protein away from the predicted glycosylation
sites and with only six amino acids in common
with human Nramp1. Comparison of the pep-
tide sequence with sequence databases using
the BLAST computer program12 identified
only Nramp2 (DMT1) sequences. The peptide
was conjugated to bovine serum albumin using
activated maleimide (Pierce, Sydney, Aus-
tralia). The bovine serum albumin conjugated
peptide (350 µg protein) in complete Freund’s
adjuvant was injected subcutaneously into rab-
bits, and a second injection of 50 µg protein in
incomplete Freund’s adjuvant was made four
weeks later. The rabbits were bled after three
weeks and the production of antibodies was
confirmed by enzyme linked immunosorbent
assay (ELISA). The rabbits were given a
further injection of 50 µg four weeks later and
bled at three week intervals for determination
of antibody titre.

Antibodies to bovine serum albumin were
removed from the antiserum and preimmune
serum using aYnity chromatography. Bovine

serum albumin was coupled to CNBr activated
Sepharose 4B (Amersham Pharmacia Biotech,
Melbourne, Australia) according to the manu-
facturer’s instructions and mixed with the
antiserum or preimmune serum for 16 hours at
4°C. The resin was removed by centrifugation
and the antiserum was dialysed against phos-
phate buVered saline (PBS) pH 7.4. The
removal of bovine serum albumin antibody was
confirmed by ELISA.

DMT1 CLONE AND SUBCLONING

Mucosal tissue from an iron deficient rat was
obtained from the mid villus region of the duo-
denum by diVerential scrapings as follows. Ini-
tially, the apical mucosa was gently scaped with
a glass microscope slide and the separated
tissue was discarded. Then a second stronger
scrape was applied and about 100 mg of
mucosal tissue was obtained and used for RNA
purification using RNAzol B (Tel-Test, Inc.,
Texas, USA). From the published sequence of
the rat DMT1 gene (Genbank accession
number af 008439) a set of forward and reverse
primers were synthesised: 5'-TTTTTGGCT-
TTCTCATCACTATCATGGCCC-3' and 5'-
ATTGGCTTCTCGAACTTCCTGCTTAT-
TGGC-3', respectively. These sequences en-
code transmembrane domains 6 and 7 of the
protein and are common to both the iron
responsive element (IRE) form and non-IRE
form of DMT1.2 5 Using these primers, 1 µg of
total RNA, and an Access RT-PCR kit
(Promega, Sydeny, Australia), a fragment was
amplified. It had the predicted size of 252 bp.
This product was purified and subcloned into
pGEM-T Easy Vector (Promega, Sydney, Aus-
tralia). The identity of the insert was confirmed
by sequencing to correspond to 731–983 bp of
the DMT1 gene. Following transformation,
amplification, and purification, inserts were
identified by restriction enzyme digestion. The
DMT1 template was linearised with either
Pst1 or Sph1. Sense and antisense riboprobes
were synthesised using SP6 and T7 polymer-
ase, respectively, and 35S-labelled uridine 5' tri-
phosphate (Amersham Pharmacia Biotech,
Melbourne Australia) as described recently.11

The antisense riboprobe will recognise both
IRE and non-IRE forms of DMT1.2 5

MORPHOLOGICAL STUDIES

After deep anaesthesia was established, a mid-
line incision was made in the rats to expose the
thorax and abdomen. Segments of the duode-
num and liver were removed and immediately
placed into buVered formol saline (pH 7.4).
The tissues were subsequently processed for
embedding in paraYn wax. Sections (5 µm)
were cut, floated onto slides coated with either
3-aminopropylethoxysilane (in situ hybridisa-
tion) or 0.5% gelatine (immunohistochemis-
try), and allowed to dry. The sections were then
dewaxed, rehydrated in PBS (pH 7.4), and
used in the procedures described below.
Immunological studies were also performed on
hepatocytes isolated from normal rat liver as
described previously,13 fixed in 10% buVered
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formol saline, cytocentrifuged, and then re-
acted with DMT1 antibody as described
below.

IN SITU HYBRIDISATION

This procedure was performed on at least six
sections of duodenum and liver from five iron
deficient, control, and iron loaded animals
using methods described elsewhere.11 One mil-
lion dpm of either sense or antisense riboprobe
were applied to each tissue in a volume of 25 µl
and the tissues were exposed to LM1 photo-
graphic emulsion (Amersham Pharmacia Bio-
tech, Melbourne, Australia) for five days before
development. The sections were stained with
haematoxylin and eosin.

IMMUNOHISTOCHEMICAL LOCALISATION OF DMT1

Immunohistochemistry was performed on at
least six sections of duodenum and liver from
five iron deficient, control, and iron loaded
animals. To eliminate endogenous peroxidase,
rehydrated tissue was reacted with 2.5% aque-
ous periodic acid for five minutes and 0.02%
sodium borohydride for two minutes. The
tissues were washed with PBS containing
saponin (0.2%) and incubated with PBS-
saponin containing rabbit antirat DMT1 anti-
body (1/500) overnight at 4°C. The tissues
were washed three times with PBS-saponin and
incubated with a sheep antirabbit IgG peroxi-
dase coupled secondary antibody (1/100; Sile-
nus, Amrad Biotech, Melbourne, Australia) for
two hours at room temperature, followed by
three washes with PBS-saponin, and one with
0.05 M Tris (pH 7.4). Localisation of the pro-
tein was revealed by reaction with 0.05% 3',3'-
diaminobenzidine tetrahydrochloride and
0.01% hydrogen peroxide. The tissue was
dehydrated and mounted in DePeX mounting
medium (BDH, Melbourne, Australia). Sec-
tions used for control staining were treated
identically except that preimmune rabbit
serum was substituted for DMT1 antiserum.

Specificity of the antibody was determined by
incubating sections of duodenum and liver
from rats of varying iron status with DMT1
antibody (1/500) in the presence of 50 µg
DMT1 peptide before processing; at the same
time, other sections were incubated with the
antibody in the absence of the peptide.

Results
The antiserum used in these studies was raised
against a unique peptide with amino acid
sequence predicted from the cDNA sequence
of rat DMT1, conjugated to bovine serum
albumin. After the antibodies against albumin
were removed the antiserum showed on
western blot analysis of duodenal mucosa
scraping from an iron deficient rats a single
band with an apparent molecular weight of 97
kDa. Gruenheid et al have shown that DMT1
has a similar apparent molecular weight
(90–100 kDa). This was higher than that
calculated from the predicted amino acid
sequence of rat DMT1 (62 kDa) due to
post-translational glycosylation of the protein.14

The specificity of the antibody against DMT1
peptide was shown by the elimination of
immunohistochemical staining in the duode-
num (fig 2A, C) and liver (fig 3D, E) by addi-
tion of peptide to the antiserum during
incubation of tissue sections. These studies
indicate that the antiserum is monospecific and
reacts against a 14 amino acid peptide derived
from rat DMT1. Hence, there can be little or
no doubt that it is an antibody against rat
DMT1. Moreover, the tissue distribution and
relative intensity of staining with the antibody
was similar to that described for DMT1
mRNA2: high in the duodenum, kidney, and
bone marrow and lower in liver, colon, and
pancreas (Trinder D et al. Invited Symposium
at 5th Internet World Congress on Biochemical
Science, at URL http://www.mcmaster.ca/
inabis98/).

The iron status of the animals was deter-
mined by measuring the hepatic non-haem
iron concentrations.15 The hepatic non-haem
iron concentration of animals fed an iron defi-
cient diet was 10 µg/g liver wet weight while the
hepatic non-haem iron concentrations in the
control and iron loaded animals were 15- and
220-fold greater than iron deficient concentra-
tions, respectively.

In situ hybridisation using an antisense rat
DMT1 riboprobe revealed low levels of DMT1
mRNA expression in the crypt region of the
duodenum of the iron deficient (fig 1A),
control (fig 1B), and iron loaded (fig 1C)
tissues. Immunohistochemical staining of
DMT1 protein revealed there was no detect-
able expression of DMT1 protein in the crypt
epithelial cells from iron deficient (fig 2A),
control (fig 2D), and iron loaded tissues. As the
morphological appearances of control and iron
loaded duodenum were similar, for reasons of
brevity only photomicrographs of the control
tissue have been included.

In villus enterocytes DMT1 mRNA levels
increased dramatically at the crypt-villus junc-
tion in the control tissue (fig 1B), and to a
much greater extent in iron deficient tissue (fig

Figure 1 In situ hybridisation using an antisense rat DMT1 cRNA of the duodenum of
an iron deficient (A), control (B), and iron loaded (C) rat. In all cases low levels of DMT1
mRNA expression were seen in cells lining the upper half of the crypt (below arrow). The
signal intensity was least with iron deficiency and greatest with iron loading. DMT1
mRNA increased greatly at the crypt-villus junction (arrow) in controls and to a much
greater extent in iron deficient tissue. DMT1 gene expression was absent in the enterocytes
of the upper quarter of the villus (above arrow) in all iron states. No expression was seen in
lamina propria cells (lp). Original magnification × 150.
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1A), but did not increase, and may have fallen
in iron loaded tissue (fig 1C). In all cases
DMT1 mRNA expression decreased towards
the tips of the villi and was not detectable in the
lamina propria cells of either the crypts or villi
(fig 1A–C). Using control DMT1 sense
riboprobes no signal was observed.

DMT1 protein staining was seen in entero-
cytes, commencing at the crypt-villus junction
and increasing in intensity to reach highest lev-
els in the upper half of the villus (fig 2A, B, D,
E). DMT1 staining was specific for entero-
cytes, as adjacent goblet cells did not stain for
the protein. No staining of DMT1 was seen in
the lamina propria, including macrophages of
the duodenum from control (fig 2E), iron defi-
cient (fig 2B), and iron loaded animals. The
absence of staining in the macrophages showed
that the antiserum did not cross react with
Nramp1, a closely related protein expressed in
macrophages. The positive staining observed
using the antibody in the iron deficient duode-
num (fig 2A, B) was blocked by the addition of

DMT1 peptide (fig 2C) and no staining was
seen with the preimmune serum (fig 2F).

The intracellular distribution of DMT1 var-
ied greatly in the villus enterocytes in relation
to iron status (fig 2). In the duodenum of rats
fed the control diet, DMT1 staining was local-
ised mainly intracellularly with an even distri-
bution throughout the cytoplasm, but there
was also a low level of margination of the
protein along the apical membrane (fig 2D, E).
In enterocytes of the iron deficient duodenum
DMT1 protein was predominantly associated
with the apical membrane, with only low levels
of protein staining in the cytoplasm (fig 2A, B).

In situ hybridisation was performed on liver
sections from iron deficient, control, and iron
loaded rats. Using a DMT1 antisense probe
there was a low intensity signal distributed
evenly across the hepatocytes of the liver (fig
3A) and there were no obvious diVerences in
the level of expression of DMT1 mRNA with
varying liver iron status. No signal was detected
using a control DMT1 sense riboprobe.

Figure 2 Immunohistochemical localisation of rat DMT1 protein using a
polyclonal antibody in the duodenum of iron deficient (A,B,C) and control
tissue (D,E). No staining was observed in epithelial cells of the crypt region
(A,D; below arrow). In the villus region (above arrow) DMT1 staining
commenced at the crypt-villus junction (arrow) and increased in intensity to
reach highest levels in enterocytes of the upper half of the villus tip. Goblet
cells did not stain (B,E; small arrow). DMT1 in control enterocytes (E) was
localised intracellularly with an approximately even distribution throughout
the cytoplasm. The nuclei were negative. Some margination of the DMT1
protein along the apical membrane could be observed (E; large arrow). In
enterocytes of the iron deficient duodenum DMT1 was predominantly
associated with the apical membrane (A,B). Low concentrations of protein
could also be seen intracellularly in the apical cytoplasm (A,B). No staining
was seen in the iron deficient duodenum using either DMT1 antibody in the
presence of the DMT1 peptide (C) or preimmune serum (F). Original
magnification × 85 (A,D), × 225 (B,E,F), × 60 (C).
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DMT1 protein staining was not detected in
livers from the iron deficient animals (fig 3B).
In contrast, DMT1 staining was associated
with the cells along the lining membrane of the
sinusoids in control animals (fig 3C). The dis-
tribution of staining for DMT1 was consistent
with the presence of the protein on the micro-
villous membrane of hepatocytes, but it could
not be excluded that staining of endothelial
cells also occurred. No staining of KupVer cells
was observed. A similar distribution of the pro-
tein staining was seen in the iron loaded livers
but the intensity of staining was much greater
(fig 3D) than in the control livers. The positive

staining seen with the antibody in the iron
loaded livers (fig 3D) was blocked in the pres-
ence of DMT1 peptide (fig 3E) and no staining
was seen with the preimmune serum (fig 3F).

In order to determine whether the DMT1
staining observed in the sinusoidal region was
present in hepatocytes, studies were performed
using isolated hepatocytes from control livers.
DMT1 was found on these cells, associated
only with the cell membranes; the cytoplasm
was not stained (fig 3G). DMT1 protein stain-
ing was not confined to the microvillus
membrane of the hepatocytes, suggesting the
cells had lost their polarity during the isolation

Figure 3 In situ hybridisation using DMT1 cRNA of liver tissue from control animals (A). DMT1 mRNA was seen in
the cytoplasm of hepatocytes with an even distribution across the liver. Immunohistochemical localisation of DMT1 in iron
deficient (B), control (C), and iron loaded (D) liver. No staining was observed for DMT1 in the iron deficient liver (B).
DMT1 was seen along the cell membranes of hepatocytes lining the sinusoidal space in the control (C) and iron loaded (D)
liver. The staining in the iron loaded liver was more intense than in the control liver. No staining was seen in the iron loaded
liver using either DMT1 antibody in the presence of the DMT1 peptide (E) or preimmune serum (F). Isolated hepatocytes
from control liver showed staining for DMT1 on the cell membrane (G) but no staining was observed using the preimmune
serum (H). Original magnification × 225 (A–F), × 750 (G,H).
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procedure. No staining was seen using preim-
mune serum (fig 3H). The presence of DMT1
staining on isolated hepatocytes supports our
findings in whole liver sections that the DMT1
seen on the sinusoidal membrane was associ-
ated with hepatocytes.

Discussion
In the crypt epithelium of the duodenum low
levels of DMT1 mRNA were detected in all
three conditions of iron status. However, no
DMT1 protein was detected, suggesting that
either the gene was not translated or that the
concentrations of the protein produced are too
low to be detected by immunohistochemistry.
At the crypt-villus junction, there was a notable
increase in DMT1 mRNA compared with
crypt cells in iron deficient animals and to a
lesser extent in control animals. By contrast,
the mRNA level did not increase in iron loaded
rats. This change in DMT1 gene expression at
the crypt-villus junction occurs at the same
time as the enterocyte matures and acquires
the proteins needed for digestion and absorp-
tion. Coinciding with this, DMT1 protein was
first detected at the crypt-villus junction and
reached highest concentrations in the upper
half of the villus. It is recognised that in situ
hybridisation provides only a semiquantitative
measure of mRNA levels, especially when
comparing one section with another. However,
the sections in fig 1 extend from the crypt to
the villus region and they each provide an
internal control over the conditions used
during in situ hybridisation, and allow for a
greater degree of confidence in relation to rela-
tive mRNA levels between villus and crypt.
This is clearly highest in iron deficiency and
least in iron overload. These results suggest
that a change in the regulation of DMT1
mRNA gene expression occurs as enterocytes
migrate from the crypt to the villus regions of
the duodenal mucosa. The results in the villus
region are compatible with post-transcriptional
regulation by cellular iron concentrations in a
manner similar to that described for the trans-
ferrin receptor16: in iron deficiency a cytosolic
iron regulatory protein binds to the receptor
mRNA at an IRE, increasing its stability and
translation of the message. As DMT1 mRNA
may contain an IRE,2 a similar mechanism
could operate in the duodenal villi.

The above hypothesis seems unlikely to
apply to the liver, since DMT1 protein staining
was greatest in iron loading and least in iron
deficiency. The regulatory mechanism here is
uncertain, but it may be related to the identifi-
cation of an alterative splicing site at the C ter-
minal exon of DMT1 so that DMT1 can be
expressed with or without the putative IRE.17

Hence, it is possible that in the liver the major
form of DMT1 mRNA that is expressed is the
one deficient in an IRE, and that its expression
is regulated in a positive way by iron concentra-
tions. The observation that the DMT1 gene
contains metal responsive elements in its 5'
regulatory region17 may provide an explanation
for this.

In villus epithelial cells of control and iron
loaded animals DMT1 protein staining was

found largely at intracellular sites and specifi-
cally in enterocytes (goblet cells were negative);
in enterocytes from iron deficient animals the
protein was located predominantly on the
luminal membrane. This suggests that DMT1
may shuttle back and forth from the cytoplasm
to the cell membrane. If this is the case it is
reminiscent of other transport systems—for
example, the GLUT-4 glucose transporter
stimulated by insulin18 and aqueporin 2
involved in water reabsorption in the presence
of vasopressin in the distal nephron.19 In the
absence of ligands both transporters are found
in the membrane of intracellular vesicles. How-
ever, on ligand binding and downstream
activation of intracellular signalling the vesicles
migrate and fuse with the cell membrane, ena-
bling the transport of the respective substrates.
In hepatocytes DMT1 protein staining was
also observed on the microvillus membrane.
Whether this is a permanent localisation or
occurs as part of a shuttle process as postulated
for enterocytes but with lower intracellular
concentrations which could not be detected by
the immunohistochemical procedure, remains
to be determined.

Previously it has been shown that the trans-
membrane transport of iron by DMT1 in-
creases as the pH is reduced below neutrality.2

The low pH of the mucosal surface of the
upper small intestine20 and the endocytic
vesicles1 would provide a suitable environment
for the operation of DMT1 for the absorption
of iron from the diet and the transport of trans-
ferrin bound iron across the endosomal mem-
brane after transferrin receptor mediated
endocytosis. Localisation of DMT1 protein to
the sinusoidal plasma membrane of hepato-
cytes suggests that it also plays a role in iron
transport across this membrane. A low pH
microenvironment at the surface would be
expected to facilitate the transport of iron
across the membrane by DMT1 but whether
this occurs remains to be determined.

The eVects of dietary iron status on DMT1
expression and distribution in enterocytes and
hepatocytes help to explain a number of physio-
logical observations. During absorption from
the intestine iron must pass through both the
microvillus and basolateral membranes of the
enterocyte and it is likely that iron transporters
are involved at both of these sites.1 The present
results indicate that DMT1 is the transporter
at the microvillus membrane but not at the
basolateral membrane and also provide an
explanation for why the uptake step in iron
absorption (across the microvillus membrane)
is enhanced in iron deficiency, and inhibited in
dietary iron overload and in the homozygous
Belgrade rats.9 Iron deficiency also leads to
enhanced iron transport across the basolateral
membrane but the mechanism involved re-
mains to be elucidated. Other stimulators of
the uptake step in iron absorption are hypoxia
and anaemia, and these eVects seem to be
independent of iron concentrations.21–23 The
promoter region of DMT1 contains two
potential Hif-1 binding sites which, by analogy
with erythropoietin,17 24 could provide a mech-
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anism for upregulation of DMT1 in response
to hypoxia.

It is generally assumed that iron absorbed
from the intestine is rapidly bound by the
transferrin present in portal blood and is
distributed to tissues in accordance with their
content of transferrin receptors. However,
when the transferrin of peripheral blood is
saturated or nearly saturated with iron due to
injection of iron,25 26 dietary iron overload as in
genetichaemochromatosis,27orhypotransferrin-
aemia,28 29 a large proportion of iron absorbed
from the intestine is cleared from the portal
blood by the liver. The presence of DMT1 on
the microvillus membrane of hepatocytes,
increasing under conditions of iron overload,
provides a logical explanation for these find-
ings. Possibly, even under normal conditions,
some of the iron absorbed from the intestine
during periods of rapid absorption is not
bound by transferrin by the time the portal
blood reaches the liver and is cleared from the
blood by the action of hepatocyte microvillus
DMT1. Thus, in conditions with low plasma
unsaturated binding capacity of transferrin and
even normal conditions, the liver functions to
clear the portal blood of non-transferrin bound
iron and reduces the risk of unregulated iron
uptake and damage to cells elsewhere in the
body. Conversely, in iron deficiency downregu-
lation of DMT1 expression in the liver (associ-
ated with its upregulation in the intestinal
enterocyte) would see the iron in portal blood
bypassing the liver and having more oppor-
tunity to bind to transferrin. It would then be
distributed throughout the body in a manner
regulated by the expression and function of
transferrin receptors.
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