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Discussion
Philip James, D.Sc., Moderator

-

Molecular Basis of the Hepatic Control of

Cholesterol Metabolism

Glomset: Could you tell us about the relatiorship between
the regulatory systems for cholesterol metabolism and the
processing in the cell cycle? When one has a series of
growing cells, there must be a very interesting coregulation
of these genes to produce the cholesterol needed for new
cell synthesis. Must not this occur somewhere in the middle

of the G-1 phase of cell replication?
Brown: I know that your work on the ce

1 cycle in that

regard is classic. The mRNA of sterol regulgtory element
binding protein (SREBP) cleavage activating protein, also
called SCAP, appears to be constitutive, byt it is not an

early gene product and the SCAP protein is
early.

present quite

Glomset: So then perhaps the proteasg is up-regu-

lated? .
Brown: Yes, it may be, but there may
change in the acute membrane response to

Blso be some
a growth fac-

tor. There may be other mechanisms of reulation. We
know that SREBPs are essential for cholesterol biosyn-

thesis and for isoprenoid biosynthesis. The

re may, how-

ever, be other mechanisms that turn these Kzthways on,

and the account | have given may not be
process.

e exclusive

Schaefer: I would like to make two points. First, when

Dr. Brown’s colleague, Dr. Goldstein, was

orking with

ad

Amo Motulsky on the genetic disorders associated with
premature heart disease, familial combined hyperlipidemia
was found to be much more common than familial hyperc-
holesterolemia itself, and to this day we do pot know the
basis for this condition, although the apolipoprotein-E

(apo-E) genotype is one of the genetic fact
contribute to the elevated low-density lipop
cholesterol levels, as shown in many populaf
ing the Framingham Heart Study. The second
cerned with the huge variability in response {
places individuals on an average American

transfers them to a NCEP (National Cholestef
Program) Step 2 diet in which saturated fa
cholesterol intake is cut in half, there is evid
variability in individuals’ response to that
cently showed' that the variation ranged from
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tion in LDL cholesterol to about 55%. The variable re-
sponse, as originally shown by Miettinen in Finland, re-
lates to the apo-E genotype where there is substantial
polymorphism. Not only does the apo-B bind to the LDL
receptor, but apo-E also binds with an even higher affin-
ity. After a fat-rich meal, the lipoprotein remnants rise rap-
idly in the blood, and recent assays for this remnant’ sug-
gest that this assay is a much better predictor than the
triglyceride levels of heart disease. A substantial chal-
lenge, which we term the McDonald’s challenge, involves
providing two sausage-egg “McMuffin” breakfast sand-
wiches, which contain 50 g fat and 500 mg cholesterol. In
response to this input, the remnant concentrations of cho-
lesterol and triglyceride in the plasma go up 10-fold within
about 4 hours. These atherogenic remnants are also regu-
lated by the apo-E genotype.

If there is an apo-E genotypic substitution of argin-
ine for cystine at residue 112, the LDL cholesterol levels
of these subjects are substantially higher than those ob-
served in apo-E3 and apo-E2 subjects. This mutation is
common and therefore has a substantial effect on relative
risk within the population. While the LDL receptor muta-
tions of familial hypercholesterolemia are rare, about one
in 500 individuals, the apo-E4 genotype is much more com-
mon. Experimentally, a knockout of the apo-E gene induces
premature severe atherosclerosis and apo-E deficiency in
humans, as we described many years ago. The presence
of the apo-E4 allele results in a 50% increase in coronary
heart disease morbidity both in men and in postmeno-
pausal women. It is also associated with Alzheimer’s dis-
ease and dementia from all causes. This may imply that
this more general category relates to vascular disease, but
that is only a hypothesis at present.

Brown: I agree that the apo-E genotype is a very
important determinant of heart disease. One of the really
interesting questions is how an LDL receptor mutation
together with apo-E2 genotypic variation combines to
enhance the risk of heart disease.

Schaefer: Eric Borwinkel showed that the postpran-
dial response to a fat load, whether measured as triglycer-
ide or retinol palmitate, was higher in E2 heterozygotes.
Yet most people with this genotype do not have the type-
3 dys-B-lipoproteinemia. Nevertheless, most E2 heterozy-
gotes have elevated lipoprotein remnants postprandially
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without the dys-B-lipoproteinemia.
Brown: The other genotypic abnormal
mon is in the apo-E4 genotype, in which

ity that is com-
elevated LDL

levels occur. E4 has a somewhat higher affinity for LDL
receptors, and it may be a better competitof and perhaps a
more efficient down-regulator of these recgptors. I am not
satisfied with current explanations.

Friedman: How does cholesterol get|into the endo-
plasmic reticulum (ER)?

Brown: That’s a central problem. Wk do not know
whether it is the cholesterol within the membrane itself
that is interacting with SCAP or whether sgme cholesterol
is bound to another protein outside the membrane. Since
there is so little cholesterol outside the membrane, we
believe that it must be the intrinsic cholestegol. The plasma
membrane is already very loaded with cholesterol and
would, therefore, operate as a poor sensor. Because the

ER has the lowest concentration of cholest|
a build-up of cholesterol would most likely
within the ER. Simultaneously, with the

erol in the cell,
be recognized
suppression of

SREBP processing, one observes that cholgsterol esterifi-
cation and the esterification enzyme cholesterol acyl trans-
ferase (acyl-CoH or ACAT) is located withfin the ER.
Kontula: [s the SREBP mutated in h
Brown: We do not know. The only
SREBPs that we can make is currently in

spite this, plasma lipid levels remain normal. In fact, LDL
turnover studies suggest that LDL receptors are fragulated
with increased clearance, so that, if anythipg, the plasma
levels tend to be low. By using Triton WR-1339 to mea-
sure the very low-density lipoprotein (VLJDL) secretion
rate in these animals, we find that it is the same as in
controls. This implies that SREBPs activate lipid storage
in the liver without inducing lipid secretipn. We do not
know whether there are parallel observatjons in human

studies.

Marckmann: [ would like to know a
of the triglyceride-rich lipoproteins. How
in relation to atherosclerosis?

Brown: Schaefer is more of an expe
The thing that fascinates me is the intera
HDL and triglyceride metabolism. I think

out regulation
o they feature

on this than I.
tion between
hat the VLDL

metabolism is crucial and we should not He looking in a

static way at triglyceride levels.
Auwerx: I would like to add one more

fluestion about

SREBPs. There is an SREBP-1a and SREBR-1c. If  under-
stand your hypothesis correctly, 1a is a much better tran-

scription factor than lc.
Brown: Correct.

Auwerx: Would some of the variation in LDL choles-

terol levels be explained by differential spl
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cing or differ-

ential modulation of the SREBPs? Is there any evidence of
this?

Brown: Not yet. We are monitoring two promoters
that can produce SREBP-1. One of them is a much more
active form than the other. There may well be differences
in the induction of one rather than another, and we are
looking at this in detail now.

Serensen: Can you explain the impact of dietary satu-
rated fatty acids on the cellular feedback relationships in
the control of cholesterol metabolism that you have been
describing?

Brown: John Dietchy did beautiful studies in Dallas
where, with hamsters fed cholesterol with or without satu-
rated fatty acids or polyunsaturated fatty acids, he ob-
served that the combination of polyunsaturated fatty ac-
ids with cholesterol led to the cholesterol being very effi-
ciently esterified in the liver by the ACAT enzyme. This
esterified cholesterol builds up in storage droplets. If cho-
lesterol is fed with saturated fatty acids, there is a partial
inefficiency in the esterification of the cholesterol, so that
a higher level of free cholesterol develops in the liver cell.
It is this free cholesterol that then regulates the receptors
and may affect lipoprotein synthesis as well.

Gustafsson: I would like to ask about the possibility
of yet another mechanism involving the regulation of cho-
lesterol levels, and this refers to nuclear receptors. Some
years ago, Magnus Phal isolated a receptor that he called
RDI. This was later recloned and renamed by David
Mangelsdorf in Dallas as LXRa.> What was shown re-
cently was that an oxysterol would activate LXRa, and
this we have confirmed. This may then have the effect of
downstream events affecting cholesterol 7-a-hydroxylase,
for example.

Brown: David Mangelsdorf, with whom I have daily
contact, has shown that when he transfects cells with this
LXR, he sees no difference in the regulation of the choles-
terol biosynthetic enzymes. But in HEP2 cells, this clearly
leads to overexpression of 7-a-hydroxylase. Therefore,
he is now working on a gene knockout animal for LXR,
and we can soon expect results about the control of 7-a-
hydroxylase.

Marckmann: If you compare different plant oils, such
as palm, olive, and sunflower oils, you obtain different
effects on LDL cholesterol even though they do not con-
tain any dietary cholesterol. Do you think that this is de-
pendent on the cholesterol content of the chylomicrons
generated by the intestinal cells?

Brown: Well, there is certainly cholesterol in the sys-
tem, even if you do not feed dietary cholesterol. The he-
patic cells are making cholesterol; therefore the fatty acid_
composition of the diet can affect plasma LDL concentra-
tion without the need to supply extra cholesterol in the
“diet. When I specify dietary cholesterol, I am using it as

shortliand for cholesterol plus saturated fatty acids. There

——
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measured their bone density by DEXA|[scanning. We see
that there is a close correlation betwegn the number of
hours they spend watching television 4nd the number of
hours they spend outdoors and their bgne density levels.

Eisman: Identical twin studies suggest that the im-
pact of overall genetics seems to be moglest. Body weight
is one of the best predictors of bone density, but the issue
is whether bone size or body size is mare important. One
also has to take into account the intgractions between
calcium intake and exercise. If there arg a number of gene
changes at different sites in the receptor, one can also
have a combination of differences that(I believe relate to
the promoter region, and the overall effect may be differ-
ent from one genetic population to another. Nevertheless,
studies in both Japanese and Austrajasian Caucasians
reveal the same overall effects, suggesting that these ge-
netic variants go back a long way in eyolutionary terms.

Serensen: [ would like to comment on Dr. Hallberg’s
discussion about identifying environmental influences by
looking at the differences between monjozygotic and dizy-
gotic twins. The problem is that the Whole approach is
invalidated if one has a suspicion that|the environmental
influences are more similar in monozygotic than dizygotic
twins. The other complicating factor|is that we are in-
creasingly concerned now with the pgtential genetic in-
fluences on behavior, and this is obviously affected by
environmental circumstances. It may|now be becoming
much more difficult to disentangle genetic and environ-
mental influences. It is also particular}y a problem when
one tries to translate one’s understanding of the environ-
mental contribution to issues of publi¢ health.

Eisman: I agree. Nevertheless, fhen one assesses
identifiable environmental factors, su¢h as diet and exer-
cise, one can look specifically at the ektent to which they
cross-correlate with bone density. Pegple may, of course,
misreport their diet and exercise pattgrns. Nevertheless,
the sharing of environmental circumstgnces does not seem
to be enough to explain the differendes in bone density
between mono- and dizygotic twins. I|do, however, agree
that it is inappropriate to translate the quantitative signifi-
cance of the twin model. Our main ipterest now is very
much in genomic screening.

James: If you performed genomic screening in se-
lected subgroups and undertook physiologic interven-
tions with diet and exercise, surely pne can gain some
evidence about the interaction of the¢ environment with
these genetic polymorphisms?

Serensen: The history of these| polymorphisms in
other fields is rather dismal, unless one can identify some
change in expression or a mutation that relates to changes
in physiology as well. We have seer] a number of these
association studies of genotype with gn effect before, and
they may mean very little.

Eisman: We now consider it important to relate ge-
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nomic differences to physiologic studies, such as calcium
handling. In animal models we are also looking at the rela-
tionship between physiologic regulation and genomic dif-
ferences.

Vitamin D and Calcium Homeostasis

Eisman: For the vitamin D receptor gene polymorphisms,
we need to recognize that there are at least seven distinct
studies showing differences in the effect of dietary cal-
cium intake on bone density. We may also see differences
in calcium absorption or responsiveness in terms of vita-
min D metabolites in relation to polymorphisms. I totally
accept that we do not know what the polymorphisms are
in terms of their functional role, and this is important. There
are functional differences in response depending on geno-
type, and in four of the studies there is evidence of het-
erozygous effects that are distinct from those of homozy-
gotes. About 16% of the Caucasian population has one
extreme form of genotype, and about 50% are heterozy-
gous. I would therefore argue that in the United States we
need to be discussing whether we should redefine the
recommended dietary allowance (RDA) for calcium. Cur-
rently we are taking the soft option in the sense that we
are arguing that it is far too expensive to undertake screen-
ing, so we propose that people spend a substantial amount
of money on their food to enrich calcium intakes. The
overall issue is what the total cost implications are of the
disease in relation to genotype screening.

Genetic Controt of iron Metabolism

Kiihn: Iron uptake through membranes is probably the
facet of iron metabolism that is least understood. We do
not know how iron gets out from the enterocyte, how it
goes through the intestinal membrane, or how it is re-
cycled after degradation of hemoglobin, so it is difficult to
speculate about iron transport across membranes if we
have not as yet isolated the molecules.

Halliday: It has been suggested that there is a recep-
tor of low molecular weight for iron and that this could be
one explanation for why iron leaves cells in excess in hemo-
chromatosis and other iron overload conditions. Now, if
you look at the possibility that aconitase activity is there
to bind iron and perhaps to aid in its transport, then we
may have a system whereby a low-molecular-weight ion is
transporting the iron to a different part of the cell there to
induce toxicity.

Kiihn: One issue is the iron solubility mechanism
within the cell. There could be several low- molecular-
weight substances that may be important in the transport
of iron into the mitochondrion. Actually, there is an issu¢
as to whether cytoplasmic aconitase is involved. It is usu-
ally found in plants and bacteria.

Eisenstein: I would like to discuss the role of citrate
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and its possible relationship with transferrin.
poorly understood aspects of iron metabolism is how iron
gets from stored ferritin to transferrin in the ferum and,
since apotransferrin does not relate to ferritin and does
not get through into cells, the iron needs to gef out of the
stores to the cell exterior to be charged on to trapsferrin. Is
it conceivable that there is a role for citrate in tdacking the
iron to the site that will allow it to be transferrgd to trans-
ferrin? There are a number of examples in bagterial sys-
tems in which iron citrate is imported and taken out of
cells. The same seems to happen in mammaliap systems.

Brown: When MHC molecules are presented on the
surface of cells, they induce a transport of molecules from
inside the cell. Is there any evidence that therg is an im-
paired discharge of iron from the hepatocytes in hemo-
chromatosis?

Halliday: Not from the hepatocytes, but t
the reticuloendothelial cells.

Worwood: Dr. Halliday, do you agree that|there is no
real evidence of a failure to release iron from reticuloen-
dothelial cells?

Halliday: The only in vivo evidence was produced
by Fillet!® in experiments conducted many yedrs ago that
could probably not be repeated now for ethicgl reasons.

Hallberg: I would like to comment on issyes of inter-
est to Mark Worwood and, in particular, about the value
of transferrin as an indicator of iron stores. Welhave mea-
sured iron absorption, menstrual blood losses, and all kinds
of indicators in the serum in 203 women, and we have
found that by ranking them for the lowest ir¢n require-
ment to the highest, the indicator that shows the first
reaction to a depleted iron status is serum transfgrrin. There
was a sudden induction in transferrin levelg, probably
suggesting that the liver had sensed the fall|in its iron
content and had induced an increase in transferrin syn-
thesis. When studying iron absorption from|the whole
diet by labeling all meats with radioactive iron fo the same
specific activity and studying people’s iron [absorption
for 1 or even 2 weeks, we find a beautiful exponential rela-
tionship between iron absorption and transfefrin levels.
There is a point at which iron absorption equals firon losses,
and then there is no chance for any more iron| going into
iron stores. The level is set by the availability of iron in the
diet, so this regulation is probably, from a bidlogic point
of view, extremely important. The problem fpr man has

can, however, overload the normal biologic mechanism
with pharmaceutical doses of iron so that the control sys-
tems only apply to a diet in which you have, in effect, a
normal amount of iron. We really do not know the regula-
tory mechanisms.

Hallberg: When one studies dietary iron absorption,
there is excellent regulation, but when one studies iron
supplement use, there is no regulation—the dominant ef-
Tect is actually the hunger of the bone marrow for iron. So

"We are not at all secure in our use of supplements; they
indeed may be dangerous in the long run. I would also [ike

usually been to survive in an envirogment in which there

1S a very high iron intake. There is also regulation at the

?t%ler end of the spectrum to prevent iron deficiency, but
this is much less efficient. S0 if one thinks abut the mo-
lecular basis for the regulation of iron from the intestine, I
wonder whether we are dealing with the baldnce of two
regulatory protein systems?

Halliday: I wish I knew the answer, becaupe in hemo-
chromatosis the regulatory mechanism is not working. You
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o ask about the impact of liver transplantation. If one
transplants livers from patients with hemochromatosis,
do the recipients develop or maintain their chromatosis?
If so, this would imply that there was a hepatic abnormal-
ity as well as an intestinal one.

Halliday: As I understand the latest data, there is as
yet no evidence of hemochromatosis developing in re-
cipients of livers from hemochromatotic patients. But we
have to be careful because there is only a short period of
experience so far and patients have been on immunosup-
pressive drugs as well, so this can hardly be deemed a
normal situation. Therefore, I do not think that we can
exclude a hepatic disorder in addition to an abnormality in
intestinal absorption. We thought that we could exclude 2
hepatic role from the studies in rats, but I do not believe
that these data are sufficiently conclusive.

Larsson: Some would suggest that when the intesti-
nal cell divides in a crypt, it is conditioned by the environ-
ment of the serum and is therefore sensing the iron stores,
but then as it moves up the cell, it experiences the avail-
ability of iron in the intestine. It can therefore synthesize
the molecules necessary to cope with the appropriate
transport of iron in a way that responds to the body’s
needs.

Kiihn: It is clear that the discovery of the HLAH (hu-
man leukocyte antigen, hemochromatosis gene) system
may be a significant breakthrough. One of the points that
Dr. Hallberg made is that the molecular mechanism by
Wwhich the down-regulation of iron occurs is still unknown.
We have Beéen looking at the expression of the HLAH
system in response to iron in cell culture systems. We
used the human intestinal subculture. We looked at nor-
mal intestinal cells and found a normal HLAH. When treated
with iron, the HLAH level is up-regulated, so this may be
a mechanism whereby the body can sense the amount of
iron that it should transport. Perhaps individuals with
mutations in the HLAH system are unable to regulate their
protein in the same way to shut off iron transport. If you
look at these cells in vitro and add iron, you can look at
the transepithelial transport of iron and see the same phe-
nomenon that one sees in the whole body; i.e., when you
treat them with iron you observe a down-regulation in
iron transport.
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Halliday: So it is the regulatory process governing
that normal protein that may be abnormal?|So far these
concepts do not explain the differences that we have seen,
but we have yet to look at individual affected families to
see precisely what is going on. :

Wood: Could I just comment on two mopse knockout

you feed these mice iron in the diet, they
iron very quickly. We also looked ata T
because we thought that we would not have expression
of the major histocompatibility (MHC) complexes on the
surface, and we included in this the probable defective
HLAH system. We expected on this basig to find iron
overload, but we did not, so this provides [some insight
into how that particular MHC-like protein is gctually work-
ing.
Kiihn: Do you know whether the HLAH molecule is
actually on the villus surface, and do you knpw whether it
interacts with some other protein on that surface?
Halliday: There are a number of people who have
looked for this protein, and it has been varioysly described
as occurring in the crypt cells or as having much more
specificity in its localization in the perinuclear area. I think
it depends on the antibodies used, and I thipk we have to
be careful at present in drawing conclusions about its
localization.
Hernell: We looked at the biliary excration of iron in
normal and hemochromatotic patients and| found a very
good correlation between the iron content if the liver and
the biliary excretion of iron in the normal patients, but in
the hemochromatotic patients we observejl a higher ex-
cretion rate but far less than would be predjcted from the
iron content of the liver.
Larsson: If one takes patients who are fruly homozy-
gous with the exact same mutation at both|loci, then one
can still find variations in the extent to whigh they display
a disease. One example of this is sickle-cgll disease and
whether or not it is associated with a-thalassemia. The
patient then may have no disease at all whereas another
may have severe disease early in life. In the common oc-
currence of coexisting a-thalassemia gerjes in African
people with sickle-cell anemia, the sickie{cell anemia is
much moderated. If one increases the amoyint of fetal he-
moglobin, then the impact of the sickle-cell disease is mild.
In the case of fetal hemoglobin and sickle-cell disease, we
have some direct insight into the physicoghemical inter-
action and the way in which the modificatipn works. This
modification is terribly important because |f we can iden-
tify modifying genes that relate to substantial diseases
from mutations, we may be able to develop aldrug to modify
these genetic diseases.
Worwood: If we come back to the Bimicroglobulin
gene, this is the only gene that seems to have been linked
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definitely to iron transport. However, we need to recog-
nize that in the knockout mice an awful lot of proteins are
being affected.

Polymorphism in Relation to iron Metabolism

Hallberg: If one looks at the menstrual losses of women,
one finds that this is under very clear genetic control, as
shown by studies on monozygotic and dizygotic twins.
One can identify enzyme differences in the uterine mu-
cosa to explain this. The distributions of iron requirementg
relating to menstrual losses are the same in Sweden, En-
‘gland, Canada, Burma, Egypt, and China, which 1mplles
“That this varied genetic control of menstrual losses and_
therefore, of iron requirement was developed very early in

tfic human race. 1he mean iron requirement for women is
1736 mg/day, but the 95th percentile is 2.85 mg, so one has
a long upper tail. These women would not have had prob-
lems in the old days because they were physically active
and consuming an appreciable amount of meat. There
would therefore not have been any selective pressure in
favor of those with smaller losses.

James: I have heard you, Leif Hallberg, disagree with
expert panels who look at the non-Gaussian curve of iron
requirements and simply change from taking the limit of 2
SD for specifying an RDA and instead arbitrarily take a
cut-off limit affecting 85% of the population. The simple
assumption seems to be that we have to rely on 15% be-
ing clinically identifiable and provide them with supple-
ments.

Hallberg: Yes, and t}W
identify these women with excessive menstrual losses
because, on an individual basis, they have always had
tHTs'E)ss w1thout reahzmg that it is unusually large. There
IS gntifying these individuals
other than doing blood tests.

Worwood: When we consider hemochromatosis, we
have a problem that affects 10% or more of the population
with the heterozygous form, and they may have higher
iron stores. One needs a large study to discriminate the
differences, but the heterozygous form of this disease may
also be important.

Motulsky: Hemochromatosis is a very nice example

of a very common inborn error of metabolism, with 10% of
the population having the heterozygous form and one in
400 having the homozygous form. I agree that the het-
erozygous form may show different responses in the sense
that in evolutionary terms, under conditions of potential
iron deficiency, these women with the heterozygous hemo-
chromatosis gene may actually have absorbed more iron
and therefore been at a greater advantage.

Halliday: I think that we have to be careful before we
consider the heterozygote as having an advantage. We
have a problem in determining this because we are not
presently able to accurately determine the heterozygous
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state, although the discovery of the putative|gene will
help in that regard. We also need to accurately|determine
iron stores and consider the impact age has, |since iron
stores increase with age. These factors then peed to be
related to dietary iron intake. To obtain a meaningful an-
swer, one has to have a reasonable population size, and
with a study of 2400 individuals, we have seen that mean
ferritin levels in males particularly are much hjgher than,
for example, in the Cardiff population. When pve look at
family studies, we find a slightly increased level of iron in
heterozygous individuals and we have some pssociated
indices of iron status, but we cannot be sure, because we
have not biopsied them, which is the only satisfactory
way of determining iron stores.
Hallberg: 1 think there is indeed some confusion re-
lating to serum ferritin. The 2 for the correlatign between
iron stores and serum ferritin is 0.5, which indicates that
only 50% of the variance in iron stores relateq to ferritin

Tevels. I would have thought that with such amarvelous
sﬁﬁ?)l—e and the new probes, you will now have|the oppor-
tunity to do proper measurements with phlebptomy and
blood volume measurements. If you do thes¢ carefully
you can obtain very good measurements of irpn stores.
Motulsky: But, hasn’t this been done to 3 consider-
able extent in Utah, where they identified thg heterozy-
gotes in that population?
Hallberg: Yes, but they have not actually done the
phlebotomy measurements that you absolutely need to
obtain good measurements of iron stores.
Angelin: If 10% of the population is heferozygous
for hemochromatosis, but 15% of women, by virtue of
their menstrual losses, have too little iron, we need to
think about these two problems when we c¢nsider the
recommendations about fortification. We may| soon have
a gene that relates to uterine enzyme changps that are
responsible for menstrual losses and a gene|for hemo-
chromatosis. Perhaps in 5 years’ time we are going to be
able to screen the population for these two génes.
Worwood: At a meeting at the U.S. Centers for Dis-
ease Control and Prevention (CDC) earlier thig year, there
was a proposal for the universal screening for hemochro-
matosis. We were asked to specify what was needed and
what is the actual clinical penetration of these rIutations——
that is what we are missing—but there are verly powerful
groups pushing for mass genotype screening}
~ Bruce: But what is the cost of this type of screening
togefher with the cost of introducing effective therapies
by Vlrt.ue: of this screening? I think that in most countries
today it is just not possible for this to be affordable on a
large scale. Perhaps you could identify higher-risk groups
who could then benefit from screening at a lover cost.
W(?rwood: The cost of genotyping for hemochroma-
tosis Wlu_PTObably be less than the cost of fhe present
iron studies that have been conducted on higher-risk

groups. If we are talking about a mass scale test, it could
only cost a few dollars per person.

“ Motulsky: At the CDC meeting there was a push for
iron studies within the population now. Unfortunately,
there are so many false positives and false negatives from
current tests that before one entered therapy, one would
need to do a lot of liver biopsies to specify the condition.
This is an extraordinary proposal for a population that is
not coming to you with any particular complaint, so the
committee finally came down in favor of the need for pilot
studies. In practice, this newly identified gene is quite
common, and hemochromatosis may be affecting one in
100 of the British population. But doctors generally think
that it is an esoteric disease. We know that there is not a
100% penetrance, and we have to find out exactly what it
is—50% or 60%?

Metal-Metal Interactions

Halliday: I would like to ask the people who spoke about
calcium absorption whether they had considered the ef-
fect of iron on calcium absorption and the reverse, be-
cause, of course, the two do interact and there is some
evidence to indicate that there is at least one similar path-
way of absorption.

DeLuca: I think the interaction between iron and cal-
cium on their own is actually minimal, but I do believe that

~wvhen you throw in other dietary components, such as

phytate, they become very much intertwined. My under-
standing is that metal carriers or the transport mechanisms
are different.

Halliday: But we do not know the carriers for either
calcium or iron transport, so I think it is too early to say
that the carriers are different.

DeLuca: But if you study transport of calcium, iron
does not compete with calcium.

Hallberg: They interact with both heme and nonheme
iron. The mathematical interaction between calcium and
iron has the form of one-in-five competitive binding, which
Tthink is very interesting.

James: Are you talking about interactions at the lu-
menal or cellular level?

Hallberg: At a cellular level, I think. All the lumenal
interactions involve such interactions as phytate with
ascorbic acid, whereas calcium interaction with iron looks
very different. Whether one is discussing heme or
nonheme iron, one finds that calcium interferes with th
absorption from both sources and in exactly the same way.
This implies that it has to happen within the mucosal cell
of the intestine where you have common pathways for the
transfer of heme and nonheme iron into the body.

Wood: Most nutritional interactions happen when
there is a significant imbalance between the molar ratio of
two different metals. Under conditions of normal dietary
patterns, I doubt that you will see an interaction between
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the C282Y mutation rather thah HLA status should provide confirmation of the findings of
Bulaj et al., and it will also allgw determination of the extent of the clinical expression of
disease in true heterozygotes. A further key question is why there is marked variation in iron
loading in hemochromatosis that is related to the ancestral haplotype, when the evidence so
far suggests that the mutation the HLA-H gene is identical in all patients with
hemochromatosis, irrespective of haplotype. It is possible that, in addition to environmental
effects on disease expression, pther genetic factors affect the severity of iron overload. Thus,
further study of heterozygous pubjects identified on the basis of the C282Y mutation should
be illuminating.

Lawrie W. Powell, M.D., Ph.D.
Elizabeth C. Jazwinska, Ph.D
Queensland Institute of Medigal Research
Brisbane, 4029, Queensland, Australia
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