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Furthermore, the close association between fall in disease activity
and rise in serum PAG concentrations in eight of the 14 patients
in this study gives added credence to the highly significant
though relatively low negative coefficient between these two
variables. It must be emphasised that most clinical methods for
assessing disease activity in rheumatoid arthritis are to some
extent subjective and can be affected by, for example, variation
in the pain threshold of individual patients. Hence to obtain even
a low correlation coefficient between a relatively subjective
value and a highly accurate measurement of a serum substance
is quite remarkable.

It is also relevant to draw attention to our finding that there
was no correlation between disease activity and another preg-
nancy associated protein, SP1, which unlike PAG has not been
shown to have any immunosuppressive properties in vitro.
There may, however, be other factors-for example, hormones
and other pregnancy associated proteins not measured so far
which could be affecting disease activity in these patients.
Nevertheless, the preliminary results of this study provide some
evidence for an association between serum PAG concentrations
and the course of rheumatoid disease activity during pregnancy.
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Erythrocyte ferritin content in idiopathic haemochromatosis
and alcoholic liver disease with iron overload

MARTIN B VAN DER WEYDEN, HUBERT FONG, HATEM H SALEM, ROBERT G BATEY,
FRANK J DUDLEY

Abstract

The erythrocyte ferritin content was measured in patients
with either idiopathic haemochromatosis or alcoholic
liver disease and iron overload to define its value as a
marker for an excess of tissue iron. The mean erythrocyte
ferritin content in patients with untreated idiopathic
haemochromatosis was increased 60-fold and fell with
phlebotomy. After phlebotomy many patients had an
increased red cell ferritin content despite normal serum
ferritin concentrations. That this reflected persistent
iron overload with inadequate phlebotomy was suggested
by the higher serum iron concentrations, percentage
transferrin saturation, and urinary excretion ofiron after
administration of desferrioxamine, together with a lower
annual iron loss by phlebotomy in this group compared
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with patients with treated disease and normal red cell
ferritin content. The mean erythrocyte ferritin content in
patients with alcoholic liver disease and iron overload was
increased only sevenfold, and the ratio of erythrocyte to
serum ferritin clearly discriminated these patients from
those with idiopathic haemochromatosis.
The determination of erythrocyte ferritin content is a

useful non-invasive test for diagnosing idiopathic
haemochromatosis, monitoring the effect of phlebotomy
in this disorder, and distinguishing patients with this
disorder from those with alcoholic liver disease with iron
overload.

Introduction

Idiopathic haemochromatosis is an inherited disorder of iron
metabolism characterised by excessive absorption of iron leading
to iron overload and deposition of iron in tissue, particularly in
liver parenchymal cells. In patients with symptomatic disease
this excess of iron is accompanied by increases in serum iron and
ferritin concentrations, the percentage saturation of transferrin,
and urinary excretion of iron after administration of desferri-
oxamine.1 Whether these variables accurately identify the pre-
cirrhotic phase of the disease is uncertain, as a raised serum iron
concentration and increased percentage saturation of transferrin
occur in up to one third of normal relatives of patients with the
disease,2 and normal serum ferritin concentrations accompany
iron overload in some instances.2 3 Diagnostic problems also
arise in alcoholics with raised iron variables, histological evidence
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of cirrhosis, and parenchymal iron overload when family studies
do not show an abnormality in iron metabolism. These un-
certainties have led to use of other markers to indicate idiopathic
haemochromatosis.
The localisation of the gene for at least one form of idiopathic

haemochromatosis to chromosome 6 near the HLA-A locus4 5

enabled the presence of HLA-A3 antigen to be used to identify
individuals at risk for the disease.4 6 Since the disease is mani-
fested clinically by an excess of iron in tissue and since intra-
cellular iron stimulates synthesis of ferritin7 we reasoned that the
intracellular erythrocyte ferritin content might indicate this
tissue iron excess. We explored this hypothesis by determining
erythrocyte ferritin content in patients with untreated and
treated idiopathic haemochromatosis and alcoholic patients with
hepatic parenchymal iron excess and cirrhosis.
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assessment of the iron removed by phlebotomy 500 ml whole blood
was assumed to have an iron content of 0 25 g,"5 and results were
expressed as the average number of grams of iron per year over the
period of phlebotomy.

Erythrocyte ferritin content was assayed as previously described
using hepatic ferritin radioimmunoassay.'16 The range of erythrocyte
ferritin was 0 004-0 047 fg ferritin/cell in 32 normal subjects studied.'6
For determination of the ratio of erythrocyte to serum ferritin red cell
ferritin was expressed as 11g/10"2 cells and serum ferritin as ,ug/l.
Statistical analysis was done with Student's t test.

Results

Erythrocyte ferritin content in patients with untreated idiopathic
haemochromatosis or alcoholic liver disease with iron overload-Table I

TABLE i-Erythrocyte ferritin content and iron variables in patients with idiopathic haemochromatosis (group A) and alcoholic liver disease
with iron overload (group C) (expressed as means ±1 SD)

Mean urinary iron
Erythrocvte Ratio of Serum Serum excretion after

ferritin erythrocyte: Serum iron transferrin °' transferrin ferritin desferrioxamine
(fg,cell) serum ferritin (,umol/l) (,umol/l) saturation (gg/1) (,mol/24 h)

Normal values < 0 05 -- 32 < 90 <50 < 200 <36
Group A (n = 8) 0 88i 070t 0-5 - 0 3 39 7 46 +9 84 ±18 2471 ± 1780 215 (n = 5)
Group C (n = 6) 0 10 =005 0 03 - 0 04 39 10 52- 16 76 -14 4281 ±4634 64 (n =3)

p < 0 05 p<0 01 NS NS NS NS

Conzversion: SI to traditional wnits-Iron: 1 itmol/l 5 6 ,ug/100 ml.

TABLE ii-Erythrocyte ferritin content and iron variables in patients with idiopathic haemochromatosis after phlebotomy (group B) (expressed
as means ±1 SD)

Urinary iron
Erythrocyte Serum Serum excretion after Annual iron loss

ferritin Serum iron transferrin transferrin ferritin desferrioxamine by phlebotomy
(fg/cell) (,umol/l) (,umol/1) saturation (gg/l) (gsmol/24 h) (g)

Normal values 0 05 < 32 90 <50 < 200 <36
Erythrocyte ferritin:

Raised (n = 16) 0 26 t 0 33 40 7 63 ±9 64 --14 132 78 34 ± 18 (n = 12) 2 8±-2 3
Normal (n =8) 002 -001 234 12 61±13 39 423 77-78 14i2 (n=5) 51±29

p 001 NS p<0 01 NS p< 0025 p - 0 05

Coniversion: SI to traditional units-Iron: 1 trmol /l 5-6 gg/100 ml.

Patients and methods

Patients were studied sequentially and included eight with untreated
idiopathic haemochromatosis (group A) diagnosed according to
defined criteria,8 24 with idiopathic haemochromatosis after phlebo-
tomy (group B), and six with alcoholic liver disease and iron overload
(group C). Group A comprised four women and four men with a mean
age of 53 (range 30-77). Pertinent clinical findings included hepato-
megaly in eight, glucose intolerance in two, and arthritis in one. Liver
biopsy performed in all showed grades 3-4 of stainable parenchymal
iron in all patients and micronodular cirrhosis in four. Group B
comprised 19 men and five women with a mean age of 61 (range 35-79).
Clinical findings before regular phlebotomy included hepatomegaly in
all, glucose intolerance in 13, arthritis in nine, and cardiomyopathy in
three. Liver biopsy performed in 19 showed grades 2-4 of stainable
iron in all and micronodular cirrhosis in 16. Group C comprised six
men with a mean age of 60 (range 45-67). All had hepatomegaly,
erythrocytic macrocytosis (mean corpuscular volume -- 100 fl) and
raised serum aspartate aminotransferase activity ( 50 U/l). Liver
biopsy performed in five showed grades 2-4 of stainable iron in all,
together with micronodular cirrhosis in four.
Serum iron and transferrin concentrations were measured with

standard techniques.9-" Serum ferritin concentration was measured
by hepatic ferritin radioimmunoassay.'2 Liver biopsy sections were
stained with haemotoxylin and eosin, a reticulin stain, and Perls'
prussian blue stain for iron. The amount of stainable iron in hepato-
cytes was graded 0 to 4; grade 1 may be normal, but grades 2-4 are
abnormal.'3 Patients received oral ascorbic acid 500 mg daily for one
week before urinary iron excretion was determined after administra-
tion of desferrioxamine. After an intramuscular injection of 0 5 g
desferrioxamine 24 hour urinary iron excretion was estimated.'4 For

shows the erythrocyte ferritin content together with conventional iron
variables in patients with untreated idiopathic haemochromatosis
(group A) and those with alcoholic liver disease with iron overload
(group C). The increased serum iron and ferritin concentrations and
percentage saturation of transferrin were not significantly different
between the two groups but the mean urinary iron excretion after
administration of desferrioxamine in group A was roughly four times
that in group C. The mean erythrocyte ferritin content in the patients
in group A was eight times that in those in group C and 60 times that
in haematologically normal subjects. The figure shows the distribution
of erythrocyte ferritin in both groups. Except for one patient with
precirrhotic idiopathic haemochromatosis the erythrocyte ferritin
content in patients in group A was considerably higher than that in
patients in group B. Despite this overlap table I shows that the ratio of
erythrocyte to serum ferritin clearly separated patients in the two
groups.

Erythrocyte ferritin content in patients with treated idiopathic
haemochromatosis-The erythrocyte ferritin content in two patients
with idiopathic haemochromatosis sequentially followed up after
diagnosis fell with phlebotomy (figure). Although all patients who had
received treatment (presumed adequate) had normal or near normal
serum ferritin concentrations, they fell arbitrarily into two groups with
either normal or increased erythrocyte ferritin content (figure). Table
II shows that patients with a normal red cell ferritin content had
significantly lower serum iron concentration, percentage transferrin
saturation, and urinary iron excretion after administration of des-
ferrioxamine and roughly twice the annual iron loss with phlebotomy
compared with patients with a raised red cell ferritin content. These
findings suggest that a raised erythrocyte ferritin content identifies
patients with idiopathic haemochromatosis requiring further vigorous
phlebotomy.
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Discussion

Retrospective evaluation of phlebotomy in idiopathic haemo-
chromatosis suggested that removal of iron improves survival
and reduces morbidity,'l 7 but in patients with alcoholic liver
disease and iron overload life expectancy is not affected.'8 Thus,
for therapeutic reasons alone, distinguishing these two groups is
necessary but may be difficult clinically. In patients with
alcoholic liver disease subtle features such as peripheral neuro-
pathy and cerebellar ataxia may be present together with lesser
degrees of iron overload as judged by serum ferritin concentra-

Haemochronatosis Alcoholic tiver
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Distribution of erythrocyte ferritin content in patients with
untreated (0) or treated (a) idiopathic haemochromatosis and
patients with alcoholic liver disease with iron overload (y).
Horizontal bars indicate normal range.

tions, urinary iron excretion after administration of desferrioxa-
mine, and liver iron content.8 As seen in this study, however,
these indicators of tissue iron content may overlap considerably
between the two diseases. Furthermore, these variables are
unreliable when active hepatocellular necrosis is present. Since
ferritin encapsulated within the red cell should not be influenced
by the fluctuations in iron variables in active liver disease, it is
not entirely surprising that the erythrocyte ferritin content and
the ratio of erythrocyte to serum ferritin may be used to dis-
criminate between patients with idiopathic haemochromatosis
and those with alcoholic liver disease with iron excess.

Early diagnosis and vigorous phlebotomy are essential in the
optimal management of idiopathic haemochromatosis; with
established cirrhosis removal of iron does not prevent the subse-
quent development of malignant hepatoma, whereas adequate
phlebotomy in the precirrhotic phase prevents most complica-
tions of the disease.' 817 The definitive test for increased tissue
iron is chemical estimation of hepatic iron concentration; apart
from this invasive procedure, all other measurements of variables
that indicate iron overload are indirect with recognised limita-
tions.

In the present study patients with idiopathic haemochromato-
sis including four in the precirrhotic phase had an erythrocyte
ferritin content on average 60 times that in normal subjects;

phlebotomy decreased these raised values. In addition, erythro-
cyte ferritin content identified patients with the disease after
phlebotomy, who despite normal serum ferritin concentrations
had a raised red cell ferritin content. That this finding indicated
persistent raised iron stores was suggested by the higher serum
iron concentration, percentage transferrin saturation, and
urinary iron excretion after administration of desferrioxamine
and lower annual loss of iron by phlebotomy in this group
compared with patients with idiopathic haemochromatosis and
normal red cell ferritin content. We suggest that besides its
diagnostic usefulness in untreated patients with suspected
idiopathic haemochromatosis the red cell ferritin content may
also be used to indicate the effectiveness of phlebotomy in this
disease in reducing the erythrocyte ferritin content to that
observed in iron deficiency-that is, less than 0 004 fg/cell.16
The mechanism of the raised erythrocyte ferritin content

idiopathic haemochromatosis is uncertain. Presumably it
reflects molecular mechanisms for iron transport in the nucleated
erythrocyte precursor similar to those operating for either the
enterocyte or the hepatocyte. An alternative explanation for the
high content may be that it is the result of an efficient intra-
cellular influx of iron into marrow cells consequent on the higher
degrees of transferrin saturation in the disease.15
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