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Serum transferrin receptors in rheumatoid arthritis
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Abstract
Objective-Serum transferrin receptors
(sTfR) were determined in patients
affected by rheumatoid arthritis (RA) to
verify a possible relationship with the
degree ofanaemia and with the severity of
the inflammatory disease.
Methods-sTfR, ILl-b, TNF-a and com-
mon parameters of iron metabolism were
studied in 72 patients with active RA.
Anaemia (Hb < 12 g/dl) was present in 51
patients. Twenty normal healthy subjects
and 40 iron-deficient anaemic patients
without chronic inflammatory, infective
or malignant diseases were studied as
controls.
Results-In patients with RA sTfR levels
were significantly higher than in the
normal group but lower than in iron-
deficient anaemic patients and corretated
positively with ESR and ILI-b and nega-
tively with Hb. Anaemic patients with RA
were divided into two groups. Group A
(56%) showed a possible iron deficiency
(TSI < 16 and ferritin < 50 ng/ml); group B
did not show iron deficiency (TSI > 16 and
ferritin > 50 ng/ml). No significant differ-
ence in sTfR was observed in the two
groups.
Conclusion-sTfR appear to be elevated
and related to the degree of anaemia
and to the inflammatory process in RA.
Reduced sTfR levels in patients with
RA compared with patients with iron-
deficiency anaemia may indicate a
reduced erythropoietic activity in RA.

(Ann Rheum Dis 1994; 53: 699-701)
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A relatively moderate grade of anaemia
characterised by reduced serum iron and
normal or increased tissue iron stores is the
most common extra-articular manifestation
of rheumatoid arthritis (RA). Although the
pathogenesis of anaemia in RA has been the
subject of numerous studies, the exact patho-
genetic mechanism remains unclear.'

In the last few years new tools have been
developed for the evaluation of erythropoietic
function in humans. The detection of soluble
transferrin receptors (sTfR) has important
clinical implications as iron delivery to erythro-
blasts is mediated by the interaction of plasma
transferrin with surface transferrin receptors.
The amount of sTfR appears to reflect the
rate of erythropoiesis since it is decreased in
aplastic anaemia and increased in haemolytic

2 3
anaemia.

In this investigation sTfR were determined
in patients with RA to verify a relationship
between sTfR and the degree of anaemia in
RA. As cytokines, immunoregulatory factors
elaborated by monocytes and macrophages
and by lymphocytes seem to be implicated in
the inhibition of erythropoiesis in RA,4 Il-lb
and TNF-a were correlated with sTfR in the
same patients.

Patients and methods
The study comprised 72 patients (13 males
and 59 females) aged 17 to 76 years affected
by active RA with a mean disease duration of
74X2 months (range 1-362 months). All
patients met the 1987 ARA revised criteria for
the diagnosis of RA.5 Active rheumatoid
disease was defined by the following criteria:
erythrocyte sedimentation rate (ESR) of at
least 30 mmllh, six or more tender joints, three
or more swollen joints and morning stiffness of
at least 30 minutes duration. None of the
patients was treated with corticosteroids or
disease modifying drugs at least in the three
months before the study. IgM rheumatoid
factor was present in 36 patients (50%). All
patients were receiving NSAIDs at the time of
the study.
Complete blood count, ESR, serum iron,

total iron binding capacity, serum ferritin and
transferrin saturation index (TSI; serum iron/
total iron binding capacity) were determined in
all the patients.
Anaemia was present in 51 patients with mean

(SD) haemoglobin level of 10-32 (1-14) g/dl
(range 8-12 g/dl).
Two groups of subjects were enrolled as

controls. Twenty healthy volunteers sex and
age matched with the RA patients constituted
the normal group. Forty patients with
iron-deficiency anaemia at different haemo-
globin levels (range 8-3-13-4 g/dl; mean (SD)
10-4 (1-6) g/dl), five males and 35 females,
aged 16-63 years, without any other evident
active disease, constituted the iron-deficiency
anaemia group.
sTfR were determined using a specific

enzyme immunoassay (Clinigen Human Trans-
ferrin Receptor EIA-Amgen Diagnostics).
The test is based on the double antibody
sandwich method. The sensitivity of sTfR EIA
was 20 ng/L, the intra-assay reproducibility
coefficient of variation (CV) was 6-85% and
the inter-assay reproducibility CV was 5-62%.
ILI-b and TNF-a were measured by RIA
systems (Amersham-UK). The sensitivity
of ILl-b RIA was 2-2 fmollml, the intra-
assay reproducibility CV was 3-2% and the
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Results obtained in normal subjects and patients with RA

Normal group (n = 20) Patients with RA (n = 72) Students t test
mean (SD) mean (SD) p

ESRmm/lsth 9-3 (2 2) 72-1 (35 4) <0 00001
Fibrinogen mg/dl 243 (54-1) 541-8 (152-7) <0-00001
HBg/dl 13 2 (0 5) 11 (1-6) <0 00001
sTfR ,ug/dl 1805 (523) 3148 (1459) <0.001
s-IRON ,ug/dl 95 4 (19-8) 58 (32-1) <0-00001
Ferritin p.g/dl 73-9 (21) 150 8 (174 2) <0-012

Results obtained in patients with RA according to haemoglobin level

Group 1 (n = 21) Group 2 (n = 32) Group 3 (n = 19) ANOVA
Hb > 12 g/dl Hb <12 > 10 g/dl Hb < IO g/dl p
mean (SD) mean (SD) mean (SD)

ESRmm/lsth 44-4 (31-4) 74-2 (29 7) 99-3 (25 8) <0-00001
Fibrinogenmg/dl 439-6 (116-3) 576-6 (157-3) 596 (129-9) <0-0017
sTfR,ug/dl 2789 (1043) 2994 (1294) 3801 (1562) <0-024
s-IRON ,ug/dl 70-6 (29 2) 57-4 (33 8) 45 (27-5) <0 029
Ferritin ,ug/dl 140-1 (193-5) 171-4 (185-3) 115-7 (121-3) ns

Comparison ofanaemic patients with RA with the iron-deficiency control group

RA anaemic patients Iron-deficiency anaemia Student's t test
(n = 51) (n = 40) p
mean (SD) mean (SD)

Hb g/dl 10-3 (1-1) 10-4 (1 6) ns
sTfR ,g/dl 3295 (1574) 4250 (1338) <0.005
s-IRON 1sg/dl 51-1 (25-9) 25-1 (9 2) <0.0001
Ferritin ,ug/dl 149-22 (136-3) 21-3 (10-2) <0-0001

inter-assay reproducibility CV was 71-%. The
sensitivity of TNF-a RIA was 5 fmol/ml, the
intra-assay reproducibility CV was 6-3% and
the inter-assay reproducibility CV was 11 .2%.
Data are expressed as meait(SD). ANOVA,

Student's t test and simple regression analysis
were used for statistical analysis.

Results
sTfR levels were significantly higher in
patients with RA than in the normal group
[3148 (1459) v 180553 (523) ug/L; P < 0-001)]
(table). In patients with RA sTfR levels
correlated positively with ILI-b (R = 0-44;
P<0-001) (fig 1) and ESR (R= 041; P<0 001)
and negatively with Hb (R = - 0535; P = 0 002)
(fig 2). Hb appeared to correlate positively with
serum iron (R = 0-23; P < 0-05) and negatively
with ESR (R = - 0-67; P < 0-001) and showed
a trend of inverse correlation with ILl-b
(R=-0-20; P<0-1). ILl-b was positively
related to TNF-a (R= 0-38; P < 0-01), ESR
(R=0-33; P<0-001) and ferritin (R=0-28;
P<0-01).
According to different haemoglobin levels

21 (29-1%) patients with RA were normal or

had very mild anaemia (Hb > 12 g/dl) (group 1),
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Figure Correlation between sTfR and IL1,13levels in
patients with RA.
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Figure 2 Correlation between sTfR and Hb levels in
patients with RA.

32 (44/5%) had a mild to moderate anaemia
(Hb > 10 < 12 g/dl) (group 2) and 19 (26-4%)
(group 3) were severely anaemic (Hb < 10 g/dl)
(table). There was a significant elevation of
ESR and fibrinogen levels among the three
groups related to the severity of the anaemia.
A concomitant increase of sTfR was observed
from group 1 to group 2 and 3 while serum iron
decreased in the same groups (table).
Comparing non anaemic patients with RA

(group 1) with normal subjects mean (SD)
sTfR levels appeared significantly elevated in
non anaemic RA patients [2789 (1043) v
1805-3 (523) ug/L; P < 0-001].. Comparing
anaemic RA patients (group 2 and 3) with iron
deficiency anaemia patients, sTfR appeared
significantly elevated in iron-deficiency anaemia
patients [3295 (1574) v 4250 (1338) ug/L;
P < 0005] (table).
According to serum iron status anaemic RA

patients (group 2 and 3) were divided into two
groups. Forty four per cent of anaemic RA
patients (group A) had no serological signs
of iron deficiency (TSI> 16 and ferritin
>50 ng/ml) while 56% of them (group B)
presented a possible coexisting iron deficiency
(TSI < 16 and ferritin <50 ng/ml). No
difference in mean (SD) Hb [10-3 (1-1) v
10-4 (1.6) g/dl; P=ns] and sTfR levels
[3934-53 (1933-65) v 2930-50 (1094-05 ugIL;
P = ns] were found in these two groups.

Discussion
Membrane TfR is composed oftwo monomers
linked by two disulphide bridges to form a
molecule of 190-000 Da.6 7 Each monomer has
a N-terminal cytoplasmic domain, a short
transmembrane segment and a large extra-
cellular segment. One receptor can bind one or
two iron-bearing transferrin molecules.6 After
cellular internalisation iron is released to the
cytoplasm, the receptor returns to the cell
membrane and apotransferrin to plasma.6
Membrane TfR is essential to supply

transferrin iron to body tissues and all the cells
have TfR on their surface although in a normal
adult about 80% of TfR are in erythroid
marrow.6

Soluble TfR appears to be a truncated form
of tissue receptor probably generated by a
proteolytic mechanism although the site and
nature of specific protease activity is not
identified.3
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That receptor levels are increased in
haemolytic anaemia and decreased in aplastic
anaemia3 suggests a relationship between
membrane receptors and plasma receptors
and a possible utilisation of sTfR assay in
monitoring erythropoiesis. In this study sTfR
were shown to be significantly higher in
patients with RA compared with the normal
group and the amount of sTfR appeared to be
related to the degree of anaemia as they were
significantly more elevated in patients with
severe anaemia than in patients with moderate
or mild anaemia.

Various factors seem to regulate cellular
receptor density. Iron deprivation is able to
induce TfR synthesis whereas iron excess
determines its inhibition.8 The proliferative
status of the cell is a factor capable of affecting
TfR expression and erythropoietin stimulation
appears to increase the number of TfR.9 It is
also shown that TfR expression requires the
presence of cytokines.'0
sTfR in patients with RA appeared signifi-

cantly lower when compared with subjects
with iron-deficiency anaemia. Moreover, RA
patients with possible iron-deficiency anaemia
showed statistically no difference in sTfR level
compared with RA patients without iron
deficiency anaemia, although sTfR concen-
trations were lower in the former.

Iron participates in several biological reactions
and is essential for cell growth and multipli-
cation as ribonucleotide reductase, an essential
enzyme in DNA synthesis is responsible for the
reduction of ribonucleotides to deoxyribo-
nucleotides and needs a continuous supply of
iron to maintain its activity." Membrane TfR
are essential to supply transferrin iron to tissues
and the total number of receptors determines
the amount of iron uptake.6 In normal humans
more than 80% of body iron is used for
erythropoiesis and a proportional number of
TfR resides in erythroid marrow. The direct
relationship to the number of erythroid pre-
cursors makes sTfR a method for evaluation of
erythroid marrow activity.3 Compared with
iron-deficiency anaemia patients, lower sTfR
in patients with RA may indicate a reduced
erythropoietic activity in RA with respect to
iron-deficiency anaemia. Moreover, higher
sTfR levels observed in anaemic RA patients
with no serological signs of iron deficiency
compared with anaemic RA patients with
coexisting iron deficiency may indicate a
reduced erythropoietic activity in the latter.

The result of higher sTfR levels in non
anaemic patients with RA compared with
normal subjects may be due to the chronic
inflammatory rheumatic disease. In active RA
patients serum levels of ILl-b and TNF-a were
shown to be significantly elevated'2 and ILl
concentrations were found to be higher in
anaemic than in non-anaemic RA patients.4
Our finding of a close relationship between
ILl-b and sTfR and Hb levels and between
ILl-b and TNF-a levels may indicate that low
Hb and high sTfR concentrations are due to
the immunological activation process in RA.
As ILl and TNF-a stimulate the acute phase
responses in RA,12 13 increased levels of sTfR
may be an expression of systemic disease
activity in these patients.

In conclusion, anaemia appears to be
strictly dependent on disease activity in
RA. sTfR levels seem to be related to the
degree of anaemia and to the activity of the
inflammatory process. Compared with iron-
deficiency anaemia patients, reduced sTfR
levels in patients with RA seem to indicate a
reduced erythropoietic activity in RA.
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