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Anaemia of chronic disease in rheumatoid arthritis:
effect of the blunted response to erythropoietin
and of interleukin 1 production by marrow

macrophages

M A Smith, S M Knight, P J Maddison, J G Smith

Abstract
Anaemia in rheumatoid arthritis (RA) is a
common and debilitating complication. The
most common causes of this anaemia are iron
deficiency and anaemia of chronic disease.
Investigations have suggested that interleukin
1 (IL-1) or tumour necrosis factor (TNF),
or both, from monocytes associated with
chronic inflammation are responsible for the
anaemia of chronic disease. On bone marrow
examination anaemia of chronic disease is
characterised by the diversion of iron from the
erythropoietic compartment into marrow
macrophages. This phenomenon is termed
failure of iron utilisation.

In this study, CFU-E (colony forming unit
erythroid; late red cell precursors) and
BFU-E (burst forming unit erythroid; early
red cell precursors) stem cells were cultured
from 10 normal marrow samples and 12
marrow samples from patients with RA with
iron deficiency anaemia and 10 samples from
patients with RA with failure of iron utilisation.
All patients with RA were anaemic (haemo-
globin<100 g/l), Potential accessory or
inhibitory cells of erythropoiesis (CD4, CD8,
or CD14 positive cells) were removed before
culture. Control marrow samples were
studied in a similar manner. Normal marrow
samples yielded 377 (17) CFU-E and 133 (6)
BFU-E (mean (SD)) colonies for each 2x105
light density cells plated. CD4 ablation caused
reductions of 62 and 100% in CFU-E and
BFU-E colonies respectively. CD14 removal
resulted in considerable but lesser reductions
of 46% for CFU-E and 25% for BFU-E. In
both groups of patients with RA, CFU-E
colony numbers were significantly lower than
those seen in normal control subjects, 293 (17)
for patients with iron deficiency anaemia and
242 (35) for patients with failure of iron
utilisation. BFU-E colony numbers were 102
(13) and 108 (20) respectively. In patients with
RA, CD4 removal caused a significantly
greater loss of CFU-E colonies compared
with normal control subjects. Cytolysis of
CD14 positive cells caused a reduction in
CFU-E colonies in the two RA groups which
was similar to that seen in normal subjects. In
conclusion, patients with RA seem to have
fewer CFU-E progenitors but essentially
normal numbers of BFU-E stem cells. Our
data suggest a stimulatory role for marrow
CD4 and CD14 cells in erythropoiesis in
patients with RA. Monocytes-macrophages
(CD14 positive) are known to be producers of
IL-1 or TNF, or both, however, the predicted
increase in the CFU-E colonies on removal of

CD14 cells is not seen. Therefore, if IL-1 or
TNF, or both, are responsible for the impair-
ment of erythropoiesis in patients with RA,
marrow macrophages are unlikely to be the
source. Moreover, these results indicate the
probability of erythropoietin resistance on the
basis of diminished CFU-E colony formation
in patients with RA.

Active rheumatoid arthritis (RA) is often
associated with anaemia, which may be
accounted for by iron deficiency or less often by
reduced vitamin B-12 or folic acid levels, or
both. An equally common cause is the anaemia
associated with chronic disease. Many theories
have been proposed to explain possible
mechanisms underlying this disorder, but the
pathogenesis of the anaemia of chronic disease is
still unclear.

Previous studies have shown a variety of
potential contributory factors. It has been
shown that patients with RA with anaemia of
chronic disease can have impaired iron uptake
and transferrin binding by erythroblasts.' Baer
et al have suggested the possibility of a blunted
response to erythropoietin.2 Altered red cell
kinetics have been implicated, including haemo-
lysis and reduced red cell lifespan.3 This latter
observation could be associated with an increase
in phagocytic activity by activated macrophages.
Disturbances in iron metabolism have often
been noted in patients with RA, including
diversion of iron into marrow macrophages and
consequent hypoferraemia. This is likely to be
the result of lactoferrin production by the
secondary granules of neutrophils or the
induction of apoferritin synthesis.4 5 Impaired
iron absorption has been reported as a con-
tributory factor by some workers,6 but
challenged by others.7 Benn et al showed that in
active RA, the absorption of iron is actually
increased to compensate for iron deficiency.
The iron surplus thus generated is reliably
reflected by the amount of iron found in
marrow macrophages. Attempts have been
made to link the occurrence of the anaemia of
chronic disease with the insufficient production
of erythropoietin. Biregard et al 8 concluded
that serum erythropoietin levels are increased in
RA in response to the degree of anaemia.
Conversely, Baer et al suggest that suppressed
erythropoiesis may be in part due to reduced
erythropoietin.2 Serum inhibitors of erythro-
poiesis have been detected in patients with
RA.9 "0 Studies have examined the possibility
that interleukin 1 (IL-1)" or tumour necrosis
factor (TNF),'2 or both, may be involved in the
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suppression of erythropoiesis in patients with
RA.

Given the considerable debate which exists
about the underlying mechanism of the anaemia
of chronic disease, the aim of this study was to
compare in vitro the erythropoietic capacity of
patients with RA with that of normal subjects at
the burst forming unit erythroid (BFU-E) and
colony forming unit erythroid (CFU-E) stem
cell levels. BFU-E are in vitro colonies of
immature erythroblasts, whereas CFU-E
comprise more mature precursors. These colony
types represent a progression in red cell dif-
ferentiation. It is known that CD4 lympho-
cytes are the major source of burst promoting
activity which is fundamental to the formation
of BFU-E in vitro and in vivo. In a rare
subgroup of patients with RA, CD8 lympho-
cytes have been shown to cause inhibition of
haemopoiesis, including in some instances
erythropoiesis."3 14 CD 14 positive cells are a
potential source of IL-1 or TNF, or both
(cytokines which have been implicated as
causing the anaemia of chronic disease). Thus
these immunologically identifiable cells can
exert accessory or inhibitory effects on erythro-
poiesis. The selective cytolysis of these sub-
populations before clonogenic culture thus
allows speculation about possible factors affect-
ing the modulation of erythropoiesis at the
cellular level in patients with RA.

Patients and methods
PATIENT GROUPS AND MARROW SAMPLING
Marrow samples were aspirated from the
posterior iliac crests or sterna of patients with
RA with either iron deficiency anaemia (12
patients) or failure of iron utilisation (ten
patients). Control marrow samples were obtained
from ten patients undergoing diagnostic aspira-
tion in whom haemopoiesis was normal and in
whom no inflammatory condition was present.

Patients with RA were included in the study
if they had anaemia (haemoglobin<100 g/l), no
evidence of B- 12 or folic acid deficiency, nor of
thyroid or renal dysfunction. Patients were
excluded if they were receiving cyclophos-
phamide or azathioprine as these drugs are
known to interfere with bone marrow culture.
Table 1 gives the clinical details of patients in
this study. Patients with RA were defined as
having anaemia of chronic disease when bone
marrow examination showed excessive extra
haemoglobin iron localised within marrow
macrophages (Perls' stain). Patients with RA

Table I Clinical details for patients with rheumatoid
arthritis (RA). Results given as mean (SE)

Clinical parameter* RA+IDA RA+FIU*

Hb (g/l) 86-9 (317) 88-8 (2-3)
MCV (fl) 71-3 (210) 73-2 (1-5)
Ferritin (jig/l) 14-7 (4-0) 135-6 (33 4)t
PVisc (mPa) 1-91 (0107) 2-07 (0 06)
No positive for RF 9 6
No receiving DMD 8 7

*(IDA) iron deficiency anaemia; (FIU) failure of iron utilisation;
(Hb) haemoglobin; (MCV) mean corpuscular volume; (PVisc)
plasma viscosity; (RF) rheumatoid factor; (DMD) disease
modifying drugs.
tp<0-001-0003.

were defined as having iron deficiency when no
stainable iron was observed in the marrow
sample.

CULTURE OF CFU-E AND BFU-E ERYTHROID
PRECURSORS
Light density marrow cells were obtained by
density centrifugation (sp. gr. 1-077). Light
density marrow cells were cultured in triplicate
at a final concentration of 2 x 105 cells/ml.
Briefly, cells were cultured in supplemented
Dulbecco's minimal essential medium with
0-8% methylcelluose, 10% fetal calf serum, 20%
human serum, 10% PHA lymphocyte con-
ditioned medium, 5 x 10-4M ,B-mercaptoethanol,
and 1 U/ml recombinant human erythropoietin
(Amersham, Bucks, United Kingdom).

In some cultures indomethacin (Sigma, United
Kingdom) was included at a final concentration
of 10-5 mol/l. CFU-E and BFU-E colonies were
enumerated on days 5 and 14 respectively.

CYTOLYTIC REMOVAL OF SUBPOPULATIONS OF
LIGHT DENSITY MARROW CELLS
Before culture at 2xI05 light density marrow
cells per ml, CD4, CD8, or CD14 positive cells
were removed from the marrow samples using
complement fixing monoclonal antibodies and
DR typing grade rabbit complement (Pelfreez,
Northeast Biomedicals, Uxbridge, United
Kingdom). The method has been described
elsewhere. 5 The following monoclonal anti-
bodies were used: OKT4a (Ortho UK), RFT8:
IgM subtype (department of immunology,
Royal Free Hospital, London, United Kingdom)
and Mo2 (Coulter Clone). These monoclonal
antibodies identify CD4, CD8, and CD14
positive cells respectively. Complement controls
were always included.

STATISTICS
Intragroup and intergroup statistical analyses of
significance were performed using two sample
paired and non-paired t tests respectively.

Results
Table 2 compares the erythroid colony activity
in patients with RA with that in normal
subjects. CFU-E levels are significantly impaired
in patients with RA with iron deficiency
anaemia and failure of iron utilisation (p=0-002
and 0-004 respectively). BFU-E levels are

Table 2 Comparison of erythroid colony activity in normal
subjects and patients with rheumatoid arthritis (RA). Results
given as mean (SE) per 2x IO' light density marrow cells
in triplicate cultures

Patient groups CFU-E BFU-E
stem cells stem cells

Control subjects (n=10) 377 (17) 133 (6)
Patients with RA (IDA)

(n=12)* 293 (17) 102 (13)
Patients with RA (FIU)

(n=10)' 242 (35) 108 (20)

*(IDA) iron deficiency anaemia; (FIU) failure of iron utilisation.
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Table 3 Part played by accessory cells in erythropoiesis in normal subjects and patients with rheumatoid arthritis (RA). Results are mean (SE) colony
numbers per 2 x 105 light density marrow cells in triplicate cultures. For each of these samples the percentage reduction accompanying a cytolvtic step was
calculated. The significance values for comparnsons between colony numbers with and without monoclonal antibody manipulations are given

Culture conditions Normal subjects (n=10) Patients with RA and IlDA (ni=12) IPatients with RA and FlU (n= 10)

CFU-E Mean p Value (,CU-E Mean p Value (CFU-E Mean p V'alue
reduction (%) redutioun (") reduction

CFU-E
C control 377+ 17 293± 17 242+35
CD4 cells 139+8 62°/ p<0001 70+ 12 75%, p<0001 49±26 86" p<0001
CD8 cells 379+11 0% p=0-872 280+15 3"Yo p=0293 195+27 18', p=0034
CD14 cells 203+9 45"% p<0001 136+20 54', p<0001 162±22 32"%, p<0 004

BFU-E
C control 133±6 102+ 13 108+20
CD4 cells 0±0 99 7'S p<0001 20+5 84'S, p<0O001 12±6 92"%, p<0001
CD8 cells 108+5 17% p=0008 79+12 10"/,, p=0 116 34+10 76", p<0001
CD14 cells 99+6 25% p<0001 57+8 30"', p<0005 64+16 56" p<0001

*(IDA) iron deficiency anaemia; (FIU) failure of iron utilisation.

slightly, but not significantly, lower in the
rheumatoid groups compared with normal
subjects.

Table 3 shows the effects of cytolysis of
potential accessory cells of erythropoiesis from
marrow light density cell preparations before
culture. In marrow samples from patients with
RA and normal subjects removal of CD4
positive cells had a deleterious effect on sub-
sequent CFU-E and BFU-E formation. The
reduction in erythroid colony formation was
significantly more profound in patients with RA
compared with normal subjects following CD4
cell ablation (p<005 and p<0004 for patients
with RA with iron deficiency anaemia and
failure of iron utilisation compared with normal
subjects respectively). CD8 cell cytolysis was
found to have a significant effect on each stage
of erythropoiesis in the group with failure of
iron utilisation. As expected, CD4 cell removal
had an especially dramatic effect on BFU-E
numbers in all groups. CD14 cell removal was
consistently detrimental to CFU-E and BFU-E
formation in all groups. Intergroup comparisons
showed no difference in the extent of reductions
in CFU-E colony formation following CD14
cytolysis. However, the percentage decrease in
BFU-E numbers was significantly greater in the
group with failure of iron utilisation compared
with normal subjects (p<0-014).

The figure shows the effects of selective
cytolysis of subpopulations of mononuclear cells
on erythropoiesis in the three groups studied.

Discussion
This study shows that the in vitro erythropoietic
capacity of marrow from patients with RA is
significantly impaired at the CFU-E level com-
pared with normal subjects. CFU-E cells appear
at day 4 or 5 of culture and comprise the
immediate precursors of pronormoblasts. The
more primitive erythroblast colonies (BFU-E)
which were enumerated on day 14 of culture are
similar in number to those of normal subjects.
Previous studies by other workers have shown
reduced BFU-E numbers in patients with RA
and anaemia of chronic disease compared with
non-anaemic subjects.'6
The development of CFU-E from BFU-E

stem cells and subsequent differentiation into
more mature red cells is dependent on erythro-
poietin.'7 18 Red cell divisions at the primitive
BFU-E stage are dependent on burst promoting
activity, a major component of which is inter-
leukin 3 (IL-3).'9 20 Interleukin 3 may also
affect later stages of erythroid development.'9 21
The fact that CFU-E rather than BFU-E
numbers were significantly decreased in patients
with RA suggests that there may be reduced

100

Percentage reduction
in colony formation
following removal of
subpopulations of
mononuclear cells.
(A) Colonyforming unit
erythroid; (B) burstforming
unit erythroid. IDA =iron
deficiency anaemia;
FIU=failure ofiron
utilisation.
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production of erythropoietin or an impaired
response to this cytokine on the part of the
CFU-Es in patients with RA.

Iron deficiency in RA may result from
gastrointestinal blood loss, or from inadequate
dietary intake. Nonetheless, defective CFU-E
formation was also noted in patients with iron
deficiency anaemia as well as those with failure
of iron utilisation, suggesting that blood loss is
not entirely responsible for their anaemia.
As a result of their potential influence on

erythropoiesis, CD4 and CD8 lymphocytes and
monocytes were studied by selective cytolytic
manipulation of marrow cells before culture.
Cytolysis of CD4 positive cells before the
culture of light density marrow cells greatly
reduced BFU-E colony formation, presumably
as a consequence of diminished burst promoting
activity production. Interleukin 3 has a stimu-
latory effect on monocyte-macrophages in
addition to its effect on BFU-E.2-22 CFU-E
numbers were reduced to a lesser but still
significant extent after CD4 cytolysis. This
increased dependence of CFU-E cell precursors
on CD4 cells in patients with RA compared
with normal subjects possibly represents a
compensatory mechanism acting in the presence
of suboptimal circumstances for erythropoiesis.
Red cell development represents a continuum,

thus a small proportion of the haemoglobinised
colonies enumerated on day 5 might have been
small, early appearing bursts (mature BFU-Es
which are dependent on erythropoietin). If
so, CD4 cytolysis would have reduced this
population.
CD8 positive cells have been shown to inhibit

various aspects of haematopoiesis, including
erythropoiesis, in patients with RA and chronic
T cell lymphocytosis.'4 '5 This study included
an investigation of these cells as potential
inhibitors of red cell development in RA. We
are unaware of a part for CD8 positive cells in
normal erythropoiesis, but note that their
removal had a significantly deleterious effect on
red cell colony formation in patients with RA
and failure of iron utilisation. These cells
possibly have a supportive part to play in the
fragile erythropoiesis seen in such patients.

Monocytes appear to be supportive in ery-
throid colony formation in all groups. In
contrast, Roodman et al 23 showed an increase
in BFU-E stem cells following monocyte
removal by adherence to plastic. As they report
improbably high monocyte percentages in
marrow (40 (5)% for normal subjects, 44 (8)%
and 38 (8)% for non-anaemic and anaemic
patients with RA respectively), however, their
results must be interpreted with caution.
Conversely, Gordon et al 24 have shown that
bone marrow monocytes normally stimulate
erythroid colony formation.

In summary, on the basis of our experimental
data, CD4 lymphocytes and monocytes both
have major supportive roles to play in erythro-
poiesis in normal subjects and patients with RA.

It has been suggested that IL-1'2 and TNF'3
are humoral inhibitors of erythropoiesis in
patients with RA. It must be borne in mind that
the effects of IL-1 on haematopoiesis are com-
plex. Marrow fibroblasts and stromal cells are

induced by IL- I to produce granulocyte-
macrophage and granulocyte colony stimulating
factors,2527 which can stimulate the growth of
BFU-E.20 Thus IL-l might provide stimulatory
and inhibitory signals to erythropoietic pro-
genitors. If IL-I derived from marrow macro-
phages is a major factor in the inhibition of
erythropoiesis, we would have expected an
increase in erythropoiesis following the cytolysis
of CD14 positive cells. In reality a reduction
was observed. As light density marrow cells
receive a total of four washes before culture, any
exogenous IL- 1 or TNF previously present
would certainly have been removed. Therefore
we can assume that IL-l mediated inhibition of
erythropoiesis is not part of the function of
marrow macrophages.
Tumour necrosis factor does not affect

erythropoietin induced erythroid differentiation
as shown by Schooley et al.28 The principal
haematological effects ofTNF are the activation
of macrophages, granulocytes, and cytotoxic
cells, in addition to increasing leucocyte and
endothelial cell adhesion.29 These biological
activities should have no effect on erythro-
poiesis.
The synthesis of erythropoietin occurs

primarily in the kidney30 in response to lowered
tissue oxygen tension. Erythropoietin is reported
to be produced in marrow macrophages,3'-34
thus cytolysis of CD14 positive cells would be
expected to have a deleterious effect on CFU-E
formation, as is indeed shown by our data.
Additionally, granulocyte-macrophage colony
stimulating factor produced by monocyte-
macrophages has been shown to initiate or
support erythroid colony formation.'0 20 24 35-37
The marrow monocyte-macrophage is an
extremely complex cell performing a myriad of
functions in haematopoiesis. Although these
cells may be regarded as a source of potential
inhibitors of erythropoiesis we have found that
their overall effect is stimulatory.
Owing to the important part played by non-

steroidal anti-inflammatory drugs (NSAIDs) in
the management of RA, we examined the
possible contribution of these drugs to the
anaemia of RA by looking at the effect of
indomethacin on erythroid colony numbers.
Our data (not shown) showed no difference
when indomethacin (105 mol/l) was present in
culture. It is therefore unlikely that NSAIDs
exert a direct inhibitory effect on erythropoiesis.
Our study considers erythropoiesis in RA at

two levels of development of red cell precursors,
unlike previous in vitro studies which focused on
BFU-E stem cells alone." 16 CFU-E stem cells
are a critical stage in the marrow response to
anaemia as they are highly dependent on erythro-
poietin. Our data showed a significant impair-
ment of CFU-E formation in RA. This finding
leads us to question whether an aberration in
either erythropoietin response or production
could be contributing in part to the disordered
erythropoiesis observed in patients with RA.
Previous studies present conflicting evidence
about the effectiveness of erythropoietin secre-
tion in active RA.3 34 As we cultured marrow
samples from normal subjects and patients with
RA with identical amounts of erythropoietin,
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which had been shown to be sufficient for
effective erythropoiesis in normal marrow

samples, it is likely that marrow from patients
with RA does show a blunted response to

erythropoietin at the CFU-E level. As our

culture system does not include supraoptimal
concentrations of erythropoietin, it is possible
that marrow macrophages are further contribut-
ing to in vitro levels of erythropoietin. The
mechanisms underlying the anaemia of chronic
disease are likely to be several and complex.
The sequestration of iron by marrow macro-

phages seen in the failure of iron utilisation
must also be a contributory factor in the
pathogenesis of anaemia in these patients. In the
failure of iron utilisation iron is unavailable for
erythropoiesis due to its impaired release from
the monocyte-macrophage system to circulating
transferrin. Within this system iron is bound to
apoferritin for which is has a higher afffmnity
than for transferrin. As apoferritin is an acute
phase reactant protein and its synthesis is
stimulated by IL-1, it has been proposed that
iron is immobilised by increased intracellular
concentrations of apoferritin in inflammatory
disorders.6 Our analysis of erythropoiesis at
stem cell level in patients with RA, combined
with in vitro cytolysis, has allowed scrutiny of
the functional parts played by potential accessory
cells. The data from this study re-enforce the
contention that RA erythroblasts have a blunted
response to erythropoietin at the CFU-E level.
Finally, IL-I may be a contributor to the patho-
genesis of anaemia of chronic disease in patients
with RA, but its principal production site does
not encompass marrow monocytes.
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