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Phytohaemagglutinin induced proliferation of
lymphocytes from patients with rheumatoid arthritis
and iron deficiency
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SUMMARY The response of peripheral blood lymphocytes to stimulation by mitogens such as

phytohaemagglutinin (PHA) is commonly depressed in both rheumatoid arthritis and iron
deficiency, and as many rheumatoid patients are anaemic with evidence of abnormal iron
metabolism it is possible that the same mechanism underlies the observed suppression in both
conditions. In the present study the mitogenic response to PHA of lymphocytes from three
rheumatoid patients, who were also iron deficient, and two healthy controls has been shown to be
significantly less in iron deficient than iron containing media (p<0001). In addition, iron
deficient sera from these patients reduced the PHA induced proliferation of lymphocytes from a

normal subject (p<0-01), an effect which was prevented by prior addition of iron to these serum
samples. In iron containing media lymphocytes from five patients and two controls showed no

difference in their response to PHA for both the minimum mitogen concentration which
enhanced transformation and the peak [3H]thymidine uptake; but patients' lymphocytes showed
significantly less response to PHA concentrations of 5 and 10 mg/l (p<002), resulting in a

reduction in the area under the dose response curves up to 20 mg/l (p<0-05). These findings show
both that iron deficient sera can impair PHA induced lymphocyte transformation and that
lymphocytes from iron deficient rheumatoid patients have impaired responsiveness to PHA. Iron
is known to be required intracellularly for the enzyme ribonucleotide reductase, which is
important for DNA synthesis, and reduced activity of this enzyme could explain these observed
effects.

In patients with rheumatoid arthritis the response of
peripheral blood lymphocytes to the mitogens
phytohaemagglutinin (PHA) and concanavalin A
(con A) is fairly consistently depressed. -5 Several
studies have also suggested that after successful
treatment with remission inducing agents the
lymphocyte response will return to normal,6
though the mechanism which underlies this recovery
is not clear. Animal studies have shown that iron
deficiency will reduce lymphocyte responsiveness to
mitogens; a result which may be due to inadequate
concentrations of circulating transferrin bound iron
rather than to an intrinsic defect in the cells
themselves.7 As impaired iron metabolism and even
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overt iron deficiency is a frequent complication of
rheumatoid arthritis,'"' which is often corrected by
the therapeutic suppression of disease activity, it is
possible that changes in iron availability may
account for the observed response to mitogen
stimulation of lymphocytes from these patients.

Patients and methods

Five patients with active rheumatoid arthritis, who
were also markedly iron deficient (Table 1), and two
healthy controls with normal iron stores were
studied. All gave informed consent to the study,
which received local ethical committee approval.

All solutions were prepared in iron free plastic or
acid washed glassware using glass distilled deionised
water and, where necessary, sterilised by filtration.
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Proliferation of lymphocytes from patients with RA 571

Table 1 Patient details

Patient Agel ARA* Haemoglobint Serum Ferritint
No sex criteria'2 (gil) ironl (mgIl)

TIBC*t
(WnolIl)

1 42 F 7/11 74 3/74 1
2 64 M 7/11 69 2/78 1
3 63 M 7/11 98 3/60 1
4 66 F 8/11 97 6/55 39t
5 65 M 7/11 126 7/58 2

*ARA=American Rheumatism Association; TIBC=total iron
binding complex.
tHaemoglobin: normal range for men 130-160 g/l; for women
120-150 g/l (World Health Organisation criteria for anaemia: for
men <130 g/l, for women <120 g/l); serum iron/TIBC: normal
range 13-32/45-70 lsmoVl; ferritin: normal range 13-250 mg/l.
(Reduced iron stores in rheumatoid arthritis suggested by ferritin
<12-0 mg/I.'3)
tSerum ferritin of this concentration, despite a low serum iron,
probably related to the inflammatory process as this patient had an
erythrocyte sedimentation rate >120 mm/h. Iron deficiency is
confirmed by a transferrin saturation below 16% .4

Serum was stored at -20°C and filtered through a
0-02 urm filter (Millipore (UK) Ltd, Harrow,
Middlesex, UK) before use.

POOLED NORMAL SERUM
Venous blood was taken from 10 healthy subjects
(nine men) with normal iron stores and the serum
separated by centrifugation (2600 rpm for 10 minutes)
and pooled. The complement present was inactivated
by heating to 56°C for 30 minutes.

IRON DEFICIENT SERUM
Samples of fetal calf serum (Gibco Europe Ltd,
Uxbridge, Middlesex, UK) and pooled human
serum were dialysed overnight against 100 mM
sodium citrate solution (pH 4.5) and then dialysed
extensively against iron free water.

IRON DEFICIENT RPMI 1640
Chelex (1 g; Sigma Chemical Co, Poole, Dorset,
UK) was added to 20 ml RPMI 1640 culture medium
(Gibco) containing 120 mg/l benzylpenicillin,
100 mg/I streptomycin; and 100 mg/l amphotericin B,
and turned end over end for 60 minutes at 20°C. The
supernatant was decanted off and 1-8 mM calcium
chloride and 0*8 mM magnesium sulphate were
added back to the medium.

HOMOLOGOUS PATIENT SERUM
Serum was obtained from three of the rheumatoid
patients, and 0-5 mg ferrous ammonium sulphate
was added to a 10 ml aliquot from each to saturate
the transferrin; the remaining serum was stored
untreated.

ISOLATION AND CULTURE OF CELLS
Venous blood was taken into heparinised dextran,
the erythrocytes sedimented under gravity, and the
peripheral blood mononuclear cells were isolated by
centrifuging the plasma through Ficoll (Pharmacia,
Milton Keynes, Buckinghamshire, UK).'5 After
washing three times in Chelex treated iron deficient
RPMI 1640 the cells were counted in a haemocyto-
meter. Viability was determined by exclusion of
0.2% trypan blue, and the cells were then suspended
at a concentration of 106 cells/ml in either Chelex
treated or untreated RPMI 1640 containing 10%
(v/v) serum which was either fetal calf or human
serum pretreated as indicated. The cells were
cultured in flat bottomed microtitre plates (Dynatech
Laboratories Ltd, Billingshurst, Sussex, UK) with
each well containing 200 000 cells, under a humidified
atmosphere of 5% C02/air at 37°C for 66 hours, and
PHA (Sigma) was added in varying concentrations
(range 0-50 mg/l) as appropriate. The effects of iron
deficient and iron containing media on PHA induced
mitogenesis were assessed using lymphocytes from
three patients (Nos 2, 4, and 5), while cells from all
five patients were cultured in iron containing media
to obtain PHA induced dose response curves.
Proliferative response was assessed by incubation
with [3H]thymidine (Amersham International plc,
Aylesbury, Buckinghamshire, UK), 37 kBq/well,
for four hours. The cells were harvested with a
Skatron cell harvester (Flow Laboratories, Rick-
mansworth, Hertfordshire, UK) and the radioactivity
counted in a Packard liquid scintillation counter.

Results for lymphocyte transformation are ex-
pressed as either cpm/well, or mean transformation
index (cpm/well after stimulation with PHA divided
by the cpm/well without mitogen) and compared
using Wilcoxon's matched pairs signed ranks test for
non-parametric data. In addition, the results were
converted to log,( cpm and compared using Stu-
dent's t test for paired and unpaired data as
appropriate. Two tailed tests were used throughout.

Results

Lymphocyte viability as assessed by trypan blue
exclusion was always greater than 98% before
culture and greater than 95% in both iron containing
and iron deficient media at the end of the culture
period. The iron content of the citrate treated sera
as determined by a standard laboratory semiauto-
mated process (and based on the method of Young
and Hicks16) was found to be less than 2 itmol/l,
while the Chelex treated culture media contained
less than 2 tg/l as determined by flameless atomic
absorption spectrophotometry.
When all three iron deficient incubation media

are considered together PHA induced mitogenesis
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Table 2 Effects of iron deficient media on lymphocyte transformation

PHA (mg/l) FCS*

+Iron -Iron

PNS*

+Iron

Control 1 0.0
10*0
20-0

Control 2 0-0
100

20()
Patient 2 0-(

10-0
20-(

Patient 4 0 0
10-0
20-0

Paticnt 5 0.0
10-(
20-0

Control 1

Control 2

Patient 2

Patient 4

Patient 5

10-0
20-0
10-0
20-0
10-0
20-0
10-0
20-0
10-0
20-0

CpmlwellxlJ-O

1*31 0-26 0(87 0(41 1*05 0-61
46-04 4-57 56-89 5-37 5131 28-79
42-90 3-10 43-41 4-67 45 70 170()
1-45 0-30 1-49 0(48 - -

99-69 12-44 111*54 28-65
89-90 10-54 126-84 27-78 - -

0-07 0-34 0-60 3-57 0-28 119
137 0-20 11*96 5-10 6-94 2-84
0-60 0(15 9-43 2-94 4-53 1 75
0-46 0-25 0-61 (-33 0-95 0-18

22-94 5-66 27-48 7-98 19-71 1-34
17-65 4-25 21-94 6-52 14-47 1-07
1-53 0-30 0-34 0(30 0*79 0-24

18-53 0-63 24-90 1-20 19-74 1-61
15-29 0-46 16-91 1-22 10-77 1-03

Mean transformation index*

35-15
32-75
68 75
62-00
19-57
857

49-87
38-37
12-11
9.99

17-58
11-92
41-47
35-13
<1-00
<1-00
40-43
30-36
2-10
1-53

65 39
49-90
74-86
85 12
19-93
15 72
45-05
35.97
73-23
49-74

13-10
11-39
5956
57-88
1-43

<1 00
34-70
28 35
4-00
4-07

48-87
43 52

24-79
16-18
20-75
15-23
24-99
13-63

47-20
27 87

2 39
1-47
7-44
5-94
6-71
4-29

*FCS=10% fetal calf serum in RPMI 1640 with antibiotics; PNS=10% pooled normal serum in RPMI 1640 with antibiotics; HS=10%
homologous serum in RPMI 1640 with antibiotics; mean transformation index=cpm per well after stimulation with mitogen/cpm per
well without mitogen.

was markedly reduced for lymphocytes from both
patients (p<0.0001) and controls (p<0-001; Table 2).
Similar reductions were seen for each medium
individually in the patients (p<0-05), and for fetal
calf and pooled normal serum in the controls
(p<0-05). These changes remained significant when
the mean transformation indices were calculated
(Table 2). The reduction of spontaneous, unstimu-
lated proliferation of lymphocytes by the iron
deficient conditions was greater than that of the
PHA transformed cells, which resulted in mean

transformation indices that were actually higher in
iron deficient than in iron containing media.
Addition of pooled normal serum resulted in the
greatest DNA synthesis for most patients and
controls in both iron containing (p<005) and iron
deficient media, but there was no difference between
media containing homologous sera or fetal calf sera.

Native iron deficient serum from three patients with
rheumatoid arthritis led to a significant reduction in
the uptake of [3H]thymidine by lymphocytes from a

normal subject (p<OO1), which was reversed by

prior addition of iron to the serum samples. The
mean transformation indices were, however, greater
in the iron deficient than in the iron containing
media (p<005; Table 3).

Table 3 Effects ofpatients' serum on 'normal' lymphocytes

PHA Patient 2 Patient 4 Patient 5
(mg/t)

+Iron Native* +Iron Native +Iron Native

Cpmlwellx 10-3

0-0 1-14 0-34 0-95 0-45 0-98 0-37
10-0 84-21 58-84 113-52 71-80 113-28 55-36
20-0 75-00 47-55 120-11 53-41 117-90 56-07

Mean transformation index*

10-0 73-87 173-06 119-49 159-56 115-59 149-62
20-0 65-79 139-85 126-43 118-69 120-31 151*54

*Native=native patient serum in iron deficient RPMI 1640; mean
transformation index=cpm per well after stimulation with mitogen/
cpm per well without mitogen.

- Iron

HS*

+ Iron Ironi
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Table 4 Transformation of lymphocytes with increasing doses of phytohaemagglutinin (PHA) RPMI 1640 medium
containing 10% fetal calf serum with iron and antibiotics

PHA (mg/l) CpmlwelIxlO-'

0-00 1 00 2-50 5-0 10-0 200 300 40-0 50-0

Control 1 0-10 0-10 4-32 36-3 99-4 81-1 73-8 44-6 38-4
Control 2 0-09 0-10 2-07 54-2 84-9 79-1 78-0 76-9 75-3
Patient 1 0-10 0-26 1-08 12-4 51-0 144-4 - - -
Patient 2 0-18 0 26 2-24 4-4 50-4 55-6 58-4 38-4 29-5
Patient 3 0-09 0-09 0-87 4-0 15-6 39-7 - - -
Patient 4 0-19 0-27 0-52 7-8 26-9 64-8 70 0 30.3 31-1
Patient 5 0-14 0-25 1-84 11-2 58-5 103-5 88-8 58-5 58-7

In iron containing RPMI 1640 medium with 10%
FCS and antibiotics lymphocytes from all subjects
underwent transformation when treated with PHA
(Fig. 1), with no significant differences between cells

100 _

.*
90

80 /

70 -

60 /

-J

3 :O

40-350 - '

20 -

10

30 L

0 5 10 15 20 25 30
PHA concentration mg/I

Fig. 1 Dose response curves showing [3HJthymidine
uptake (cpm/wellxJ1-3, mean (SEM) at increasing
concentrations ofPHA for controls (x .x x)
and rheumatoid patients (0--0a- -0). *indicates
values significantly differentfrom controls, p<O-02.

from patients and controls when the response to
mitogen was characterised by the minimum mitogen
concentration eliciting a response (2-5 mg/i) or by
the peak [3H]thymidine uptake (Table 4). With
PHA concentrations of 5 and 10 mg/l, however,
there was significantly less response with lympho-
cytes from the iron deficient rheumatoid patients
than from controls ip<0-02), resulting in a reduction
in the cumulative [ H]thymidine uptake up to PHA
concentrations of 20 mg/l (p<005), though by a
concentration of 50 mg/i this was no longer seen.
There was no correlation between responsiveness to
PHA and degree of iron deficiency in these patients.

Discussion

Iron deficiency has been shown to inhibit markedly
the response to PHA of lymphocytes from both
rheumatoid patients and controls (p<0-001) without
affecting cell viability. Similarly, iron deficient sera
from three patients inhibited the transformation of
lymphocytes from a normal subject (p<0-01), and
this effect was prevented by prior addition of iron to
these serum samples.

Similar results were foynd4in in vitro studies,7 in
which the degree of priiferation to con A of mouse
lymphocytes from iron deficient and normal animals
in serum free medium containing apotransferrin was
significantly lower than in media containing 20%
iron saturated transferrin or 10% fetal calf serum.
Irrespective of the iron status of the animal, pro-
liferation of cells was lower in media supplemented
with serum from iron deficient mice than when
serum from normal or iron replete mice was used.
The addition of iron to the iron deficient serum also
significantly improved its ability to promote pro-
liferation, whereas in vivo repletion of iron deficient
mice resulted in restoration of normal lymphocyte
responsiveness to con A. Human studies have also
shown a decreased in vitro proliferation of lympho-
cytes from iron deficient patients using media
supplemented with their own sera.17 18
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574 Polson, Bomford, Berry, Williams

In the present study lymphocytes from iron
deficient rheumatoid patients, when incubated in
iron containing media, respond to stimulation with
PHA in a similar manner to cells from normal
subjects, particularly with regard to the minimum
mitogen concentration eliciting a response and the
peak [3H]thymidine uptake. With lower PHA con-
centrations, however, the proliferation of lympho-
cytes from patients was reduced, resulting in a

significantly lower cumulative [3H]thymidine incor-
poration (p<O0O5). This would be consistent with an

intrinsic defect in the patient's cells which is partially
inhibiting the proliferative response to PHA. A
reduction in the number or affinity of lectin binding
sites, reduced interleukin 2 production, or reduced
binding to interleukin 2 receptors is possible, though
it is unclear at present whether such changes occur

consistently in rheumatoid arthritis.'9 The role of
transferrin and its receptor in lymphocyte prolifer-
ation is well known,20 and although activation
antigens were not examined in the present study,
others have shown an increase in the number of
rheumatoid inflammatory T cells that express trans-
ferrin receptors.2' Failure of expression of this
receptor is, therefore, unlikely to account for the
diminished response to PHA seen in the present
study. At a cellular level iron is an essential cofactor
for the enzyme ribonucleotide reductase, which is
required for the production of deoxyribonucleoside
diphosphates in the synthesis of DNA,22 23 and
indeed clinical studies have shown a reduction in the
metabolites of deoxyribonucleoside diphosphates in
iron deficient patients.24

In other studies into PHA induced lymphocyte
responsiveness in rheumatoid arthritis it has been
stressed that inhibition of proliferation is best shown
by examining dose response curves, calculated from
the cumulative [3H]thymidine uptake at all concen-

trations of mitogen, rather than the response to
specific concentrations,2 and that impaired respon-
siveness is associated with disease activity3 and
particularly with erosive arthropathy.2 Unfortun-
ately, in these studies there is no mention of the iron
status of the patients, though it is known that iron
deficiency is common in rheumatoid vatients and
that this correlates with disease activity. Awareness
of the role of iron deficiency in PHA induced
lymphocyte transformation is particularly relevant
in studies where autologous serum is added to the
media,' as lack of iron in this serum will exacerbate
the effect of any intrinsic cellular defect.

In the report by Highton and colleagues lympho-
cyte responsiveness to various mitogens in rheuma-
toid patients returned to normal after 15-24 weeks'
treatment with sodium aurothiomalate, and it was

suggested that this was due to lessening of rheuma-

toid disease activity.5 These workers found, as in
our study, that serum samples from some of their
patients were capable of suppressing the function of
normal lymphocytes, and that this effect was less
apparent after treatment. This suppressive effect did
not correlate with concentrations of C reactive
protein or rheumatoid factor, but there was an
inverse relation between the responsiveness of
normal lymphocytes with patient sera and the level
of Clq binding activity. Although it is possible that
immune complexes in serum may be one factor
leading to suppression of lymphocyte function in
rheumatoid arthritis, there is no mention of the iron
status of these patients before and after their gold
treatment, which may provide an alternative explan-
ation for the observed effects.

Iron deficiency may not be the only factor in the
impaired proliferative response to PHA in patients
with rheumatoid arthritis, but the results of the
present study do emphasise the need to include the
iron status of patients in the interpretation of results
from studies of this type.

We thank Ciba-Geigy for financial support.
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