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SUMMARY

There is increasing evidence that spontaneous anticytokine autoantibodies are associated with
chronic infections and autoimmune diseases. We report the sporadic occurrence in autoimmune
diseases of such autoantibodies to granulocyte–macrophage colony-stimulating factor (GM-CSF),
a cytokine involved in inflammation and the regulation of proliferation, differentiation and
function of granulocytic and monocytic cell lineages. In 41 of 425 patients tested, we found low
to moderate levels of autoantibodies binding to GM-CSF in serum or plasma. These were most
prevalent in patients with myasthenia gravis (MG). However, neutralizing autoantibodies against
GM-CSF were very rare, being found in only three patients. Two had autoimmune MG, one with
thymoma (Patient A) and the other (Patient B) with ‘seronegative’ MG, i.e. without the
antiacetylcholine receptor autoantibodies characteristic of most MG patients, and a third (Patient
D) had multiple sclerosis. Only very limited amounts of Patient A and Patient D serum/plasma
were available for analysis and therefore further studies were carried out on the more plentiful
samples from Patient B. The anti-GM-CSF autoantibodies of Patient B were predominantly
polyclonal immunoglobulin G and strongly neutralized recombinant human (rh) GM-CSF derived
from different expression systems. They had similar immunological and immunochemical character-
istics to anti-GM-CSF antibodies that developed in immunocompetent colorectal carcinoma
patients following (rh)GM-CSF therapy. In serial samples from Patient B, the anti-GM-CSF
autoantibodies were undetectable from diagnosis at age 8 years until at least age 13, but then
developed spontaneously during (temporary) withdrawal of immunosuppressive treatment. Their
neutralizing activity has persisted since their first detection at age 15 years 1 month, and was at
its highest level recently at age 17 years 7 months. There was no obvious association with other
autoimmune phenomena, nor were any haematological deficiencies overtly manifested, suggesting
that any loss of GM-CSF function may have been compensated for by other cytokines.

INTRODUCTION onset before age 40 (early onset, EOMG), 40% with later
onset (LOMG) and 10% with a thymoma. However, in another

‘Spontaneous’ autoantibodies (i.e. occurring without overt 10–15% of cases with typical generalized MG, they are not
antigenic stimulation) can be directed against a spectrum of detectable using standard radioimmunoassays (with labelled
self-antigens, including serum proteins, carbohydrates and human AChR).2 Nevertheless, these so-called ‘seronegative’
DNA. They are uncommon in healthy individuals and, if cases apparently have autoantibodies to other endplate anti-
present at all, tend to be low-affinity immunoglobulin M gens that can reproduce their electrophysiological defects when
(IgM) autoantibodies.1 However, especially in autoantibody- passively transferred to mice.6 In contrast, seropositive MG
mediated disorders, their frequency, affinity and titre may be patients with thymoma always have antibodies to striated
greatly increased.2–4 The distinct subsets of myasthenia gravis muscle antigens, and we have recently found that about 90%
(MG) patients offer a particularly striking example. The of them have antibodies to interferon-a (IFN-a) and about
muscle weakness is clearly mediated by autoantibodies to the 60% to interleukin-12 (IL-12), both of which neutralize the
nicotinic acetylcholine receptor (AChR) at the motor endplate respective cytokine activities in bioassays in most cases, often
in most cases,2,5 including about 30% of those patients with to high titre.7 All of these autoantibodies also occur in about

30% of LOMG patients without thymoma (who are clinically
Received 17 December 1998; revised 3 March 1999; accepted indistinguishable from the remaining 70%), but much more

3 March 1999. rarely in EOMG.
Sporadic autoantibodies to IFN-a8 and a number of otherCorrespondence: Dr A. Meager, Division of Immunobiology,

cytokines, including IFN-c,9 IL-2,10 IL-6,11,12 IL-8,13,14National Institute for Biological Standards and Control, Blanche
Lane, South Mimms, Potters Bar, Hertfordshire, EN6 3QG, UK. IL-10,15 and tumour necrosis factor-a (TNF-a),16 have been
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detected in patients with various autoimmune, malignant, Below are the case histories, where available, of the individ-
ual patients cited in the text. Sera of three patients (A,B andor infectious disorders. These, and autoantibodies to

IL-1a and granulocyte–macrophage colony-stimulating factor D) were found to have high levels of neutralizing anti-GM-
CSF autoantibodies while that of a fourth patient (C ) had(GM-CSF), have also been sporadically found in apparently

healthy individuals.17–23 While many of them can neutralize only high binding anti-GM-CSF antibodies with no neutraliz-
ing activity.their respective cytokine in culture, their in vivo effects and

clinical significance remain enigmatic. Patient A. A female (date of birth 06.06.11) was first
recorded as having MG on 15.02.84. A thymoma was removedBesides MG, thymomas are occasionally associated with

other disease states, that apparently also have an autoimmune on 03.11.83 before onset of MG. Her anti-AChR antibodies
were 18·0 nmol on 27.02.84. She was treated with steroids andbasis, including red cell aplasia, and agranulocytosis.24,25 We

therefore tested sera from patients with MG with or without azathioprine from 15.03.84.
Patient B. A female (date of birth 17.08.80) developedthymoma, or with other autoimmune diseases, or with chronic

haematological (malignant or non-malignant) diseases, or with fatiguable weakness of the extraocular, facial, bulbar and (to
a lesser extent) limb muscles at age 2·5 years. The diagnosiscolorectal carcinoma, for the presence of anticytokine anti-

bodies, especially anti-GM-CSF antibodies, that could poten- of MG was established at age 8 years by single fibre electromy-
ography. Since then, despite persistent MG, she has never hadtially affect cellular proliferation and immune responses. We

now describe characterization of the anti-GM-CSF autoanti- detectable anti-AChR autoantibodies. As is typical with
seronegative MG cases, her strength improved objectively afterbodies found in autoimmune patients, including one strongly

neutralizing anti-GM-CSF serum/plasma observed in one case plasma exchange, both at diagnosis (October 1988) and 7 years
later (January 1996). She was therefore maintained on azathio-of ‘seronegative’ MG.
prine/prednisolone on alternate days from November 1988 to
June 1994; also from March 1996 (age 15D years), since when

PATIENTS AND METHODS
the dosage of prednisolone has been decreased. To reduce
effects on her growth, she was given oxandrolone betweenPatients

Patients with neurological disease were first diagnosed and June and December 1992 for the 5 months spanning her 12th
birthday, and again 1 year later. She has never receivedsubsequently treated at the National Hospital for Nervous

Diseases, London, UK or the John Radcliffe Hospital, Oxford, intravenous immunoglobulin treatment. Blood cell counts were
normal at diagnosis and in March 1996.UK. The diagnosis of MG and Lambert–Eaton myasthenic

syndrome (LEMS) was based on standard clinical, electromyo- Patient C. A female (date of birth 13.04.33) with a history
of limb girdle muscular dystrophy from the age of aboutgraphic and serological evidence. The multiple sclerosis (MS)

patients were all positive for oligoclonal bands in their spinal 20 years. In 1975 she developed type 1 diabetes and hyperten-
sion, in 1990 suffered a myocardial infarct, and in 1994 sufferedfluid. The patient groups included in the study are listed in

Table 1. Serum or plasma from patients, mostly at diagnosis, heart failure (part dystrophic, partly ischaemic). She was first
seen by neurologists in 1995, and spinal muscular dystrophywas stored at −20°/−70° and archived until tested.

Table 1. Frequency of binding and neutralizing autoantibodies to rhGM-CSF in various patient groups and healthy controls

Binding autoantibodies Neutralizing autoantibodies
(by ELISA)* (by TF-1 bioassay)

Patient group Positives/total Mean OD of positives Positives/total Titre†

Thymoma/no autoimmune disorder 2/14 0·194 0/14 n.a.
Thymoma-associated myasthenia gravis (MG) 11/89 0·491 1/89 4·8‡
Late onset (LO) MG 7/24 0·227 0/24 n.a.
Early onset (EO) MG 10/36 0·301 0/36 n.a.
Seronegative MG 2/15 1·382 1/15 0·8§
Lambert–Eaton myasthenic syndrome (LEMS) 5/26 0·154 0/26 n.a.
Polymyositis/muscular dystrophy 3/13 1·521 0/13 n.a.
Juvenile type 1 diabetes mellitus 0/33 n.a. 0/33 n.a.
Multiple sclerosis (MS) 1/44 1·320 1/44 1·6
Sézary syndrome 0/12 n.a. 0/12 n.a.
Aplastic anaemia 0/47 n.a. 0/47 n.a.
Chronic myelogenous leukaemia (CML) 0/12 n.a. 0/12 n.a.
Untreated colorectal carcinoma 0/60 n.a. 0/60 n.a.
Healthy controls 0/77 n.a. 0/77 n.a.

n.a., not applicable.
*Tested at 1520 dilution of serum/plasma.
†Lowest dilution of serum/plasma tested was 1540.
Titre expressed as volume of plasma (ml ) required to neutralize 10 IU rhGM-CSF.
‡Patient A sample of 15.3.84,
§Patient B sample 25.3.96.
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and Duchenne muscular dystrophy were excluded. She was Detection of neutralizing GM-CSF antibodies
The biological activity of GM-CSF was determined using thefound to be negative for anti-AChR autoantibodies. Her

haemoglobin and blood cell counts were normal when tested human TF-1 erythroleukaemic cell line which proliferates in
response to GM-CSF.26,27 Briefly, dilution series of variousin November 1994 and February 1995. She died in February

1998 aged 64 years. rhGM-CSF preparations, and of the WHO International
Standard for rhGM-CSF (88/646), were prepared in 100 mlPatient D. The case history of Patient D, diagnosed with

MS, who has neutralizing-anti-GM-CSF, was not available. volumes in 96-well microtitre plates. TF-1 cells, from exponen-
tially growing cultures, were added in RPMI-1640 medium
containing 5% fetal calf serum (FCS) at 105 cells/ml,
0·1 ml/well. The plates were incubated for 48 hr at 37°, pulsedBinding ELISA for the detection of anti-GM-CSF and

anticytokine autoantibodies for 4 hr with [3H ]thymidine, harvested and the radioactivity
incorporated into DNA was estimated by scintillation count-The wells of micro-enzyme-linked immunosorbent assay

(ELISA) plates were coated with recombinant human (rh) ing.27 For neutralization assays, a twofold dilution series of
patients’ sera/plasmas in microtitre plate wells were preincu-GM-CSF at 5 mg/ml in 100 ml phosphate-buffered saline (PBS),

pH 7·0, overnight at 4°. Wells were then blocked with 5% milk bated with a fixed amount of rhGM-CSF for 1 hr at 37°.
Activity of GM-CSF preparations was determined asprotein in PBS for at least 30 min at room temperature. The

sera/plasmas were diluted in 5% milk/PBS and were added to International Units (IU ) by direct calibration with the WHO
International Standard for rhGM-CSF (88/646). The volumeswells at 100 ml per well. Following overnight incubation at 4°,

the samples were removed and wells were washed five times of serum/plasma required to neutralize completely the activity
of 1·0 IU of GM-CSF were derived using serum 50% effectivewith 5% milk/PBS. Horseradish peroxidase (HRP)-conjugated

antihuman IgG (Sigma Aldrich Co., Poole, Dorset, UK), dose (ED50) responses obtained from fitting common asymp-
totes and slope for all test samples, separately for eachdiluted to 151000 in 5% milk/PBS, was added to all wells

(100 ml well ) and plates were incubated for 1·5 hr at room GM-CSF preparation.28
temperature. Wells were then washed five times with PBS
containing 0·5% Tween-20 prior to addition of tetramethylbenzi-
dine (TMB) substrate (100 ml/well ). The colour reaction was RESULTS
terminated after 30 min incubation at room temperature by the

Occurrence of anti-GM-CSF autoantibodies
addition of 2  H2SO4 (100 ml/well ) and absorbance was meas-
ured at 450 nm. Samples with absorbance 2×SD greater than Sera/plasmas from patients with various autoimmune and

other diseases were screened for the presence of anti-GM-CSFthe mean of normal control values were deemed positive and
further quantified by ELISA and neutralization assays. The antibodies by ELISA against a Chinese hamster ovary (CHO)

cell-derived, glycosylated, rhGM-CSF or E. coli-derived, non-presence/absence of other anticytokine autoantibodies was
determined using the same method, but coating with the glycosylated rhGM-CSF. None were detected in sera from 77

healthy controls (Table 1). By contrast, a percentage (#10%cytokine required. Samples with absorbance 2×SD greater than
the mean of normal control absorbance values were deemed overall ) of certain groups of autoimmune disease patients

showed significant levels of binding autoantibodies (Table 1).positive.
A standard sandwich ELISA format with rhGM-CSF as They were most frequent in the three major subgroups of

AChR antibody-positive MG patients (Table 1), but were alsoantigen and isotype-specific antibody conjugates as secondary
reagents was used for the demonstration of immunoglobulin found sporadically in seronegative MG patients, and some

other groups of patients, e.g. one among 44 MS patientsclass and subclass and light-chain type of GM-CSF binding
antibodies. (Table 1). However, they were not detected in patients with

type 1 diabetes, except in one case (Patient C) who developed
type 1 diabetes 20 years after limb-girdle muscular dystrophy,
nor in aplastic anaemia, chronic myelogenous leukaemiaImmunoblotting of GM-CSF autoantibodies

Recombinant human GM-CSF (Escherichia coli-derived) was (CML) or Sézary syndrome or in untreated, immunocompe-
tent, colorectal carcinoma patients.electrophoresed under non-reducing conditions on a 12·5%

polyacrylamide gel (#2 mg of protein-loaded polyacrylamide We have previously found and reported the high prevalence
of autoantibodies to IFN-a and IL-12 in MG patients, particu-per track). The separated proteins were transferred to nitrocel-

lulose membranes which were blocked in a solution of 5% larly those with thymoma.7 However, apart from the present
anti-GM-CSF autoantibodies (as above), autoantibodies to a(w/v) milk powder in PBS for 30 min on a rotary shaker. The

blots were then incubated with antisera (serum or plasma) at range of other cytokines, including IL-1a, IL-1b, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-18, IFN-c, TNF-a, TNF-b and trans-approximately 15200 dilution in 5% milk/PBS or with sheep

polyclonal antibody to rhGM-CSF as positive control, also at forming growth factor-b (TGF-b), were only detected sporadi-
cally at very low, borderline, levels as measured by ELISA15200 dilution in 5% milk/PBS. After overnight incubation at

room temperature on a rotary shaker, the blots were washed (data not shown).
Only three of the sera/plasmas above showed neutralizingfive times in 5% milk/PBS and then further incubated with

HRP-conjugated antihuman or antiovine (as appropriate) autoantibodies to GM-CSF, all of which had previously tested
positive for binding antibodies. One was from a MG thymoma-antibody (Sigma Aldrich Co.). The blots were finally washed

five times with 0·5% Tween-20/PBS and immunoreactive pro- associated patient (Patient A) from whom only one early
sample (15.3.84) was available. Another was from a MStein bands were visualized using enhanced chemiluminescence

reagents (Amersham International, Bucks, UK). patient (Patient D) and was also of limited volume. However,
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several samples from one seronegative MG patient (Patient
B) showed high titres of neutralizing anti-GM-CSF antibodies
(Fig. 1). They were first detected at age 15 after temporary
withdrawal of immunosuppressive therapy about 1 year pre-
viously. They appeared to rise till age 15 years 6 months and
then declined when corticosteriods were re-introduced.
However, a recent sample at age 17 years 7 months has shown
a significantly higher anti-GM-CSF level (Fig. 1), despite
continuing immunosuppressive therapy. The volumes of
plasma required to neutralize 10 IU of rhGM-CSF were
2·80 ml, 0·80 ml, 2·57 ml and 0·27 ml for ages 15 years 1 month,
15 years 6 months, 16 years and 17 years 7 months, respectively.

The proliferative responses of TF-1 cells to rhGM-CSF
derived from various expression systems, e.g. E. coli, yeast,
CHO cells, were neutralized to approximately the same degree
(Fig. 2). The volumes of plasma (25.3.96 sample, age 15 years
6 months) required to neutralize 10 IU of rhGM-CSF were Dilution of plasma
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calculated to be 0·91 ml, 1·3 ml and 2·0 ml for E. coli, yeast and
Figure 2. Neutralization dose–response curves of Patient B plasmaCHO cell-derived rhGM-CSF, respectively. In this patient, we
(25.3.96 sample) against rhGM-CSF derived from different expressiondetected no significant neutralization of the activities of other
systems. Plasma was serially diluted dilutions mixed with a fixedcytokines, including IL-1a, IL-1b, IL-3, IL-5, IL-12, IL-13,
amount of rhGM-CSF, and TF-1 assays carried out as in Fig. 1.

IFN-a, -b, -c, -v, granulocyte colony-stimulating factor
(G-CSF), stem-cell factor (SCF), oncostatin M, leukaemia
inhibitory factor, nerve growth factor, TGF-b1 and TNF-a, or

(2) Positive sera from colorectal cancer patients treated with
-b (data not shown). By contrast, the plasma from Patient A

rhGM-CSF;28,29
(which contained neutralizing activity against rhGM-CSF) also

(3) A sheep polyclonal anti-GM-CSF serum raised against
neutralized IFN-a, as in many other MG/thymoma patients.7

yeast-derived rhGM-CSF.

These all showed similar binding to ELISA wells coated
Other immunological and immunochemical characteristics of

with three different rhGM-CSF preparations, including both
anti-GM-CSF autoantibodies

glycosylated and non-glycosylated forms (Fig. 3). Moreover,
when tested against rhGM-CSF, the antibodies from PatientsThe immunological/immunochemical properties of the anti-

GM-CSF plasma from Patient B were compared with: B and C and several rhGM-CSF-treated colorectal carcinoma
patients were all found to be mainly IgG, with the IgG1

(1) A typical strong anti-GM-CSF binding, non-neutralizing,
subclass predominating, though with smaller minor amounts

plasma, in this case from a patient with limb-girdle
of IgG2, IgG3, IgG4 and IgM also present. The IgG predomi-

muscular dystrophy (Patient C );
nance was confirmed by BiaCore analysis (Schering-Plough,
Kenilworth, NJ). The presence of both k and l light chains,
as well as all four IgG subclasses, in the anti-GM-CSF
antibodies of Patients B and C indicated a polyclonal origin
(data not shown).

In immunoblotting tests with two different E. coli-derived
rhGM-CSF products, a neutralizing plasma sample from
Patient B (at age 15 years 6 months) stained positively, yielding
the typical banding pattern (Fig. 4) observed with the sheep
polyclonal anti-GM-CSF antiserum. Similar results were
obtained with non-neutralizing plasma/sera from Patient C
and from colorectal carcinoma patients with circulating neu-
tralizing anti-GM-CSF antibodies developed as a consequence
of rhGM-CSF therapy (data not shown).

DISCUSSION

In a large number of plasmas/sera from various groups of
autoimmune disease patients, we have found that binding anti-Reciprocal dilution
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GM-CSF autoantibodies are present in the circulation of a
Figure 1. Neutralization dose–response curves of Patient B plasmas

significant proportion (12·3%) of MG patients with thymomas.against E. coli-derived rhGM-CSF. Dilutions of plasmas taken from
These were recently shown to have high frequencies of spon-Patient B at successive dates were preincubated with a fixed amount
taneous anti-IFN-a and anti-IL-12 autoantibodies at the point(100 pg/ml ) of rhGM-CSF. The subsequent proliferation of the TF-1
of diagnosis and thereafter.7 However, the anti-GM-CSFcell line, measured as [3H]thymidine incorporation (c.p.m.), is plotted

against the plasma dilution (reciprocal ). autoantibodies were mainly found in the LOMG and EOMG
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Figure 4. Analysis of sodium dodecyl sulphate–polyacrylamide gel
electrophoresis (SDS–PAGE)/immunoblotting of a plasma sample
(date 25.3.96) from patient B and sheep polyclonal anti-GM-CSFA B C
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serum. Approximately 2 mg rhGM-CSF from two different batches of
Figure 3. Comparison of binding profiles of anti-GM-CSF antibodies E. coli-derived rhGM-CSF per lane were subjected to SDS–PAGE
from different patient groups and a sheep immunized with rhGM- (14% gel ) under non-reducing conditions. Proteins were then electro-
CSF for three different rhGM-CSF preparations. ELISA plates were phoretically transferred onto a nitrocellulose membrane and immunob-
coated at 5 mg/ml of various rhGM-CSF preparations and sera/ lotted with patient B plasma or sheep polyclonal antiserum as described
plasmas were tested at 1520 dilution. A, sheep antiserum; B, patient in the Patients and Methods. Left-hand panel (a), patient B plasma;
B plasma; C, patient C plasma; D and E, sera from two different right-hand panel (b), sheep polyclonal antiserum.
rhGM-CSF-treated immunocompetent colorectal carcinoma patients;
F, medium control.

ently healthy individuals (four out of 1258) has recently been
reported, but the autoantibodies were not tested for neutraliz-patient groups, albeit at relatively low levels. Their sporadic

occurrence was also detected in patients with ‘seronegative’ ing activity.22
The nature and characteristics of spontaneous anti-GM-MG, LEMS, polymyositis, muscular dystrophy, MS and in

patients with thymoma but no autoimmune disease. They were CSF autoantibodies from Patients A and B were similar to
those of neutralizing anti-GM-CSF antibodies that devel-not detected in juvenile type 1 diabetes, aplastic anaemia,

CML or Sézary syndrome, or in untreated colorectal carci- oped in response to recombinant human GM-CSF therapy
in a cohort of immunocompetent colorectal carcinomanoma patients (before GM-CSF therapy), or in healthy

controls. patients.28,29 They were polyclonal IgG, with the IgG1 subclass
predominating. They were able to bind rhGM-CSF derivedInterestingly, while the majority of the spontaneous anti-

GM-CSF autoantibodies bound in ELISA without detectable from various different expression systems, e.g. E. coli, yeast,
CHO cells, and in Patient B, they also neutralized theirneutralizing activity, neutralizing autoantibodies were seen in

two patients with autoimmune MG, one with a thymoma and biological activity. Moreover, they showed identical immunob-
lotting specificities to those of therapy-induced anti-GM-CSFone with ‘seronegative’ MG, and also in one patient with MS.

To our knowledge, this is the first report of such neutralizing antibodies or anti-GM-CSF antibodies raised in a sheep. The
distinct binding and neutralizing activities in certain seraanti-GM-CSF autoantibodies in autoimmune patients. In one

previously reported patient with acquired cyclic amegakary- clearly show that GM-CSF has at least two different epitopes,
one associated with neutralization and the other merely withocytic thrombocytopenia, the IgG blocked the action of

GM-CSF, but appeared to be directed against some cellular binding.
The clinical significance of neutralizing anti-GM-CSFcomponent of haemopoietic cells, for example the GM-CSF

receptor, rather than against GM-CSF itself.30 A very low autoantibodies in autoimmune disease patients remains
unclear. In Patient B, who had a long clinical history ofprevalence of binding anti-GM-CSF autoantibodies in appar-
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