
Annals of the Rheumatic Diseases 1992; 51: 334-339

Antibody to a 63 kilodalton insect protein in
ankylosing spondylitis

S R Brand, J Worthington, D P McIntosh, R M Bernstein

Abstract
Ankylosing spondylitis (AS) is associated with
antibodies to a heat shock puff on drosophila
chromosomes. This observation was investi-
gated by immunoblotting using extracts of the
Schneider insect cell line and HeLa cells,
before and after heat shock.
An insect protein of 63 kilodaltons (but no

equivalent human protein) was recognised by
21 (46%) of 46 serum samples from patients
with AS, one of two patients with Reiter's
syndrome, four (7%) of 60 patients with
systemic lupus erythematosus, and two (4%)
of 50 control subjects, but not by serum

samples from patients with rheumatoid arth-
ritis (RA). Previous heat shock did not appear
to affect the strength of reaction, but ML-30,
a monoclonal antibody to the mycobacterial
65 kilodalton heat shock protein (hsp65), also
recognised an insect protein of 63 kilodaltons
by immunoblotting. Antibodies to recombinant
mycobacterial hsp65 were measured by
enzyme linked immunosorbent assay (ELISA)
in serum samples from patients with AS and
RA. IgA binding to hsp65 was increased in
41% of AS and 19% ofRA serum samples, but
there was no correlation with detection of
antibody to the insect 63 kilodalton protein.
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Ankylosing spondylitis (AS) is an inflammatory
disease of the spine and sometimes the eyes,
joints, and other organs. Intestinal carriage of
klebsiella, and infection with organisms such as

salmonella and yersinia may play a part in
triggering the disease, although susceptibility is
conferred by the HLA-B27 antigen and pre-
existing psoriasis, ulcerative colitis, or Crohn's
disease.' How the spine and sometimes joints,
heart, and lungs become the targets remains
uncertain, but sensitised T lymphocytes are

thought to mediate damage, possibly reacting
against an antigen expressed at the cell surface
in association with HLA-B27 itself. Serological
autoimmune responses are well known in other
inflammatory rheumatic diseases such as

rheumatoid arthritis (RA) and the connective
tissue diseases, but antibody responses in
AS have received less attention. Increased levels
of serum IgA are well recognised in some

patients, autoantibodies to HLA-B27 have been
reported,2 and antibodies to bacteria have been
studied.3 There is one report of a specific
antibody response in AS, directed at heat shock
puffs of Drosophila melanogaster larvae.4

Heat shock, warming cells a few degrees
above their physiological temperature, and
various other physical and chemical stresses

cause a reduction in the synthesis of many
cellular proteins and increased synthesis of the
so called heat shock or stress proteins. The heat
shock response has been observed in every
organism studied from bacteria to humans, and
heat shock genes are highly conserved.5 The
response is protective overall, and some heat
shock proteins act as molecular chaperones
maintaining the solubility of immature proteins
during the final stages of synthesis and trans-
port.' Synthesis of heat shock proteins is a
normal cellular function which is amplified
under conditions of physiological stress, perhaps
to protect proteins from denaturation. One
particular heat shock protein, hsp65, is a
dominant antigen in the immune response to
microorganisms.'
The heat shock phenomenon was first

observed as the development of chromosomal
puffs in Drosophila melanogaster larvae.8 Using
such chromosomes as substrate for immuno-
fluorescence, Lakomek et al4 observed that
serum samples from 39% of patients with AS
contained an antibody which reacted with heat
shock puffs, especially the chromosomal 93D
locus. In preliminary experiments we confirmed
this finding, but the procedure was technically
demanding, difficult to standardise, and in our
hands not suitable for the investigation of large
numbers of serum samples (Hilton J, Bernstein
R M, unpublished data). This report describes
our findings with an immunoblotting system for
the detection of antibodies to insect proteins.
We studied an antibody to a 63 kilodalton
protein from insect cells and investigated the
cross reactivity with a well characterised
mycobacterial heat shock protein of similar
molecular weight, hsp65.

Materials and methods
SOURCE OF SERUM SAMPLES
Serum samples were obtained from patients
attending the rheumatology department at
Manchester Royal Infirmary. Patients with AS
(n=46), RA (n=20), and systemic lupus ery-
thematosus (SLE) (n=60) fulfilled the appro-
priate classification criteria."' Serum samples
were also obtained from patients with Reiter's
syndrome (n=2), polymyositis (n= 3), systemic
sclerosis (n=2), and adult Still's disease (n=2).
As healthy controls, serum samples were
obtained from the Regional Blood Transfusion
Service, and three additional serum samples
from healthy HLA-B27 positive subjects were
obtained from the regional tissue typing labora-
tory. Thirty of the 46 subjects with AS were
tested for HLA-B27, and clinical details

334



Antibody to a 63 kilodalton insect protein in ankylosing spondylitis 335

obtained by a review of their case notes are
shown in the table. Ankylosing spondylitis was
considered active when there was a marked
early morning exacerbation of back pain and
stiffness. The patients with RA were aged 25-70
years; 15 were women, and arthritis was judged
by clinical impression to be severe in 15 and
active in six patients; 15 were positive for IgM
rheumatoid factor.

CELL CULTURE
Schneider cells, a continuous line derived from
Drosophila melanogaster, were maintained
in culture at room temperature (25°C) in
Schneider's drosophila medium (Gibco) sup-
plemented with 10% fetal calf serum and
antibiotics (penicillin 100 IU/ml; streptomycin
100 ,ug/ml). Viability, assessed by trypan blue
dye exclusion, was greater than 85% in cells
used to make the extracts. HeLa cells were
grown in suspension culture under standard
conditions. 12

INDUCTION OF HEAT SHOCK PROTEINS IN
SCHNEIDER CELLS
Conditions required for the induction of a heat
shock response in Schneider cells were deter-
mined by metabolic labelling of cells, analysis of
proteins by sodium dodecyl sulphate poly-
acrylamide gel electrophoresis,13 and autoradio-
graphy. Schneider cells (lx 108/ml were
maintained in leucine free complete medium at
room temperature (25°C) for 30 minutes.
Aliquots (200 iil) of cell suspension were then
incubated at 25, 30, 33, or 37°C for one hour in
the presence of >40 kBq [3H] leucine (specific
activity 5-18 TBq/mmol). Protein synthesis was
terminated by the addition of 10% cold trich-
loroacetic acid (600 p1). Precipitated protein was
washed in 95% ethanol and resuspended in
Laemmli buffer (75 p1). Schneider cell protein
extracts were electrophoresed on 12 5% sodium
dodecyl sulphate polyacrylamide gels. Gels were
fixed and soaked in Amplify (NAMP 100,
Amersham International) for 30 minutes, dried,
and autoradiographed.
Warming Schneider cells to a few degrees

above room temperature produced the heat
shock response shown in fig 1. Synthesis of a
small number of heat shock proteins was
induced, predominantly 77 and 86 kilodaltons,
and was optimal at 33°C. Subsequently, a heat
shock extract was prepared from Schneider cells
maintained in culture in complete medium and
warmed to 33°C for one hour before lysis.

ANTIGEN PREPARATION
Schneider and HeLa cells (lx 1010), heat
shocked and not heat shocked, were harvested
and washed three times in phosphate buffered
saline, resuspended in 100 ml cold lysis buffer
(0-01 mol/l TRIS buffer, pH 7 4, 0-15 mol/l
sodium chloride, 1 mmol/l phenylmethyl-
sulphonyl fluoride, 1% aprotinin, 1% Triton)
and left on ice for 10 minutes. Protein was
precipitated by the addition of 40% trichloro-
acetic acid (10 ml) and pelleted by centrifugation
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Figure 1 Autoradiography ofSchneider cell heat shock
proteinsfollowing separation ofcell extracts on a 125%
Laemmli gel. Cells were grown at room temperature (RT)
then incubated in the presence of[3HJleucine at increased
temperatures for one hour before lysis.

(1500 g, 20 minutes, 4°C). The protein pellet
was washed in 95% ethanol and resuspended in
10 ml Laemmli buffer. Aliquots of the lysates
were taken and stored at -70°C.

IMMUNOBLOTTING
Cell extracts were heated at 100°C for five
minutes before applying 20 ,ul of cooled sample
to a 12-5% polyacrylamide gel with a 5%
stacking gel. Biotinylated molecular weight
standards (Bio-Rad) were run alongside samples.
Following electrophoresis, the separated pro-
teins were transferred on to nitrocellulose
using a semi dry blotter (Ancos) at 180 mA for
one and a half hours at room temperature.
Nitrocellulosewas blocked in phosphate buffered
saline/1% dried milk powder (blocking buffer)
overnight, washed three times in phosphate
buffered saline/0-05% Tween 20 (PBS/T), and
cut into strips corresponding to individual
lanes. The strips were incubated with test
serum samples diluted 1:100 in blocking buffer
for one hour at room temperature, then washed
in PBS/T (five times for five minutes each) and
incubated for one hour with rabbit antihuman
immunoglobulins (anti-IgG, IgA, IgM; Dako)
conjugated to alkaline phosphatase (1:500
dilution). After washing (twice for five minutes
each in PBS/T, twice for five minutes each in
veronal acetate buffer), substrate (1I15 mmol/1
5-bromo-4-chloroindolyl phosphate, 1 22 mmol/l
nitroblue tetrazolium, and 2 mmol/l magnesium
chloride in veronal acetate buffer pH 9-6) was
added and the reaction allowed to continue for
30 minutes. Binding of monoclonal antibodies
against Mycobacterium leprae hsp65 was detected
using rabbit antimouse antibodies labelled with
alkaline phosphatase (Dako).

ENZYME LINKED IMMUNOSORBENT ASSAY
The recombinant form of the Mycobacterium
bovis 65 kilodalton heat shock protein (rhsp65)
was coated on to 96 well enzyme linked
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immunosorbent assay (ELISA) plates (Flow
Laboratories) at 5 jig/ml in 0-4 moi/l sodium
chloride, 0-02 molI TRIS (pH 7-5) (NaCG/Tris)
and incubated overnight at 4°C. Unbound
antigen was removed by washing with phosphate
buffered saline (0 145 mol/1) containing 05%
Tween 20 (PBS/T). Non-specific binding sites
were blocked with 0 1% bovine serum albumin
(BSA)/PBS/T. After washing, aliquots of test
serum samples, diluted 1:50 in BSA/PBStT in
duplicate, were incubated overnight at 4°C.
After further washes with PBS/T, alkaline
phosphatase conjugated antihuman antibody
(antihuman IgG, IgM, or IgA; Dako) was added
(1:1000 in BSAIPBS/T) and incubated for four
hours at room temperature. After further
washes the amount of enzyme bound to wells
was determined using p-nitrophenyl phosphate
(Sigma 104) dissolved in 10% diethanolamine
buffer (pH 9-8). The reaction was stopped after
90 minutes by the addition of 3 mol/I sodium
hydroxide (50 1d) and the absorbance values
were read immediately at 405 nm on a Titertek
multiscan ELISA reader. Serum samples from
46 patients with AS, 19 patients with RA, 19
patients with SLE, and 20 normal control
subjects were tested on three separate occasions.
The results quoted are from a single assay in
which binding was also measured to wells on
separate plates coated only with BSA/PBS/T; as
no significant binding to BSA was detected the
results were not adjusted. Serum samples from
normal control subjects were tested on each
plate, and these plotted absorbance values
represent the mean values obtained from all
plates; the coefficient of variation was less than
5%, indicating very low interplate variation, so
test serum sample results from different plates
in the same assay were not standardised.

STATISTICS
The ELISA results between groups were
compared by the Mann-Whitney U test for data
that are not normally distributed, though for
defining normal ranges means and notional

a b a b standard deviations were calculated. Fisher's X2
ML-30 TB-78 test was used to compare frequencies between

antibody Positive and negative groups (table).
Figure 2 (A) Immunoblots showing the 63 kilodalton protein detected by serum samples
from patients with ankylosing spondylitis. This protein was not detected by 96% ofnormal
serum samples (N). (B) Immunoblots showing the 63 kilodalton protein detected by serum
samplesfrom patients with ankylosing spondylitis and the monoclonal antibody ML-30 in
(a) untreated and (b) heat shocked Schneider cell extracts. The protein was not detected by the
monoclonal TB-78 or by the conjugated second antibody (NS).

Features of ankylosing spondylitis in relation to immunoblotting of the insect 63 kilodalton
protein and IgA binding to mycobacterial hsp65

Antibody to 63 kilodalton Antibody to
insect protein mycobacterial hsp65

P'ositive Negative P'ositive Negative
(n=21) (n=25) (n= 19) (n=27)

Age range (years) 23-63 26-54 24-53 23-62
Male/female ratio 17/4 15/10 15/4 17/10
HLA-B27 positive:negative 11:3 14:2 9:2 17:2
Active:inactive disease 6:15 11:14 8:11 10:17
Iritis 1 5 5 1
Inflammatory bowel disease 1 2 1 2
Psoriasis 2 2 1 3
Arthritis 1 2 1 2

Results
IMMUNOBLOTTING
Of 46 serum samples tested from patients with
AS, 21 (46%) recognised a protein of molecular
weight 63 kilodaltons in the extract of Schneider
cells. The 63 kilodalton protein was detected in
extracts from unheated and heat shocked cells
(fig 2A). The presence of antibody to the 63
kilodalton protein showed no correlation with
the age, sex, or HLA-B27 status of the patients,
activity or duration of AS, or the presence of
peripheral arthritis, psoriasis, inflammatory
bowel disease, or acute iritis (table).
Among the groups used for comparison, a

protein of the same size was recognised in
immunoblots of Schneider cells of serum
samples from 1/2 patients with Reiter's syn-
drome and 4/60 (7%) patients with SLE.
Antibody to the 63 kilodalton protein was not
detected in serum samples from patients with
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RA (20 patients), polymyositis (three patients),
systemic sclerosis (two patients), and adult
Still's disease (two patients). Among 50 healthy
controls, two (4%) serum samples were positive.
None of the three serum samples from healthy
HLA-B27 control subjects was positive.

Various other bands were recognised in a
random fashion by serum samples from all the
disease groups and healthy control subjects.
Serum samples containing antibodies to the
cellular antigens La, (Ul) RNP, PCNA, and
Scl-70 recognised proteins in Schneider cell
extracts of similar sizes to those reported using
mammalian cells,'4 but the Ro, SL(Ki) and Jo-I
antigens were not detected. Serum samples
from patients with AS showed no specific
reaction with extracts from untreated or heat
shocked HeLa cells.
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IS THE 63 KILODALTON INSECT PROTEIN RELATED
TO THE 65 KILODALTON MYCOBACTERIAL
HEAT SHOCK PROTEIN?
Antibodies to heat shock puffs occur in AS, and
there are T cell responses to the mycobacterial
65 kilodalton heat shock protein (hsp65) in
patients with arthritis.'5 To look for any cross
reactivity between the insect 63 kilodalton and
bacterial hsp65 proteins, we examined two
murine monoclonal antibodies raised against
mycobacterial hsp65'6 for binding to immuno-
blots of proteins from the Schneider cell extract.
Monoclonal TB-78, specific for Mycobacterium
leprae, hsp65, did not react with any insect
protein, but monoclonal ML-30, known to be
less species specific, did bind to a protein band
of 63 kilodaltons (fig 2B).
Although there may be more than one insect
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Figure 3 (A, B, C) Results ofthe ELISAsforIgG, IgM, and IgA binding to the recombinant 65 kilodalton heat shock
protein expressed as scattergrams. (D) Relation between IgA antibodies to hsp65 and total serum IgA in normal serum
samples (O) and serum samplsfrom patients with ankylosing spondylitis which are positive (0) or negative (7)for antibodies
to the 63 kilodalton drosophila protein.
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protein of this size, the result with ML-30
suggested that the 63 kilodalton antigen identi-
fied by serum samples from patients with AS
might be cross reactive with the well charac-
terised mycobacterial heat shock protein of
similar molecular weight. Therefore, we
measured the binding of serum samples from
patients with AS to recombinant mycobacterial
hsp65 by ELISA. As shown in fig 3A, B, and C,
there was a wide range of binding of serum
samples from patients with AS, RA, SLE, and
healthy control subjects. The most striking
abnormality (shown in fig 3C) was for patients
with AS. Nineteen (41%) of 46 serum samples
showed increased IgA binding to the recom-
binant mycobacterial hsp65 antigen (greater
than two standard deviations above that of
healthy control subjects), and the mean binding
of IgA from patients with AS was higher than
for controls (p<0001, Mann-Whitney U test).
Serum IgA levels in the AS group (mean 3-4

g/l, SD 2 0) were also significantly higher than
the control group (mean 2-1 g/l, SD 0-9,
p<0 01, Student's t test), and fig 3B illustrates
the correlation between total IgA and IgA class
binding to hsp65 (Pearson's coefficient of rank
correlation r=0-69, p<0 001).

In patients with RA the IgA binding to hsp65
was not significantly different from the control
group (Mann-Whitney U test), although binding
was increased in four of 19 serum samples
(21%). In a further study of patients with
particularly severe rheumatoid disease (vas-
culitis, fibrosing alveolitis, bronchiectasis, or
Felty's syndrome) the frequency of increased
IgA binding to hsp65 was 29-4% of 85 patients
(data not shown). IgG binding to hsp65 in
patients with RA was increased in six (31%) of
19 serum samples (p<005 versus controls, fig
3) and 13 (15%) of the further 85 serum samples
(data not shown). None of the groups showed
increased IgM binding.

In AS antibodies to hsp65 and to the 63
kilodalton insect protein were found in 41 and
46% of patients respectively, but there was no
correlation between the two. Eight patients had
antibodies that recognised both proteins, 15
patients had antibodies to neither, and the
remainder had antibodies to only one of the
proteins (10 to hsp65, 12 to the 63 kilodalton
protein).

Discussion
Immunoblots of Schneider cell extracts show a
variety of proteins bound by antibodies in
serum samples from normal control subjects
and patients with rheumatic diseases. Binding
to a particular protein of molecular weight 63
kilodaltons was selectively detected in serum
samples from 46% of the patients with AS,
compared with only 4% of normal control
subjects. This finding was relatively specific for
AS, though it may extend to reactive arthritis as
one of two patients with Reiter's syndrome was
positive, and there were occasional positive
results in patients with SLE (7%). Three HLA-
B27 positive control subjects were negative for
antibody to the 63 kilodalton protein. Immuno-
blotting experiments carried out using protein

extracts prepared from the human HeLa cell
line failed to show any antigen correlating in
terms of size or serum reactivity with the insect
derived 63 kilodalton protein.
Our results raise the possibility of cross

reactivity with a mycobacterial heat shock
protein, hsp65. A monoclonal antibody (ML-
30) raised against Mycobacterium leprae hsp65
bound to a 63 kilodalton insect protein, and IgA
antibodies to recombinant Mycobacterium bovis
hsp65 were found in 41% of the serum samples
from patients with AS by ELISA. The latter
may also be explained by increased total IgA in
most (but not all) patients (fig 3B), and there
was no correlation between IgA binding to
hsp65 and immunoblotting of the 63 kilodalton
protein. If the hsp65 and 63 kilodalton proteins
are homologous, the data indicate that at least
some of their epitopes do not cross react.
IgA antibodies to hsp65 were not specific for

AS, also being found in 19-30% of patients with
RA of varying severity. Binding of IgM to
hsp65 was not significantly different from
normal values in any of the patient groups
investigated, but in patients with RA the
binding of IgG to hsp65 was slightly increased
in up to a third of serum samples, in agreement
with two previous studies.'7 18 In SLE, a
disease often said to be characterised by poly-
clonal B cell activation, binding to hsp65 was
increased in only 1/19 serum samples for IgG
and in none for IgA or IgM.

Mycobacterial hsp65 is about 50% homo-
logous with the equivalent human protein,'9 but
we found no binding of serum samples from
patients with AS to HeLa cell immunoblots. As
to the equivalent insect protein, the degree of
homology with mycobacterial hsp65 is unknown,
but if the 63 kilodalton protein and hsp65 are
homologous, it is possible that antibodies to the
63 kilodalton protein have arisen in response to
the hsp65 of an agent relevant to the aetiology of
AS, a protein sharing some epitopes with the
insect protein and others with bacterial hsp65.
Such a hypothetical protein would probably also
carry the ML-30 epitope, whose sequence is
known.'6 20

Heat shock had no effect on the expression of
the 63 kilodalton protein as judged qualitatively
from the immunoblots, but a twofold increase
would be difficult to detect in this way. Con-
firmation of cross reactivity between the 63
kilodalton protein and the mycobacterial heat
shock protein hsp65 would implicate the 63
kilodalton antigen as a drosophila heat shock
protein. To rheumatologists the heat shock
response is a source of some interest and
controversy as a potential source of antigenic
targets,'5 as a modulator ofT cell function, and
as a mechanism by which cells might protect
themselves from free radicals at sites of
inflammation.2'22

Ankylosing spondylitis in the early stages can
be difficult to distinguish from mechanical low
back pain. In considering the antibody to the 63
kilodalton protein as a test for AS, there is the
same drawback as with HLA-B27; even a very
low rate of positive results among control
subjects (4% in this instance) is unacceptable
because mechanical low back pain is so much
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more common than AS. Antibody to the 63
kilodalton insect protein was not associated with
disease activity, HLA-B27 status, or diseases
such as iritis and colitis. However, the antibody
to the 63 kilodalton protein is a further demon-
stration that there are specific antibody
responses in AS, a disease in which an interaction
between immunogenetic predisposition and
microbial aetiology may shed light on the
genesis of autoimmunity in its wider context.
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