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Role of heat shock proteins in the pathogenesis
of cystic fibrosis arthritis

M R R Al-Shamma, C McSharry, Kirsten McLeod, E A B McCruden, B H R Stack

Abstract organisms including bacteria, mycobacteria,
protozoa, and helminths. The major mam-Background – Arthritis is a well recognised

complication of cystic fibrosis. The cause malian hsp have estimated molecular weights
of 110, 90, 73, 72, 55, 47, 28, 27, and 8 kDa.of this arthritis is not yet clear but it is

likely to be an immunological reaction to Hsp 90 is the most abundant of the stress
proteins and has a rod-like structure that bindsone of the many bacterial antigens to which

the lungs are exposed. One such group, and regulates many important proteins, in-
cluding actin-myocin filaments. The smallthe heat shock proteins (hsp), was in-

vestigated. These are immunodominant stress proteins are essential for chromosomal
organisation and they are also important in ATPantigens of a wide variety of infectious

microorganisms and have varying amino dependent proteolytic degradation of unstable
cellular proteins.acid chain sequences, some of which are

similar to those found in human tissues. Heat shock proteins may provide a link be-
tween infectious diseases and autoimmunityMethods – Antibodies to human hsp 27

and hsp 90 in the serum of patients with whereby immune reactivity induced by bac-
terial hsp antigens reacts against similar an-cystic fibrosis, with and without arthritis,

and in normal age and sex matched healthy tigenic determinants on mammalian tissues.
Patients with reactive arthritis have increasedcontrols were measured. The severity of

the cystic fibrosis was assessed by lung synovial T cell reactivity to Gram negative
bacteria1 and antibodies to exogenous stressfunction tests and chest radiographs. The

nature of the organisms colonising the proteins were detected in the serum and syn-
ovial fluid of patients with juvenile chroniclungs was determined by bacteriological

examination of sputum. arthritis.2 High levels of serum IgG anti-human
hsp 60 antibodies were documented recentlyResults – Higher mean titres of serum IgG

anti-human hsp 27 and hsp 90 antibodies in a group of patients with cystic fibrosis,3 and
hsp 60 has been reported to have sequencewere found in 50 patients with cystic fib-

rosis than in healthy controls (hsp 27, 0.25 homology with a wide range of tissue-specific
proteins including the auto-antigens of rheum-(95% CI 0.19 to 0.33) versus 0.05 (95% CI

0.04 to 0.07); hsp 90, 0.27 (95% CI 0.22 to atoid arthritis, scleroderma, and glomerulo-
nephritis.4 Arthritis is common in patients with0.32) versus 0.11 (95% CI 0.08 to 0.14)).

These antibodies were higher in patients cystic fibrosis with a reported frequency of
8.5–9%, but the pathogenesis is unknown.5 6in whom the lungs were colonised with

Pseudomonas aeruginosa than in those One explanation for the development of arth-
ritis may be that it is secondary to the pro-without infection (hsp 27, 0.41 (95% CI

0.17 to 0.63) versus 0.18 (95% CI 0.10 to duction of antibodies to bacterial hsp antigensWest of Scotland Adult
Cystic Fibrosis Centre, 0.27); hsp 90, 0.37 (95% CI 0.18 to 0.57) associated with chronic lung infections. The
Department of versus 0.22 (95% CI 0.16 to 0.29)). The aim of this study was to establish whetherRespiratory Medicine,

eight patients with cystic fibrosis with anti-human hsp 27 and hsp 90 antibodies areGartnavel General
Hospital, Glasgow arthritis had higher anti-hsp 27 antibodies present in patients with cystic fibrosis and to
G12 0YN, UK (0.48 (95% CI 0.13 to 0.92)) than the 42 determine whether these antibodies are as-
M R R Al-Shamma patients without arthritis (0.22 (95% CI sociated with arthritis.B H R Stack

0.17 to 0.30)).
Department of Conclusions – These findings suggest that
Immunology the arthritis associated with cystic fibrosis,C McSharry Methods

despite being seronegative for rheumatoidK McLeod 
factor, was associated with more severe Fifty patients (28 men) of mean age 21 yearsDepartment of lung disease and with a greater in-Virology (range 16–34) attending the West of Scotland
flammatory response to heat shock pro-E A B McCruden Adult Cystic Fibrosis Centre were studied.
teins. Cystic fibrosis was diagnosed on clinicalWestern Infirmary, (Thorax 1997;52:1056–1059)Glasgow G11 6NT, UK grounds and positive sweat tests. Patients were

selected randomly; all were in remission atCorrespondence to: Keywords: cystic fibrosis, heat shock protein.
Dr M R R Al-Shamma, the time of the study and had had no acute
Department of Medicine, exacerbations for at least four weeks prior toVale of Leven Hospital,
Dumbartonshire G83, UK. Heat shock proteins (hsp) are a set of proteins their enrolment. All patients completed a ques-

tionnaire about past or present symptoms ofReceived 6 February 1996 which are induced under stressful conditions
Returned to authors thereafter serving important functions in the arthritis. Those who had symptoms underwent9 May 1997
Revised version received maintenance of intracellular integrity. They are full rheumatological evaluation. Forced ex-
22 August 1997 immunodominant antigens of mammalian cells piratory volume in one second (FEV1) wasAccepted for publication
22 August 1997 as well as a wide variety of infectious micro- calculated as the highest value in a series of
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  Table 1 Age and sex distribution of patients with cystic fibrosis with and without
arthritis and normal controls All data were analysed using Minitab software

(Minitab Inc). As the titres of anti-hsp anti-Arthritis Non-arthritis Controls
patients patients bodies were not normally distributed, com-
(n=8) (n=42) (n=46) parisons between groups were made using the

Mean (range) age (years) 19 (16–24) 21 (16–34) 22 (16–34) Student’s paired t test on log-transformed val-
Sex (M:F) 4:4 22:20 23:23 ues, p values of <0.05 being considered sig-FEV1 (% predicted) 39∗ 67 NA
Chest radiograph (Northern score) 5.5∗ 3.5 NA nificant. The association between serum IgG
P aeruginosa colonisation 6∗ 14 NA

anti-human hsp 27 and hsp 90 antibody titres
FEV1=forced expiratory volume in one second; NA=not applicable. and the presence of persistent colonisation with
∗ p<0.05. Pseudomonas aeruginosa was studied by analysis

of variance.

Resultsthree forced vital capacity manoeuvres using
a dry wedge Vitalograph spirometer. Sputum Details of the patients with (n=8) and without

arthritis (n=42) and the controls (n=46) areculture and chest radiography were performed
in all patients and the Northern score cal- given in table 1. The frequency of persistent

colonisation with Pseudomonas aeruginosa wasculated. Forty six age and sex matched healthy
workers interviewed during a factory survey of significantly higher in the arthritis group. This

group also had more severe pulmonary diseaseoccupational asthma served as controls.7 They
had no allergic sensitisation and were not taking as indicated by a lower mean FEV1 and higher

chest radiographic Northern score. All patientsany significant medication.
were negative for rheumatoid factor but two
were positive for antinuclear factor, one in the
arthritis group and the other in the non-arthritis    

Serum IgG anti-human hsp 27 and hsp 90 were group.
The geometric mean (95% confidence in-measured in venous blood using recombinant

proteins (Bioquote Ltd, York, UK proteins terval (CI)) serum IgG anti-human hsp 27
antibody level was significantly higher inapproximately 90% pure by SDS-PAGE).

Serum antibody to these was measured by patients with cystic fibrosis than in controls
(0.25 (95% CI 0.19 to 0.33) and 0.05 (95%enzyme immunoassay (EIA). Briefly, each hsp

was incubated at 10 lg/ml in bicarbonate coup- CI 0.04 to 0.07), respectively; p<0.0001). Sim-
ilarly, the geometric mean serum IgG anti-ling buffer pH 9.5, 100 ml per well in microtitre

EIA plates (Dynatech Ltd), overnight at 4°C. human hsp 90 antibody level was significantly
higher in patients with cystic fibrosis than inThe plates were washed three times by shaking

out and immersion into wash buffer (PBS controls (0.27 (95% CI 0.22 to 0.32) and
0.11 (95% CI 0.08 to 0.14), respectively;0.02 M, pH 7.4, containing 0.05% Tween-20).

Patients and control serum samples were di- p<0.0001).
The comparison of hsp antibody titres be-luted 1 in 50 with wash buffer and added at

100 ll per well. After incubation for two hours tween arthritic and non-arthritic cystic fibrosis
patients and controls is shown in fig 1. In thethe plates were washed as before. Any bound

IgG antibody was detected by incubating with patients with cystic fibrosis the geometric mean
(95% CI) serum IgG anti-human hsp 27 anti-alkaline phosphatase conjugated anti-human

IgG (isotype specific, Sigma UK Ltd) diluted body level was significantly higher in the arth-
ritis group than in the non-arthritis group (0.481 in 5000 with wash buffer at 100 ll per well

for two hours at room temperature. After wash- (95% CI 0.13 to 0.92) and 0.22 (95% CI 0.17
to 0.30), respectively; p<0.01). The geometricing as before the enzyme activity of the bound

conjugate was measured by incubating with P- mean (95% CI) serum anti-human hsp 90
antibody level was also higher in the arthritisnitrophenyl phosphate (Sigma UK Ltd), 100 ll

per well, at 1 mg per ml in 10% diethanolamine group than in the non-arthritis group (0.37
(95% CI 0.18 to 0.65) and 0.25 (95% CI 0.19in water, pH 10.5. The enzyme activity is seen

as a change from colourless substrate to a to 0.31), respectively) but this difference was
not statistically significant. There were sig-yellow product.

After 30 minutes the reaction was stopped nificantly higher titres of antibody to both hsp
27 and 90 in both arthritic and non-arthriticwith 3N NaOH and the colour measured by

spectrophotometry (Dynatech MR 600) at patients with cystic fibrosis compared with con-
trols.405 nm. The absorbance was proportional to

the serum antibody level if all other agents The mean (SE) total serum IgG level (g/l)
was significantly higher in the patients withwere in excess. The specificity of the EIA was

confirmed by the reproducibility of the test arthritis than in those without arthritis (22.2
(2.3) and 13.9 (1.7), respectively; p<0.001).measurements on several occasions (coefficient

of variation (CV) <15%), by the dose re- A comparison of the hsp antibody titres be-
tween the cystic fibrosis patients with and with-sponsiveness of the optical density meas-

urements with increasing dilution of a high out colonisation with P aeruginosa is shown in
fig 2. The geometric mean (95% CI) serumtitre serum, and by specific inhibition of the

antibody activity by incubating test serum with level of both anti-human hsp 27 and hsp 90
was significantly higher in those patients withexcess free hsp overnight prior to assay. Total

serum IgG levels were measured by nephelo- persistent P aeruginosa infection (hsp 27: 0.41
(95% CI 0.17 to 0.63) and 0.18 (95% CI 0.10metry (Behring UK Ltd).
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to 0.27), respectively, p<0.01; hsp 90: 0.37
(95% CI 0.18 to 0.57) and 0.22 (95% CI 0.16
to 0.29), respectively, p<0.05). By analysis of
variance a significant association was observed
between colonisation with Pseudomonas and
anti-hsp 27 (p<0.005) and anti-hsp 90
(p<0.02) antibody titres.

Discussion
Patients with cystic fibrosis were found to have
significantly higher levels of serum IgG anti-
bodies to human hsp 27 and 90 than healthy
controls. This observation is in keeping with a
recent report that patients with cystic fibrosis
had high levels of IgG anti-human hsp 60.3 It
is likely that the antigenic stimulus for these
responses comes from the microorganisms
causing the chronic chest infections including
Haemophilus influenzae, Staphylococcus aureus,
Pseudomonas aeruginosa and Burkholderia ce-
pacia which are common among patients with
cystic fibrosis. In the present study we found
a significant association between Pseudomonas
infection and antibodies to hsp 27 and 90. In
addition to any local inflammatory response
that these antibodies may cause in the lung,
they can bind to hsp which are spontaneously
shed or selectively released by organisms under
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stressful conditions, leading to immune com-
Figure 1 Geometric mean (SE) serum IgG antibody plex formation. Circulating immune complextitres measured as arbitrary optical density units (E405)

activity is commonly reported in cystic fibrosisagainst (A) heat shock protein (hsp) 27 and (B) hsp 90
in non-arthritic and arthritic patients with cystic fibrosis and this may be of broader clinical significance
and healthy controls. – for example, complexes with bacterial an-

tigens are implicated in the pathogenesis of
arthritis.8–13 Moreover, antibodies to microbial
stress proteins, including antibodies to myco-
bacterial hsp 60 and hsp 70, have been found
in patients with rheumatoid arthritis and other
autoimmune diseases.12 13 The present findings
also demonstrate an association between arth-
ritis in patients with cystic fibrosis and high
levels of serum IgG hsp 27 antibodies suggested
a causal relationship which requires further
attention.

In conclusion, we have established that cystic
fibrosis arthritis is significantly associated with
several parameters including more severe lung
disease, higher frequency of persistent col-
onisation with P aeruginosa, higher serum IgG
level, and a higher level of IgG anti-human hsp
27 antibody. These findings indicate a greater
inflammatory response in the patients with
arthritis. It can also be concluded that the
presence of IgG anti-human hsp 27 and 90
antibodies reflect in vivo exposure to the bac-
terial and/or human hsp. However, because of
the high degree of homology in the amino acid
sequences of the human and the bacterial hsp,
it cannot be concluded which induced these
antibodies, but as a working hypothesis it may
be that the arthritis is curable by treating the
lung infections.

1 Lamb JR, Young DB. T cell recognition of stress proteins.
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Biol Med 1990;58:203–8.
2 Danieli MG, Markovits D, Gabrielli A, Corvetta A, GiorgieFigure 2 Geometric mean (SE) serum IgG antibody PL, Van Der Zee R, et al. Juvenile rheumatoid arthritistitres measured as arbitrary optical density units (E405) patients manifest immune reactivity to mycobacterial

against (A) heat shock protein (hsp) 27 and (B) hsp 90 65 kD heat shock protein to its 180–188 peptiles and to
in patients with cystic fibrosis, without and with persistent a partially homologous peptide of the proteoglycan link

protein. Clin Immunol Immunopathol 1992;64:121–8.colonisation with Pseudomonas aeruginosa.
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