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SUMMARY
Objective. To measure the serum lev-
els of IgG anti-Chlamydia pneumo-
niae (C. pneumoniae) and human heat 
shock protein (hHSP) 60 antibodies in 
patients with active giant cell arteritis 
(GCA) and to determine whether such 
levels decrease with corticosteroid 
therapy and remission of symptoms.
Methods. IgG anti-C. pneumoniae and 
anti-hHSP60 antibodies were quanti-
fied by commercial and in-house ELI-
SA tests, respectively, in serum samples 
from 17 GCA patients, 39 polymyalgia 
rheumatica (PMR) patients and 23 
age-matched healthy subjects.
Results. Serum IgG anti-hHSP60, but 
not anti-C. pneumoniae, antibodies 
were significantly increased in GCA 
patients in comparison with PMR pa-
tients or healthy controls. After steroid 
therapy, both anti-hHSP60 and -C. 
pneumoniae antibodies decreased sig-
nificantly in both groups of patients.
Conclusion. Although some infectious 
agents have been suggested to partici-
pate in GCA pathogenesis, our data do 
not suggest that C. pneumoniae might 
be one of them. The production of anti-
hHSP60 antibodies is shared in GCA 
with other systemic diseases and may be 
triggered by unknown infectious agents 
and/or other inflammatory factors.

Introduction
Giant cell arteritis (GCA) is a granu-
lomatous vasculitis affecting medium 
and large-size arteries in elderly peo-
ple (1-3). The aetiopathogenesis of this 
disorder remains unknown although 
genetic, autoimmune and environmen-
tal factors have been implicated (4). 
GCA involves an inflammatory process 
in which infections are considered as 
possible pathogenic factors. Among the 
number of infectious agents implicated 
in GCA, Chlamydia pneumoniae (C. 
pneumoniae) is the one that has shown 
a closest association. In this regard, 
several reports including small num-
bers of patients identified DNA encod-
ing C. pneumoniae (5, 6). Nonetheless, 
two well-designed studies in different 
cohorts of GCA patients have been 
published (7, 8), where they conclude 
that C. pneumoniae does not play an 
important role in the etiology of GCA. 

C. pneumoniae is a gram-negative bac-
terium that replicates intracellularly 
and expresses several proteins, among 
which major outer membrane protein 
(MOMP) and chlamydial heat shock 
protein (cHSP) 60 are better known. 
Regan et al. (7) found only one GCA 
patient positive for the MOMP gene 
from a large sample consisting of 90 
GCA patients. The same proportion was 
found for healthy controls. The Authors 
addressed such a study because of the 
similarities between GCA and athero-
sclerosis, where the pathogenic role of 
C. pneumoniae seems to be better estab-
lished (9). In addition, Helweg-Larsen 
et al. (8), undertook a similar study on 
temporal artery biopsies from 15 GCA 
and 10 polymyalgia rheumatica (PMR) 
patients and also found no evidence of 
DNA from C. pneumoniae or other in-
fectious agents, such as parvovirus B19 
or herpes virus. A common pathway 
between GCA and atherosclerosis has 
been suggested (10). Atherosclerosis is 
a multifactorial, multistep disease that 
involves chronic inflammation and that 
all the risk factors contribute to patho-
genesis by amplifying the underlying 
inflammatory process. In this regard, 
infection can stimulate atherogenic 
processes and there are significant in-
teractions between infection and tradi-
tional risk factors. Precisely, anti-hu-
man HSP and-infectious HSP antibod-
ies have been related to the prevalence 
of atherosclerosis (11).
cHSP60 shows a great homology with 
human HSP60 (hHSP60) and C. Pneu-
moniae infection can induce immune 
reactivity against hHSP60, which may 
serve as a target for autoimmune re-
actions (12). This may be especially 
relevant in GCA, which courses with 
lesions in smooth muscle cells of me-
dium to large vessels, since these cells 
express high levels of hHSP60. Both 
humoral and cellular immune respons-
es against cHSP60 and hHSP60 have 
been found in atherosclerosis and other 
cardiovascular diseases (12). Follow-
ing the parallelism between atheroscle-
rosis and GCA indicated by Regan et 
al. (7), we measured serum levels of 
hHSP60 and C. Pneumoniae antibod-
ies (Abs) in a cohort of GCA patients 
with active untreated disease.
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Material and methods
Seventeen GCA patients with active 
untreated disease were included in the 
study. As controls, we employed 23 
aged-matched healthy subjects and 39 
patients with active untreated PMR, 
which is a close-related disease to GCA 
(1). The study was approved by the 
Ethics Committee at the Hospital Uni-
versitario Marqués de Valdecilla and 
all the patients gave informed consent 
before obtaining blood samples for the 
study. Corticosteroid therapy for GCA 
patients was started with prednisone 40-
60 mg daily. PMR patients were treated 
with prednisone 10 mg daily. After the 
initial control of the disease, the dose 
of corticosteroids was progressively re-
duced according to clinical disease ac-
tivity. Serum samples were obtained at 
disease onset and after clinical remis-
sion with steroid therapy.
IgG Abs reacting with recombinant 
hHSP60 (Sigma Chemical Co, St Lou-
is, MO) were quantified by an in-house 
ELISA. Microtitre plates were coated 
with 5 µg/ml of recombinant hHSP60 
in phosphate buffered saline (PBS) 
overnight at 4oC. After blocking with 
PBS-2% bovine serum albumin (BSA), 
samples were run in triplicate at a 1/500 
serum dilution. Sera were incubated 
for 3 hours at room temperature and 
after 3 washes, wells were incubated 
with 100 μl of a goat F(ab')2 anti-hu-
man IgG (Fc)-phosphatase alkaline 
conjugate (Dako, Gloostrup, Denmark) 
diluted 1:1000 in PBS-2% BSA. After 
three additional washes, fresh substrate 
(p-Nitrophenyl Phosphate disodium, 
Sigma-Aldrich co) was added for 1 
hour to each well and absorbances were 
read at 405 nm. Results were given in 
mean optical densities (OD) obtained at 
405 nm, calculated after subtraction of 
OD obtained in parallel plates with no 
coated hHSP60. IgG Abs specific for 
C. pneumoniae were measured with an 
available ELISA (Thermo Labsystems, 
Helsinki, Finland) according to the 
manufacturer’s instructions and results 
were calculated as enzymatic immuno-
units with respect to a calibrator.
Statistical analysis of results was per-
formed with SPSS 12.0 Software (SPSS, 
Chicaco, IL, USA). Differences be-
tween groups of patients were evaluated 

by the Mann-Whitney U-test. Statistical 
significance of differences in Abs titres 
at clinical onset and after clinical re-
mission was assessed by the Wilcoxon 
rank-sum test. P-values <0.05 were con-
sidered as statistically significant.

Results
Decrease of anti-chamidial 
pneumoniae antibodies in GCA and 
PMR after steroid-induced remission
The demographic features and vascu-
lar risk factors in the study patients are 
shown in Table I. As shown in Figure 
1, patients with GCA had similar se-
rum levels of IgG C. pneumoniae Abs, 

compared with aged-paired healthy 
subjects. Although PMR patients had a 
slight increase in IgG C. pneumoniae 
Abs as compared with GCA patients 
and healthy subjects, these differences 
did not reach statistical significance. 
Remarkable enough was the decrease 
of IgG C. pneumoniae Abs titres after 
steroid therapy in both GCA (29.1% of 
reduction, p=0.04) and PMR (25.9% of 
reduction, p=0.03) patients (Fig. 1A).

Anti-human HSP60 antibodies are 
elevated in GCA patients compared to 
PMR patients and healthy subjects
Since cHSP60 and hHSP60 have a high 

Table I. Main clinical and laboratory data of giant cell arteritis (GCA) and polymyalgia 
rheumatica (PMR) patients.

 GCA PMR Healthy subjects

Number 17 39 23
Age (years) 73.3 ± 5.6 72.1 ± 7.8 73.2 ± 6.6
Sex (% females) 76 51 60
Hypercholesterolemia (%) 6 26 26
Plasma homocysteine (umol/L)* 13.6 ± 4.3 12.7 ± 3.1 11.4 ± 2.8
Ischaemic cardiopathy (%) 12 13 0
ESR (mm 1 hr)** 78 ± 34 46 ± 33 8 ± 5
CRP (mg/dl)** 7.1 ± 5.3 3.5 ± 3.2 0.3 ± 0.6

ESR: erythrocyte sedimentation rate; CRP: C reactive protein.
*Plasma homocysteine levels in patients with GCA and PMR were significantly higher than in healthy 
subjects (p<0.05). **Differences for ESR and CRP between GCA and PMR patients were statistically 
significant (p<0.05). Differences between both types of patients and aged-paired healthy subjects were 
also significant (p<0.05).

Fig. 1. Serum levels of IgG antibodies to Chlamydia pneumoniae (C. pneumoniae IgG, A) and human 
heat shock protein (hHSP) 60 IgG, B) in patients with GCA compared to PMR patients and healthy 
aged-matched subjects. Bars represent mean values and error bars denote standard deviations. C. pneu-
moniae IgG were quantified as enzymatic units (EU) whereas hHSP60 IgG were determined as optical 
densitiy (OD) at 405. Differences among groups were only significant for human hHSP60 antibodies as 
indicated in the figure. Changes in each patient group after remission (white bars) with steroid therapy 
were always significant as compared with onset levels (black bars), as indicated in the text.
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homology, we next measured serum 
levels of IgG hHSP60 Abs (Figure 1B). 
In contrast with C. pneumoniae Abs, 
IgG hHSP60 Abs were significantly 
increased in GCA patients in compari-
son with PMR patients (two-fold) and 
healthy controls. Nevertheless, IgG 
hHSP60 Abs were also significantly 
increased in PMR patients with respect 
to healthy controls, although slightly. 
As observed for C. pneumoniae Abs, 
serum IgG hHSP60 Abs decreased 
significantly almost two-fold with ster-
oid therapy in both groups of patients 
(p=0.04 and p=0.01 for GCA and PMR, 
respectively). Finally, despite the ho-
mology between cHSP60 and hHSP60, 
we did not observe any correlation be-
tween C. pneumoniae Abs and hHSP60 
Abs (data not shown).

Discussion
Although our serological results can-
not replace molecular approaches to 
directly detect C. pneumoniae (7, 8), 
it is important to consider that the en-
counter with the infectious agent in 
GCA patients is considered to be previ-
ous to the development of the sympto-
matic disease. Therefore, it is possible 
that the bacterium is no longer detect-
able locally and the serology may be 
the only indication of C. pneumoniae 
involvement. In fact, the search for C. 
pneumoniae genes in atherosclerotic 
plaques, where its role is better estab-
lished, has demonstrated only traces of 
C. pneumoniae DNA (13). This may be 
a possible explanation for the negative 
results reported, since they only looked 
out for the presence of the C. pneumo-
niae MOMP gene (7) or C. pneumoniae 
MOMP and 16S rRNA genes (8).
Our data point for an initial immune 
response against unknown infectious 
agent(s), which generates immune 
memory. Later on, due to the high in-
terspecies homology of the HSP (“mo-
lecular mimicry”), self-HSP may be 
recognized by the immune system and 
produce hHSP60 Abs, as described in 
other vasculopathies. It is also impor-
tant to consider that cHSP, together with 
lypopolysacharide, are the most immu-
nogenic particles of C. pneumoniae, at 
difference of the MOMP searched by 
Regan et al. (7) and Helweg-Larsen et 

al. (9), which is weakly immunogenic.
It is somehow intriguing the increased 
production of anti-hHSP60 autoanti-
bodies in diseases such as GCA and 
PMR that are characterized by their po-
tent cellular response with no evidence 
of a humoral one. In fact, no autoanti-
body of clinical relevance or hypergam-
maglobulinemia has been described in 
these disorders. One possible argument 
for our finding could be related to the 
age of GCA and PMR patients. How-
ever, it seems to be not age-related 
since our control subjects were aged-
paired. In spite of such specificity, we 
consider that anti-human hHSP60 can 
not be considered as serological mark-
ers of the disease but as reflect of a pre-
vious contact with infectious agent(s) 
with special tropism for cardiovascular 
tissues. Furthermore, it is possible that 
the presence of these autoantibodies 
is an indirect effect of hHSP specific 
T cells, as has been recently demon-
strated in Takayasu arteritis (14). Al-
though we have no evidence for it, it 
is also possible that we have measured 
a part of anti-endothelial cell Abs since 
hHSP60 is an important target for those 
Abs, especially in vasculitis-associated 
systemic autoimmune disease (15). A 
proposed mechanism in the pathophys-
iology of autoimmune diseases, such 
as GCA and PMR, is through the in-
duction of pro-inflammatory cytokine 
production by monocytes via Toll-like 
receptors (16). Finally, high levels of 
anti-hHSP60 autoantibodies have been 
associated with increasing severity of 
atherosclerosis in patients (17). More 
importantly, acute C. pneumoniae 
infection with secondary HSP60 hu-
moral response has been involved in 
the pathophysiology of acute coronary 
syndromes (18-20). In fact, an advance 
atherosclerosis has been suggested as a 
possible susceptible factor to explain 
the development of these disorders in 
elderly patients (21). In agreement with 
it, it is possible that the vascular inflam-
mation that has been demonstrated in 
GCA might be the inducer of a second-
ary humoral response against hHSP60 
as demonstrated in the present work. 
However, no correlation was found 
of ESR and CRP with serum levels of 
anti-hHSP60 antibodies.

In summary, the protective immune 
response against C. pneumoniae and/
or other unknown infectious agent(s) 
may carry the danger of a crossreactiv-
ity with self-HSP, which are expressed 
in endothelial cells. When other en-
vironmental factors participating in 
the pathogenesis of GCA induce the 
activation of memory autoreactive B 
cells and their differentiation to plasma 
cells, hHSP Abs are produced. Unspe-
cific immunosuppression with steroids 
would reduce such an activation and 
would reduce the levels of serum Abs. 
Our data suggests a role of infectious 
agents in GCA and might support the 
hypothesis that C. pneumoniae might 
be only one more among the possible 
players in this disease. Nonetheless, 
other triggering factors, such as vascu-
lar damage, itself cannot be discarded.
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