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HLA molecules, bacteria and autoimmunity
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It has been well established that many diseases are linked to HLA antigens. Two of the
most interesting HLA associations may provide some insight into the pathogenesis of
rheumatic inflammatory conditions. In ankylosing spondylitis (AS), 96% of patients
possess HLA-B27, whilst the frequency of this marker in the general population is c.
8%. In rheumatoid arthritis (RA), >90% of patients possess either HLA-DR1 or some
subtypes of HLA-DR4, whilst the frequency of this marker in the general population is
c. 35%. The association between HLLA-B27 and reactive arthritis (ReA) has also been
well established. Furthermore, it has been shown that ReA is triggered by infection via
the gastrointestinal tract due to Yersinia, Salmonella or Campylobacter spp. and in the
genitourinary tract due to chlamydia. In a similar way, microbiological and
immunological studies have revealed an association between Klebsiella pneumoniae in
AS and Proteus mirabilis in RA. This article reviews the possible pathological
implications of the associations between HLA-B27, K. pneumoniae and AS, as well as

HLA-DR1/DR4, P mirabilis and RA.

Introduction

Infectious agents have been postulated to play a role in
the development of autoimmune diseases such as
rheumatoid arthritis (RA), ankylosing spondylitis
(AS), multiple sclerosis (MS) and insulin-dependent
diabetes mellitus (IDDM). However, the underlying
pathological mechanisms are at present unknown,
although many theories have been proposed to explain
these diseases.

Rheumatic fever

In rheumatic fever, antibodies to heart tissue have been
shown to cross-react with Streptococcus pyogenes
because of ‘molecular mimicry’ [1] and studies have
identified antigenic structures that may be involved in
cross-reactions with myocardial and brain components
[2,3]. Two of the most characterised cross-reactive
antigens associated with rheumatic fever are cardiac
myosin and the M protein of S. pyogenes [4,5].
Affinity-purified anti-myosin antibodies from sera of
patients with acute rheumatic fever have been shown to
cross-react with a pentameric amino-acid sequence
QKSKQ present in streptococcal M protein [5]. Studies
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have shown that murine anti-streptococcal monoclonal
antibodies (MADbs) that were cross-reactive with
streptococcal M protein and cardiac myosin were
cytotoxic for heart and fibroblast cell lines [6].
Rheumatic fever could therefore be a model for a
pathological mechanism that explains the development
of other autoimmune diseases such as AS and RA.

Ankylosing spondylitis

Ankylosing spondylitis (AS) is a chronic inflammatory
disorder that involves mainly the lumbar spine and
sacroiliac joints, although it can also affect the
peripheral joints and eye structures such as the uvea.
The inflammation can lead to fibrosis and ossification,
where bridging spurs of bone known as ‘syndesmo-
phytes’ form, especially at the edges of the inter-
vertebral discs. This form of ossification is primarily
seen at the sacroiliac joints and lumbar spine from
where it ascends. In extreme cases it can effectively
solidify the whole of the vertebral column. In the
advanced stages, fusion of the spine occurs, which
often results in a characteristic stooped posture known
as the ‘Bechterew stoop’. The disease in severe cases
can progress to form the classic ‘bamboo spine’. It is
well established that HLA-B27 is associated with AS in
all racial groups examined [7, 8], but it must be noted
that the majority of HLA-B27 carriers are free from
disease. Class [ major histocompatibility (MHC)
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molecules such as HLA-B27 are found on virtually all
cells except mature erythrocytes and trophoblasts,
whereas class II molecules like HLA-DR1/DR4 are
present on B cells, monocytes and dendritic cells,
where they are thought to play a role in antigen
presentation to T cells. In addition, certain cells that do
not normally express class I molecules can be induced
to express them upon stimulation with interferon-
gamma (IFN-y) [9]. Two main theories have been
proposed to explain the association of HLA-B27 with
AS: the receptor theory and the molecular mimicry
theory.

The receptor theory postulates that the T-cell receptor
recognises foreign or self peptides, 8—20 amino acids
in length, in association with class I or class II MHC
molecules forming a trimolecular complex [10, 11].
Thus, the T-cell response is restricted by HLA
molecules. The HLA-DR1/DR4 binding groove could
present a peptide of arthritogenic origin to T cells,
which may be similar to a foreign peptide bound to an
HLA molecule. The lack of evidence for a special
pathogenic peptide that binds to HLA-B27 or to HLA-
DR1/DR4 is a serious weakness of the ‘receptor
theory’.

The molecular mimicry theory suggests that disease is
caused by antigenic components of micro-organisms
which partially resemble or cross-react with HLA
molecules. Once antibacterial antibodies have been
produced as a result of infection, they will bind to
HLA molecules on lymphocytes, fibroblasts and
chondrocytes. Activation of the complement cascade
will lead to inflammation and clinical symptoms of
disease [12]. An alternative explanation for pathogenic,
auto-reactive responses is through the presence of
‘cryptic epitopes’. The principles of this theory are that
each self-protein has a small number of well presented
dominant epitopes which are involved in negative
selection of T cells. Thus the majority of minor cryptic
determinants do not induce tolerance and, therefore,
there exists a large cohort of potentially self-reactive T
cells, which under certain circumstances may become
activated [13]. The cryptic self theory is compatible
with the molecular mimicry theory, as viruses or
bacteria may provide the initial stimulus that leads to
an increase in presentation of, and immune reactivity
to, cryptic determinants. Structural similarity between
dominant determinants in a foreign and self molecule
have been documented [14]. Furthermore, self-reactive
T and B cells have been primed following co-
immunisation with both a self-reactive and a cross-
reactive foreign molecule [15]. Cryptic determinants
may be present in the synovium and any similarity with
antigenic sequences in an infecting organism could
induce an auto-reactive response, which in turn could
lead to inflammation and tissue damage. Reactive
arthritis is known to occur in HLA-B27-positive
individuals following infection with Salmonella, Shi-
gella and Yersinia spp. Patients with acute Y

enterocolitica O:3 infection who develop arthritis tend
to have a more persistent IgA antibody response to the
infecting organism than those with uncomplicated
infection [16]. Several groups have observed that
synovial fluid mononuclear cells from patients with
yersinia reactive arthritis show significantly higher
proliferation than peripheral blood cells from the same
patients in response to whole yersinia antigens [17, 18].
Further analysis of synovial CD4 positive T-cell clones
has shown that the principal responses are to antigens
of the 19-kDa urease subunit [19] and the 14-kDa L23
protein of the 50S ribosomal subunit of Yersinia spp.
[20]. Moreover, the urease protein has previously been
shown to be arthritogenic in rats [21].

A prolonged IgA antibody response to both S.
enteritidis and S. typhimurium has also been demon-
strated in patients with reactive arthritis compared with
those with uncomplicated infections [22]. Salmonella
LPS, but not viable organisms, has been detected in
synovial specimens from patients with salmonella-
induced reactive arthritis [23]. Furthermore, synovial
fluid T cells from reactive arthritis patients proliferate
specifically when stimulated with salmonella antigens
[18], whereas peripheral blood T-cell responses appear
to be decreased [24]. Other studies have shown that
LPS from Sh. flexneri can be detected in synovial
samples from patients with reactive arthritis [25] and
synovial fluid T-cell responses to shigella have also
been observed in patients with reactive arthritis [26].

Molecular mimicry between HLA-B27 and K.
pneumoniae molecules

The molecular mimicry theory was first proposed by
our group in 1976, when it was shown that several
gram-negative micro-organisms, such as K. pneumo-
niae, carry antigens that cross-react with HLA-B27
[12]. Allogeneic human HLA-B27 tissue typing anti-
sera were found to bind preferentially to K. pneumo-
niae antigens compared with non-B27 typing sera
[27,28]. Furthermore, mouse monoclonal anti-HLA-
B27 sera showed increased binding to klebsiella,
shigella and yersinia antigens, but not to Enterobacter
aerogenes and S. ftyphimurium antigens [29]. In a
related study, an anti-Yersinia MAD reacted with all of
12 HLA-B27 lymphoblastoid cell lines, but with only
four of 31 HLA-B27-negative ones. However, three of
the four reactive HLA-B27-negative cell lines carried
HLA-B7, an antigen that cross-reacts with HLA-B27
[30]. Other studies demonstrated that the anti-HLA-
B27 (M2) MADb bound specifically to a 70-kDa
component of K. pneumoniae, whereas no such
reactivity was demonstrated with five other MAbs [31].

Molecular mimicry has also been demonstrated at the
amino acid level. An amino-acid sequence homology
has been identified between HLA-B27 and the K
prneumoniae nitrogenase reductase enzyme, in that the
sequence QTDRED is common to both molecules [32].



In addition, rat antisera raised against 16-mer synthetic
peptides of K. pneumoniae nitrogenase reductase which
contained the similarity sequence, reacted with synovial
biopsies obtained from HLA-B27-positive AS patients,
but not with biopsies obtained from HLA-B27-negative
RA patients [33]. Furthermore, AS patients have
elevated levels of antibodies to K. pneumoniae
nitrogenase reductase, especially during active phases
of disease [34].

There is another klebsiella sequence, which cross-
reacts with part of the HLA-B27 molecule. Database
analysis of published K. pneumoniae protein sequences
showed that molecular mimicry is present between K.
pneumoniae secretion protein (pul D) of the inducible,
starch debranching enzyme pullulanase (DRDE) and
HLA-B27 (DRED) [35]. Also, amino-acid homology
has been described between the extracellular starch-
induced enzymes pullulanase (pul A) and types I, III
and IV collagens [35]. The molecular mimicry theory
predicts that both antigen, i.e., the microbe, and
antibodies against K. pneumoniae should be detectable
in AS patients during active phases of the disease.

Microbiological studies

Early studies by our group of 63 AS patients showed
that K. pneumoniae was isolated more frequently
during active phases of the disease [36]. In the second
sequential study, of 163 AS patients, it was shown that
clinical relapse was preceded by the appearance of K.
pneumoniae in faecal samples [37] and active inflam-
matory disease was associated with elevation in total
serum IgA, suggesting that a microbial agent was
acting across a mucosal surface, such as the gut [38].
Independently, other groups have found an association
between the isolation of Klebsiella spp. and active
disease in AS patients [39—41]. These studies on AS
patients in several centres suggest that K. pneumoniae
is involved in producing pathological changes during
active phases of the disease. To explain the pathology
of the disease, antibodies produced against cross-
reactive antigens and also against immunocompetent
cells must be shown to produce autoimmune cellular
and tissue damage.

Immunological studies

It is well established that total serum IgA is elevated in
AS patients [42] and that it is usually associated with
inflammatory phases of disease activity [38—43].
Elevation in total serum IgA indicates antigenic
stimulation across a mucosal surface, such as the
gastrointestinal or respiratory tracts. Plasma cells in the
gut mucosa are the main source of serum IgA [44],
therefore, gram-negative bowel flora could be respon-
sible for these immunoglobulin elevations [45].

Early studies by our group reported that mean IgA
antibody levels against freeze-dried, reconstituted
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culture supernate of K. pneumoniae were significantly
higher in 43 active AS patients than in 39 inactive AS
patients, 57 healthy control subjects, 13 patients with
psoriatic arthritis and 38 rheumatoid arthritis (RA)
patients. However, there were no significant elevations
of antibody levels against Escherichia coli and
Candida albicans in any of the five groups examined
[46]. In a second study, we reported an elevation in
mean titre of anti-Klebsiella antibodies in 24 active
AS patients, whereas no such elevation was found in
28 inactive AS patients, 30 RA patients and 41
healthy control subjects [47]. This observation was
later confirmed by our group with whole as well as
sonicated bacteria and several other immunological
techniques such as immunofluorescence and immuno-
blotting [48—50]. In an extensive study from Finland,
antibodies were measured against salmonella lipopo-
lysaccharide (LPS), to sodium dodecyl sulphate
extracts of E. coli, Yersinia, Klebsiella and Proteus
spp-; to a glycine extract antigen of a Campylobacter
sp.; to Borrelia burgdorferi sonic extract antigen and
to C. trachomatis elementary bodies. Ninety-nine AS
patients and 100 healthy control subjects were studied
and increased levels of IgA and IgG antibodies were
observed against Klebsiella spp., although some slight
elevation in IgA antibodies was also observed with E.
coli. However, there was no significant elevation of
antibody levels against antigens of Salmonella,
Yersinia, Campylobacter, Borrelia and Proteus spp.
and C. trachomatis in the AS patients investigated.
AS patients were also found to have elevated levels of
antibodies to LPS from Klebsiella and Shigella spp.,
but not to LPS from E. coli, Salmonella, Yersinia,
and Campylobacter spp. [51]. Furthermore, both
humoral and celllular responses against K. preumo-
niae were elevated in 13 AS patients when compared
with healthy control subjects [52]. In contrast, a
quantitative reduction of K. pneumoniae-responsive T
cells was found in peripheral blood lymphocytes of
patients with AS compared with healthy control
subjects [53]. Studies from the Netherlands have
reported elevated levels of antibodies to K. pneumo-
niae in AS and acute anterior uveitis (AAU) patients
compared with healthy control subjects [54]. Apart
from antibodies to a whole cell preparation of K.
pneumoniae which were found in Japanese AS
patients, IgG antibody levels were also reported to
be elevated against homologous synthetic peptides of
HLA-B27 (DRED), K. pneumoniae nitrogenase re-
ductase (DRED) [32] and pullulanase (DRDE) [35]
enzymes. The presence of specific anti-K. pneumoniae
antibodies in AS patients and the observation that
molecular mimicry between HLA-B27 and K. pneu-
moniae has been defined in terms of similarity to
amino acids, found in both the suspect bacteria and
the genetically susceptible individuals, clearly suggest
that this microbe could be the environmental trigger
factor in AS. Specific anti-klebsiella antibodies in AS
patients have now been reported from 16 different
countries.
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If K. pneumoniae were present in the gut or bowel
mucosa in AS, the nearest relevant lymph nodes would
be in the mesentery of the gut and the pelvis. These are
anatomically close to both the lumbar spine and
sacroiliac joints, and, therefore, high levels of anti-
bodies would be expected in these areas, which are the
main pathological sites of disease expression in AS. If
the bowel mucosa is affected, abnormalities should also
be present in the local mesenteric, presacral and pelvic
lymph nodes. Studies have demonstrated abnormalities
in pelvic and sacral lymph nodes in AS patients by
lymphangiography and it was observed that inflamma-
tion and sclerosis of the lymph node changes seemed to
precede the development of radiological changes in the
lumbar spine and sacroiliac joints [55]. It has been
suggested that there is an increased prevalence of
inflammatory bowel disease (IBD) in families of AS
patients. Furthermore, ileo-colonoscopic findings in
232 patients with seronegative spondyloarthropathy
demonstrated inflammatory lesions in 57% of AS
patients during the active phases of the disease [56].
In a subsequent study, 25% of those patients who had
chronic inflammatory changes on initial biopsy had
developed Crohn’s disease (CD) [57]. In a recent study,
our group has shown that both AS and IBD patients
have elevated levels of antibodies to K. pneumoniae,
but not to Eubacterium, Bacteroides or Peptostrepto-
coccus spp., E. coli or P mirabilis [58]. These findings
suggest a specific immmune response to K. preumo-
niae in both AS and IBD. However, HLA-B27 is linked
to AS, but not to IBD.

Rheumatoid arthritis

Rheumatoid arthritis (RA) in its fully developed form
is a peripheral, symmetrical, inflammatory disease that
leads to destructive changes in the joints. It is
associated with the presence of auto-antibodies,
including rheumatoid factor, in the blood. The earliest
changes in RA take place in the synovial tissues.
Inflamed synovial villi adhere to the adjacent margins
of articular cartilage, giving rise to a ‘pannus’ which is
composed of fibrous tissue, infiltrated with chronic
inflammatory cells. Pannus can also replace bone,
leading to radiologically visible erosions which are
characteristic of this disease.

The association between RA and HLA-DR haplotypes
DRB1*0101, DRB1*0401, DRB1*0404, DRB1*0405
and DRB1*1402 has been well established [59]. A
particular region of the DRB1 chain, from position 70—
74 (QRRAA), has been identified as the molecular
sequence responsible for the susceptibility to develop
RA [60]. The receptor theory and the molecular
mimicry theory have also been proposed to explain
the association of specific HLA-DR alleles with RA.

Molecular mimicry, P mirabilis and RA

Early immunological and tissue typing studies by our
group demonstrated cross-reactivity between HLA-DR4
and P mirabilis [61,62]. More recently, we have
identified a molecular similarity or molecular mimicry
sequence ESRRAL in P mirabilis haemolysin which
has the same shape and charge distribution as the RA
susceptibility sequence EQRRAA [63]. The ESRRAL
sequence is also present in the haemolysin protein of
Serratia marscescens, but not in the haemolysins
produced by Streptococcus pyogenes, Str. pneumoniae,
Listeria monocytogenes, Staphylococcus aureus, Clos-
tridium perfringens, Pseudomonas aeruginosa and E.
coli. Furthermore, RA patients have been found to have
antibodies to both the native P mirabilis haemolysin
protein and to the ESRRAL peptide [64]. In related
studies by independent groups, antibodies against the
RA susceptibility sequence EQRRAA [65] and P
mirabilis ESRRAL [66] have been found in RA
patients.

A characteristic feature of RA is the presence of
erosions of cartilage, especially in the small joints of
the hands and feet, where there is a high concentration
of hyaline cartilage. Another mimicry sequence has
been identified in P mirabilis. The IRRET sequence of
P mirabilis urease shows molecular mimicry with the
LRREI sequence of type XI collagen, which is a
component of hyaline cartilage [64]. Furthermore, RA
patients appear to have elevated levels of antibodies to
P mirabilis urease [64]. As in AS, if the molecular
mimicry theory is a valid model for the pathogenesis of
RA, then P mirabilis organisms and antibodies to P
mirabilis should be detectable in RA patients during
active phases of the disease.

Immunological and microbiological studies

Preliminary studies by our group reported that antibody
levels against P mirabilis were significantly higher in
30 RA patients than in 28 AS patients and 41 healthy
control subjects [61]. Various immunological techni-
ques have shown that RA patients with active disease
have elevated levels of antibodies to P mirabilis, but
not to other bacteria [67, 68]. This observation has
been confirmed by several independent groups [68—
73]. Specific anti-proteus antibodies in RA patients
have so far been reported from 10 different countries.
Furthermore, anti-P. mirabilis antibody levels correlate
with the ability to isolate P mirabilis from mid-stream
urine specimens [74]. Recently, we reported that the
majority of P mirabilis strains isolated from the urine
of RA patients were of proticine type 3 [75].
Interestingly, proticine type 3 strains are associated
with upper urinary tract infections [76]. Therefore, the
hypothesis that P mirabilis may play a role in the
development of RA can be proposed.



Molecular mimicry and the pathology of
ankylosing spondylitis and rheumatoid arthritis

The conclusion from these extensive studies is that AS
patients have specific antibodies to K. pneumoniae and
RA patients have antibodies to P mirabilis. However,
only a small proportion or a subset of the antimicrobial
antibodies will also have anti-self or autoimmune
activity. Those bacterial antigens which carry cross-
reactive sequences will be immunogenic, especially
around the edges of the mimicking sequences, because
it is at these sites that the immune system will not
recognise that it is dealing with a self antigen. Hence,
there is no universal breakdown of tolerance, and the
production of anti-self bacterial antibodies or auto-
immune activity is part of the normal immune response
when encountering partially cross-reacting antigens
present in infectious micro-organisms. When such
cross-reacting antibodies are present in small quantities,
no complement activation will occur and there will be
no cytotoxic event or inflammation. Complement
activation occurs when two Fc segments of antibodies
are aligned in close proximity to activate the Clq
molecule of the complement system and this occurs in
conditions of antigen—antibody equivalence. It is well
established that the width of the equivalence zone is
dependent on antigen valency [77]. In view of the large
number of HLA molecules present on somatic cells
(i.e., probable antigen excess), it is unlikely that
antibody excess is encountered during the immune
response following bacterial exposure. Antigen—anti-
body equivalence leading to complement activation and
cellular damage is more likely. When low titres of
antibody are present in the patient, the Fc segments will
be too far apart to activate the complement system and
therefore will not cause any inflammatory damage. The
end result of inflammation is localised tissue damage
and fibrosis. Therefore, theraputic interventions aimed
at the removal of K. pneumoniae and P mirabilis in AS
and RA patients respectively, with consequent reduction
of antibody production against these organisms, should
lead to a decrease in inflammation and possibly
induction of clinical remission or even arrest in the
progression of these diseases. Prospective clinical
studies that include close microbiological monitoring
are clearly indicated to determine whether removal of
these common bacteria could benefit the many patients
who suffer from these debilitating diseases. There are
>250000 AS patients and >1 million RA patients in
the UK alone and therefore these discoveries and their
possible implications for therapy merit close examina-
tion and evaluation.
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