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SUMMARY

Previous research has found the association between ankylosing
spondylitgis (AS) and the human leukocyte antigen B27 to be the
strongest known association of a human leukocyte antigen and disease.
Genes in linkage disequilibrium, molecular mimicry and interaction of
B27 with foreign antigens have all been proposed as possible
mechanisms to account for the association. Reports of a high
incidence of Klebsiella carriage in patients with AS directed
investigation towards cross-reactivity between Klebsiella and B27
antigens. Sera to certain Klebsiella isolates have been found to be
cytotoxic for B27 positive peripheral blood lymphocytes (FBL) from
patients with AS. Cross-reactivity has also been demonstrated,
between serum raised to B27 positive lymphocytes and various enteric
bacteria and recently raised levels of anti-Klebsiella IgA antibodies
have been found in patients with active AS. It has therefore been
suggested that AS may occur as a result of immunological damage
following infection by gram negative bacteria carrying antigens that
are stereochemically similar to self antigens.

The contribution made by Klebsiella and other enteric bacteria, in AS
and three other disease population controls - rheumatoid arthritis
(RA), Crohn's disease (CD) and ulcerative colitis (UC) - was therefore

determined using various immunological techniques.
The association of Klebsiella and AS was investigated by measuring the
frequency of faecal carriage of Klebsiella in patients with active,

probably active and inactive disease. No increase in carriage was
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found in any of the patient groups when compared to community
controls. Erythrocyte sedimentation rate and C-reactive protein
levels correlated with disease activity but serum IgA, IgG and IgM
levels did not. Peripheral joint involvement did not affect any of
these parameters except serum IgM levels which were raised in
patients with peripheral joint involvement. This could suggest a

recent or ongoing infection in these patients.

The 'cross-tolerance' theory to explain the pathogenesis of AS was
investigated using a lymphocytotoxicity assay. There was no reaction
between anti-Klebsiella antibodies and B27 positive peripheral blood
lymphocytes from AS patients. Therefore no‘ similarities exist between
Klebsiella antigens and antigens on peripheral blood lymphocytes

including the B27 antigens.

The cell mediated immune response was measured in patients with AS, CD
and RA. Transformation by phytohaemagglutinin (PHA) and pokeweed
mitogen (PWM) was normal in the AS and CD groups but the response to
concanavalin A (Con A) was lowered. PHA, Con A and PWM responsiveness
was decreased in patients with RA. Patients with AS and CD may
therefore have an abnormal T suppressor cell activity whereas RA

patients have an overall abnormal T cell response.

Lymphocyte responsiveness to bacterial antigens in patients with AS
and CD was generally normal but in the RA group again the response was
lower confirming the above depression of T cell activities.

The humoral immune response to bacterial antigens was found to be
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activated in patients with AS, CD, UC and RA. IgA antibodies to

Klebsiella pneumoniae and Yersinia enterocolitica were raised in all

patient groups. Anti-E.coli IgA antibodies were increased in the AS

and CD groups whereas anti-Campylobacter jejuni IgA antibody levels

were increased in patients with RA and UC. Anti-Klebsiella IgM
antibody levels were lowered in AS patients, therefore Klebsiella
antigens could not be responsible for the raised levels of total serum
IgM. The increased IgA levels may be due to an increased permeability
of the gut to bacterial antigens leading to an increased gut mucosal

IgA response allowing the release of IgA into the circulation.
In conclusion, the pathogenic role of gram negative bacterial antigens

in ankylosing spondylitis still remains unresolved but the role of

Klebsiella is not specific for ankylosing spondylitis.
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Abbreviations

A active
A405nm absorption at 405nm
AAU acute anterior uveitis
AS ankylosing spondylitis
BSA bovine serum albumin
CcD Crohn's disease
Cr culture filtrate
CIC circulating immune complexes
C.jejuni Campylobacter jejuni
cMI cell mediated immunity
Con A concanavalin A
g&gi _ counts per minute
: radioactive chromium
CRP C-reactive protein
CTL cytotoxic T lymphocytes
DNA deoxyribonucleic acid
ECA enterobacterial common antigen
E.coli Escherichia coli
EDTA ethylenediaminetetracetic acid
ELISA enzyme linked immunosorbent assay
ESR erythrocyte sedimentation rate
FT formalin treated
GI gastrointestinal
GC glucocorticoid
HEPES N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid
HLA human leukocyte antigen :
HT heat treated
HTS supernatant from heat treated bacteria
IBD ’ inflammatory bowel disease
IN inactive
K.pneumoniae '~ Klebsiella pneumoniae
LPS lipopolysaccharide
MHC major histocampatibility complex
MN monocytes
MOMPSs major outer membrane proteins
NCTC National Collection of Type Cultures
NSAIDs non-steroidal anti-inflammatory drugs
CA osteocarthritis
PA probably active
PBEL peripheral blood lymphocytes
PBS : phosphate buffered saline
PEG polyethylene glycol
PG prostaglandin
PHA phytohaemagglutinin
PJI peripheral joint involvement
PS polysaccharide
Ps.aeruginosa Pseudomonas aeruginosa
P pokeweed mitogen
RA rheumatoid arthritis
ReA reactive arthritis
RMPI Rosewell Park Memorial Institute
RS Reiter's syndrome
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Objectives

To investigate the isolation frequency of Klebsiella in patients
with ankylosing spondylitis and whether it is associated with

disease activity.

To investigate the association between clinical disease
assessment and laboratory parameters in patients with ankylosing

spondylitis.

To investigate the hypothesis that the HLA-B27 antigen on
lymphocytes of patients with ankylosing spondylitis
stereochemically resembles an antigen(s) from Klebsiella

pneumoniae.

To measure the cell mediated immunity in patients with ankylosing
spondylitis and other inflammatory disorders by following their

lymphocytic response to mitogens and bacterial antigens.

To investigate the humoral immune response in patients with
ankylosing spondylitis and other inflammatory disorders Dby

measuring antibody levels to Klebsiella and other enterobacteria.
To establish whether enterobacterial common antigen has a role in

the disease pathogenesis of ankylosing spondylitis and other

inflammatory diseases.
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INTRODUCTION

Historical and clinical features of ankylosing spondylitis

Ankylosing spondylitis (AS), an inflammatory disorder of the synovial
joints, is characterised by inflammatory lesions at entheses
(junctional zones between tendon or ligament and bone) both within and
at a distance ‘from the spine. The term is derived from the Greek
words "ankylos" meaning bent or crooked and "spondylos" referring to
the vertebra. In modern terms ankylosing refers to the coalescence of
two bones originally distinct and spondylitis coming from spondyle -

one or other of the joints of the spine.

It is a chronic but fluctuating inflammatory condition and may involve
other sites such as peripheral joints, acute inflammatory eye disease
(anterior uveitis), aortic valve disease, bursitis and tendonitis.
Pathologic changes involve the synovium, capsular ligamentous
attachments to the bone, non articular sites of the aortic root, apex
of the lung énd anterior uvea. The changes observed are of

nonspecific chronic inflammation.

The pathology of the disease is dominated by restricted spinal
movement and ultimately ossification in the thoracolumbar region. A
sequence of events has been proposed by McGuigan for this enthesopathy
(McGuigan, Geczy and Edmonds 1985). Inflammatory lesions consist of
infiltrates of lymphocytes, plasma cells and neutrophils. Bone at

bone-ligament junctions is eroded and contains cellular infiltrates.
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As the inflammation process abates there is a loss of these
infiltrates and an increase in fibrous tissue with repair of the
lesion by deposition of woven bone. This bone deposition eventually
makes another bone ligament junction. Remodelling of the bone occurs
and is replaced by mature cancellous bone. This series of events is
thought to occur across intervertebral joints, sacroiliac joints and
around apophyseal synovial joints. In effect these joints become
immobilised by thin pieces of bone laid down by repeated bouts of
inflammation at the entheses. Once immohilised, endochondral
ossification of the previously normal intervertebral disc or hyaline
joint cartilage occurs just as it does in other conditions in which

joints are immobilised.

Genetics and HLA status

It was first recognised that AS was more predominant in males than
females (Hill, Hill and Bodmer 1976) and that there was a tendency to
familial clustering (Wright 1978 and Calin 1985) suggesting that the
disease was genetically inherited. When, in 1973, Brewerton et al
(1973b) and Schlosstein et al simultaneously reported the association
of the genetic marker HLA-B27 with AS it seemed possible that the

disease pathogenesis might be understood.

over 90% of AS patients are HLA-B27 positive whereas only 8% of the
normal caucasian population pcssess this antigen on their.cells. The
presence of the antigen and AS varies from population to population
(Khan 1985). 80% of Mexicans (Arellanoc et al 1984) and Japanese

(Ryder, Andersson and Svejgaard 1979) with AS are B27 positive and 50%
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of North American blacks with the disease have the antigen (Khan et al
1977). The B27 antigen is also found in many racial groups (Brewerton
1976) where it is associated with AS. The highest known prevalence of
B27 in any human race is in the Haida Indians of British Columbia who
have a 50% prevalence of B27 (Gofton et al 1975). The frequency of
B27 in the Navajo Indians is 36% (Rate et al 1980) and in both
populations 10% of the adult males develop AS. Where the antigen is
absent or extremely rare, as in Australian Aborigines and South
American Indians, AS is rarely seen (Cleland, Hay and Milazzo 1975 and

Khan 1985).

Research into the pathogenesis of AS has followed two main directions
- the relationship between AS and HLA-B27 related diseases within
families and ethnic groups to delineate their epidemiology and inter-
relationships; and studies to show any immunological abnormalities
that could link the genetic contribution of the major histo-
compatibility complex (MHC) with the pathology underlying the clinical
manifestations of the disease. An imderstanding of the MHC would
therefore be fundamental in trying to understand the immunology of AS.
The MHC of humans, known as the human leukocyte antigen (HLA) system,
is a multigene family that controls several important immunological
functions (Wake 1986). The genes are located on the short arm of
chromosame 6 and encode for three classes of molecules (Fig I). The
class I antigens, HLA-A, -B and -C are polymorphic, cell surface
glycoproteins. They are encoded by a 44K dalton transmembrane
polypeptide which is associated non-covalently on the cell surface

with B, microglobulin (a non HLA encoded 12K dalton protein). These
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antigens are found on virtually all nuc}eated cells and are involved
in the presentation of foreign antigens té cytotoxic T lymphocytes.
There are also two remaining genes Qa and Tla whose functions are
unknown. The class II antigens are encoded within the HLA-D region
and are sub-divided into three regions DR, DQ and DP. These antigens
(also called Ia antigens) are expressed primarily on B lymphocytes and
antigen-presenting cells, such as macrophages, and present antigens to
helper T lymphocytes. The class III proteins are the serum components

of the complement cascade.

The high association of AS with HLA-B27 is also increased in many
other forms of seronegative inflammatory disease (Ebringer 1980)
particularly those with a predilection for the sacroiliac joint and an
association with acute anterior uveitis (AAU). 60% of patients with
Ref'.ter's syndrome and 90% of those who develop arthritis after enteric
bacterial infections are B27 positive. 50% of those with AAU alone

and 100% with AAU plus AS also possess this antigen.

Theories of aetiopathogenesis

.

No-one has yet managed to determine the relevance of the association
between AS and HLA-B27. Why are AS and other related seronegative
diseases linked by their common association of an inflammatory
arthritis of the sacroiliac joints and with the presence of a

particular histocompatibility antigen?

Several reports have indicated that B27 positive relatives of probands

with spondylitis are significantly more likely to have spondylitis
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than B27 positive relatives of normal B27 positive individuals (Calin
et al 1983 and Van der Linden, Valkenburg and Cats 1985). This
implies that the B27 antigen in spondylitis is different from that in
disease free individuals or that additional factors are present in
spondylitic families. The association of AS and B27 does not explain
the male predominance and why some individuals are affected more
severely than others and why most B27 positive individuals do not have
the disease. Since a small proportion of AS sufferers are not B27
positive this suggests that the disease susceptibility gene is not
that of B27 but a closely associated gene. However, the genetic
susceptibility could not alone account for the pathogenesis of AS as
B27 positive monozygotic twins have been seen to be discordant for the
disease (Eastmond and Woodrow 1977). This argues strongly in favour

of environmental factors being involved.

Some investigations have suggested that there are colo-rectal mucosal
abnormalities common in patients with AS (Jayson 1970) and recently
Stodell reported an abnormal increase in absolute numbers of IgG
plasma cells in the rectal lamina propria of individuals who have
spondylitis and clinically normal bowel flora (Stodell, Butler and
Zemelman 1984) implying that there is a local immune response to

microbial antigens within the gut lumen.

There have been various theories put forward to explain the possible
role of an HLA antigen in disease predispositicn. The HLA antigen
could act as a specific receptor for infectious agents, hormones etc,
which could affect the disease process (Svejgaard and Ryder 1976) or

the HLA molecule could be altered causing it to be recognised as
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foreign (Zinkernagel 1974). The primary structure of the antigen
itself may be very important to the disease susceptibility. A variant
or subtype, perhaps differing in one or two amino acids or a sugar
moiety, could be strongly associated with a particular disease,
perhaps by mimicking a foreign antigen more closely than other HLA
molecules of the same serological specificity (Upfold et al 1985).
However, the two main theories that have been proposed to explain the
association between B27 and AS have been extensively reviewed in
recent years by Ebringer (Ebringer and Ebringer 1981; Ebringer 1982;
Ebringer, Baines and ‘Ptaszynska 1985b) and Woodrow (1985). They are
the two gene theory (McDevitt and Bodmer 1974) and the one gene theory

(Ebringer 1978a).

The two gene or 'linkage disequilibrium' theory suggests that on
chromosome 6 next to the B27 gene is another putative gene whose
product is responsible for the development of AS. The two genes have
not been separated from one another because of recent phylogenetic
origin of the linked gene, or, ‘'linkage disequilibrium’ provides a
selective advantage which maintains the genetic association. Those
carrying the B27 and AS gene will develop the disease but those
without the AS gene will not. The other B locus antigen may play a
role in increasing the susceptibility to AS particularly in the
absence of B27 but this is not easy to demonstrate because of the
rarity of B27 negative cases. One would need to show its frequency in
B27 negative patients was significantly higher than in B27 negative
healthy individuals. However, no second gene has been found and as
the disease gene cannot be defined by its structural properties, only

its functional properties of being associated with the disease, no
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investigation to test for the presence of the gene product defined by
the AS gene has been designed. Also, the theory does not explain AS
patients who do not have the B27 gene. Perhaps other HLA antigens
that are cross-reactive with B27 such B7, BW22 or BW42 are involved
but this would require the AS gene to be linked to at least three
other genes which would seem unlikely. More evidence against this
hypothesis is from the fact that the association of B27 and AS occurs
in many ethnic groups throughout the World. If this theory held true
it would imply the persistence of an extremely marked degree of
linkage disequilibrium being maintained over a considerable period of
time and under varied selective conditions. Also, the theory does not
explain the way in which the AS gene product would lead to an
increased susceptibility to AS. Therefore this model is limited and
does not provide a theoretical or experimental framework in which to

study the pathogenesis of AS and explain the B27 association.

The second of the two hypotheses is the one gene, cross tolerance or
molecular mimicry theory. It suggests that the B27 gene is the major
AS gene. There is no ‘'disease susceptibility' locus and the increased
incidence of the disease is attributed directly to the marker HLA
gene. It suggests that the HLA molecule stereochemically resembles an
antigen(s) found on some external agent such as a micro-organism (Fig
II). Either the cell surface determinant functions as a specific
receptor for important mediators in the inflammatory process or an
antigenic similarity exists between the B27 determinant and genes of a
particular micro-organism. Infection with the cross-reacting antigen
would initially produce a low immune response and the antibodies

produced would bind to the foreign antigen as well as the HLA antigen,
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CROSSTOLERANCE HYPOTHESIS

—

KLEBSIELLA

T

B27 LYMPHOCYTE

Fig II The cross-tolerance hypothesis (taken from Ebringer 1983).

ie, would be auto-immune. Continuing proliferation of the infectious
agent would then stimulate the immune system until eventually a high
immune respone is induced (Young, Ebringer and Archer 1978). The
auto-immune antibodies binding to self antigen could activate the
‘complement cascade producing tissue damage in a different part of the
body from the original infection. The cross-reactive antibodies would
react not only with the B27 antigen but also tissue specific antigens
found in the spine, sacroiliac joints and other sites. Binding of
such an auto-antibody to cross-reactive antigens near the presacral
and pava-aortic lymph nodes would lead to chronic inflammation and
inadequate elimination of the micro-organism leading to a prolonged

chronic disorder such as AS.
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A proposed mechanism could be -

INFECTION

ANTIBODIES

INFLAMMATION

\ 4
CHRONIC DISEASE

occuring first in the gut leading to production of
antibodies.

are produced in the lymph nodes draining the colon
and rectum and will bind to cross-reacting self-

antigens and activate the complement cascade.

occurs as a result of complement activation and
will release free radicals and hydrolytic enzymes.
Tissue damage will occur at a site different from
the original site of infection and circulating
antibodies will bind to other cross-reacting self-

antigens, eg, in the uvea.

will follow several episodes of inflammation.
Recurrent waves of infection will continue the

process producing a chronic disorder such as AS.

It is interesting to note that the lymph nodes draining the colon and

rectum are the presacral and pava-aortic lymph nodes which are closely

related to the sacroiliac joints and the lumbar spine which are the

main sites of pathological activity in As.

Supporting the argument that HLA molecules cross-react with a micro-

organism thus leading to disease, Mann et al (1983) presented evidence

of a human T-cell lymphoma virus coat protein that mimicks class I HLA

determinants.

Here the lack of recognition by the host's immune

system may result in uncontrolled viral replication and tumorogenesis.
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However, in AS there is no conclusive evidence that there is any
cross-reactivity between the B27 antigen and a factor(s) expressed on
the surface of certain micro-organisms. There is also little
indication of a strong immunological reactivity in this disease -
inflammation being confined to a very localised area of the body.
The hypothesis again does not explain those with AS who are B27
negative although cross-reactivity may occur in patientsk who have an

antigen resembling B27 such as B7, BW22 or BW4Z2.

The role of bacteriological triggers in ankylosing spondylitis and

reactive arthritis

Many other conditions are known to be associated with one HLA antigen
or another (Svejgaard et al 1981) though the association between AS
and HLA-B27 remains the strongest. | Other conditions related to AS
such as reactive arthritis, Reiter's syndrome, arthropathies
associated with inflammatory bowel disease (IBD) and acute anterior
uveitis also occur among those who possess the antigen (Table 1) and
have been well reviewed elsewhere (Keat 1982, 1983; Edmonds 1984; Aho

1985).
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Condition Investigator Year

Reactive arthritis Aho et al 1974
Kosunen et al 1980
Leirisalo et al 1982
Reiter's syndrame Brewerton et al 1973c
Leirisalo et al 1982
Arthropathies associated with
IBD L Morris et al 1974
Acute anterior uveitis Brewerton et al 1973a

Table 1 Association between HLA-B27 and disease

No association between an HLA antigen and disease is absolute so other
factors must also be important in the initiation of these disorders.
Reactive arthritis, an arthritis following sexually acquired non-
specific urethritis or enteric infections, and Reiter's syndrome - a
triad of non-specific urethritis, conjunctivitis and arthritis - have
been implicated after infection with bacteria such as Yersinia,

Shigella, Salmonella, Campylobacter and Chlamydia (Table 2).

The relationship and probable association of Reiter's syndrome and
reactive arthritis with infection and their association with B27 is
important as it may provide the key to the understanding of other
seronegative arthropathies such as AS. It may well be that there is
an underlying process contributing to the pathogenesis of a wide group

of clinical'disorders.
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The potential explanation of the association between certain enteric
organisms and Reiter's syndrome could be that they are antigenically
similar to host antigens and that the antibody response to infection
results in an auto-immune disease. One should therefore be able to

demonstrate an antigen present in bacteria associated with Reiter's

Study Year Bacterial Infection
Ahronen, Sievers and Aho 1969 Yersinia
Winblad 1975 Yersinia
Foley and Mathews 1984 Yersinia
Sampson and Cope 1984 Yersinia
Noer 1969 Shigella
Calin and Fries 1976 Shigella
Simon 1981 Shigella
Vartiainen and Hurri 1964 Salmonella
Warren : 1970 Salmonella
Stein et al 1980 Salmonella
Urmann, Zurrier and Rothfield 1977 Campylobacter
w.eir et al 1979 Campylobacter
van de Putte 1980 Campylobacter
Keat et al - 13880 ‘ Chlamydia
Vilppula 1981 Chlamydia

Table 2 Infections associated with reactive arthritis

syndrome, is absent in strains not associated with the disease (Cohen

1985). Also because Reiter's syndrome is associated with HLA-B27, the
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bacteria might possess an antigen that cross-reacts with specific B27
antisera. Using radio-immunoassay Cohen was unable to demonstrate
such antigens present in arthritis associated strains that were absent
in strains not associated with the arthritis. However, an 88K

molecule from Yersinia enterocolitica 3 has been found to cross-react

with sera from patients with Reiter's syndrome and AS (Yu 1985) and
antibodies to this antigen have been found to be higher in the sera of
patients who develop arthritis after Yersinia infection than those who
do not develop arthritis. Robinson et al (1983b) have also found that

Klebsiella pneumoniae K43 bound more frequently to buccal epithelial

cells from patients with Yersinia reactive arthritis and more

frequently to B27 positive patients than B27 negative patients.

Secretory IgA is also increased in those with Yersinia arthritis
compared to those with yersiniosis and no arthritis (Granfors and
Toivanen 1986) and van Bohemen et al (1986b) have found titres to

Yersinia and Salmonella typhimurium in those with reactive arthritis

due to Campylobacter jejuni.

It has also been suggested that circulating immune complexes (CIC) may
piay a role in the pathogenesis of reactive arthritis and ASs. CIC
have been implicated in the pathogenesis of tissue injury associated
with glomerulonephritis, hepatitis, systemic lupus erythematosus (SLE)
and rheumatoid arthritis (RA) (Manicourt and Orloff 1981). 1In a
patient with polyarthritis after Salmonella infection Manicourt found
CIC were only detectable during the arthritic phase of the disease and
that they disappeared with clinical resolution of the joint symptoms.

There is also evidence that there are certain similarities between

reactive arthritis and IgA mediated glomerulonephritis. Jenette et al
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(1982) reported IgA nephropathy in two patients with AS and in one
with Reiter's disease and suggested that IgA nephropathy may be
associated with the seronegative spondylarthropathies in general
rather than specifically for one syndrome. CIC have also been
measured in patients with yersiniosis and Yersinia arthritis.
Kekomaki et al (1983) found CIC frequently in patients with both the
arthritis and non-arthritic groups. Lahesmaa-Rantala et al (1987)
have shown that patients developing arthritis after Yersinia infection
have significaritly more Yersinia specific IgM complexes than patients

without arthritis.

CIC have been measured in AS with varying degrees of success (reviewed
by McGuigan et al 1985). Recently Bruneau and Bonin (1983) found that
the CIC in AS share antigenic and antibody specificities that are not
found in other chronic inflammatory disorders such as SLE and RA.
Therefore suggesting that there is a disease specific antibody in AS
immune complexes. This could indicate that in AS an antigen is

present that is found specifically in this disease.

RAdahl and Iversen (1986) have reported that an antiserum towards the
envelope glycoprotein, gp 70, of a psoriasis associated-retrovirus
like particle reacted with a 70K dalton and a 40—45K dalton component
in AS immune complexes. Therefore antigens related to this virus
particle may precipitate immunological reactions in AS and may be
implicated in inflammatory reactions in affected tissues. The
characterization of IC antigens would therefore seem desirable in
order to identify antigens that may elicit inflammatory reactions.

The true interaction between cell-surface structures and micro-
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organisms is still not understood but studies by two groups have

indicated that certain bacteria may be antigenically related to HLA-

B27.

Initial observations by Geczy et al in Australia have shown that an

antiserum to a certain isolate of Klebsiella pneumoniae is cytotoxic

for lymphocytes from patients with HLA-B27 positive AS (As*B27) but
not from HLA-B27 negative patients (as*B277) or HLA-B27 positive or
negative normal individuals (as™B271, ASTB277) (Seager et al 1979;
Geczy et al 1980b). 60% of lymphocytes from patients with Reiter's
syndrome were also lysed by this antiserum (Edmonds et al 1981).
Further studies showed that those cells not lysed may be rendered
suscéptible to lysis following incubation in a cell-free culture
filtrate of Klebsiella or lymphoblastoid B27 cell lines (ie, the
supernatant from a Klebsiella culture or the supernatant from Epstein-
Barr virus transformed lymphoblastoid cell lines). This 'modifying
factor' was found to have a molecular weight of 30K daltons (Geczy,
Alexander and Bashir 1980a; Sullivan et al 1982; Orban et al 1983) and
that this factor which was responsible for the cross-reactivity may be
produced in response to a plasmid (Cameron et al 1983). Recently
Geczy et al (1986) have shown that it is possible to induce frecm
patients' lymphocytes, cytotoxic T-lymphocytes (CTL) specific for
as*B27% 1ymphoid cells or as™B271 cells that have been exposed to this
Klebsiella culture filtrate. They have further characterised the
nature of their modifying factor to be a bacterial protein (Upfold et
al 1986). It is therefore possible that CTL specific for this
protein, or a degraded product, and restricted to HLA~B27 may

contribute to the disease process.
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This cross-reactivity with ASTB27% cells is not just restricted to
Klebsiella but occurs with other enteric micro-organisms (Prendergast
et al 1983, 1984; McGuigan et al 1986b). These cross-reactivity
experiments have also been validated by blind studies whereby
lymphocytes were investigated for their ability to be lysed without
knowing whether they were HLA-B27 positive or negative. Cells from
the United Kingdom, the Netherlands and New Zealand have been tested
in Sydney using Geczy's Klebsiella antisera and were correctly
identified as Being spondylitic (Archer et al 1985; van Rood et al

1985; McGuigan et al 1986).

From their results Geczy suggested that several enteric bacteria
cross-react with a specific HLA-B27 associated cell surface structure
on the cells of patients with AS. Therefore a number of different
species of enteric bacteria share a common factor that is related to a

"modified" HLA-B27 on the cells of AS patients. Thus supporting the

cross-tolerance theory of disease pathogenesis.

Also substantiating this theory are Ebringer and his colleagues who
have found that serum raised to B27 positive lymphocytes cross-reacted
with antigen(s) on various enteric bacteria (Welsh et al 1980) and
that Klebsiella extracts had increased binding activity for mono-
specific HLA-B27 tissue typing sera (Avakian et al 1980). They
suggested that AS may occur as a result of immunological damage
following infection by gram negative bacteria carrying antigens that
are stereochemically similar to self antigens. Van Bohemen, Grumet
and Zanen (1984) have found an anti-B27 monoclonal antibody, anti-B27

Ml, that reacted with a protein component from Klebsiella pneumoniae
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K21, K43 and Yersinia enterocolitica 9. Kono et al (1985) have

produced an anti-Yersinia monoclonal antibody that reacted in a micro-
lymphocytotoxicity assay with B27 positive lymphocytes. Only
recently, Ogasawara, Kono and Yu (1986) observed positive reactions
with 80K and 60K dalton antigens from Klebsiella and a monoclonal
antibody, HLA-B27 M2. Thus, these researchers have again supported

evidence for mimicry between enteric bacteria and HLA-B27 antigens.

The evidence pi"ovided by Geczy and Ebringer for the involvement of
enteric bacteria in AS is of major importance but there has been
difficulty, by other groups, in attempting to reproduce their
experimental findings. Many have used the 5lcy chromium
lymphocytotoxicity assay, using serum raised to Klebsiella and E.coli,

with negative results (Table 3).

Because of the lack of reproducibility in the Sler release assay
Trapani and McKenzie (1985) attempted to demonstrate the binding of
Klebsiella products to B27 positive lymphocytes by other means, such
as radioactive binding and sodium dodecylsulphate-polyacrylamide gel
electrophoresis and were still unable to show any specific binding.
Robinson and Panayi (1983a) could also find no differences in the
binding of several bacteria to AS or normal lymphocytes. In 1985
Georgopolous et al simultaneously used micro-lymphocytotoxicity,

chromium release and enzyme linked immunosorbent assays and again no

interaction was found.
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Study Year Serum Tested Result

Archer 1981 Anti-Klebsiella negative

Shinebaum et al 1981 49 anti-Klebisella negative

Beaulieu et al 1983 98 anti-Klebsiella negative

Singh, Milton & Woodrow 1986 23 anti-Klebsiella negative

Kinsella, Fritzler and 1986 Anti-Klebsiella, negative
Lewkonia anti-E.coli

Table 3 lcr lymphocytotoxicity in ankylosing spondylitis

If an immunologic cross-reaction between HLA-B27 and gram-negative
bacterial antigens is important in‘the pathogenesis of the B27-
associated spondylarthropathies it would be expected that antibodies
formed by patients in response to such infections would have anti-B27
reactivity. Kono et al (1984) and Cavender and Ziff (1986) have
rarely found lymphocyte antibodies in patients with AS, Yersinia
induced arthritis, Reiter's syndrome or gram-negative bacterial
infections.

*

Though an association between AS and enteric bacteria may be
hypothetically attractive it remains to be demonstrated by consistent
and reproducible results and until the original observations are
independently confirmed it remains difficult to suggest that
particular micro-organisms play a key role in the pathogenesis of AS.
However, the possibility that antigenic cross-reactivity occurs
between HLA-B27 cells and certain micrcbes becomes an attractive

hypothesis to explain these forms of 'reactive' arthritis. Any
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hypothesis seeking to explain the pathogenesis of spondylitis must
take into consideration the predominance of AS in males in the 2nd-
3rd decade of life, the high prevalence of HLA-B27, that not all AS
patients are B27-positive and that although the B27 antigen is present
on nearly all nucleated cells the main tissues affected by the
spondylitic process are those connected with the spinal column. To
date no pathogenic consequences of such cross-reactivity have been
demonstrated and the possibility remains that the cross-reactivity
between B27 and bacterial antigens may be a genuine phenomenon but of

no pathogenic significance.

Bacterial cell wall structure

The study of the role that enterobacteriaceae may play in the
pathogenesis of the seronegative spondarthritides should not be
considered without some knowledge of the structure and antigenicity of
these bacteria. By definition they are gram-negative, non-sporing
rods, often motile usually by peritrichate flagella. They include
bacteria that inhabit the gastrointestinal tract of mah either as
bowel commensals or pathogens and have many properties in common such
as sharing antigens and being interrelated genetically. The bacteria
may be capsulated or non-capsulated. Species, such as Klebsiella,
that are capsulated form mucoid colonies. The bacterial cell is a
rich source of antigenic determinants and the major antigens comprise
of the macromolecules that are found on the bacterial cell surface and
those that are excreted into the environment. In the few cases where
the equilibrium between man and his bacterial flora is disturbed, or

where man encounters a true pathogen with the consequent initiation of

39



infection, the nature of the bacterial surface often determines the

initial event in pathogenesis.

The cell wall of gram-negative bacteria is much more complex than that
of gram-positive bacteria. It comprises a thin layer of peptidoglycan
(PG) next to the cytoplasmic membrane (CM). Further away is the outer
membrane (OM) comprised of protein, phospholipids and
lipopolysaccharide (LPS). This OM is anchored to the PG by covalently
linked low molecular lipoproteins (Fig III). .These molecular
structures help to give each bacterial species its own antigenic

determinants.

Motile bacteria such as Escherichiacoli and Salmonella species possess

flagellar or H antigens. These consist of protein subunits of
polymers of flagellin and are immunogenic only in the polymerised
form. They predominantly induce a T-independent IgM antibody response

which may be long lasting.

The main gram~negative surface antigen that forms the basis of
serological classification is the 0-somatic antigen also known as
endotoxin. This lipopolysaccharide (LPS) is located on the outer part
of the OM and is present in high concentrations (3 x 108
molecules/cell). It is heat stable and therefore retains its
antigenicity and immunogenicity at high temperatures. Its structure
comprises three distinct regions connected covalently - a hydrophobic
lipid A region and two hydrophilic areas called the core
oligosacharide and the O specific PS (or O-antigen) regions. The

lipid A moiety remains fairly constant from species to species whereas
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Fig III Cross-section of the envelope of a typical Gram-negative

bacterium (taken from Lambert 1983).
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the core region shows more structural variability. In contrast the O-
specific moiety increases dramatically in its structural variability.
This part is constructed of oligosaccharide repeating units which
usually consist of a short linear main chain with or without single
hexose branch substituents. Therefore the potential for antigenic

variability is immense.

Some organisms lack specific side chains responsible for the O
specificity and are termed rough O-variants. These mutants have
defects in the biosynthesis of the O polysaccharide. Ra mutants lack
only the side chains while Rb-Re mutants progressively, have lost

sugar constituents from the core (Fig IV).

In rough strains another antigen may be bound to the core region of
the LPS and this is the enterobacterial common antigen (ECA). This is
an amphiphilic glycophospholipid and is located in the OM of almost
all wild type strains of enterobacteriaceae. Its expression on the
cell surface varies, from being readily available to homologous
antibody in non-encapsulated rough strains, to being poorly available
to homologous antibody in smooth strains with complete O-antigen
chains. Its structure 1is that of an acidic linear
heteropolysaccharide with alternating 1-4 linked N-acetyl-D-
glucosamine and N-acetyl-D-mannosaminuronic acid. There are two forms
of the antigen - a commonly occurring and poorly immunogenic free form
and a bound form which is highly immunogenic but restricted to a few
rough strains where it is covalently bound to the core region of the
LPS. Both forms have the same antigenic determinant based on the O-

mannosaminuronic acid moiety.
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Enterobacteriaceae also possess K antigens that are used collectively
to describe surface or capsular antigens that inhibit O agglutination.
These capsular polysaccharides do not seem to be important for cell
viability but provide bacteria with defence against dessication,

phagocytosis and infection by bacteriophages.

Bacterial PS and LPS stimulate antibody production without any T cell
mediation. T cells normally present antigenic determinants in a
spatially concentrated form tc the B-cell membrane. Bacterial PS have
determinants that are repeated at ‘regular intervals and are close
together. Presumably this is the reason why bacterial PS do not
require T cell assistance. However, large amounts of PS may interfere
with the membrane alterations on the B cell, resulting in immune

tolerance.

Finally, antigenic outer membrane proteins are expressed on the cell
surface of enterobacteriaceae. They vary in number from species to
species, eg, E.coli, having more than 24 discrete entities, but may

also share common similarities between each species.
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Chapter 1

The relationship between disease activity, Klebsiella, serum immuno-

globulins, C-reactive protein and erythrocyte sedimentation rate in

ankylosing spondylitis.

1.1.1 Intreduction

In 1877 Ebringer et al reported that the presence of

Klebsiella pneumoniae in the stool specimens from AS patients

correlated with clinical disease activity and later went on to
demonstrate that patients with inactive disease, but with a positive
culture for Klebsiella, subsequently developed active inflammatory
disease (Ebringer et al 1978b). Patients with positive Klebsiella
cultures have also been found to have higher CRP and ESR values than
those with negative cultures (Cowling et al 1980a). It was suggested
that the presence of Klebsiella in the gastrointestinal tract might be
the stimulus for the proc'_iuction of active spinal inflammation in
susceptible individuals. Kuberski et al (1983) have substantiated
these results by finding that 54% of active AS patients carried

Klebsiella compared to 12% with inactive disease and 13% of controls.

Several other groups have been unable to find an association between
Klebsiella carriage and disease activity in AS (Eastmond, Cooke and
Wright 1978; Calgunéri et al 1981, Warren and Brewerton 1980). Hunter
et al (198l1) correlated increased levels of CRP in AS patients with a
positive stool culture but failed to support the association between

active AS and Klebsiella. An attempt to reduce Klebsiella carriage by
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dietary manipulation has also failed to eliminate the organism or
influence the disease symptoms (Shinebaum et al 1984). Eastmond et al
(1980) found no significant increase in Klebisella carriage between
active AS and controls but when acute anterior uveitis (AAU) and
peripheral synovitis were taken into consideration both were related
to the presence of Klebsiella in the gastrointestinal tract.
Furthermore, they went on to show that there was a significant
increase in the number of clinical events represented by the
Ceterioration in spinal disease activity or peripheral synovitis in
patients' faeces that were initially negative but subsequently became

positive for Klebsiella (Eastmond et al 1982).

Since the classification of AS patients, according to different
disease states, has varied from study to study, Cowling et al (1980a)
sought to determine whether laboratory measurements such as CRP and
ESR showed any correlation with disease activity in AS. Using only
clinical assessment, but deliberately aiming at selecting patients
with episodes of‘*AAU, peripheral arthritis, spinal disease or all
three, they divided their patients into active, probably active and
inactive groups. Their results showed that the active patients had

higher CRP and ESR levels than the less active patients.

Both ESR and CRP have been shown to be useful indicators of disease
activity in other rheumatic diseases such as rheumatoid arthritis
(Amos et al 1977) and a deterioration qf disease leads to a
significant increase in ESR and CRP. However, ESR and CRP alone
should not be used as a disease indicator as sometimes when the ESR is

high the CRP level is low and vice versa (McConkey, Crockson and
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Crockson 1972).

The ESR is a non-specific test for measuring inflammation and tissue
injury and is mainly determined by plasma proteins such as fibrinogen
and globulins. The presence of these proteins in the blood increases
the rate of red cell rouleaux formation and thus increases their rate

of sedimentation (Hall and Malia 1984).

C-reactive protein appears in the blood as a response to tissue
destruction and acute inflammation. It has the abilJ:_ty to initiate
reactions of precipitation and agglutination, promotes phagocytosis
and complement consumption (Pepys 1981). It is implicated to have a
role in non-specific resistance to infection as well as in modulation
of tissue injury and repair. It may recognise, in the plasma,
potentially toxic autogenous materials released from damaged tissues,
bind to them and/or facilitate their clearance. It has therefore been
suggested that CRP may play a role in the mediation of the

inflammatory response.

The CRP and ESR may be a useful guide to prognosis and response to
treatment in RA but their importance in AS is less clear. Patients
with clinically active AS do tend to have higher levels of acute phase
reactants than those with inactive disease but data from Scott, Ring
and Bacon (1981) suggest that, in serial studies, these measurements
may be highly misleading. Vinje, Mgller and Mellbye (1984) showed
that CRP and ESR correlated but that CRP was associated with
peripheral joint arthropathy. Laurent and Panayi (1983) found CRP was

marginally raised in patients with pelvospondylitis whereas the ESR
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was not, but in patients with pelvospondylitis and peripheral
arthritis both CRP and ESR were significantly raised. Also, they
could find no correlation of both these factors with disease activity
as measured clinically. Sheehan et al (1986) also, have not been able
to demonstrate a relationship between clinical disease activity, ESR
and CRP in AS. The main reason for this lack of correlation being the
difficulty in assessing clinical disease activity in patients with

only pelvospondylitis.

Correlation of disease activity and serum immunoglobulin levels have
also been studied in AS. The presence of lymphocytes and plasma cells
in the articular and extra-articular lesions of patients with AS
suggests that the immune system may be implicated in the pathogenesis
of the disease. Several studies have set out to ascertain whether
selected parameters of humoral immunity might show evidence of
activation in AS. Veys and van Laere (1973) found significant
increases in leveis of serum IgA, G and M in AS compared to controls,
whereas Kinsella, Espinoza and Vasey (1975) could only find an
increase in IgA. The findings of Veys and van Laere could not be
correlated with peripheral joint involvement or disease activity.
Reports by Nikbin et al (1975) showed raised IgA but without an
increase in circulating IgA-bearing lymphocytes suggesting that the
IgA is being derived from B cells, not in the bone marrow or lymph

nodes, but fixed in the tissues in the gut.
Following these reports of raised IgA levels, Cowling, Ebringer and
Ebringer (1980b) looked at the effect that inflammation had on serum

IgA levels in AS. They divided their patients into active and
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inactive groups based on their ESR and CRP levels and found that IgA
and IgG were raised in the active patients when compared to the
inactive group or controls. They suggested that because inflammation
occurs along the axial skeleton, peripheral joints and eye tissue and
that IgA is mainly produced within the mucosa of the gastrointestinal
(GI) tract, there must be some external triggering factor active
across a mucosal surface, such as the GI tract, initiating a rise in
IgA. Similar increases in serum immunoglobulins have been found by
other workers (Calguneri et al 1981; Hickling, Turnbull and Dixon
1982) and Laurent and Panayi (1983) have shown raised levels of IgA
irrespective of whether there was iritis or peripheral arthritis
involved whereas IgG levels were only raised in those AS patients with
both of these two features. Sanders et al (1987), however, have found

raised IgA levels in AS but these did not correlate with CRP levels.

Recently Franssen, van de Putte and Gribnau (1985) investigéted the
possible effect of non-steroidal anti-inflammatory drugs (NSATDs) on
the association between serum IgA and disease activity. Absolute
serum IgA levels correlated positively with changes in disease
activity and these levels also decreased during NSAID therapy. Since
changes in IgA paralleled changes in disease activity the observations
suggest that NSAIDs may have a disease modifying activity. The ESR
also decreased during treatment although it has been reported that
NSAIDs do not influence acute phase reactants such as ESR and CRP

(McConkey et al 1973). :
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1.1.2 Aims of the Study

In the light of conflicting reports of the association of Klebsiella
and disease activity in AS this study set out to investigate the
isolation frequency of Klebsiella in AS and healthy controls and

whether this was affected by the disease state of the patient.

Acute phase reactants and serum immunoglobulins have also been
reported to be increased in AS suggesting an activated humoral immune
response. In this respect the study sought to investigate the effect

that disease activity had on serum immunoglobulins, CRP and ESR.

1.2 Materials and Methods

1.2.1 Patient groups

For the study of Klebsiella carriage, 64 patients with AS attending
the rheumatology clinic were compared to 34 normal controls. The
clinical data of patients and controls are shown in Table 4. The
controls wéré'friends and/or relatives of hospital staff and community
controls from a general practitioners list. None were attending

hospital as out-patients.

The patients' disease activity was assessed by a rheumatologist using

the following criteria -
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AS Controls

No. patients 64 34

Mean age (years) . 41 32

(range) (20-68) (11-57)

Sex* M= 53 M =15
F=11 F=19

Duration of disease (Q;ars) '16 (2-45) NA

HLA~B27 positive 54 (5ND) ND

PJI 42 NA

uv 12 NA

PJI + UV | 9 NA

Table 4 Clinical data of patients and controls

*M=male F = female

NA - not applicable

ND - not done

PJI - peripheral joint involvement
UV - present or previous uveitis



Active (A) - synovitis of peripheral joints or morning
stiffness > 30 mins or uveitis or ESR >

30mm/hr

Probably active (PA) - back pain with stiffness and requiring

regular NSAID therapy
Inactive (IN) - requiring occasional analgesic/NSAID therapy

1.2.2 Isclation of Klebsiella species

Rectal swabs were obtained from patients and controls using sterile
cotton-tipped applicators. Direct cultures were made onto CLED
(cysteine lactose electrolyte deficient) agar and Simmond's citrate
agar with 1% inositol (SCAI). SCAI is selective for the recovery of
Klebsiella species (van Kregten, Westerdaal and Willers 1984). Pure

colonies were identified by the API 20E system.

1.2.3 Measurement of serum immunoglobulins, C-reactive protein

. and erythrocyte sedimentation rate

Serum immunoglobulin levels were determined using an immuno-

turbidimetry technique on an Encore centrifugal analyser (Baker

Instruments).

The CRP levels were measured by fluorescent polarisation on an Abbot

TDX Analyser. Both serum imunoglobulin and CRP levels were performed

by the Biochemistry Department.
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The ESR was measured, using the Westergren method, by the routine

haematology service.

1.2.4 Statistical analysis

Statistical analysis of the results of this and other chapters was

performed using non-parametric methods, detailed in Appendix A.

T e Tl
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1.3 Results

1.3.1 Isolation of Klebsiella species from ankylosing spondylitis

patients and controls

Positive cultures for Klebsiella species were found from 2 (9.1%) out
of 21 patients with active disease, 1 (4.3%) out of 23 patients with
probably active disease and from 1 (5.3%) out of 20 patients with
inactive disease. The control rate for Klebsiella isolation was 8.8%
and those patients with peripheral joint involvement had Klebsiella

isolated on 3 (7.5%) out of 37 occasions (Table 5).

. Statistical analysis (Table 6), using the Chi-square test
(incorporating Yates's correction) showed no significant difference in
the isolation rate of Klebsiella between any of the groups whether

there was active disease or peripheral joint involvement.

1.3.2 Comparison of serum immunoglobulins, C-reactive protein and

erythrocyte sedimentation rate with disease activity in

, ankylosing spondylitis patients

All results were analysed using the Wilcoxon Rank Sum test.

The ESR was measured in 20 inactive, 22 probably active and 21 active

patients. The results are values from individual patients.

The mean ESR in active patients was 42.9 + 7.3mm/hr (mean + SEM), in

probably active patients it was 26.4 + 6.5mm/hr and in inactive
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X2 Significance
Active vs Inactive 0.22 NS
Active vs Probably active 0.406 NS
Active vs Controls 0.001 NS
Probably active vs Inactive 0.019 NS
Probably active vs Controls 0.421 NS
Inactive vs Controls 0.221 NS
All patients vs Controls 0.191 NS
0.168. NS

Patients with PJI vs patients without PJI

Tsble 6 Comparison of disease activity and isolation of Klebsiella



patients it was 15.0 + 3.2mm/hr (Fig V). The active patients had
significantly raised ESR levels compared with the inactive (p < 0.005)
and probably active groups (p < 0.05). There was no significant

difference between the inactive and probably active patients.

The CRP was measured in 20 inactive, 20 probably active and 23 active
patients. The mean CRP level in inactive patients was 16.0 +
3.8ug/ml, in probably active patients 25.2 + 6.0ug/ml and in active
patients 27.1 + 5.1lug/ml (Fig VI). Active patients had significantly
raised CRP values when compared to inactive patients (p < 0.05) but

there was no. differences between any of the other groups.

Measurements of IgA were performed on serum samples from 20 inactive,
20 probably active and 25 active patients. The mean levels were, for
inactive patients 2.9 + 0.3g/1, for probably active patients 3.0 +
0.3g/1 and for active patients 3.2 + 0.2g/1 (Fig VII). There was ﬁo

significant difference between any of the groups.

The IgG and IgM levels were measured in serum samples from 20
inactive, 20 prbbably active and 24 active patients (Figs VIII and
IX). The mean IgG and IgM levels were, respectively, in inactive
patients 11.9 + 0.4g/1 and 1.5 + 0.3g/1, in probably active patients
13.2 + 0.9g/1 and 1.8 + 0.3g/1 and in active patients 14.8 + l.1g/1

and 1.8 + 0.3g/1. Again, there was no significant difference between

any of the groups.
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1.3.3 Correlations between serum immunoglobulins, erythrocyte

sedimentation rate, C-reactive protein, age and duration

of disease in ankylosing spondylitis

The matrix of correlations in ankylosing spondylitis patients is
presented in Table 7. Serum IgA correlated positively with IgG, ESR
and CRP. IgG also correlated positively with ESR and CRP. There was
a negative correlation between IgM and the age of the patient and a

strong positive correlation between ESR and CRP.

1.3.4 Comparison of patients with and without peripheral joint

involvement

Serum immunoglobulins, ESR and CRP were measured in patients with and
without peripheral joint involvement. The results are expressed in
Table 8. Serum IgA and IgG, ESR and CRP levels are not affected by

peripheral joint involvement but serum IgM is significantly raised in

these patients. .

53



UOTIRTSII0OD OU - DN

(sTsoyjuaaed ut
sentea 1) sjustjed STITTApuods HBUTSOTAMNUR UT SUOTIRTIIIOD JO XTIAFEW [ o0l

ON ON ON ON ON oseasIp Jo
uoT3eIng
(€L2°0-)
ON ON G0°0 > d DN DN aby
(819°0) (08%°0) (LT9°0)
T00°0 > d ON T00°0 > d 200°0 > d J
(985°0) (59%°0)
ON T00°0 > d T00°0 > d usd
DN ON Wbx
(G9€°0)
S00°0 > d obT
dd0 gsd WbI ob1 vb1 SSTqeTIRA




@oueOTITUbTS OU - GN

(WIS + UesW) JUSWSATOAUT qutol Texsydraad jnoyatm pue yatm sjustied
ST3TTApuods HUTSOTANUR UT ST2AST USH pue Q) ‘sutTnqorhounumt umIss g STqed,

-

SN (SZ=U) 9% + g°€z (PE = U) €% + T°p2 (Tw/6f) 0

SN (¥Z =U) 'L+ S°0€ (SE =U) ¥V + €762 (ay/um) ¥sT
20'0>d  (yz=u) T0+¢€'T (SE=u) €0+ 1°C - (1/B) mbI
SN (PZT =U) 9°0 + p°2T (5€ = u) 80 + p°¥T . (1/6) 961

SN (sZ=u) TI°0 +0°¢ (€ =u) z°0+ T°¢ (1/B) ¥b1

.. JusuATOAUT JuTof _
20UROTITUBIS sjustyed bututewsy Texsydtaad yjTm sjuatied STARTIRA




1.4 Discussion

The results from this study demonstrate that Klebsiella species are
not isolated more frequently from AS patients with or without active
disease when compared to normal community controls and that peripheral
arthritis does not affect the carriage rate. However, the faecal
carriage rates are lower overall than previously reported studies
(Ebringer et al 1977; Eastmond et al 1978). As there was no increase
in Klebsiella éarriage caution should be attributed to the suggestion,
from others, that intestinal carriage of Klebsiella might be an
aetiological factor in AS. There are many problems in studying the
association of Klebsiella with disease activity in AS. Klebsiella
carriage is seasonal and is increased by eating fresh uncooked foods.
Cafriage is also increased in the hospital population so any controls
must come from outwith the hospital environment. Klebsiella may also
persist in the bowel for months so repeated sampling of one group and
not the other may introduce bias, therefore, each patient and control
should be sampled only once. In this study patients were only within
contact of the hospital environment once every several months and
cdbntrols were not associated with a hospital environment and samples

were taken once from each person in both groups.

No centre has been able to show a statistically significant increase

in Klebsiella isolation from the total number of AS patients studied

when compared to the controls. The interpretation of their findings

depended on the division of AS patients into active, probably active
and inactive disease categories. However, there does not seem to be a

. s e . .o tis
consensus of opinion amongst clinicians as to how 'active' spondylit
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is defined. Does it include those with acute anterior uveitis and/or
peripheral arthritis and does one include laboratory parameters such

as CRP and ESR?

This study found raised levels of CRP and ESR in active AS patients,
which has been reported by other groups. These increases have been
said to correlate with the presence of peripheral arthritis and/or
uveitis and are therefore not a true indicator of active
pelvospondylitis. This study could not find a correlation of either
CRP or ESR with peripheral joint involvement and there were not enough
patients with uveitis to make a comparison. The raised levels of CRP
and ESR in active patients from this investigation were not due to

peripheral arthritis and so CRP and ESR may be a gocd indicator of

disease activity.

The measurement of serum immunoglobulins in AS patients was also
included in the study. No differences in levels of IgA, IgG or IgM
were found between any of the, three disease activity groups suggesting
that there is no relationship between the activity of the disease and
an increased humoral immune response in these patients. Taking the AS
patients as one group, without the division into disease states,
research has shown an increase in serum IgA levels but there is a
discrepancy as to whether this is due to the presence of peripheral
arthritis. Again I found no relationship between peripheral joint

involvement and serum IgA or IgG but IgM levels were raised in

patients with peripheral arthritis. This could indicate a recent

infection in these patients but if the trigger was gut initiated one

would expect an increase in IgA levels. Peripheral joint involvement

55



could therefore be a completely separate phenomenon from the spinal

disease in AS.

Some workers have used CRP and ESR alone as a measure of disease
activity (Cowling et al 1980a) and by doing so have found raised serum
IgA levels in those who have raised ESR and CRP levels. They
therefore suggested that serum IgA could be used as another measure of
disease activity in AS. Although this study found a positive
correlation between IgA, CRP and ESR there was no difference between
IgA levels in the disease activity groups as assessed clinically.
This suggests that although within each group an increase in IgAa
corresponds to an increase in CRP and ESR the actual rise in IgA
levels is not large enough to make a difference between the groups as
seen with CRP and ESR. Dividing the patients into diseasé activity
groups according to ESR and CRP levels, and not clinical assessment,
may give a misleading interpretation of increased serum IgA in active

patients when in fact IgA does not correlate with disease activity.

In summary these results have not shown a high gastrointestinal
carriage rate of Klebsiella species in ankylosing spondylitis patients
whether these patients have clinically active disease or peripheral
joint involvement. There is thérefore no evidence to suggest that
these patients are more susceptible to colonisation of the gut by
Klebsiella and suggestions that this bacteria may cause the
pathogenesis of ankylosing spondylitis should be treated with
scepticism. The ESR and CRP, but not serum iﬁmmoglobulin levels, may
be helpful as indicators of disease activity as they are not affected

by peripheral joint involvement and are raised in clinically active
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patients. They should, however, only be used along with clinical

assessment.
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Chapter 2

Anti-Klebsiella lymphocytotoxicity in ankylosing spondylitis

2.1.1 Introduction

The cross tolerance hypothesis, to explain the pathogenesis of
ankylosing spondylitis, proposes that the HLA molecule itself
stereochemicaliy resembles an antigen(s) foLmd on some external agent
such as gram-negative bacteria (Ebringer et al 1985a). If there is a
partial cross-reactivity between HLA antigens or cell surface markers
and viruses or bacteria, then infections by such micro-organisms may
lead to the production of antibodies that will have auto-immune as

well as anti-microbial activity.

The pathogenesis of several arthritic disorders that are grouped as
the spondyloarthropathies still remains unclear although in the case
of Reiter's syndrome the develcpment of arthritis is very often
preceded by a symptomatic episode of infection. In contrast, the

development of AS is insidious and is not preceded by obvious

infective episodes.

The genus® Klebsiella has been strongly implicated in AS (Ebringer et
all1978: Géczy et al 1983) and with more than 90% of AS patients
pBesassing’ tHe® HLA-B27 phenotype research has endeavoured to find
CTHEEE7ERRE VI Eh between Klebsiella antigens and the HLA-B27 antigen.
This® was® ddde® by immunising rabbits with either Klebsiella cell

sﬁ’s@éﬁ%ﬁic})ﬁ%“ o pB7 pog‘iti{,-'e“~é lymphocytes and the sera obtained allowed
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to interact with lymphocytes from AS patients or various bacterial
species respectively. Antibodies in the serum, derived from one

particular Klebsiella pneumoniae strain, reacted with lymphocytes from

B27 positive patients and B27 lymphocytes from normal individuals, if
these lymphocytes were first incubated in vitro with supernatants from
Klebsiella cultures (Geczy et al 1980). From this data it was

concluded that cell from AS patients are modified in situ by bacteria.

A full de'scripi:ion of these studies has been reviewed earlier (main

introduction).

2.1.2 Aims of the study

The aimssof-this study were (1) to confirm, or otherwise, any cross-
reactivity’ between lymphocytes from AS patients and antisera prepared
against- Klebsiella species and (2) if there was cross-reactivity, to

détermine: {f- the cytotoxicity could be transferred in vitro.

Py
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2.2 Materials and methods

2.2.1 Patient groups

20 patients with ankylosing spondylitis and 21 normal healthy
laboratory staff were included in the study. Of the AS patients 18

were HLA-B27 positive, 3 of the controls were HLA-B27 positive.

The patients and controls were tissue-typed by the Department of

Clinical Immunology.

2.2.2 Preparation of bacterial antigens

Klebsiella pneumoniae K43 (NCTC 9163) was used as this was_the strain

initially reported as being cross-reactive with HLA-B27 PBL (Geczy et
al 1980). Three different types of bacterial antigen were prepared -
formalin treated whole cells (FT), heat treated whole cells (HT) and

the supernatant from heat treated cells (HIS).

Several loopfuls of bacteria were inoculated into 10ml of brain heart
infusion broth and incubated for 4 hours at 37°C in an orbital

incubator. 0.1ml was then spread onto CLED agar plates and incubated

overnight (0O/N) at 37°C.

Growth from one plate was emulsified into 5ml of saline. Formalin
killed cells were prepared by incubating the bacterial cell suspension
ih 1% buffered formalin O/N at room temperature (RT), washing three
line and resuspending the cells to the original volumne.

times in sa
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Heat killed cells were prepared by incubating the bacteria in a Koch
steamer (100°C)for 2 hours. After centrifugation (1540g, 15 mins) the
supernatant. was decanted off and kept as the HTS antigen and the

pellet: washed: and resuspended to the original volume (HT antigen).

2.2.3 Antiiserum production

New. Zealand white rabbits were immunised intravenously with 0.25ml of
eacn antigen preparation on day 0 and thereafter on days 4, 7, 11 and
14 with 0.5ml, 0.75ml, 1.0ml and 1.0ml respectively. The animals were

bled at day 21. A pre-immunisation blood sample was also taken on day

0. The presence of anti-Klebsiella antibodies in the sera was

confirmed by haemagglutination. Titres for each serum being >1000HU.

HLA-B27 antiserum was obtained from Behring Diagnostics (a division of

Hoechst UK Itd).

2,2.4 Isolation of peripheral blood lymphocytes

 Péripheral blood lymphocytes (PBL) were obtained from 17 B27 positive
and 3 B27 negative ankylosing spondylitis patients (astB27%, astB277)
and from 3 B27 positive and 17 B27 negative normal individuals (AS™
B277, AS™B277). The cells were separated from heparinised whole blood
by centrifugation at 358g for 30 minutes on lymphoprep (Nyegaard,
Norway). The PBL interface was removed and washed three times with
RPMI 1640 medium (Flow, Scotland) containing 10ml HEPES buffer
(S§igma), S5ml L-glutamine (200mM) and 5ml penicillin-streptomycin

(600iti, 5;000ug/ml; Gibco) per 500ml RPMI medium. The cells were then

rEespenasdl il RPMI containing 10$% human pooled serum (hps) to a
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concentration of 107/ml.

2.2.5 Lymphocytoxicity assay

Iml of PBL was labelled with 100uCi (0.5ml) of Sler sodium chromate
(380mCi/mg, Amersham) for 60 minutes-at 37°C. The cells were then
washed and resuspended in RPMI with 10% hps to a concentration of 3 x
106/ml. 25ul (?f the SlCr—labelled cell suspension was added to round
bottomed microtitre plates (Sterilin) in triplicate with 25ul of
antiserum and incubated ét RT for 30 minutes. Next, 150ul of neat
rabbit complement (Buxted Rabbit Company) (see Section 2.3.1) was
added to each well and incubation continued for a further 60 minutes.
Both antiserum and complement were at room temperature before the
addition to the PBL. After centrifugat\ion of the plates at 127g for 5
minutes the supernatants were harvested by a Titertek harvester press

and the radiocactivity of the samples counted on a Packard gamma

counter (AS500C).

The amount of radiocactivity in the samples was compared to the
rédioactivity present in the wells containing cells plus complement
only and with that in the wells with cells lysed by the addition of
150ul1 sodium dodecyl sulphate (SDS). The results are expressed as the

percentage of maximum Slcr released, which was calculated as follows:
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3 2lcr release = 100 x  Radioactivity Radioactivity

released by antiserum - released in
absence of
antiserum
Radiocactivity ' Radioactivity
released by SDS - released in
solubilised cells absence of
antiserum
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2.3 Results

2.3.1 Effect of camplement on the lymphocytotoxicity assay

Initial experiments did not result in a positive reaction between HLA-
827 antiserum and HLA-B27 positive lymphocytes. It was considered
that this may be due to the lack of complement in the assay. A dose
response assay was therefore set up to find the optimal volume of
camplement that was required. 25ul and 50ul of neat complement
produced no Sley release. 125ul, 150ul and 175ul gave a Sler release
of 16%, 38% and 38% respectively. A volume of 150ul was subsequently

used in the experiments.

2.3.2 Lymphocytotoxicity of antibodies to formalin treated Klebsiella

Treating baéteria with formalin will kill the cell, without destroying
its antigenicity, by the formation of crosslinks between proteins.
This means the cell surface antigens are kept intact and will still be
able to evoke an immune response. Antiserum raised to formalin

treated bacteria will therefore produce antibodies to the major cell

surface camponents.

In éach experiment, the sera were titrated to look for any prozone
effect, ie, where higher concentrations of serum produce no reaction
and more dilute serum allows the reaction to take place (Figure X).
For each separate serum dilution there was no significant difference

between AS and control lymphocytotoxicity (Table 9). The serum didg,

however, show a prozone effect. The highest mean result occurring at

a dilution of 1/4 for both groups.
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The results for the lymphocytotoxicity by antibodies to formalin
treated bacteria are shown in Figure XI. When comparing the highest
result, from each serum titration, there was no significant difference

in lymphocytotoxicity from AS patients and normal controls.

HLA-B27 antiserum was used as indicated by the accompanying
instructions. Pre-immunisation rabbit serum lymphocytotoxicity in AS
patients and normal controls was 10.2 + 1.6% and 10.7 + 3.1%
respectively. -The difference between the two groups was not

significant.

2.3.3 Lymphocytotoxicity of antibodies to heat treated Klebsiella

Heat treatment of the bacterial cell will denature its surface
proteins and antiserum prepared against such a preparation will
include antibodies to the major polysaccharides and
lipopolysaccharides such as the O somatic antigen. A difference in
cytotoxicity of antiserum to formalin treated bacteria and heat
treated cells may be able to determine whether or not the cross-

reacting antibody is derived from a heat labile component such as a

protein.

No significant difference was found between AS patients and controls

for each separate serum dulution (Table 10).

The serum did show a slight prozone effect but not as pronounced as

the antiserum to formalin treated cells (Figure XII).
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Taking the highest result from each titration, again no difference was

seen between AS patients and controls (Figure XIII).

2.3.4 Lymphocytotoxicity of antibodies to the supernatant of heat

treated bacteria

Supernatant fluids from heated suspensions of bacteria serve as a
crude preparation of enterobacterial common antigen (ECA) (Ramia et al
1983). Klebsiella possesses ECA (Arburhnott, Owen & Russell 1984)
although along with this antigen in the supernatant one will also find
the O somatic antigen. Antiserum to the supernatant used in the assay
will show if either of these two antigens produce cross-reacting

antibodies.

There was no significant difference in percentage 5ler release between
AS patients and controls (Table 11) nor was there any prozone effect
(Figure XIV). There‘ was also no differences between patients and
controls when comparing the highest result from each titration (Figure

XvV).

2.3.5 Comparison of lymphocytotoxicity of B27 positive and B27

negative cells

AS patients and controls were divided into two groups depending on

whether their PRI were B27 positive of B27 negative.

The lymphocytoxicity of HLA-B27 antiserum is shown in Figure XVI. The

mean 2lcr release from the B27 positive and negative groups is 47.8 +
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raised sensitivity to cytotoxic damage in B27 positive lymphocytes
when compared to B27 negative lymphocytes. This study showed no

recognition of the HLA-B27 antigen by Klebsiella antibodies.

It may be argued tha_t these negative results imply lack of sensitivity
in the experimental model to be able to repeat the findings of Geczy
(1980). However, my assay was sensitive enough to differentiate
between B27 positive and B27 negative lymphocytes using HLA-B27
antiserum, although the mean percentage Sler release was only 47% with
a range of 37 - 638% One would have expected a much higher degree of

cytotoxicity as shown by Cavendar and Ziff (1986).

Several problems that may be encountered in the process of this assay
include the condition of the PBL, the medium and complement and the
production of antiserum. Dilution of the complement solution or the
use of similar volumes tc Seager et al (1979) failed to work in my
assay whereas others have reported that the concentration of
complement is not critical (Prendergast et al 1983). Pre-immunisation
serum should also be checked as Mackintosh & Pease (1982) have found
that normal rabbit serum can produce higher cytotoxicity than that of
specific Klebsiella serum. Studying antiserum to only one strain of
Klebsiella may not give conclusive results but others have used many

ifferent sera and still have not been able to demonstrate
lymphocytotoxicity using this assay (Beaulieu et al 1983; Singh et al

1986).

An explanation for the lack of corroboration was suggested by McGuigan

et al (1986a) who thought a reduced carriage of HLA-B27 associated
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cross-reactive marker on B27'as’ pgr, may occasionally escape detection
by some antisera. For this reason they used neat serum in their
assay. However, the present study has shown that the highest levels

of lcr release do not necessarily occur with undiluted serum.

Ogasawara et al (1986) have recently shown that formalin killed
Klebsiella or the sonicated cell envelopes did not cross-react with
HLA-B27 antibodies indicating that there are no reactive antigens on
the surface of bacterial envelopes. By solubilising the bacterial
envelopes, and therefore dissociating some of the individual
camponents of the cell envelope from one another, they reasoned that
additional antigenic determinants might be exposed. Such a

preparation of Klebsiella pneumoniae K43 was found to cross-react with

the anti-HLA-B27 antibody M2.

In conclusion, this study (confirming work by Cameron et al 1987) has
failed to find evidence that antisera raised against

Klebsiella pneumoniae K43 have any particular ability to react with

B27 positive lymphocytes and the suggestion that this organism may
have a key role in the pathogenesis of AS may not be tenable until the
original observations are independently confirmed. If anti-
lymphocytic antibodies are important in AS such antibodies may be
difficult to identify using the lymphocyte cytotoxicity assay. Even
if this assay could be repeated it is not certain whether this

relationship between enteric bacteria and AS is of -pathologic

significance to the disease process.
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2.3% and 10.5 + 2.3% respectively. The difference between the two

groups is highly significant (p < 0.001).

The lymphocytotoxicity of antibodies to FT, HT and HTS Klebsiella were
campared in those with B27 positive and negative PBL (Table 12). No
significant difference was found between the two groups of PEL for any

of the sera.
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2.4 Discussion

One of the techniques used to study the cross-reactivity between
lymphocytes from patients with ankylosing spondylitis and enteric
bacteria is the Sler release assay. Seager et al (1979) found that an
antiserum to Klebsiella was cytotoxic for B27 positive PBL from AS
patients but not for B27 negative patients or normal individuals. The

Klebsiella species was later identified as Klebsiella pneumoniae K43.

Culture filtrates of these bacteria were also capable of modifiying
B27 positive PBL from normal individuals to become susceptible to

lysis by antiserum to the Klebsiella species.

The present research has sought to confirm B27 cell specificity for
anti-Klebsiella serum. Antiserum was raised to three different

preparations of Klebsiella pneumoniae K43. Formalin treated bacterial

cells were prepared as used by Seager et al (1979). Antiserum raised
against this preparation should produce antibodies to all the major
cell surface antigens. Heat-treated bacterial cells were compared
with the formalin treated bacteria in an attempt to identify any heat
labile cross-reactive antigen. Thirdly, using the supernatant of a

heat treated suspension would detect the presence of cross-reactive
ECA or O antigen.

-

Using the Slcr release lymphocytotoxicity assay the study failed to

find any association between antibodies to Klebsiella and B27 PBL.

This suggests that Klebsiella pneumoniae K43 does not possess antigens

similar to those found on blood lymphocytes of AS patients. If there

was an association between HLA-B27 and Klebsiella one would expect
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Chapter 3

Non-specific activation of peripheral blood lymphocytes

3.1 Introduction

Activation of T and B lymphocytes by non-specific mitogens or specific
antigen provides one of the most readily available in vitro assays of
immune function. The most commonly used method for detecting
lymphocyte activation is incorporation of 3H—thymidine into the
chromosomal DNA which correlates well with the number of lymphocytes

in the S-phase of the cell cycle.

T cells recognise foreign antigens in association with cell-surface
antigens coded for by the Major Histocompatibility Complex (MHC). The
MHC, known as the HLA system in humans, has been of great interest in
recent years due to the strong association between individual HLA
antigens and disease. Such an association may reflect the ability or
inability of T cells to respond to a particular combination of HLA

antigen and virus or bacterium.

Mitogens are polyclonal activators that will stimulate a large
proportion of the lymphocytes. A number of such mitogens are lectins
- proteins or glycoproteins of non-immune origin that agglutinate
and/or precipitate complex carbohydrates. They are isolated from a
wide variety of natural sources such as plants, seeds and seaweed.
Phytohaemagglutinin (PHA) simulates T helper (Ty) cells and

concanavalin A (Con A) stimulates both Ty and T suppressor (Tg) cells.
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Pokeweed mitogen (PWM) will activate B cells only in the presence of T
cells and is therefore a T cell dependent mitogen. Activation by PWM
is a complex process requiring Ty cells to induce B cells to
differentiate. In the normal individual this is 'down regulated' by
Tg cells. Thus the B cell response is the net result of helper and
suppressor regulatory influences. The pathogenesis of an auto-immune
disease process may involve an excess of Ty activity or deficiency of
Tg activity. A T cell dependent in vitro system of B cell activation
will therefore allow the investigator to explore these potential

immunoregulatory abnormalities.

The in vitro PBL transformation by mitogens has been studied with some
controversy in AS. The responses to PWM and Con A have tended to be
quite normal (Froebel et al 1975; Kinsella et al 1984) while decreased
T lymphocyte responsiveness to PHA has been reported (Escanilla, Alepa
and Reefe 1970; Sturrock, Froebel and MacSween 1975; Froebel et al
1975). Others have reported normal responses to this mitogen (Nikbin

et al 1975; Fan et al 1977; Christiansen, Hawkins and Dawkins 1978;

Kinsella et al 1984).

As there seems to be some evidence for abnormalities in cell mediated
immunity (CMI) in AS patients, attempts have been made to ascertain
whether these could be attributed to disturbances in the numbers of T
and B cells. Several studies have found the numbers and proportions
of T/B cells to be within the normal range (Nikbin et al 1975;
Christiansen et al 1978; Hickling et al 1982; Veys et al 1983) while
others have noted a significant T cell lymphopaenia (Fan et al 1977;

Byrom et al 1979). It was suggested that this T cell lymphopaenia was
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caused by C-reactive protein (CRP) coating the T cells and impairing
the recognition of T cell markers resulting i1n a reauction 1n tTie
number of T cells (Sotnik 1979). However, the finding of normal T
cell numbers in AS patients with raised CRP levels casts doubts on

this theory (Hickling et al 1982).

Byrom et al (1979) found an overall depletion of T cells in patients
with anterior uveitis and AS that remained low for many months after
the condition returned to normal. Patients' household contacts also
showed a significant T cell lymphopaenia. Lymphocyte depletion in the
contacts of uveitis patients as well as in the patients themselves
suggests that there may have been a lateral transmission of an

infective agent during or before the uveitis attack.

T cell subpopulations have also been demonstrated using monoclonal
antibodies against T cell surface markers. Results are again
conflicting. Veys et al (1983) found an increase in the percentage of
helper-inducer cells compared to controls, but no differences in the
ratio of Ty to Tg cells while Nilsson and Biberfield (1980) reportecd
increased numbers of Tg cells. In contrast Vinje et al (1982) found
no differences in the percentage of Tg and Ty cells between AS
patients and controls. CMI in AS therefore presents as a conflicting

picture needing greater clarification of T cell function in the

pathogenesis of the disease.
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3.2 Materials and methods

3.2.1 Patient groups

PBL transformation by mitogens was studied in patients with AS, CD and
RA. Healthy laboratory and hospital staff were used as controls.
Clinical details of the groups are given in Table 13. AS and CD
patients were attending the rheumatology and gastroenterology out-
patient clinic respectively. RA patients were in-patients at the

Centre for Rheumatic Diseases, Royal Infirmary.

3.2.2 Lymphocyte transformation assay

PBL were separated, under sterile conditions, as previously described
(Section 2.2.3). The cells were resuspended to give a final
concentration of 1 x lOG/ml in RPMI medium containing 20% human pooled

serum.

Phytohaemagglutinin (PHA, type V-5, Sigma) and concanavalin A (Con A)
(type IV, Sigma) were reconstituted in sterile distilled water and
diluted to the required concentration in RPMI medium. Pokeweed .

mitogen (PWM) (Sigma) was reconstituted and diluted in RPMI medium.

100ul of PBL and 100nl of mitogen solution were distributed, in
triplicate, into round bottomed microtitre plates (Gibco) and
incubated for 72 hours at 37°C in 5% CO, and humidified air. 4 hours
before harvesting 20ul of 3-thymidine (50plCi/m1:49Ci/mmol, Amersham)

were added to each well. The cultures were harvested onto filter
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discs with a multiple cell-culture harvester (Skatron, Norway). The
discs were washed twice with 5% trichloro-acetic acid and methanol,
placed in scintillation vials and allowed to dry. 5ml scintillation
fluid (BDH) was then added to each vial and the incorporation of

thymidine into the DNA measured on an LKB gamma counter.

The optimal reponse for each mitogen was obtained by varying the

mitogen concentration. PHA was used at 5, 10 and 25ug/ml, Con A at

25, 100 and 250ug/ml and PWM at 0.1, 0.2 and 0.5ug/ml.

A stimulation index (SI) was calculated for each suspension as

SI = cpm stimulated cells
cpm unstimulated cells

e T L A T L
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3.3 Results

3.3.1 Optimal dose response

The mean .lymphocyte responses to PHA, PWM and Con A, in normal
controls, are given in Table 14. The optimal concentration for each
mitogen was 10, 0.2 and 100ug/ml for PHA, PWM and Con A respectively.

These concentrations were therefore used in subsequent experiments.

3.3.2 Unstimulated cultures

The mean cpm + SEM of unstimulated PBL were 60 + 34, 59 + 35, 65 + 22
and 55 + 21 for AS, CD and RA patients and normal controls
respectively. The responses with unstimulated cultures were not
significantly different between any of the groups thereby permitting

the application of the SI to compare group responses.

3.3.3 In vitro peripheral blood lymphocyte stimulation by

phytohaemagglutinin

The responses to PHA are illustrated in Figure XVII. In response to
PHA, the mean SI for AS, CD, RA patients and normal controls was 483 +
80, 454 + 63, 194 + 28 and 529 i 60 respectively. When compared by
the Wilcoxon rank sum test the results for AS were not significantly
different from the CD group or normal controls. The CD group was also
not significantly different from the controls. The results for the RA

patients were significantly lower than all the other three groups (AS

p < 0.001, CD p < 0.02, Cp < 0.001).
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Fig XVII Lymphocyte transformation responses to PHA in patients with
ankylosing spondylitis (AS), Crohn's disease (CD),
rheumatoid arthritis (RA) and normal controls (C).

Bars indicate mean + SEM.



3.3.4 In vitro peripheral blood lymphocyte stimulation by pokeweed

itogen

The responses to PWM are illustrated in Figure XVIII. The mean SI for
AS, CD and RA patients and normal controls was 216 + 46, 249 + 53, 140
+ 20 and 248 + 31 respectively. No significant difference was found
between any of the groups except for the RA patients whose mean SI was

significantly lower than the control group (p < 0.01).

3.3.5 In vitro peripheral blood lymphocyte stimulation by

concanavalin A

The responses to Con A are illustrated in Figure XIX. The mean SI was
429 + 58, 397 + 46, 175 + 24 and 630 + 73 for AS, CD and RA patients
and normal controls respectively. All three patient groups had
significantly lower SI than normal controls (AS p < 0.05, CD p < 0.01,

RA p < 0.001). The SI for RA patients was also lower than that of the

AS and CD patients (p < 0.001).
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Fig XVIII Lymphocyte transformation responses to PWM in patients with
ankylosing spondylitis (As), Crohn's disease (CD),
rheumatoid arthritis (RA) and normal centrols (C).

Bars indicate mean + SEM.
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3.4 Discussion

The aim of this study was to examine the cell mediated immunity (CMI)
in patients with ankylosing spondylitis and to compare them with two
other inflammatory disorders, Crohn's disease and rheumatoid
arthritis. An in vitro PBL transformation assay was used to determine

whether there was an imbalance in T-cell immunoregulation.

A reduction in Con A responsiveness was detected in the PBL of
patients with AS. Responses to PHA and PWM were not significantly
different from normal controls. PHA is a Ty cell mitogen and Con A a
Ty and Tg cell mitogen. As the response to PHA was normal the
reduced transformation by Con A could be explained by an abnormality
in the Tgq cell population. This could be due to a shortage of these
cells or a diminished Tg cell activity. As there is conflicting data
on Tg cell numbers in AS we assume that these results stem from an
abnormality in the cells' activity. Confirming this assumption, Vinje
et al (1982), showed reduced Con A-induced Tg cell activity as
detected in a Con A/mixed lymphocyte culture assay. They also
demonstrated T lymphocyte subpopulations of Tg and Ty cell markers
were within the normal range and suggested that this lack of
suppressor cell activity corresponded with the moderately elevated

humoral responses that were detected.

The in vitro proliferative response to Con A was also diminished in
patients with Crohn's disease. Selby and Jewell (1983) have examined
the proportion and numpers of T lymphocytes and their subsets in

peripheral blood of patients with inflammatory bowel disease (IBD).
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The proportion of T cells was normal but the actual number of T
lymphocytes was reduced in active disease. The ratio of TH/TS cells
was not significantly altered. Although T cell numbers seem to be
normal there is evidence of impairment of some aspects of CMI in IBD
in particular a defective suppressor cell function (Selby et al 1983).
Functional analysis of peripheral blood T cells in patients with IBD
has demonstrated an impairment of Con A induced and spontaneous
suppressor cell activity (Hodgson, Wands and Isselbacher 1978; Shorter

1981; Victorino and Hodgson 1981).

Many patients with autoimmune diseases have an increased ratio of
Ty/Tg ;:ells reflecting a relative or absolute deficiency of
suppressor/cytotoxic T cells (Raeman et al 1981). The normal ratio
seen in AS and IBD may be evidence against these disorders being
primarily auto-immune. However, the defective suppressor cell
function may cause an imbalance of T helper cell function leading to
an abnormal increase in B cell activity which may lead to the

producticn of antibodies that are auto-immune.

It may be more pertinent to study the numbers of T lymphocyte
subpopulations in the intestinal mucosa of patients with IBD as this
is where the pathological symptoms occur. Abnormal numbers or a
redistribution or an alteration in the mucosal micro-environment may be
important in the pathogenesis of IBD. James et al (1986) have
analysed lymphocytes from the lamina propria of patients with Crohn's
disease. They found an increase in the number of Ty cells and a
decrease in Tg cells when compared to similar cell types in peripheral

blood.
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Since AS may result from a gut initiated immunological response a
study of intestinal lymphocytes may be more appropriate in AS. An
increase in IgA antibody levels has been reported in patients with AS
(Chapter 1). Production of this antibody occurs predominantly in
mucosal surfaces such as those in the intestine. The possibility
exists that there may also be increased levels of Ty cells (or
abnormalities in Tg cell function) leading to such raised antibody

responses.

Mitogen transformation of rheumatoid arthritis PBL in the present
study has shown a diminished response to all three mitogens (PHA, PWM
and Con A). This suggests that there is both a Ty and Tg cell
abnormality in these patients. Other studies have also reported
decreased PBL transformation to these mitogens (Lance and Knight 1974;
Lockshin et al 1975). The reduced responsiveness may be explained by

the absence or inactivation of responder cells or by a lack of

processing of antigen by macrophages. The proportion of T cells in

peripheral blood has been well documented with most investigators

finding an increased ratio of Ty/Tg cells. This is caused by both

raised levels of Ty cells and reduced levels of Tg cells in RA

patients when compared to normal levels (MacKenzie and Williamson

1983). The decreased response to Con A can be explained by a lack of

suppressor cells whereas the responses to PHA and PWM may be due to an

abnormality in helper function or lack of processing by macrophages.

Drug therapy may also explain some of the results from this study.

The mechanism of action of non-steroidal anti-inflammatory drugs

(NSAIDs) is thought to be secondary to the inhibition of prostaglandin
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production by inhibiting the action of cyclo-oxygenase. It is thought
that by blocking the effects of prostaglandin E (PGE) the final stages
of the inflammatory process may be affected. However, PGE also plays
an important role in modulating the immune response (Goodwin and Webb

1980).

Goodwin, Ceuppens and Rodriguez (1983) have examined the effect of the
NSAID, piroxicam, on PHA reactivity and T cell populations. It had
previously been reported that PHA responses were depressed in RA
patients and that this could be reversed by inhibiting endogenous PG
production. They also found that the PHA response in patients, after
starting piroxicam therapy, gradually increased until there was no
significant difference from controls. Therefore the in vitro
administration of NSAIDs had the effect of reversing the lowered
response to PHA towards normality. The lower proportions of Tg cells
were also seen to rise after piroxicam treatment presumably due to the

inhibition of prostaglandin action.

The effect of NSAIDs in AS patients could therefore explain the normal
PBL response to PHA. However, there was a diminished response in RA
patients which could not be attributed to drug treatment. If NSAIDs
depress Tg cells one would expect that the response to‘ Con A should
also be normal but this was not seen in either AS or RA patients.

Probably PG were without effect on T cells in the first place as PG

are local hormones whose site of action remains at the site of

production (Goodwin et al 1980) which presumably would be the synovial

joints. Circulating PG have no systemic activities and therefore

NSAIDs are unlikely to be responsible for the observed results.
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Steroids may have a greater effect on T cell function. The
administration of corticosteroid in vivo results in a rapid
lymphopaenia due to redistribution of circulating lymphocytes to other
lymphoid compartments. They are able to bind to a specific
intracytoplasmic receptor therefore washing cells would not release
the drug (Cupps and Fauci 1982). Monocytes (MN) appear to be
particularly sensitive to glucocorticoid (GC) induced changes (Cupps
et al 1982). Since MN are important accessory cells and function in
many lymphocyte responses GC induced effects on MN may indirectly or
directly alter the functions of other cell subsets such as T cells.
In fact blastogenesis by PHA, Con A and PWM has been reported to be
suppressed (Cupps et al 1982). Gold also interferes with the ability
of MN to serve as accessory cells in the initiation of a mitogen
response (Lipsky and Ziff 1977). As only 7 RA patients, in this
study, were on steroid or gold therapy yet every patients’ mitogenic
responsiveness was lowered, it seems that this is not alone in causing

diminished mitogenic responsiveness in RA patients.

The lymphocyte transformation response in CD patients does not seem tc
be affected by the main drug used in the treatment of this disease -

sulphasalazine. Sachar et al (1973) found no differences in the

mitogenic response between patients who were or were not taking

medication and the addition of salicylazosulfapyridine to the culture

medium had no effect on transformation. If there is an effect it

would be to increase the already diminished response as shown by

Rubinstein et al (1978). The proportion of peripheral blood T cells

is also not altered (Selby et al 1983). Therefore the impairment of

the lymphocyte response to Con A reflects an intrinsic defect in the T
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cell regulatory system in Crohn's disease.

In summary this study has shown that patients with AS and CD have
lowered reéponses to Con A indicating that there may be abnormal
suppressor cell activity. RA patients seem to have abnormalities in
both suppressor and helper T cell function due to i:he decreased
responses to PHA, Con A and PWM. This imbalance of immunoregulatory T
cells may therefore be important in the pathogenesis of these three

inflammatory disorders.
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Chapter 4

Lymphocyte proliferative responses to bacterial antigens

4.1.1 Introduction

In contrast to the non-specific proliferative responses discussed in
Chapter 3, where up to 30% of cells may be triggered by the binding of
the mitogen to specific sugars on the lymphocyte membrane, antigen
stimulation will only transform those cells that have specific
receptors for that antigen. A positive response requires that the
individual has had prior exposure to the antigen and therefore

transformation assays may be used as an indication of such exposure.

A specific response requires the help of accessory cells (eg
macrophages) which capture and break down micro-organisms and soluble
antigens into smaller molecular fragments (known as epitopes) that are
of an appropriate size to react with receptors on the surface of
lymphocytes. These accessory cells shuttle epitopes to their surface

where they are readily accessible to the lymphocytes. The T-cell

receptor, for antigen, is derived in a manner similar to that of B

cell and antibody develcpment (Nossal 1987). when a T cell encounters

an antigen, specific for that T cell, multiplication and

differentiation of a T cell clone occurs. The T cell does not

. . . . . . ation
recognise the antigen itself, but antigen in molecular associatl

with MHC antigens. Therefore a T-cell receptor is directed towards

'foreign' epitopes held in loose association with 'self' molecules.

84



Banck and Forsgren (1978) have studied the transformation of
lynmphocytes to various formalin treated bacteria and found that most
of them caused an increase in DNA synthesis. However, most of this
was not due to a specific reaction but a mitogenic effect. Some

bacteria, such as Mycobacterium tuberculosis, produced both a

mitogenic and specific antigen response.

The lymphocyte response to bacterial antigens has been investigated
with varying dégrees of success in AS. Nikbin et al (1975) previously
reported reduced lymphocyte transformation to a crude mixed Yersinia

enterocolitica and Yersinia pseudotuberculosis cell antigen but later

were able to find no differences between AS patients and controls to
Yersinia, Salmonella and E.coli antigens (Mawle et al 1978). With the
apparent association between AS and Klebsiella the transformation
response to Klebsiella in AS patients was investigated and a
@iminished in vitro cell response to Klebsiella but not Yersinia or
Shigella was found (Seager et al 1979; Geczy et al 1980b). They
suggested that this may reflect impaired processing of antigen by
macrophages or the production of suppressor cells and/or suppressor
factors. Several other groups have attempted to confirm the decrease
in in vitro proliferative responses to Klebsiella and other enteric

bacteria but have failed to do so (Enlow et al 1982; Kinsella et al

1984; Ssheldon and Pell 1985).

Two other rheumatic disorders, that may help to elucidate the disease

pathogenesis of AS, are reactive arthritis and Reiter's syndrome.

They are clinically distinct from AS but share certain

characteristics, such as, a tendency to affect young males, with a
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similar location and character of articular and extra-articular
affected lesions. They are also linked genetically by the presence of
HLA-B27. In these two disorders the aetiological agent is known and
may be involved in the initiation of both diseases. A lymphocyte
proliferative response whether augmented or diminished in patients
with AS or RS compared with normal controls might suggest prior
antigenic exposure. Enlow et al (1982) and Sheldon et al (1985),
however, have not been able to demonstrate any abnormalities in CMI to
various bacterial antigens in RS. The response in patients with
yersiniosis and Yersinia arthritis seems to be more promising. Vuento
(1983) studied lymphocyte transformation in patients who had recently
recovered from yersiniosis and found significantly higher responses to
Yersinia species and E.coli antigens when compared to healthy
controls. Patients who had developed arthritis after a Yersinia

infection had weaker lymphocyte responses to Yersinia enterocolitica

and E.coli than those without arthritis (Leino et al 1983). This
response was persistent even years after the Yersinia infection
(Vuento et al 1983). Their results are similar to the findings that

the lymphocyte transformation response to Salmonella typhi persists in

those who had once had typhoid fever (Mogensen 1979L This lowered
response in those who had once had Yersinia arthritis cannot be due to
a suppression of lymphocyte activity generated during the arthritis as
the reactivity persisted for many years. It may reflect an impaired
lymphocyte function where the cell does not recognise the foreign

antigen thus making these patients more susceptible to infection and

arthritic complications.

The results of lowered or increased CMI in ReA and AS to different
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enterobacteriaceae suggest that there is a common antigenic
determinant triggering or inhibiting the lymphocyte transformation
response. A candidate for such a structure could be the
entercbacterial common antigen (ECA). In the study by Vuento et al
(1984) they tried to demonstrate this possibility by stimulating
lymphocytes from patients with Yersinia and Salmonella infection, with
or without arthritis, using several different bacterial antigens. To
specifically test the importance of ECA for the response a pair of ECA

positive and negative Salmonella typhimurium strains was included.

When whole bacteria were used in the assay the presence of ECA made no
difference to the response - maybe due to the masking of ECA by other
antigens. When the supernatant (soluble antigens) of heat treated
cells was used as an antigen a higher response was cbserved with the
ECA positive strain. ECA may have stimulated the lymphocytes and if
ECA positive bacterial strains are involved in pathogenesis of ReA ECA

may be important in this disease and perhaps AS.

Granfors (Granfors 1979; Granfors et al 1980) has shown that anti-
Yersinia IgA and IgG levels in serum are higher and persist for longer
ih patients with Yersinia arthritis than non-arthritic patienté. With
the previous findings of depressed lymphocyte transformation responses
to gram-negative bacteria in arthritic patients a reverse relationship
exists between the humoral and cell mediated immune responses to

Yersinia in these patients. An explanation could be that CMI is

impaired leading to the persistence of Yersinia in the cells of the

intestine resulting in a prolonged antibody response. How this

disturbed immune response results in ReA is still unknown.
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4.1.2 Aims of the study

If an organism is involved in the pathogenesis of AS it may imply that
there is also a disturbed immune respone. This study set out to
investigate the cellular immune responses to various enterobacterial
antigens in an attempt to find any similarities or differences that

may emerge.

88



4.2 Materials and methods

4.2.1 Patient groups

The same groups of patients were used in this study as in Section

3.2.1.

4.2.2 Bacterial antigens

The bacterial strains used included Klebsiella pneumoniae K43 and K25

(NCIC 9163 and NCTC 9145); Yersinia enterocolitica serotype 3 (NCTC

11176); known ECA positive strains Escherichia coli 2387 (014 : K7 :

H, kindly supplied by Dr H Mayer, Max-Plank Institute for

Immunobiology, West Germany) and Salmonella typhimurium SH892 (kindly

supplied by Dr P H Mikeld, Central Public Health Laboratory, Helsinki,

Finland) and Pseudomonas aeruginosa, isolated from an AS patient.

The bacteria were grown O/N at 37°C in Mueller-Hinton broth (Oxoid).
The cultures were then washed in saline and killed with formalin and
heat as previously described in Section 2.2.1. A soluble antigen was
also prepared by centrifuging 10ml of cell suspension and resuspending
in 10ml of saline. The cells were then heat killed (100°C, Koch
steamer, 2 hrs), centrifuged and the supernatant retained after
filtering through a 0.45um cellulose acetate filter (Millipore). All
antigen preparations were stored at -20°C before use. Before killing

the bacteria, for standardisation of antigen, a correlation between

absorbance at 620nm (Cecil, spectrophotometer) and the concentration

of bacteria was determined (Appendix B).
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4.2.3 Lymphocyte transformation assay

The assay has been previously described in Section 3.2.3. 100ul of
antigen was added to the microtitre plates instead of mitogen and the

cells were pulsed with 3H-thymidine 18 hours before harvesting.

4.2.4 The effect of bacterial antigen preparations on the viability

of peripheral blood lymphocytes

The viability of PBL after 4 days incubation with each bacterial

antigen preparation was assessed using trypan blue (0.1%) exclusion.
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4.3 Results

4.3.1 Viability of peripheral blood lymphocytes

The viability of PBL after 4 days incubation with bacterial antigens

was found to exceed 90% in all the patient groups and normal controls.

4.3.2 Optimum dose of antigen and kinetics of the response

In order to determine the optimal dose of antigen, concentrations of
10, 107, 108 and 10° bacterial cfu/ml and supernatants at dilutions
of 1/100, 1/10 and undiluted were used to stimulate normal control PBL
for 3, 4, 5 and 6 days (Tables 15 - 21). The experiments were

repeated three times and the results are expressed as SI + SEM.

The maximum response was, in most cases, observed after 4 days
therefore a 4-day culture period was used in subsequent experiments.

The optimal response with E.coli, Y.enterocclitica and Ps.aeruginosa

was observed with a concentration of 106 cfu/ml. The ogtimal
cencentration for K.pneumoniae K43 FT and HT antigens was 107 and 10°

cfu/ml respectively and that for S.typhimurium HT and FT antigens was

108 ang 10° cfu/ml. Optimal concentrations for K.pneumoniae K25 was
107 cfu/ml. A dilution of 1/10 of the heat treated supernatant
produced, in most cases, the highest result. These afore mentioned

concentrations were subsequently used in further experiments.
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Bacterial Antigen Incubation Time (days)
antigen dilution
3 4 5 6

Klebsiella Un 4.65+40.46 5.74+0.73 2.77+0.54 2.92+0.57
pneumoniae 1/10 5.60+0.12 5.75+0.44 4.70+1.50 16.18+4.02
K43 1/100 2.16+0.31 1.19+40.15 0.9250.12 2.7Oi§.94
Klebsiella Un 1.70+0.52 1.94+0.45 1.12+0.20 0.56+0.14
pneunoniae 1/10 6.34+0.97 5.03+0.54 8.48+2.083 5.7621.34
K25 1/100 2.35+0.47 2.0340.31 3.00+0.20 2.94+0.63
Escherichia Un 0.56+0.03 0.84+0.01 0.6840.02 1.04+0.04
coli 2387 1/10 0.66+0.01 0.91+0.04 0.78+0.03 0.96+0.01

1/100 0.79+0.04 1.13+40.03 0.93+0.07 0.98+0.06
Yersinia Un 0.69+0.03 0.95+0.03 0.43+0.02 0.65+0.01
enterocolitica 1/10 0.8340.04 0.86+0.04 0.52+0.03 0.65+0.01
3 1/100 0.80+0.01 0.99+0.02 0.47+0.01 0.62+0.03
Salmonella Un 0.8440.03 1.07+0.04 0.97+0.08 0.86+0.04
typhimurium 1/10 1.9230.06 2,70+0.58 3.81+0.72 1.70+0.30
SH4892 1/100 0.79+0.08 - 1.57+0.08 1.30+0.13 0.9340.03
Pseudcmonas Un 1.78+0.04 1.68+0.12 1.64+0.25 0.77+0.08
aeruginosa 1/10 2.73%¥0.14 1.38+0.13 1.4-+0.04 1.03+0.09

1/100 1. ?7TO 06 1.21+0.06 1.15+0.09 0.9640.02
Table 21 Time course and dose response of lymphocyte transformation

by soluble antigen(s) in the supernatant of heat treatecd
bacteria.

Optimun SI underlined.
Un - Undiluted.



4.3.3 Unstimulated cultures

The mean cpm + SEM of unstimulated PBL from AS, CD, RA patients and
normal controls was 147 + 21, 116 + 17, 101 + 11 and 112 +
respectively. The responses for the 4 day cultures were not
significantly different thereby permitting the application of the

stimulation index to compare group results.

4.3.4 Lym;_ohocyte transformation responses to formalin treated

bacteria

The mean stimulation indices for each of the patient groups with
respect to each of the bacterial antigens are shown in Table 22. The

highest proliferative response occurred against K.pneumoniae K43.

Lymphocytes for RA patients had a significantly lower in vitro

proliferative response to both K.pneumoniae K43 and K25 (p < 0.05).

Lymphocyte responses from CD patients were also significantly lower

than normal controls to K.pneumoniae K25 (p < 0.05). No other

differences were apparent for the response of patients' lymphocytes to

these antigens when campared to controls.

Banck and Forsgren (1978) divided the response of lymphocytes to
bacterial antigens into groups depending on their stimulation index.
A SI > 20 indicated a strong effect, SI of 5 - 20 a moderate effect,
SI 3 - 5 a weak effect and an SI < 3 essentially no effect. From this
the results to formalin treated bacteria show K.pneumoniae K43 to have

a moderate effect on lymphocyte transformation whereas the other

bacteria studied produced essentially no response.
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AS

CD RA C
Klebsiella 6.15+1.41 6.18+1.42 *3.92+0.93 10.57+2.65
pneuroniae (0.1-18.19) (0.61-24.74) (0.43-17.6) (0.1-41.95
K43
Klebsiella 2.75+0.49 *1.9740.23 *1.84+0.23 3.08+40.39
pnewnoniae (0.32-8.16) (0.53-4.09) (0.46-3.69) (0.61-6.55)
K25
Esherichia 1.78+0.24 1.46+0.18 1.26+0.13 1.59+0.16
coli 2387 (0.28-4.75) (0.43-4.18) (0.39-2.35) (0.71-2.9)
Yersinia 3.54+0.99 2.19+0.38 1.48+0.17 2.11+0.32
enterocolitica (0.05-16.59) (0.56-7.21) (0.44-3.3) (0.44-6.87)
3
Salmonella 4,73+1.12 2.70+0.59 +1.95+0.33 4.19+0.82
typhimurium (0.26-19.31) (0.71-11.57) (0.16-5.37) (0.13-10.92)
SH439Z
Pseudomonas 1.86+0.21 1.59+0.17 3.18+1.13 2.140.25
aeruginosa (0.83-3.99) {0.65-3.65) (0.56-16.69) (0.89-4.74)
Table 22 Lymphocyte transformation by formalin treated gram-negative

bacteria in patients with ankylosing §ponéylitis (AS),
Crohn's disease (CD), rheumatoid arthritis (RA) and normal
controls (C).

* gignificant difference from controls p < 0.05.
+ AS > RA p < 0.05.



4.3.5 Lymphocyte transformation responses to heat treated bacteria

The SI for the in vitro proliferative response of lymphocytes to heat
treated bacteria are shown in Table 23. The highest response in all
the four groups occurred with K.pneumoniae K43. Lymphocytes from AS.
patients did not respond any differently from normal controls and CD

patients' lymphocytes only had a lower response to Ps.aeruginosa (p <

0.05). However, a significantly decreased transformation by

K.pneumoniae K43 and K25 (p < 0.05), Y.enterocolitica (p < 0.005) and

S.typhimurium (p < 0.02) was seen for RA lymphocytes. K.pneumoniae,

again, produced a moderate effect. The responses to the other

bacteria was virtually nil.

4.3.6 Lymphocyte transformation responses to soluble antigen(s)

released into the supernatant of heat treated bacteria

The mean stimulation indices for each patient group with respect to

each of the soluble antigen preparations are shown in Table 24.

Lymphocytes from RA patients had a significantly lower in vitro
proliferative response to all of the bacterial antigens (K.pneumoniae

K43 and K25, p < 0.02; Y.enterocolitica, p < 0.005; E.coli (p < 0.005)

and S.typhimurium (p < 0.002).

Lymphocytes from AS patients had comparable results to controls except

to Ps.aeruginosa whére the response was lower (p < 0.05).
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AS

Cb RA c

Klebsiella 8.91+1.76 12.63+3.29 '%*6.22+l.74 19.33+4.14
pneumoniae (0.87-25.06) (0.12-47.74)  (0.2T-21.74) (0.14-59.83)
K43
Klebsiella 2.69+40.59 1.79+0.25 *1.57+0.27 3.13+0.52
pneumoniae (0.23-9.29) (0.5-5.36) (0.15-3.95) (0.1-7.73)
K25
Esherichia 2.27+0.37 1.4340.14 +1.340.18 1.79+0.27
colli 2387 (0.28-6.09) (0.5-3.43) (0.3-3.31) (0.14-4.84)

]
Yersinia 3.76+0.88 1.8640.28  ***] 31+40.19 2.2940.43
enterocolitica (0.8-15.1) (0.58-5.05) (0.26-3.3) (1.01-6.6)
3
Salmonella 4.7+0.88 4.65+40.99  ***3,78+1.46 10,11+41.95
typhimurium (0.06-12.78) (0.07-16.14) (0.1-30.52) (0.19-27.62)
SH4892
Pseudcmonas 2.32+0.28 *l.34i0.i4 2.56+0.83 2.21+0.31
aeruginosa (0.88-7.33) (0.11-2.53) (0.48-17.71) (0.26-6.93)
Table 23  Lymphocyte transformation by heat treated gram-negative

bacteria in patients with ankylosing spondylitis (AS),

Crohn's disease (CD),
controls (C).

.

*  signific

** p < 0.02. **%* p < 0.05.
¥ AS > RA p < 0.001.

+ CD > RA p < 0.05.

® A5 > CDp < 0.05.

rneumateid arthritis (RA) and normal

ant difference from controls p < 0.05.



AS CD

RA C
Klebsiella 3.16+0.6 2.96+0.83  ¥¥2.18+0.46 3.86+0.55
preumcniae (0.81-11.86) (0.1-15.41) (0.33-8.86)  (0.35-8.67)
Ré3
Klepsiella 1.61+0.19  1.37+0.17 Teey 22i0.18 2.01+0.31
pneumoniae (0.37-3.72) (0.63-3.4) (0.24-3.43)  (0.33-5.69)
K25

kxKk*k

Esherichia

2.15+0.33 *771.63+0.27

1.47+0.15

2.50+0.35

coli 2357 (06.9~6.8) (0.63-6.39) (0.58-2.92)  (1.09-6.15)
B . ***#

Yersinia 6.412.31 3.081@.95 l.4i0.21 4.96il.25

enterocolitica (0.25-37.8) (0.91-19.35) (0.21-3.48)  (0.12-23.28)

<
-~

Salmonella

6.47+2.26  *7*2.11+0.38

******

1.64+0,32

7.06+1.97

tvphimurium (0.46-34.27) (0.39-6.7) (0.23-5.94)  (1.21-37.69)
SHAEG2

Pseudomonas  3.03+0.46  3.7+1.31 7T 72.61+0.83  4.92+0.77
&e8ruginosa (0.84-7.45) (0.97-27.43) (0.95-17.8) (1.08-13.44)
Table 24 Lymphocyte transformation by soluble antigen(s) released

into the supernatant of heat treated gram-negative bacteria
in patients with ankylosing spondylitis (as), Crohn's
disease (CD), rheumatoid arthritis (RA) and normal controls

().

*

significant difference from controls p < 0.05.

*% p < 0.02, **%* p < 0.002,
**%k%* 5 < 0.001.

AS >RA Tp <0.05

p < 0.005,

*kxk

$p < 0.02 Fp < 0.005.



4.4 Discussion

This study found no differences in the responses of AS PBL to various
bacterial antigens when compared to controls except for the response
to antigen(s) released into the supernatant of heat treated

Pseudomonas aeruginosa, which was lower. PBL from CD patients showed

a decreased transformation to formalin treated K.pneumoniae K25, heat

treated Ps.aeruginosa and to the supernatants from heat treated

E.coli, Skyphimurium and Ps.aeruginosa. The greatest differences in

responses was shown by PBL from RA patients especially to the soluble
antigens released into the supernatants of all the heat treated
bacteria. These diminished responses may be due to a lowered
responsiveness of T cells or to an abnormal processing of antigen by
macrophages. It could also indicate a lack of B cell function to
bacterial antigens as bacteria are said to be mitogenic for B
lymphocytes (Banck and Forsgren 1978). As the lowered responses were
seen mainly with the supernatants of heat treated bacteria this could
mean that the antigens are normally hidden by other antigens (eg the
capsular (K) antigen) when the whole cell cell is being used as a
stimulant. Only with heat are they released from the bacterial cells.
Such antigens could be the '0O' somatic antigen, ECA or some other

component of the cell. However, the response is not likely to be due

to ECA alone as Ps.aeruginosa does not possess ECA. Ps.aeruginosa

heat treated supernatant was the only bacterial antigen that failed

to stimulatea response in all the three patient groups which suggests
that such an antigen(s) is either not being recognised by the
lymphocytes or is similar to some self antigen in which case it will

not be recognised as foreign.
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Banck and Forsgren (1978) have studied the mitogenic capacity of more
than 30 bacterial species for human B and T lymphocytes. They found
the majority of formalin killed bacteria produced a polyclonal B cell
response. This response was mitogenic and not specific as it occurred
after 3-4 days. There was virtually no activation of T cells and even
the B cell response was poor with such bacteria as E.coli and

Klebsiella sp. Rasanen et al (1980), however, have found that some

bacterial strains induce a proliferative response in both human B and
T lymphocytes after 4 days incubation although the bacterium-induced
transformation seemed to be rather weak. They suggested that in vitro
transformation may be an artifact with no in vivo relevance. However,
animal experiments with bacterial products have shown an induction of
autc-antibody production (Foufnie, Lambert and Miescher 1974;
Hammerstrom et al 1976) and in several infectious diseases in man a
polyclonal antibody response has been detected (Fudenberg et al 1976).
The significance of the polyclonal lymphocyte response in microbial,
infections is unclear. Petit and Unanue (1974) suggested non-specific
activation represents an early mechanism of protection against micro-
organisms. Yet polyclonal proliferation of lymphocytes together with
subsequent antibody production would seem harmful if auto-antibodies
are formed. In infectious diseases, depending on the host's immune
reactivvit , specific antibody or a variety of antibodies are detected.
A specific antibody response will often dominate even if the stimulant
is capable of polyclonal activation. The mechanism by which cells are
able to escape from polyclonal antibody production, if nen-

specifically activated, are not clear. Perhaps in diseases where

there is thought to be some auto-immunity (such as AS) the non-

specific polyclonal antibody prodﬁction is not able to be switched to
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a specific antibody response and auto-antibodies may then result.

The in vitro proliferative responses of PBL from all the groups in
this study were all poor even though some differences were detected
from normal controls. The time course experiments on normal controls
resulted in a peak response after 4 days therefore this incubation
period was used for the other patient groups. Perhaps a longer
incubation time is required to produce a specific T cell response,
even though it has been shown that there is virtually no T cell
response to bacteria in normals (Banck and Forsgren 1978). The low
results may also mean that the patientsr' cells had not been sensitised
to these particular antigens. However, it is almost certain that the
patients would have met these bacteria before. Perhaps, peripheral
blood lymphocytes are not the right cells to be studying. Ford et al
have studied the responses of synovial lymphocytes from patients with
sexually transmitted and enteric reactive arthritis (Ford, da Roza and
Shah 1981; Ford, da Roza and Schulzer 1982; Ford 1983). Lymphccytes
from patients with sexually transmitted ReA responded to Chlamydia and
reaplasma but not to bacteria associated with enteric ReA.
Lymphocytes from patients with enteric ReA responded to enteric
antigens only. Synovial lymphocytes from RA patients did not respond
to Chlamydia or Ureaplasma and there was only a slight response to
Salmonella. Of the lymphocytes from synovial fluid from AS patients
none responded to Klebsiella. Comparing synovial fluid and peripheral
blood lymphocytes greater responses were seen with lymphocytes from
the synovial fluid. They concluded that peripheral blood lymphocytes
were poor and unreliable indicators of the cause of sexually

transmitted and enteric ReA. The synovial fluid lymphocytes, however,
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can recognise the precipitating microbiological cause. These findings
may be of diagnostic value when clinical and microbiological evidence
is lacking especially in patients with arthritis restricted to the
knee joints and without intestinal or gastrointestinal symptoms. This
nmay also be the case in AS where the main symptoms are in the spine
and sacro-iliac joint. Lymphocytes around these sites may be more

reactive to specific antigens than those from peripheral blood.

97



Chapter 5

Humoral Immunity to Klebsiella pneumoniae

5.1 Introduoction

It has been shown that in patients with Yersinia-induced reactive
arthritis high titres of serum IgA antibodies to Yersinia persisted
much longer than in those who did not have arthritis and that the
titres correlated with disease severity in the presence of HLA-B27
(Granfors 1979; Granfors et al 1980). In view of the seemingly
elevated serum IgA levels in AS and the presence of Klebsiella in the
gastrointestinal tract Trull et al (1983a) decided to investigate the
possibility that part of this increase might be due to an IgA immune
response to a micro-organism. They found that AS patients with active
disease (ESR > 15mm/hr) had elevated serum IgA anti-Klebsiella
antibody levels when compared to patients with inactive disease or
healthy controls. The antibody could be absorbed out from the serum

by Klebsiella pneumoniae cells but not by Pseudomonas aeruginosa

cells. They suggested that patients with AS were reacting in a
similar immunological manner to some micro-crganism present in their
gastrointestinal tract as patients with ReA do following infection by
known precipitating antigens. Further studies showed changes in the
immune response to Klebsiella in the saliva of AS patients. The
secretory IgA immune response to Klebsiella was elevated in 39% of

patients with AS although this was not associated with an increase in

CRP or disease activity (Trull and Panayi 1983b).

98



The present study set i
out to investigate
the humoral imm
une response

to Klebsiella in AS and other inflammatory disorder
S.
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5.2 Materials and methods

5.2.1 Patient groups

Antibodies to Klebsiella pneumoniae K43 were measured in the serum of

patients with ankylosing spondylitis, Crohn's disease and rheumatoid
arthritis. Healthy laboratory and hospital staff were used as

controls. Clinical details of the groups are given in Table 25.

5.2.2 Bacterial antigens

Klebsiella pneumoniae K43 (NCTC 9163) was grown overnight (O/N) in

minimal salts medium supplemented with 2g/1 glucose. The bacteria
were centrifuged (1540g, 20 mins), the supernatant decanted and
filtered through a cellulose acetate filter (0.45um, Millipore) and
concentrated to a final concentration of lmg/ml using a total protein
kit from Sigma. This was used as the culture filtrate antigen
pPreparation (CF). The bacterial pellet was washed in 0.9% saline and
inactivated with 1% buffered formalin O/N. The bacterial suspension
was then washed and resuspended in saline at 108 cfu/ml (FT antigen).
Pellets were also sonicated (12 microns, 10 minutes), centrifuged, the
Supernatant decanted and adjusted to a concentration of 1mg/ml protein
(SON antigen). All antigen preparations were stored at -20°C until

required.
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5.2.3 Enzyme linked immunosorbent assay

Before use, the formalin treated (FT) bacteria were centrifuged and
resuspended to the original concentration in 0.2M sodium bicarbonate-
carbonate buffer (pH 8.6). The CF and sonicated (SON) antigen
pPreparations were diluted in the above buffer to 0.05mg/m1 protein.
200ul of each antigen was absorbed onto flat bottomed microtitre
plates (Sterilin) O/N at 37°C. The suspensions were decanted and the
wells washed four times in phosphate buffered saline (PBS)
supplemented with 0.05% Tween 20, 0.5% BSA and 0.05% sodium azide.
Serum samples were diluted in PBS (with 0.5% BSA and 0.05% sodium
azide) and 100ul samples added in triplicate to the wells. Control
wells containing serum alone were included for each sample. A control
serum was also added to each plate in every assay and if this result
varied by more than 15% the test samples' results were discarded and

the assay repeated.

After 2 hours incubation at 37°C the plates were washed and 100ul of
goat anti-human IgA, IgG or IgM alkaline phosphatase conjugate
(Sigma), diluted 1/1000 in PBS was added to each well and incubated
for a further 2 hours at 37°C. The plates were then washed again and
100ul of p-nitrophenol (PNP) substrate (Sigma) added and the colour
developed for 30 minutes at 37°C. The reaction was stopped with the
addition of 100uml 3M NaOH. The absorbance was measured

spectrophotometrically on a Titertek Multiskan at 405nm.

Results were obtained by substracting the absorbance of serum in

untreated wells from the absorbance of serum in the treated wells.
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Comparison of results between the different groups was analysed using

the Wilcoxon rank sum test.,

5.2.4 Asborption studies

The specificity of the ELISA was assessed by absorption studies. 1ml
of 109 cfu/ml formalin treated bacteria was centrifuged and to the
pellet 1ml of serum, diluted 1/10 in PBRS, added. A control serum was
pPrepared without any bacteria. The serum was then mixed and incubated
O/N at 4°C on a Rolamix (Luckham Ltd). The bacteria were removed by
centrifugation and the sera retested. Results are expressed as %

absorption -

% Absorption = A405nm after absorption x 100%
A405nm pre-absorption
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5.3 Results

5.3.1 Optimal sera concentrations

Using formalin treated bacteria at 108 cfu/ml normal serum
concentrations were varied to obtain the dilution that gave an
absorbance at 405nm of approximately 1.0. An absorption of 1.0 was
chosen as this is half the maximum absorption able to be measured by
the spectrophotometer and also because any differences in patients'’
serum from normal levels would be detected more easily. Table 26

expresses the results from 3 normal controls.
The serum dilutions that gave the most appropriate results are 1/10,
1/500 and 1/100 for IgA, IgG and IgM respectively. These serum

dilutions were therefore used in subsequent experiments.

5.3.2 Optimal antigen concentrations

Using the above serum dilutions the optimal response to each antigen
was obtained by varying the antigen concentration. The responses from
three normal controls are given in Table 27. There was little
variation in immunoglobulin levels to various concentrations of CF and
SON antigens. A cc;ncentration of 0.05mg/ml protein was therefore
chosen to be used in subsequent experiments. Similar results were
also found with the higher concentrations of FT antigen. The lower of

the two, ie 108 cfu/ml was therefore used in further experiments.
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Antigen concentration

Culture filtrate (mg/ml protein)

0.25 0.1 0.05 0.025
IgA  0.148+0.032  0.16+0.042 0.15240.031 0.146+0.023
Ig6  0.17240.054  0.199+40.058  0.207+0.07 0.188+0.062
Ig  0.244%0.026  0.33740.039  0.458+0.06 0.453+0.01

Sonicate (mg/ml protein)

0.25 0.1 0.05 0.025
IgA 0.342+0.038 0.312 0.041 0.334+0.054 0.385+0.061
IgG 0.739+0.089 0.651+0.088 0.659+0.125 0.707+0.137
IgM 0.64+0.098 0.945+0.028 1.028+0.077 1.012+0.222

Formalin treated (cfu/ml)

10° 108 107 10

IgA™  0.448+0.26 0.398+0.175  0.328+0.099 0.182+0.035
Ig¢  0.906+0.128  0.826+0.028  0.754+0.198  0.379+0.17

IgM 1.25740.031 1.258+0.036 1.152+0.141 0.79+0.072

Table 27 The effect of antigen concentrations on levels of antibody
to Klebsiella. '



5.3.3 IgA antibodies to Klebsiella pneumoniae

The IgA responses to Klebsiella CF are shown in Figure XX. The mean +
SEM values were 0.565 + 0.045, 0.617 + 0.102, 0.425 + 0.076 and 0.428
+ 0.045 for AS, CD and RA patients and normal controls respectively.
There was no significant difference between any of the patient groups

and the controls.

The IgA responées to SON antigen are shown in Figure XXI. The mean +
SEM values for AS, CD and RA patients and normal controls were 0.651
+ 0.044, 0.896 + 0.095, 0.661 + 0.082 and 0.473 + 0.057 respectively.
The differences between the three patients groups and the controls
were significantly raised (AS, p < 0.002; CD, p < 0.001; RA, p <
0.05). Anti-Klebsiella IgA was also raised in CD patients when

compared to AS patients (p < 0.05).

The IgA responses to FT antigen are shown in Figure XXII. The mean +
SEM values were 0.764 + 0.031, 0.915 + 0.096, 0.746 + 0.076 and 0.492
+ 0.05 for AS, CD and RA patients and normal controls respectively.
All three patient groups had significantly raised IgA antibody levels
compared to normal controls (AS, p < 0.001; CD, p < 0.002; RA, p <

0.02).

5.3.4 IgG antibodies to Klebsiella pneumoniae

Figure XXIII shows the IgG antibody levels to the CF antigen. The
mean + SEM for each patient group and normal controls was AS, 0.22+

0.026; CD, 0.272 + 0.047; RA, 0.15 + 0.03 and C, 0.206 + 0.033. There
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Fig XX
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Fig XXII Serum IgA antibody levels (mean + SEM) to formalin treated
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Fig XXII
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was no statistically significant difference between any of the patient

groups and the control group.

The IgG responses to the SON antigen are shown in Figure XXIV. The
mean + SEM values for each group was AS, 0.947 + 0.058; CD, 0.929 +
0.105; RA, 0.808 + 0.047 and C, 0.727 + 0.067. None of the patient
groups were significantly different from the normal controls except

the AS patients who had slightly raised levels (p < 0.05).

The IgG antibody levels to FT antigen are shown in Figure XXV. The
mean + SEM values for the AS, CD, RA and normal control groups weré
0.764 + 0.039, 0.82 + 0.086, 0.746 + 0.09 and 0.648 + 0.052

respectively. No significant difference was found between any of the

groups.

5.3.5 IgM antibodies to Klebsiella pneumoniae

Figure XXVI shows the IgM antibody responses to CF antigen. The mean
+ SEM antibody level for AS, CD and RA patients and normal controls
was 0.076 + 0.013, 0.208 + 0.047, 0.111 + 0.27 and 0.174 * 0.028
respectively. The only difference between the groups was with the AS
patients who had significantly lower IgM levels when compared to

normal controls (p < 0.005).

The IgM antibody responses to SON antigen for patients with AS, CD and
RA and normal controls were 0.449+ 0.038, 0.809 + 0.084, 0.636 + 0.088
and 0.777 + 0.075 respectively (Figure XXVII). The AS patients had a

significantly lower IgM response compared to normal controls and
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patients with CD (both p < 0.001).

Figure XXVIII shows the IgM antibody levels to FT antigen. The mean +
SEM values were 0.425 + 0.034, 0.922 + 0.098, 0.553 + 0.085 and 0.72
+ 0.072 for AS, (D and RA patients and normal controls respectively.

AS patients had significantly lowered IgM antibody levels compared to
normal controls (p < 0.001) and RA patients' IgM antibody levels were

lower than those of CD patients (p < 0.02).

5.3.6 Absorption studies

The absorption of 3 sera from each patient group with Klebsiella FT
antigen reduced the level of IgA antibodies whereas absorption with

Escherichia coli, Yersinia enterocolitica and Campylobacter jejuni was

considerably less (Table 28).

5.3.7 Correlation of anti-Klebsiella antibodies with disease activity

and laboratory parameters in ankylosing spondylitis patients

AS patients were divided into groups depending on their disease
activity. As IgA antibodies to SON and FT Klebsiella antigens in AS
patients, were raised it was investigated as to whether this was cdue
to disease activity or peripheral joint involvement (pJI). No
significant difference was found in IGA antibody levels to SON and FT
antigens between any of the three disease activity groups (Table 29).
IgA antibodies to SON antigen were raised in the active (p < 0.05) and
inactive (p < 0.005) groups when compared to normal controls. IgA

antibodies to FT Klebsiella were increased in all three AS groups
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Fig XXVIII
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Serum antibody levels (mean‘i SEM) to formalin treated
Klebsiella pneumoniae K43 in patients with ankylosing

spondylitis

(AS),

Crohn's disease

(CD),

arthritis (RA) and normal controls (C).

rheumatoid



Absorption (%) with

Serumn

Klebsiella E.coli Yersinia Campylobacter
AS 80.4 + 4.0 23.3 + 12.4 28.9 + 6.8 22.9 + 11.9
CD 60.2 + 10.2 14.4 + 1.8 30.0 + 9.2 23.9 + 7.1
RA 73.4 + 10.4 28.9 + 9.6 26.4 + 8.5 21.7 + 5.4

Table 28 Percentage abscrption of anti-Klebsiella IgA antibodies by
whole formalin treated bacteria.



Anti-Klebsiella IgA (A405nm)

Antigen A PA IN o

(n = 20) (n = 20) (n = 19) (n = 35)
SON *0.649 + 0.094 0.586 + 0.064 *0.698 + 0.058 0.473 + 0.057
FT *0.848 + 0.084 *0.67 + 0.063  *0.744 + 0.059 0.492 + 0.05

Table 29 Comparison of anti-Klebsiella IgA antibody levels and
disease activity in ankylosing spondylitis (mean + SEM) .

N * gignificantly higher than controls.



compared to controls (A, p < 0.001; PA, p < 0.02; IN, p < 0.001).
Patients with PJI did not have significantly different anti-Klebsiella

IgA antibody levels from those without PJI (Table 30).

No correlation was found between IgA antibody levels to SON and FT

Klebsiella and ESR, CRP or total IgA levels (Table 31).

The lowered am;i-IgM antibody levels were also investigated to find if
they were due to disease activity (Table 32). There was no
differences in anti-Klebsiella IgM levels between the three AS groups.
All the AS groups had lowered anti-Klebsiella IgM levels when compared
to controls except for antibodies to the Klebsiella culture filtrate

in the active AS patients.

No correlation was found between anti-Klebsiella IgM, CRP and ESR
although a positive correlation was found between anti-SON/FT

Klebsiella IgM and total IgM levels (Table 33).

Having found total serum IgM levels to be raised in AS patients with
PJI (Section 1.3.4) a comparison of anti-Klebsiella IgM antibodies was
made between patients with and without PJI (Table 34). No difference

in anti-Klebsiella IgM antibody levels was found between the two

groups of patients.
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Anti-Klebsiella IgA (A405nm)

Antigen PJI No PJI

(n = 39) (n = 26)
SON 0.611 + 0.045 0.661 + 0.075
FT 0.766 + 0.048  0.747 + 0.066
Table 30 Comparison of anti-Klebsiella IgA

antibody levels in ankylosing spondylitis
patients with and without peripheral
joint involvement.



ESR CRP Total IgA

Anti-SON IgA -0.086 -0.288 -0.204

Anti-FT IgA -0.01 0.064 0.082

Table 31 Correlation of anti-Klebsiella IgA with laboratory
parameters (expressed as r values).



Anti-Klebsiella Ighi (A405nm)

Antigen A PA IN C

(n = 22) (n = 20) (n = 19) (n = 35)
CF 0.091+0.025 *0.081+0.023 **0.055+0.019  0.186+0.033
SON *%0.455+0.063  **0.466+0.066  ***0.434+0.074  0.777+0.075
FT *%0.404+0.058  **0.418+0.061 *0.438+0.055  0.72+0.072
Table 32 Comparison of anti-Klebsiella IgM antibody levels and

disease activity in ankylosing spondylitis (mean + SEf) .

* significantly lower compared to controls.
* p < 0.05; ** p < 0.01; *** p < 0.005.



ESR CRP Total Idgl
Anti-CF IgM 0.06 0.233 0.213
Anti-SON IgM 0.095 0.141 0.467 (p < 0.001)
Anti-FT IgM -0.026 0.134 0.398 (p < 0.01)

Table 33 Correlation of anti-Klebsiella IgM with laboratory
parameters, expressed as r values (significance level).



Anti-Klebsiella IgM (A405nm)

tigen PJI No PJI
(n = 39) (n = 26)
CF 0.08 + 0.014 0.064 + 0.024
SON 0.482 + 0.051 0.396 + 0.058
FT 0.444 + 0.042 - 0.396 + 0.061
Table 34 Comparison of anti-Klebsiella IgM antibody

levels in ankylosing spondylitis patients
with and without peripheral joint

involvement (mean + SEM) .



5.4 Discussion

The present study investigated the immune response to Klebsiella
pneumoniae K43 in the serum of patients with various inflammatory
disorders. The results showed that IgA antibodies to sonicated and
formalin treated bacteria are raised in the serum of patients with
ankylosing spondylitis, Crohn's disease and rheumatoid arthritis when
compared to normal healthy controls. Anti-Klebsiella IgA antibodies
to a culture filtrate preparation and anti-Klebsiella IgG antibodies
were not increased in these patients. As there was no increase in IgA
antibodies to the culture filtrate it may be presumed that Klebsiella
does not release antigen(s) from its cell that are able, by itself,
to cause a specific immune response in the patients studied. The
presence of normal levels of IgG but raised IgA antibodies suggests
that the response is occurring in the gastrointestinal tract of these
patients. The increase in these Iga levels may be due to an increased
permeability of the gut to bacterial antigens leading to an increased
gut mucosal IgA response allowing greater release of IGA into the
circulation. As the increased antibody levels were seen in Crohn's
disease and rheumatoid arthritis patients as well as AS patients there
may be a non-specific response occurring whenever there is a gut
disorder. In Crohn's disease there is chronic intestinal inflammation
and the use of non-steroidal anti-inflammatory drugs (NSAIDs) in
rheumatoid arthritis may éause increased bowel permeability. The

increase of serum IgA in AS patients may be due to the effects of

NSAIDs and/or low grade inflammatory bowel disease.
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Trull et al (1983) found anti-Klebsiella IgA to be raised in patients
with active disease as measured by ESR. He also showed a correlation
between anti-Klebsiella IgA antibody and CRP levels. This study
showed that the increasé in anti-Klebsiella IgA antibodies was found
in all AS patients irrespective of disease activity or peripheral
joint involvement. Absorption studies also confirmed a specific
antibody response. There was also no correlation between anti-

Klebsiella IgA levels and ESR, CRP or total serum IgA levels.

It was interesting to find that anti-Klebsiella IgM levels were
decreased in AS patients. The reason for the lower IgM antibody
levels is unclear but could perhaps be due to the formation of immune
complexes. Such a possibility could be investigated by measuring
Klebsiella specific immune complexes in AS patients as Lahesmaa-
Rantala et al (1987) have done with Yersinia specifié immune complexes

in patients with reactive arthritis.

Anti-Klebsiella IgM antibodies to sonicated and formalin treated
bacteria also correlated positively with total serum IgM levels.
Earlier I found that total serum IgM levels were raised in patients
with peripheral joint involvement. One would therefore expect an
increase in anti-Klebsiella IgM antibodies in patients with peripheral
arthritis. However, no difference was seen in specific IgM levels
between patients with and without peripheral joint involvement.
Therefore if the increase in total IgM in patients with peripheral

arthritis is due to a recent or ongoing infection it is probably not

caused by Klebsiella.
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If Klebsiella is involved in ankylosing spondylitis one would expect
the raised anti-Klebsiella IgA antibodies to be found specifically in
these patients. The fact that raised levels of these antibodies are
found in Crohn's disease and rheumatoid arthritis suggests a non-
specific immunological response in the intestinal mucosa of patients
with some gut abnormality. The elevated antibodies to Klebsiella in
ankylosing spondylitis have also been shown not to reflect events

associated with active inflammatory disease.

N
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Chapter 6

Antibodies to enterobacterial antigens

6.1 Introduction

If there is a non-specific antibody response occurring as a result of
increased gut permeability one would expect an increased antibody
response to other enteric bacteria. Trull et al (1984) found elevated

titres of antibodies to Klebsiella pneumcniae compared to Salmonella,

Yersinia and Pseudonomas in AS patients. Ebringer et al (1985c) also
reported a selective antibody response to Proteus in rheumatoid

arthritis patients which was not observed in patients with AS.

Van Bohemen et al (1983) found that serum from patients with
yersiniosis and Yersinia arthritis displayed an IgA response directed
towards two cell envelope proteins, both the so called major out

menbrane proteins (MOMPs), of Yersinia enterocolitica. 2 of 25 AS

patients also gave a positive reaction and 5 showed an IgG or IgM
antibody response directed towards the major proteins of the same
organism. It therefore seems that the major cell envelope proteins of
Yersinia may have immunological significance in yersiniosis, Yersinia

arthritis and ankylosing spondylitis.

After their initial observations van Bohemen et al studied the
antibody reactivities with separated cell envelope antigens of seven
incriminated bacteria (van Bohemen et al 1985 and 1986a). Using a

gel-immuno-radiocassay there was no qualitative differences in
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reactivities between separated bacterial cell envelope antigens and
serum from patients with AS, AS and acute anterior uveitis, healthy
first degree relatives of AS patients or normal healthy controls, ie,
no antigens were noted for their exceptional reactivity or lack of
reactivity. They also investigated serum antibodies to B27 M1+
bacterial antigens in AS. Ml and M2 are epitopes of the B27 antigen
and have been identified on the cell surface of several enterobacteria
(van Bohemen et al 1984). The M1 epitope has been identified on three

enteric bacterial species - E.coli, K.pneumoniae and Y. enterocolitica.

Initial studies of reactivity of the three M1l epitopes with AS serum
failed to detect any antibody that reacted with all three antigens.
Therefore no antibody actually reacted with the Ml+ epitope. However,
at higher serum dilutions 5 of the 35 AS patients retained a clear
response to the MOMPs of the bacteria thus confirming their earlier
results. As MOMPs are known to cross-react with several
enterobacteriaceae (Hofstra and Dankert 1980) it may be that the
aetiology of AS entails infection by a group of enteric bacteria

rather than a few individual species.

Another antigen that is common to several species of
enterobacteriaceae is the entercbacterial common antigen (ECA).
Raised serum levels of antibodies to ECA have been found in patients
with ulcerative colitis and Crohn's disease (Bull and Ignaczak 1973;
Bartnick and Kaluzewski 1979), alcoholic cirrhosis (Turunen et al

1981) and severe pancreatitis (Kivilaakso et al 1984).
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The measurement of antibodies to ECA may be helpful in studying the
escape, into the circulation, of other bacterial cell wall components
of which the highly reactive endotoxin (LPS) is a major one. The
increased levels of antibodies to ECA in patients with the above
mentioned diseases indicates an immune response to gram-negative
pacteria which may in turn suggest the participation of ECA in the
pathogenesis of non-specific inflammatory bowel diseases and other

diseases.
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6.2 Materials and methods

6.2.1 Patient groups

Antibodies to Escherichia coli (a routine laboratory strain,

Yersinia enterocolitica 3 and Campylobacter jejuni were measured in

the serum of patients with ankylosing spondylitis, Crohn's disease,
ulcerative colitis and rheumatoid arthritis. Healthy laboratory and
hospital staff were used as controls. Clinical details of the groups

are given in Table 35.

6.2.2 Bacterial antigens

Formalin treated bacterial antigens were prepared as previously

described in Section 5.2.2.

Purified ECA was a gift from Dr H Mayer (Max-Planck Institute for
Immuncbiology, West Germany). The purification procedure is described
elsewhere (Minnel and Mayer 1978).

6.2.3 Enzyme linked immunosorbent assay

The ELISA has been previously described (Section 5.2.3). ECA was
initially used at 10, 5 and lpg/ml for coating the plates to obtain
the optimal concentration to use in the assay. Each concentration was
tested with rabbit antiserum raised to known ECA positive and negative

strains of E.coli 014 - 2387 and F1327 respectively.
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A 1/10 serum dilution was used for all immunoglobulin classes. Every

plate included the known ECA+ and ECA- sera as controls.

6.2.4 Absorption studies

The specificity of the ELISA was assessed as previously described
(Section 5.2.4). Three sera from each patient group were absorbed

with E.coli, Y. enterocolitica, C.Jejuni and K.pneumoniae.

oy
~
3
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6.3 Results

6.3.1 Antibodies to Escherichia coli

The IgA responses to E.coli are shown in Figure XXIX. The mean values
(+ SEM) for AS, CD, UC and RA patients and normal controls were 0.77 +
0.079, 0.79 + 0.095, 0.771 + 0.104, 0.671 + 0.1 and 0.536 + 0.075
respectively. The AS and CD patients had significantly raised anti-
E.coli IgA lev'éls when compared to controls (p < 0.02 and p < 0.05

respectively).

Figure XXX shows the IgG response. The mean values (+ SEM) were 0.355
+ 0.042, 0.554 + 0.087, 0.613 + 0.065, 0.448 + 0.082 and 0.338 + 0.047
for AS, CD, UC and RA patients and normal controls respectively.
Anti-E.coli IgG levels in CD and UC patients were significantly
increased when compared to normal controls (p < 0.05 and p < 0.002).
AS and RA patients had significantly lower levels when compared to UC

patients (p < 0.005 and p < 0.05).

The IgM responses are shown in Figure XXI. The mean values (+ SEM)
for AS, CD, UC and RA patients and normal controls were 0.43 + 0.079,
0.572 + 0.104, 0.421 + 0.055, 0.396 + 0.112 and 0.396 + 0.052

respectively. No significant difference was found between any of the

groups.
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6.3.2 Antibodies to Yersinia enterocclitica

The mean (i SEM) anti-Yersinia IgA levels in AS, CD, UC and RA
patients and normal controls were 0.392 + 0.055, 0.418 + 0.079, 0.305
+ 0.061, 0.369 + 0.061 and 0.161 + 0.018 respectively (Figure XXXII).
All the patient groups had significantly raised levels of anti-
Yersinia IgA when compared to normal controls (AS, p < 0.001; CD, p <

&

0.005; UC, p < 0.05; RA, p < 0.01).

The IgG responses are shown in Figure ¥XXIII. The mean (+ SEM) anti-
Yersinia IgG levels in AS, CD, UC and RA patients and normal controls
were 0.303 + 0.05, 0.371 + 0.067, 0.417 + 0.076. 0.252 + 0.037 and
0.199 + 0.026 respectively. Patients with UC had slightly raised
-anti-Yersinia IgG when compared. to normal controls (p < 0.05). No

-other differences were found between the groups.

“The mean (+ SEM) anti-Yersinia IgM responses were 0.435 + 0.059, 0.502
S * 0.097, 0:578 + 0.106, 0.156 + 0.026 and 0.295 + 0.05 for patients
-with AS, -CD, UC and RA and normal controls respectively (Figure
-XXXTV). Patients with RA had significantly lowered .anti-Yersinia IgM
_levels than all the other groups (AS, p < 0.001; CD, p < 0.005; UC, p

< 0.01; Cyp< 0.05). UC patients had raised levels when compared to

—egentrols (p < 0.02).

HE e e

- 6.3.3 -Antibodies to Gampylobacter jejuni

_(+-SEM) values for AS, CD, UC and RA patients and _normal controls were
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0.443 + 0.06, 0.455 + 0.059, 0.484 + 0.047, 0.554 + 0.077 and 0.322 +
0.048 respectively. Patients with UC and RA had raised levels of

anti-Campylobacter IgA compared to normal controls (p < 0.05).

For AS, CD, UC and RA patients and normal controls the mean (+ SEM)
anti-Campylobacter IgG values were 0.498 + 0.065, 0.475 + 0.088, 0.622
+ 0.104, 0.462 + 0.077 and 0.537 + 0.069 respectively (Figure XXXVI).

These values were not significantly different from one another.

The anti-Campylobacter IgM results are shown in Figure XXXVII. The
mean (_-l: SEM) levels were 0.215 + 0.026, 0.306 + 0.059, 0.372 + 0.047,
0.293 + 0.049 and 0.31 + 0.036 for AS, CD, UC and RA patiénts and
normal controls respectively. The only significant difference between
the groups was a lowered response in AS patients compared to patients

with UC (p < 0.01).

6.3.4 Anti-Klebsiella antibodies in ulcerative colitis patients

Anti-Klebsiella antibodies were also measured in the serum of UC
patients. The mean (+ SEM) IgA, G and M values were 0.764 + 0.094,
0.857 + 0.092 and 0.488 + 0.073 respectively. The anti-Klebsiella IgA
level was raised when compared to normal controls (p < 0.02) and the
IgM response was significantly lower (p < 0.05). No significant
difference was found in levels of anti-Klebsiella IgG when compared to

normal controls.
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6.3.5 Absarption studies

The specificity of the raised IgA antibody levels was examined using
bacterial cell absorption. The percentage absorption of the IgA
antibodies with whole formalin killed bacteria is shown in Table 36.
Absorption by homologous bacteria removed approximately 70% or more of
the antibody. This was much greater than that obtained with
heterologous bacteria. However, in sera from patients with CD, UC anéd
RA, absorption by heterologous bacterizl cells, of anti-Yersinia IgA
was higher than that of anti-E.coli or anti-Campylobacter IgA
suggesting that anti-Yersinia IgA antibodies were cross-reacting with

antigens on K.pneumoniae, E.coli and C.jejuni. However, the reverse

was not the same, ie, anti-E.coli, anti-Campylobacter and anti-
Klebsiella (Section 5.3.6) IgA antibodies were not absorbed by
Yersinia antigens. This indicates that anti-E.coli, Klebsiella and
Campylobacter IgA antibodies are specific for antigens on these
bacteria, but not Yersinia, whereas anti-Yersinia IgA antibodies are
specific for Yersinia but also cross-react with antigens present on
the other three bacterial cells. This is a unicue happening which has

nat been reported before.

6.3.6 Antibodies to enterobacterial common antigen

Using rabbit serum to ECA+ E.coli the abscrbance at 405nm with 10, 5
and lug/ml ECA was > 2, > 2 and 1.176. The readings with serum to
ECA- E.coli were 0.104, 0.095 and 0.111 for the same concentrations of
ECA. 1lug/ml of ECA was therefore enough antigen for coating the

plates and the ECA+ and ECA- antisera were suitable positive and
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%Absorption by

IgA antibody
Serum absoried Klebsiella E.coli Yersinia  Campylobacter
E.coli 9.840.7 75.5+15.3 12.0+6.4  7.4+3.8
AS Yersinia 20.0+3.9  28.8+3.8 64.€+9.0 10.0+2.7
Campylobacter 18.0+4.6  25.3+12.6 28.8+8.6  70.0+4.4
E.coli 9.6+7.9 68.6+7.8  20.045.7 10.4+4.6
CD Yersinia 43.747.4 46.9+7.7 86.7+5.5 36.5+4.4
Campylobacter 19.3+10.4  31.749.1 32.946.6 75.2+4.4
E.coli 12.8+6.6 88.6+45.2 17.8+5.1 17.7+4.6
uc Yersinia 42.7+6.9 49.9+6.6  95.4+3.0  38.7+3.3
Campylobacter 20.0+3.1 26.2+3.0 19.245.7 71.448.4
E.coli 28.4+8.0 71.8+16.7 21.8+5.8 9.5+1.4
RA Yersinia 40.6+21.8  46.4+22.5 73.6+48.6  23.4+5.2
Campylobacter 31.3+7.2 29.4411.5 31.1+13.5 70.0+13.4

Table 36 Percentage absorption of anti-bacterial antibodies by whole
formalin killed bacteria.



negative controls to use in the assay.

Antibodies to ECA were measured in 7 patients with AS, CD and RA and 7
normal controls. Only 7 patients in each group were studied as there
was a limited amount of ECA available. The results are expressed in
Table 37. No significant difference in antibody levels was found

between the groups for anti-ECA IgA, G or M.

6.3.7 Comparison of IgA antibody levels and disease activity

Anti-E.coli, Yersinia and Campylobacter IgA antibody levels were
compared in AS patients with active, probably active and inactive
disease (Table 38). No difference was found in IgA levels between

these three groups.

IgA levels were also compared in AS patients with and without PJI
(Table 39). There was also no significant difference in antibody

levels between these two groups.

Of the four CD patients who had joint disease only one patient had
increased anti-E.coli and anti-Yersinia IgA antibody levels above that
of the CD patients' mean. None of the four patients had a higher
anti-Campylobacter IgA level than the mean value. The values were,
for anti-E.coli Iga, 0.711, 0.799, 0.588 and 0.776; for anti-Yersinia
IgA, 0.074, 0.206, 0.283 and 0.534 and for anti-Campylobacter Iga,

0.266, 0.172 and 0.242.
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Anti-ECA antibody (A405nm)

Patients

IgA 19G IgM
AS (n =17) 0.396 + 0.111 0.612 + 0.19 1.112 + 0.187
CD (n=17) 0.495 + 0.109 1.057 + 0.113 0.777 + 0.152
RA (n=7) 0.433 + 0.117 0.814 + 0.123 0.664 + 0.187
C (n=17) 0.419 + 0.109 0.636 + 0.187 0.809 + 0.14

Table 37 Anti-ECA antibodies in patients with ankylosing
spondylitis (AS), Crohn's. disease (CD), rheumatoid
arthritis (RA) and normal controls.



IgA antibodies to

E.coli Yersinia Campyl.gb_a;:ter

A (n=17) 0.732 + 0.09 0.326 + 0.082 0.448 + 0.091
“PA (n = 6) 0.964 + 0.152 0.471 + 0.124 0.525 + 0.155
TIN (n = 6) 0.671 + 0.179 0.412 + 0.102 0.398 + 0.077

-

_Table 38 L,emparlson of IgA . antibodies (mean + .@EM)” ané g _sedse

-activity in. anky1051ng spondylz.tls /p

atlents .



IgA antibodies to

E.coli Yersinia - Campylobacter
PJI (n =9) 0.757 + 0.121 0.368 + 0.09 0.484 + 0.111
. No
PJI (n=11) 0.78 + 0.109 0.413 + 0.071 0.408 + 0.064

¢;L"able 39 Comparison of IgA .antibodies (mean + SEM) in
ankylosing spondylitis patlents with - and without
‘peripheral joint involvement.



6.4 Discussion

Serum from patients with AS displayed an IgA antibody response to

Escherichia coli and Yersinia enterocolitica but not Campylobacter

jejuni. Patients with CD also displayed a similar response. Serum
from patients with UC and RA also had raised anti-Yersinia antibody
levels although the response to E.coli was similar to that of
controls. The anti-Campylcbacter IgA response was also raised in
these two patiént groups. There was not a substantial difference in
IgG and IgM responses except in patients with UC who had increased
anti-E.coli and anti-Yersinia IgG levels and in CD patients who also
had raised anti-E.coli IgG levels. These results and those from the
previous study suggest that there is a non-specific antibody response
to bacterial antigens occurring across the intestinal mucosa. It also
4suggests that not one, but perhaps several members of the
Entercbacteriaceae species are involved in these disorders. The fact
that anti-IgA antibodies were raised in the serum of patients with UC
as well as CD points to large bowel as well as small bowel

inflammatory disease being associated with increased mucosal IgA

antibody responses.

If several bacteria are involved in these diseases it is mcre likely
to be a response to a common antigen(s). Such a candidate is ECA.
This study investigated the antibody response to ECA in 7 patients
with AS, CD and RA and compared them to 7 normal controls. Although
only a small number of patients were studied no differences in

antibody levels were found, suggesting ECA alone is not responsible

for these raised IgA antibody levels.
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The increased IgA levels were also compared with disease activity in
"AS patients. The activity of the disease or the presence of

peripheral joint involvement had no effect on the antibody levels.

In absorption studies the homologous bacteria absorbed approximately
76% of the anti-IgA antibodies whereas the heterologous bacteria
absorbed only 20%. However, the absorption of anti-Yersinia

antibodies by K.pneumoniae, E.coli and C.jejuni in the serum of CD, UC

and RA patienté was approximately 41% which could indicate that anti-
Yersinia antibodies were cross-reacting with antigens on these

bacteria. Antibodies to Klebsiella, E.coli and Campylobacter,

however, did not cross-react with Yersinia antigens. This could mean
that the IgA antibody response to Yersinia consists of antibodies
specific for Yersinia and also antibodies that are cross-reactive to
several other members of the enterobacteriaceae family whereas the IgA
response to these other bacteria consist of antibodies specific for
the homologous bacteria. Considering this point it was also
interesting to find that anti-Yersinia antibodies were raised in ail
four patient groups whereas anti-E.coli and anti-Campylobacter IgA
were only raised in two of the four patient groups. The Yersinia
strain used in this study is more commonly found in patients with
reactive arthritis in Scandanavian countries. In Britain Yersinia Spp
is isolated in about 3.5% patients and the pathogenic strain, used in
this study, is rarely isolated (Greenwood and Hooper 1987). It could
be that the raised antibody levels are not specific for Yersinia
antigens bﬁt common to antigens found on other bacteria that are

stereochemically similar assuggested by the absorption studies.
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Whether the increased responses to these bacteria are a cause of the
disease or are a result of the disease cannot be concluded from these
results. However, these diseases seem to have one common denominator,
that of an increased permeability of the gut to bacterial antigens and
that the raised levels of anti-Klebsiella antibodies are found not
only in AS serum but the serum of patients with other diseases. Also
the suggestion that the increased IgA antibody levels in AS are due
specifically to vKlebsie‘lla have not been substantiated in these

experiments.

The permeability of a solute across the intestinal wall occurs in two
wayé. Molecules of low molecular weight are thought to be absorbed by
diffusion across the lipid cell membrane through polar regions
incorporated into the membrane structure, ie, intracellular diffusion.
Larger hydrophilic molecules do not diffuse across cell membranes and
yet they still diffuse across the intestinal mucosa presumably by a

different intercellular route.

Three main techniques have been used to investigate intestinal
permeability - differential sugar absorption, Sler-ppma absorption and
absorption of polyethylene glycol (PEG) polymers. They are all based
on urinary recovery of an oral probe molecule. Bjarnason et al
(1984a) have suggested that the increased gut permeability in AS and
other disorders may reflect the ingestion of non-steroidal anti-
inflammatory drugs (NSAIDs). NSAIDs have been shown to cause
ulceration in the intestine of man (Sturges et al 1973; Madhok et al
1986). Withdrawal of the drug has also been associated with the

absence of ulceration (Silvoso et al 1979; Caruso et al 1980;
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Bjarnason et al 1984a) and Jenkins et al (1987) have shown increases
in intestinal permeability using, SlCr-EDTA as the marker, of
rheumatoid arthritis and osteocarthritis (OA) patients taking NSAIDs
and suggested that prostaglandins may play a role in maintaining
intestinal integrity. The increase in Slcr-gpTA absorption may occur
in the stomach due to gastric lesions, however, increased permeability
in chronic alcoholism occurs independently of the presence of
gastritis (Bjarnason, Ward and Peters 1984a) indicating that gastric
lesions are not necessary for increased permeability. The increase in
intestinal permeability may facilitate antigen absorption and thus
indirecﬁly contribute to persistence of the joint symptoms. One
possible sequence of events is intestinal presentation of antigens,
biological activity in the mucosa, of bacterial proteolytic enzymes or
degradation products, followed by systemic absorption of the antigens
through the damaged mucosa. dJoint inflammation could then be caused
by an increased immunological response, to these antigens, which
concentrates in the joint tissues or by a process of synovial

deposition of immune complexes.

Ileocolonoscopy has also been used to demonstrate intestinal
abnormalities. Mielants and Veys (1985b) could not find any
histological abnormalities in the distal ileum or colon of RA patients
taking NSAIDs although they found that in AS patients inflammation was
observed in B27 positive and negative patients with PJI (Mielants et

al 1985a). None of the controls, who were all taking NSAIDs, showed

signs of gut inflammation.
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Smith, Gibson and Brooks (1985) have measured bowel permeability in AS
and RA patients and compared them to OA patients administered with
NSAIDs. They looked at PEG absorption by the gut and found that it
was increased in active RA patients and all AS patients when compared
to the OA group. Therefore the increased permeability was not due to
NSAIDs. Struthers et al (1985) used differential sugar absorption to
measure small bowel permeability in RA patients and found that it was
normal in patients on NSAIDs and second line drugs. They did not
detect any abnérmality that could be due to NSAIDs and suggested that
if one was to demonstrate that passage of antigenic material through
the intestinal mucosa was abnormal in RA, molecules which resemble
such material would have to be used in the tests. One would also have
to determine by which route such molecules diffused through the
intestinal wall. Simpson (1985) has, however, pointed out that unless
the increase in urinary levels of the marker molecule correlated with
an increase of marker in the blood the possibility exists that the
greater excretion of the marker may indicate an increase in glomerular
filtation rate rather than enhanced absorption. In response,
Bjarnason et al (1986) has recently shown increased gqut permeability
in control subjects taking NSAIDs. Additionally indomethacin was
shown to actually reduce the glomerular filtration rate. However,

these studies would need to be repeated with AS and RA patients.
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Discussion

The aim of these studies was to investigate the possible association
between enterobacteriaceae, especially Klebsiella, and ankylosing
spondylitis and whether these bacteria were involved as immunological
triggers. Patients with rheumatoid arthritis, Crohn's disease and
ulcerative colitis were also studied to provide a disease control

population.

One of the problems, when studying patients with AS, has been the
division of the patients into groups depending on their disease
activity. Active patients may ﬁave different immunological responses
to those in an inactive state. The first investigation was therefore
to determine what parameters could be used as measures of disease
activity. The AS patients were initially divided, by a clinician,
into three groups, active, probably active and inactive disease.
Klebsiella carriage, ESR, CRP and immunoglobulin levels were then
measured accordingly. Klebsiella carriage was not increased in
patients with AS, no matter what their disease state was, when
compared to normal community controls. Therefore Klebsiella carriage
in the gut is not associated, specifically, with AS patients. ESR and
CRP levels, two parameters frequently used as disease markers in
various conditions, were found to be raised in AS patients with active
disease. These levels were not altered in the patients with
peripheral joint involvement. IgA, IgG and IgM levels were not
different in any of the three patient groups suggesting that IgA, or
either of the other two immunoglobulin classes, should not be used as

indicators of disease activity. However, serum IgM levels were
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increased in patients with PJI. These patients may have recently had
or were currently undergoing some infectious episode. As there was no

corresponding increase in IgA it may be concluded that this

'infection' was not gut-associated.

The cross—-tolerance hypothesis to explain disease pathogenesis has

been well documented in recent years but to test this theory antiserum

to three antigen preparations of Klebsiella pneumoniae K43 were
produced and réeacted with lymphocytes from patients with AS.
Antibodies to Klebsiella antigens would react with antigens on the
cells of B27 positive AS patients and in the presence of complement
the cells would be lysed. Of the sera tested, none produced greater
lysis of AS lymphocytes when compared to normal control cells. Normal
rabbit serum even produced similar results to that of anti-Klebsiella
sera. Therefore, antibodies to Klebsiella antigens do not cross-react
with antigens on the surface of AS peripheral blood lymphocytes thus
rejecting the cross-tolerance theory of disease pathogenesis. It may
be that there is cross-reactivity but with several entercbacteriaceae
and not one specific bacterial strain. To investigate this further
irmuncblotting procedures could be used to determine whether there are
common antigens present on several different enteric bacteria
(especially bacteria isolated from AS patients) that could react with
antibodies to B27 or antibodies in AS serum. If such an antigen
existed it could be used to produce antiserum which could then be used

to loock for antigens in synovial fluid or membranes from AS patients.

However, finding cross-reactivity between a bacterial antigen and a

cell surface antigen still does not explain how the disease is
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initiated. The 'one gene' and 'two gene' theories although plausible
seem far too simplistic. One could hypothesise a 'three gene' theory
where the three genes involved are the B27 gene, a second gene which
leads to tissue damage and a third or repressor gene that controls the
amount of damage produced. In normal circumstances the repressor acts
upon the B27 gene and a gene product that acts upon the second or
disease gene. With infection by antigen in large amounts the
repressor is totally switched off leading to the production of an
acute disease such as Reiter's syndrome or reactive arthritis. With
small amounts of antigen present continuously the repressor will still
be working but the B27 gene will still be switched on and acting on
the 'disease' gene. The constant expression of the 'disease' gene
will lead to the production of a chronic disease such as ankylosing
spondylitis. If the 'repressor' gene was sited on the X chromosome,
in males only half as much repressor would be produced which would
mean more of the B27 gene product would be expressed to act upon the
'disease' gene. This would then explain the male dominance of AS.
For those who are B27 negative they may have the gene but only enough
is expressed to activate the 'disease' gene to produce tissue damage.
This theory therefore suggests that there is a common antigen, perhaps

on bacteria, acting on an inhibitor or repressor and not the B27 gene

itself.

From my initial observations Klebsiella did not seem to be associated
with AS. The next step was to study the immune response to bacterial
antigens in these patients. Firstly, cell mediated immunity was
investigated and two other patient groups were included - those with

rheumatoid arthritis and those with Crohn's disease. Non-specific
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lymphocyte transformation by PHA, PWM and Con A was studied to look
for any overall abnormality in cell function/activity. AS and CD
lymphocytes responded poorly to Con A but the response to PHA and PWM
was normal suggesting that suppressor cell activity was abnormal or
that there was a depletion of suppressor cells in these patients. The
responses to all three mitogens were lowered in RA patients confirming
that these patients have abnormal T cell activity. Further studies
investigated the lymphocyte responses tc various enterobacterial
antigens. Althoﬁgh the AS and CD lymphocyte responses to some of the
antigens were lowered when compared to controls the overall response
was normal. The RA patients, however, had decreased responses to many
of the antigens indicating again a lymphocyte abnormality. These
studies have therefore found decreased suppressor cell activity but
normal lymphocyte responses to bacterial antigens in AS. One would
need to follow up this study by investigating T cell numbers and
ratios and suppressor cell function in AS patients in more detail. It
would also be important to study lymphocytes from other sources in the
body other than peripheral blood, for instance synovial and intestinal
lymphocytes. In Reiter's syndrome and reactive arthritis synovial
lymphocytes respond more to the causal infective organism than
peripheral blood lymphocytes (Ford et al, 1981, 1982; Ford 1983). It
could be that in AS peripheral blood lymphccytes are the wrong cells
to be studying. T helper cell numbers are increased and T suppressor
cell numbers lowered in the intestinal lamina compared to peripheral
blood in patients with inflammatory bowel disease (James et al 1986).

If AS is though to be gut-initiated then it would make more sense to

study the responses occurring in that site.
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The humoral immune response tou bacterial antigens was also
investigated. Serum IgA has been found to be raised in AS patients
especially in those with active disease. Although this study found no
correlation between disease activity and serum IgA levels it does not
rule out the possibility that there may be a specific response to
bacterial antigens occurring in these patients and an increased
response may indicate a current or previous exposure of the patients

to enterobacteriaceae.

Initial experiments looked at the humoral immune response to
Klebsiella and raised levels of anti-Klebsiella antibodies were found
in AS serum. This increase did not correlate with total serum Iga,
disease activity or PJI. It was also found that anti-Klebsiella
antibody levels were raised in patients with Crohn's disease,
ulcerative colitis and rheumatoid arthritis. Therefore, the increase
in antibody levels was not specific to AS patients. In AS serum anti-
Klebsiella IgM was lowered and this was specific only for this patient
group. It was lowered in all patients irrespective of disease
activity or PJI. As total serum IgM was increased in patients with
PJI it can be concluded that Klebsiella was not responsible. The
lowered anti-Klebsiella IgM antibodies could have occurred because of
an ongoing immunological response to Klebsiella in RS patients. Igh
is the first antibody to be produced in response to an antigen and
later this is switched to IgA or IgG. If, due to a continuous antigen
stimulation IgA or IgG were to continue to be produced, IgM antibodies
would be switched off and the levels would decrease. Alternatively,
anti-Klebsiella IgM antibodies may be forming immune complexes which
would not be detected in the system used. The measurement of immune
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complexes and their specificity, if any, for bacterial antigens would

be worthy of investigation.

The raised levels of anti-Klebsiella IgA antibodies in all four
patient groups suggests that a non-specific immune response is
occurring or that Klebsiella is involved in all these diseases. As
the latter would seem unlikely it would be important to determine
whether the reaction to other enteric bacterial antigens was similar.
Anti-Yersinia IQA antibodies were, in fact, raised in all the patient
groups, anti-E.coli IgA was raised in AS and CD serum and anti-~

Campylobacter jejuni IgA was raised in the UC and RA patients. No

correlation was found between these Igh levels and disease activity or
PJI in AS patients. The resulté, therefore, confirm those for
Klebsiella suggesting that there is a non-specific response to enteric
bacteria occurring in patients with 2S, CD, UC and RA. This increase
in IgA antiboCy levels méy be due to an increased permeability of the
gut to bacterial antigens leading tc an increased mucosal production
of IgA. Absorption studies showed that the Igh response to each
bacterium was specific although in patients with CD, UC and RA
approximately 40% of the anti-Yersinia antibodies were absorbed by
Klebsiella, E.coli and Campylobacter antigens suggesting that anti~
Yersinia antibodies are cross-reacting with antigens from these
bacteria and that Yersinia possesses antigens similar to those on

other enterobacteriaceae.
The important question that arises from these studies of humoral
immmity is whether the increased gut permeability is caused as a

result of the disease or is the disease caused by immunological
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reactions due to the increased gut permeability? If the increased
permeability is caﬁsed by the disease what effects do these
immunological reactions have on the disease process? CD and UC
patients have "leaky" bowels as the diseases are known to be due to
abnormalities of the gut so why should there be an increase in gut
permeability in AS and RA patients? About 10% of AS patients may have
low grade golitis which could account for some of the increased IgA
antibody responses. However, some studies have suggested that the
increased qut ;;ermeability may be due to the administration of NSAIDs.
The association of NSAID and gut permeability and the increased IgA
antibody response would need to be studied very precisely. Also, the
increased antibodies that are produced - are they reactive for
bacterial antigens alone or do they react with body tissues in the

affected joints?

Taking into account the observations from these studies there does
seem to be some immunological reaction occurring in AS which may be
involved in the pathogenesis of the disease. This may be the
production and persistence of anti-bacterial antibodies in the gut due
to T suppressor cell abnormalities and the absorbance of these
antibodies into the circulation where they may react to form immune
camplexes that are deposited in sites such as the sacroiliac joint.
If these antibodies also have anti-B27 activity reactions could occur
with B27 positive cells in the body - even T suppressor cells.
Antibody/lymphocyte complexes may circulate through the lymphatics
where again they could be deposited in specific areas. The usual fate
of complexes is to be removed by phagocytic cells. It is possible that

such complexes are poorly handled by phagocytic cells in AS patients.

132



Where complexes persist inflammation and damage may be caused leading

to the destruction of joints or tissues.

However, these theories presume that there may be some cross-
reactivity between the antibodies produced and body tissues and/or
cells (this study did not find any reaction with HLA-B27 or AS
lymphocytes). Also, if immune complexes are formed why should they
specifically localize in the spinal and sacroiliac joints? These
points and queétions such as, what is the relevance of the association
between B27 and AS, still need to be clarified before the pathogenesis

of AS is fully understood.

Further areas of research which could be pursued as a result of my own
studies would be to investigate the possibility of cross-reactivity
between enteric bacteria and antibodies found in AS serum by the
immunoblotting of bacterial antigens with B27 and AS serum. Any
common antigen found could be identified and isolated to produce
antiserum which could be used in further cross-reactivity studies.
The numbers and ratios of T cells, T suppressor cell activity and the
response to mitogens and bacterial antigens could be compared for
lymphocytes from peripheral blood, the intestine and synovial fluid.
An assay could be set up to investigate if T suppressor cells are more
susceptible to damage and/or destruction by bacterial antigens,
antibodies or toxins and cne would need to look for bacterial antigens
or immune complexes in synovial fluid or membranes. Finally a
controlled study would need to be set up to investigate the effect of
NSAIDs on gut permeability, comparing AS patients taking NSAIDs to

those on no medication and to controls taking and not taking NSAIDs.
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Simultaneously the glomerular filtration rate should be measured and

serum samples taken for the measurement of immunoglobulin levels.

134



Appendix A

Statistical analysis

Non-parametric statistics were used throughout this study as these
tests make relatively few assumptions about the nature of the
population distribution, ie, they take into consideration that the
data may not be normally distributed. The tests were performed using
a Royal Infirniary Nuclear Medicine Statistics package on an Apple

Camputer.

1. The Wilcoxon rank sum test

The Wilcoxon rank sum test was used to determine whether the values
from one sample are significantly different from the values from
another sample. The observations in the two samples are combined into
a single series and ranked in order. The lowest score starting with a
rank of 1, the next getting a rank of 2 and so on. When n; and ny are

both less than 26 the test statistic is

S=2R-n, (N+1)

sum of ranks in smaller sample

where R
N = total number of values
ny = sample size of larger group

ny = sample size of smaller group
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The significance of S is determined from a table of critical values

for S (Leach 1983).

When n) or n, is greater than 25 the probability associated with the

observed value of S may be determined by computing the value of Z.

Z = Sc - mean

SD
where Sc = S-1 or S+l
¢ = continuity correction
mean = mean of S =0
SD = standard deviation of S

J variance of S

= nln2 (N + 1)

The significance of Z may then be determined by referrin§ to a table
of probabilities asociated with values of Z in the normal distribution
(Leach 1983). If the observed value of Z has an associated
probability of equal of less than 0.05 then there is a significant

difference between the two groups.
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In the case of there being many ties the corrected formula for Z is

Z=/S~-2n - Ul - Uk\ - mean

2 (k-1)

3N (N - 1)

where k

the number of distinct values on the response variable

a
n

the column marginal totals from an ordered contigency table

(Leach 1983)

2. Spearman rank correlation

This test investigates whether one set of observations vary
correspondingly with those in another. The scores on each variable
must first be rank ordered. If ties occur in either population each
tied value is assigned the midrank or average rank that they would

have received had they not been tied. The test statistic is

r=1- 6D
n (n2 - 1)
where D = % (i - ¥i)?
Xi = the rank of the ith value of X

the rank of the ith value of Y

n

Yi

n = number of paired variables
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If there are a large number of ties then the corrected equation is

r =£x2 +£y2 -D
ZJixz iyz

where x n3 -n -iix

12

Iy = ty -ty

tx and ty are the number of x and y observations that are tied for a

particular rank.

When the sample size is 30 or less, the probébility that the two
variables are linked together is obtained by comparing the calculated
value of r, for n pairs of observations with tabulated critical values
of r (Leach 1983). When the sample size j.s greater than 30, the

significance of a value as large as the observed value of r is

determined by calculating t,
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and then determining the significance of that value of t by referring

to a table of critical values of t (Swinscow 1983).

3. Chi-square test

This test determines whether the distribution of a discrete variable

in a sample is different from the discrete variable in another sample.

When the results can be set out in a "fourfold table" or a "2 x 2"

contingency table:

2 = (ad-bc)2 (a+b+c+d)

(a +Db)(c+d)(b+d)(a+c)

number of observations on row 1 column 1

where a
v b = number of observations in row 1 column 2
¢ = number of observations in row 2 column 1

number of observations in row 2 column 2

o))
1

For tables with a total of under 100 or with any number less than 10

Yates's correction should be used. The modified %2 is then

X2 = g(lad -bcl) - 1/2(a+b+c+ d% 2 (a+b+c+d

(a+b)(c+d(b+d(at c)
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where the vertical bars on either side of ad - bc mean the smaller of

these two products is taken from the larger.

The significance of the value of X? is found by referring to a table
of distribution of X2 (Swinscow 1983) and the degrees of freedom is

equal to (number of columns minus 1) x (number of rows minus 1).
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Appendix B
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