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Summary

Characteristically, chronic inflammatory diseases such as rheumatoid arthritis (RA)
and psoriasis are symmetrical. The unilateral presentation of RA following nerve
injury indicates a role for the peripheral nervous system in this symmetry.
Experimentally, contralateral responses to a variety of unilateral stimuli have been
demonstrated. It is possible that an acute, localised inflammation stimulates a pro-
inflammatory response in the topographically precise contralateral region as a
protective measure. E-selectin and nerve growth factor (NGF) are expressed by the
vascular endothelium, expression increases during inflammation and in response to
neuropeptides. To determine the involvement of the vascular endothelium and
peripheral nervous system at distant sites two models of rat hindpaw inflammation
(A-carrageenan- and latex sphere-induced foreign body-mediated inflammation) and

capsaicin-induced neurogenic inflammation (NI) in man were used.

In both rat models measurements to determine paw swelling, cellular infiltration, E-
selectin expression and NGF upregulation were made. Serum interleukin-6 content,
determined by ELISA, was comparable in all groups of rats indicating that
inflammation was not systemic. There was evidence of some contralateral cellular
infiltration and oedema in both models. In the carrageenan model, E-selectin
immunofluorescence was increased contralaterally at 6 hours compared to naive
(P<0.05), forepaw expression did not differ. During latex sphere-induced
inflammation NGF immunofluorescence increased ipsilaterally.  Despite no
observable change in protein expression, E-selectin and B-NGF mRNA were
upregulated in contralateral paw skin at 6 hours. Similarly, in 1 subject unilateral
capsaicin-induced NI was accompanied by E-selectin mRNA upregulation in the
topographically precise contralateral region. E-selectin mRNA was not detected

contralateral to capsaicin and local anaesthetic injection.

This work provides some evidence of topographically precise contralateral responses
involving the vascular endothelium, and suggests the involvement of the peripheral
nervous system. A contralateral pro-inflammatory response within the early stages

of RA or psoriasis may explain the symmetry of the chronic-stage symptoms.
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CHAPTER 1 - Introduction: Symmetry and Contralateral

Responses.

In this thesis the concept of symmetry in inflammatory diseases, the phenomenon of
contralateral inflammatory responses to unilateral stimuli and the involvement of the
peripheral nervous system are discussed. Using two rodent models of localised
inflammation, and one model of neurogenic inflammation in man, experiments were
carried out to investigate the development of contralateral responses, the involvement
of the vasculature and the role of the peripheral nervous system. The results of these
experiments are presented in chapters 3, 4, 5 and 6. Finally, these findings are
discussed in relation to the hypothesis and the pathophysiology of chronic

symmetrical inflammatory diseases.

1.1 Overview and hypothesis.

1.1.1 Symmetry and mirror-image responses.

The chronic inflammatory condition rheumatoid arthritis (RA) is a symmetrical
disease and the mirror-imaging of pain and swelling is a diagnostic feature (Amett e?
al., 1988). Symmetrical inflammation is also a characteristic of psoriasis and
psoriatic arthritis (reviewed by Farber et al.,, 1986; Helliwell er al., 2000) and
mirror-imaging of symptoms is occasionally seen in the painful conditions of
complex regional pain syndrome (CRPS) and postherpatic neuralgia (Veldman and
Goris, 1996; Oaklander ef al., 1998; Maleki et al., 2000). In many cases the
symmetry seen in RA is topographically precise. This suggests symmetry is a
| regulated, connected process as opposed to a generalised systemic effect. It has been
hypothesised that the symmetry in RA is due to neural mechanisms and interactions
(Levine et al., 1985b, 1985c¢; Kidd et al., 1989).

The involvement of neurogenic mechanisms in the development of inflammation has

been demonstrated clinically. There are reports of cases of RA, osteoarthritis,

1
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psoriasis and psoriatic arthritis in which inflammation is markedly decreased, if not
absent, on the injured side following a neurological injury (Thompson and Bywaters,
1962; Glick, 1967; Bland and Eddy, 1968; Weiner et al., 1985; Veale et al., 1993;
Lapadula et al., 1997; Segal et al., 1998). It is possible that this lack of symptoms is
due to resting the neurologically affected limb. Despite this, the unilateral
presentation of RA following nerve injury strongly indicates a role for neural
mechanisms, particularly peripheral ones, in the disease. Courtright and Kuzell
(1965) demonstrated that neurological trauma has a sparing effect on the course of

adjuvant arthritis (AA) in the rat.

Humans and other mammals are categorised as bilaterally symmetrical animals
(Phylum: Chordata). The axons of the peripheral nervous system extend bilaterally
from the spinal cord to their targets. This symmetry allows co-ordination of
movements, actions and responses between the two halves of the body. This may
also be responsible for the apparently non-random, symmetrical occurrence of minor
neurological abnormalities that predate contralateral plaque development in multiple
sclerosis and changes to the contralateral testes in patients with unilateral testicular

malignancy (Reinges et al., 1994; Werring et al., 2000).

As mentioned, symmetry is a characteristic of a number of chronic inflammatory
conditions and is hypothesized to be due to neurogenic mechanisms. It is not
apparent to what extent these mirror-image responses to unilateral inflammatory
stimuli occur, nor what the purpose of such responses would be. In relation to the
pathophysiology of the chronic inflammatory disease RA, a peripheral nervous
system-mediated contralateral response occurring within the early stages of the
disease could account for the symmetry of the symptoms in later stages when the

inflammatory response involves a multitude of other pathways and mediators.

One explanation for the occurrence of these contralateral responses is that the ability
to rapidly mirror-image a response to the contralateral region is what remains of a
protective system that ensured an organism responded asymmetrically to damaging
stimuli. This can be illustrated by taking the example of a fish living in infected
water. Fish breathe through gills located on either side of the body, if one gill were

to become infected this infection and the subsequent response launched by the
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immune system would compromise the efficiency of the fish’s breathing. It is
assumed that the response generated by the immune system incorporates both
innate/cellular (e.g. phagocytes, reactive oxygen and nitrogen species (RONS)) and
adaptive/antibody (e.g. T and B lymphocyte) mediated responses. As such, the
response would be complex and prolonged, involving oedema, recruitment of
phagocytic cells and the production of pathogen-specific antibodies. If a unilateral
infection compromises the efficiency of respiration it is imperative for the fish’s
survival to prevent a similar impairment to the contralateral gill (i.e. infection
followed by an inflammatory response). Solutions to this may involve sending a
signal to the contralateral region that immediately initiates an acute defensive
response, upregulating systems of receptors or lowering receptor thresholds. This
would prevent severe infection and preserve the function of the gill and the life of the
fish. As such, this would be a survival advantage and therefore likely to be retained
by subsequent generations. Here, mirror imaging is discussed in the context of
destructive inflammatory diseases such as RA. In relation to evolution, RA is a
condition that appears mainly after reproductive age, therefore there is no selective
pressure to eradicate it once the need for mirror-imaging to preserve asymmetry and

survival is no longer there.

1.1.2 Hypothesis

The hypothesis being investigated in this thesis is that an organism is able to mirror
image a response to the topographically precise contralateral region as a protective
measure against possible infection or injury. This contralateral response is an acute
inflammatory response that involves the activation of the vascular endothelium and is
mediated by the neurons of the peripheral nervous system. A topographically precise
protective inflammatory response to unilateral stimuli is an advantage over a
generalised systemic response because it is more economic with regard to the amount
of energy expended and prevents widespread damage. Similarly, following a painful
stimulus, the reflex to withdraw the contralateral limb more quickly is advantageous.
Overall, this hypothesis is in keeping with the concept of ‘damage limitation’ by an

organism.
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1.2 Symmetrical inflammatory conditions

Some examples of symmetry and significant contralateral appearances of

inflammation in man are shown in table 1.1.

Table 1.1 Examples of symmetry and contralateral inflammation in man

Inflammatory Target region Contralateral effect Reference

condition

Patients with Hands and feet Increased risk of erosions ~ Bukhari ef

inflammatory (radiographs) 5 developing compared to al., 2002

polyarthritis (IP) years after onset of other sites

IP

Neurogenic Volar surface of Topographically precise Haigh et al,

inflammation the left fore-arm increase in skin 2002

(Capsaicin intra- temperature,

dermal, 1%) vasodilatation,
hyperalgesia and allodynia
after 1 hour

Patients with RA Attributes of pain ~ Symmetric pain is the La

(ARA/ACR (localisation, most potent discriminator ~ Montagna

criteria) symmetry, etal., 1997

continuity,
modulation)

Patients with RA Hands and wrists No difference in erosion Clarke et
area or progression al., 1994
between dominant and
non-dominant hand

Patients with RA Joints Both RA and PsA exhibit  Helliwell et

or PsA a greater degree of al., 2000
symmetry of joint
involvement than
predicted from a model

Patients with OA Joints of the hand ~ Symmetry of joint Niuetal.,
involvement. (9>3) 2003
Predictor for symptomatic
OA is disease status in
same joint of opposite
hand

Patients with - ‘mirror-image’ spread in Maleki et

CRPS 15% of patients al., 2000

ARA =
Rheumatology;

American Rheumatism Association; ACR =
CRPS = Complex regional pain syndrome; OA = Osteoarthritis;

American College of

PsA = Psoriatic arthritis; RA = Rheumatoid arthritis; Q = female; & = male
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1.2.1 Rheumatoid arthritis

Rheumatoid arthritis is a debilitating chronic inflammatory disease which
encompasses the five cardinal signs of inflammation — swelling, heat, pain,
tenderness and loss of function (reviewed: Lems and Dijkmans, 2000). There is a
wide clinical spectrum and RA is associated with increased mortality. Current
treatments are aimed at the various components of the chronic inflammatory process.
Non-pharmacological approaches include weight reduction, specially designed
utensils and exercise programmes. Pharmacological treatments include nonsteroidal
anti-inflammatory drugs (NSAIDs) and disease modifying anti-rheumatic drugs
(DMARD:s) such as methotrexate. New therapies are targeted at the modulation of
cytokines, signalling pathways or adhesion molecules (Firestein, 2003; Smolen and

Steiner, 2003).

1.2.1.1 Epidemiology

RA affects approximately 0.5-1% of the world’s population (Gabriel, 2001). RA
predominantly affects people in the fourth to sixth decade of life, although it can
strike at any age; there is a juvenile form of the disease that occurs in the under 16s.
It is three times more likely to affect women than men, indicating a hormonal

influence (Lems and Dijkmans, 2000; Issacs and Moreland, 2002).

1.2.1.2 Aetiology

The aetiology of RA is unknown but there are several risk factors for its development
or progression. Silman and Pearson (2002) have reviewed current literature on
genetic and environmental factors in RA. They highlight the involvement of human
leukocyte antigen (HLA) alleles, such as HLA DRBI, situated in the major
histocompatability complex. = Non-genetic environmental contributors include
hormones, infection, diet and smoking. Biomechanical factors, use of limbs or
joints, are not predictors for development of RA. Erosion area and progression in the
bones of the hand and wrist do not differ between dominant and non-dominant hands

(Clarke et al., 1994).
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1.2.1.3 Clinical picture of RA

RA is a symmetrical polyarthritis that affects the smaller synovial joints such as the
diarthrodial joints of the hands and feet. RA can also affect the larger joints such as
the knee and spine (Fleming ef al., 1976). The symmetry of joint involvement in RA
is an important diagnostic feature (Arnett et al., 1988). Pain, swelling, stiffness and
fatigue are symptoms of the disease that accompany chronic synovitis, which
progressively destroys the joints, causing deformities and disability. Muscles,
tendons and ligaments can also become inflamed and this can affect mobility. Extra-
articular involvement in the disease can include nodules, pericarditis, pulmonary
involvement, Felty’s syndrome, mononeuritis multiplex and vasculitis. Increased
mortality is attributed to the increased risk from the extra-articular aspects of the

disease (Gabriel, 2001).

1.2.1.4 The synovial joint

The synovial joint is composed of two adjacent ends of bone which are capped with
cartilage and separated by a joint space (figure 1.1). The synovium lines the cavity
of the joint, the intimal cell layer faces the joint space. The sub-intima beneath this,
is a layer of connective tissue containing blood vessels, lymphatics, nerves, collagen
and fibrous tissue (Gronblad ef al., 1988; reviewed Issacs and Moreland, 2002). The
synovium is normally 1 to 2 cells thick, with type A (macrophage derived, CD68+)
and type B (fibroblast derived, CD55+) synoviocytes in a proteoglycan and
glycosaminoglycan rich matrix. The synovium contains a vascular network which is
densely innervated by nerve fibres (Mapp er al,, 1990; Stevens et al., 1991a).
Sympathetic fibres and neuropeptide-containing sensory neurons are found around
the blood vessels, some free unmyelinated fibres are immunoreactive for
neuropeptides and may extend to the intimal layer (Mapp et al., 1990; Konttinen et
al., 1990). In the naive rat neuropeptide-containing fibres are also found in the

meniscus and bone (Hukkanen et al., 1992).



$
$ :C<
cccccacesccec
7 * )
F "
3 F G
?2 I1C
F=8 GGC«<
) 0

3
? &''DG*

%

#
+
)
F$ :GC
CcC F"
<
B
F

G*

GN










































































































































































































































































































































































































































































































































































































































































































































