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3.1 Introduction

Several types of chronic inflammatory disorder are becoming much
more common in the rich developed countries. These include inflam-
matory bowel diseases (IBD) such as ulcerative colitis, and Crohn’s
disease, certain autoimmune diseases (type 1 diabetes and multiple
sclerosis) and allergies. The latter includes atopic dermatitis, clearly
of interest to this symposium which is focused on skin disease. It
will be argued below that the rapidly increasing prevalence of these
disorders can be attributed to changing patterns of microbial expo-
sure in modern life, leading to a failure of immunoregulatory mecha-
nisms in individuals with certain genetic polymorphisms of the in-
nate immune system. This view is referred to as the “Old Friends”
hypothesis, and is an updating of the previous “Hygiene Hypothe-
sis”. In addition, this chapter will include discussion of certain
aspects of psoriasis, because although it is unclear whether its preva-
lence is increasing in developed countries, psoriasis has some epide-
miological association with diseases which are increasing in preva-
lence (such as Crohn’s disease; Najarian and Gottlieb 2003) and
shows signs of immunoregulatory dysfunction, such as excessive
Th1 activity and IL-10 deficiency.

3.2 The Hygiene Hypothesis

The “Hygiene Hypothesis™ as it exists in 2003 is very different from
the hypothesis that emerged in the late 1990s. By that time, the view
that changing patterns of infectious disease might lead to changes in
the incidence or presentation of various immunological disorders
had appeared intermittently in the medical literature for decades. In
1996 Strachan and colleagues, who were interested in the striking in-
crease in the prevalence of allergic disorders in the developed coun-
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tries, gave a new impetus to the idea when they observed that aller-
gies were less common in children from large families with older
siblings, especially older brothers (Strachan et al. 1996). A flood of
further epidemiological data, particularly studies of farming commu-
nities (Braun-Fahrlander et al. 2002; Riedler et al. 2001) and mili-
tary personnel (Matricardi et al. 2000) provided circumstantial sup-
port for the view that diminished exposure to certain microorgan-
isms might lead to an enhanced risk of allergy.

3.2.1 Findings That Undermined the Early Rationalisation
of the Hygiene Hypothesis

Most authors treated the Hygiene Hypothesis as though it was sy-
nonymous with a “Th1/Th2 see-saw hypothesis”. In other words it
was suggested that Thl responses are needed to downregulate Th2
responses, and that the hygienic conditions of modern life provide
too little stimulus for Thl cells, with a consequent non-specific in-
crease in Th2 activity. With hindsight it is clear that this view was
deeply flawed. First, Thl responses are not physiological regulators
of Th2 activity. Indeed individuals with an almost complete lack of
Thl responses due to congenitally defective IFN-y receptors do not
have increased Th2 activity (Lammas et al. 2000). The earlier litera-
ture suggesting that in vivo Thl cells downregulate Th2 responses
must be re-interpreted in the light of the existence of distinct subsets
of regulatory T cells (T,,). When the presence of T, is rigorously
excluded and cloned polarised Thl cells are used in cell transfer ex-
periments, Thl cells may even exacerbate ongoing Th2-mediated in-
flammation (Hansen et al. 1999). Indeed, synergy between Thl and
Th2 cells is emerging as a major mechanism of severe immuno-
pathology in some infections (Hernandez-Pando et al. 2003), and it
is often forgotten that IFN-y is in fact a dominant cytokine in human
asthma (Krug et al. 1996).

The death blow to the “Th1/Th2 see-saw” interpretation was the
realisation that countries experiencing increased incidences of these
Th2-mediated disorders were simultaneously experiencing parallel
increases in Thl-mediated autoimmune disorders and IBD (Rook
2000). Thus there is a striking correlation between Type 1 diabetes
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Fig. 1. The “old friends” hypothesis. A cartoon of mechanisms that might
explain the links between patterns of microbial exposure and susceptibility
to disorders of immunoregulation in man and animals. The “old friends”
(harmless organisms that have been interacting with the mammalian immune
system throughout our evolutionary history) are recognised by components
of the innate immune system (including CD14, Toll-like receptors (TLRs),
and NOD1 and NOD?2) in such a way that DCs mature to a phenotype that
drives formation of regulatory T cells (T,.g). Pathogens, on the other hand,
drive maturation of DC that activate Thl or Th2 effector mechanisms.
Some, perhaps all T, express the transcription factor Foxp3, and often
CTLA-4 and IL-10. Because the “old friends” cause maturation of DC that
drive regulation, they act as adjuvants for the development of regulatory
cells that recognise other harmless antigens processed by the same DC, such
as self, allergens, and gut contents. Polymorphisms within the innate im-
mune system result in altered efficiency of Ty, induction, and so may lead
to increased susceptibility to allergies, autoimmunity, or IBD

(Th1l-mediated destruction of S cells in the pancreas) and allergies,
both within and outside Europe (Stene and Nafstad 2001). Similarly,
IBD is increasing in the same countries (Lindberg et al. 2000; Saw-
czenko et al. 2001). These parallels have been extensively reviewed
(Bach 2002). Clearly the explanation for the increased prevalence of
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allergic disorders cannot be a lack of stimuli for Thl activity if Thl-
mediated diseases are also increasing. We are witnessing a simulta-
neous increase in both Thl and Th2 immune responses against tar-
gets that should be tolerated, such as trivial levels of allergens, self,
and the contents of the gut, leading to allergies, autoimmunity, and
IBD respectively. The current hypothesis (expanded in detail later) is
that the balance of regulatory T cells (T,,) to effector T cells (Teg),
whether Thl or Th2, is more important than the balance of Thl to
Th2 cells (Fig. 1).

3.2.2 Does Th1/Th2 Balance Play a Role?

Although Thl-mediated and Th2-mediated inflammatory disorders
are increasing in parallel within populations (Bach 2002; Stene and
Nafstad 2001), there does seem to be some segregation of Thl and
Th2 at the level of the individual in some studies. For example, peo-
ple suffering from the Thl-mediated autoimmune diseases, type 1
diabetes or multiple sclerosis, are less likely to be allergic (Douek et
al. 1999; Tremlett et al. 2002). However, the Th1/Th2 balance of the
individual might reflect genetic background and past history of in-
fections and vaccinations. This in turn might determine the type of
disorder of immunoregulation that will occur in that individual when
Tyee activity is compromised. Psoriasis is interesting in this context.
A recent report suggests that this condition can be treated with IL-4,
in which case this Thl-mediated disease at least can be modulated
by a Th2 cytokine (Ghoreschi et al. 2003). So although there is
good evidence that Thl activity is not a physiological regulator of
Th2 cells (Lammas et al. 2000), it remains possible that Th2 activity
can sometime modulate Thl responses. However, it must not be for-
gotten that some T,., express IL-4 (Seddon and Mason 1999).

3.2.3 Imbalance Between Effector (T.s) and Regulatory T Cells
(Treg): Lessons from Foxp3

The ability of decreased activity of T, to explain the simultaneous
increases in all three major groups of immunoregulatory disorder has
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now been repeatedly reviewed (Rook and Brunet 2002; Umetsu et
al. 2002; Yazdanbakhsh et al. 2002). Support for this view has come
from recent analyses of genetic disorders of human and mouse at-
tributable to mutations in the transcription factor Foxp3 (Brunkow et
al. 2001; Wildin et al. 2001). Foxp3 is fundamental to the develop-
ment of T,., (Fontenot et al. 2003; Hori et al. 2003). In both species
the resulting pathology encompasses precisely the spectrum of dis-
eases (allergies, autoimmunity, and IBD) that is increasing in the de-
veloped world.

3.3 The “Old Friends” Hypothesis

But why should diminished exposure to microorganisms result in in-
adequate priming of T..,? In fact, T,., are probably part of the nor-
mal immune response to pathogens. After the effector response has
reduced pathogen numbers to low levels, T,., may help to terminate
the response and allow for the development of concomitant immu-
nity (Belkaid et al. 2002). But clearly, excessive early activation of
T.ee by pathogens would lead to progressive disease. Therefore the
organisms most likely do have a highly developed ability to drive
Ty rather than Te, and perhaps to bypass the phase of Tes induc-
tion altogether (Schultz et al. 2002), are harmless “old friends” and
commensals that have been present throughout our evolutionary his-
tory, and that have become part of mammalian physiology. In addi-
tion to the unidentified (but clearly non-pathogenic) factor present in
German cowsheds (Riedler et al. 2001), four groups of organism
have been highlighted in this context; lactobacilli (Kalliomaki and
Isolauri 2003), saprophytic environmental mycobacteria (Rook and
Stanford 1998; Zuany-Amorim et al. 2002), helminths (Yazdan-
bakhsh et al. 2002), and certain viruses that are ubiquitous in devel-
oping countries (Mclntire et al. 2001).

Lactobacilli were an integral part of the hunter-gatherer diet, and
were common in poorly preserved vegetables and in beverages pre-
pared by malo-lactic fermentation (Kalliomaki and Isolauri 2003).
Interestingly lactobacilli are present in greater quantities in the guts
of children from areas with a low incidence of allergies (Sepp et al.
1997). Similarly the saprophytic mycobacteria are ubiquitous in mud
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and untreated water, and used to be consumed in such quantities that
detectable levels of tuberculostearic acid accumulated in lymphoid
tissue (Hanngren et al. 1987). The presence of mycobacteria in the
mammalian evolutionary past is indicated by the presence of CDI-
restricted T-cell subsets that appear to recognise only mycobacterial
lipids and glycolipids (Dutronc and Porcelli 2002). Exposure re-
mains high in developing countries, where most of the population
has skin-test positivity to multiple mycobacterial species (Stanford et
al. 1981). In contrast, this is rare in the rich countries. Helminths are
endemic in developing countries, and cause little or no pathology in
the majority of infected individuals. This is achieved by the induc-
tion of Tye,. Indeed, the ability of helminths to drive T, activity is
an integral component of the host-parasite relationship. When this
mechanism fails, an exaggerated immune response to the parasite
ensues, with massive lymphadenopathy and pathology (Satoguina et
al. 2002; Steel and Nutman 2003). Virus infections characteristic of
childhood in the developed countries appear not to protect from al-
lergies (Matricardi et al. 2000), which fits with the fact that children
in inner cities are heavily exposed to these infections and still have
a high and rising risk of allergies. However, antibody to infections
transmitted by the faeco-oral route correlated with a lower incidence
of allergic symptoms (Matricardi et al. 2000). Subsequently it has
emerged that a T-cell membrane protein, TIM-1, that controls the
development of airway hyperreactivity and production of Th2 cyto-
kines in mice is a homologue of the human hepatitis A virus (HAV)
receptor, which may explain the inverse relationship between HAV
infection and the development of atopy (Mclntire et al. 2001).

Each of these groups of organism has been implicated in down-
regulation of allergic responses in humans, either by direct clinical
studies or (less convincingly) by epidemiological correlation (Ark-
wright and David 2001; Camporota et al. 2003; Kalliomaki et al.
2001; Matricardi et al. 2000; van den Biggelaar et al. 2000). More-
over, components of Schistosoma mansoni (helminth) and Mycobac-
terium vaccae (saprophytic environmental mycobacterium) have
been shown to induce T, in vitro (van der Kleij et al. 2002) and in
vivo, respectively (Zuany-Amorim et al. 2002).
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3.3.1 Experimental Evidence for the Induction
of Allergen-Specific T,; by “Old Friends”

A GMP preparation of M. vaccae, which has been used in clinical
trials, has been shown experimentally to induce T, (Zuany-Amorim
et al. 2002). The specificity of the T, induced was tested in a cell
transfer system. It was demonstrated that the T,., induced have spec-
ificity for the allergen to which the animals were exposed, but that
once the regulatory properties of the T, have been triggered they
can exert bystander inhibition on the response to other allergens
(Zuany-Amorim et al. 2002).

3.3.2 The Physiological Role of Bystander Suppression

This bystander phenomenon may be of fundamental importance to
immunoregulatory disorders. When SCID mice (which lack T lym-
phocytes) were reconstituted with T.r with a normal range of speci-
ficities, they developed severe colitis. The colitis persisted if they
were given cloned transgenic T, specific for a single epitope of
ovalbumin. However if ovalbumin was added to the diet, the bystan-
der suppression exerted by the ovalbumin-specific T, was able to
alleviate the colitis, despite the fact that the colitis will have been
triggered by multiple antigens within the food and gut flora (Groux
et al. 1997). These observations emphasise the point that the “old
friends” discussed earlier may have two distinct roles. Experiments
in vitro and in vivo suggest that they can act as “T., adjuvants”,
maturing antigen-presenting cells (APCs) to a phenotype that tends
to direct T cells towards specific regulatory function (van der Kleij
et al. 2002; Zuany-Amorim et al. 2002). However the “old friends”
may also provide a crucial background of regulation, because their
constant presence leads to a steady background activation of T,
that recognise the “old friends” themselves. Again this argument
points towards organisms that will have been taken in orally
throughout mammalian evolution (such as saprophytic mycobacteria
and lactobacilli) and organisms that were permanently present in the
tissues (such as helminths).
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3.3.3 T, May Not Suppress When the Innate Immune System
Detects “Danger”

Why does bystander suppression not constantly incapacitate the im-
mune system? Conceptually the answer must be that T,., downregu-
late immune responses that should not be there, such as responses to
self, gut contents, and trivial levels of harmless allergens. But when
“danger signals” are present, the T.., must stop regulating and allow
full immune responses. In an in vitro system, T,., failed to function
when danger signals were provided by addition of CpG motifs or en-
dotoxin (Pasare and Medzhitov 2003). Similarly, T, can block
graft-versus-host disease while permitting anti-tumour responses
(Edinger et al. 2003). Finally, it has been noted that T,., express an
unusual pattern of Toll-like receptors (TLRs), and these may also
play a role in the modulation of their function (Caramalho et al.
2003).

3.4 Innate Immunity and Induction of T,

How then are the “old friends” recognised as harmless, and how
does that recognition lead to the activation of T.,? Similarly, how
do danger signals sometimes stop T, from developing, as outlined
in the previous paragraph? The answer probably lies in the innate
immune system. The pattern recognition receptors (PRRs) of the in-
nate immune system recognise pathogen-associated molecular pat-
terns (PAMPs). (The use of the word “pathogen” here is misleading
since these receptors are also involved in recognition of commensals
and even of self components such as heat-shock proteins (HSPs)).
The PRRs then drive rapid protective mechanisms before the adap-
tive response can be generated, and then direct the adaptive response
towards appropriate attack mechanisms or towards immunoregula-
tion. It is therefore of particular interest that polymorphisms of
genes involved in the innate immune system are proving to be rele-
vant to the incidence of immunoregulatory disorders. The parallels
between the components of the innate immune system that are in-
volved in recognition of bacteria and the components that have been
shown to be relevant to the allergies have been reviewed elsewhere
(Rook et al. 2003). A few examples are given below.
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3.4.1 NOD2 (CARD15)

Bacterial cell wall muramyl peptides can signal via recently discov-
ered intracellular PRRs of the innate immune system, NODI
(CARD4) and NOD2 (CARDIS5). Interestingly, polymorphisms of
NOD2 are associated both with susceptibility to Crohn’s disease, a
predominantly Thl-mediated condition (Ogura et al. 2001) and also
to allergies, a Th2-mediated condition (Kabesch et al. 2003). Simi-
larly, in patients from Newfoundland, polymorphisms of NOD2 were
associated with susceptibility to psoriasis that was independent of
HLA-Cw*0602, so NOD2 may be the first non-MHC gene to be as-
sociated with psoriasis (Rahman et al. 2003). These are therefore ex-
amples of genetically impaired recognition of bacterial components
leading to a variety of Thl-mediated or Th2-mediated immunoregu-
latory disorders in different individuals.

3.4.2 Toll-Like Receptors

Ten Toll-like receptor (TLR) types are known, and these may act as
homo- or heterodimers with other TLR. They are PRRs that bind
conserved microbial derivatives such as LPS, lipoproteins, peptido-
glycans, glycosylphosphatidylinositols, double-stranded RNA, CpG
motifs in DNA, and flagellin. All microorganisms contain ligands
for many TLRs. Nevertheless when whole live organisms are added
to TLR-expressing cells, a more restricted pattern can emerge. For
example, Gram-negative bacteria tend to trigger TLR4, whereas my-
cobacteria tend to trigger TLR2 (Heldwein and Fenton 2002).

3.4.3 TLR and Susceptibility to Disorders of Immunoregulation

Recent data suggest the possibility of links between polymorphisms
of TLR-2 and susceptibility to asthma. Exposure to the farming en-
vironment during early life significantly protects from allergic disor-
ders (Riedler et al. 2001), and this beneficial effect is dependent
upon a polymorphism of TLR-2. Blood cells from the children from
these farms express significantly higher amounts of mRNA encoding
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CD14 and TLR2 (but not TLR4) than do those from non-farmers’
children (Lauener et al. 2002). Currently TLR-4, which is triggered
by LPS, looks less interesting. LPS, which is stable, and easily as-
sayed in the environment and bedding, may represent a stable mark-
er for microbial exposure in the farming environment (Braun-Fahr-
lander et al. 2002). One recent study found no evidence that genetic
variation in TLR4 contributes to asthma susceptibility (Raby et al.
2002).

Striking changes in the expression of TLRs and CD91 (a receptor
for HSPs) have been observed in psoriatic skin, but we are not
aware of any evidence that polymorphisms of these molecules alter
susceptibility to the condition (Baker et al. 2003; Curry et al. 2003).

3.4.4 Toll-Like Receptors and T,.,

Activation of human dendritic cells (DCs) via TLR4 and TLR2 may
result in different immunological outcomes (Re and Strominger
2001). Unlike TLR4, TLR2 does not lead to release of IL-12 but
rather of inhibitory IL-12 p40 dimers (O’Neill 2002) and IL-23,
which is formed when p40 dimerises with p19. IL-23 has a different
spectrum of activities from IL-12, and unlike IL-12, causes prolifera-
tion of murine CD45RB'" T cells, that might include T (Opp-
mann et al. 2000). Human DCs pre-incubated with a schistosomal
extract caused T cells to secrete IL-10 (Van der Kleij et al. 2002).
However, if TLR2 was blocked with an antibody, the T cells
secreted Th2 cytokines, but no IL-10 (Van der Kleij et al. 2002).
Heat-shock proteins can also trigger TLR, including TLR2 (Asea et
al. 2002; Bulut et al. 2002), and can drive T, (van Eden et al.
2003).

It is not yet clear why the same TLR can sometimes drive potent
inflammatory responses, and yet be essential for initiating regula-
tion. As stated above, the anti-inflammatory effects of lactobacilli re-
quire TLRY, but there is nothing special about their DNA. It seems
that the lactobacilli present their DNA in a “package”, or in the con-
text of other signals to the innate immune system, that permit their
recognition as “old friends”, and consequently allow the activation
of regulation (Rachmilewitz et al. 2002). Such findings imply that
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mimicking the effects of the “old friends” with single molecules
may be difficult. The “code” for T, induction is likely to be com-
plex so that pathogens do not too easily acquire it.

3.4.5 CD14 and Inflammatory Disorders

CD14 is expressed by myeloid cells, and secreted by them, and by
the liver. It is not a signalling molecule, but it plays a crucial role in
binding many microbial components (notably LPS and LAM) and
facilitating their interaction with cell membrane-associated signalling
molecules such as TLR. A polymorphism in the promoter region of
the CD14 gene controls CD14 expression on monocytes and sCD14
levels in the sera of healthy subjects. In some studies of allergic in-
dividuals (Baldini et al. 1999) but not others (Sengler et al. 2003),
such polymorphisms correlate to the levels of circulating IgE. Low
CD14 in amniotic fluid or breast milk has been associated with in-
creased risk of atopic eczema and of allergic sensitisation (Jones et
al. 2002). The blood cells of children of farmers, who have a re-
duced risk of allergies associated with their exposure to the farming
environment, expressed higher levels of mRNA encoding CDI14
(Lauener et al. 2002).

CD14 has also attracted interest in relation to psoriasis. Keratino-
cytes of psoriatic skin express membrane-bound CD14 (mCD14),
and soluble CD14 (sCD14) is elevated in the sera of psoriatic pa-
tients. However, a study of 63 Finnish patients with psoriasis and
126 non-psoriatic controls suggested that the enhanced CD14 expres-
sion in psoriasis is not attributable to functional variants of CDI14
(Karhukorpi et al. 2002).

3.4.6 NRAMP1 (SLcl1al) in Diseases of Immunodysregulation

The Nrampl gene was originally described as Ity/Lsh/Bcg, a gene
controlling an early phase of resistance of inbred mice to intra-
macrophage pathogens. Stratification by BCG vaccination unmasked
a potential genetic risk factor for atopy in the region of the Slcllal
locus (Alm et al. 2002). Moreover IBD, multiple sclerosis, and rheu-
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matoid arthritis have been associated with various polymorphisms
(Kojima et al. 2001; Kotze et al. 2001; Rodriguez et al. 2002). Simi-
larly, in a mouse model of allergy induced by immunisation with
ovalbumin in alum, Nrampl" animals showed less release of Th2 cy-
tokines, IgE, and mast cell granules into the airways after aerosol
challenge compared to congenic Nrampl® mice (Smit et al. 2003).
We are unaware of any studies of Slcllal in psoriasis.

3.4.7 CD1-Restricted T Cells

A major component of the early response to microorganisms (in par-
ticular mycobacteria) is mediated by CDI-restricted T cells and
NKT cells (Dutronc and Porcelli 2002). CDI1c-restricted T cells play
an important role in the early maturation of DCs, and in driving the
DC phenotype towards one that will encourage development of Thl
responses (Vincent et al. 2002). Ligands that interact with CDI
would be expected to modulate this process. CDI-restricted cells
recognising glycolipid antigens might be involved in psoriasis
(Nickoloff 1999). Interestingly, airway challenge with house dust
mite causes a striking influx of CDlc + DC into the airways of asth-
matics (Jahnsen et al. 2001).

3.4.8 Immunoregulatory Cytokines

There have been numerous studies of polymorphisms of cytokines
and their receptors. We will only consider IL-10 as it is involved in
immunoregulation. Monocytes from severe asthmatics secrete less
IL-10 (Tomita et al. 2002), and a haplotype associated with low IL-
10 production occurs in patients with severe asthma (Lim et al.
1998). Similarly it has been suggested that differences in the IL-10
secretion levels due to polymorphisms might contribute to the differ-
ences in the clinical course or time of presentation of psoriasis
(Hensen et al. 2003; Kingo et al. 2003). IL-10 has shown potential
in the treatment of psoriasis (Asadullah et al. 2003).
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3.5 Animal Models for Studying Interactions Between
Genes and Commensal or Environmental Microorganisms

The preceding discussion points to the need for animal models that
can be used to study the effects of varying the microbial input, and
the dependence of such effects on polymorphisms within the innate
immune system. Some of the work indicating the effects of the mi-
crobial environment will be outlined in the following sections, and
where this has been looked at in relation to the innate immune sys-
tem, this will be indicated.

3.5.1 Models of Inflammatory Bowel Disease
and Microbial Exposure

Interleukin 10-deficient (IL-107") mice remain healthy under germ-
free conditions, but some IL-10-deficient strains develop colitis
when given a normal specific pathogen-free (SPF) bowel flora. This
is due to a poorly controlled immune response to the bowel flora.
Interestingly, colonisation of germ-free IL-107" mice with Lactoba-
cillus plantarum does not induce colitis, and can protect from sub-
sequent introduction of SPF flora. Moreover L. plantarum also alle-
viates the established colitis in SPF IL-107" mice (Schultz et al.
2002). These protective effects may depend upon TLRY, which
binds CpG motifs (Rachmilewitz et al. 2002). Similarly, antigen
preparations from anaerobic bowel commensals given by gavage to
Balb/c mice alleviate colitis induced by dextran sulphate, which is
also attributable to an immune response to gut contents (Verdu et al.
2000). Interestingly, the colitis seen in SPF IL-27" mice also de-
pends upon the presence of intestinal bacterial flora (Contractor et
al. 1998).

HLA-B27 transgenic rats provide another model. Normal luminal
bacteria play an essential role in initiating and perpetuating the
chronic colitis, gastritis, and joint disease in these animals (Rath
2002), though the skin and genital inflammatory lesions are unaf-
fected by the germ-free state. Obligate anaerobic bacteria, especially
Bacteroides species, may play a predominant role, since metronida-
zole prevents colitis (Rath 2002).
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3.5.2 Models of Allergic Disorders and Microbial Exposure

A number of observations suggest a role for commensal intestinal
flora in allergic disorders. For example, in germ-free mice IgE pro-
duction cannot be switched off by orally induced tolerance (Sudo et
al. 1997). Similarly, neonatal antibiotic treatment can deviate the im-
mune system towards Th2. These effects are prevented if commensal
intestinal flora are re-introduced (Sudo et al. 1997, 2002). Such ob-
servations imply a role for T, induction in the gut in these animal
models of allergy. It was recently proved that a preparation of an en-
vironmental saprophytic mycobacterium can induce allergen-specific
Treg (CD4*, CD45RB'Y, IL-10") that not only inhibit allergic symp-
toms, but are also active in a passive transfer model. Their function
in the allergic recipient animals was blocked by a combination of
anti-IL-10 and anti-TGF-f (Zuany-Amorim et al. 2002a,b). The
same material is active via the oral route, though it has not been for-
mally shown that the material acts via induction of T, when used
in this way (Laura Rosa Brunet, Jon Hunt, and Graham Rook; un-
published observations).

Another model is provided by the DS-Nh (DS Nh/*) mouse.
These animals develop dermatitis spontaneously when they are
housed in a conventional environment. When they are raised under
SPF conditions, similar clinical and histopathological symptoms
were inducible with repeated percutaneous immunisation of heat-
killed Staphylococcus aureus on the back (Hikita et al. 2002). The
dermatitis can occur in the absence of S. aureus, but is less severe
(Watanabe et al. 2003). There are likely to be complex interactions
between the gut flora (absent/SPF/normal), and the presence or ab-
sence of the inducing organism (S. aureus), and polymorphisms
within the innate immune system.

3.5.3 Models of Autoimmune Disease and Microbial Exposure

Not all models of autoimmune disease are influenced by microbial
flora, but many are. For instance, non-obese diabetic (NOD) mice
reared in gnotobiotic environments have worsened diabetes (Kukreja
and Maclaren 2002). Similarly, female PVG/c strain rats maintained
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under specific pathogen-free conditions until weaning were found to
be significantly less susceptible to the induction of autoimmune thyr-
oiditis by thymectomy and irradiation than conventionally reared
rats of the same strain (Penhale and Young 1988). However the most
striking effects are seen in various models of autoimmune arthritis.
Although the mechanisms were not understood, it was known in the
1980s that germ-free rats were moderately susceptible to adjuvant
arthritis, and that this susceptibility could be enhanced or decreased
simply by reconstituting the bowel flora with different bacterial spe-
cies (Kohashi et al. 1985). Thus, bacterial flora can influence sus-
ceptibility to arthritis either way, causing either exacerbation or at-
tenuation of disease. This variability may highlight the need to dis-
tinguish between “old friends” that are inducing immunoregulation,
and “triggering” organisms that induce disease in appropriate hosts
either as target antigens, or as a result of some critical cross-reactiv-
ity. Susceptibility to pristine-induced arthritis, which involves im-
mune responses to hsp60, requires exposure to other arthritic ani-
mals, presumably to something present within their microbial flora
(Thompson and Elson 1993). Similarly, neither the ankylosing enthe-
sopathy in B10.BR mice (Rehakova et al. 2000) nor the inflamma-
tory peripheral joint disease of HLA-B27 transgenic rats will occur
if the animals are raised in a germ-free environment (Taurog et al.
1994).

The previous paragraph describes models in which the microbial
flora exacerbate the arthritis, but in general the bacterial flora appear
to protect. For example, collagen-induced arthritis is increased in
germ-free DA rats compared to conventionally raised rats (Breban et
al. 1993). Similarly, germ-free Wistar rats are much more suscepti-
ble to adjuvant arthritis than are conventionally raised Wistar rats
(van de Langerijt et al. 1994). Moreover, transfer of spleen cells
from the “dirty” rats to the clean rats is sufficient to reduce the sus-
ceptibility of the latter (Moudgil et al. 2001). Thus in various rat
strains, background exposure to harmless microorganisms can influ-
ence Thl-mediated autoimmunity, and the last experiment quoted
suggests a role for T,.,. The mechanism has been studied further in
streptococcal cell wall arthritis. This is a chronic, erosive polyarthri-
tis that can be induced in susceptible Lewis rats by one i.p. injection
of an aqueous, sterile suspension of streptococcal cell wall. Interest-
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ingly, F344 rats housed under conventional conditions are resistant
to this treatment because commensal bacterial bowel flora induce
neonatally a state of tolerance to arthritogenic epitopes in the strep-
tococcal cell wall material. This state of tolerance is maintained
throughout life. In contrast, germ-free F344 rats are as susceptible to
streptococcal cell wall-induced arthritis, as are Lewis rats. This sus-
ceptibility of germ-free F344 rats rapidly disappears if the bowel
flora are reconstituted. In contrast, Lewis rats are arthritis-prone
even when they have normal bowel flora, because this tolerance is
deficient and/or easily broken (van den Broek et al. 1992).

3.6 Conclusions

In conclusion, the “old friends hypothesis” seeks to explain the in-
creasing prevalence of many chronic inflammatory disorders as a
failure of immunoregulation secondary to decreased exposure to cer-
tain microorganisms that have been present throughout our evolu-
tionary history. It is argued that these organisms are effectively part
of our physiology, and are recognised as harmless by the innate im-
mune system, which then activates immunoregulatory circuits, in-
cluding T, and regulatory APCs. The “old friends” consequently
act as adjuvants for other antigens such as self, allergens, and gut
contents, and so limit chronic inflammatory immunoregulatory disor-
ders. These mechanisms can be revealed by altering the microbial
exposure, or by studying the presence of polymorphisms of the in-
nate immune system, since these two factors provide a series of clas-
sical gene—environment interactions. An important consequence of
this understanding is the fact that the enormous variability of animal
models of inflammatory disorders in different laboratories can now
be exploited to investigate these gene—environment interactions. Ex-
periments based on these differences, perhaps involving collabora-
tions between laboratories, or the use of gnotobiotic mice reconsti-
tuted with one or a few microbial species, can be applied to those
animal models where variable microbial exposure is already known
to exert a profound influence.
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