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Introduction

Summary

There has been considerable interest in defining the relationship between the
expression of allergic and autoimmune diseases in populations of patients.
Are patients with autoimmune disease ‘protected’ from developing allergic
(immunoglobulin E-mediated) diseases? Does the establishment of an atopic
phenotype reduce the risk of the subsequent development of autoimmune
diseases? Although there are clinical studies addressing this question, meth-
odological problems, particularly in identification of atopic subjects, limits
their usefulness. Moreover, an immune-based explanation of the observed
epidemiological findings has relied on a paradigm that is currently undergo-
ing increased scrutiny and modification to include newly defined effector cell
subsets and the interaction between genetic and environmental factors, such
as early endotoxin or mycobacterial exposure. To address this question,
we reviewed a series of clinical reports that addressed coincidence or
co-prevalence of atopy with four autoimmune diseases: psoriasis, rheumatoid
arthritis, multiple sclerosis and type I diabetes mellitus. We present a model
whereby active T helper type 1 (Thl) inflammation may suppress the devel-
opment of atopy, and atopy may suppress the severity but not necessarily the
onset of autoimmunity, and then discuss our model in the context of mecha-
nisms of adaptive immunity with particular reference to the Th1/Th2
paradigms. Because the ultimate goal is to ameliorate or cure these diseases,
our discussion may help to predict or interpret unexpected consequences of
novel therapeutic agents used to target autoimmune or atopic diseases.

Keywords: allergy, autoimmunity, multiple sclerosis, rheumatoid arthritis,
T cell subsets, type I diabetes mellitus

and its interaction with environmental factors, such as early
endotoxin or mycobacterial exposure [1,2].

There has been considerable interest in defining the relation-
ship between the expression of allergic and autoimmune
diseases in populations of patients. Are patients with
autoimmune disease ‘protected’ from developing allergic
[immunoglobulin E (IgE)-mediated] diseases? Does the
establishment of an atopic phenotype reduce the risk of the
subsequent development of autoimmune diseases? Although
there are clinical studies addressing this question, method-
ological problems, particularly in identification of atopic
subjects, limits their usefulness. Moreover, an immune-based
explanation of the observed epidemiological findings has
relied on a paradigm that is currently undergoing increased
scrutiny and modification to include genetic predisposition

Until recently, the adaptive cellular immune response has
been characterized broadly as being polarized in one of two
directions: type 1 or type 2 [3]. Type 1 responses, directed by
T helper type 1 (Thl) CD4" T cells and identified by the
signature cytokine interferon (IFN)-y, are considered to
protect against infections by intracellular pathogens [4], and
have been incriminated in the pathogenesis of autoimmune
diseases such as rheumatoid arthritis (RA), multiple sclerosis
(MS) and type 1 diabetes mellitus [5,6]. By contrast, type 2
responses, directed by Th2 CD4" T cells and identified by
the signature cytokines interleukin (IL-4), IL-5 and IL-13,
are considered to protect against helminthic infections [7]
and to play major pathogenic roles in allergic diseases and
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asthma [8]. Reciprocal counter-regulation of Thl and Th2
cells [9] predicted that Thl-type autoimmune diseases and
Th2-mediated allergic diseases would occur in mutually
exclusive populations of patients. However, recent observa-
tions have challenged the validity of the long-standing Th1/
Th2 paradigm [10], and a far more complex story explaining
the immunological basis of cellular immune-mediated host
defence and the pathogenesis of autoimmune and allergic
diseases is emerging. The new paradigm identifies additional
lymphocyte subsets, such as Th17 T cells, regulatory T cells
(T.) and novel soluble factors. These help to explain experi-
mental observations not predicted by the Th1/Th2 para-
digm, and provide a new prism through which to examine
the intersection of autoimmune and allergic disease [10]. In
this paper, we first take a critical look at the epidemiological
literature bearing on the relationship between allergic and
autoimmune diseases, and then examine the findings in the
context of current principles that underlie immune medi-
ated tissue damage.

Epidemiological reports

To review the epidemiological literature addressing this issue,
multiple strings were used to search through the National
Library of Medicine database (Pubmed). The term ‘autoim-
munity’ as well as each autoimmune disease was searched in
combination with ‘allergy’, ‘atopy’ and ‘asthma’ (e.g. MS and
allergy, MS and atopy, MS and asthma) with the qualifier
‘human’. For purposes of this study, we used ‘atopy’ to mean
a history of atopic dermatitis (AD), allergic rhinitis and/or
asthma. While not all asthma is truly atopic—i.e. IgE-
mediated — Th2-mediated adaptive responses are associated
generally with asthma regardless of the levels of allergen-
specific IgE.

The reports used for this review, along with the method of
the study, can be found in Table 1. As expected for two sets of
diseases that arise as a consequence of environmental and
polygenic factors, none are perfect. Studies that were derived
from national registry databases and/or questionnaires allow
for a large number of study subjects, but rely on historical
reports from clinicians or the subjects rather than objective
diagnostic criteria. They also risk recall bias that would pre-
dispose towards a type II error — failure to infer exclusivity
between autoimmunity and atopy when indeed it exists.
Case—control studies include objective data [e.g. laboratory
tests, skin prick tests (SPT), spirometry] but risk selection
bias in the choice of control subjects. Most studies were not
powered for sample size. While studies with very large
numbers of subjects (>10000) would have survived
power analysis, some of the smaller studies are clearly
underpowered. If the statistical evidence did not support
reported differences in the experimental and control groups
[i.e. P-values > 0-05, or confidence intervals (CI) that overlap
1-0], we rejected those conclusions. Not withstanding these
hurdles, the reports segregated largely into comparisons of

the incidence of atopy with three autoimmune diseases that
are considered historically to be Th1-mediated: MS, RA and
type 1 diabetes mellitus.

Rheumatoid arthritis and atopy

Because IL-12 and IL-18 are expressed in the synovial lining
in inflamed joints, RA is considered a Th1 disease [42—45].
While RA is associated with human leucocyte antigen (HLA)
class 1I alleles [46,47] and polymorphisms that encode
tumour necrosis factor (TNF) and IL-10 [48,49] genes, there
are no known genetic associations with Thl cytokines or
their associated signalling molecules. RA was linked recently
to a single nucleotide polymorphism (SNP) in SLC22A4,
an organic cation transporter that is highly expressed in
inflamed joints of mice with collagen-induced arthritis [50].
Polymorphisms in SLC22A4 have also been linked to
Crohn’s disease, also associated with Th1 mechanisms [51].

O’Driscoll and colleagues compared 40 subjects with RA
to age-matched controls and found a similar incidence of
atopy as determined by history or SPT. They also found that
two of 266 atopic subjects followed in an allergy clinic had
RA, a prevalence rate similar to that for RA in the general
population [34]. Olsson and colleagues [38,52] found no
clear associations between RA and atopy on a retrospective
analysis of 281 Swedish patients treated for RA and 507
population-based controls. Although the prevalence of
autoimmune and AD in the respective groups of subjects
and control populations did not differ, the studies were small
and probably underpowered.

In contrast, two questionnaire-based studies suggest an
inverse correlation of the prevalence of self-reported atopy
among cohorts who meet the American Rheumatism
Association criteria for RA. Hilliquin and colleagues [36]
compared 173 consecutive RA patients from their clinic to
age- and sex-matched case controls and found, indepen-
dent of treatment for RA, a decreased incidence and point
prevalence of atopy. Rudwaleit et al. [37] used questions
extracted from the European Community Respiratory
Health Survey and the International Study of Asthma and
Allergies in Children (ISAAC) protocols to analyse 728 sub-
jects with RA from a database of university out-patient
clinics and 900 controls comprised of a combination of
hospital staff members and elderly patients with osteoporo-
sis. In this study, prevalence of ‘hay fever’ and AD in
general was decreased in the RA subjects by about 45% and
35% respectively. Most interesting was a subanalysis that
found lower severity of RA among those subjects who pre-
sented with AD prior to the onset of RA.

These two studies are supported by a Dutch retrospective
cohort study of 643 consecutive rheumatology patients, of
whom 304 met the American College of Rheumatology cri-
teria for RA. Allergic rhinitis was confirmed by SPT, and was
less prevalent in the RA subjects (4% versus 8%) with a
significant decrease in relative risk (0-48, 95% CI 0-25, 0-92,
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P < 0:05). The subjects with both RA and allergic rhinitis had
lower RA clinical scores, erythrocyte sedimentation rates
(ESR) and C-reactive protein levels (CRP). Furthermore,
during the pollen season, peripheral blood mononuclear
cells (PBMC) from subjects with both RA and allergic rhini-
tis secreted less IFN-y in vitro compared with PBMC from
subjects with RA alone. Once the pollen season ended, IFN-y
expressed by PBMC from the dually affected subjects rose to
levels similar to those from subjects with RA alone [35].
Although not without flaws, these studies taken together
suggest that first, atopy is decreased in patients with RA
compared with controls, and second that among those
patients with both diseases, the severity of RA is decreased.

Multiple sclerosis and atopy

Multiple sclerosis is a chronic autoimmune disease in which
the antigenic target is central nervous system myelin. Both
CD4 and CD8 T cells are found in MS lesions, as is expres-
sion of IFN-y and TNE However, CD4" Th1 cells have been
incriminated traditionally as the major orchestrators of the
acute inflammatory process. The strongest genetic linkages
are with HLA class II haplotypes [53]. While several
questionnaire-based studies showed no association between
MS and atopy [24-29,32], two recent studies demonstrate an
inverse relationship between them. Oro and colleagues [30]
studied 35 MS patients and 18 control patients who were
followed for non-inflammatory neuroconvulsive disorders.
All patients answered questionnaires, and all but 11 MS
patients had blood drawn for total and allergen-specific IgE.
Allergy symptom scores and the number of positive allergen-
specific IgE tests were lower among the patients with MS.
Tremlett et al. [33] evaluated the hospital records of 320
Welsh patients and matched controls and found a lower
prevalence of patients who received the diagnosis and a pre-
scription for treatment of atopic asthma, but not AD among
patients with MS.

Whether atopy may affect the clinical course of MS
similar to its suggested effect on RA is difficult to deter-
mine because of the widespread use of sedating anti-
histamines until 1985, when a non-sedating anti-histamine
was licensed. While both sedating and non-sedating of
anti-histamines are inhibitors of histamine receptor 1
(HR1), only the sedating anti-histamines cross the blood—
brain barrier easily [54]. Multiple reports demonstrate a
role for HR1 in generating Th1 responses [55-57] and HR1
antagonists decrease the severity of experimental auto-
immune encephalomyelitis, the animal model for MS [58].
Recently, Alonso and colleagues reported a case—control
study that showed an inverse correlation between MS risk
and treatment of allergy with sedating, but not non-
sedating anti-histamines [59]. Thus, while we may con-
clude an inverse relationship between MS and atopy, it
must be confirmed by studies that take the use of sedating
HRI anti-histamines for atopy into account.

Nexus between atopic disease and autoimmunity

Type I diabetes mellitus and atopy

Type I diabetes mellitus is an autoimmune disease caused by
cell-mediated immunity targeting pancreatic islet beta cells.
In animal models, Th1 cytokines such as IFN-yand IL-12 are
associated with islet cell destruction [60,61], and Th2
cytokine-secreting T cells are protective [62]. Among many
known autoantigens, only pro-insulin and insulin are islet-
cell specific [63]. Specific T cells stimulated with pro-insulin
peptides secrete IFN-y, while cells from many controls
secrete the regulatory cytokine IL-10 [64].

Type I diabetes mellitus is linked strongly with HLA class II
haplotypes, some of which predispose to disease and others
that protect [65]. While the HLA linkages are by far the
strongest immunological risk factor, type I diabetes mellitus is
also associated with polymorphisms in non-coding regions
of two cytokine genes, IFN-y [66] and IL-12 p40 [67], and
an amino acid substitution in cytotoxic T lymphocyte-
associated molecule 4, a co-stimulatory protein essential for
attenuating cell-mediated immunity [68-70].

The earliest observations of an inverse association
between diabetes mellitus and allergic diseases prompted
many reports throughout the mid-20th century. While two
of these are included in Table 1 for historical reference [11],
only those addressing subjects with type I diabetes mellitus
are considered here. A recent meta-analysis concluded a
‘small but significant’ decrease in asthma prevalence in chil-
dren with type I diabetes mellitus [23]. Studies of interest are
discussed below.

Douek and colleagues used the ISAAC questionnaire to
compare 157 probands with type I diabetes mellitus to 173
unaffected siblings, and found that fewer type I diabetes
mellitus subjects than controls had wheezed at all within
12 months of the study, or had multiple or speech-limiting
episodes of wheezing [16]. The EURODIAB ACE Substudy 2
study group was comprised of eight centres in eastern and
western Europe and reported data collected by interviews
from five of the centres and by questionnaire from the other
three. Probands with type I diabetes mellitus were compared
with population-based controls. AD, and asthma in particu-
lar, were decreased in children with type I diabetes mellitus.
Two sites in the United Kingdom, where the incidence of
atopy was the highest, accounted for 40% of the diabetics
and may have contributed disproportionately to the study as
a whole. Furthermore, only the western European centres
demonstrated the inverse relationship between type I diabe-
tes mellitus and atopy, and the incidence of atopy was higher
in the type I diabetes mellitus than controls in the Bulgarian
cohort. Because atopy preceded type I diabetes mellitus, the
authors’ inference that atopy may protect children from type
I diabetes mellitus [17] may reflect the greater prevalence of
atopy in western populations.

Stromberg and colleagues [15] compared 61 Swedish chil-
dren with type I diabetes mellitus to age- and sex-matched
controls, and found no differences in history, SPT and total
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and specific IgE. Similarly, data from a 1987 Finnish registry
[18], a British health and nutrition survey [40] and a Dutch
cross-sectional survey [22] found no differences in the
cumulative incidence of asthma between type I diabetes mel-
litus patients and controls.

Perhaps the most provocative report is a retrospective
case—controlled comparison of 928 Danish children with
type 1 diabetes mellitus to a random sample of 10 000
population-based controls that found a lower cumulative
incidence of AD in the diabetics [19]. Uniquely, this report
showed the inverse correlation only among those diabetics
who had AD prior to the onset of type I diabetes mellitus.
Diabetics in whom the onset of AD followed type I diabetes
mellitus were no different from controls. This study high-
lights a unique feature of type I diabetes mellitus relative to
autoimmune diseases such as MS and RA: the pancreatic islet
beta cells are diminished when type I diabetes mellitus pre-
sents [71], such that the inflammation, while not completely
resolved, has diminished to a level insufficient to affect other
responses. The concept of waned type 1 inflammation after
clinical presentation of type I diabetes mellitus is supported
by high serum levels of IL-18, IFN-y and CXCL9 (an IFN-y
inducible chemokine) in newly diagnosed diabetics com-
pared with those with long-standing disease [72] and
low-risk controls [73]. Alternatively, defective regulatory
mechanisms may make those with active type I diabetes
mellitus equally prone to subsequent atopic or autoimmune
disease.

Consistent with the interpretation that active type 1
inflammation protects against clinical presentation of AD is
a recent analysis of almost 500 000 Israeli adults at the time
of their enrolment into military service between 1980 and
2003. The diagnosis of asthma was confirmed by spirometry.
Asthma prevalence and incidence were correlated inversely
with a number of autoimmune diseases that were also diag-
nosed at enrolment [41], suggesting that those with newly
diagnosed autoimmunity were less prone to have asthma.

Taken together, the studies that generalize the least and
support the diagnoses with objective clinical and/or labora-
tory data suggest a model whereby Thl inflammation
suppresses the development of atopy [19], while Th2 inflam-
mation suppresses the severity and perhaps the onset of
some autoimmune diseases [35].

Mechanisms of type 1 and type 2
counter-regulation

As noted previously, the reciprocal counter-regulation of
type 1 and type 2 pathogenic mechanisms led to the hypoth-
esis that diseases mediated by these respective processes
might not occur or would be less severe in the same patients.
Evidence for the Th1/Th2 paradigm was provided originally
by the observation that signature cytokines and transcrip-
tion factors are both necessary and sufficient for polarization
in one direction or the other. IL-12 is central to developing

Thl responses [74] and is secreted primarily by dendritic
cells (DC) in response to infection with intracellular patho-
gens, or stimulation of cell surface proteins such as those in
the Toll-like receptor family [75]. The central role for IL-12
in the paradigm is emphasized by the biological activity of
IL-18, which enhances Th1 development in the presence of
IL-12, and Th2 development in its absence [76]. The finding
that IFN-vy in the absence of IL-12 may similarly enhance
Th2 development was surprising [77], as IL-12 shares no
signalling pathways with IL-18.

The transcription factor T-bet (T-box, expressed in T
cells) is expressed in Th1, but not Th2 cells [78]. T-bet trans-
activates the IFN-y gene promoter [74]. T-bet itself is
expressed after a sequence of events that consists of IL-12
secretion, activation in the T cell of the transcription factor
signal transducer and activator of transcription-4 (STAT-4),
followed by the secretion of IFN-y by the responding T cell,
and then activation of STAT-1. STAT-1 stimulates transcrip-
tion of T-bet which initiates an autostimulatory positive
feedback loop of subsequent IFN-y secretion and STAT-1
activation [74]. The importance of T-bet and Th1-polarized
CDA4" T cells in protecting against AD was demonstrated by
studies conducted in T-bet knock-out mice. These animals
developed spontaneously a pulmonary disease that recapitu-
lated the clinical and pathological features of asthma [79]. A
recent report associates a SNP in the 3’-untranslated region
of the T-bet gene with asthma [80].

Interleukin-4 is the principal cytokine leading to the
development of Th2 cells. An initial source of IL-4 may be
the natural killer T (NK T) cell, which is essential for the
development of asthma in a murine model [81]. GATA
binding protein 3 (GATA-3) is a major Th2 regulatory factor
[74] that is necessary for polarization towards the Th2 phe-
notype, in which cells express IL-4 and IL-5 and fails to
express the § chain of the IL-12 receptor (IL-12RJ) [82,83].
GATA-3 expression is repressed by the combination of IL-12
and IFN-y and augmented by IL-4. Activated GATA-3
enhances transcription of its own gene, and represses [FN-y
and STAT-4 expression [84,85]. In the context of the differ-
entiation of naive T cells, GATA-3 dominates T-bet indepen-
dently of IL-4 and thus Th2 cells emerge. Once the T cell
response has developed, however, T-bet dominates GATA-3
independent of IFN-y [86,87].

Thymic stromal lymphopoeitin (TSLP) is the latest addi-
tion to the list of Th2 polarizing molecules [88]. Appreciated
originally as a molecule produced under homeostatic condi-
tions in the thymus, it is now clear that mucosal and skin
epithelial cells also produce TSLP. TSLP conditions DC to
express OX40L [89], which when presenting antigens to
naive CD4" T cells, promotes their differentiation to Th2
cells [90]. High concentrations of TSLP can be found in the
bronchial epithelium and submucosa of allergic asthmatics
and in the skin of patients with AD [91]. It has been pro-
posed that TSLP-DC conditioned Th2 cells in these environ-
ments express an inflammatory phenotype characterized by
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the production of large amounts of the classical Th2 cytok-
ines and the proinflammatory cytokine TNE, but not the
anti-inflammatory cytokine IL-10 [89]. Recent studies con-
ducted in TSLP-deficient and TSLP-transgenic mouse
models support strongly a major role for TSLP in the devel-
opment and maintenance of AD [92,93].

On the other hand, TSLP-DCs also may lead to the gen-
eration of a population of a subset of anti-inflammatory Th2
cells that are distinguished by their production of the classi-
cal Th2 cytokines and IL-10, but not TNF [89,91]. For
example, it appears that intestinal epithelium secretion of
TSLP provides a homeostatic mechanism for counteracting
the Th1 properties of commensal gut organisms through the
generation of such ‘tolerogenic’ Th2 cells [94]. Of note,
Crohn’s disease has been reported to be associated with a loss
of such TSLP-mediated homeostatic control [94].

The above discussion highlights current understanding
of the cellular and molecular basis of the Thl and Th2
paradigm. From the mechanistic standpoint, this discus-
sion helps to explain why atopic and certain autoimmune
disorders have been categorized as Th2- or Thl-mediated
disorders.

Challenges to the Th1/Th2 paradigm

T helper type 1 cells in the pathogenesis of asthma
and AD

Several studies challenge that the Th1/Th2 paradigm has
served as a useful basis for thinking about the pathogenesis
autoimmune and AD. For example, Thl cells can transfer
airway hypersensitivity in an animal model of allergic
asthma [95,96] and mediate inflammation during the
chronic stages of AD (reviewed in [97]). In addition, it has
been reported recently that Th1 cytokine secretion was asso-
ciated with the size of immediate hypersensitivity skin test to
allergen and bronchial hyperresponsiveness in a large cohort
of affected children [98]. Furthermore, while clinical trials
support a role for IFN-y in the pathogenesis of MS [99] and
TNF in RA and Crohn’s disease [100], others indicate that
TNF inhibitors might exacerbate MS and other demyelinat-
ing diseases [101,102]. Also, experimental models of MS and
RA demonstrated that TNF and IFN-y might have protective
effects if administered after the clinical appearance of tissue
destruction [103,104]. Thus, it appears that Thl cytokines
may either be pro- or anti-inflammatory in the same
autoimmune disease, with the outcome dependent upon
when, in the course of pathogenic events, they are
introduced.

Contributions of IL-17 to immune-mediated
inflammation

The emergence importance the Th17 lineage represents the
latest challenge to the inviolability of the Th1/Th2 paradigm
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[105,106]. Th17 cells secrete IL-17A and IL-17F, two of six
members of the IL-17 cytokine family (reviewed in [107]).
These cells differentiate along a pathway that is totally inde-
pendent of Thl and Th2 cells, expressing neither the Thl
transcription factors, T-bet and STAT-4, nor the Th2 tran-
scription factors, GATA-3 and STAT-6 [97]. Th17 cells dif-
ferent from naive CD4" T cells in response to IL-6 secreted by
stimulated DC and transforming growth factor-f3 secreted by
Tr [108,109], and are maintained by IL-23. Through expres-
sion of their signature cytokines IFN-y and IL-4, Thl and
Th2 cells antagonize the differentiation of Th17 cells [110].
Th17 cells play a pivotal role in the pathogenesis of several
autoimmune diseases, largely by induction of cytokines and
chemokines that promote chemoattraction of inflammatory
cells. Moreover, it is becoming clear that Th17 cells contri-
bute to the pathogenesis of the chronic inflammation seen in
several autoimmune diseases considered traditionally to be
mediated by CD4 Th1 cells [111,112].

Blurring distinctions further between mechanisms con-
tributing to autoimmunity and AD, IL-17 may contribute to
the pathogenesis of asthma. Expression of IL-17 is increased
in the airways of asthmatic patients and it can induce bron-
chial fibroblasts to produce IL-6 and IL-11 [113]. The con-
centration of IL-17 in sputum from asthmatics is increased,
and the levels correlate with the degree of bronchial hyper-
responsiveness [114]. IL-17 is also over-expressed in nasal
polyps in association with increased collagen deposition
[115]. These results highlight a possible contribution of
IL-17 to the structural changes in the airway seen in chronic
asthma. The production of IL-8 by human airway smooth
muscle cells is stimulated by IL-17, suggesting a role for this
cytokine in neutrophilic forms of asthma [116]. While the
responsible IL-17 family members were not specified in these
reports, the reagents used to identify responses induced by
IL-17 suggest that Th17-derived IL-17 cytokine family
members were very probably the responsible factors.

To make matters even more confusing, IL-17E is emerging
as a factor in the development of allergic inflammation.
IL-17E, which is now called IL-25, is expressed by murine
Th2 cells and targets a novel innate immune cell to produce
IL-4, IL-5 and IL-13 and the CC chemokines, CCL5 and
CCL11 (eotaxin). IL-25 induces many of the features of
allergic inflammation in mice, and suppresses both Th1- and
Th17-mediated inflammation in some experimental models
of autoimmune disease [107]. The differentiation of and
interrelationships between these various CD4 T cell subsets
and the potential for adverse consequences to therapeutic
intervention are depicted in Fig. 1.

Emerging role of NK T cells in the pathogenesis
of asthma

Whereas Th2 cytokines are still considered to be principal
effector molecules in the pathogenesis of asthma, it is no
longer clear that CD4" T cells are the major source of these
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Fig. 1. Differentiation of and nexus between CD4" T cell subsets. The
figure depicts the diversity of CD4" T cell subsets and their multiple
modes of interaction. Green arrows signify positive influences and red
lines inhibitory influences. All lines represent the activity of individual
cytokines except in the case of T helper type 17 (Th17) cell inhibition
by interferon-y and interleukin-4 where both cytokines must act in
concert. The crossed green arrows with the question mark below
indicate the potential for a Thl-specific immunomodulatory agent to
reveal or exacerbate a Th2 disease or vice versa. IL, interleukin; TGE,
transforming growth factor; IFN, interferon.

proinflammatory molecules. As noted above, studies in
mouse models of allergic asthma had indicated that NK T
cells were required for the development of allergen-induced
airway hyperreactivity [81]. NK T cells express features of
both traditional CD4" T cells and NK cells and express an
invariant type of T cell receptor that recognizes glycolipid
antigens in the context of CD1, a set of non-polymorphic
major histocompatibility complex class I proteins. While
NK T cells may express CD4, CD8, or neither CD4 nor CDS8,
it is primarily the CD4 expressers that secrete both Th1 and
Th2 cytokines rapidly upon activation [117]. Recently,
Akbari and colleagues made the striking observation that
CD4* NK T cells, and not classical CD4" T cells, represented
the dominant IL-4- and IL-13-secreting cell population in
the lungs of patients with moderate to severe persistent
asthma [81,118]. However, two subsequently published
studies showed that while the percentage of NK T cells found
in bronchoalveolar lavage fluid may be elevated, the magni-
tude of that increase is much lower than reported
by Akbari et al. [119-121]. Thus, while NK T cells appear
to contribute to the pathogenesis of mouse models in
asthma, their importance in human asthma remains to be
established.

The consensus is that NK T cells are protective in experi-
mental animal models of autoimmune disease as well as in
several types of human autoimmune disease [122]. It is con-
sidered that the NK T cells, which secrete a Th2 profile of
cytokines, are those that ameliorate autoimmunity [117].
Thus, the data at hand raise the possibility that the Th2-like
NK T cells may contribute to the pathogenesis of asthma,
and have a salutary immunoregulatory function in auto-
immune disease.

In summary, whereas the Th1/Th2 paradigm served as a
useful early framework for considering the relationship
between autoimmune and AD, the emergence of newly char-
acterized proinflammatory and T, cell subsets help to
explain why it can no longer be generally applied to models
of the pathogenesis of autoimmune or AD. Thus, it is not
surprising that the autoimmune and AD reviewed here do
not adhere consistently to the yin—yang relationship pre-
dicted by this once-hallowed construct.

Conclusions

From a mechanistic standpoint, the Th1/Th2 paradigm
suggested that diseases mediated by these two effector
CD4" T cell populations would segregate in distinct
patient populations. Despite the flaws of the epidemio-
logical studies referenced, the complex genetic and en-
vironmental factors that underlie atopy and autoimmune
diseases, and modifications of the Th1l/Th2 paradigm
to account for newly discovered subsets of T cells such as
T, and Th17 cells [114], our review supports Th1/Th2
segregation in some pairs of Th2-mediated AD and
putative Thl-mediated autoimmune disorders. Because
of this complexity, however, it is not surprising that
this inverse relationship is neither consistent nor
straightforward.

Some of the epidemiological reports suggest a model
in which ongoing Thl inflammation inhibits atopy. For
example, as insulitis diminishes, type I diabetes mellitus
becomes clinically manifest and protection by Thl inflam-
mation against development of AD abates. Two reports of
AD following anti-TNF therapy for RA [123,124] suggest
that pharmacological attenuation may have the same effect.
Whether or not atopy protects against autoimmunity, there
is objective evidence (ESR, CRP) that, at least in RA, it can
attenuate the clinical expression of autoimmunity. Because
mature Thl responses cannot be switched, transient attenu-
ation of RA in atopic subjects during the pollen season may
be due to suppressed Thl inflammation, rather than an
actual change in phenotype. For example, IL-4 secreted by
mast cells may not only trigger their apoptotic death, but also
suppress secretion of TNF and IL-1f by synovial macroph-
ages [125-127].

Even before novel selective therapeutic agents enter
clinical trials, the complex relationship between Thl and
Th2 inflammation outlined here must be considered,
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particularly in light of recent studies that suggest that
increasing prevalence of both autoimmune and AD are due
to dysfunctional regulatory mechanisms such as Ty, cells
[128] that may control either type of pathology. In this
context, a therapy that targets Thl- or Th2-specific
responses may reveal underlying atopy or autoimmunity
respectively. While proof of concept studies for novel thera-
peutic agents are performed generally in rodent strains that
are susceptible for the disease under investigation, it may
be worthwhile to determine, for example, whether an
anti-Th2 immunomodulatory agent that treats asthma
lowers the threshold for clinical presentation of DM
in the non-obese diabetic mouse. Conversely, how might
a potential anti-Thl immunomodulatory therapeutic
for MS affect the threshold for allergic sensitization?
Finally, as clinical testing of selective therapeutics
for autoimmune and AD progress towards larger pivotal
trials, it would be prudent to monitor for manifestations of
the onset of atopy or autoimmunity respectively, and
continue post-marketing monitoring after licensure of the

new drug.
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