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In recent years there has been a tremendous expansion in
our understanding about CD8+ T cells. We now know that,
as for CD4+ T cells, they can be divided into subsets (Tc1
and Tc2) according to the cytokines they secrete. These
subsets may differ in their capacity to kill and may even, in
some cases, provide help for B cell antibody production or
be involved in the induction of inflammatory responses. In
addition, there is a host of cross-regulatory networks
between different CD4+ and CD8+ subsets that control the
magnitude and duration of immune responses. The
observation that some antigens that are normally presented
by MHC class II and seen by CD4+ T cells can be presented
by MHC class I and stimulate CD8+ T cells increases the
possibility for such interactions. During the next few years we
can expect that our understanding of  the biology of CD8+

T cells and their role in immunity will increase.
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Abbreviations
BHR bronchial hyper-reactivity
CTL cytotoxic T lymphocyte
IFN-g interferon γ
OVA ovalbumin

Introduction
Shortly after IgE was discovered, in 1967, it became clear
that this class of immunoglobulin is more closely regulat-
ed than other immunoglobulin classes. Of major
importance are genetic factors — children of allergic par-
ents are more likely to become allergic and some strains
of mouse (BALBc and B6) and rat (Brown Norway,
Hooded Lister and PVG) are good IgE responders while
others (mouse SJL and rat Lewis and Wistar) are not.
This genetic restriction is independent of other isotypes
of antibody. The ability of different animals to make IgE
responses is not simply a function of whether or not they
process and present antigen via the appropriate HLA
molecules. Pioneering studies by Okamura and Tada [1]
showed that IgE responses had a very high requirement
for T cell help; however not all T cells provided help and
Okamura and Tada [2] showed that a subset of T cells
that expressed the Lyt2 antigen (i.e. CD8+ T cells; [3])
suppressed IgE production; however the picture is more
complex for, as well as inhibiting IgE responses, there is
now accumulating evidence that CD8+ T cells have the
potential to both stimulate IgE class-switching and pro-
mote allergic inflammation.

CD8+ T cell subsets
In 1986 Mosmann et al. [4] reported that long-term murine
CD4+ T cell clones could be segregated according to their
patterns of cytokine secretion. The following year Snapper
and Paul [5] reported that IL-4 was a switch factor for the
expression of the immunoglobulin ε heavy chain gene and
that this process could be inhibited by IFN-γ. CD4+ T cell
subsets comparable to murine Th1 and Th2 have been
described in the rat [6] and human [7]. Other CD4+ T cell
subsets — including Th0 cells (which exhibit an unre-
stricted cytokine profile) [8] and Th3 cells (which secrete
IL-4, IL-10 and high levels of transforming growth fac-
tor β) [9,10] — have since been described. Similar studies
of CD8+ T cells have now revealed the existence of dis-
tinct subpopulations (Tc1/Tc2/Tc0 cells) that can be
compartmentalised along broadly similar lines to CD4+

T cells [6,11–13] — with IFN-γ secretion representing
Th1/Tc1 cells, IL-4 secretion representing Th2/Tc2 cells
and an unrestricted cytokine profile representing
Th0/Tc0 cells. Tc1 and Tc2 memory cells are stable and
retain their cytokine pattern [14••].

Functionally, much less is known about CD8+ T cell sub-
sets. CD8+ T cells protect against infection [15,16] and
may restrict tumour growth [17•]. Le Gros and co-work-
ers [18] reported that purified CD8+ T cells, vigorously
stimulated in the presence of high concentrations of IL-4,
became noncytolytic CD8– CD4– cells and made type 2
cytokines (IL-4, IL-5 and IL-10). These cells were later
shown to be capable of switching B cells to make IgE [19].
It was also observed that freshly isolated human peripher-
al blood CD8+ T cells have the potential to make IL-4 at
similar [20], and sometimes greater [21], levels than those
produced by comparable CD4+ cells. This is true also in
the rat, where freshly purified CD8+ T cells stimulated
with phorbol myristate acetate and ionomycin expressed
more IL-4 mRNA than similarly activated
CD4+ T cells [6]. CD8+ T cells that secrete type 2
cytokines have also been isolated in a variety of diseases.
Salgame et al. [22] reported that some of the
Mycobacterium-leprae-specific CD8+ clones generated from
patients with lepromatous leprosy made IL-4, IL-5 and
IFN-γ but not IL-6 or IL-10. These clones were termed
type 2 clones or suppressor clones and inhibited M.-lep-
rae-specific CD4+ cytotoxic T lymphocytes (CTLs).
These CD8+ cells were atypical, as they were
MHC-class-II restricted [23]. Th2-like CD8+ T cells
secreting IL-4 and/or IL-5 but not IFN-γ have also been
found in HIV-infected individuals [24].

CD8+ T cell inhibition of IgE production
Rat [25] and mouse [26] IgE-inhibitory CD8+ T cells have
been generated both following inhalation of antigen and
following parenteral immunization [27–30]. More recently,
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MHC-class-I-restricted mouse CD8+ T cells that are spe-
cific for exogenous protein (bovine casein) and that
suppress IgE have been described [31] as well as
MHC-class-II-restricted [32] and TCRγδ+ [26] IgE-
inhibitory CD8+ T cells. The importance of CD8+ T cells
in regulating IgE responses was confirmed by
Holmes et al. [33••,34•] who showed that depletion of
CD8+ T cells enhanced IgE production. The mechanism
is not known but antigen-stimulated CD4+ T cells from
animals depleted of CD8+ T cells produced more IL-4 and
less IFN-γ. Interestingly this phenomenon was only seen
if CD8+ T cell depletion was performed after the primary
immune response. Depletion of CD8+ T cells prior to
immunisation rendered the rats IgE-hyporesponsive [35].

In BALB/c mice, Openshaw and co-workers [36••] have
shown that CD8+ T cells regulate the CD4+ Th1/Th2 bal-
ance in the immune response to infection with respiratory
syncytial virus. CD8+ T cells also accumulate in nonatopic
chronic respiratory diseases such extrinsic allergic alveoli-
tis [37•] and chronic obstructive bronchitis [38••]. In
asthmatic patients there is controversy about the source of
lung IL-5, with studies of bronchoalveolar lavage cells
showing that CD8+ T cells do not contribute to the IL-5
detected [39••], while studies of lung biopsies showed
that IL-5-producing CD8+ T cells were present in the air-
way submucosa [40••].

How CD8+ T cells regulate the allergic immune response
is not known. Secretion of IFN-γ by CD8+ T cells is the
most obvious explanation for their ability to inhibit IgE
production. IFN-γ production during the formative stages
of a CD4+ T cell response could inhibit the growth of Th2
cells directly, whilst favouring the expansion of
Th1 cells [41]. Alternatively CD8+ T cells could stimulate
macrophages to produce nitric oxide as part of a nonspecif-
ic suppressive process. IFN-γ that is derived from CD8+

cells could act directly on B cells to inhibit immunoglobu-
lin synthesis [5] and cytolytic CD8+ T cells could target
antigen-specific B cells or antigen-presenting cells.
MacAry et al. [42••] produced rat ovalbumin (OVA)-specif-
ic CD8+ T cell clones. These clones were MHC-class-I
restricted and varied in their ability to regulate IgE; how-
ever, their ability to inhibit IgE was unrelated to the levels
of IFN-γ they produce or to their in vitro cytolytic activity
for OVA-pulsed targets [42••]. Thus IgE-suppressor cells
may be distinct from the Tc1, IFN-γ-producing subset and
may produce other cytokines that suppress IgE respons-
es [43••]. For example Noble et al. [44••] have shown that
CD8+ T cells can selectively inhibit Th2 CD4+ T cells via
a Fas-ligand-mediated apoptotic pathway.

CD8+ T cells are normally restricted by MHC class I — as
in our experiments [42••] — but exceptionally recognise
antigen presented by MHC class II [10,22,23,32] or by
other HLA products such as Qa1, which may suppress
either Th1 cells [45••] or Th2 responses [46••]. Adjuvants
and vaccines that promote class-I-restricted processing of

allergen enhance CD8+ T cell responses [47,48••–50••]
and appear to be more effective in suppressing Th2 and
IgE immune responses. There is evidence for CD8+ T cell
activation in allergic patients, where oligoclonal activation
of CD8+ as well as CD4+ T cells was described following
challenge with antigen [51••]; furthermore, CD8+ T cells
accumulate in the lungs following bronchial provoca-
tion [17•,37•]; allergen-specific CD8+ T cell responses
have been detected both to a variety of different protein
antigens [52•–54•] and to drugs [55••,56•,57••,58••].
CD8+ T cells respond to a range of antigen-presenting
cells, including mast cells [59•], and to a wide range of anti-
gens — including carbohydrate determinants [60••].

Non-CD8+ T cell inhibition of IgE production
A recent paper has challenged the importance of
CD8+ T cells in the regulation of IgE responses. Coffman
and co-workers [61••] showed that, following inhalation of
OVA, it was possible to inhibit IgE responses indepen-
dently of CD8+ T cells. This contrasts with Holt and
co-workers [25,26,41] who have shown that CD8+ T cells
activated by inhalation suppressed IgE responses; howev-
er, recent experiments by Holt and co-workers [62••] on
regulation of the gastrointestinal IgE response have shown
IgE regulation that is independent of CD8+ T cells. Lamb
and co-workers [63••] generated MHC-class-I-restricted
CD8+ T cells in the mouse and these suppressed IgE pro-
duction; Renz et al. [64] showed the same thing in mice
following OVA inhalation as did Kapp and co-work-
ers [65••,66••] using TCRγ/δ+ CD8+ T cells. Lam and
co-workers [67••] have also identified regulation of mouse
Th2-type immune responses that was independent of
CD8+ T cells. What these CD8+-cell-independent
IgE-regulatory systems seem to have in common is that
they involve T cell anergy. Indeed being fed antigen can
inhibit both delayed-type hypersensitivity and Th1 or Th2
immune responses, depending on the dose of anti-
gen [68••]. The explanation for these different
mechanisms may lie in the pathogen status of the animals
used. We found that rats that were not free of Syphacia obl-
evata (a nematode) made the best IgE responses
(M Kemeny, D Diaz-Sanchez, A Noble, BJ Holmes,
unpublished data); it is well recognised that infection by
nematodes promotes IgE responses to bystander anti-
gens [69]. A second, surprising, variable is the preparation
of antigen. The late Ellen Jarrett reported optimal doses of
antigen varying from tens of ngs to mgs; we have observed
that in the same strain of rat from the same supplier this
optimum can vary from 0.1 µg to 100 µg. OVA is a potent
inducer of IgE responses but different batches vary con-
siderably. This has been attributed to the degree of
aggregation [70], which may affect antigen processing.

CD8+ T cells and asthma
As well as inhibiting IgE responses, there is evidence
that — under certain circumstances — CD8+ T cells can
actually be required for IgE responses. For example, rats
depleted of CD8+ T cells or nude rats reconstituted with
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CD4+ but not CD8+ T cells prior to immunisation failed to
mount an IgE response [35]. In vitro, Tc2 CD8+ T cells
could promote IgE class switching [18,19,71•]. Interestingly,
it appears to be IL-13 (a Tc2 cytokine) rather than IL-4 that
is responsible for this [72••]. In allergic patients there is
ample evidence that Th2-like CD8+ T cells are present at
sites of allergic inflammation [40••,73•] but it is not clear
either whether sufficient antigen is available to activate
them or the extent to which they contribute to allergic
inflammation. Experimental asthma models in animals have
provided compelling evidence that CD8+ T cells can mod-
erate antigen-induced airway inflammation and bronchial
hyper-reactivity (BHR) [74••]. Adoptively transferred
OVA-specific CD4+ T cells induce eosinophilic airway
inflammation and BHR in naive rats following experimental
challenge with OVA. These cells, isolated from spleens of
sensitised donor rats, induced BHR and airway eosinophilia
in naive recipient animals [75]. Purified CD8+ T cells, on
the other hand, did not — rather, they inhibited BHR and
airway inflammation [76••].

Conclusions
Regulation of the allergic immune response occurs by a
number of different processes. It is quite clear that CD8+

T cells play a major role in determining whether or not
an IgE response will occur. Their role in the established
IgE response is less clear although recent experiments in
my laboratory indicate that they could be induced to
suppress this. CD8+ T cells are now being found in a
variety of different tissues and are associated with an
ever increasing number of diseases. The challenge for
the next few years is to determine whether they are sim-
ply hanging around or whether they are active
participants in allergic disease.
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