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Th1/Th2 immunological concepts

Historical background

Since their original description by Mosmann and Coffman
(1) in the mid eighties, the concept of CD4 T helper type
1 (Th1) and Th2 lymphocyte subpopulations has domina-
ted the field of immunology and their discovery has provi-
ded a basis to explain the reciprocal nature of polarized
immune responses. The different roles that Th1 and Th2
lymphocytes play in normal and pathological immune res-
ponses are in large part due to the production of cyto-
kines. These are soluble and low molecular weight pro-
teins with pleiotropic and redundant functions. 

Cytokines associated with Th1 or Th2 responses

When a naïve precursor cell (Thp) recognises an antigen
presented by an antigen-presenting cell (APC), it enters
into a phase of both production and consumption of IL-2
via an IL-2 autocrine pathway. At this stage, the T cell has
the capacity to polarize towards a Th1 or Th2 phenotype.
During this differentiation process, the genes for several
effector cytokines such as IL-4, IFN-γ and IL-10 are

expressed. Once fully differentiated, activated Th1 cells
produce IL-2,IFN-γ and lymphotoxin (LT,TNF-β), whereas
activated Th2 cells produce IL-4, IL-5, IL-6, IL-10 and IL-
13 (2). The skewing of an immune response to either a
Th1 or Th2 cell-mediated response is dependent on the
interaction of cytokines, chemokines and adhesion mole-
cules with their respective receptors involving T cells as
well as APC. Under certain conditions, these stimuli may
also lead to a clonal T cell population (Th0) producing
both type-1 and type-2 cytokines.

Cytokines play a major role in the differentiation of T hel-
per Type-1 or Type-2 cells (table 1) (3). IL-12 is a cytoki-
ne which is essential to Th1 differentiation (4). It is produ-
ced by monocytes and dendritic cells and it is a strong
inducer of IFN-γ production by T cells and natural killer
cells. A number of other cytokines, produced by APC, play
a role in the process of Th1 differentiation as well.
Because a functional IL-12 receptor consists of two
chains, an IL-12Rβ1 and an IL-12Rβ2 chain, naïve T
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cells, which only express the IL-12Rβ1 chain, do not
respond to IL-12. The expression of the IL-12Rβ2 chain is
induced on naïve T cells by IFN-α, which renders these
cells responsive to the IFN-γ-inducing effects of IL-12 (5).
Moreover, IL-12 acts in concert with IL-18 (6) and IL-23
(7) two cytokines with strong IFN-γ inducing effects as
well. However, none of the cytokines on its own is able
to fully induce the differentiation of naïve T cells into Th1
cells. The role of IL-18 is underscored by the finding that
the IL-18R is a member of the Toll family of receptors
involved in anti-bacterial and inflammatory Th1 cell-
mediated responses. Although the role of IL-23 in Th1 dif-
ferentiation is not yet clear, it is of interest to note that the
IL-23R shares a signal transduction component with the
IL-12R. To date, the only known cytokine to drive the dif-
ferentiation of naïve T cells into Th2 cells is IL-4, although
some controversy still exists as to the nature of the IL-4
producing cells in the early immune response (8).

Th1/Th2 cell activities

Th1 cells induce protective, phagocyte-dependent, immu-
ne responses toward intracellular micro-organisms, which
involve the induction of cell-mediated delayed type of
hypersensitivity reactions, as well as isotype switching by
B cells to the production of complement fixing and opso-
nising antibodies. Th2 cells are important for the elimina-
tion of extra cellular parasites. They are also involved in
the pathogenesis of allergic diseases, as a result of the
production of IL-4 and IL-13 which are switch factors for
the production of IgG and IgE antibodies by B cells, as
well as by the production of IL-5, a potent growth and dif-
ferentiation factor for eosinophils (2).
Immune responses, mediated by Th1 cells, generally cha-
racterized by inflammatory reactions, lead to tissue
damage and destruction which are, under normal physio-
logical conditions, counter-balanced by the anti-inflamma-
tory effects of IL-4, IL-10 and IL-13. This property has led
to the notion that Th2 lymphocytes play a role as a
"damper" of unwanted inflammatory reactions. Under
pathological situations, exacerbated Th1 effector res-
ponses are associated with the induction of certain
inflammatory diseases, such as Crohn's disease, and
autoimmune diseases, like rheumatoid arthritis, multiple
sclerosis and insulin-dependent diabetes mellitus sug-
gesting that the pathogenesis of these diseases is the
result of a lack of immunoregulatory activity (2, 7).

T regulatory cells

As Type-1 and Type-2 cytokines cross regulate each
others’ production, this provides a mechanism for regula-
tion of immune responses. It has become clear over the
past years that other subpopulations of CD4+ T cells also
play an important role in the homeostasis of the immune
response.

In particular, T regulatory type 1 (Tr1) cells, characterized
by high production levels of IL-10, but low levels of IL-2
and an absence of IL-4 production play a critical role in
the normal regulation of intestinal immune responses (9,
10). Another subpopulation of CD4+ T lymphocytes with
strong immunosuppressive activity can be generated
from myelin basic protein-specific T cells following the
oral administration of this protein to mice. These cells,
called Th3 cells, secrete high levels of TGF-β, but variable
amounts of IL-4 and IL-10 and can protect mice from
experimental autoimmune encephalomyelitis (11). 
Very recently, much attention has been paid to CD4+
CD25+ T cells, a hyporesponsive (anergic) T lymphocyte
population with strong immunosuppressive activities,
detected at low frequencies in human peripheral blood
(12-15), following earlier reports of the existence of such
cells in the mouse (16, 17). Like Tr1 and Th3 cells, the
CD4+ CD25+ T cells require antigen-mediated T cell
receptor triggering for the induction of suppressor activity
and, once activated, suppress T cell activation via an anti-
gen-independent bystander suppression mechanism. 
Whereas Tr1 and Th3 cells suppress the activation of
pathogenic Th1 cells in the local environment via secre-
tion of soluble mediators, the activity of CD4+ CD25+ T
cells seems to be dependent on cell-cell interactions, as
well. It has been suggested that interaction of CTLA-4
with its ligands is required for the immunosuppressive
effects of the CD4+ CD25+ subset (18, 19). This is howe-
ver controversial (20, 21) and the molecular mechanisms
that underly the activity of these cells remain to be deter-
mined. 
Taken together, various subpopulations of regulatory T
cells are involved in the suppression of systemic immune
responses, and their presence have been shown to pre-
vent the onset of inflammatory and auto-immune
diseases in experimental animal models. However, the
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downside of the activity of these cells is the possibility that
they may inhibit the induction of anti-tumor responses,
thereby interfering with successful tumor rejection, as it
has been demonstrated for CD4+ CD25+ T cells in a
mouse tumor cell models (22).

Migration of T lymphocyte subpopulations

The migration of effector and regulatory cell into distinct
sites of inflammation is critical for the maintenance of
immune homeostasis, for the successful eradication of
pathogens with minimal tissue damage, as well as for the
prevention of autoimmune diseases. The molecular regu-
lation of lymphocyte migration is complex and involves the
interaction of cellular adhesion molecules, such as selec-
tins and integrins, as well as the superfamily of chemo-
kines and their receptors (23, 24). 
As a consequence of the distinct and opposite functions of
Th1, Th2 and T regulatory cells in the immune response,
their migration into sites of inflammation is tightly regula-
ted. Results from a large number of studies have shown
that T lymphocyte subpopulations express a restricted pat-
tern of chemokine receptors at their cell surface: Th1 cells
preferentially express CXCR3, CXCR6 and CCR5 (25-28),
whereas CCR4 (26, 29) and CCR8 (29, 30) are only
detected on polarized Th2 cells. CCR3, the first chemoki-
ne receptor described to be "Th2 cell-specific" (31) is like-
ly to be expressed on a subpopulation of Th2 cells only.
Another cell surface molecule, termed CRTh2 has been
described to be specifically expressed on human Th2 lym-
phocytes in vivo (32). Little information on specific expres-
sion of adhesion molecules is available, but levels of the
a6b1 integrin, which favours migration onto laminin, are
higher on Th1 than on Th2 cells (33), suggesting that the
differential expression of certain integrins may contribute
to the difference in homing capacities observed between
Th1 and Th2 cells. At present, no chemokine receptors
(34) or homing molecules, specific for Tr1 cells or CD4+
CD25+ regulatory T cells, have been reported. 

Is it possible to phenotypically identify human T lym-
phocyte subpopulations ?

In addition to their involvement in the functional activity of
T lymphocyte subpopulations, differentially expressed cell
surface molecules are useful for the identification of these
cells. Antibodies against such cell surface molecules
might be valuable tools for use in the development and
monitoring of clinical therapies, as well as for the isolation
of polarized Th populations for research purposes. In addi-
tion to chemokine receptors, certain (homologues of) cyto-
kine receptors are differentially expressed on polarized
Th1 and Th2 cells. Thus, whereas Th1 cells express both
the β1and β2 chains of IL-12 R, no IL-12Rβ2 chain is
detected on polarized Th2 cells (5). Similarly, expression
of IL-18R is detected on Th1, but not on Th2 cells (35).

In contrast, Th2, unlike Th1 cells, express a functional
IFN-γR receptor, consisting of both an α and a β chain
(36). Finally, evidence from experimental mouse models
suggests that the ST2L molecule, an IL-1R homologue
and member of the Toll family of receptors, is expressed
exclusively in a stable fashion on polarized Th2 cells (37,
38).
It is important to stress that the expression of many cyto-
kine and chemokine receptors at the surface of T cells is
not stable and shows significant variation, depending on
the activation state of the cells, as well as on the presen-
ce of endogenous cytokines. Moreover, certain cell surfa-
ce molecules like the IFN-γR or the IL-12R expressed at
very low levels do not allow detection by conventional
immunofluorescence and flow cytometry procedures.
It has been argued that cytokine genes are expressed
independently from each other and that populations of Th
cells form a continuous spectrum in which the Th1 and
Th2 phenotypes are only two of the extremes (39). It can
therefore not be excluded that cell surface molecules
might also be expressed on "intermediate" (Th0) subsets,
rendering the identification of polarized Th1 or Th2 cells
by analysing the antigens on the membrane, difficult. It
should be noted however, that while a single cell surface
marker is unlikely to be able to distinguish between the
various subpopulations of T effector and regulatory cells,
combinations of such differentially expressed molecules
might fullfil this purpose.

ELISA and ELISPOT assays : invaluable tools for
cell subset characterization

Future results from genomic approaches, such as trans-
criptome and DNA array analysis, will draw up a detailed
inventory of cell surface proteins and signalling mole-
cules, involved in the function of T helper and T regulato-
ry cells and will provide further understanding of their role
in physiological and pathological immune responses.
From a practical point of view, since few T lymphocyte
subset-specific molecules have been identified, it should
be stressed that the operational definition of CD4 + T hel-
per and regulatory lymphocyte subpopulations, based on
their different cytokine production profiles, is still crucial
for a functional analysis of these cells. Notably, the suc-
cess of genomic approaches is dependent on the quality
of the T cells that are analysed. For this and other
Th1/Th2 related events, the detection of cytokine produc-
tion by ELISA and ELISPOT assays is therefore an inva-
luable approach.
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