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ABSTRACT

Type 1 (T1) and Type 2 (T2) lymphocytes promote cell-mediated immunity and
humoral immunity respectively. Evidence accumulated over the past two decades
has demonstrated diverse responses of T1 and T2 cells to acute exercise or long-
term training at moderate and high intensities. This brief review highlights the
current findings from animal and human experimental models on the relationship
between the T1 and T2 cell counts and the cytokines these cells produce, in res-
ponse to moderate and high intensity exercise. The potential of using the T1/T2
balance as an indicator of immune function changes in response to exercise is dis-
cussed.
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INTRODUCTION

Cytokines produced by T lymphocytes play a critical role in the development of
host immunity against infection. It has been established that intracellular
pathogens initiate a strong cellular immune response resulting in the differentia-
tion of naive CD4* and CD8* T lymphocytes into type 1 T lymphocytes (T1),
which consist of T helper type 1 (Thl) and T cytotoxic type 1 (Tcl) phenotypic
cells (figure 1). These cells are characterised by production of interferon (IFN)-y,
tumor necrosis factor (TNF)-a,, and interleukin (IL)-2 (28, 34). In contrast, extra-
cellular pathogens initiate a humoral immune response resulting in the differenti-
ation of naive CD4* and CD8* T lymphocytes into type 2 T lymphocytes (T2),
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which consists of Th2 and Tc2 phenotypic cells characterised by the production
of IL-4, IL-5, IL-6, and IL-10 (figure 1) (28, 34). T1 and T2 cell responses are
mutually inhibitory. T1-derived cytokines (notably IFN-y) inhibit T2 cell develop-
ment, while T2-derived cytokines (IL-4, IL-10) suppress T1 responses (15, 29).
T1/T2 balance (or Th1/Th2 balance, Tc1/Tc2 balance) has been used as an indica-
tor of the changes in immune function and has become a research focus during the
past decades (23, 25, 44, 48). There is currently no consensus on the definition of
T1/T2 balance in the literature. In this review T1/T2 balance refers to a dynamic
change between the numbers of T1 and T2 cells or between the concentrations of
cytokines secreted by T1 and T2 cells. A significant up-regulation or down-regu-
lation of any subset of the T1 or T2 cells or their cytokines indicates T1/T2 imbal-
ance. The T1/T2 imbalance has been reported in acute and chronic infections or
several diseases in humans such as cancer and asthma (6, 13, 33, 49, 51).
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Figure 1. Development of T cells from T precursors.

In theory, T1 cells are associated with cell-mediated immunity and play a more
important role in clearing infections (28), whereas T2 cells are associated with
humoral immunity and play a key role in preventing infections (11). Thus, a
severe depression of T1 cells caused by acute or chronic stress may lead to a fail-
ure in completely clearing viral infections, while an immune polarisation toward
T1 phenotype may indicate an increased ability for clearing infections.

In the current literature the consensus is that the responses of T1 cells to infection
are suppressed after high intensity exercises that may provide an explanation for
the increased susceptibility to infection following prolonged high intensity exer-
cise (18, 21, 46). In contrast, the T1 cell responses are strengthened following
moderate intensity exercises which may enhance the immune responses to infec-
tious agents (17, 19). However, these suggestions are based only on the results of
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a small number of experiments. There have been no systematic investigations on
the alterations of T1/T2 balance in response to exercise of various types, intensi-
ties and durations.

Given that the T1/T2 balance is considered to be closely associated with the
immune function in response to different forms of exercise, the primary purpose
of this brief review is to analyse the current literature regarding the specific effect
of exercise intensity on T1 and T2 counts and function in humans or animals. Fur-
thermore, acute and chronic effects of exercise on T1/T2 balance in different sub-
ject populations will be analysed. Whether the alterations in the T1/T2 balance
following exercise can be used as an indicator for monitoring immune function
and health of exercise participants will also be discussed.

T1 AND T2 CELLS AND THEIR CYTOKINES

The innate immune system activates T cells and induces differentiation of naive T
cells into polarised subsets of effector T cells, in response to infection, disease or
physical exercise (9, 31, 47). The type 1/type 2 (Th1/Th2 and Tc1/Tc2) paradigm
is a good indication of T cells polarisation. In simple terms, both Thl and Th2
cells are differentiated CD4* T cells with Thl cells producing predominantly
IFN-y (or IL-2), and Th2 cells producing IL-4 (or IL-10), respectively (28). In
theory, Th1 and Th2 cells can be differentiated functionally and phenotypically by
parameters other than IFN-y and IL-4 production (13), but the two cytokines quin-
tessentially classify the Th1/Th2 paradigm. Similarly, CD8* T cells can also
develop into IFN-y- or IL-4-producing cells that are called Tcl and Tc2 cells,
respectively (24). In the present review, we classify IFN-y*CD4* (or IL-2*CD4%),
IFN-y*CD8* (or IL-2*CD8*), IL-4*CD4*, and IL-4*CD8* cells as Thl, Tcl, Th2
and Tc2, respectively, and define IFN-y* and IL-4* T cells as T1 and T2 cells,
respectively. In addition, the concentration of these cytokines in T cell culture
supernatants after stimulation is used as an indication of the functional changes of
the polarised subsets.

EFFECTS OF INFECTION FOLLOWING
EXERCISE AND TRAINING ON T1/T2 CELL
CONCENTRATION AND FUNCTION

Several studies have investigated the influence of viral infection such as herpes
simplex virus type 1 (HSV-1) through an intranasal route, or lymphocytic chori-
omeningitis (LCMV) via injection following exercise on T1/T2 cells balance,
using mice models (16-19). The results of these studies (table 1, see addendum)
can be summarised in four points.

1) Exercise training with moderate intensity for 8 weeks up-regulated the function
of both T1 and T2 cells in clearing HSV-1 in both young and older adult mice at
different time points post training. This beneficial effect could last for at least 7
days.
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2) Compared with the values measured 7 days after infection, both of T1 cell-
derived IFN-y, IL-2, and T2 cell-derived IL-10 concentrations increased 10 days
after the infection in young adult mice, while the T1/T2 balance was still main-
tained.

3) In contrast, in older mice the cytokines associated with the balance of T1/T2
cells seemed heading to opposite directions at the two time points of tissue sam-
pling after infection. The cytokine secretion patterns changed from type 1 pheno-
type at the 7" day post-infection to type 2 at the 10" day post-infection. In gener-
al, the change of T1/T2 balance appeared to be associated with ageing, and senes-
cence might result in a defect in T1 cells development and a subsequent defect in
cell-mediated immunity leading to an intracellular infection (1, 36). There was
evidence that moderate intensity exercise training could prevent the defect from
happening and maintain T1/T2 balance at the 7! day post-infection (17). Howev-
er, excessive T1 cell response to viral infection might result in tissue damage (20).
An elevation of T2 cell-like cytokines would then occur that would inhibit the dif-
ferentiation of T1 cells through mutually inhibitory effect that would prevent fur-
ther tissue damage at the 10" day post-infection.

4) High intensity exercises, either acute or chronic, could decrease the concentra-
tion of T1 cells or T1 cell-derived cytokines for clearing HSV-1 or LCMV in
young adult mice. However, in older mice, high intensity exercise did not cause
suppression of LCMV-specific T1 cell responses. The mechanisms underlying the
differences observed in young and older mice are not clear and require further
study.

EFFECTS OF EXERCISE AND TRAINING ON
T1/T2 CELL CONCENTRATION AND FUNCTION

Effects of moderate intensity exercise

There have been several reports on T1/T2 balance in response to moderate inten-
sity exercise in humans of different ages, including young adults who performed
one bout of exercise and older adults who participated in exercise training (table
2, see addendum). One study demonstrated that T1 cell-derived IFN-y increased
significantly even just after a bout of moderate intensity exercise for 30 min, but
none of T2 cell-derived cytokines were measured in that study (5). It was specu-
lated that moderate intensity exercise might promote the T1-type cytokine
response (5, 26).

It has been reported that long-term moderate intensity exercise training for 0.5, 2,
or 4 years could all reverse age-associated reduction of T1 cells and T1 cell-derived
cytokines (table 2, see addendum). There have been reports that moderate intensity
exercise training was effective to improve immune function in older people, and it
has been speculated that exercise-induced differentiation of naive T cells toward the
type 1 phenotype is one of the mechanisms underlying the improvement (10, 30,
36).

However as demonstrated by Kohut et al. (2004), the function of both T1 and T2
cells in clearing HSV-1 were up-regulated in both young and older adult mice
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after moderate intensity training (19). Therefore the T1/T2 balance may still be
maintained when the T1 and T2 cells number and/or their cytokines both increase.

Effects of high intensity exercise

Acute effects of high intensity exercise

In this section, the acute effects of high intensity exercise in humans on T1 and T2
concentrations in peripheral blood (table 3, see addendum), and on the T1, T2-
derived cytokine levels in T cell culture supernatants after stimulation (table 4,
see addendum), are discussed, for the acute alteration of T1/ T2 distribution and
function.

There has been consistent evidence that both of the distribution and function of
T1 cells in the circulation are suppressed 1 h after one bout of prolonged (1 h and
over) high intensity exercise, whereas no significant changes are found in the dis-
tribution and function of T2 cells (table 3, 4, see addendum). The suppression
may last for more than 24 hours (5, 41). Furthermore, the trend of change in the
cytokines produced by T1 and T2 cells is consistent with that of the number of the
cells that produce these cytokines.

The suppression of the distribution and function of T1 cells following one bout of
prolonged high intensity exercise may be associated with the changes of some
hormones. In theory, glucocorticoids (GCs) act through their classic cytoplas-
mic/nuclear receptors on antigen presenting cells (APCs) to inhibit the production
of IL-12 that is the main inducer of Thl cells (7). IL-12 is extremely potent in
enhancing IFN-y and inhibiting IL-4 synthesis by T cells. Therefore, GCs’ inhibi-
tion of IL-12 production may be a major mechanism by which GCs affect
Th1/Th2 balance. Similarly, catecholamines (CAs) suppress the production of IL-
12 and IFN-y, and stimulate the production of type 2 cytokines (37). The correla-
tion between stress hormones and T1-, T2-derived cytokines following exercise
has been investigated using human models. It has been reported that the mean
plasma adrenalin concentration correlated negatively with the percentage of cir-
culating Tc1 cells at 2 h post-exercise (running at 75% VOop,ax for 2.5 h), but plas-
ma cortisol did not correlate with the percentage of circulating T1 cells (41). The
relationship between cortisol and T1/T2 balance following exercise has not been
reported and needs further investigation.

Interestingly, the changes of the polarised subsets of T cells are quite different
from the changes of the cytokines secreted by these cells in the circulation within
5 min after a bout of prolonged high intensity exercise (table 3, 4, see addendum).
The suppression of type 1 cytokines has been found immediately after an exercise
and persisted for 24 h (22, 35, 40), but the concentration of type 1 T cells changed
differently (increased, decreased or had no obvious change) immediately after or
5 min after similar or same exercise protocols (14, 21, 22, 35, 40). During a high
intensity exercise, the circulating concentration of T1 cells can be affected more
significantly by adrenalin and noradrenalin because there is a higher surface
expression of 2-adrenergic receptors on T1 cells compared with T2 cells (27).
The CAs mediate trafficking of circulating leukocytes from the spleen and lym-
phatic system to the circulation (positive effect for the circulating T1 cells) or
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from the systemic circulation to the peripheral immune compartments such as
skin, urogenital and gastrointestinal tracts (negative effect for the circulating T1
cells) (21). Therefore, the direction of the change in circulating T1 cells soon after
high intensity exercise depends on the balance between the positive and negative
effects under different exercise intensity and duration.

It is also interesting to find that high intensity exercise for a shorter duration (e.g.
less than 30 min) did not decrease the distribution of T1 cells and inhibit the func-
tion of T1 cells in the circulation at 1 or 2 h post-exercise (40, 50). In these studies
(40, 50), the changes in the distribution and function of T1 cells in the circulation
immediately after exercise were also measured, but these changes were more like-
ly having been affected by the stress hormones. With this consideration we just
choose the time points at 1 or 2 hours post-exercise for discussion. Therefore, it
seems that the number and function of the polarised subsets of T cells may also
relate to the duration of high intensity exercise.

Chronic effects of high intensity exercise

In studies on both humans and animals, chronic and high intensity exercise train-
ing appeared to result in less T1 cell polarisation (table 5, see addendum). Fur-
thermore, this inhibition of T1 cells could last for more than 7 days in mice (47).
It is worthwhile to note that the values measured within one hour post-exercise
would be more likely to reflect an acute response to the last exercise session, but
not the cumulative effect of multiple bouts or days of exercise. Therefore, for a
discussion of the chronic effects of exercise, the data collected at 1 h post last
exercise session is not included, and the data collected next morning before exer-
cise is used for discussion of the training effects (21) (table 5, see addendum).

To our knowledge, alteration in cytokines produced by the polarised subsets of T
cells induced by chronic and high intensity exercise has not been investigated.

CONTROVERSIES AND FUTURE DIRECTIONS

The relationship between concentration and function of T1/ T2 cells

As discussed above, alterations in T1 and T2 cell concentrations in peripheral
blood are not consistent with T1- and T2-derived cytokine levels in T cell culture
supernatants after stimulation, following a bout of intensive exercise. This dis-
agreement was evident even under the same experimental conditions (40). A
study (40) showed that high intensity exercise induced a promotion in the concen-
tration of circulating T lymphocytes that produce IFN-y (P < 0.01) and IL-2 (P <
0.01) immediately post-exercise. In contrast, exercise resulted in a decrease in the
levels of IFN-y (P < 0.01) and IL-2 (P < 0.01) produced by circulating lympho-
cytes at the same time point. Therefore, it is still inconclusive on whether an
increased number of T1 cells in circulation is beneficial for cell-mediated immu-
nity.

The suppression in the function of T1 cells, as indicated by decreased IFN-y, has
been associated with the expression of transcriptional factors such as signal trans-
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ducer and activator of transcription 4 (STAT4), Thl-specific T box transcription
factor T-bet, E twenty-six (ETS)-related transcription factor ERM, interferon reg-
ulatory factor-1 (IRF-1) which are crucial for the production of IFN-y by T1 cells
(32). Therefore, the number of T1 cells with lower expression of related transcrip-
tional factors is not a meaningful indicator of cell immune response soon after
high intensity exercise because these T1 cells can not produce IFN-y effectively.
In addition, in some other experimental reports included in the present review,
exercise-induced changes in the concentration of circulating T1 and T2 cells were
in parallel to that in the corresponding intracellular lymphocyte cytokines at other
time points (21, 22, 35). Further research is needed to examine the relationship
between the number of T1 and T2 cells and the level of related cytokines pro-
duced by these cells.

The relationship between the amount of cytokines produced by circulating
T1/T2 cells and the concentration of that in serum or plasma

During and after exercise, the secretion of cytokines by T1/T2 cells into the circu-
lation is a causative mediator of exercise-induced immune perturbation (43).
Whether the changes in circulating cytokines can be used as an indication of the
function of T1/T2 cells is an important question. Previous studies have shown that
certain cytokines such as IL-6 and TNF-oa are produced directly by exercising
skeletal muscle or other tissues during exercise (39, 45). Other cytokines such as
IFN-y, IL-2 are produced primarily by T and natural killer (NK) lymphocytes in
response to exercise (37). Considering the function of the pro-inflammatory
cytokines (IFN-y, IL-2) and anti-inflammatory cytokines (IL-4, IL-10), it seems
reasonable to speculate that the up- or down-regulation in the circulation soon
after exercise are supposed to be caused by promoting the trafficking of cytokines
from the circulation to the vasculature of other immune compartments (e.g. skele-
tal muscle, urogenital and gastrointestinal tracts), instead of a reduction of the
cytokines produced by circulating T1/T2 cells. Previous study have demonstrated
that exercise-induced changes in the intracellular leukocyte cytokines (IFN-y, IL-
2, IL-4, IL-10) detected immediately after exercise are not necessarily in parallel
to their changes in circulation (50). In another study, the plasma concentrations of
IFN-y, TNF-a, IL-2, IL-4 did not show significant changes immediately after a
bout of exhaustive exercise (42). The relationship between the amount of
cytokines produced by circulating T1/T2 cells and that in the serum or plasma at
various time points post-exercise is still not clear.

IFN-y /IL-4 ratio and T1/T2 balance

CD4+ T cells and CD8* T cells are classified according to their cytokine profile as
type 1 (Th1/Tcl) or type 2 (Th2/Tc2) (24). In order to more effectively evaluate
the balance of T1 and T2 cells differentiation in response to physical activity, the
ratio between CD4* T cells or CD8* T cells expressing intracellular IFN-y and
that expressing intracellular IL-4 has been used as an indication of Th1/Th2 or
Tc1/Tc2 balance (14, 30). As mentioned before, the alteration in the concentra-
tion of T1/T2 cells are not always consistent with that in the corresponding intra-
cellular cytokines after exercise (40). So the ratio might not be synchronous with
the balance of cell-mediated immunity and humoral immunity.
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Type 1 and Type 2 immune responses can be induced by T1- and T2-derived
cytokines respectively, but that can't be induced directly by T1 and T2 cells. Obvi-
ously, it is more meaningful to evaluate T1/T2 balance using the concentration of
cytokines than using the number of cells. Among these cytokines, IFN-y and IL-4
are respectively signature cytokines of T1 and T2 cells (8). So we speculate that
the ratio between IFN-y and IL-4 produced by CD4* T cells and/or CD8* T cells
may be an alternative indicator of Th1/Th2 or Tcl/Tc2. Likewise, to determine
the IFN-y/IL-4 ratio in plasma or serum might be more practical for evaluation of
this balance at some particular time points after exercise if the two cytokines pro-
duced by circulating T1/T2 cells were in parallel to the concentrations of these
cells in circulation. Furthermore, the ratio of IFN-y/IL-4 in circulation and T cell
culture supernatants after stimulation has been used as an indication of T1/T2 bal-
ance in the field of medical research (12, 13).

CONCLUSIONS

Evidence accumulated over the past two decades indicates that: 1) high intensity
exercise is in favour of type 2 phenotype T cells, which is one of the mechanisms
underlying the down-regulation of host protection against viral infection post
exercise; 2) moderate intensity exercise induces a shift of the type 1/type 2 T cell
balance toward type 1 in older adults that is in the reverse of age-associated
reduction of T1 cells or T1 cell-derived cytokines, and improves T1 cell function
in young adults, but the effect of moderate intensity exercise on T2 cell function
hasn’t been clarified through experimental studies; 3) the alteration in cytokines
produced by T1/T2 cells is not consistent with that in the number of cells express-
ing corresponding cytokines, and that of the same cytokines in the circulation in a
short period of time after exercise, while the relationships in a long recovery peri-
od has not been examined; and 4) Th1/Th2 and Tc1/Tc2 ratios may be used as an
indicator for T1/T2 cells differentiation but might not always represent their func-
tional changes. The IFN-y/IL-4 ratio in culture supernatant of stimulated T cells
or in the circulation might be an effective indicator for monitoring the balance
between cell-mediated immunity and humoral immunity.
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