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Steensberg, Adam, Anders Dyhr Toft, Helle Bruuns-
gaard, Marie Sandmand, Jens Halkjær-Kristensen,
and Bente Klarlund Pedersen. Strenuous exercise de-
creases the percentage of type 1 T cells in the circulation. J
Appl Physiol 91: 1708–1712, 2001.—Prolonged strenuous
exercise is followed by a temporary functional immune im-
pairment. Low numbers of CD41 T helper (Th) and CD81 T
cytotoxic (Tc) cells are found in the circulation. These cells
can be divided according to their cytokine profile into type 1
(Th1 and Tc1), which produce interferon-g and interleukin
(IL)-2, and type 2 (Th2 and Tc2) cells, which produce IL-4.
The question addressed in the present study was whether
exercise affected the relative balance between the circulating
levels of these cytokine-producing T cells. Nine male runners
performed treadmill running for 2.5 h at 75% of maximal
oxygen consumption. The intracellular expression of cyto-
kines was detected following stimulation with ionomycin and
phorbol 12-myristate 13-acetate in blood obtained before,
during, and after exercise. The percentage of type 1 T cells in
the circulation was suppressed at the end of exercise and 2 h
after exercise, whereas no changes were found in the percent-
age of type 2 T cells. Plasma epinephrine correlated nega-
tively with the percentage of circulating CD81 T cells pro-
ducing IL-2, whereas peak IL-6 correlated with the
percentage of CD81 IL-4-producing T cells in the circulation.
Peak plasma IL-6 correlated with plasma cortisol postrun-
ning. In conclusion, the postexercise decrease in T lympho-
cyte number is accompanied by a more pronounced decrease
in type 1 T cells, which may be linked to high plasma
epinephrine. Furthermore, IL-6 may stimulate type 2 T cells,
thereby maintaining a relatively unaltered percentage of
these cells in the circulation compared with total circulating
lymphocyte number.
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PROLONGED STRENUOUS EXERCISE is followed by a tempo-
rary functional immune impairment (10) and an in-
creased sensitivity to upper respiratory tract infections
(URTI) (8). In the postexercise period, the number of
circulating T lymphocytes is low (10). However, it is not

known whether all T lymphocyte subsets are affected
to the same extent. The CD41 T helper (Th) and the
CD81 T cytotoxic (Tc) cells can be divided into type 1
(Th1 and Tc1) and type 2 (Th2 and Tc2) cells according
to their cytokine profile. Type 1 T cells produce inter-
feron (IFN)-g and interleukin (IL)-2, whereas type 2 T
cells produce IL-4, IL-5, IL-6, and IL-10 (6). Type 1 T
cell responses are stimulated by IL-12 (6) and have
been shown to protect against intracellular pathogens
such as several viruses (5). IL-6 has been shown to
induce Th2 polarization by stimulating the initial pro-
duction of IL-4. Type 2 T cells are important in the
defense against extracellular parasites such as several
helminths and schistosomiasis (5). Studies suggest
that both cortisol and epinephrine inhibit the produc-
tion of type 1 T cell cytokines (3, 4). However, little is
known about the physiological regulation of type 1 and
type 2 T cell balances. Exercise has been accepted as a
model to study interactions between endocrine and
immune systems during physical stress (10). Intense
and prolonged exercise induces significant changes in a
number of immune parameters (10). Thus, during ex-
ercise, lymphocytes are recruited to the blood. How-
ever, in the postexercise period, the number of circu-
lating lymphocytes declines below preexercise values.
Concomitantly, the plasma levels of proinflammatory
cytokines are elevated. Thus the level of plasma IL-6
may be enhanced more than 100-fold (9), and plasma
IL-12 has been demonstrated to increase (1). To under-
stand how the type 1 and type 2 T cell balances are
regulated, it is of interest to investigate the effect of
exercise. The observation of an increased risk of URTI
after an acute bout of heavy exercise may be a conse-
quence of an impaired type 1 T cell response. Viruses
often cause URTI, and type 1 T cells are crucial in the
defense against intracellular pathogens.

The hypothesis tested in this study is whether
changes in stress hormones and cytokines during pro-
longed strenuous exercise induce a suppression of type
1 T cells compared with type 2 T cells. Thus the present
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study investigates how 2.5 h of treadmill running af-
fects the number of circulating type 1 and type 2 T cells
using flow cytometry. This method allows detection of
intracellular cytokines within CD41 and CD81 T cells
(14). Furthermore, a possible relation between IL-6,
IL-12, and stress hormones on one hand and circulat-
ing type 1 and type 2 T cells on the other is investigated
by using correlations.

METHODS

Subjects. Nine endurance-trained male runners aged 25–
50 yr (median 5 30 yr) with a maximal pulmonary oxygen
consumption (V̇O2 max) of 3.61–5.20 l/min (median 5 4.48
l/min), corresponding to 52.2–68.3 mlzkg21zmin21 (median 5
60.1 ml zkg21 zmin21), were included. The subjects did not
take any medication. The study was approved by the local
ethical committee for Copenhagen and Frederiksberg Com-
munities (no. 01-111/97). Subjects were informed of the risks
of the experiment before their voluntary written consent was
obtained.

Exercise protocol. For each subject, V̇O2 max was deter-
mined approximately 1 wk before the experiment by an
incremental exercise test on the same treadmill (Technogym,
HC1200) and CPX express (MedGraphics) as used in the
experiment. In the experiment, subjects ran for 2.5 h at a
speed determined in the V̇O2 max test to give an oxygen
consumption of 75% V̇O2 max. Actual oxygen consumption was
sampled during the experiment as a control.

Experimental protocol. At 8:00 AM, subjects reported to
the laboratory after an overnight fast, during which they
were allowed to drink water ad libitum. They were instructed
to arrive well rested and to abstain from any extraordinary
training in the week before and no training at all for 2 days
before the experiment. Blood samples were drawn from the
antecubital vein of both arms. Blood was obtained before,
after 0.5 and 1.5 h of running, and at the end of running (2.5
h). When sampling was done during exercise, the speed of the
treadmill was lowered to walking speed [average duration 5
3 min (range 5 2–4 min)]. For the next 2 h, the subjects
stayed at the laboratory, and blood was sampled at 0.5, 1, 1.5,
and 2 h postrunning. The next day, subjects reported back to
the laboratory for the last blood sample. In the recovery
period, subjects were allowed to eat and drink.

Lymphocyte number. This measurement was performed at
the Central Laboratory, University Hospital of Copenhagen,
Rigshospitalet, using standard laboratory procedures.

Isolation of blood mononuclear cells. Blood mononuclear
cells (BMNC) were isolated by density-gradient centrifuga-
tion (Lymphoprep Nyegaard, Oslo, Norway) on LeucoSep
tubes (Greiner, Friekenhausen, Germany) and washed three
times in medium RPMI. Analyses were performed on nonfro-
zen cells.

Flow cytometry analyses of intracellular cytokines. We
stimulated 106 BMNC with 20 ml of ionomycin (0.1 mmol/l)
and 50 ml of phorbol 12-myristate 13-acetate (1 mg/ml) for
4 h at 37°C in the presence of 10 of ml monensin (0.2
mmol/l). Stimulated cells were harvested, washed in stain-
ing buffer, and incubated with surface antibodies for 20
min at 4°C. After wash and fixation in 4% paraformalde-
hyde for 10 min in a dark place, cells were spun down and
resuspended in PBS with 1% FCS. The next day, cells were
incubated with 200 ml of saponin buffer (0.1 g of saponin in
100 ml PBS) for 10 min at room temperature to make the
cell membranes permeable. The cytokine antibodies were
then added and incubated in the presence of saponin buffer
for 30 min at 4°C and subsequently washed twice in

saponin buffer. Labeled cells were analyzed by flow cytom-
etry using a fluorescence-activated cell sorter analyzer
(Epics XL-MCL, Coulter, Miami, FL). The data were ana-
lyzed using WinList PC software (Verity Software House).
Dead cells, platelets, and monocytes were excluded by
forward and side-scattered light angle. Monocytes were
also excluded by being CD141. CD31 and CD82 cells were
accepted as CD41 Th cells because stimulation with phor-
bol 12-myristate 13-acetate induces downregulation of the
CD4 receptor (11). The following antibodies were used:
FITC-conjugated CD45 (clone T29/33, DAKO), mIgG1
FITC (clone MOPC-21, PharMingen), tumor necrosis fac-
tor-a FITC (clone Mab11, PharMingen), rIgG1 FITC (clone
R3-34, PharMingen), IL-4 FITC (clone MP4-25D2, Phar-
Mingen), R-phycoerythrin (PE)-conjugated CD14 (clone
TUK4), rIgG2a PE (clone R35–95, PharMingen), IL-2 PE
(clone MQ1-17H12, PharMingen), mIgG1 (clone TC647,
DAKO), and IFN-g PE (clone 4S.B3, PharMingen). PE
covalently linked to Texas red ethyl cysteinate dimer
(ECD)-conjugated IgG1 (clone 679.1MC7 Coulter) and CD3
ECD (clone UCHT1, Coulter). PE covalently linked to Cy5
(Cy5)-conjugated IgG1 (clone DAK-GO1, DAKO) and CD8
Cy5 (clone DK25, DAKO).

Extracellular cytokine measurements. Blood samples for
cytokine measurements (IL-6, IL-12) were drawn into pre-
cooled glass tubes containing EDTA. The tubes were spun
immediately at 2,200 g for 15 min at 4°C. The plasma was
stored at 280°C until analyses were performed. Enzyme-
linked immunosorbent assay (ELISA) kits from R&D Sys-
tems (Minneapolis, MN) were used. According to R&D Sys-
tems, the IL-6 ELISA kit is insensitive to the addition of the
recombinant forms of the soluble receptor (sIL-6R), and the
measurements, therefore, correspond to both soluble and
receptor-bound cytokine. The intra-assay coefficient of vari-
ation (CV) for the IL-6 kit was 5.9%

Measurements of epinephrine. Blood samples for measure-
ments of epinephrine were drawn into ice-cold glass tubes
containing glutathione (1.3 mg/ml blood) and EGTA (1.5
mg/ml blood) with a pH of 6–7 and spun immediately.
Plasma was stored at 280°C until analyzed by high-perfor-
mance liquid chromatography (Hewlett-Packard HPLC,
Waldbronm, Germany) with electrochemical detection.

Measurements of cortisol. Blood samples for cortisol mea-
surement were drawn into precooled glass tubes containing
EDTA. The tubes were spun immediately at 2,200 g for 15
min at 4°C. The plasma was stored at 280 C° until analyses
were performed. For cortisol measurement, ELISA kits from
Diagnostic Laboratories (Webster, TX) were used (DSL-10-
2000). The intra-assay CV was 5%.

Statistics. None of the intracellular cytokine data were
distributed normally; therefore, these data are presented as
medians and quartiles. Changes over time were tested using
a nonparametric Friedman test; if this was significant, a
pairwise comparison was done using a nonparametric Wil-
coxon test.

Data showing a normal distribution, i.e., lymphocyte con-
centrations and log plasma IL-6, log plasma epinephrine, and
log plasma cortisol, are shown as means and SE. The nor-
mally distributed data were tested for changes over time
using repeated-measurements ANOVA. Pairwise compari-
sons were done using a paired t-test with Bonferroni correc-
tion. A Spearman rank data correlation analysis was per-
formed to test for correlations. P , 0.05 was accepted as
significant.

1709EXERCISE AND LYMPHOCYTE CYTOKINE PRODUCTION

J Appl Physiol • VOL 91 • OCTOBER 2001 • www.jap.org



RESULTS

The median running speed was 12.6 km/h (range 5
10–15.1 km/h) at 75 6 1% (SE) V̇O2 max. The total
number of circulating lymphocytes, CD41, and CD81 T
cells increased in response to exercise and declined
below preexercise values in the recovery period (Fig. 1).
The percentage of circulating CD41 and CD81 T cells
producing IFN-g decreased by almost 50% after exer-
cise and remained low 2 h postexercise compared with
preexercise values. Twenty-four hours later, the per-
centage of the IFN-g-producing CD81 T cells was back
to preexercise values, whereas the percentage of the
IFN-g-producing CD41 T cells remained low (Fig. 2A).
The percentage of IL-2-producing CD41 T cells in the

circulation was slightly increased after 30 min of exer-
cise. The percentage of both CD41 and CD81 T cells
producing IL-2 decreased by almost 50% at the end of
exercise and remained low, compared with preexercise
values, 2 h after exercise but had returned to preexer-
cise values 24 h later (Fig. 2B). The percentage of CD41

and CD81 T cells in the circulation-producing IL-4 did
not change in response to exercise (Fig. 3). Plasma IL-6
was increased by ;30-fold at the end of exercise and
declined toward preexercise values in the recovery
period (Fig. 4). Plasma IL-12 was below detection lim-
its (n 5 4). Plasma cortisol increased ;1.7-fold in
response to running and declined toward preexercise
values in the recovery period (Fig. 5). Plasma epineph-
rine increased approximately threefold during exer-
cise, and mean plasma epinephrine measured after 0.5,
1.5, and 2.5 h of running was 0.76 6 0.1 nmol/l (Fig. 6).

Correlations. Mean plasma epinephrine during run-
ning correlated negatively with the percentage of cir-
culating IL-2-producing CD81 T cells 2 h postexercise
(r 5 20.717; P , 0.05). Peak plasma IL-6 correlated
with the percentage of IL-4 producing CD81 T cells in
the circulation immediately after exercise (r 5 0.686;
P , 0.05) and 2 h postrunning (r 5 0.783; P , 0.05).
Plasma cortisol did not correlate with the percentage of
type 1 T cells in the circulation. Peak plasma IL-6
positively correlated with plasma cortisol 1 h postrun-
ning (r 5 0.703; P , 0.05).

Fig. 1. Total circulating lymphocyte, CD31CD41, and CD31CD81

cell counts measured before (Pre), during, and after (1) 2.5 h of
treadmill running. Values are means 6 SE (n 5 9 subjects). Bill,
billion. *Significantly different from preexercise values (P , 0.05).

Fig. 2. Percentage of interferon (IFN)-g-producing (A) and interleu-
kin (IL)-2-producing (B) CD41 and CD81 T cells in the circulation
measured before, during, and after 2.5 h of treadmill running. Values
are medians 6 quartiles (n 5 9 subjects). *Significantly different
from preexercise values (P , 0.05).

Fig. 3. Percentage of IL-4-producing CD41 and CD81 T cells in the
circulation measured before, during, and after 2.5 h of treadmill
running. Values are medians 6 quartiles (n 5 9 subjects). *Signifi-
cantly different from preexercise values (P , 0.05).

Fig. 4. Plasma IL-6 measured before, during, and after 2.5 h of
treadmill running. Values are means 6 SE (n 5 9 subjects). *Signif-
icantly different from preexercise values (P , 0.05).
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DISCUSSION

The major finding of this study was that the percent-
age of circulating type 1 T cells decreased after pro-
longed exercise, whereas the percentage of type 2 T
cells did not change, and concomitantly the total num-
ber of circulating T cells declined. Moreover, the pos-
texercise decrease in circulating T lymphocytes is ac-
companied by a more pronounced decrease in the type
1 T cell subpopulation.

It has previously been shown that the immune re-
sponse to strenuous exercise has some similarities to
that of other physical stress conditions such as surgery,
trauma, sepsis, and burn (10). Regarding Th1 and Th2
responses, it has recently been demonstrated that ma-
jor surgery suppresses maximal production of Th1 cy-
tokines without influencing the Th2 cytokines (2).
Thus surgery and strenuous exercise influence the Th1
and Th2 responses in a similar manner.

It has been demonstrated both in animal and in
human studies, in vivo and in vitro, that T cells pro-
ducing IFN-g and IL-2 are suppressed by cortisol and
epinephrine (3, 4). These hormones increase during
and in response to exercise. Cortisol probably works
through inhibiting the antigen-presenting cells’ pro-
duction of IL-12 (3) and also by decreasing the ability of
T cells to respond to IL-12 (4). Epinephrine also sup-
presses the type 1 T cells both at the level of antigen-
presenting cells and directly on T cell receptors. In this
study, a negative correlation between mean plasma
epinephrine and percentage of IL-2-producing CD81 T
cells was found. CD81 T cells express more b2-adreno-
receptors on the surface compared with CD41 T cells
(10), which may explain that only the percentage of
CD81 T cells correlated with epinephrine during exer-
cise. In regard to plasma cortisol, no correlation with
type 1 T cells was found.

Rincon et al. (13) showed that IL-6 stimulates the
production of IL-4 by naive CD41 T cells. It is well
established that plasma IL-6 increases enormously in
response to exercise (9) and that contracting skeletal
muscles release IL-6 (15). Even the 30-fold increase in
plasma IL-6 found in this study did not increase the
percentage of IL-4-producing CD41 or CD81 T cells
either at the end of exercise or in the recovery period.
However, the correlation between plasma IL-6 and
percentage of IL-4-producing CD81 T cells may indi-

cate that the increase in plasma IL-6 during exercise
contributes to maintain an unaltered percentage of
type 2 T cells and, thereby, influences the balance
between the type 1 and type 2 T cells. It should be
noted that all subjects were exercising in a fasting
state to eliminate a possible effect of nutrition. During
exercise, muscle glycogen is reduced. This contributes
to enhancing the production of IL-6 and, thereby, the
effect of IL-6 on cortisol secretion. Furthermore, the
level of catecholamines in plasma increases more when
subjects exercise under fasting conditions. Thus exer-
cising in a carbohydrate-loaded state might have in-
duced a less pronounced effect on the type 1 or type 2 T
cell balance.

Local immune responses have been shown to induce
the endothelia expression of P- and E-selectins, which
specifically adhere to Th1 cells (12). It is generally
accepted that strenuous exercise causes a local inflam-
matory response in muscles (7). Therefore, a larger
increase in type 1 T cell immigration into the muscles
postexercise compared with other CD31 T cells might
explain the decrease in the percentage of type 1 T cells.

Tsigos et al. (16) demonstrated that infusion of re-
combinant human IL-6 into humans increases the lev-
els of glucocorticoids. IL-6 probably functions through
the hypothalamic-pituitary-adrenal axis, thereby in-
creasing secretion of cortisol. In accordance, this study
demonstrated a correlation between peak plasma IL-6
and plasma cortisol 1 h postrunning.

The relatively more pronounced decrease in type 1
compared with type 2 T cells in the recovery period
may explain the increased sensitivity to URTI follow-
ing strenuous exercise, as these infections are often
caused by viruses.

In conclusion, the present study demonstrates that the
postexercise decrease in T lymphocyte number is accom-
panied by a more pronounced decrease in type 1 T cells.
Although the correlational relationship should be taken
with some caution (the r values are high, but the n values
are only 9), our data suggest that the increase in plasma
epinephrine during exercise contributes to the suppres-
sion of IL-2-producing T cells and that high plasma IL-6
helps to maintain the IL-4-producing T cells in the circu-
lation. Thus epinephrine and IL-6 may participate in the
exercise-induced shift toward a relative type 2 T cell
dominance. However, other physiological changes, such
as local inflammation, may also play a role. In addition,

Fig. 5. Plasma cortisol measured before, during, and after 2.5 h of
treadmill running. Values are means 6 SE (n 5 9 subjects). *Signif-
icantly different from preexercise values (P , 0.05).

Fig. 6. Plasma epinephrine measured before, during, and 2.5 h at
the end of treadmill running. Values are means 6 SE (n 5 9
subjects). *Significantly different from preexercise values (P , 0.05).
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the present study supports the idea that an exercise-
induced increase in plasma IL-6 induces elevated levels
of plasma cortisol.

The excellent technical assistance by R. Rousing, H. Willumsen,
and B. Mollerup is acknowledged.

The study was supported by The Danish National Research Foun-
dation (Grant 504-14) and a scholarship from The Danish Medical
Research Council.

REFERENCES

1. Akimoto T, Akama T, Tatsuno M, Saito M, and Kono I.
Effect of brief maximal exercise on circulating levels of interleu-
kin-12. Eur J Appl Physiol 81: 510–512, 2000.

2. Berguer R, Bravo N, Bowyer M, Egan C, Knolmayer T, and
Ferrick D. Major surgery suppresses maximal production of
helper T-cell type 1 cytokines without potentiating the release of
helper T-cell type 2 cytokines. Arch Surg 134: 540–544, 1999.

3. Elenkov IJ and Chrousos GP. Stress hormones, Th1/Th2
patterns, pro/anti-inflammatory cytokines and susceptibility to
disease. Trends Endocrinol Metab 10: 359–368, 1999.

4. Franchimont D, Galon J, Gadina M, Visconti R, Zhou Y,
Aringer M, Frucht DM, Chrousos GP, and O’Shea JJ.
Inhibition of Th1 immune response by glucocorticoids: dexa-
methasone selectively inhibits IL-12-induced Stat4 phosphoryla-
tion in T lymphocytes. J Immunol 164: 1768–1774, 2000.

5. Lucey DR, Clerici M, and Shearer GM. Type 1 and type 2
cytokine dysregulation in human infectious, neoplastic, and in-
flammatory diseases. Clin Microbiol Rev 9: 532–562, 1996.

6. Morel PA and Oriss TB. Crossregulation between Th1 and Th2
cells. Crit Rev Immunol 18: 275–303, 1998.

7. Newham DJ, Mills KR, Quigley BM, and Edwards RH. Pain
and fatigue after concentric and eccentric muscle contractions.
Clin Sci (Lond) 64: 55–62, 1983.

8. Nieman DC. Exercise, infection, and immunity. Int J of Sports
Med Suppl 15: S131–S141, 1994.

9. Ostrowski K, Rohde T, Asp S, Schjerling P, and Pedersen
BK. Pro- and anti-inflammatory cytokine balance in strenuous
exercise in humans. J Physiol (Lond) 515: 287–291, 1999.

10. Pedersen BK and Hoffman-Goetz L. Exercise and the im-
mune system: regulation, integration, and adaptation. Physiol
Rev 80: 1055–1081, 2000.

11. Pelchen-Matthews A, Parsons IJ, and Marsh M. Phorbol
ester-induced downregulation of CD4 is a multistep process
involving dissociation from p56lck, increased association with
clathrin-coated pits, and altered endosomal sorting. J Exp Med
178: 1209–1222, 1993.

12. Reinhard G, Noll A, Schlebusch H, Mallmann P, and
Ruecker AV. Shifts in the TH1/TH2 balance during human
pregnancy correlate with apoptotic changes. Biochem Biophys
Res Commun 245: 933–938, 1998.

13. Rincon M, Anguita J, Nakamura T, Fikrig E, and Flavell
RA. Interleukin (IL)-6 directs the differentiation of IL-4-produc-
ing CD41 T cells. J Exp Med 185: 461–469, 1997.

14. Rostaing L, Tkaczuk J, Durand M, Peres C, Durand D, de
Preval C, Ohayon E, and Abbal M. Kinetics of intracytoplas-
mic Th1 and Th2 cytokine production assessed by flow cytometry
following in vitro activation of peripheral blood mononuclear
cells. Cytometry 35: 318–328, 1999.

15. Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B,
and Klarlund PB. Production of interleukin-6 in contracting
human skeletal muscles can account for the exercise-induced
increase in plasma interleukin-6. J Physiol (Lond) 529: 237–242,
2000.

16. Tsigos C, Papanicolaou DA, Defensor R, Mitsiadis CS,
Kyrou I, and Chrousos GP. Dose effects of recombinant hu-
man interleukin-6 on pituitary hormone secretion and energy
expenditure. Neuroendocrinology 66: 54–62, 1997.

1712 EXERCISE AND LYMPHOCYTE CYTOKINE PRODUCTION

J Appl Physiol • VOL 91 • OCTOBER 2001 • www.jap.org


