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ABSTRACT: Post-training downregulation of muscle tumour necrosis factor (TNF)-a
messenger ribonucleic acid (mRNA) expression and decrease in cellular TNF-a levels
have been reported in the elderly. It is hypothesised that chronic obstructive pulmonary
disease (COPD) patients may not show these adaptations due to their reduced ability to
increase muscle antioxidant capacity with training.
Eleven COPD patients (forced expiratory volume in one second 40¡4.4% of the
predicted value) and six age-matched controls were studied. Pre- and post-training
levels of TNF-a, soluble TNF receptors (sTNFRs: sTNFR55 and sTNFR75) and
interleukin (IL)-6 in plasma at rest and during exercise and vastus lateralis TNF-a
mRNA were examined.
Moderate-intensity constant-work-rate exercise (11 min at 40% of pretraining peak
work-rate) increased pretraining plasma TNF-a levels in COPD patients (from 17¡3.2
to 23¡2.7 pg?mL-1; pv0.005) but not in controls (from 19¡4.6 to 19¡3.2 pg?mL-1). No
changes were observed in sTNFRs or IL-6 levels. After 8 weeks9 endurance training,
moderate-intensity exercise increased plasma TNF-a levels similarly to pretraining
(from 16¡3 to 21¡4 pg?mL-1; pv0.01). Pretraining muscle TNF-a mRNA expression
was significantly higher in COPD patients than in controls (29.3¡13.9 versus 5.0¡1.5
TNF-a/18S ribonucleic acid, respectively), but no changes were observed after exercise
or training.
It is concluded that moderate-intensity exercise abnormally increases plasma tumour
necrosis factor-a levels in chronic obstructive pulmonary disease patients without
exercise-induced upregulation of the tumour necrosis factor-a gene in skeletal muscle.
Eur Respir J 2003; 21: 789–794.

Different lines of evidence involve cytokines, particularly
tumour necrosis factor (TNF)-a, in the process of skeletal
muscle wasting observed in y20% of chronic obstructive
pulmonary disease (COPD) patients [1–5]. Muscle redox
status itself and activation of transcription factors, such as
nuclear factor-kB, by reactive oxygen species [6, 7], seem to be
involved in the signal transduction pathways that modulate
cellular TNF-a levels. Moreover, it has been reported that
exercise training in normal elderly humans downregulates
TNF-a messenger ribonucleic acid (mRNA) expression and
decreases muscle TNF-a levels [8], probably related to
enhancement of the oxygen transport/utilisation system.
It is well accepted that heavy exercise induces abnormally
high levels of oxidative stress in COPD patients [9]. It was
recently shown that, after 8 weeks9 endurance training at the
same relative load, muscle redox potential appears to be
reduced in COPD patients, but not in age-matched healthy
sedentary controls [10].
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In the present study, it was hypothesised that COPD
patients may exhibit an abnormal cytokine response to
exercise. They might not show training downregulation of
muscle TNF-a, as reported in healthy subjects [8], because of
their lower antioxidant capacity after training [10]. This study
examines the effects of both endurance training and moderateintensity exercise (before and after training) on: 1) plasma
cytokine (TNF-a, soluble TNF receptors (sTNFRs: sTNFR55
and sTNFR75) and interleukin (IL)-6) levels; and 2) TNF-a
mRNA expression in limb skeletal muscle, in a group of 11
patients with COPD and six age-matched healthy controls [10].

Methods
Study group
According to American Thoracic Society criteria [11]
examined in the study of RABINOVICH et al. [10], 11 of the
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17 COPD patients and six healthy sedentary age- and sexmatched controls were included in the study. All participants
signed the written informed consent form approved by the
Committee on Investigations involving Human Subjects at
the Hospital Clinic, University of Barcelona, Barcelona,
Spain.

Study design
Selection procedures for inclusion in the study and details
of the design have been reported previously [10]. Briefly, preand post-training measurements were made to assess the
effects of endurance training (incremental exercise testing,
phosphorus-31 magnetic resonance spectroscopy and kinetics
of pulmonary oxygen uptake (V9O2)) (not reported in the
present study) and evaluate changes in plasma cytokine levels
during constant-work-rate exercise.
All subjects trained for 5 days?week-1 for 8 weeks. Training
sessions were of 60 min duration and split into small blocks of
2–5 min of high-intensity continuous cycling (y60 revolutions
per minute (rpm) at y90% of the peak work-rate (Wpeak) at
the end of the training programme) for an effective period of
o30 min. The recovery time between the high-intensity
periods consisted of cycling at the same speed and at v60%
of pretraining Wpeak. The first week was used as an adaptation period, during which the high-intensity blocks were
initially of 60% of Wpeak. Subsequently, the work level was
raised until values close to the 90% of pretraining Wpeak were
reached and maintained until the end of the training period.

Constant-work-rate exercise
After an arterial catheter (Seldicath; Plastimed, Saint Leu la
Forêt, France) was placed, subjects were installed on the cycle
ergometer with the mouthpiece in place, which allowed online calculation of V9O2. They cycled for 11 min at a constant
work-rate of 40% of pretraining Wpeak at a speed of 60 rpm.
The rationale for choosing a moderate-intensity constantwork-rate protocol was to devise a sustainable exercise
activity [12]. Arterial blood sampling for measurements of
plasma cytokine levels was performed at rest, after 11 min of
steady-state exercise and 20 min after exercise.

TNF-a concentrations (41¡4, 162¡13 and 664¡66 pg?mL-1;
n=10, 13 and 10, respectively) were 9.7, 8.0 and 9.9%, respectively. The minimum detectable concentration was estimated
to be 3 pg?mL-1 (Biosource Europe, Nivelles, Belgium).

Skeletal muscle tumour necrosis factor-a messenger ribonucleic acid expression. Total vastus lateralis muscle ribonucleic

acid (RNA) was extracted using the TriPureTM kit (BoehringerMannheim, Mannheim, Germany), a commercial modification of the acid guanidinium isothiocyanate/phenol/chloroform
method described by CHOMCZYNSKI and SACCHI [14]. TNF-a
mRNA was measured using a two-step reverse transcriptase (RT)
polymerase chain reaction (PCR) method [15] using appropriate
forward (59-AAGAGTTCCCCAGGGACCTCT-39) and reverse
(59-CCTGGGAGTAGATGAGGTACA-39) primers (Gene Specific Relative RT-PCR kit; Ambion, Inc., Austin, TX, USA). The
predicted size of the amplified product using these primers is 233
base pairs (bp). Briefly, for each sample, 5 mg RNA were reversetranscribed to give the complementary deoxyribonucleic acid
in the presence of appropriate antisense primers. The PCR was
carried out as follows: one cycle of 1 min at 94uC; 33 cycles
of 1 min at 94uC, 1 min at 61uC and 2 min at 72uC; and 1 cycle
of 4 min at 72uC, in the presence of 1.5 mM MgCl2. All
reactions were standardised at 33 cycles to ensure that the
samples were assayed within the exponential phase of the PCR.
The RT-PCR products were electrophoresed in 2% agarose
gels in tris-(hydroxymethyl)-aminomethane (Tris)/borate/ethylenediamine tetraacetic acid (EDTA) buffer (pH 8.0). The gel
was stained with ethidium bromide and bands quantified by
scanning densitometry. TNF-a mRNA expression was expressed
relative to 18S RNA expression. The set of primers used amplify a
segment of the 18S ribosomal RNA (rRNA) with a predicted size
of 495 bp. The abundance of rRNA is a major limitation to its
utility as a control, since an endogenous control must be present
within the same linear concentration range as the RNA under
study when amplified under the same conditions. Ambion9s
CompetimerTM technology (Quantum RNA 18 S; Ambion, Inc.,
patent pending) allows attenuation of the amplification of 18S
rRNA by using a modified primer (competimer) that cannot be
extended. In this way, the expression of the internal control can be
modulated to the level of even rare messages without affecting the
performance of other targets in a multiplex PCR. The proportion
of primer:competimer used was 3:17.

Data analysis
Muscle biopsy
After appropriate antisepsis and anaesthesia of the skin, a
muscle biopsy sample was obtained in a subset of nine COPD
patients and the six healthy controls from the vastus lateralis
muscle using a Bergström needle (Unimed S.A., Lausanne,
Switzerland). Muscle samples were immediately frozen in
liquid nitrogen and stored at -70uC until analysis.

Cytokine measurements
Plasma tumour necrosis factor-a, soluble tumour necrosis
factor receptor and interleukin-6 levels. Plasma levels of
TNF-a, sTNFRs (sTNFR55 and sTNFR75) and IL-6 were
assessed by enzyme-linked immunosorbent assay (BioSource
Europe, Nivelles, Belgium for IL-6 and TNF-a; Bender
MedSystems, Vienna, Austria for sTNFRs) [13] and results
were expressed in picograms per millilitre. Intra-assay coefficients
of variation at different TNF-a concentrations (86.7¡4.4,
591¡22 and 1,027¡15 pg?mL-1; n=20) were 5.1, 3.7 and 1.4%,
respectively. Interassay coefficients of variation at different

Data are expressed as mean¡SEM. Changes within groups
were analysed using a paired t-test. Comparisons between
groups were performed using an unpaired t-test. When normality tests failed, a logarithmic transformation was applied to
the data. A p-value of v0.05 was taken as significant.

Results
The COPD group (age 65¡1.4 yrs (range 59–72 yrs); body
mass index (BMI) 25¡1.5 kg?m-2 (range 15–36 kg?m-2))
encompassed a broad spectrum of disease severity (table 1).
These patients showed a severe obstructive ventilatory defect
(forced expiratory volume in one second (FEV1) 40¡4.4% of
the predicted value (range 15–57% pred); arterial oxygen
tension 9.2¡0.44 kPa (69¡3.3 mmHg) (range 7.2–11.8 kPa
(54–89 mmHg))) with limited exercise tolerance (peak V9O2
(V9O2,peak) 17¡1.6 mL?kg-1?min-1 (range 9–27 mL?kg-1?min-1)).
Healthy sedentary controls were matched by sex (all male),
age (63¡1.9 yrs) and BMI (27¡0.9 kg?m-2) and showed normal
pulmonary function (FEV1 112¡11% pred) and exercise
tolerance (V9O2,peak 24¡0.8 mL?kg-1?min-1). As reported in
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Table 1. – Characteristics of the study group

Age yrs
Weight kg
BMI kg?m-2
FEV1 L
% pred
FVC % pred
FEV1/FVC
TLC % pred
FRC % pred
RV/TLC
Pa,O2 mmHg
Pa,CO2 mmHg

COPD

Control

65¡1.4
66.0¡4.1
24.7¡1.5
1.13¡0.1
40¡4.4
59¡3.5
0.45¡0.03
94¡4.6
126¡10.9
0.6¡0.03
69¡3.3
42¡1.6

63¡1.9
75.7¡1.6*
26.9¡0.9
3.5¡0.3***
112¡10.6***
108¡6.5***
0.80¡0.06***
99¡7.0
96¡5.3**
0.32¡0.03***
100¡3.3***
36¡1.3**

Data are presented as mean¡SEM. COPD: chronic obstructive
pulmonary disease; BMI: body mass index; FEV1: forced
expiratory volume in one second; % pred: percentage of
the predicted value; FVC: forced vital capacity; TLC: total
lung capacity; FRC: functional residual capacity; RV: residual
volume; Pa,O2 and Pa,CO2: arterial oxygen and carbon dioxide
tension, respectively, both measured breathing room air.
*: pv0.05; **: pv0.01; ***: pv0.001 (unpaired-t test); (1 mmHg=
0.133 kPa.).
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detail in RABINOVICH et al. [10], a significant training effect
was observed in the two groups. In COPD patients, exercise
tolerance increased (Wpeak 41¡12%; V9O2,peak 10.5¡3%; both
pv0.01) and arterial lactic acid concentration at the same
work-rate fell by 20¡6% after training (pv0.01). Likewise,
healthy sedentary controls showed enhanced exercise tolerance (Wpeak 32¡13%, p=0.05; V9O2,peak 14¡3%, pv0.005)
and arterial lactic acid concentration at the same work-rate
fell by 12.5¡3.9% after training (pv0.05).

Plasma cytokine levels during exercise and after training
No differences in plasma TNF-a levels at rest were observed
between patients and controls (17¡3.2 and 19¡4.6 pg?mL-1,
respectively). It is worth noting, however, that COPD patients
showed significantly increased plasma TNF-a levels during
moderate-intensity constant-work-rate exercise (from 17¡3.2
to 23¡2.7 pg?mL-1, pv0.005); this was not seen in the control
group. It should be noted that all subjects reach a plateau in
V9O2 at this workload. Plasma TNF-a levels showed a trend
towards returning to resting values 20 min after exercise
(fig. 1a). Exercise training did not modify the exercise-induced
response to plasma TNF-a levels seen in the COPD group
(fig. 1b).
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Fig. 1. – Individual plasma tumour necrosis factor (TNF)-a levels before (a and c) and after (b and d) training in chronic obstructive pulmonary
disease patients (a and b) (pv0.005 and pv0.01, exercise versus rest, respectively) and control subjects (c and d) (both p=nonsignificant). Levels of
TNF-a were measured at rest, after 11 min of moderate-intensity constant-work-rate exercise at 40% of pretraining peak work-rate, and 20 min
after exercise. Horizontal bars represent means.
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Fig. 2. – a) Representative reverse transcriptase polymerase chain reaction for tumour necrosis factor (TNF)-a messenger ribonucleic acid
(mRNA) (233 base pairs (bp)) and 18S mRNA (488 bp) ribosomal subunit expression in vastus lateralis muscle (lane 1: ribonucleic acid ladder).
b) Individual TNF-a/18S mRNA expression in chronic obstructive pulmonary disease (COPD) patients (b and c) and healthy controls (d and e)
before (b and d) and after (c and e) training, before (B) and after (A) constant-work-rate exercise at 40% of pretraining peak work-rate.
Horizontal bars represent means. pv0.05 versus healthy controls.

Pretraining plasma levels of sTNFRs at rest were similar
between COPD patients (0.19¡0.04 and 0.69¡0.12 pg?mL-1
sTNFR55 and sTNFR75, respectively) and controls (0.40¡0.10
and 0.90¡0.28 pg?mL-1, respectively). Likewise, no differences
between the two groups were seen in plasma IL-6 levels at rest
(7.9¡2.4 and 6.1¡3.8 pg?mL-1 in COPD and controls, respectively). No changes in sTNFR or IL-6 level were observed
during moderate-intensity exercise or after training in the two
groups (data not shown).

Skeletal muscle tumour necrosis factor-a messenger
ribonucleic acid expression
At rest, TNF-a mRNA expression was significantly higher
in COPD patients (29.3¡13.9 TNF-a/18S) than in healthy
sedentary subjects (5.0¡1.5 TNF-a/18S) (pv0.05), showing
marked heteroscedascity in the COPD group, as shown in
figure 2. No significant changes in muscle TNF-a mRNA
expression after moderate-intensity exercise (fall of 8.3¡14.7
TNF-a/18S) or endurance training (increase of 5.4¡8.3 TNFa/18S) were seen in COPD patients. Similarly, healthy sedentary

controls did not show changes in muscle TNF-a mRNA
expression after exercise (increase of 9.0¡9.2 TNF-a/18S) or
training (increase of 3¡15.8 TNF-a/18S).
Taking into account only those patients who underwent
muscle biopsy, no correlation was found between muscle
TNF-a mRNA expression and plasma TNF-a levels. It is
worth noting that no difference was observed between this
subgroup and the whole group in plasma TNF-a level (19¡1.7
and 17¡3.2 pg?mL-1, respectively).

Discussion
Increase in plasma tumour necrosis factor-a levels
The main finding of the present study was a consistent rise
in plasma TNF-a levels (before and after training) after
11 min of moderate-intensity constant-work-rate cycling exercise in COPD patients (figs 1a and b); this was not observed in
healthy sedentary controls (figs 1c and d). This phenomenon
was not accompanied by changes in levels of sTNFRs or IL-6.

TNF-a DURING EXERCISE IN COPD

To the present authors9 knowledge, this study reports for the
first time the greater sensitivity of COPD patients to showing
increases in plasma cytokine levels at moderate-intensity sustainable exercise. Interestingly, normal subjects and trained
athletes at high exercise levels show increased plasma IL-6
levels as the predominant exercise-induced cytokine.
Baseline plasma TNF-a (and sTNFR) levels were generally within the reference limits of the authors9 laboratory
(v20 pg?mL-1) [16]. Since the COPD group generally showed
normal BMIs, no differences in level between patients and
controls were expected at rest (17¡3.2 versus 19¡4.6 pg?mL-1 for
patients and controls, respectively). Unfortunately body composition was not assessed in the present study and analysis by
fat-free mass could not be performed [17].
It should be noted that, even after 8 weeks of exercise
training, moderate exercise gave rise to increased levels of
plasma TNF-a; this was not seen in the control group. In
healthy subjects [18], it is well established that both strenuous
and long-term endurance exercise increase levels of circulating
pro-inflammatory cytokines, particularly IL-6. Although the
sources of cytokine release during strenuous exercise remain
controversial, different potential origins for increased secretion of these mediators have been suggested, the first of which
is regarded as most likely: 1) intensively working muscles [19];
2) sympathetic activation acting on immune organs [18]; 3)
fat tissue [20]; and 4) blood mononuclear cells [21, 22]. The
latter, however, is a controversial issue [23, 24]. Increased
IL-6 mRNA expression has been detected in lower limb muscle
biopsy samples after marathon running, coinciding with the
rise in circulating IL-6 levels [19]. Cytokine plasma levels seem
to be related to two main factors: 1) intensity and duration of
exercise; and 2) muscle damage induced by high-intensity
exercise. The level of exercise performed by the present study
group was moderate and perfectly sustainable as assessed by
steady-state conditions of cardiac frequency and V9O2. Thus,
none of the conditions linked to strenuous exercise occurred
in the present study.
It is well accepted that skeletal muscle TNF-a may have
autocrine and/or paracrine physiological functions, and its
role in metabolic regulation is well known. It has been
suggested that TNF-a may decrease fat mass by stimulating
lipolysis [25] and increasing plasma leptin levels [26]. Signal
transduction pathways sensitive to reactive oxygen species
[7, 27] seem to play a fundamental role in modulating cellular
levels of this cytokine [8]. In the present patients, however,
moderate levels of exercise did not provoke detectable
changes in muscle redox status, as reported in detail by
RABINOVICH et al. [10]. Likewise, no exercise-induced change
in TNF-a mRNA expression was seen in the COPD group. In
the present study, TNF-a mRNA expression was analysed by
RT-PCR. A single product of the expected size was amplified.
Although not sequenced, this most likely corresponds to the
predicted segment of TNF-a, based upon its electrophoretic
mobility.
Since the second muscle biopsy sample was taken immediately after exercise, the time elapsed seems to be insufficient for
de novo synthesis of muscle TNF-a [28]. Similarly, COLBERT
et al. [29] found plasma IL-6 levels to be increased in mice
after intense exercise without any change in mRNA expression in lung, liver, brain or skeletal muscle. In agreement with
the present findings, these authors did not find increased muscle
TNF-a mRNA expression after exercise. Nevertheless, it can
be speculated that exercise could have triggered the release of
preformed TNF-a from muscle via post-transcriptional regulation mechanisms. Enhanced levels of reactive oxygen species
[10] may induce cytokine release at a post-transcriptional
level, independent of RNA synthesis [30]. Although the regulation of TNF-a was characterised at the molecular level by
determining vastus lateralis TNF-a mRNA expression, the
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lack of measurement of corresponding cellular protein levels,
due to the limited availability of muscle samples, limits interpretation of some of the findings.

Lack of training effects on muscle tumour necrosis
factor-a messenger ribonucleic acid expression
Upregulation of muscle TNF-a mRNA expression (fig. 2)
was observed in three (BMI 20.6, 20.1 and 26.1 kg?m-2, respectively) of nine (33%) COPD patients during the pretraining
measurements at rest. These three patients did not show
abnormal resting plasma TNF-a levels or differences in
exercise or training effects compared to the rest of the
subjects. In the present study, no relationships were found
between plasma TNF-a levels and BMI or TNF-a mRNA
expression.
The COPD group did not show training-induced downregulation of TNF-a mRNA expression. This kind of result
was expected because of the lower muscle antioxidant
capacity after high-intensity physical training in these patients
compared to healthy controls [10]. It is well known that
reactive oxygen species induce dose-dependent release of
cytokines [31]. Moreover, administration of antioxidant has
been demonstrated to downregulate the release of cytokines
secondarily to exercise [23]. The present authors acknowledge,
however, that the lack of measurements of muscle TNF-a
levels do not allow clear-cut conclusions in this regard.
The concomitant absence of training-induced downregulation of muscle TNF-a mRNA expression in the control group
should also be mentioned, and could be partly attributable to
the different type of training programme employed in the
current study compared to the study of GREIWE et al. [8]. It is
worth noting that the aforementioned study was conducted
in frail elderly subjects (aged 81¡1 yrs) who underwent a
3-month light stretching exercise pretraining programme
followed by a supervised resistance exercise training programme (3 days?week-1) for an additional period of 3 months.
In summary, both the duration of training and muscle groups
exercised were different from those in the present study.
It is concluded that patients with chronic obstructive
pulmonary disease show an abnormal increase in circulating
plasma tumour necrosis factor-a levels during moderateintensity exercise, not accompanied by the increase in
interleukin-6 levels usually seen in healthy subjects during
strenuous exercise, concomitant with an absence of traininginduced effects on muscle tumour necrosis factor-a messenger
ribonucleic acid expression. The present authors consider that
their results pose significant questions, particularly those
related to the abnormal tumour necrosis factor-a response
during moderate exercise and its relationship to the systemic
effects of the disease. Further research is needed to clarify the
origin and physiological significance of these findings.
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