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We have previously demonstrated that the level of leukocytes and neutrophils significantly increased
immediately and 30 min after exercise. Interleukin-8 (IL-8) is an inflammatory cytokine that acts as
a chemokine on neutrophils. In the present study, we evaluated the correlation between the number
of neutrophils and leukocytes, and between the number of neutrophils and plasma IL-8 level.
Long-distance trained runners (TRs, n = 10) and untrained sedentary control subjects (SEDs, n = 10)
ran for one hour at 70% of heart rate reserve. In the TR, the number of neutrophils correlated
significantly with the number of leukocytes in the blood. However, there was no correlation between
the number of neutrophils and the plasma IL-8 concentration in both groups. Expressions of IL-8
protein and mRNA were markedly higher in the TRs as compared to the SEDs at three time intervals
(pre-exercise, immediately after exercise, and post exercise). In conclusion, our results show that 1)
the neutrophil level was dependent on the level of leukocytes 2) there was no correlation between
the neutrophils count and plasma IL-8 concentration and 3) a higher plasma IL-8 level in athletes

may be a unique characteristic of intensive training.
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INTRODUCTION

Chemokines and their receptors play important roles in
many processes including immunosurveillance as well as
trafficking, recruitment and activation of specific cell popula-
tions during inflammation. The cytokines can be divided
into five classes, depending on the arrangement of the amino
acid cysteine in the amino-terminal region: CXC chemokines,
CC chemokines, C chemokines, CX3C chemokines, and virus-
encoded chemokines (Wells et al, 1999).

Interleukin-8 (IL-8), called neutrophil-activating peptide-1
or SCYBS, is a tissue-derived peptide secreted by several
types of cells in response to inflammatory stimuli (Modi et
al, 1989; Modi et al, 1990). IL-8 belongs to a subgroup of
CXC chemokines, and this subgroup has the amino acid
sequence glu-leu-arg (ELR) preceding the first conserved
cysteine amino acid residue in the primary structure of
these proteins (Baggiolini, 2001).

IL-8 is one of a family of 13 human CXC chemokines. These
small basic heparan-binding proteins are proinflammatory
and mediate primarily the activation and migration of
neutrophils into tissue from peripheral blood. Radiation-
hybrid mapping has indicated that 11 of the 13 genes for these
proteins reside on 4q, spanning a region of approximately
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2.75 Mb (Modi & Chen, 1998).

An increase in the levels of IL-8 has been associated with
exercise (Simiti et al, 1998; Mucci et al, 2000; Akerstrom
et al, 2005). However, it is unclear what kinds of differences
in plasma IL-8 levels exist between well-trained athletes
and non-athletic subjects at resting or after exercise. In addition,
it is not clear whether there is any correlation between the
number of neutrophils and plasma IL-8 concentration.

We previously demonstrated that the number of leukocytes
and neutrophils was significantly increased immediately
and 30 min after exercise (Shin et al, 2004). In this study, we
evaluated the correlation between the number of neutrophils
and plasma IL-8 concentration, and measured the expression
of IL-8 protein and mRNA in the blood from two subject
groups?long-distance trained runners (TRs) and untrained
sedentary control subjects (SEDs).

METHODS

Subjects

Ten well-trained male athletes (TRs; mean age, 21.3
1.1 yrs; mean height, 174.3 + 7.1 cm; mean weight, 62.6
+ 3.9 kg) were recruited from the Korea National Sport
University. Athletes lived in a dormitory and trained

ABBREVIATIONS: HRR, heart rate reserve; 1L-8, interleukin-8;
MCP-1, monocyte chemoattractant protein-1; SEDs, untrained
sedentary control subjects; TRs, long-distance trained runners.
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regularly. They usually trained 3 h per day, 6 days per
week throughout year. Ten healthy but sedentary age-
matched male college students were selected as control
subjects (SEDs; mean age, 22.4+1.5 yrs; mean height, 174.9+
5.3 ¢m; mean weight, 72.7+11.0 kg). The SEDs had not
performed regular physical exercise for at least 3 years
before the study commenced. All subjects did not have any
physical activity during the last 3 days before the collection
of basal blood samples. All of the subjects read and signed
an informed consent regarding the purpose of the study and
the procedures. Great attention was paid to the subjects
in accordance with the Helsinki declaration of 1975.

Experimental procedure

All experiments were performed in a thermostatically
controlled experimental room maintained at 24+0.5°C and
60+3.0% relative humidity. Upon arrival into the experimental
room, subjects wore light clothing and rested quietly for 60
min before the experiment commenced.

After lunch, on the experimental day, subjects arrived at
the laboratory in the afternoon at 2-5 P.M. All subjects
performed one bout of prolonged running on a treadmill
(Quinton, Bothell, WA, USA). Subjects undertook running
for 1 h at 70% intensity of heart rate reserve (HRR). Each
target heart rate was calculated from the use of the Karvonen
formula and was maintained during the run. Heart rates
were monitored by the polar system (Finland) throughout
the experiment. Body weight and oral temperature were
measured immediately before and immediately after exercise,
and 30 min post-exercise cessation. When the body weights
were measured, the subjects wore only running pants.

Blood

Peripheral blood samples (20 ml) were drawn from an
antecubital vein by using a disposable syringe treated with
EDTA immediately before and immediately after exercise,
and 30 min post-exercise cessation. The total and differential
counts of white blood cells were determined using an
automated hematology analyzer.

RNA isolation and PCR

Total RNA was extracted from the blood using Trizol
reagent (Invitrogen., Carlsbad, CA, USA), and the RNA was
dissolved in diethylpyrocarbonate (DEPC, Sigma, St. Louis,
MO, USA) treated water. The RNA concentration was quan-
tified by measuring the optical density at 260 nm. cDNA
was produced with reverse transcriptase from the RNA
samples (1 #g) using a Ready-To-Go™ T-Primed First-Strand
Kit (Pharmacia Biotech, Uppsala, Sweden) in a 33 1 volume
according to the manufacturer’s instructions. We performed
the PCR reactions in a volume of 25 1 with 10 mM Tris-
HC], pH 83, 50 mM KCl, 1.5 mM MgCly, 0.2 mM each of ANTP,
0.5 «M each of primer and 0.1 units of Taq DNA polymerase
(Bioneer, Seoul, Korea). The amplification procedure consisted
of 35 cycles (denaturation at 95°C for 1 min, annealing at
56°C for 45 sec, elongation at 72°C for 45 sec) for IL-8, and
35 cycles (denaturation at 94°C for 1 min, annealing at 56°C
for 30 sec, elongation at 72°C for 30 sec) for GAPDH. The
DNA products were analyzed after separation by 1%
agarose gel electrophoresis and ethidium bromide staining.
The amount of DNA product produced was quantified using
a Flour-S® Multilmager (Bio-Rad, Richmond, CA, USA). All

PCR products measured were normalized to the amount of
GAPDH. The following primers were used: 5-GGTGAA-
GGTCGGAGTCAACG-3’ and 5-CAAAGTTGTCATGGATG-
ACC-3 for GAPDH, 5-ATGACTTCCAAGCTGGCCGTGGCT-3
and 5-TCTCAGCCCTCTTCAAAAACTTCTC-3 for IL-8. The
expected size of the PCR products was 465 bp for GAPDH
and 162 bp for IL-8.

Measurement of interleukin-8 by ELISA

Plasma IL-8 was measured using a quantitative sandwich
enzyme immunoassay kit (R & D Systems, San Diego, CA,
USA). The lower limit of detection is 3.13 pg/ml. Values
below this limit were assumed to be zero for the statistical
analysis. The inter- and intra-assay coefficients of variance
were below 10%.

Statistical analysis

All data are presented as means = SD. Repeated-measure-
ment analysis of variance was employed using commercially
available computer software. When appropriate, the t-test
and repeated contrast was performed for post hoc comparison.
Spearman’s rank correlation was calculated to assess
correlations between data. Differences were considered to
be statistically significant when the probability was less
than 0.05.

RESULTS

Correlation between the number of leukocytes and
neutrophils, and plasma IL-8 protein concentration

In the TRs, the number of neutrophils in blood correlated
significantly with the number of leukocytes (p<0.01, R=
0.724, Fig. 1A; p<0.05, R=0.705, Fig. 1B; p<0.01, R=0.763,
Fig. 1C; p<0.05, R=0.614, Fig. 1E and p<0.001, R=0.936,
Fig. 1F respectively). However, there was not a significant
correlation for the SEDs (Fig. 1D). When the entire study
population were examined, no correlation between the
number of neutrophils and plasma IL-8 protein concentration
was found (p>0.05, R=0.129).

IL-8 mRNA expression

11.-8 gene expression was significantly higher in the TRs
than that with the SEDs at all three intervals examined
(p<0.01, respectively). After a bout of exercise, there was no
alteration of IL-8 mRNA expression in both groups (Fig. 2).

IL-8 protein production

As with IL-8 gene expression, the production of IL-8
protein was significantly higher in the TRs than that with the
SEDs at all three intervals examined (p<0.01, respectively).
After a bout of exercise, there was no alteration of IL-8
protein production in both groups (Fig. 3).

DISCUSSION

Exercise influences immune function, and the effect of
exercise on immune function depends on the intensity and
time duration of exercise. Regular moderate exercise enhances
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Fig. 1. Correlations between the number of neutrophils and
leukocytes in blood from the TRs (n = 10) (4, C, E) and SEDs (n
= 10) (B, D, F). Statistical analysis was performed using the
Spearman’s rank test. For the SEDs in (D), there is no significant

(N.S.) difference from post-exercise.

immune function, while intense exercise can suppress
immune function. Generally, exercise perturbs the immune
system and results in leukocytosis and neutrocytosis. Neut-
rophils represent 50~60% of the total circulating leukocyte
pool. These cells are part of the innate immune system,
essential for host defense, and involved in the pathology
of various inflammation conditions.

We have previously showed that the number of leukocytes
and neutrophils are significantly increased immediately
and 30 min after exercise (Shin et al, 2004). The present
results showed that the number of neutrophils was strongly
correlated with the number of leukocytes (Fig. 1), suggesting
that neutrophils are the predominant fraction of leukocytes
at rest and during exercise.

Chemokines are cytokines with chemotactic activity, and
IL-8 is the prototype of chemokines with a specific and
potent chemotactic activity for neutrophils (Baggiolini &
Clark-Lewis, 1992). Studies in humans (Geiser et al, 1993;
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Fig. 2. Changes in IL-8 mRNA expression in plasma of TR and
SED following exercise. (A) RT-PCR of the 289bp I1.-8 DNA product
detected in plasma. Pre: pre-exercise; Post: post-exercise; Re:
recovery after 30 min; SED: untrained sedentary control subjects,
TR: trained runners. (B) The gel separating the PCR products was
scanned and then quantified with an image analyzer (mean + SD).
**p<0.001, indicates a significant difference between groups.
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Fig. 3. Effect of exercise on plasma IL-8 protein level in SED and
TR. Products of IL-8 protein detected in plasma. Pre: pre-exercise;
Post: post-exercise; Re: recovery after of 30 min (mean + SD). **p
<0.001 indicates a significant difference between groups.

Tan and Davidson, 1995), rats (Watanabe et al, 1991), and
dogs (Thomsen et al, 1991) showed that their chemotactic
activity is more powerful than other neutrophil chemotactic
substances such as platelet activating factor and leukotriene
B4 (Thomsen et al, 1991; Watanabe et al, 1991; Baggiolini
& Clark-Lewis, 1992; Geiser et al, 1993; Tan & Davidson,
1995).

Exercise induces the expression of IL-8 and increases the
number of neutrophils in plasma. However, in the present
study there is no linear correlation between IL-8 concentration
and the number of neutrophils in plasma after stimulation
exercise by Peake et al. (2005) reported that, although there
was a significant increase in the neutrophils count after
downhill running, there was no change in neutrophil receptor
expression and plasma IL-8 levels. Niess et al. (2003) demon-
strated that 60 min treadmill running at 75% VOsmax
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significantly increased the neutrophils count but not the
level of IL-8, Suzuki et al. (2003) reported that both the
plasma IL-8 level and number of neutrophils significantly
increased after a marathon race. On the contrary, however,
our present results, on the change in the number of neutrophils
and the level of IL-8 after exercise was different from those
above: Our results suggested that there might be a difference
between the systemic plasma IL-8 level and number of
blood neutrophils, but IL-8 alone did not induce neutorphil
production.

It has been reported that many cytokines which recruit
and prime neutrophils are secreted after exercise (Suzuki
et al., 2000; Suzuki et al., 2002; Suzuki et al., 2003). As for
humoral mediators of neutrophil mobilization, concentrations
of growth hormone (GH), cortisol and granulocyte colony-
stimulating factor (G-CSF) have been shown to increased
after exercise. In addition, concentrations of neutrophil-priming
substances (IL-6, IL-8, G-CSF, GH and prolactin) have also
been reported to increase (Suzuki et al, 2003) after exercise.
Therefore, we couldn’t explain clearly why there was a
discrepancy in alteration between plasma IL-8 level and the
number of neutrophils. However, it is highly possible that
intensity and types of exercise may contribute to that.

The plasma concentration of IL-8 increases in response
to exhaustive running exercise, composed of eccentric and
concentric components (Nieman et al, 2001; Ostrowski et
al, 2001; Nieman et al, 2003; Suzuki et al, 2003). Incremental
bicycle ergometer exercise to exhaustion resulted in a small
increase in the plasma IL-8 concentration (Mucci et al,
2000), whereas the plasma IL-8 concentration remained
unaltered during rowing or bicycle exercise for 1 or 2 h
(Henson et al, 2000; Chan et al, 2004). These studies
indicated that concentric exercise alone is not related to a
marked increase in IL-8 plasma concentration (Akerstrom
et al, 2005). Furthermore, there is disagreement about the
expression of IL-8 between plasma and skeletal muscle.
Skeletal muscle IL-8 mRNA increases in response to 1 h
of bicycle exercise without affecting the IL-8 plasma concen-
tration (Chan et al, 2004). Contracting skeletal muscle
responds to a 3 h treadmill run by several fold increase
of IL-8 mRNA, concomitantly with increased plasma levels
of IL-8 (Nieman et al, 2003). As IL-8 is produced by most
tissues, including skeletal muscle, monocytes, marcrophage,
vascular tissue, and adipose tissue (Baggiolini et al, 1994;
Bruun et al, 2001), and is partially released from these
tissue or cells, it is a matter of course that there was no
coincidence between expression of IL-8 in plasma and local
tissue. A further study is needed to clarify this discrepancy.

Our present results showed that IL-8 mRNA levels were
markedly higher in the TRs than those in the SEDs (Fig.
2). Moreover, I1.-8 protein levels at pre-exercise, immediately
after exercise, and post exercise were significantly higher
in the TRs than those in the SEDs (Fig. 3). Overall, higher
protein and mRNA levels of IL-8 protein levels were found
in the TRs. These results are in good agreement with
previous studies (Mucci et al., 2000; Nieman et al., 2006;
Cox et al,, 2007). Nieman et al. (2006) reported that mRNA
and protein expression of IL-8 increased in athletes, and
Mucci et al. (2000) showed that plasma levels of interleukin-1
beta (IL-13) and IL-8 in arterial blood in highly trained
athletes were higher at resting and during exercise, which
was related to the increased histamine release. Releases
of histamine, IL-8, and IL-1 8 during exercise reflect an
inflammatory reaction. In our present study, we didn’t
analyze blood histamine levels, however, we found that

plasma levels of IL-1 5 (Bae et al., 2006; another paper of
ours) and IL-8 in trained athletes were up-regulated, as
shown by Mucci et at. (2000). Cox et al. (2007) demonstrated
that IL-8 concentration was higher in trained distance
runner at resting and during exercise than that with
illness-prone runners, suggesting enhanced inflammatory
response to exercise stimulation. As one of indicators of
inflammation, plasma IL-8 indicates immunologically res-
ponsive activation. Because higher IL-8 level means not
only processing of inflammation but also representing the
capacity of immune function in response to exercise, the
higher level seems to imply adaptation to the exercise.
Therefore, exercise training may be attributable to a unique
characteristic of higher IL-8 level in athletes.

Increment of IL-8 in disease patients as well as athletes
has been reported. However, there seems to be a difference
between physiological adaptation and pathological pheno-
mena. Epidemiological studies have shown that increasing
levels of physical activity are associated with reduced
inflammation in healthy subjects (Abramson & Vaccarino,
2002; Ford, 2002). On the other hand, in patients with
heart failure and increased plasma levels of chemokines
(Damas et al, 2000), modest exercise has been reported to
reduce peripheral markers of inflammation, such as MCP-1
(monocyte chemoattractant protein-1) (Adamopoulos et al,
2001). Treseid et al. (2004) demonstrated that exercise
reduces plasma levels of MCP-1 and IL-8 in subjects with
metabolic syndrome. However, these anti-inflammatory
effects through exercise intervention seem to be not applicable
to athletes.

In conclusion, our results showed that the number of
neutrophils was dependent on the number of leukocytes,
and that there was no correlation between the neutrophils
count and level of plasma IL-8. A higher plasma IL-8 level
in athletes may be a unique characteristic of intensive
training.

ACKNOWLEDGMENT

This work was supported by the Korea Research Foundation
Grant funded by the Korean Government (MOEHRD, Basic
Research Promotion Fund) (KRF-2006-311- E00237).

REFERENCES

Abramson JL, Vaccarino V. Relationship between physical activity
and inflammation among apparently healthy middle-aged and
older US adults. Arch Intern Med 162: 1286—1292, 2002

Adamopoulos S, Parissis J, Kroupis C, Georgiadis M, Karatzas D,
Karavolias G, Koniavitou K, Coats AJ, Kremastinos DT.
Physical training reduces peripheral markers of inflammation
in patients with chronic heart failure. Eur Heart 22: 791— 797,
2001

Akerstrom T, Steensberg A, Keller P, Keller C, Penkowa M,
Pedersen BK. Exercise induces interleukin-8 expression in
human skeletal muscle. J Physiol 563: 507—516, 2005

Bae JS, Shin YO, Lee JB, Seok H, Min YK, Yang HM. Sweating
by exercise controls body temperature through increase of
Interleukin-1beta. Korean J Physiol Pharmacol 10: 231234,
2006

Baggiolini M. Chemokines in pathology and medicine. o/ Intern Med
250: 91—104, 2001

Baggiolini M, Clark-Lewis I. Interleukin-8, a chemotactic and
inflammatory cytokine. FEBS Lett 307: 97—101, 1992

Baggiolini M, Dewald B, Moser B. Interleukin-8 and related



IL-8 in Runner and Non-Athletic Control 267

chemotactic cytokines-CXC and CC chemokines. Adv Immunol
55: 97—179, 1994

Bruun JM, Pedersen SB, Richelsen B. Regulation of interleukin 8
production and gene expression in human adipose tissue in vitro.
J Clin Endocrinol Metab 86: 1267— 1273, 2001

Chan MH, Carey AL, Watt MJ, Febbraio MA. Cytokine gene
expression in human skeletal muscle during concentric
contraction: evidence that IL-8, like IL-6, is influenced by
glycogen availability. Am J Physiol Regul Integr Comp Physiol
287: R322—R327, 2004

Cox Ad, Pyne DB, Saunders PU, Callister R, Gleeson M. Cytokine
responses to treadmill running in healthy and illness-prone
athletes. Med Sci Sports Exerc 39: 1918—1926, 2007

Damas JK, Gullestad L, Ueland T, Solum NO, Simonsen S, Froland
SS, Aukrust P. CXC-chemokines, a new group of cytokines in
congestive heart failure--possible role of platelets and
monocytes. Cardiovasc Res 45: 428—436, 2000

Ford ES. Does exercise reduce inflammation? Physical activity and
C-reactive protein among U.S. adults. Epidemiology 13: 561—
568, 2002

Geiser T, Dewald B, Ehrengruber MU, Clark-Lewis I, Baggiolini
M. The interleukin-8-related chemotactic cytokines GRO alpha,
GRO beta, and GRO gamma activate human neutrophil and
basophil leukocytes. J Biol Chem 268: 15419— 15424, 1993

Henson DA, Nieman DC, Nehlsen-Cannarella SL, Fagoaga OR,
Shannon M, Bolton MR, Davis JM, Gaffney CT, Kelln WJ,
Austin MD, Hjertman JM, Schilling BK. Influence of
carbohydrate on cytokine and phagocytic responses to 2 h of
rowing. Med Sci Sports Exerc 32: 1384— 1389, 2000

Modi WS, Chen ZQ. Localization of the human CXC chemokine
subfamily on the long arm of chromosome 4 using radiation
hybrids. Genomics 47: 136—139, 1998

Modi WS, Dean M, Matsushima K, Seuanez H, O'Brien SJ.
Chromosome mapping and RFLP analyses of monocyte-derived
neutrophil chemotactic factor (MDNCF/IL-8). (Abstract)
Cytogenet Cell Genet 51: 1046 only, 1989

Modi WS, Dean M, Seuanez HN, Mukaida N, Matsushima K,
O'Brien SJ. Monocyte-derived neutrophil chemotactic factor
(MDNCF/IL-8) resides in a gene cluster along with several other
members of the platelet factor 4 gene superfamily. Hum Genet
84: 185—187, 1990

Mucci P, Durand F, Lebel B, Bousquet J, Prefaut C. Interleukins
1-beta, -8, and histamine increases in highly trained, exercising
athletes. Med Sci Sports Exerc 32: 1094—1100, 2000

Nieman DC, Davis JM, Henson DA, Walberg-Rankin J, Shute M,
Dumke CL, Utter AC, Vinci DM, Carson JA, Brown A, Lee WJ,
McAnulty SR, McAnulty LS. Carbohydrate ingestion influences
skeletal muscle cytokine mRNA and plasma cytokine levels after
a 3-h run. J Appl Physiol 94: 1917—1925, 2003

Nieman DC, Henson DA, Davis JM, Dumke CL, Utter AC, Murphy
EA, Pearce S, Gojanovich G, McAnulty SR, McAnulty LS. Blood
leukocyte mRNA expression for IL-10, IL-1Ra, and IL-8, but not
IL-6, increases after exercise. J Interferon Cytokine Res 26(9):

668—674, 2006

Nieman DC, Henson DA, Smith LL, Utter AC, Vinci DM, Davis
JM, Kaminsky DE, Shute M. Cytokine changes after a marathon
race. J Appl Physiol 91: 109—114, 2001

Niess AM, Fehrenbach E, Lehmann R, Opavsky L, Jesse M,
Northoff H, Dickhuth HH. Impact of elevated ambient
temperatures on the acute immune response to intensive
endurance exercise. Eur J Appl Physiol 89: 344— 351, 2003

Ostrowski K, Rohde T, Asp S, Schjerling P, Pedersen BK.
Chemokines are elevated in plasma after strenuous exercise in
humans. Eur J Appl Physiol 84: 244—245, 2001

Peake JM, Suzuki K, Wilson G, Hordern M, Nosaka K, Mackinnon
L, Coombes JS. Exercise-induced muscle damage, plasma
cytokines, and markers of neutrophil activation. Med Sci Sports
Exerc 37. 737— 745, 2005

Shin YO, Oh JK, Sohn HS, Bae JS, Lee MY, Lee JB, Yang HM,
Min YK, Song HY, Ko KK, Matsumoto T. Expression of
exercise-induced HSP70 in long-distance runner’s leukocytes.
Therm Biol 29: 769— 774, 2004

Simiti A, Vida-Simiti L, Cristea A, Olinic N. Increased plasma
levels of interleukin-8 in patients with unstable angina pectoris.
Rom J Intern Med 36: 47—56, 1998

Suzuki K, Nakaji S, Yamada M, Liu Q, Kurakake S, Okamura N,
Kumae T, Umeda T, Sugawara K. Impact of a competitive
marathon race on systemic cytokine and neutrophil responses.
Med Sci Sports Exerc 35: 348— 355, 2003

Suzuki K, Nakaji S, Yamada M, Totsuka M, Sato K, Sugawara K.
Systemic inflammatory response to exhaustive exercise.
Cytokine kinetics. Exerc Immunol Rev 8: 6—48, 2002

Suzuki K, Yamada M, Kurakake S, Okamura N, Yamaya K, Liu
Q, Kudoh S, Kowatari K, Nakaji S, Sugawara K. Circulating
cytokines and hormones with immunosuppressive but
neutrophil-priming potentials rise after endurance exercise in
humans. Eur J Appl Physiol 81(4): 281—287, 2000

Tan ND, Davidson D. Comparative differences and combined effects
of interleukin-8, leukotriene B4, and platelet-activating factor
on neutrophil chemotaxis of the newborn. Pediair Res 38: 11—
16, 1995

Thomsen MK, Larsen CG, Thomsen HK, Kirstein D, Skak-Nielsen
T, Ahnfelt-Ronne I, Thestrup-Pedersen K. Recombinant human
interleukin-8 is a potent activator of canine neutrophil
aggregation, migration, and leukotriene B4 biosynthesis. J
Invest Dermatol 96: 260— 266, 1991

Treseid M, Lappegard KT, Claudi T, Damas JK, Merkrid L,
Brendberg R, Mollnes TE. Exercise reduces plasma levels of the
chemokines MCP-1 and IL-8 in subjects with the metabolic
syndrome. Eur Heart J 25(4). 349—355, 2004

Watanabe K, Koizumi F, Kurashige Y, Tsurufuji S, Nakagawa H.
Rat CINC, a member of the interleukin-8 family, is a
neutrophil-specific chemoattractant in vivo. Exp Mol Pathol 55:
30—37, 1991

Wells TN, Proudfoot AE, Power CA. Chemokine receptors and their
role in leukocyte activation. Immunol Lett 65: 35—40, 1999



