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Abstract

Relationship between cigarette smoking and increased morbidity and mortality has already been reported in
previous studies. Fifteen healthy untrained smoker males and fifteen non-smokers matched for age, gender,
height, and BMI were recruited for this study by accessible sampling. Fasting blood samples were collected of all
participants for measuring and comparing serum IL-1b between smoker and non-smokers at baseline. Then, all
smokers were completed an exercise test for 35 min running on smooth surface without slope at 75% of maximal
heart rate. Blood sampling were repeated immediately and 60 min after stopping the test in order to determine
acute and recovery response of IL-1B to exercise in smokers. Statistical analysis was performed using an
independent paired t-test. At baseline there were no differences in the age, serum IL-1b, body weight and other
anthropometrical indexes between the two groups. No significant differences were found in acute and recovery
serum IL-1b by exercise test with compared to baseline in smokers. This study indicates that moderate exercise
test is not associated with acute or recovery response of IL-1b in smoker men. Future studies should examine the

potential role of short-term exercise systemic inflammation in this population.
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Introduction

Recent studies demonstrate that cardiovascular
diseases contain a component of inflammation and
have even been referred to as an inflammatory
disease (Libby et al., 2002; Ross, 1999). In addition,
there is considerable evidence that some
inflammation cytokines such as TNF-a and IL-1b play
a important roles in the pathogenesis of inflammatory
disorders, and recent studies have linked certain
polymorphisms in TNF-a or IL-1b with altered risks
of coronary artery disease (Francis et al., 1999; Oda et

al., 2007; Sharsi et al., 2007).

It has been previously reported that cigarette smoking
has been implicated in the activation of a complex
inflammatory cascade resulting in the production of a
variety of potent cytokines and chemokines, which in
turn contribute to development of atherosclerotic
plaques (Silvia et al., 2011). Among cytokines, IL-18 is
a proinflammatory cytokine that plays important
roles in inflammation. However, the role of this
cytokine under physiological conditions is not fully
understood. Review of research findings show that
IL-1B plays an important role in lipid metabolism by
regulating insulin levels and lipase activity under

physiological conditions (Matsuki et al., 2003).

On the other hand, data from some recent
observational studies indicate that smoking is
associated with changes in the expression of cytokines
(Hart et al., 2008; Hou et al., 2009) emphasizing that
short-term exposure to cigarette smoke in vivo is
sufficient to increase IL-18 and/or TNF-a (Castro et
al., 2004; Barbieri et al., 2007). In this area, Results
from several investigations suggest that the levels of
IL-1b and TNF-a in the serum of smoker subjects are
elevated compared with non-smokers and that
simultaneous inhibition of IL-1b and TNF-a-
signalling pathways prevents smoking-induced
endothelial dysfunction (Silvia et al., 2011).

So that, most of researchers have focused on the
inflammatory risk factors of smoking in recent years.
Meanwhile, the role of sport as an important factor in

preventing or reducing smoking-related risk factors of

systemic inflammation and vital organs has attracted
health sciences researchers, though findings on
cytokine response, particularly IL-1f are limited to
the types of physical activity in smokers. However,
findings regarding the response of inflammatory
cytokine IL-1B to exercise are more or less
contradictory in other healthy populations, so that
some have reported the beneficial effects of exercise
(Gomez-Merino et al.,, 2007) and others have
reported the lack of IL-1f response to exercise (Chida

etal., 2006).

On the other hand, recovery response of serum IL-18
to short-time or one session exercise in smoker or
other population has received limited attention.
Therefore, this study aimed to assess recovery
response of serum IL-18 to one session moderate

running test in smoker men.

Material and methods

Subjects

This study investigated the delayed circulating IL-18
response (1 hour) to relatively prolonged running
exercise in a group of smoker men. Fifteen healthy
untrained smoker males and fifteen non-smokers
matched for age, gender, height, and BMI were
recruited for this study by accessible sampling. This
semi-experimental study was conducted as part of
ancillary study and was approved by Research
Council and Ethics Committee of Islamic Azad
University, Iran. After the nature of the study was
explained in detail, informed consent was obtained

from all participants.

Inclusion criteria

Inclusion criteria to study for smoker group were
smoking history of At least 10 cigarettes a day for 5
years. Participants were non-athletes and non-
alcoholics. Neither the control or diabetic subjects
had participated in regular exercise for the preceding
6 months, nor did all subjects have stable body
weight. Subjects were reported to be not currently

taking supplements of any kind, and having no major
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health problems (i.e., diabetes, cardiovascular

disease, etc.).

Anthropometrical measurements

In first stage, all anthropometrical markers were
measured in two group subjects. Anthropometric
measurements (body height and weight, waist and hip
circumference) were performed with the subjects
wearing light underwear and without shoes.
Abdominal circumference was measured in the most
condensed part using a non-elastic cloth meter. Body
weight was measured in duplicate in the morning
following a 12-h fast. Body mass index (BMI) was
calculated as weight (kg) divided by squared height

(m).

Biochemical analysis and exercise test

Then, subjects were asked to attend Hematology Lab
between the hours of 8 to 9 am. All blood samples
were taken following an overnight 12-hour fast. Blood
samples were obtained in order to measuring serum
IL-18 and its comparison between smoker and non-
smoker groups. Blood samples were centrifuged for
10 minutes by 3000 rpm speed for serum separation.
Serum IL-18 was determined by ELISA method
Enzyme-linked Immunosorbent Assay for
quantitative detection of human IL-1f), using a
Biovendor- Laboratorial kit made by Biovendor
Company, Czech. After blood sampling, all subjects of
smoker group were completed a moderate intensity
running test for 35 min on smooth surface without

slope at 75% of maximal heart rate. Test conditions

were the same for all subjects. Blood sampling were
repeated immediately and 60 min after stopping the
test in order to determine acute and recovery

response of IL-18 to exercise.

Statistical analysis

The statistical significance of divergences between the
means in the two groups were evaluated using an
independent sample T-test in the case of normal
distribution of data sets, and using the Kolmogorov-
Smirnov’s test when at least in one of the data sets the
normal distribution was excluded. Student’s t-tests
for paired samples were performed to determine
significance of changes in variables by exercise test in
smoker subjects. Significance was accepted at P <

0.05.

Results

Baseline anthropometric and metabolic
characteristics of the study participants in the smoker
and non-smoker groups are shown in Table 1. Data
were expressed as individual values or the mean +
SD. Based on baseline data, significant differences
were not found in all anthropometrical indexes such
as body weight, body mass index and body fat
percentage between two groups (p = 0.05). There
were no significant differences in serum IL-1f level
between smoker and non-smoker group at baseline (p

> 0.05).

Table 1. Mean and standard deviation of anthropometric and metabolic characteristics of studied subjects

Variable Age Height Weight Abdominal BF BMI Serum IL-1B
(years) (cm) (kg) circumference (cm) (%) (kg/m2) (pg/ml)

Smoker 35(5.3) 176 (7.2) 92 (6.7) 97 (6.8) 2893110 29.7(3.3) 6.71 (2.3)

Non-smoker 34 (4.6) 174 (6.3) 91 (5.9 96 (5.9) 29.1(3.9) 30.1(2.7) 6.38 (2.1)

Abbreviations: BMI, body mass index; AC, BF, Body fat percentage SD, standard deviation.

Data of serum IL-1B after exercise test showed that
serum level of IL-1f did not change immediately post-
exercise (from 6.71 + 2.3 t0 6.3 + 1.8 pg/ml, p > 0.05).
On the other hand, we observed no acute response in
serum IL-1P after exercise. In addition, serum level of

IL-1f remained without change at 60 min of recovery

compared to pre-exercise (from 6.71 + 2.3 10 5.9 + 2.1

pg/ml, p > 0.05) (Fig. 1).

Discussion
In present study, we measured serum interleukini

beta at baseline, immediately prost-exercise (acute
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response) and 60 min recovery (recovery response)
after a relatively moderate exercise in healthy adult
smoker males. Main finding of this study was no
significant change in serum level of this inflammation
cytokine at acute or recovery response compared to
baseline.

W Series1

iy

pretest Acute response Recovery response

Fig.1. The changes pattern of serum IL-18 in immediately post-
exercise and 60 min of recovery compared to pre-exercise. The
results showed that serum IL-18 did not change immediately
post-exercise and 60 min of recovery of exercise test in smoker
men.

Interleukin-1 is known as a potent inflammatory
cytokine that was discovered in the 1970s and was
first described as lymphocyte-activating factor or
leukocytic pyrogen (Gery et al, 1972; Gery et al,
1972). IL-1f is the best-studied cytokine of the IL-1
family (Krause et al., 2012). It is also important to
note that IL-1f is a regulator of the body's
inflammatory response and is produced after injury,
infection and antigenic challenge (Maedler et al.,
2009). Although macrophages are the primary source
of IL-1, but epidermal, epithelial, lymphoid and
vascular tissues also synthesize IL-1. IL-1beta
production and secretion have also been reported

from pancreatic islets (Maedler et al., 2009).

IL-1B, Apart from its physiologic role in host
protection, is known to be important in a number of
severe inflammatory diseases including the rare
cryopyrin-associated periodic syndromes (CAPS) and
other hereditary and polygenic autoinflammatory
diseases and some previous studies have indicated
most of these diseases can be completely controlled
by anti-IL-1p treatment (Goldbach-Mansky et al.,

2006; Ozen et al., 2011).

Despite extensive studies on the effects of smoking on
cytokines and adipokines, the specific mechanisms
responsible for these observations are less
understood. Among them, most previous studies have
noted higher circulating serum IL-1f in smoker than
non-smoker subjects (Arnson et al, 2010). Lack
significant difference in serum CRP between smoker
and non-smoker in present study is somewhat
controversial, although its baseline levels were far
higher in both studied smokers and non-smokers
compared with healthy non-smokers reported in
previous studies. However, the findings of this study
are somewhat controversial and undermine many

previous studies.

Because, Cigarette smoke was shown to increase the
secretion of numerous pro-inflammatory cytokines
such as TNF-alpha, IL-1, IL-6, IL-8 GM-CSF and to
decrease the levels of anti-inflammatory cytokines
such as IL-10 (Arnson et al., 2010). In a previous
study showed that In both smokers and non-smokers,
secreted levels of IL-1beta increased from o to 5 min
of in vitro smoke exposure with levels in smokers
higher than in non-smokers (Ryder et al., 2002). It
has been previously reported that blocking IL-1 or
TNF-a receptors protects against acute smoke-
mediated increases in inflammatory cells present in
bronchial lavage fluid (Churg et al., 2009).

So far, several studies aiming at studying the response
of inflammatory cytokines to exercise were carried
out in healthy populations, patients, athletes, and
non-athletes that have resulted in different answers,
depending on the type of subjects or sportive
protocols. Some have noted decrease (Gomez-Merino
et al., 2007), increase (Rowsey et al., 2009), or no
change (Chida et al., 2006, Eizadi et al., 2011) in the
cytokine response to exercise. But among them, few
studies existed regarding immediate or delayed
response of IL-1f to single session exercise in
smokers. It seems that the present study with the
mentioned objectives is the first one in this area on

smokers.
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Regarding the impact of single session exercise on the
level of IL-1B, running an exercise session has
increased serum levels of IL-1f in obese mice
(Martin-Cordero et al., 2009), while the findings of
this study showed that single session exercise as
moderately severe running for 35 minutes is not
associated with significant immediate or delayed
response of IL-1 in smokers. Other studies have also
reported increased levels of IL-1f immediately after
exercise, although its levels was declined to baseline
after 24 hours of recovery (Moldoveanu et al., 2000).
According to these findings, it can be concluded that a
sportive activity with mentioned specifications has
not anti-inflammatory effects on IL-1f levels in male

smokers.

References

Arnson Y, Shoenfeld Y, Amital H. 2010. Effects
of tobacco smoke on immunity, inflammation and
autoimmunity. Journal of Autoimmunity 34(3),
J258.

Barbieri SS, Weksler BB. 2007. Tobacco smoke
cooperates with interleukin-ibeta to alter beta-
catenin trafficking in vascular endothelium resulting
in increased permeability and induction of
cyclooxygenase-2 expression in vitro and in vivo.
Federation of American Societies for Experimental

Biology 21, 1831-1843.

Castro P, Legora-Machado A, Cardilo-Reis L,
Valenca S, Porto LC, Walker C. 2004. Inhibition
of interleukin-ibeta  reduces mouse lung
inflammation induced by exposure to -cigarette
smoke. European Journal of Pharmacology 498,

279—286.

Chida D, Osaka T, Hashimoto O, Iwakura
Y.Diabetes. 2006. Combined interleukin-6 and
interleukin-1 deficiency causes obesity in young mice.

Diabetes 55(4), 971-7.

Churg A, Zhou S, Wang X, Wang R, Wright JL.

2009. The role of interleukin-ibeta in murine

cigarette smoke-induced emphysema and small
airway remodeling. American Journal of Respiratory

Cell and Molecular Biology 40, 482—490.

Eizadi M, Khorshidi D, Seyedhoseini MA,
Dooaly H. 2011. Interleukin-1 beta response to an
acute incremental cycling in obese men. Journal of
Biodiversity and Environmental Sciences 1(5), 82-
88.

Francis SE, Camp NJ, Dewberry RM, Gunn J,
Syrris P, Carter ND. 1999. Interleukin-1 receptor
antagonist gene polymorphism and coronary artery

disease. Circulation 99, 861—866.

Gery I, Gershon RK, Waksman BH. 1972.
Potentiation of the T-lymphocyte response to
mitogens. 1. The responding cell. Journal of

Experimental Medicine 136, 128—142.

Gery I, Waksman BH. 1972. Potentiation of the T-
lymphocyte response to mitogens. II. The cellular
source of potentiating mediator(s). Journal of

Experimental Medicine 136, 143—155.

Goldbach-Mansky R, Dailey NJ, Canna SW.
2006. Neonatal-onset multisystem inflammatory
disease responsive to interleukin-ibeta inhibition.

New England Journal of Medicine 355, 581-592.

Gomez-Merino D, Drogou C, Guezennec CY,
Chennaoui M. 2007. Effects of chronic exercise on
cytokine production in white adipose tissue and

skeletal muscle of rats. Cytokine 40(1), 23-9.

Hart K, Haugen A, Zienolddiny S. 2008. Allele-

specific induction of ILiB -31T/C promoter

polymorphism by lung carcinogens. Mutation

Research 656, 14—18.

Hou L, Huang J, Lu X, Wang L, Fan Z, Gu D.
2009. Polymorphisms of tumor necrosis factor alpha

gene and coronary heart disease in a Chinese Han

41 | Javad et al.


http://www.ncbi.nlm.nih.gov/pubmed?term=Arnson%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23279317
http://www.ncbi.nlm.nih.gov/pubmed?term=Shoenfeld%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23279317
http://www.ncbi.nlm.nih.gov/pubmed?term=Amital%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23279317
http://www.ncbi.nlm.nih.gov/pubmed/20042314
http://www.ncbi.nlm.nih.gov/pubmed/20042314
http://www.ncbi.nlm.nih.gov/pubmed/20042314
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gomez-Merino%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drogou%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guezennec%20CY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chennaoui%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed/17826174
http://www.ncbi.nlm.nih.gov/pubmed/17826174
http://www.ncbi.nlm.nih.gov/pubmed/17826174

J. Bio. & Env. Sci.

2013

population: interaction with cigarette smoking.

Thrombosis Research 123, 822—826.

Krause K, Metz M, Makris M, Zuberbier T,
Maurer M. 2012. The role of interleukin-1 in allergy-
related disorders. Current Opinion in Allergy and

Clinical Immunology 12(5), 477-84.

Libby P, Ridker PM, Maseri A.
Inflammation and atherosclerosis. Circulation 105,

1135-43.

2002.

Maedler K, Dharmadhikari G, Schumann DM,
Sterling J. 2009. Interleukin-1 beta targeted therapy
for type 2 diabetes. Expert Opinion on Biological
Therapy 9(9), 1177-88.

Martin-Cordero L, Garcia JJ, Giraldo E, De la
Fuente M, Manso R, Ortega E. 2009. Influence of
exercise on the circulating levels and macrophage
production of IL-ibeta and IFNgamma affected by
obese Zucker rat

metabolic syndrome: an

experimental animal model. European Journal of

Applied Physiology 107(5), 535-43.

Matsuki T, Horai R, Sudo K, Iwakura Y. 2003.
IL-1 plays an important role in lipid metabolism by
insulin levels under
(2003).

Medicine 198(6), 877-88.

regulating physiological

conditions. Journal of Experimental

Moldoveanu Al, Shephard RJ, Shek PN. 2000.
Exercise elevates plasma levels but not gene
expression of IL-1beta, IL-6, and TNF-alpha in blood
mononuclear cells. Journal of Applied Physiology

89(4), 1499-504.

Oda K, Tanaka N, Arai T, Araki J, Song Y,
Zhang L. 2007. Polymorphisms in pro- and anti-

inflammatory cytokine genes and susceptibility to

atherosclerosis: a pathological study of 1503

consecutive autopsy cases. Human Molecular

Genetics 16, 592—599.

Ozen S, Bilginer Y, Aktay Ayaz N, Calguneri M.
2011. Antiinterleukin 1 treatment for patients with
familial Mediterranean fever resistant to colchicine.
Journal of Rheumatology 38, 516—518.

Ross R.
disease. New England Journal of Medicine 340, 115—
26.

1999. Atherosclerosis-an inflammatory

Rowsey PJ, Metzger BL, Carlson J, Gordon CJ.
2009. Long-term exercise training selectively alters
serum cytokines involved in fever. Biological

Research for Nursing 10(4), 374-80.

Ryder MI, Saghizadeh MIl. 2002. Effects of
tobacco smoke on the secretion of interleukin-ibeta,
and transforming
blood
Microbiology  and

tumor necrosis factor-alpha,

growth  factor-beta  from  peripheral
mononuclear  cells.  Oral

Immunology 17(6), 331-6.

Sbarsi I, Falcone C, Boiocchi C, Campo I,
Zorzetto M, De Silvestri A. 2007. Inflammation
and atherosclerosis: the role of TNF and TNF
receptors polymorphisms in coronary artery disease.
International journal of immunopathology and

pharmacology 20, 145—-154.

Silvia SB, Elena Z, Patrizia A, Sara G, Luciana
M, Babette BW. 2011. Cytokines present in
smokers’ serum interact with smoke components to
enhance endothelial dysfunction. Cardiovascular

Research 90(3), 475-483.

42 | Javad et al.


http://www.ncbi.nlm.nih.gov/pubmed?term=Krause%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22885885
http://www.ncbi.nlm.nih.gov/pubmed?term=Metz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22885885
http://www.ncbi.nlm.nih.gov/pubmed?term=Makris%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22885885
http://www.ncbi.nlm.nih.gov/pubmed?term=Zuberbier%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22885885
http://www.ncbi.nlm.nih.gov/pubmed?term=Maurer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22885885
http://www.google.com/url?sa=t&rct=j&q=curr%20opin%20allergy%20clin%20immunol%20&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fjournals.lww.com%2Fco-allergy%2F&ei=HAnbUfWbD4jZPZ_VgaAP&usg=AFQjCNG8vwMLMH179m6xLoqR_Xu20TiIVA&bvm=bv.48705608,d.bGE
http://www.google.com/url?sa=t&rct=j&q=curr%20opin%20allergy%20clin%20immunol%20&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fjournals.lww.com%2Fco-allergy%2F&ei=HAnbUfWbD4jZPZ_VgaAP&usg=AFQjCNG8vwMLMH179m6xLoqR_Xu20TiIVA&bvm=bv.48705608,d.bGE
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maedler%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dharmadhikari%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schumann%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22St%C3%B8rling%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed/19604125
http://www.ncbi.nlm.nih.gov/pubmed/19604125
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin-Cordero%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garcia%20JJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giraldo%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20la%20Fuente%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20la%20Fuente%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manso%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ortega%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed/19688220
http://www.ncbi.nlm.nih.gov/pubmed/19688220
http://www.ncbi.nlm.nih.gov/pubmed/19688220
http://www.ncbi.nlm.nih.gov/pubmed/19688220
http://www.ncbi.nlm.nih.gov/pubmed/19688220
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuki%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horai%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sudo%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwakura%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moldoveanu%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shephard%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shek%20PN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed/11007588
http://www.ncbi.nlm.nih.gov/pubmed/11007588
http://www.ncbi.nlm.nih.gov/pubmed/11007588
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rowsey%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Metzger%20BL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carlson%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gordon%20CJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed/19190031
http://www.ncbi.nlm.nih.gov/pubmed/19190031

