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Abstract
Objective: The purpose of the present study was to investigate the effect of smoking
cessation on the peripheral neutrophil mRNA expression levels for inflammatory
cytokines, chemokine, growth factor and matrix metalloproteinase (MMP).

Material and Methods: Sixteen male smokers (aged 22–39 [25.3 � 4.0] years), with
no clinical signs of periodontal and systemic diseases, were recruited. The experiment
was performed before (baseline) and at 1, 4 and 8 weeks after smoking cessation. The
status of smoking and smoking cessation was verified by exhaled carbon monoxide
(CO) concentration and serum cotinine concentration. Neutrophils were isolated from
each subjects’ peripheral blood, then the cell was stimulated with N-formyl-
methionyl-leucyl-phenylalanine (FMLP). The mRNA expression levels for interleukin
(IL)-1b, IL-8, tumor necrosis factor (TNF)-a, vascular endothelial growth factor
(VEGF) and MMP-8 were analyzed by semiquantitative reverse transcription-
polymerase chain reactions. The same experiment was performed on 11 non-smoking
controls (four female and seven male), aged 23–27 (24.4 � 1.2) years.

Results: Eleven of 16 smokers successfully completed smoking cessation for 8
weeks. At 1 day after smoking cessation, there was a statistically significantly lower
CO concentration than at baseline (po0.01). Also, cotinine concentration markedly
decreased at the second measurement, which was taken at 1 week. All of the analyzed
mRNA expression levels of neutrophils from smokers were statistically significantly
lower than that in non-smokers (po0.01: IL-1b, IL-8, VEGF; po0.05: TNF-a, MMP-
8). The MMP-8 mRNA levels were statistically significantly increased at 8 weeks after
smoking cessation compared with the baseline (po0.05). Although the other mRNA
expression levels were also elevated gradually from the baseline, they did not reach
the statistically significant levels at 8 weeks after smoking cessation.

Conclusion: The results showed that the neutrophil transcript levels in smokers were
generally lower than those in non-smokers, which could be related to an impairment
of neutrophils by smoking effects. The significant increase of MMP-8 mRNA levels
were associated with the effects of smoking cessation, while recovery of the other
mRNA levels seemed to require a bit longer period beyond 8 weeks after smoking
cessation.
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Cigarette smoking is the leading cause
of several systemic diseases including
cancers, pulmonary, cardiovascular and
gastrointestinal diseases (Bartecchi et al.
1994). There is further evidence that
smoking is one of the most significant
risk factors in the development and
progression of periodontal disease

(Bergström & Preber 1994). Also,
several clinical and epidemiological
studies indicate that smokers respond
poorly to a variety of periodontal
therapies (Rivera-Hidalgo 2003). There-
fore, quitting smoking is absolutely
essential for the prevention of diseases,
health enhancement and improving the

healing potential before beginning treat-
ments of diseases, including perio-
dontitis (Kinane & Chestnutt 2000).

Recently, studies related to the
effects of smoking cessation are enligh-
tening. It is known that smoking cessa-
tion diminishes the risk of lung cancer,
myocardial infarction and stroke (US
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Department of Health and Human
Services 1988). Additionally, the airway
inflammation and the progression of
chronic obstructive pulmonary disease
are reduced by quitting smoking
(Fletcher & Peto 1977). In periodontal
tissue, it has been reported that smoking
cessation appears to return the perio-
dontal healing response to the same
level as in non-smokers, and also that
responses of former smokers are com-
parable with those of non-smokers
(Kaldahl et al. 1996, Grossi et al.
1997). In addition, recent studies have
demonstrated that the gingival micro-
circulation which includes gingival
blood flow (GBF), gingival crevicular
fluid (GCF), and suppressed gingival
bleeding on probing, increases in the
early stages of smoking cessation (Nair
et al. 2003, Morozumi et al. 2004).
These findings provide the evidence that
quitting smoking is vital for both sys-
temic and periodontal health. Although
evidence of epidemiological studies
is accumulating, little information is
available about the biological effects of
cigarette smoking cessation on the
immune system.

Neutrophils are considered to play a
pivotal role in host defense against
micro-organisms as primary phagocytic
cells, and in acute phases of inflamma-
tory reactions in periodontal diseases (De
Nardin 1996). Smoking damages neu-
trophil chemotaxis and/or phagocytosis
(Eichel & Shahrik 1969), and stimulates
the oxidative burst (Ryder et al. 1998).
Smoke exposure impairs f-actin kinetics,
resulting in the damage of the neutrophil
cytoskeleton (Ryder et al. 2002). Mor-
phological changes related to smoking
have been demonstrated in neutrophils
(Lannan et al. 1992). Also, neutrophils
are known to synthesize and release
immunoregulatory cytokines and inflam-
matory mediators, which play a role in
periodontal tissue destruction (American
Academy of Periodontology 1999).

We have previously reported signifi-
cantly elevated mRNA expression for
interleukin (IL)-8, supervillin and vas-
cular endothelial growth factor (VEGF)
in human neutrophils stimulated with
lipopolysaccharide (LPS) from Por-
phyromonas gingivalis (P. gingivalis)
(Sugita et al. 1998, Morozumi et al.
2001). We have also shown that IL-1b
and VEGF mRNA levels were signifi-
cantly higher in N-formyl-methionyl-
leucyl-phenylalanine (FMLP)-stimu-
lated neutrophils from both aggressive
and chronic periodontitis patients

(Kubota et al. 2001). However, whether
cigarette smoking alters the gene
expression levels in neutrophils has not
been elucidated in detail yet. Further-
more, few studies have been reported
concerning the effects on neutrophil
functions by quitting smoking, much
less the alteration of mRNA expressions
in neutrophils related to smoking cessa-
tion. The process still remains under
discussion: the relationship between the
non-smoking period and alteration of
mRNA expression is not discussed
enough and is worth investigating.

The aims of the present study were:
(1) to quantify and compare mRNA
expression levels in neutrophils between
smokers and non-smokers, and (2) to
evaluate their alterations induced by
smoking cessation for 8 weeks. We
investigated, in the present study,
mRNA levels for human neutrophil
products: IL-1b, IL-8, tumor necrosis
factor (TNF)-a, VEGF and matrix
metalloproteinase (MMP)-8. These have
been known to be produced by neutro-
phils and could be the representative
cytokines or enzymes reflecting various
neutrophil functions in periodontal dis-
eases (Lloyd & Oppenheim 1992, Liede
et al. 1999).

Material and Methods

Subjects

The study population was as follows:
the test group consisted of 16 smokers
(all male) in the age range of 22–39
years and the control group consisted of
11 non-smokers (seven males and four
females) in the age range of 23–27
years. All subjects had no history or
current signs of systemic diseases. The
means and standard deviations (SD) in
the ages of smokers and non-smokers
were 25.3 � 4.0 and 24.4 � 1.2 years,
respectively. The mean and SD pack
year of smokers was 9.5 � 6.8. Both of
the groups were recruited from dental
students of the Faculty of Dentistry,
Niigata University, Niigata, Japan. Sub-
jects who had taken antibiotics, anti-
inflammatory drugs or immunosuppres-
sive drugs during the previous 8 weeks
were excluded from the study. Subjects
were selected on the basis of reported
smoking habits, namely, smokers who
claimed to have smoked at least 10
cigarettes per day for the past 5 years
at the minimum. Non-smokers were
defined as people who had never
smoked. Group allocation was subse-

quently confirmed according to exhaled
carbon monoxide (CO) and serum
cotinine levels. Smokers were required
to demonstrate a CO level of 48 p.p.m.
and a cotinine level of 414 ng/ml.
Non-smokers were required to show a
baseline CO level of o7 p.p.m. and
cotinine level of o5 ng/ml.

Experimental protocol

In order to evaluate the changes of
mRNA levels for neutrophil products
over time by smoking cessation, blood
was collected from smoker subjects
over an 8-week period at the following
times: before smoking cessation (base-
line), and then at 1, 4 and 8 weeks after
smoking cessation. Additionally, an
exhaled CO measurement was per-
formed eight times: at baseline, at 1, 3
and 5 days, and at 1, 2, 4 and 8 weeks
after smoking cessation. In the control
group, these measurements (mRNA
levels and CO) were performed only
once. The blood collection and the CO
measurement were carried out between
11:00 and 11:30, and 16:00 and 18:00
hours, respectively. In the event of
illness or health problems, subjects were
withdrawn from the study. Subjects
were instructed to relax for 30 min,
and were forbidden to eat anything for
2 h prior to taking measurements. Also
prior to measurements, their physical
condition was evaluated to determine if
they were in normal health. The mean
arterial blood pressure and heart rate
were recorded using a sphygmoman-
ometer (Kentarou BP-203RV IIs,
COLIN Co., Aichi, Japan) attached to
the left arm, and then body temperature
was taken by clinical thermometer
(Electronic Thermometers, TERUMO
Co., Tokyo, Japan). The investigation
was approved by the local ethical com-
mittee of the Niigata University Graduate
School of Medical and Dental Sciences,
and all subjects signed informed consent
to participate in the study.

Status of smoking

Status of smoking and quitting smoking
was verified by exhaled CO and serum
cotinine concentrations. The Micro
Smokerlyzers (Bedfont Scientific Ltd.,
Kent, UK), which is an exhaled CO
monitor used during smoking cessation
programs to give the smoker visible
proof of the damaging CO levels, was
used to obtain the measurement of
expired CO concentration before every
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experiment. In brief, subjects were
asked to hold their breath for 15 s after
a deep breath, then to slowly exhale all
of it through a cardboard tube into the
machine’s mouthpiece. The peripheral
blood samples for the serum cotinine
measurement were left at room tem-
perature for 1 h, and then centrifuged at
2000 � g for 20 min. Serum cotinine
levels were analyzed by BML General
Laboratory (Saitama, Japan).

Isolation of neutrophils

We have previously established an
experimental method that begins with
neutrophil isolation and results in semi-
quantitative analysis by reverse tran-
scription-polymerase chain reaction
(RT-PCR) (Kubota et al. 2001, Mor-
ozumi et al. 2001). In brief, neutrophils
were separated from peripheral blood by
Histopaques (Sigma Chemical Co., St
Louis, MO, USA) gradient centrifuga-
tion according to the manufacturer’s
instructions. The cells were washed
with phosphate-buffered saline (PBS)
and suspended in RPMI 1640-HEPES
(GIBCO BRL, Gaithersburg, MD,
USA). The viability was over 98%, as
judged by the tripan blue dye exclusion
test. The purity was morphologically
above 95%. The aliquots containing
5 � 106 neutrophils were suspended in
480 ml of RPMI 1640-HEPES in micro-
tubes and pre-incubated for 5 min at
371C in 5% CO2. Then 20 ml of 10� 6 M
FMLP (final concentration: 4 � 10� 8

M in a total volume of 500ml) was
added to each cell culture and incubated
at 371C in 5% CO2 for 15 min. After
incubation, the neutrophils in the
respective tubes were washed with
1 ml of PBS and subjected to the

RNA extraction procedure. Total RNA
was extracted using guanidine–isothio-
cyanate–phenol–chloroform extraction
method (ISOGEN-LS, Nippon Gene,
Toyama, Japan) and treated with
RNase-free DNase (DNase I-RT grade,
Nippon Gene) to remove residual con-
taminating DNA fragments.

Semiquantitative analysis by RT-PCR

Neutrophil first strand cDNA was
synthesized as previously described
(Kubota et al. 2001, Morozumi et al.
2001). In brief, 1mg of total RNA was
reverse transcribed in duplicate by
incubating samples for 2 h at 371C in
20 ml of a reaction mixture containing
20 U moloney murine leukemia virus
reverse transcriptase, 40 U RNase block
ribonuclease inhibitor, 4ml of 5 � first-
strand buffer; 0.5 M Tris-HCl (pH 8.3),
0.75 M KCl, 0.03 M MgCl2, 1 ml of
dNTP mixture (25 mM each nucleoside
triphosphate) (Stratagene, La Jolla, CA,
USA) and 1ml of 50 mM random non-
amer (TaKaRa Shuzo, Kyoto, Japan).

Gene-specific oligonucleotide primer
pairs are shown in Table 1. The primer
pairs were designed with primer analy-
sis software (OligosVer.5.1: NBI,
Annapolis, MD, USA), and custom-
synthesized by Sigma-Genosys (The
Woodlands, TX, USA). Semiquantita-
tive analysis by RT-PCR was then
performed. The PCR reaction mixture
(total volume of 100ml) containing 2ml
of cDNA, 50ml of Premix Ex Taq
(TaKaRa Shuzo) and 0.5 mM of each
50 and 30 oligonucleotide primer, was
covered with two drops of silicone oil
(GIBCO BRL) and subjected to PCR
amplification using a PCR Thermal
Cycler MP (TaKaRa Shuzo). The ther-

mocycling was as follows: 941C for
5 min, 601C for 5 min, 721C for 2 min,
941C for 1 min, employed for 40 cycles.
Five microliters of the PCR-amplified
product were taken every two cycles
from the 16th to the 40th cycle to assess
the rate of amplification. In each experi-
ment, duplicate cDNA samples were
used for semiquantitative RT-PCR. Each
RNA sample without RT was subjected
to PCR as a negative control from which
no yield was obtained, confirming the
absence of genomic contamination.

The reaction mixture was fractio-
nated on 2% agarose gels (NuSieves

3:1: BioWhittaker Molecular Applica-
tions, Rockland, ME, USA) and stained
with ethidium bromide. Then electro-
phoresis was performed on the samples
at 50 V for 2 h. The gels were scanned,
digitized and the density of the ampli-
fied bands were analyzed with NIH
image software and calculated by a
modification of the formula described
by Chelly et al. (1988).

Statistical analysis

The data obtained from the experiments
are presented as means and SD. Differ-
ences of mRNA abundance in neutro-
phils of smokers and non-smokers were
compared by the paired Mann–Whitney
U-test. Alterations between baseline and
time intervals in smokers were evaluated
by repeated measures analysis of var-
iance (ANOVA) with post hoc contrasts.

Results

As participants in this smoking cessa-
tion program, 11 of the 16 smokers aged
22–39 years (25.9 � 4.7) kept systemic

Table 1. Synthetic oligonucleotide primers used for reverse transcriptase polymerase chain reaction (RT-PCR)

Primers Sequence Length
(mer)

Location Length of PCR
product (base pairs)

IL-1b: forward 50-CATCAGCACCTCTCAAGCAG-3 0 20 6683–6702 a 192
reverse 50-ATAGCCGTACTCAAAAACCT-30 20 6855–6874

IL-8: forward 50-ATGACTTCCAAGCTGGCCGTGGCT-3 0 24 102–125 b 292
reverse 50-TCTCAGCCCTCTTCAAAAACTTCTC-3 0 25 369–393

TNF-a: forward 50-TCCAGCTGGAGAAGGGTGAC-30 20 2262–2281 c 196
reverse 50-TGAGCCAGAAGAGGTTGAGG-3 0 20 2438–2457

VEGF: forward 50-GCCTTGCCTTGCTGCTCTAC-3 0 20 132–151 d 320
reverse 50-TATGTGCTGGCCTTGGTGAG-3 0 20 432–451

MMP-8: forward 50-AGCCAAATGAGGAAACTCTGGACA-3 0 24 325–349 e 515
reverse 50-TGAGTAGTTGCTGGTTTCCCTGAAA-30 25 817–841

b-actin: forward 50-GCGAGAAGATGACCCAGATCATGTT-3 0 25 388–412 f 300
reverse 50-GCTTCTCCTTAATGTCACGCACGAT-3 0 25 663–687

The sequence:
afor interleukin (IL)-1b (Bensi et al. 1987), bfor IL-8 (Matsushima et al. 1988), cfor tumor necrosis factor (TNF)-a (Marmenout et al. 1985), dfor vascular

endothelial factor (VEGF) (Leung et al. 1989), efor matrix metalloproteinase (MMP)-8 (Kubota et al. 1996) and ffor b-actin (Ponte et al. 1984).
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health and successfully quit smoking for
8 weeks. Five smokers dropped out
during the course of the study.

CO and cotinine concentrations

The exhaled CO concentration in smo-
kers was statistically significantly higher
than that in non-smokers at baseline only
(baseline versus non-smokers, 31.08 �
5.96 versus 1.65 � 0.52, po0.01).

The CO concentration in smokers
was statistically significantly low at 1
day after smoking cessation, compared
with the baseline (1 day versus baseline,
3.42 � 1.51 versus 31.08 � 5.96, po
0.01). Meanwhile, the serum cotinine
concentration markedly decreased after
1 week at the second measurement, and
showed below 5 ng/ml (lower limit of
quantitation) in some of the smokers.
Although statistical analysis was not
performed because the numbers of
detectable subjects differed in each
period, there seems to be a decreasing
tendency in cotinine concentration after
smoking cessation. The cotinine concen-
trations at baseline fulfilled the reference
level (o13.7 ng/ml) as a smoker (Jarvis
et al. 1987). Also, cotinine was not
detected in non-smoker samples. These
data proved that quitting smoking was
completed successfully in this study.

Comparison of mRNA expression levels

between smokers and non-smokers

Fig. 1 shows the results of semiquanti-
tative analysis of the mRNA expression
levels relative to b-actin for a number of
neutrophil products in smokers and non-
smokers. The analyzed mRNA expres-
sion levels of neutrophils from smokers
were all statistically significantly lower
than that in non-smokers (po0.01: IL-1b,
IL-8; VEGF; po0.05: TNF-a, MMP-8),
while b-actin mRNA expression was
almost the same in all of the samples.
Untreated and unstimulated neutrophils
expressed low levels for all gene
products included in this study, except
for b-actin mRNA, and showed similar
levels of expression to those described
previously (Morozumi et al. 2001).

Alteration of mRNA expression during
smoking cessation

The mRNA levels relative to b-actin for
IL-1b, IL-8, TNF-a, VEGF and MMP-8
at each period of quitting smoking in
smokers are shown in Table 2. The
MMP-8 mRNA levels were statistically

significantly increased at 8 weeks after
smoking cessation compared with the
baseline (po0.05). While the other
mRNA expression levels also elevated
gradually from the baseline, they did not
reach the statistically significant levels.
Fig. 2 shows images of a gel electro-
phoresis used for the semiquantitative
RT-PCR analysis for MMP-8 and b-
actin in representative samples. The
greater amplification of MMP-8 in the
8-week period compared with baseline
is demonstrated.

Discussion

The objectives of the present study were
to quantify and compare the mRNA
expression levels for a number of
mRNA species in neutrophils between
smokers and non-smokers, and to eval-
uate alterations of the mRNA levels by
quitting smoking for 8 weeks. We
demonstrated that the mRNA expres-
sion levels were generally lower in
smokers than in non-smokers. The
mRNA level of MMP-8 was signifi-
cantly increased in the 8-week smoking
cessation period.

Neutrophils in GCF are generally
being stimulated with resident perio-
dontal pathogens such as P. gingivalis,
Actinobacillus actinomycetemcomitans
and/or Bacteroides forsythus, etc. (Delima

& Van Dyke 2003). We have previously
reported that a number of differentially
displayed transcripts were obtained
by RNA fingerprinting by arbitrarily
primed PCR methods, from human
neutrophils stimulated with LPS of
several periodontal pathogens including
P. gingivalis (Morozumi et al. 2001).
We have also shown that differential
gene expressions were induced in neu-
trophils from patients with generalized
aggressive periodontitis compared with
healthy subjects or chronic periodontitis
patients, when stimulated with the non-
specific chemotactic ligand, FMLP
(Kubota et al. 2001).

To assess differences in susceptibility
to periodontitis between smokers and
non-smokers, we have here analyzed
gene expressions of neutrophils stimu-
lated with FMLP. FMLP is a synthetic
molecule used to mimic the effect of
bacterial peptide on host-defense cells
(Perez et al. 1991) and is known to
induce numerous neutrophil functions
such as chemotaxis, enzyme release and
oxidant-free radical production (Perez et
al. 1991). Neutrophil functions are
sometimes impaired in periodontal dis-
eases (Biasi et al. 1999), hence, the
FMLP-induced transcripts could be
related to impaired functions of these
neutrophils.

In the present study, we demonstrated
that the analyzed mRNA expression

Fig. 1. Semiquantitative analysis of the mRNA expression levels relative to b-actin for a
number mRNA species between smokers and non-smokers (mean � SD). Graphs (a)–(e)
show the mRNA levels of interleukin (IL)-1b (a), IL-8 (b), tumor necrosis factor-a (c),
vascular endothelial growth factor (d) and matrix metalloproteinase-8 (e). The nmark and the
wmark represent significantly low levels in the smokers compared with the non-smokers at
po0.01 and po0.05, respectively.
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levels of peripheral neutrophils were
generally lower in smokers than in non-
smokers. Previous studies demonstrated
that higher levels of TNF-a in whole
blood, IL-6 in plasma and IL-4 in
peripheral blood mononuclear cells
(PBMCs) were presented in smokers
(Byron et al. 1994, Tappia et al. 1995).
As the neutrophil products, we analyzed,
are known to be pro-inflammatory
cytokines (IL-1b, TNF-a), a chemokine
(IL-8), a growth factor (VEGF) or a
proteinase (MMP-8) relating to perio-
dontal pathogenesis, it is somewhat
surprising that all these mRNA levels
in smokers were found to be low.
Recent studies, however, have shown
that nicotine exerts a negative immu-
noregulatory effect through modulation
of the cytokine production such as IL-2
and TNF-a in PBMC (Madretsma et al.
1996), or IL-1b in gingival mononuc-
lear cells (Bernzweig et al. 1998).
Further, salivary MMP-8 or IL-1 recep-
tor antagonist in GCF was reported to be
present at lower levels in smokers

(Liede et al. 1999, Rawlinson et al.
2003).

It seems difficult to make a direct
comparison among these reports
because of a difference between mRNA
and protein; variations in experimental
methodology, kinds of cells/tissues and
smoking levels. The mechanisms
behind these decreased mRNA expres-
sions might be related to various host
responses or more profound influences
on cellular metabolism. It can be
assumed that the effect of the low
mRNA levels in smokers’ neutrophils
was a result of the long-standing use of
tobacco. For example, cigarette smoke-
derived compounds such as nicotine
could impair neutrophil functions relat-
ing to gene expression as well as
impairment of chemotaxis, phagocyto-
sis and f-actin kinetics (Eichel &
Shahrik 1969, Ryder et al. 2002). Also,
it should be considered that smoking’s
effects are more complex than just
increasing the nicotine, the other che-
micals and noxious stimuli related to
smoking (Kinane & Chestnutt 2000),
which could be factored into the down-
regulation of the neutrophil mRNA
expression.

In this study, the neutrophil MMP-8
mRNA levels significantly increased at
8 weeks after smoking cessation. The
other mRNA expression levels (IL-1b,
IL-8, TNF-a and VEGF) were also
gradually increased; however, they did
not reach the significant levels at 8
weeks after smoking cessation. MMP-8
(neutrophil collagenase or collagenase-
2) is one of the key enzymes associated
with connective tissue destruction in
periodontitis (Reynolds & Meikle 1997,
Liede et al. 1999). We have previously
reported that the levels of MMP-8
mRNA were significantly higher in
gingival tissues in periodontitis-affected
patients (Kubota et al. 1996). Thus it
seems surprising that the MMP-8
mRNA levels were significantly lower
in neutrophils obtained from smokers
and a significant increase was observed

at 8 weeks after smoking cessation.
Saari et al. (1990) reported that cigarette
smoke exert conflicting actions (activa-
tion and inactivation/fragmentation to
MMP-8). However, we should consider
that the mRNA expression level does
not always reflect the protein amounts
directly, especially in neutrophils,
which store MMP-8 in their secondary
granules (Birkedal-Hansen 1993, Kubo-
ta et al. 1996). Possible explanation is
that MMP-8 is thought to be upregu-
lated by IL-1a, b or TNF-a both at
transcriptional (Koshy et al. 2002) and
at post-transcriptional levels (Hane-
maaijer et al. 1997); therefore, an
increase of MMP-8 transcripts in neu-
trophils by quitting smoking possibly
related to a transcriptional activation by
an increase of some cytokines such as
IL-1b and TNF-a. Because these cyto-
kines also gradually increased after
smoking cessation, MMP-8 could be
synergistically increased at statistically
significant level by the 8 weeks.
Another possibility is that smoking
cessation could recover neutrophil via-
bility/metabolism or decrease damage
to neutrophils, resulting an increase in
the mRNA synthesis.

It is uncertain how long a period is
required for the complete recovery of
these neutrophil transcriptional func-
tions after smoking cessation. Some
researchers have demonstrated the ben-
eficial effects of short-term (2-month)
smoking reduction or cessation in smo-
kers without systemic diseases. Rennard
et al. (1990) reported a decrease in the
number of alveolar macrophages and
neutrophils, a reduction in the concen-
tration of neutrophil elastase a-antipro-
tease complex in alveolar lavage fluid
by smoking reduction. Also, a decrease
of number of macrophages in sputum
has reported at 2 month after smoking
cessation (Swan et al. 1992). On the
other hand, we have previously reported
that both GBF and GCF significantly
increased at 3 days and at 5 days after
smoking cessation, respectively (Moro-
zumi et al. 2004). These reports could
be served as valuable information for
recovery of host metabolism induced by
smoking cessation. According to these
reports, the neutrophil metabolic func-
tion could be recovered quite quickly
(within several months) after smoking
cessation.

In conclusion, the present investiga-
tion revealed that the transcript levels of
peripheral neutrophils in smokers are
generally lower than those in non-

Table 2. Transcript levels relative to b-actin during a non-smoking period

Weeks IL-1b IL-8 TNF-a VEGF MMP-8

baseline 17.6 � 7.5 31.4 � 11.4 13.3 � 9.4 7.0 � 5.0 5.4 � 3.6
1 18.8 � 6.4 33.0 � 11.2 14.6 � 9.1 8.8 � 5.3 7.2 � 4.9
4 18.4 � 5.1 36.1 � 5.8 15.4 � 7.9 10.1 � 4.1 9.4 � 7.1
8 20.4 � 3.0 34.9 � 11.4 15.8 � 6.1 11.0 � 5.4 14.3 � 6.5n

n5 11. Values are expressed as mean � SD. IL, interleukin; TNF, tumor necrosis factor; VEGF,

vascular endothelial factor; MMP, matrix metalloproteinase.
nSignificantly high compared with the baseline (po0.01).

Fig. 2. An image of agarose gel electro-
phoresis for matrix-metalloproteinase
(MMP)-8 and b-actin mRNA. Representa-
tive cases of an 8-week smoking quitter and
a non-smoker are shown. Bands show
mRNA expressions of polymerase chain
reaction (PCR) products for MMP-8 and b-
actin at 32 PCR cycles. A weak MMP-8
mRNA expression is seen at baseline, and
gradually increased the expression level at 1,
4 and 8 weeks. The intensity of the MMP-8
mRNA of the smoker at 8 weeks was at the
same level as the non-smoking subject. Note
that b-actin bands were similar in both
samples. The electrophoresis was carried out
on 2% agarose gel at 50 V for 2 h.
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smokers. This may be related to an
impairment of some neutrophil functions
caused by cigarette smoking. The MMP-
8 mRNA levels were significantly recov-
ered at 8 weeks after smoking cessation,
while recovery of the other neutrophil
transcripts seemed to require substan-
tially longer period beyond 8 weeks.

We provide the first evidence
describing the alteration of neutrophil
gene expression induced by smoking
cessation. Clarifying the mechanisms of
cytokine networks, and regulation of
immune response between neutrophils
and local environment, are issues for
future research.
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