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Abstract
Besides atherosclerosis and lung cancer, smoking is considered to
play a major role in the pathogenesis of autoimmune diseases. It
has long been known that there is a connection between
rheumatoid factor-positive rheumatoid arthritis and cigarette
smoking. Recently, an important gene–environment interaction has
been revealed; that is, carrying specific HLA-DRB1 alleles
encoding the shared epitope and smoking establish a significant
risk for anti-citrullinated protein antibody-positive rheumatoid
arthritis. We summarize how smoking-related alteration of the
cytokine balance, the increased risk of infections (the possibility of
cross-reactivity) and modifications of autoantigens by citrullination
may contribute to the development of rheumatoid arthritis.

Introduction
It has long been known that there is a connection between
seropositive rheumatoid arthritis (RA) and smoking. The exact
underlying mechanism, however, has only been speculated.

Cigarette smoking is one of the major environmental factors
suggested to play a crucial role in the development of several
diseases. Disorders affecting the great portion of the
population, such as atherosclerosis, lung cancer or cardio-
vascular diseases, are highly associated with tobacco con-
sumption. More recently, it has been reported that smoking is
involved in the pathogenesis of certain autoimmune diseases
such as RA, systemic lupus erythematosus, systemic
sclerosis, multiple sclerosis and Crohn’s disease.

Firstly, Vessey and colleagues described an association
between hospitalization due to RA and cigarette smoking,
which was an unexpected finding of their gynecological study
[1]. Since then several population-wide case–control and
cohort studies have been carried out [2]. For example, a
population-based case–control study in Norfolk, England
showed that ever smoking was associated with a higher risk

of developing RA [3]. Only an early Dutch study from 1990
involving female RA patients (control patients with soft-tissue
rheumatism and osteoarthritis) reported that smoking had a
protective effect in RA, albeit they only investigated recent
smoking and their controls were not from the general
population [4]. Investigations have elucidated that many
aspects of RA (rheumatoid factor (RF) positivity, severity, and
so forth) can be linked to smoking. Recent data suggest that
cigarette smoking establishes a higher risk for anti-citrulli-
nated protein antibody (ACPA)-positive RA. In the present
paper we attempt to give a thorough review of this field,
concerning the main facts and hypotheses in the
development of RA in connection with smoking.

Smoking and immunomodulation
Smoking in general
Smoking is considered to have a crucial role in the
pathogenesis of many diseases and, as a significant part of
the population smokes, it is one of the most investigated and
well-established environmental factors. Cigarette smoke
represents a mixture of 4,000 toxic substances including
nicotine, carcinogens (polycyclic aromatic hydrocarbons),
organic compounds (unsaturated aldehydes such as
acrolein), solvents, gas substances (carbon monoxide) and
free radicals [5]. Many data suggest that smoking has a
modulator role in the immune system contributing to a shift
from T-helper type 1 to T-helper type 2 immune response;
pulmonary infections are increased, immune reactions against
the invasion of microorganisms are depleted (see below), and
(lung) tumor formation is augmented.

Exposure to cigarette smoke results in the depression of
phagocytic and antibacterial functions of alveolar macro-
phages (AMs) (Table 1) [6,7]. Although AMs from smokers
are able to phagocytose intracellular bacteria, they are unable
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to kill the bacteria – which consequently implies the deficiency
of these cells in smokers [8]. Cigarette smoke condensate,
administered to mice, leads to a decrease in primary antibody
response [9]. Chronic smoking results in T-cell anergy by
impairing the antigen receptor-mediated signaling [10].

Smoking induces a decline in TNF production, which is
supported by several data in the literature. In the work of
Higashimoto and colleagues, in vivo exposure to tobacco
smoke caused a significant decrease in the production of
TNFα by AMs after lipopolysaccharide (LPS) stimulation. In
vitro exposure of AMs to tobacco smoke extracts (water-
soluble extracts) also caused a drop in the secretion of TNFα
with stimulation of LPS [11].

Owing to chronic smoking, AMs from rats significantly
increase the generation of superoxide anion and release high
amounts of TNFα after smoking sessions; when challenged
with LPS, however, even though a more pronounced cytokine

secretion can be found, it is not as marked as in the control
groups [12]. It therefore seems that macrophages of
experimental animals are activated, but at the same time are
somehow depressed, and respond less to LPS.

In line with the abovementioned observations, the capacity of
AMs of healthy smokers to release TNFα, IL-1 and IL-6 is
significantly decreased [13,14].

Nicotine
Data on alterations of macrophage functions by nicotine
(such as pinocytosis, endocytosis, microbial killing and
reducing TNFα secretion induced by LPS) date back more
than 40 years [6]. It is known that various kinds of immune
cells carry nicotinic and muscarinic acetylcholine receptors
(T cells and B cells), through which the nervous system and
also the immune system itself can modulate and coordinate
the proliferation, differentiation and maturation of immune
cells [10]. It is suggested that the major portion of acetyl-

Table 1

Effects of smoking

Effect of smoking Details

Immune cells Exposure to cigarette smoke results in the depression of phagocytic and antibacterial functions of alveolar 
macrophages [6,7].

Killing of intracellular bacteria in smokers’ alveolar macrophages is impaired [8].

Owing to smoke condensate, the primary immune response is diminished [9].

Chronic smoking causes T-cell anergy [10,15].

Nicotinic acetylcholine receptor is involved in the suppression of antimicrobial activity [16].

Nicotine decreases the induction of antigen-presenting cell-dependent T-cell responses in dendritic cells [10].

Nicotine attenuates neutrophil functions such as superoxide production [10].

Cytokine production Due to smoke exposure, lipopolysaccharide-induced TNF secretion of alveolar macrophages from experimental 
animals is decreased [11,12].

Smokers’ alveolar macrophages release less TNFα, IL-1 and IL-6 [13,14].

Nicotine decreases the production of IL-12 in dendritic cells [10].

Nicotinic acetylcholine receptor is involved in the downregulation of IL-6, IL-12, and TNFα [16].

Acetylcholine attenuates the release of TNF, IL-1 and IL-6 in lipopolysaccharide-induced human macrophage cultures [17].

Hydroquinone causes suppression in the production of IL-1, IFNγ and TNFα in human macrophages [19].

Hydroquinone inhibits IFNγ secretion in lymphocytes [20].

Unsaturated aldehydes evoke the release of IL-8 and TNFα in human macrophages [21].

Oxidative stress Smoke contains high amounts of free radicals.

Smoke induces the depletion of intracellular glutathione, resulting in cell injury [23].

Owing to smoking, redox-sensitive NF-κB and activator protein-1 are activated [22].

Activator protein-1 is a cis-acting factor bound to the promoter of PAD4 [27].

Agents, acting on cysteine sulfhydril groups, inactivate peptidyl arginine deiminase, while reduced compounds 
enhance its activity [28].

Peptidyl arginine deiminase expression and activity are increased in the lungs of smokers [29].

Anti-estrogenic effect Smoking has an anti-estrogenic effect through the formation of inactive estrogens [30].

Fibrinogen Smokers have higher levels of serum fibrinogen [31].



choline in the circulating blood originates from T-cell lines.
The thymic epithelium as well as T cells in the thymus express
nicotinic acetylcholine receptor, as do mature lymphocytes
[10]. Chronic smoking leads to T-cell anergy, while its acute
effects are primarily mediated via the activation of the hypo-
thalamic–pituitary–adrenal axis [10,15]. The nicotinic acetyl-
choline receptor is involved in the suppression of anti-
microbial activity and cytokine responses (downregulation of
IL-6, IL-12, and TNFα, but not that of the anti-inflammatory
cytokine IL-10) of AMs [16].

In recent work of Borovikova and colleagues, acetylcholine
significantly attenuated the release of cytokines (TNF, IL-1
and IL-6, but not anti-inflammatory IL-10) in LPS-induced
human macrophage cultures [17]. Particularly the α7 subunit,
mediated by the inhibition of NF-κB, has a role in the
alteration of cytokine responses [18]. Nicotine also affects
the quality of antigen presentation: in mature dendritic cells,
nicotine exposure decreases the production of proinflam-
matory T-helper type 1 IL-12, and decreases the capacity of
dendritic cells to induce antigen-presenting cell-dependent
T-cell responses. Other reports contradict this, however,
suggesting that the effect of nicotine on mature dendritic
cells is proinflammatory in nature. Moreover, nicotine alters
various neutrophil functions; for example, attenuates super-
oxide anion production [10].

All of these data suggest an immunosuppressive effect of
nicotine on the immune system, inhibiting various functions of
almost all immune cell types.

Other organic compounds
Hydroquinone is found in high concentrations in cigarette
smoke, causing prominent suppression in the production of
IL-1, IFNγ and TNFα in human peripheral blood macrophages
[19]. Hydroquinone seems to also significantly inhibit IFNγ
secretion in lymphocytes in a dose-dependent manner. In
addition, hydroquinone treatment results in the reduction of
IFNγ secretion in effector CD4+ T cells and T-helper type 1-
differentiated CD4+ T cells. These findings provide evidence
that hydroquinone may suppress immune responses and
contribute to the increased incidence of microbial infections
caused by cigarette smoking [20].

Besides hydroquinone, other organic compounds are also
present in cigarette smoke. Certain data suggest that un-
saturated aldehydes such as acrolein and crotonaldehyde,
contained in the aqueous phase of cigarette smoke extract,
can evoke the release of neutrophil chemoattractant IL-8 and
TNFα in human macrophages [21], which can be inhibited by
N-acetyl-cysteine or glutathione monoethyl ester. Endogenous
unsaturated aldehydes are found in high amounts in chronic
obstructive pulmonary disease patients and are involved in the
promotion of inflammation, so the exogenous analogues in
smoke may have similar effects impeded by glutathione
derivates.

Oxidative stress
Chronic smoking as a repetitive trigger causes marked
oxidative stress in the body [5], which might be responsible
for a constant inflammatory process. High amounts of
exogenous free radicals contained in smoke can react to
endogenous nitrogen monoxide, producing the harmful
peroxy nitrite and decreasing the protective effect of nitrogen
monoxide. Smoke also induces the production of
endogenous free radicals; for example, reactive oxygen
species (peroxide, superoxide, hydroxyl ion). Oxidative free
radicals can lead to a wide variety of damages in cells via lipid
peroxidation as well as via the oxidation of DNA and proteins,
resulting in apoptosis. Several enzymes (for example, α1-
protease inhibitor) containing redox-sensitive amino acids
(cysteine or methionine) in their catalytic site can lose their
activity or can undergo conformational changes. This may
cause a higher susceptibility for degradation or may challenge
the equilibrium of proteases/protease inhibitors.

The oxidant/antioxidant imbalance may activate redox-
sensitive transcription factors such as NF-κB and activator
protein-1, which regulate the genes of proinflammatory
mediators (IFNγ) and protective antioxidants [22]. Normally,
TNF can lead alternatively to activation of NF-κB or to
apoptosis, depending on the metabolic state of the cell.
Nicotine, as mentioned above, reduces TNF release of AMs
and consequently promotes less NF-κB activation through
TNF; however, the increased oxidative stress would permit
and contribute to NF-κB activation.

In accordance with this observation, mild exposure to
cigarette smoke can induce NF-κB activation in lymphocytes
through the increase in oxidative stress and the reduction in
the intracellular glutathione levels [23]. Vapor-phase cigarette
smoke can increase the detachment of alveolar epithelial cells
and decrease their proliferation. Furthermore, these cells
show a higher susceptibility for smoke-induced cell lysis.
Reduced glutathione seems to protect against the effects of
cigarette smoke exposure, and the depletion of intracellular
glutathione, produced by smoke condensates, enhances cell
injury [24]. It is intriguing that there is a strong association
between RA, smoking and the GSTM1 (the enzyme involved
in glutathione production) null genotype [25]. The poly-
morphisms of receptor activator of NF-κB (see below) have
also been linked to RA [26], which indicates that free radicals
in smoke may contribute to the pathological chain of RA
development.

Dong and colleagues have reported in MCF7 cells (human
breast adenoma line) that estrogen enhances peptidyl
arginine deiminase (PAD) type 4 (see information about
PADs below) expression via the estrogen receptor alpha →
activator protein-1 pathway [27]. Chromatin immunoprecipi-
tation and siRNA assays have also revealed that activator
protein-1 is a cis-acting factor bound to the promoter of
PAD4. These data suggest that free radicals in cigarette

Available online http://arthritis-research.com/content/11/4/238

Page 3 of 13
(page number not for citation purposes)



smoke might influence PAD expression via the activation of
redox-sensitive factors in the respiratory tract.

It is noteworthy that PAD enzyme isoforms contain highly
conserved cysteine in their active site, which plays a crucial
role in the catalysis process. It has been shown that agents
acting on cysteine sulfhydryl groups via binding them
covalently can inactivate the enzyme, while reduced com-
pounds can enhance its activity [28]. Free radicals in smoke
produce an oxidative milieu, which may promote the formation
of disulfide groups in the active site of the enzyme and may
also have a disadvantageous impact on PAD. On the
contrary, PAD expression and activity are increased in the
lungs of smokers [29] – the explanation for this might be that
PAD is originally located intracellularly, and citrullinated
proteins may be released into the extracellular matrix after
apoptosis.

Anti-estrogenic effect
Another striking phenomenon is the estrogen–smoke
interaction in regulating PAD genes. PAD2 expression is
increased in bronchoalveolar lavage of smokers, compared
with nonsmokers [29]. The expression of PAD2 and PAD4 is
also elevated in the synovium of RA patients. The expression
of PAD (type 4) enzymes is dependent on estrogens [27].
Smoking, however, has an anti-estrogenic effect through the
formation of inactive 2-hydroxy catechol estrogens [30],
which would counteract PADs.

These statements suggest that the anti-estrogenic effect of
smoking may not have as much importance as its other
pleiotropic roles (immunomodulation, activation of redox-
sensitive factors, and so forth) in the contribution to the
development of ACPA + RA considering the estrogen
dependence of the PAD enzyme.

Elevation of serum fibrinogen
Fibrinogen is mainly involved in blood coagulation and
inflammation. The Framingham Study has revealed that
smokers have higher levels of serum fibrinogen [31]. The
citrullinated form of fibrin can be found in RA synovial tissue
co-localizing with citrullinated autoantibodies [32]. It has
been reported that the polymerization of citrullinated
fibrinogen catalyzed by thrombin is impaired, suggesting that
the function and antigenicity of citrullinated proteins are
somewhat altered, which may potentially contribute to
proinflammatory responses and autoimmune reactions in the
joints [33].

Smoking and aspects of RA
Genetics
Genetics of RA
RA is considered to have a complex etiology: both genetic
and environmental factors contribute to the disease
development [26,34,35]. The genetic component of RA is
widely investigated [36]: the strongest gene association is

considered to be the one with the human leukocyte antigen
(HLA) region, particularly the HLA-DRB1 genes accounting
for about two-thirds of the genetics of RA. Certain HLA-
DRB1 alleles (DRB1*0401, DRB1*0404, DRB1*0405,
DRB1*0408, DRB1*0101, DRB1*102, DRB1*1001 and
DRB1*1402), encoding the so-called shared epitope (SE) at
amino acid positions 70 to 74 in the third hypervariable
region of the DRB1 molecule, are associated with a higher
susceptibility for RA [26].

Another significant association of RA is with the poly-
morphism of the protein tyrosine phosphatase nonreceptor
22 (PTPN22) gene. PTPN22 is an intracellular protein
expressed in hematopoietic cells; it sets the threshold of
T-cell receptor signaling [37]. PTPN22 is therefore likely to
be a general risk factor for the development of autoimmunity.
Certain functional variants (for example, R620W, 1858 C/T)
of PTPN22 have been shown to confer a moderate risk for
seropositive RA [38]. In addition, a significant interaction
between PTPN22 and smoking (>10 pack-years) has been
observed in a case–control study [39]. Other studies,
however, have failed to confirm this observation.

Association studies implicate the role of several other genes,
including TNF receptor 2 (TNFR2), solute carrier family 22,
member 4 (SLC22A4), runt-related transcription factor 1
(RUNX1) and the receptor activator gene of NF-κB
(TNFRSR11A) [26]. Furthermore, PADI4 polymorphisms
have been found to confer a risk for RA only in Japanese and
Korean populations, but not European populations [40].

RA therefore can be divided into two subsets of disease
entities (ACPA-positive RA and ACPA-negative RA), which
are likely to be genetically distinct: HLA-DRB1 SE alleles and
PTPN22 are restricted to ACPA-positive RA, while genes
such as interferon regulatory factor 5 (IRF-5) and C-type
lectin seem to confer risk for ACPA-negative RA [26].

Genetics of smoking
Smoking as a chronic habit is genetically determined to some
extent. The major candidate genes associated with smoking
are those of cytochrome P450 enzymes, which play a
substantial role in nicotine metabolism, and also those of
dopamine receptors influenced by nicotine in the meso-
corticolimbic dopaminergic reward pathways of the brain. A
significant linkage was found between the ever–never
smoking trait and chromosome 6 [41], which is associated
with the HLA genes. A Hungarian group has determined the
polymorphisms of the MHC class III genes in coronary artery
disease patients versus healthy individuals with defined
smoking habits [41]. A significant association between ever
smoking (past and current smokers) and a specific MHC
haplotype (the TNF2 allele of the promoter of TNFα) has
been observed. More attempts were made to find a corre-
lation between TNF promoter polymorphisms and RA,
although most of them failed [42]. These results suggest that
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genes (MHC classes) determining different aspects of
smoking behavior do not seem to predispose for RA; that is,
the genetics of these two entities, the habit and the disease
are unlikely to have a similar genetic root.

Smoking is a risk factor for RA in shared epitope carriers
According to a Swedish population-based case–control study,
there is a gene–environment interaction between smoking
and the HLA-DRB1 SE genotype [43]. The relative risk of RA
was extremely high in smokers carrying single SE alleles (7.5)
or double SE alleles (15.7). Nevertheless, neither smoking
nor SE alleles, nor the combination of these factors, have
increased the risk of developing seronegative RA [43]. The
case–control study of the Iowa Women’s Health Study
involving postmenopausal women has indicated a strong
positive association of smoking, SE positivity and GSTM1
null genotype with RA [25].

Smoking, seropositivity and disease activity
Smoking and seropositivity
A Finnish population screening has showed an association
between RF and smoking, but they have not investigated RA
[44]. In another study, a positive correlation was observed
between smoking and RF levels; particularly, IgA RF was
found to account for more severe disease [45]. Smoking
confers risk for only the seropositive form of RA [46],
suggesting that the two disease entities may have different
pathomechanisms.

Certain studies support the fact that there is an association
between smoking and RA only in men, but not in women [47] –
yet many other reports contradict this suggestion [48]. A
case–control study from Sweden has found that smokers of
both sexes have an increased risk of developing seropositive
RA but not seronegative RA [49].

Smoking intensity and RA
Many attempts have been made to clarify how smoking
history (duration of smoking in years or the intensity of
smoking per day) influences the development of RA.

A population-based case–control study of RA in the United
States showed that women with 20 pack-years or more of
smoking (number of pack-years = number of cigarettes
smoked per day x number of years smoked / 20) had a
relative risk for RA compared with never-smokers [48].
Similarly, a study of female health professionals has showed
that women smoking ≥25 cigarettes/day for more than
20 years (>25 pack-years) experienced an increased risk of
RA [50]. A strong association has been found between RA
and heavy cigarette smoking (history of 41 to 50 pack-years),
but not with smoking itself [51]. The smoking intensity
(number of cigarettes/day), however, was not associated with
RA after adjusting for duration of smoking, which suggests
that it is the duration of smoking and not the intensity that
confers risk for RA. Yet, in a prospective female cohort in

Iowa, both factors of smoking were found to be associated
with RA, and were observed only in current smokers and in
those ever-smokers who quit 10 years or less prior to the
study [52]. Similarly, in the prospective Nurses Health Study
both smoking intensity and duration were directly related to
risk of RA, with prolonged increased risk after smoking
cessation [53]. A case–control study of Sweden has
reported that the increased risk for RA is established after a
long duration of smoking (≥20 years; the intensity was
moderate) and might be sustained for several years (10 to
20 years) after smoking cessation [49].

To summarize, it seems that both smoking duration and
intensity may be associated with the development of RA. The
duration might be more decisive (≥20 years), however, and at
least 10 years of smoking cessation is needed to reduce the
RA risk.

RA is characterized by antibodies including RF and ACPA.
These data may indicate that a long duration of smoking with
appropriate intensity may cause permanent immunomodu-
lation and subsequent antibody production of memory cells,
resulting in a steady state of pathological antibodies. After an
unspecified time (about 10 years) of smoking cessation,
these cells may disappear from the body.

Smoking and disease severity
Clinical evaluations of patients at the University of Iowa have
revealed that cigarette smoking (especially ≥25 pack years)
was significantly associated with RF positivity, radiographic
erosions and nodules [54]. In another study there was a
correlation between heavy smoking (≥20 pack-years) and
rheumatoid nodules, a higher Health Assessment Question-
naire score, a lower grip strength and more radiological joint
damage, suggesting the adverse effect of smoking on
progression, life quality and functional disability [55]. Some
reports support that smoking can increase extraarticular
manifestations (rheumatoid nodules, interstitial pulmonary
disease, rheumatoid vasculitis) [56-58].

In the work of Manfredsdottir and colleagues, a gradual increase
in disease activity was observed from never, former and current
smokers defined by the number of swollen and tender joints and
the visual analogue scale for pain, but smoking status did not
influence the radiological progression [59]. In a cohort of Greek
patients with early RA, cigarette smoking was associated with
increased disease activity and severity in spite of the early
treatment [60]. Only one study found reduced radiographic
progression and generally more favorable functional scores
among heavy smokers [61]. The recent results of Westhoff and
colleagues have revealed that smoking does not influence the
Disease Activity Score or radiographic scores, yet smokers
need higher doses of disease-modifying antirheumatic drugs,
which may indicate reduced potency of these drugs due to
smoking or higher disease activity that can be controlled by only
high doses of drugs [62].
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One can conclude that smoking influences the course of RA
in a negative way, although its extent differs in the various
studies. Therefore it is essential to draw patients’ attention to
the expected beneficial effect of smoking cessation.

Smoking and anti-cyclic citrullinated proteins
Recent data have revealed that smoking is highly associated
with ACPA-positive RA (Table 2). The evaluation of incident
cases of arthritis (undifferentiated arthritis and RA) has
revealed that tobacco exposure increases the risk of anti-
cyclic citrullinated protein (anti-CCP) antibodies (see
information about anti-CCPs below) only in SE-positive
patients [63]. In a national case–control study, tobacco
smoking was related to an increased risk of anti-CCP-positive
RA [64]. The investigation of consecutive sera of RA patients
in a rheumatology clinic has shown that anti-CCP titers were
associated with tobacco exposure [65].

In a case–control study involving patients with early-onset
RA, Klareskog and colleagues found that previous smoking is
dose-dependently associated with occurrence of anti-CCPs
in RA patients. A major gene–environment interaction was
also observed between smoking and HLA-DR SE genes: the
presence of double copies of SE alleles confers about
20-fold risk for anti-CCP-positive RA in smokers [66]. A
nationwide case–control study involving known and recently
diagnosed RA patients conducted in Denmark has also
proved strong gene–environment effects: there was an
increased risk for anti-CCP-positive RA in heavy smokers with
homozygote SE alleles [67].

In the study of the Leiden Early Arthritis Clinic, the
HLA-DRB1*0401, HLA-DRB1*0404, HLA-DRB1*0405 or
HLA-DRB1*0408 SE alleles conferred the highest risk of
developing anti-CCP antibodies, and the smoking–SE
interaction was highest in cases of HLA-DRB1*0101 or
HLA-DRB1*0102 and HLA-DRB1*1001 SE alleles [68]. The
same clinic has confirmed that anti-CCP-positive RA patients,
who are current or former tobacco smokers, show a more
extensive anti-CCP isotype usage compared with nonsmoker
anti-CCP-positive patients; these observations were also
valid for SE-negative RA patients [69]. In a French population
of RA patients (one-half of them were multicase families), the
presence of at least one SE allele (especially the
DRB1*0401 allele) was related to the presence of anti-CCP
antibodies [70]; smoking was associated with anti-CCP
antibodies only in the presence of SE, and the cumulative
dose of cigarette smoking was linked to the anti-CCP
antibody titers.

A case-only analysis of three North American RA cohorts –
RA patients from the North American Rheumatoid Arthritis
Consortium (NARAC) family collection, from the National
Inception Cohort of Rheumatoid Arthritis Patients, and from
the Study of New Onset Rheumatoid Arthritis (SONORA) –
has shown an association between smoking and anti-CCP in

the NARAC and the National Inception Cohort, but not in the
SONORA [71]. The SE alleles correlated with anti-CCP in all
cohorts. Only the analysis of the NARAC cohort provided
some evidence, however, for gene–environment interaction
between smoking and SE alleles in anti-CCP-positive RA. In a
study of African Americans with recent onset of RA, there
was no association between smoking, anti-CCP antibody,
IgM-RF or radiographic erosions [72]. A recent report
comparing three large case–control studies – the Swedish
Epidemiological Investigation of Rheumatoid Arthritis study,
the NARAC study, and the Dutch Leiden Early Arthritis Clinic
study – has reinforced the previous results [73]; namely, the
association of smoking, HLA-DRB1 SE alleles and anti-CCP-
positive RA. No interaction was found between PTPN22
R620W and smoking, however, indicating that smoking may
have disadvantageous effects only in genetically susceptible
individuals (for example, those carrying SE genes).

To conclude, these data suggest there may be an association
between smoking, SE alleles and ACPA-positive RA. Further
environmental and genetic factors (because the studies
involving Americans show a more complex picture of RA risk
factors), however, should also be considered.

Anti-citrullinated protein antibodies and
citrullination
A long time ago RA sera were revealed to specifically react to
filaggrin (found physiologically in keratin), which has been
proven to be a citrullinated protein; however, light has been
shed on the importance of citrullinated proteins only in recent
years. Commercial kits are nowadays available to detect
ACPAs: these antibodies react to synthetic CCPs – hence
the name anti-CCPs. ACPAs are markedly specific for RA –
only a small percentage of the general population carries
them [74]. Antibodies (for example, anti-filaggrin) against
citrullinated proteins – such as vimentin, fibrinogen, type II
collagen, alfa-enolase – usually arise several years prior to
disease onset [74].

Citrullination is catalyzed by PADs dependent on a high
calcium concentration. Five PAD isoforms (PAD1, PAD2,
PAD3, PAD4=5, PAD6) are currently distinguished. Proteins
lose specific positive charges through deimination (arginine →
citrulline) and can change conformation, becoming more
susceptible for degradation [75]. Physiologically, citrullination
takes place in the epidermis and the central nervous system.
Pathologically, an increased citrullination has been observed
in the lining and sublining of joints and also in extraarticular
regions in RA [74]. Citrullination is not specific for RA,
however – other rheumatologic diseases with synovitis,
including inflammatory osteoarthritis, reactive arthritis,
undifferentiated arthritis, gout and even trauma, show the
presence of citrullinated proteins [76]. The highly specific
ACPAs are therefore the results of factors other than local
inflammation, involving genetic and environmental factors.
Only PAD2 and PAD4 isotypes are expressed in the
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synovium of RA patients (and also other arthritides) [77].
Their sources are probably inflammatory cells; for example,
dying human macrophages and lymphocytes produce
citrullinated vimentin, which, if released into the extracellular
matrix of RA synovium, can specifically react with sera of RA
patients.

Anti-citrullinated protein antibodies, smoking
and other autoimmune diseases
Anti-CCPs are highly specific for RA, but they are found in
5 to 13% of patients with psoriatic arthritis [78] and also a
minority of patients with primary Sjögren syndrome have an
elevated anti-CCP titer, which is linked to the presence of
synovitis [79]. Whether smoking confers a risk for the

development of anti-CCPs in otherwise healthy individuals
has not been investigated, but increased protein citrullination
can be seen in the bronchoalveolar lavage of healthy smokers
[29].

Smoking is associated with several autoimmune diseases
such as systemic lupus erythematosus, primary biliary
cirrhosis or multiple sclerosis, where similar gene–environ-
ment interactions may exist – the knowledge gained from
research into these diseases could also help in the under-
standing of RA. For example, Moscarello and colleagues have
proposed that citrullinated myelin basic proteins may have a
crucial role in the pathogenesis of multiple sclerosis [80]: as
in RA due to citrullination, myelin basic protein may become
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Table 2

Population studies of RA investigating the association of smoking and anti-CCPs

Study population Results

Incident cases of arthritis (n = 1,305) (undifferentiated arthritis, Smoking increases the risk of anti-CCPs only in shared epitope-positive 
n = 486; RA, n = 407) patients [63].

National case–control study (515 RA patients and 769 controls) Smoking is related to an increased risk of anti-CCP-positive RA [64].

Consecutive sera of RA patients (n = 241) Higher anti-CCP titers are associated with tobacco exposure.

Anti-CCP seropositivity is associated with a higher incidence of erosions.

Moderate correlation between anti-CCP and rheumatoid factor titers [65].

Case–control study (EIRA, 967 RA patients and 1,357 controls) Previous smoking is dose-dependently associated with occurrence of 
anti-CCPs.

Presence of double copies of shared epitope alleles confers about 20-fold 
risk for anti-CCP-positive RA in smokers [66].

Nationwide case–control study (309 seropositive RA and There is an increased risk for anti-CCP-positive RA in heavy smokers with 
136 seronegative RA patients and 533 controls) homozygote shared epitope alleles [67].

Study of Leiden Early Arthritis Clinic (977 patients with early HLA-DRB1*0401, HLA-DRB1*0404, HLA-DRB1*0405, or 
arthritis) HLA-DRB1*0408 shared epitope alleles confer the highest risk of 

developing anti-CCPs.

Smoking–shared epitope interaction is highest in case of HLA-DRB1*0101 
or HLA-DRB1*0102 and HLA-DRB1*1001 shared epitope alleles [68].

Study of Leiden Early Arthritis Clinic (n = 216) Current or former tobacco smoker anti-CCP-positive RA patients show a 
more extensive anti-CCP isotype usage, valid for shared epitope-negative 
RA patients too [69].

French population of RA patients (n = 274, one-half of them Presence of at least one shared epitope allele (especially the DRB1*0401 
multicase families) allele) is related to the presence of anti-CCPs [70].

Case-only analysis of three North American RA cohorts There is an association between smoking and anti-CCP in the NARAC and 
(n = 2,476) (NARAC, n = 1,105; SONORA, n = 618; the Inception Cohort, but not in the SONORA.
Inception Cohort, n = 753)

Only the NARAC cohort supports evidence for the interaction of smoking 
and shared epitope alleles in anti-CCP-positive RA [71].

African Americans with recent-onset RA (n = 300) There is no association between smoking and anti-CCPs [72].

Three case–control studies (1,977 cases and 2,405 controls) There is an association of smoking, HLA-DRB1 shared epitope alleles and 
(EIRA, NARAC, Dutch Leiden Early Arthritis Clinic) anti-CCP-positive RA.

No interaction between smoking and PTPN22 is found [73].

CCP, cyclic citrullinated peptide; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; Inception Cohort, National Inception Cohort of
Rheumatoid Arthritis Patients; NARAC, North American Rheumatoid Arthritis Consortium; PTPN22, protein tyrosine phosphatase nonreceptor 22;
RA, rheumatoid arthritis; SONORA, Study of New Onset Rheumatoid Arthritis.



more susceptible for degradation by metalloproteases. In
primary biliary cirrhosis, celiac disease or systemic lupus
erythematosus, antibodies against self-enzymes involved in
protein modification (deamidation, carboxylation, glycolysa-
tion) also exist, like the anti-PAD antibodies in RA (see later).

The connection of smoking, lung cancer, TNF
and RA
It is well known that smoking has a pivotal role in the develop-
ment of lung cancer. Smoke contains several carcinogens,
leading to severe DNA damage via adduct formation and
subsequently altered gene function. Contact-mediated cyto-
stasis of tumor cells is also decreased by AMs of smokers
[13]. As mentioned in a previous section, components in
smoke have significant immune modulator effects (they alter
the functions of T cells and B cells, macrophages, dendritic
cells and neutrophils) on several acting points involving the
reduction of the production of TNFα. Apart from the direct
cytotoxic effects of TNFα against tumors, its antitumor
activities may involve activation of different neutrophil
functions, alteration of endothelial cell functions and increased
production of IL-1. As a consequence, the inhibition of TNFα
(as an anti-tumor agent) via smoke components may
contribute to (lung) cancer formation besides the crucial
effects of direct carcinogens found in smoke.

In the pathogenesis of RA, TNFα plays a key role considering
the joint and bone damage. Increased levels of TNFα can be
measured at the sites of inflammation. Moreover, transgenic
mice expressing high levels of TNFα develop RA-like arthritis.
In an animal model of collagen-induced arthritis, the inhibition
of TNFα led to the amelioration of disease course. Later,
extensive multicentric studies proved the beneficial effect of
TNF blockage in RA [81], and nowadays TNF antagonists are
widely used. In RA patients who smoke, an elevated ratio of
TNFα/soluble TNF receptor released from activated T cells
can be seen – which may contribute to the increased TNFα
activity observed in RA. The ratio is related to the extent of
smoking – sustained even after smoking cessation – proving
why smoking intensity and duration have an impact on the
development and course of RA [82].

Considering the TNFα-lowering effect of cigarette smoking,
one could also suggest that TNFα should have beneficial
effects on RA, even though the opposite is probably true.
Other pleiotropic factors (oxidative stress, infections,
citrullination) of smoke components rather than the TNF
antagonism alone, evoked by nicotine, may therefore be the
main susceptibility factors of disease development. To
support this hypothesis, in both types of inflammatory bowel
disease (ulcerative colitis and Crohn’s disease), in which
smoke has an opposite role, TNF antagonists are beneficial
and are crucial components of the therapeutic repertoire.

Nowadays, three TNF antagonists exist – etanercept, a
soluble fusional receptor; infliximab, a chimeric monoclonal

antibody; and adalimumab, a completely human monoclonal
antibody – and two other TNF antagonists (certolizumab and
golimumab) are in clinical development. There are concerns
about using biological agents, however, as the incidence of
malignancies, especially lymphomas, may be increased
compared with the normal population.

The increased proliferative drive of immune cells resulting in
autoantibody formation and disease severity rather than TNF
antagonism or disease-modifying antirheumatic drugs (metho-
trexate) seems to be responsible for the elevated lymphoma
risk, which is supported by the recent analysis of the Swedish
Biologics Register [83]. On the contrary, a previous meta-
analysis of randomized trials of anti-TNF therapy has revealed
a dose-dependent increased risk of malignancies in RA
patients treated with anti-TNF antibodies [84]. In conclusion,
patients treated with TNF antagonists should be closely
followed regarding malignancies.

RA, infection and citrullination
Data suggest that smoking has immunosuppressive effects
through the various substances contained in cigarette smoke,
among which nicotine has the most substantial role (Figure 1).
Nicotine can enter the bloodstream through the alveolar
compartment–endothelial barrier, and then may reach
different parts of the body, including lymphoid tissues, where
it may have systemic immunomodulator effects and may act
through the nicotinic receptors of the autologuous nervous
system. Owing to immunosuppression evoked by smoke,
infections are increased not only in the respiratory tract but in
other regions of the body.

Superantigens of specific bacteria (Streptococcus, Staphylo-
coccus) and viruses (Epstein–Barr virus (EBV)) bypass the
processing of antigen-presenting cells through directly bind-
ing to MHC II molecule T-cell receptors outside the conven-
tional antigen-specific variable chains, initiating massive T-cell
activation (up to 20% of total). In addition, they may utilize not
only the T-cell receptor pathways but also other pathways
[85]. A wide repertoire of T cells may be activated due to
superantigens, and also those cells reactive to citrullinated
proteins or autodeiminated PADs (see below) in the
respiratory tract. In line with this knowledge, specific bacteria
and viruses have been incriminated in the pathogenesis of RA
– one of which is EBV. Pratesi and colleagues found that
sera from RA patients can react to citrullinated EBV nuclear
antigen [86], which suggests previous EBV infection
(superantigen) and also the presence of parallel citrullination
– which might be induced by chronic smoking, as the amount
of citrullinated proteins is increased in the bronchoalveolar
lavage of smokers. The role of EBV in the RA pathogenesis is
supported by several other data: the anti-EBV titer is elevated
in RA patients; certain EBV antigens share similarities with
synovial self-autoantigens providing the possibility of viral
cross-reactivity; the gp110 glycoprotein in EBV contains a
copy of SE; cell-mediated responses against EBV proteins
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were found in the synovial fluid of RA patients; and EBNA-1
can undergo citrullination, and the virus can induce antibody
formation against citrullinated proteins [87].

Another explanation for the primary steps towards RA might be
bacterial/viral cross-reactivity with autoantigens, as in the case
of EBV. On the one hand, Porphyromonas gingivalis causing
periodontitis has a functional PAD enzyme, which is quite
similar to human PADs, and subsequently the infection may
stimulate antibody production against the human PADs as well
[88]. The incidence of periodontitis is elevated due to smoking
[89], so the body might be exposed to a more increased
burden of P. gingivalis causing a constant antigen trigger
compared with nonsmokers. Autoantibodies against PAD4
enzymes are specific markers of RA, they exist in about 40% of
RA patients, and they account for more severe disease course.
Polymorphisms in the PADI4 gene (only in certain
populations) may influence the immune response to PAD4
enzyme, potentially contributing to disease propagation [90].
It is also reported that PADs can autodeiminate themselves,
due to which the structure of the molecule might be changed
profoundly and new epitopes may arise. Furthermore, the
modified citrullinated proteins and PAD may create an altered
molecule complex like the tissue transglutaminase and
deaminated gluten in celiac disease, which may result in
autoimmune reaction in genetically prone subjects.

On the other hand, emerging data suggest there might be a
connection between RA and Proteus mirabilis. These data
are supported by the following observations. There is an
increased incidence of urinary tract infections (especially
P. mirabilis) in RA patients [91]. Furthermore, Ebringer and
Rashid have found sequence homology between certain HLA
alleles associated with RA and hemolysins of P. mirabilis.
They also identified another homology between type XI
collagen and Proteus urease enzyme, yet they have failed to
show common motifs between P. urease and RA-targeted
synovial structures even though active RA patients have
elevated IgG and IgM antibodies against Proteus [91].
Consequently, due to infections, cross-reactivity might arise
against auto-structures of joints.

Similarly, CD19+ B cells capable of secreting antibodies
reactive to type II collagen are present in both RA patients
and in healthy subjects. In RA patients, however, the cells
accumulate in the inflamed joints, suggesting that they have
been activated due to certain factors (possibly superantigens
or cross-reactivity) [92].

It is known that synovitis in general, also in nonautoimmune
rheumatic diseases, is marked by citrullinated proteins,
although the presence of ACPAs is specific for RA, and is
likely to be the result of many tolerance-breaking immune
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Figure 1

Complex role of smoking in the pathogenesis of rheumatoid arthritis. ACPA, anti-citrullinated protein antibody; AP-1, activator protein-1; EBV,
Epstein–Barr virus; HQ, hydroquinone; IRF-5, interferon regulatory factor 5; nACh, nicotinic acetylcholine; PAD, peptidyl arginine deiminase;
PADI4, gene of peptidyl arginine deiminase type 4; PTPN22, protein tyrosine phosphatase nonreceptor 22; RA, rheumatoid arthritis; RF,
rheumatoid factor; SE, shared epitope.



steps. Neeli and colleagues have found that LPS-induced
neutrophils can produce marked citrullination of histones,
which then can be identified as the components of
extracellular chromatin traps [93]. Bacterial invasion can
provide the perfect background for neutrophil activation and
subsequent release of highly autoantigenic citrullinated
histones in the respiratory tract.

Besides common environmental factors, intrapersonal and
interpersonal psychological factors may also contribute to RA
pathogenesis. To support this hypothesis, RA patients with
an elevated daily stress level (daily hassles, interpersonal
conflicts) have poorer outcome and more erosions, while
major stress (major negative life events) might ameliorate the
disease course. Long-lasting (chronic) minor stress may lead
to proinflammatory responses via short-lived surges of
hormones and neurotransmitters, yet major stress might lead
to massive, long-lived release of stress-axe mediators of the
hypothalamic–pituitary–adrenal axis (norepinephrine, cortisol,
and so forth), resulting in anti-inflammatory responses [94].
Smoking might sustain a constant minor stress in the body
via its addictive nature, and subsequently may lead to
neurohumoral immunomodulation.

To summarize, if the constellation of genetic factors – for
example, HLA-DRB1 as it has a higher affinity to bind
citrullinated form of proteins [95], and perhaps other loci in
different populations such as the North American population –
and of environmental factors – smoking, concomitant infec-
tions (cross-reactivity, molecular mimicry) and also general
stressors (psychological as well) – is created, there is a
possibility for autoimmune disease development.

As citrullination is considered one of the crucial steps in the
development of RA, and also as ACPAs seem to be involved
in the progression of RA, new pharmaceutical agents target-
ing PADs have been investigated: PAD inhibitors including
F-amidine (the most potent known inhibitor), paclitaxel and
2-chloroacetamidine [40]. Their clinical utilization is a little
controversial, however, as ACPAs can appear several years
prior to the development of RA, and at the time when
healthcare professionals are able to interfere with the
pathological processes of their patients, the vicious circle of
the autoimmune process has already started, and may be
sustained by factors other than citrullination. Moreover, we
know little about the physiological functions of PADs – so
their inhibition may involve serious disturbances in the cells,
such as apoptosis [96].

Conclusion and future directions
The connection of smoking, anti-citrullinated antibodies and
RA is unambiguously proven by several studies and reports.
Consequently, it is essential to inform patients about the
hazardous role of smoking in the development and progres-
sion of RA. Moreover, as the autoimmune diseases in general
cause accelerated atherosclerosis due to constant

inflammation, and increase the cardiovascular risk, it is
important for patients to understand smoking cessation is
required as much as taking disease-modifying antirheumatic
drugs or biologics to achieve remission and better life quality.

Although we have an effective therapeutic repertoire for RA,
we cannot reverse the developed joint deformity in advanced
stages, so the initiation of the early treatment prior to bone
and joint damage has great importance. To achieve this early
initiation, we need to better understand the pathogenesis of
the disease and the interaction of risk factors, and also to
develop better diagnostic tools on the basis of this
information.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements
The present work was supported by grants OTKA K73247, OTKA
T046468, OTKA F61030 and OTKA 77537, and a Marie Curie
Research Training Network grant (contract number MRTN-CT-2005-
019561).

References
1. Vessey MP, Villard-Mackintosh L, Yeates D: Oral contraceptives,

cigarette smoking and other factors in relation to arthritis.
Contraception 1987, 35:457-464.

2. Heliovaara M, Aho K, Aromaa A, Knekt P, Reunanen A: Smoking
and risk of rheumatoid arthritis. J Rheumatol 1993, 20:1830-
1835.

3. Symmons DP, Bankhead CR, Harrison BJ, Brennan P, Barrett EM,
Scott DG, Silman AJ: Blood transfusion, smoking, and obesity
as risk factors for the development of rheumatoid arthritis:
results from a primary care-based incident case–control study
in Norfolk, England. Arthritis Rheum 1997, 40:1955-1961.

4. Hazes JM, Dijkmans BA, Vandenbroucke JP, de Vries RR, Cats A:
Lifestyle and the risk of rheumatoid arthritis: cigarette
smoking and alcohol consumption. Ann Rheum Dis 1990, 49:
980-982.

5. Costenbader KH, Karlson EW: Cigarette smoking and autoim-
mune disease: what can we learn from epidemiology? Lupus
2006, 15:737-745.

6. Green GM, Carolin D: The depressant effect of cigarette
smoke on the in vitro antibacterial activity of alveolar
macrophages. N Engl J Med 1967, 276:421-427.

7. Ortega E, Barriga C, Rodriguez AB: Decline in the phagocytic
function of alveolar macrophages from mice exposed to ciga-
rette smoke. Comp Immunol Microbiol Infect Dis 1994, 17:77-
84.

8. King TE Jr, Savici D, Campbell PA: Phagocytosis and killing of
Listeria monocytogenes by alveolar macrophages: smokers
versus nonsmokers. J Infect Dis 1988, 158:1309-1316.

9. Nguyen Van Binh P, Zhou D, Baudouin F, Martin C, Radionoff M,
Dutertre H, Marchand V, Thevenin M, Warnet JM, Thien Duc H:
Modulation of the primary and the secondary antibody
response by tobacco smoke condensates. Biomed Pharma-
cother 2004, 58:527-530.

10. de Jonge WJ, Ulloa L: The alpha7 nicotinic acetylcholine recep-
tor as a pharmacological target for inflammation. Br J Pharma-
col 2007, 151:915-929.

11. Higashimoto Y, Shimada Y, Fukuchi Y, Ishida K, Shu C, Teramoto
S, Sudo E, Matsuse T, Orimo H: Inhibition of mouse alveolar
macrophage production of tumor necrosis factor alpha by
acute in vivo and in vitro exposure to tobacco smoke. Respira-
tion 1992, 59:77-80.

12. Pessina GP, Paulesu L, Corradeschi F, Luzzi E, Tanzini M, Aldin-
ucci C, Di Stefano A, Bocci V: Chronic cigarette smoking
enhances spontaneous release of tumour necrosis factor-
alpha from alveolar macrophages of rats. Mediators Inflamm
1993, 2:423-428.

Arthritis Research & Therapy    Vol 11 No 4 Baka et al.

Page 10 of 13
(page number not for citation purposes)



13. Yamaguchi E, Itoh A, Furuya K, Miyamoto H, Abe S, Kawakami Y:
Release of tumor necrosis factor-alpha from human alveolar
macrophages is decreased in smokers. Chest 1993, 103:479-
483.

14. Sauty A, Mauel J, Philippeaux MM, Leuenberger P: Cytostatic
activity of alveolar macrophages from smokers and nonsmok-
ers: role of interleukin-1 beta, interleukin-6, and tumor necro-
sis factor-alpha. Am J Respir Cell Mol Biol 1994, 11:631-637.

15. Singh SP, Kalra R, Puttfarcken P, Kozak A, Tesfaigzi J, Sopori ML:
Acute and chronic nicotine exposures modulate the immune
system through different pathways. Toxicol Appl Pharmacol
2000, 164:65-72.

16. Matsunaga K, Klein TW, Friedman H, Yamamoto Y: Involvement
of nicotinic acetylcholine receptors in suppression of antimi-
crobial activity and cytokine responses of alveolar
macrophages to Legionella pneumophila infection by nico-
tine. J Immunol 2001, 167:6518-6524.

17. Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI,
Watkins LR, Wang H, Abumrad N, Eaton JW, Tracey KJ: Vagus
nerve stimulation attenuates the systemic inflammatory
response to endotoxin. Nature 2000, 405:458-462.

18. Wang H, Yu M, Ochani M, Amella CA, Tanovic M, Susarla S, Li
JH, Wang H, Yang H, Ulloa L, Al-Abed Y, Czura CJ, Tracey KJ:
Nicotinic acetylcholine receptor alpha7 subunit is an essential
regulator of inflammation. Nature 2003, 421:384-388.

19. Ouyang Y, Virasch N, Hao P, Aubrey MT, Mukerjee N, Bierer BE,
Freed BM: Suppression of human IL-1ββ, IL-2, IFN-γγ, and TNF-αα
production by cigarette smoke extracts. J Allergy Clin Immunol
2000, 106:280-287.

20. Choi JM, Cho YC, Cho WJ, Kim TS, Kang BY: Hydroquinone, a
major component in cigarette smoke, reduces IFN-γγ produc-
tion in antigen-primed lymphocytes. Arch Pharm Res 2008,
31:337-341.

21. Facchinetti F, Amadei F, Geppetti P, Tarantini F, Di Serio C,
Dragotto A, Gigli PM, Catinella S, Civelli M, Patacchini R: αα,ββ-
unsaturated aldehydes in cigarette smoke release inflamma-
tory mediators from human macrophages. Am J Respir Cell
Mol Biol 2007, 37:617-623.

22. Nguyen C, Teo JL, Matsuda A, Eguchi M, Chi EY, Henderson WR
Jr, Kahn M: Chemogenomic identification of Ref-1/AP-1 as a
therapeutic target for asthma. Proc Natl Acad Sci USA 2003,
100:1169-1173

23. Hasnis E, Bar-Shai M, Burbea Z, Reznick AZ.Cigarette smoke-
induced NF-κκB activation in human lymphocytes: the effect of
low and high exposure to gas phase of cigarette smoke. 
J Physiol Pharmacol 2007, 58(Suppl 5):263-274.

24. Lannan S, Donaldson K, Brown D, MacNee W: Effects of ciga-
rette smoke and its condensates on alveolar cell injury in
vitro. Am J Physiol 1994, 266:L92-L100.

25. Criswell LA, Saag KG, Mikuls TR, Cerhan JR, Merlino LA, Lum RF,
Pfeiffer KA, Woehl B, Seldin MF: Smoking interacts with
genetic risk factors in the development of rheumatoid arthritis
among older Caucasian women. Ann Rheum Dis 2006, 65:
1163-1167.

26. Bowes J, Barton A: Recent advances in the genetics of RA sus-
ceptibility. Rheumatology (Oxford) 2008, 47:399-402.

27. Dong S, Zhang Z, Takahara H: Estrogen-enhanced peptidy-
larginine deiminase type IV gene (PADI4) expression in MCF-
7 cells is mediated by estrogen receptor-alpha-promoted
transfactors activator protein-1, nuclear factor-Y, and Sp1. Mol
Endocrinol 2007, 21:1617-1629.

28. Méchin MC, Sebbag M, Arnaud J, Nachat R, Foulquier C, Adoue
V, Coudane F, Duplan H, Schmitt AM, Chavanas S, Guerrin M,
Serre G, Simon M: Update on peptidylarginine deiminases and
deimination in skin physiology and severe human diseases.
Int J Cosmet Sci 2007, 29:147-168.

29. Makrygiannakis D, Hermansson M, Ulfgren AK, Nicholas AP,
Zendman AJ, Eklund A, Grunewald J, Skold CM, Klareskog L,
Catrina AI: Smoking increases peptidylarginine deiminase 2
enzyme expression in human lungs and increases citrullina-
tion in BAL cells. Ann Rheum Dis 2008, 67:1488-1492.

30. Baron JA, La Vecchia C, Levi F: The antiestrogenic effect of cig-
arette smoking in women. Am J Obstet Gynecol 1990, 162:
502-514.

31. Kannel WB, D’Agostino RB, Belanger AJ: Fibrinogen, cigarette
smoking, and risk of cardiovascular disease: insights from the
Framingham Study. Am Heart J 1987, 113:1006-1010.

32. Masson-Bessiére C, Sebbag M, Girbal-Neuhauser E, Vincent C,
Serre G: Synovial target antigens of antifilaggrin autoantibod-
ies are deiminated forms of fibrin alpha and beta chains
[abstract]. Rev Rheum 1999, 66:754.

33. Nakayama-Hamada M, Suzuki A, Furukawa H, Yamada R,
Yamamoto K: Citrullinated fibrinogen inhibits thrombin-cat-
alyzed fibrin polymerization. J Biochem 2008, 144:393-398.

34. The Wellcome Trust Case Control Consortium: Genome-wide
association study of 14,000 cases of seven common diseases
and 3,000 shared controls. Nature 2007, 447:661-678.

35. McInnes IB, Schett G: Cytokines in the pathogenesis of
rheumatoid arthritis. Nat Rev Immunol 2007, 7:429-442.

36. Yamamoto K, Yamada R: Lessons from a genome wide associ-
ation study of rheumatoid arthritis. N Engl J Med 2007, 357:
1250-1251.

37. Gregersen PK: Pathways to gene identification in rheumatoid
arthritis: PTPN22 and beyond. Immunol Rev 2005, 204:74-86.

38. Begovich AB, Carlton VE, Honigberg LA, Schrodi SJ,
Chokkalingam AP, Alexander HC, Ardlie KG, Huang Q, Smith AM,
Spoerke JM, Conn MT, Chang M, Chang SY, Saiki RK, Catanese
JJ, Leong DU, Garcia VE, McAllister LB, Jeffery DA, Lee AT, Batli-
walla F, Remmers E, Criswell LA, Seldin MF, Kastner DL, Amos
CI, Sninsky JJ, Gregersen PK: A missense single-nucleotide
polymorphism in a gene encoding a protein tyrosine phos-
phatase (PTPN22) is associated with rheumatoid arthritis. Am
J Hum Genet 2004, 75:330-337.

39. Costenbader KH, Chang SC, De Vivo I, Plenge R, Karlson EW:
PTPN22, PADI-4 and CTLA-4 genetic polymorphisms and risk
of rheumatoid arthritis in two longitudinal cohort studies: evi-
dence of gene–environment interactions with heavy cigarette
smoking. Arthritis Res Ther 2008, 10:R52.

40. Luo Y, Arita K, Bhatia M, Knuckley B, Lee YH, Stallcup MR, Sato
M, Thompson PR: Inhibitors and inactivators of protein argi-
nine deiminase 4: functional and structural characterization.
Biochemistry 2006, 45:11727-11736.

41. Füst G, Arason GJ, Kramer J, Szalai C, Duba J, Yang Y, Chung
EK, Zhou B, Blanchong CA, Lokki ML, Bödvarsson S, Prohászka
Z, Karádi I, Vatay A, Kovács M, Romics L, Thorgeirsson G, Yu CY:
Genetic basis of tobacco smoking: strong association of a
specific major histocompatibility complex haplotype on chro-
mosome 6 with smoking behavior. Int Immunol 2004, 16:1507-
1514.

42. Ates O, Hatemi G, Hamuryudan V, Topal-Sarikaya A: Tumor
necrosis factor-alpha and interleukin-10 gene promoter poly-
morphisms in Turkish rheumatoid arthritis patients. Clin
Rheumatol 2008, 27:1243-1248.

43. Padyukov L, Silva C, Stolt P, Alfredsson L, Klareskog L: A
gene–environment interaction between smoking and shared
epitope genes in HLA-DR provides a high risk of seropositive
rheumatoid arthritis. Arthritis Rheum 2004, 50:3085-3092.

44. Tuomi T, Heliövaara M, Palosuo T, Aho K: Smoking, lung func-
tion, and rheumatoid factors. Ann Rheum Dis 1990, 49:753-
756.

45. Masdottir B, Jónsson T, Manfredsdottir V, Víkingsson A, Brekkan
A, Valdimarsson H: Smoking, rheumatoid factor isotypes and
severity of rheumatoid arthritis. Rheumatology (Oxford) 2000,
39:1202-1205.

46. Uhlig T, Hagen KB, Kvien TK: Current tobacco smoking, formal
education, and the risk of rheumatoid arthritis. J Rheumatol
1999, 26:47-54.

47. Krishnan E, Sokka T, Hannonen P: Smoking–gender interaction
and risk for rheumatoid arthritis. Arthritis Res Ther 2003, 5:
R158-R162.

48. Voigt LF, Koepsell TD, Nelson JL, Dugowson CE, Daling JR:
Smoking, obesity, alcohol consumption, and the risk of
rheumatoid arthritis. Epidemiology 1994, 5:525-532.

49. Stolt P, Bengtsson C, Nordmark B, Lindblad S, Lundberg I,
Klareskog L, Alfredsson L; EIRA study group: Quantification of
the influence of cigarette smoking on rheumatoid arthritis:
results from a population based case-control study, using
incident cases. Ann Rheum Dis 2003, 62:835-841.

50. Karlson EW, Lee IM, Cook NR, Manson JE, Buring JE, Hennekens
CH: A retrospective cohort study of cigarette smoking and
risk of rheumatoid arthritis in female health professionals.
Arthritis Rheum 1999, 42:910-917.

51. Hutchinson D, Shepstone L, Moots R, Lear JT, Lynch MP: Heavy
cigarette smoking is strongly associated with rheumatoid

Available online http://arthritis-research.com/content/11/4/238

Page 11 of 13
(page number not for citation purposes)



arthritis (RA), particularly in patients without a family history
of RA. Ann Rheum Dis 2001, 60:223-227.

52. Criswell LA, Merlino LA, Cerhan JR, Mikuls TR, Mudano AS,
Burma M, Folsom AR, Saag KG: Cigarette smoking and the risk
of rheumatoid arthritis among postmenopausal women:
results from the Iowa Women’s Health Study. Am J Med 2002,
112:465-471.

53. Costenbader KH, Feskanich D, Mandl LA, Karlson EW: Smoking
intensity, duration, and cessation, and the risk of rheumatoid
arthritis in women. Am J Med 2006, 119:503.e1-503.e9.

54. Saag KG, Cerhan JR, Kolluri S, Ohashi K, Hunninghake GW,
Schwartz DA: Cigarette smoking and rheumatoid arthritis
severity. Ann Rheum Dis 1997, 56:463-469.

55. Masdottir B, Jónsson T, Manfredsdottir V, Víkingsson A, Brekkan
A, Valdimarsson H: Smoking, rheumatoid factor isotypes and
severity of rheumatoid arthritis. Rheumatology (Oxford) 2000,
39:1202-1205.

56. Nyhäll-Wåhlin BM, Jacobsson LT, Petersson IF, Turesson C;
BARFOT study group: Smoking is a strong risk factor for
rheumatoid nodules in early rheumatoid arthritis. Ann Rheum
Dis 2006, 65:601-606.

57. Struthers GR, Scott DL, Delamere JP, Sheppeard H, Kitt M:
Smoking and rheumatoid vasculitis. Rheumatol Int 1981, 1:
145-146.

58. Nagai S, Hoshino Y, Hayashi M, Ito I: Smoking-related intersti-
tial lung diseases. Curr Opin Pulm Med 2000, 6:415-419.

59. Manfredsdottir VF, Vikingsdottir T, Jonsson T, Geirsson AJ, Kjar-
tansson O, Heimisdottir M, Sigurdardottir SL, Valdimarsson H,
Vikingsson A: The effects of tobacco smoking and rheumatoid
factor seropositivity on disease activity and joint damage in
early rheumatoid arthritis. Rheumatology (Oxford) 2006, 45:
734-740.

60. Papadopoulos NG, Alamanos Y, Voulgari PV, Epagelis EK, Tsife-
taki N, Drosos AA: Does cigarette smoking influence disease
expression, activity and severity in early rheumatoid arthritis
patients? Clin Exp Rheumatol 2005, 23:861-866.

61. Finckh A, Dehler S, Costenbader KH, Gabay C; Swiss Clinical
Quality Management project for RA: Cigarette smoking and
radiographic progression in rheumatoid arthritis. Ann Rheum
Dis 2007, 66:1066-1071.

62. Westhoff G, Rau R, Zink A: Rheumatoid arthritis patients who
smoke have a higher need for DMARDs and feel worse, but
they do not have more joint damage than non-smokers of the
same serological group. Rheumatology (Oxford) 2008, 47:849-
854.

63. Linn-Rasker SP, van der Helm-van Mil AH, van Gaalen FA, Klop-
penburg M, de Vries RR, le Cessie S, Breedveld FC, Toes RE,
Huizinga TW: Smoking is a risk factor for anti-CCP antibodies
only in rheumatoid arthritis patients who carry HLA-DRB1
shared epitope alleles. Ann Rheum Dis 2006, 65:366-371.

64. Pedersen M, Jacobsen S, Klarlund M, Pedersen BV, Wiik A,
Wohlfahrt J, Frisch M: Environmental risk factors differ
between rheumatoid arthritis with and without auto-antibod-
ies against cyclic citrullinated peptides. Arthritis Res Ther
2006, 8:R133.

65. Lee DM, Phillips R, Hagan EM, Chibnik LB, Costenbader KH Md
Mph, Schur PH: Quantifying Anti-CCP titer: clinical utility and
association with tobacco exposure in patients with rheuma-
toid arthritis. Ann Rheum Dis 2009, 68:201-208.

66. Klareskog L, Stolt P, Lundberg K, Källberg H, Bengtsson C,
Grunewald J, Rönnelid J, Harris HE, Ulfgren AK, Rantapää-
Dahlqvist S, Eklund A, Padyukov L, Alfredsson L: A new model
for an etiology of rheumatoid arthritis: smoking may trigger
HLA-DR (shared epitope)-restricted immune reactions to
autoantigens modified by citrullination. Arthritis Rheum 2006,
54:38-46.

67. Pedersen M, Jacobsen S, Garred P, Madsen HO, Klarlund M,
Svejgaard A, Pedersen BV, Wohlfahrt J, Frisch M: Strong com-
bined gene–environment effects in anti-cyclic citrullinated
peptide-positive rheumatoid arthritis: a nationwide
case–control study in Denmark. Arthritis Rheum 2007, 56:
1446-1453.

68. van der Helm-van Mil AH, Verpoort KN, le Cessie S, Huizinga TW,
de Vries RR, Toes RE: The HLA-DRB1 shared epitope alleles
differ in the interaction with smoking and predisposition to
antibodies to cyclic citrullinated peptide. Arthritis Rheum 2007,
56:425-432.

69. Verpoort KN, Papendrecht-van der Voort EA, van der Helm-van
Mil AH, Jol-van der Zijde CM, van Tol MJ, Drijfhout JW, Breedveld
FC, de Vries RR, Huizinga TW, Toes RE: Association of
smoking with the constitution of the anti-cyclic citrullinated
peptide response in the absence of HLA-DRB1 shared
epitope alleles. Arthritis Rheum 2007, 56:2913-2918.

70. Michou L, Teixeira VH, Pierlot C, Lasbleiz S, Bardin T, Dieudé P,
Prum B, Cornélis F, Petit-Teixeira E: Associations between
genetic factors, tobacco smoking and autoantibodies in
familial and sporadic rheumatoid arthritis. Ann Rheum Dis
2008, 67:466-470.

71. Lee HS, Irigoyen P, Kern M, Lee A, Batliwalla F, Khalili H, Wolfe F,
Lum RF, Massarotti E, Weisman M, Bombardier C, Karlson EW,
Criswell LA, Vlietinck R, Gregersen PK: Interaction between
smoking, the shared epitope, and anti-cyclic citrullinated
peptide: a mixed picture in three large North American
rheumatoid arthritis cohorts. Arthritis Rheum 2007, 56:1745-
1753.

72. Mikuls TR, Hughes LB, Westfall AO, Holers VM, Parrish L, van der
Heijde D, van Everdingen M, Alarcon GS, Conn DL, Jonas B,
Callahan LF, Smith EA, Gilkeson G, Howard G, Moreland LW,
Bridges SL Jr: Cigarette smoking, disease severity, and
autoantibody expression in African Americans with recent-
onset rheumatoid arthritis. Ann Rheum Dis 2008, 67:1529-
1534.

73. Kallberg H, Padyukov L, Plenge RM, Ronnelid J, Gregersen PK,
van der Helm-van Mil AH, Toes RE, Huizinga TW, Klareskog L,
Alfredsson L; Epidemiological Investigation of Rheumatoid Arthri-
tis Study Group: Gene–gene and gene–environment interac-
tions involving HLA-DRB1, PTPN22, and smoking in two
subsets of rheumatoid arthritis. Am J Hum Genet 2007,
80:867-875.

74. Klareskog L, Rönnelid J, Lundberg K, Padyukov L, Alfredsson L:
Immunity to citrullinated proteins in rheumatoid arthritis. Annu
Rev Immunol 2008, 26:651-675.

75. György B, Tóth E, Tarcsa E, Falus A, Buzás EI: Citrullination: a
posttranslational modification in health and disease. Int J
Biochem Cell Biol 2006, 38:1662-1677.

76. Vossenaar ER, Smeets TJ, Kraan MC, Raats JM, van Venrooij WJ,
Tak PP: The presence of citrullinated proteins is not specific
for rheumatoid synovial tissue. Arthritis Rheum 2004, 50:3485-
3494.

77. Foulquier C, Sebbag M, Clavel C, Chapuy-Regaud S, Al Badine
R, Méchin MC, Vincent C, Nachat R, Yamada M, Takahara H,
Simon M, Guerrin M, Serre G: Peptidyl arginine deiminase type
2 (PAD-2) and PAD-4 but not PAD-1, PAD-3, and PAD-6 are
expressed in rheumatoid arthritis synovium in close associa-
tion with tissue inflammation. Arthritis Rheum 2007, 56:3541-
3553.

78. Shibata S, Tada Y, Komine M, Hattori N, Osame S, Kanda N,
Watanabe S, Saeki H, Tamaki K: Anti-cyclic citrullinated peptide
antibodies and IL-23p19 in psoriatic arthritis. J Dermatol Sci
2009, 53:34-39.

79. Atzeni F, Sarzi-Puttini P, Lama N, Bonacci E, Bobbio-Pallavicini F,
Montecucco C, Caporali R: Anti-cyclic citrullinated peptide anti-
bodies in primary Sjögren syndrome may be associated with
non-erosive synovitis. Arthritis Res Ther 2008, 10:R51.

80. Moscarello MA, Mastronardi FG, Wood DD: The role of citrulli-
nated proteins suggests a novel mechanism in the pathogen-
esis of multiple sclerosis. Neurochem Res 2007, 32:251-256.

81. Tracey D, Klareskog L, Sasso EH, Salfeld JG, Tak PP: Tumor
necrosis factor antagonist mechanisms of action: a compre-
hensive review. Pharmacol Ther 2008, 117:244-279.

82. Glossop JR, Dawes PT, Mattey DL: Association between ciga-
rette smoking and release of tumour necrosis factor alpha
and its soluble receptors by peripheral blood mononuclear
cells in patients with rheumatoid arthritis. Rheumatology
(Oxford) 2006, 45:1223-1229.

83. Askling J, Baecklund E, Granath F, Geborek P, Fored M, Backlin
C, Bertilsson L, Cöster L, Jacobsson L, Lindblad S, Lysholm J,
Rantapää-Dahlqvist S, Saxne T, van Vollenhoven R, Klareskog L,
Feltelius N: Anti-TNF therapy in RA and risk of malignant lym-
phomas. Relative risks and time-trends in the Swedish Bio-
logics Register. Ann Rheum Dis 2009, 68:648-653.

84. Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson EL,
Montori V: Anti-TNF antibody therapy in rheumatoid arthritis
and the risk of serious infections and malignancies: system-

Arthritis Research & Therapy    Vol 11 No 4 Baka et al.

Page 12 of 13
(page number not for citation purposes)



atic review and meta-analysis of rare harmful effects in ran-
domized controlled trials. JAMA 2006, 295:2275-2285.

85. Bueno C, Criado G, McCormick JK, Madrenas J: T cell signalling
induced by bacterial superantigens. Chem Immunol Allergy
2007, 93:161-180.

86. Pratesi F, Tommasi C, Anzilotti C, Chimenti D, Migliorini P: Deimi-
nated Epstein–Barr virus nuclear antigen 1 is a target of anti-
citrullinated protein antibodies in rheumatoid arthritis. Arthritis
Rheum 2006, 54:733-741.

87. Toussirot E, Roudier J: Pathophysiological links between
rheumatoid arthritis and the Epstein–Barr virus: an update.
Joint Bone Spine 2007, 74:418-426.

88. Klareskog L, Stolt P, Lundberg K, Källberg H, Bengtsson C,
Grunewald J, Rönnelid J, Harris HE, Ulfgren AK, Rantapää-
Dahlqvist S, Eklund A, Padyukov L, Alfredsson L: A new model
for an etiology of rheumatoid arthritis: smoking may trigger
HLA-DR (shared epitope)-restricted immune reactions to
autoantigens modified by citrullination. Arthritis Rheum 2006,
54:38-46.

89. Laxman VK, Annaji S: Tobacco use and its effects on the peri-
odontium and periodontal therapy. J Contemp Dent Pract
2008, 9:97-107.

90. Harris ML, Darrah E, Lam GK, Bartlett SJ, Giles JT, Grant AV, Gao
P, Scott WW Jr, El-Gabalawy H, Casciola-Rosen L, Barnes KC,
Bathon JM, Rosen A: Association of autoimmunity to peptidyl
arginine deiminase type 4 with genotype and disease severity
in rheumatoid arthritis. Arthritis Rheum 2008, 58:1958-1967.

91. Ebringer A, Rashid T: Rheumatoid arthritis is an autoimmune
disease triggered by Proteus urinary tract infection. Clin Dev
Immunol 2006, 13:41-48.

92. He X, Kang AH, Stuart JM: Anti-Human type II collagen CD19+

B cells are present in patients with rheumatoid arthritis and
healthy individuals. J Rheumatol 2001, 28:2168-2175.

93. Neeli I, Khan SN, Radic M: Histone deimination as a response
to inflammatory stimuli in neutrophils. J Immunol 2008, 180:
1895-1902.

94. Cutolo M, Straub RH: Stress as a risk factor in the pathogene-
sis of rheumatoid arthritis. Neuroimmunomodulation 2006, 13:
277-282.

95. Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns E:
Cutting edge: the conversion of arginine to citrulline allows
for a high-affinity peptide interaction with the rheumatoid
arthritis-associated HLA-DRB1*0401 MHC class II molecule.
J Immunol 2003, 171:538-541.

96. Li P, Yao H, Zhang Z, Li M, Luo Y, Thompson PR, Gilmour DS,
Wang Y: Regulation of p53 target gene expression by peptidy-
larginine deiminase 4. Mol Cell Biol 2008, 28:4745-4758.

Available online http://arthritis-research.com/content/11/4/238

Page 13 of 13
(page number not for citation purposes)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


