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very day, we rely on our immune 
systems to protect us when our 
bodies’ physical and chemical 
barriers fail to exclude potential 

pathogens. We are dependent upon the 
interrelated functions of two “arms” of the 
immune system, the innate response (rapid 
defense, also known as the infl ammatory 
response) and the adaptive response (cell-
mediated and humoral immunity).

The innate immune response is simi-
lar to the adaptive immune response, 
in that it results from a complex set of 
interactions involving both cells and sol-
uble mediators. In contrast to adaptive 
immunity, however, the innate immune 
response does not involve antigen-spe-
cifi c receptors on effector cells; develops 
more quickly than does the adaptive 
immune response; and does not produce 
memory cells which allow for a quicker 
and more effective response to the same 
pathogen in the future (analogous to a 
secondary adaptive immune response).

The effector cells of the innate response 
recognize targets based on patterns repre-
senting pathogens’ general characteristics. 
Therefore, cells of the innate response do 
not generate an individual antigen recep-
tor during development, as do lympho-
cytes. Although the innate response often 
involves changes in gene expression by 
effector or target cells, and effector cells 
may differentiate to acquire new func-
tional properties during the response, 
there are no proliferation steps required for 

 implementing the response, so the process 
is more rapid than the development of the 
adaptive response.

In addition to performing an essential 
function by eliminating microorganisms 
before they have time to multiply signifi -
cantly or to spread systemically, the innate 
response is also necessary for initiating 
the adaptive response.

Acute inflammation may result from 
microorganism recognition or from non-
septic causes, such as trauma or thermal 
injury. The process begins with the release 
of mediators which increase vascular per-
meability, allowing fl uid and cells to enter 
the tissues near the site of origin. Enhanced 
blood fl ow to the area, the resulting edema 
and mediator actions produce the “cardinal 
signs” of redness, heat, swelling and pain. 

Recently-discovered insights into mech-
anisms of the innate immune response 
and its effective state, infl ammation, have 
broadened our understanding of the vari-
ety of cells and mediators involved, as well 
as the disease states in which this response 
plays a role. Applying new information to 
laboratory testing and therapy develop-
ments will change current practice.

Cells 
Cellular involvement in the infl ammatory 
response begins with those present at the 
invasion site, recognizing probable patho-
gens. Generally, the fi rst cells to encoun-
ter pathogens are tissue macrophages 
and dendritic cells. These cells respond 
with phagocytosis and microbicidal activ-
ity, recruiting additional cells to the site, 

and producing mediators which act both 
locally and systemically to create an envi-
ronment likely to kill the microorganism 
and preserve host integrity.

Both of these cell types are bone marrow-
derived and appear to represent alterna-
tive endpoints of monocyte differentiation. 
Macrophages, upon activation, increase 
phagocytic activity and microbicidal capa-
bility, but are relatively ineffi cient antigen-
presenting cells for T cells. In contrast, 
dendritic cells (DCs; e.g., Langerhans cells 
in skin), generally down-regulate phago-
cytic activity with activation, but become 
highly effi cient at presenting antigen for 
T-cell activation. DCs transport antigen 
from tissues to secondary lymph organs, 
where the adaptive immune response 
begins with the interaction of processed 
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antigen and antigen receptors on T cells.1,2

The most numerous leukocytes to partic-
ipate in infl ammation are the granulocytes, 
especially neutrophils, which are recruited 
from the peripheral circulation in response 
to chemokines (soluble factors produced 
by macrophages), to bacterial components 
(N-formylmethionyl peptides) and to com-
plement activation by-products.

Neutrophils are highly-effi cient micro-
bicidal effectors. Microorganism phagocy-
tosis is followed by lysosome fusion and 
discharge of granules, which contain vari-
ous substances, including antimicrobial 
peptides (e.g., defensins, which are lectin-
like peptides; cationic proteins), enzymes 
which digest bacterial components (e.g., 
lysozyme; acid hydrolases), and microbi-
cidal oxygen-derived products (e.g., super-
oxide; hydroxyl radical). These short-lived 
cells end rather ignominiously as the pri-
mary component of pus, but are critical to 
host survival when pitted against rapidly-
dividing bacteria.3

Potential pathogen recognition by the 
innate immune response cells is a critical 
juncture in the process. While phagocy-
tosis may occur non-specifi cally, its effi -
ciency is enhanced by binding  cell-surface 
receptors on phagocytic cells, including 
those for complement (CR1, CR3, CR4), 
bacterial components (N-formylmethio-
nyl peptides, LPS), and scavenger recep-
tors detecting lipoproteins characteristic 
of both microorganisms and altered or 
apoptotic cells.

In addition to these receptors, which 
provide mechanical stability for the phago-
cytic process, there is an important class of 
receptors found on macrophages, dendritic 
cells and neutrophils that not only recog-
nizes highly-conserved microbial features 
but also results in changes in gene expres-
sion in the responding cells. There are 13 
Toll-like receptors (TLRs; named for their 
homology to Toll receptors fi rst identifi ed 
in Drosophila) identifi ed in mammals. Their 
diverse ligands include LPS (TLR4), dsRNA 
(TLR3) and fl agellin (TLR2). TLR binding 
activates intracellular signaling pathways 
which ultimately result in the translocation 
of a nuclear transcription  factor (NF-κB or, 

in some cases, IRF-3) to the nucleus and 
the subsequent transcription/translation 
of genes for regulatory products such as 
Interleukin-1 (IL-1) and tumor necrosis fac-
tor alpha (TNF-α).4,5

Natural Killer Cells 
Natural Killer (NK) cells represent a 
third subpopulation of lymphocytes; 
these cells do not rearrange genes for 
immunoglobulin or for T-cell receptors 
and are therefore classifi ed as neither 
B nor T lymphocytes. Although their 
hematopoietic differentiation pathway 
remains in question, the importance 
of their function in innate immunity is 
clear: NK cells detect and kill pathogen-
infected cells and tumor cells with no 
requirement for prior exposure.

In contrast to cytotoxic T cells, which 
can recognize antigen only when it is 
presented by Major Histocompatibility 
Complex (MHC) proteins, NK cells rec-
ognize pathogen-associated patterns, 
but express their cytotoxic function only 
when the target cell lacks self-MHC 
expression (down-regulation of MHC 
expression is a common tactic of patho-
gens, as it allows evasion from cell-medi-
ated immune responses).

Apoptosis (programmed cell death) of 
target cells is induced by NK cells through 
more than one pathway, including exocy-
tosis of granules containing granzymes 
or perforin, by binding of the target cell’s 
death receptor to induce apoptosis, or by 
antibody-dependent cellular cytotoxicity. 
As with other innate effector cells, NK 
cells also participate in developing and 
regulating immune responses, by virtue 
of cytokine production. NK cells are acti-
vated by IL-12 and also by IFN-α/β. Upon 
activation, NK cells produce IFN-γ, a pow-
erful macrophage and dendritic cell acti-
vator, and TNF-α. Under some conditions, 
NK cells induce apoptosis in immature 
DCs, thereby also serving as a negative 
regulator for T-cell activation. Although 
these cells have an important role in innate 
immunity, especially against viruses, no 
major role in infl ammation has as yet been 
attributed to NK cells.6

Cell-Adhesion Molecules
The infl ammatory response is associated 
with major redistribution of neutrophil 
populations, from the circulation into 
tissues. The adaptive immune response 
also depends upon lymphocyte circula-
tion patterns and cell-to-cell interactions. 
Adhesion molecules expressed on leuko-
cytes and vascular endothelial cells (e.g., 
selectins, integrins and proteins belonging 
to the immunoglobulin gene superfamily) 
mediate these interactions, directing the 
leukocytes’ progress from circulating, to 
slow rolling, to fi rm endothelial adhesion 
and diapedesis (migration out of the vas-
cular compartment) into lymphatic tissue 
or areas of infection. Expression of these 
adhesion molecules is regulated by pro-
infl ammatory cytokines and kinins.7

Mediators
Soluble infl ammation and innate immu-
nity mediators include products of cells 
involved in the immune response as well 
as proteins from other sources, including 
complement and kinins. 

Complement
Complement proteins are produced by 
the liver and are present as inactive forms 
in plasma. Sequential activation begins 
with binding the initial component of the 
cascade, which may occur through one 
of three pathways: complement compo-
nent C1q binding to IgM or IgG antibody 
which is bound to antigen (classical path-
way); binding of mannose-binding lectin 
by bacterial mannose (mannose-binding 
lectin pathway); or hydrolysis of comple-
ment component C3 in proximity to a 
(negatively-charged) microbial surface 
(alternative pathway). 

The end results of any pathway of 
complement activation are pathogen 
opsonization via covalent binding of 
C3b to its surface (enhancing phagocy-
tosis through complement receptor bind-
ing, as mentioned previously) and direct 
pathogen destruction through membrane 
damage by the membrane attack complex, 
C5-C9. Additionally, the active comple-
ment fragments C3a and C5a, while 
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not involved directly in pathogen bind-
ing or destruction, are potent infl amma-
tory mediators with chemotactic activity 
for neutrophils and vasoactive properties. 
Vasodilation resulting from complement 
activation and platelet activation (among 
other stimuli) contributes to the heat and 
redness which characterize infl ammation, 
by increasing blood fl ow to the area.

Kinins
The kallikrein-kinin system also consists 
of inactive plasma and tissue proteins, 
including Hageman factor (also known 
as coagulation factor XII), prekallikrein 
and kininogens. When Hageman factor is 
activated at a negatively-charged surface, 
the production of kallikrein from prekal-
likrein is catalyzed. Kallikrein ultimately 
generates kinins, particularly bradykinin, 
by proteolysis of high-molecular weight 
kininogen (HMWK) in plasma or of low-
molecular weight kininogen (LMWK) 
in tissue. Kininogen cleavage may also 
result from, or be enhanced by, the pres-
ence of leukocyte lysosomal proteinases, 
such as neutrophil elastase.8 Like C3a and 
C5a, bradykinin also increases vascular 
permeability. Additionally, it induces 
smooth muscle contraction, stimulates 

release of prostaglandins and increases 
pain sensation, contributing to another 
cardinal sign of infl ammation. 

Certain bacterial pathogens secrete 
proteases activating the kinin cascade, 
allowing the pathogen to exploit the 
resulting increased vascular permeabil-
ity as a source of nutrients. Components 
of the kinin system also amplify activa-
tion of the coagulation cascade, increas-
ing the activation of Factor XII to XIIa 
(kallikrein; HMWK) and Factor XI to 
XIa (HMWK). This cross-communication 
represents a critical connection between 
the coagulation system and infl amma-
tion: a proverbial double-edged sword, 
allowing on one hand for the contain-
ment of pathogens and tissue damage, 
and, on the other hand, contributing to 
the hypercoagulability of sepsis.8,9,10

Cytokines
Cytokines are small, secreted proteins act-
ing on cellular targets through receptor-
mediated interactions. The terminology for 
this diverse group is somewhat inconsis-
tent: various mediators are characterized 
according to the cells which produce them 
as lymphokines or monokines, or by func-
tion (chemokines, which direct chemotaxis 

[cell movement]); some are considered to be 
growth factors (transforming growth fac-
tor-beta; TGF-β). Others have been termed 
interleukins, because they are produced 
by leukocytes and target other leukocytes. 
Cells other than those of the immune sys-
tem also produce certain cytokines. Most 
cytokines have multiple target cells and 
effector functions; additionally, many 
cytokine functions overlap with those of 
other mediators and may play regulatory 
roles in both innate and adaptive immu-
nity. The list is extensive and ever-expand-
ing, but numerous cytokines play a direct 
role in the infl ammatory response and 
innate immunity.

Following TLR binding, macrophages 
(as well as neutrophils, to a lesser extent) 
produce a combination of cytokines 
which cause alterations at the response 
site to aid in eliminating microorganisms. 
Interleukin-1 and TNF-α induce changes 
in the expression of adhesion molecules 
on vascular endothelium near the site of 
the response, signaling the point of tissue 
entry for leukocytes recruited from the cir-
culation. The chemokine CXCL8 attracts 
neutrophils to the appropriate location 
in the tissue. TNF-α induces production 
of platelet-activating factor by vascular 
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endothelium, activating the coagulation 
cascade to aid in sequestering the invad-
ing microorganisms.

Additionally, TNF-α increases vascular 
permeability at the infection site, allowing 
additional access for cells and plasma pro-
teins, such as antibodies and complement. 
IL-1 and IL-6 act to increase lymphocyte 
activation and, eventually, antibody pro-
duction. NK cell activity (and, during the 
adaptive response, differentiation of pro-
infl ammatory Th1 cells) is increased by 
IL-12. The increased vascular leakiness 
and subsequent movement of fl uid from 
the vascular compartment to the tissues 
contributes to the swelling, a characteris-
tic of infl ammation.

In addition to local effects, certain 
cytokines act systemically to induce a state 
of heightened defenses. Interleukin-3, pro-
duced by monocytes and macrophages 
during an infl ammatory response, acts as 
a hematopoietic growth factor, increasing 
bone marrow production of myeloid cells. 
Acute-phase protein production in the liver 
is enhanced by IL-6, resulting in increases 
in various plasma proteins, including 
fi brinogen, haptoglobin (oxygen radical 
scavenger), alpha-1 antitrypsin (protei-
nase inhibitor), complement  components, 

and two proteins with the ability to acti-
vate complement when bound to bacterial 
components, C-reactive protein (CRP) and 
mannose-binding lectin.

In conjunction with IL-6 and TNF-α, 
IL-1 (also known as endogenous pyro-
gen) acts upon the hypothalamus to 
increase body temperature and energy 
mobilization by fat and muscle cells, 
resulting in fever. At higher body tem-
peratures, many pathogens are unable to 
replicate effectively, while the emergent 
adaptive immune response proceeds 
more rapidly, tipping the balance toward 
a host advantage.3

Chemokines
In addition to cell recruitment by comple-
ment components, there are other peptides 
involved in regulating leukocyte traffi c 
during an infl ammatory response. Many 
of these chemotactic cytokines, or chemok-
ines, belong to a molecular superfamily 
and share conserved cysteine residues. 

By virtue of its structure, IL-8 has been 
renamed CXCL8 to indicate its fi rst two 
cysteines are separated by another amino 
acid, as are those of 10 other chemokines 
which direct movement in neutrophils 
and T cells. The CC family, with adjacent 

cysteines, attracts monocytes and other 
T-cell subsets (including monocyte chemoat-
tractant protein-1 [MCP-1/CCL2], and mac-
rophage infl ammatory protein-1 [MIP-1/
CCL3], among others). These chemokines 
also help to regulate angiogenesis, and may 
play a role in joint neovascularization seen 
in rheumatoid arthritis.11

Reactive Oxygen Species 
In addition to cytokines, cells involved in 
the infl ammatory response also produce 
soluble non-protein substances which act 
on pathogens and further modulate the 
inflammatory response. These include 
superoxide and hydroxyl radicals, and 
nitric oxide (NO). These reactive oxygen 
intermediates are produced by enzymatic 
action in activated macrophages, dendritic 
cells and neutrophils, and function as 
potent microbicidal compounds. 

Additionally, reactive oxygen species 
(ROS) can signal changes in gene expres-
sion via NF-κB and AP-1 transcription fac-
tors, leading to production of cytokines 
and enzymes, such as catalase, which 
control ROS activity. Inducible nitric oxide 
synthase activity not only leads to the 
production of NO, but also plays a role in 
regulating inducible cyclooxygenase 
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(COX-2) activity, an enzyme important in 
 producing lipid mediators.12

Lipid Mediators
Cell wall polyunsaturated fatty acids 
(PUFA) are substrates for the inducible 
enzymes cyclo-oxygenase and lipoxy-
genase, resulting in the production of 
prostaglandins and leukotrienes. The 
predominant PUFA in the Western diet is 
(n-6) arachidonic acid. The resultant prod-
ucts of n-6 PUFA are prostaglandin E2 
(PGE2) and leukotriene B4 (LTB4), both of 
which have pro-infl ammatory action. By 
increasing vasodilation and vascular per-
meability, these mediators contribute to 
the pain and swelling of infl ammation.12 

Interferons
Interferons are produced by leukocytes, 
fi broblasts and most other cell types (IFN-
α, IFN-β) in response to viral infection, or 
by activated lymphocytes (IFN-γ), and are 
defi ned by their ability to induce an antivi-
ral state in infected cells and surrounding 
cells. Participation of IFN-γ in the adaptive 
immune response, particularly as a mac-
rophage activator, is proportionately more 
important than its antiviral activity. In 
contrast, the role of IFNs-α and -β in innate 
antiviral immunity is critical and may, in at 
least some cases, include induction of RNA 
interference (RNAi).13

Regulation and Resolution 
Not all mediators produced during an 
infl ammatory response are positive regu-
lators. Interleukins -4 and 10, as well as 
transforming growth factor-α (TGF-α), 
downregulate TNF-α and IL-1 synthesis by 
macrophages. Production of an endogenous 
antagonist for the IL-1 receptor, IL1RA, 
interferes with effects of IL-1 on target 
cells. These anti-infl ammatory cytokines 
are produced by lymphocytes as part of a 
balanced adaptive response, in which Th2 
helper T cells provide a counter-balance to 
pro-infl ammatory Th1 cytokines.14

As the response proceeds, additional 
changes shift the process toward resolu-
tion. Anti-infl ammatory actions, includ-
ing decreased neutrophil recruitment; 

and decreased production of cytokines, 
chemokines and ROS, slow down the 
ongoing response. Monocyte/mac-
rophages are recruited to phagocytose 
apoptotic leukocytes. In neutrophils, 
a change in enzyme expression alters 
arachidonic acid metabolism so cells shift 
from producing LTB4 to lipoxins LXA4 
and LXB4, which are pro-resolving.15 

Disease States 
The infl ammatory response, with its asso-
ciated mediators, is critical for survival. In 
some cases, however, infl ammation may 
be inappropriately initiated, inaccurately 
directed or dysregulated, resulting in sig-
nifi cant collateral damage to the host. The 
following discussion is representative, 
not comprehensive, but demonstrates the 
scope of infl ammation’s effects.

Coronary Disease
Acute myocardial infarction can result from 
destabilization of atherosclerotic plaque. 
The process leading to plaque disruption 
involves activated immune cells producing 
pro-infl ammatory cytokines, which may 
also enhance secretion of prothrombotic 
and platelet-activating factors. Elevated lev-
els of CRP and IL-6 have been correlated 
with both past and future cardiac events.16,17 
In contrast, the kinin system, particularly 
bradykinin , is associated with cardiopro-
tective effects in myocardial infarction, as 
well as in hypertension and heart failure, 
through various actions.18, 19

Rheumatoid Arthritis 
Although rheumatoid arthritis begins 
with a lymphocyte-mediated autoimmune 
response, the synovial pathology results 
from an infl ammatory process. In the early 
stages, edema is followed by hyperplasia 
of the synovial lining; angiogenesis; and 
increased cellular infi ltrate with produc-
tion of IL-1, IL-6 and TNF-α as well as PGE2 
and LTB4. Locally-invasive tissue forma-
tion (pannus) results in cartilage destruc-
tion and immobilizing scar tissue. 

Treatment with antibodies directed 
at TNF (e.g., adalimumab/Humira, inf-
liximab/Remicade), with soluble TNF 

 receptors (e.g., etanercept/Enbrel), or 
with IL-1 receptor antagonist (e.g., Anak-
inra) have proven to be helpful in patients 
who did not respond to other therapies. 
Another therapeutic approach involves 
pro-resolving mediators, such as the 
lipoxins previously discussed.

Aspirin therapy induces a unique class 
of mediators, the aspirin-triggered lipox-
ins (ATLs; 15-epi-lipoxins). This is in 
contrast to other non-steroidal anti-infl am-
matory drugs, such as ibuprofen, a COX-2 
inhibitor which decreases production of 
pro-infl ammatory lipid mediators such as 
PGE2, but does not induce additional pro-
resolving ATLs.20,21

Nutrition and Infl ammation
The pro-infl ammatory lipid mediators, 
PGE2 and LTB4, are derived from arachi-
donic acid, the product of n-6 fatty acids, 
such as linolenic acid (found in soy, corn, 
sunfl ower and saffl ower oils, and consti-
tuting about 90 percent of PUFA in the 
typical Western diet). Metabolism of the 
n-3 (also known as omega-3) fatty acids, 
such as those found in fl axseed and canola 
oils, or in fatty fi sh/fi sh oils, competitively 
inhibits n-6 metabolism, decreasing pro-
duction of PGE2 and LTB4. 

Products of n-3 metabolism include 
LTB5, which has little infl ammatory activ-
ity, and small amounts of PGE3, which is 
infl ammatory but is produced ineffi ciently 
or is not produced. Additionally, n-3 PUFA 
result in decreased production of IL-1 and 
TNF-α.22,23 In studies with both cardio-
vascular disease and rheumatoid arthritis 
patients, dietary supplementation with fi sh 
oil has demonstrated clinical benefi ts.23,24

Obesity
Increasing attention on obesity has led 
to recognition of adipose tissue activity, 
which does not serve only as an energy 
storage site. Resident macrophages are a 
source of infl ammatory cytokines, but adi-
pocytes also produce cytokines, including 
signifi cant amounts of IL-6, which may 
contribute to a profi le of chronic infl am-
mation in obesity and to obesity-related 
insulin resistance. 

THE LEARNING SCOPE        CE Offering ■ 0.15 CEUs or 1.5 Contact Hours

20 ADVANCE for Medical Laboratory Professionals ❘ December 1, 2008 ❘ www.advanceweb.com/MLP



continued on page 28



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 350
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 200
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /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 <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


