Chapter2
COMPONENTS OF THE IMMUNE SYSTEM

The immune system consists of various components, namely organs, tis-
sues, and cells which belong to it according to functional criteria (performance
of organism defense) as well as anatomic-physiological principle of their or-
ganization (organ-circulatory principle). According to this point of view, the
immune system is composed of the central/primary organs (bone marrow and
thymus), peripheral/secondary organs (spleen, lymph nodes, Peyer’s patches,
and diffuse lymphatic tissue in different organs) and, finally, circulatory path-
ways of immunocompetent cells.

» Lymphoid system is part of the immune system. Interactions with other
systems of organism are important for it (with blood cells and vessels of
cardio-vascular system as well as with integumentary tissues such as mu-
cous membranes and skin). These systems are the close partners of the
lymphocytic immunity system.

» Organ-circulatory principle of organization. A healthy adult organism
contains 10" lymphocytes, or approximately each tenth cell is a lym-
phocyte. The anatomical-physiological principle of the immune system
arrangement is organ-circulatory. It means that lymphocytes do not per-
manently reside in lymphoid organs, but intensively re-circulate between
lymphoid organs and non-lymphoid tissue through lymphatic vessels and
blood. Hence each lymph node admits ~10° lymphocytes per hour. The
mechanism of lymphocyte migration is determined by specific interac-
tion between certain surface molecules on lymphocytes and endothelial
cells of blood vessel walls (such molecules are termed adhesins, selectins,
integrins, homing receptors). In fact, each organ has a specific spectrum
of both lymphocytes and their partners in immune response.

» Composition of the immune system. The following organs and tissues
compose the immune system (Fig. 2-1).

« Bone marrow is populated by Hematopoietic Stem Cells (HSC).
» Encapsulated organs: thymus, spleen, lymph nodes.
» Non-encapsulated lymphoid tissue:
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— Mucosal-Associated Lymphoid

Tissue (MALT). Including:

« Gut-Associated Lymphoid
Tissue (GALT) — tonsils, ap-
pendix, Peyer's patches, and
intraepithelial lymphocytes
of the gastrointestinal tract
mucous membrane.

« Bronchus-Associated Lym-
phoid Tissue (BALT) and in-
traepithelial lymphocytes of
the respiratory system.

« Vulvovaginal-Associated
Lymphoid Tissue (VALT)
and its mucosal intraepithe-
lial lymphocytes.

+ Nose-Associated Lymphoid
Tissue (NALT) and its mu-
cosal intraepithelial lym-
phocytes.

— The liver also has a special role

in the immune system. It con- gy 5.4 components of the immune (ym-
tains lymphocyte subsets and  phoid) system. 1 — hematopoietic bone
other cells which monitor portal ~ marrow; 2 — thymus; 3 — mucosal-asso-
vein blood carrying substances ciated non-encapsulated lymphoid ti§sue;
absorbed in the intestine. 4 — lymph nodes; 5 — lymph drainage
_ Skin-Associated Lymphoid }/essels _of mtegumentary tlsgues (afferent
ymphatic vessels); 6 —thoracic lymph duct
System (SALT) — disseminat- (it joins systemic circulation via superior vena
ed intraepithelial lymphocytes,  cava); 7— spleen; 8 — liver; 9 — intraepithe-
regional lymph nodes, and lial lymphocytes.
lymphatic drainage vessels.
« Peripheral blood is the communication route of the immune system.
» Central and peripheral organs of the immune system.

« Central (primary) organs. The red bone marrow and thymus are central organs
of the immune system, and it is there where lymphopoiesis (flymphocytic differ-
entiation) from HSC to mature naive lymphocytes proceeds. B-cells develop-
ment initially occurs in the fetal liver; after birth it shifts to the bone marrow.

— Differentiation of the common lymphoid progenitors continues when
the cells are “resettled” from the bone marrow to other organs and tis-
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sues, namely: T-lymphocyte precursors — to the thymus and gut mu-
cosa; precursors of B1-subset of B-lymphocytes — to abdominal and
pleural cavities.

— Erythropoiesis (generation of erythrocytes), myelopoiesis (genera-
tion of neutrophils, monocytes, eosinophils, basophils), and mega-
karyocytopoiesis (generates platelets) proceed to completion in the
bone marrow. DC, NK- and B2-lymphocyte differentiation is initi-
ated in the bone marrow too. Having proceeded with their maturation
steps in peripheral lymphoid organs and during their differentia-
tion into plasma cells B2-lymphocytes subside in sifu or migrate in
different sites (for instance in loose connective tissue, bone marrow,
etc.) where they secrete large quantities of antibodies during a time
period of several days up to many years.

« Peripheral (secondary) organs. In peripheral lymphoid organs (spleen,
Ilymph nodes, non-encapsulated lymphoid tissue), mature naive lym-
phocytes encounter antigen-presenting cells. When antigen binds an
epitope-specific receptor, the lymphocyte follows a pathway of further
differentiation as part of a specific immune response. In other words,
it undergoes proliferation and production of effector molecules (cyto-
kines, perforins, granzymes etc.). The final stage of lymphocyte differ-
entiation that is performed at the periphery is called immunogenesis.
Immunogenesis results in the generation of immune (effector) lympho-
cyte clones. They recognize antigen and perform destruction of both
the antigen and the peripheral tissues where the antigen was present.

» Cells of the immune system. Immune system cells comprise the subsets of
different origin: mesenchymal, ecto- and entodermal.

« Cells of mesenchymal origin — immunocytes — include all lymphoid cell
typessuch as T-, B-, and NK. Lymphocytes closely interact with various
leukocytes, namely monocytes/macrophages, neutrophils, eosinophils,
basophils, and also DCs, mast cells and vascular endothelial cells. Even
erythrocytes contribute to the immune response — they transport
immune complexes “antigen—antibody—complement” into the liver
and spleen for phagocytosis and destruction.

« Epithelium. Some lymphoid organs (thymus and certain non-encapsu-
lated lymphoid tissue) comprise epithelial cells of ectodermic and en-
todermic origin.

» Humoral factors. In addition to cells, “immunologic matter” is repre-
sented by soluble molecules — humoral factors. These are products
of B-lymphocytes such as antibodies (immunoglobulins), and cytokines
(soluble mediators of cellular interactions).
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Thymus

Maturation of most T-lymphocytes (“T” abbreviation originated from
“Thymus”) occurs in the thymus. The thymus gland has two lobes. Each lobe
contains lobules separated by trabeculae. In each thymic lobule (Fig. 2-2),
two zones are distinguishable: cortical — at periphery, and medullar — in the
center. The organ has stromal-cell framework (epithelial cells, interdigitating
DCs, and macrophages), which contributes to maturation of thymocytes (thy-
mic lymphocytes). DCs are predominantly located in the transitional zone be-
tween cortex and medulla. Macrophages are present in both zones.

» Cortex Thymic Epithelial Cells (cTECs), also called “nurse cells”, by
means of their cytoplasmic extensions enclose and “embrace and lull”
thymic lymphocytes. These cells not only physically interact with the de-
veloping thymocytes, but also produce the following cytokines: I1L-1, IL-3,
IL-6, IL-7, LIF, GM-CSF, and express adhesion molecules LFA-3
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Fig. 2-2. Scheme of thymic lobule.
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and ICAM-1, complementary to adhesion molecules on thymocyte sur-
face (CD2 and LFA-1). cTECs express MHC class I and II molecules
and participate in positive selection of thymocytes presenting them auto-
peptides. Another type of endothelial cells resides in medulla and is
called medullary Thymic Epithelial Cells (mTECs). They express about
80% of all proteins (even those which are ordinarily being expressed only
by specialized cell types). This unique property is controlled by
a transcription factor AIRE (Autolmmune REgulator). mTECs present
derived from them peptides in the context of MHC class I and II
molecules as autoantigens to developing thymocytes. Those thymocytes
that bind these peptides with high affinity undergo apoptosis. Thus,
elimination of autoreactive clones of thymocytes (negative selection)
occurs. In the medullar zone there are concentric layers of epithelial
cells called Hassall’s corpuscles (thymus gland corpuscles). They are sites
of compact accumulation of degenerating epithelial cells.

» Thymocytes originate from bone marrow hemopoietic stem cells (HSC).
CD7, CD2, CD34 antigens and the cytoplasmic form of CD3 are ex-
pressed by progenitor T-cells even before entering the thymus.

+ Blood-thymus barrier. The thymus is intensively vascularized. Both
capillary and venule walls constitute a blood-thymus barrier protecting
the thymus from circulating macromolecules. Mature T lymphocytes
can leave the thymus either through efferent lymphatic vessels that are
present in each thymic lobule and carry lymph away to the lymph nodes
of mediastinum or by means of extravasation across the wall of post-
capillary high-endothelial venules in the cortex-medullary region, and/
or through the walls of ordinary circulatory capillaries.

» Age-related changes. At birth the thymus has already been entirely
formed. It is densely populated by thymocytes during childhood up to
puberty. Following puberty, the thymus slowly begins to shrink, becomes
replaced by fat (thymic involution) and eventually loses its capacity to
produce new T-lymphocytes. Thymectomy in adults does not result in
serious immunity disorders, as long as an essential pool of peripheral
T-lymphocytes has been sufficiently generated between birth and adoles-
cence.

Lymph nodes

Lymph nodes (Fig. 2-3) are encapsulated bean-shaped organs of 0.5
to 1.5 cm in length (in inflammation-free state). They are located symmetri-
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Fig. 2-3. Structure of a lymph node. A. Cortical, paracortical and medullar regions. Lymphoid fol-
licles are located in the cortical region. T-cell paracortical zone is shaded. The medulla contains
medullary cords and sinuses. B. T- and B-lymphocyte distribution within a lymph node. The
T-cell zone is light. The B-cell zone is shaded. T-lymphocytes enter the parenchyma from the

post-capillary venules and interact with the follicular dendritic cells and B-lymphocytes.
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cally at various places in the body and drain interstitial fluid, or lymph, via
afferent lymphatic vessels (several for each node). Hence lymph nodes are
“customs barriers” for all “regional” antigens. One single efferent vessel car-
rying lymph to the thoracic lymphatic duct comes out of the hilum (anatomic
gate of the node) parallel to the artery and vein. Lymph node parenchyma is
composed of T- and B-cell zones, and medullary cords.

» B-cell zone. Cortical substance is divided into radial sectors by connec-
tive tissue trabeculae and contains lymphoid follicles (B-cell zone or
B-cell follicles). Follicular stroma consists of follicular dendritic cells
(FDCs) forming a specific microenvironment, where unique processes
that happen only in B-lymphocytes occur, namely somatic hypermuta-
tion of immunoglobulin variable gene segments and immunoglobulin
class switching. Clonal selection of B-lymphocytes producing antibodies
with increasing affinity (“affinity maturation™) is performed there too.
Lymphoid follicles undergo three stages of development. Primary follicle
is a small follicle composed of naive B-lymphocytes. After B-lympho-
cytes are stimulated with an antigen and enter immunogenesis (it hap-
pens approximately a week after active immunization), a germinal center
appears, and the primary follicle gets transformed into a secondary fol-
licle. The germinal center consists of intensively proliferating B-lympho-
cytes. When immunogenesis is completed a lymphoid follicle becomes
significantly reduced in size.

» T-cell zone. T-lymphocytes and interdigitating DCs of bone marrow ori-
gin (they differ from FDC) which present antigens to T-lymphocytes are
located in the paracortical (T-cell) zone of the lymph node. Lymphocytes
migrate from the blood to the lymph node across the walls of post-capil-
lary high endothelial venules.

» Medulla is composed of cords of lymphatic tissue (medullary cords) and
spaces between them (medullary sinuses). It is located under the paracor-
tical zone. During active immune response a multitude of plasma cells
are accumulated in the cords. The lymph flows from cortical sinuses into
medullary sinuses, and finally into an efferent lymphatic vessel.

Spleen

The spleen is a relatively large unpaired organ that weighs about 150 g. The
spleen is supplied only with blood and not with lymph, and is a lymphocytic
“customs” for “systemic” (blood-borne) antigens. Splenic lymphoid tissue
composes white pulp. Splenic lymphocytes (mainly T-cells) surround arte-
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Fig. 2-4. Spleen. The accumulation of T-lymphocytes (light cells) around branches coming out
of the trabecular artery, constitute the T-cell zone. Lymphoid follicle is where B-lymphocytes
(dark cells), macrophages and follicular dendritic cells are residing.

rioles forming a cuff or so-called PeriArteriolar Lymphoid Sheaths (PALS)
(Fig. 2-4). B-cell follicles are located peripheral to the PALS. Splenic arterioles
drain into the sinusoids (part of the red pulp). Sinusoids join together to form
venules which coalesce into the spleen vein routing blood to the hepatic portal
vein. Marginal zone of the spleen is located at the border between white and
red pulp. The marginal zone contains special population of B-cells (marginal
zone B-cells) and APCs (DCs and specialized metallophillic macrophages).

Liver

The liver performs very important immune functions due to the following:

» The liver is a major organ of lymphopoiesis at embryonic stage and to
some degree at the adult stage.

» Liver allografts are rarely rejected.
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» Portacaval shunt surgery completely abrogates tolerance to orally
administered antigens.

» The liver synthesizes acute-phase proteins (C-reactive protein and man-
nose-binding lectin) as well as the complement system proteins.

» The liver hosts different lymphocyte subsets including a unique one com-
bining T- and NK-cell features (NKT-cells).

Cellular composition of the liver

» Hepatocytes form the liver parenchyma and express very few MHC class
I molecules. A healthy liver is free of the MHC class I1 molecules, which
may be expressed during liver diseases.

» Kupffer cells are liver macrophages; they constitute nearly 15% of total
liver cells and 80% of total body macrophages. Their density is higher in
periportal regions.

» Endothelial cells of liver sinusoids have no basal membrane.

» The lymphoid system of the liver contains, besides lymphocytes, an ana-
tomic substrate of lymph circulation — Disse’s spaces. These spaces lie
between liver sinusoids and hepatocytes. Liver lymph contributes about
15—20% of the total thoracic duct lymph volume.

» Stellate cells (Ito cells) are located in Disse spaces. They contain fat
vacuoles with vitamin A, a-actin and desmin, characteristic of smooth
muscle cells, and may acquire myofibroblast-like phenotype.

Lymphoid tissue of mucous and skin

Non-encapsulated lymphoid tissue of mucous membranes is mainly repre-
sented by Waldeyer’s (Pirogov’s) lymphoid pharyngeal ring; Peyer’s patches of
the small intestine; lymphoid follicles of the appendix; lymphoid tissues of the
stomach, bowel, bronchi, bronchioles, and urogenital organs.

» Peyer’s patches (Fig. 2-5) is a group of lymphatic follicles found in the
lamina propria of the small intestine (ileum) extending into its submuco-
sa. B-lymphocytes comprise 50—70% and T-lymphocytes — 10-30% of
Peyer’s patch cell population. The majority of B-lymphocytes are located
in germinal centers of secondary follicles. T-cell zone surrounds follicle
and underlie so-called membranous (M) cells of intestinal epithelium.
These epithelial cells lack microvilli that are present on other cells of mu-
cosal epithelium. M-cells are the “entrance gate” of Peyer’s patch and
absorb antigens from intestinal lumen. Major function of Peyer’s patches
is to maintain immunogenesis of B-lymphocytes and their differentiation
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Fig. 2-5. Peyer’s patch in gut wall. A. An overview. B. A significantly simplified scheme. 1 —
enterocytes (gut epithelium); 2 — M-cells; 3 — T-cell zone; 4 — B-cell zone; 5 — follicle. The
scale between structures is not observed.

into plasma cells producing antibodies — secretory immunoglobulins A
(IgA) and E (IgE). IgA production in the mucous membrane of the gut
accounts for about 70% of total immunoglobulin production in a human
organism or nearly 3g daily per adult. Over 90% of synthesized IgA is
transported through the mucous membrane into the gut lumen.

» Intraepithelial lymphocytes. In addition to being found in organized lym-
phoid tissue of mucous membranes, T-lymphocytes are disseminated
among epithelial cells. A specific molecule (HML-1 or CD103) is being
expressed on their surface and mediates their adhesion to enterocytes.
v0T/CD8aa™ cells comprise about 10—50% of intraepithelial lympho-

cytes.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




