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Plasma Transfusion Promoted
Reprogramming CD4þ T Lymphocytes
Immune Response in Severe Sepsis Mice
Model Through Modulating the Exosome
Protein Galectin 9
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Abstract
Sepsis is a life-threatening disease that results in excessive stimulation of the host’s immune cells. In the animal study, the
purpose was to investigate the roles of fresh frozen plasma (FFP) transfusion in shaping the CD4þ T lymphocytes immune
response through modulating the secreted exosome protein Galectin-9 in mice with severe sepsis. By using Western blot
analysis, we first identified that the protein Galectin-9 is highly accumulated in the blood plasma of severe sepsis mice, and with
transmission electron microscopy (TEM) and protein analysis, we found that Galectin-9 is a secreted exosome protein.
Thereafter, we treated the severe sepsis mice with the antibiotic Cefuroxime Axetil; one group of mice received FFP
transfusion and the other group of mice received normal saline. Surprisingly, the FFP transfusion reduced the secretion of
exosome protein Galectin-9 and there was crosstalking between the exosome protein Galectin-9 and CD4þ T lymphocytes in
mice with severe sepsis. Results showed that the proliferation of T helper (Th) cells (Th1 and Th17) was promoted, and
regulatory T (Treg) cells’ maintenance was inhibited in the sepsis mice after receiving FFP transfusion. Correspondingly, this
immune reprogrammed activity shaped the inflammatory cytokine secretion with an increase in the interleukin (IL)-1b, IL-6,
and interferon-gamma levels, while it decreased IL-10 levels. Taken together, it was suggested that FFP transfusion promoted
reprogramming of CD4þ T lymphocytes’ immune response through inhibiting the secretion of exosome protein Galectin-9 in
mice with severe sepsis to relieve immunosuppression.
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Introduction

Sepsis is a life-threatening disease with an estimation of 27%
morbidity and 26% mortality globally1. It is caused by a

dysregulated host immune response to bacterial infection,

which made the initial hyperinflammatory phase reverse to

immunosuppression and immune paralysis status2. Studies

had shown that the major histocompatibility complex II

molecules, such as human leukocyte antigen-DR (HLA-DR)

in antigen-presenting cells (APCs; dendritic cells [DCs],

macrophage cells, etc.), played important roles in the innate

immune response and activated adapted immune responses

in sepsis3,4. While CD4þ T lymphocytes were the predomi-

nant effector cells in the adaptive immune response of sep-

sis5, in recent years, more and more researchers paid

attention to the functions or roles of CD4þ T lymphocytes

in sepsis6,7. The CD4þ T lymphocytes can differentiate into

several subtypes, such as T helper (Th) cells (Th1, Th2, and

Th17) and regulatory T (Treg) cells8. The Th1 cells are

responsible for cell-mediated immunity and release of

interleukin-2 (IL-2) and interferon-gamma (IFN-g) to pro-

mote differentiation and enhance the endogenous phagocy-

tosis or clearance of pathogens in monocytes and

macrophages, while Th2 cells participate in humoral

immune response and cleared the extracellular infections,

such as parasite9. Moreover, the Th17 cells play important

roles in the clearance of extracellular pathogens and recruit-

ing and activating neutrophils by chemotaxis10. Besides,

Treg cells could inhibit excessive inflammatory response

by secreting IL-10 and tumor growth factor (TGF)-b, which

also suppressed the activities of monocytes, DCs, and

macrophages11. Studies show that the ratio of Th1/Th212 and

Th17/Treg13 decreased in severe sepsis patients. Hence,

maintaining the balance of Th cells and Treg cells is a way

to alleviate immunosuppression in severe sepsis.

The protein Galectin-9 is an important immune modulator

in both innate and adaptive immune responses14. It mediated

the innate immune cells, such as macrophages and DCs via

binding with the T cell immunoglobulin and mucin

domain-containing molecule 3 (Tim-3)15 to initiate

the inflammatory response. Conversely, it suppressed Th1

cell immune responses via binding with the Tim-3 receptor,

which induced Th1 cell apoptosis and exhaustion16. More-

over, studies identified that protein Galectin-9 not only inhib-

ited Th17 expansion but also promoted the proliferation of

Treg cells17; it was found interacting with CD44 receptor to

promote FOXP3 expression, which thus induced the differ-

entiation and expansion of Treg (iTreg) cells18. Importantly,

our preliminary experiment found the protein Galectin-9

existing in the blood samples of severe sepsis mice model,

which participates in the immunosuppression activity in

severe sepsis. Therefore, to our knowledge, we made further

studies about it and revealed it to be an exosome protein in the

blood samples of severe sepsis mice model.

Fresh-frozen plasma (FFP) transfusion and red blood cell

transfusion are controversial in patients with septic

shock19,20. Hence, in this study, we attempted to investigate

the roles of FFP transfusion in severe sepsis mice model.

Materials and Methods

Ethics Statement

All animal experiments were performed according to the

guidelines of the animal ethical organization and obtained

the permission of Shanghai Gongli Hospital, the Second

Military Medical University.

Materials and Reagents

Lipopolysaccharides from Escherichia coli 0111: B4

(catalog: L2630, Sigma, USA), antibiotic-Cefuroxime Axe-

til (Chengdu Beite Pharmaceutical Co. Ltd., China),

Total exosome isolation reagent (catalog: 4478359;

Invitrogen, USA), ExoAb Antibody Kit (catalog:

EXOAB-KIT-1; SBI, USA), antimouse Galectin 9 (catalog:

ab69630; Abcam, Wuhan, China), transmission electron

microscope (catalog: HT7700; HITACHI, Japan), mouse

lymphocyte isolation medium (catalog: LTS1092; Shanghai

Yanjin Bio. Co. Ltd., China), Roswell Park Memorial Insti-

tute (RPMI)-1640 medium (Thermo Fisher Scientific, USA),

fetal bovine serum (FBS; Gibco, USA), fixation/permeabi-

lization solution (catlog: 554722; Bioscience, BD, USA),

wash buffer (catalog: 554723; Bioscience), flow cytometry

staining buffer (catalog: 00-4222-57; eBioscience, USA),

antimouse CD16/CD32 (catalog: MFCR00; Invitrogen,

USA), antimouse CD4-FITC (catalog: 11-0040-85;

eBioscience), antimouse IFN-g-PE (catalog: 12-7319-42;

eBioscience), antimouse IL-17-PE-Cy7 (catalog:

25-7042-82; eBioscience), antimouse CD25-APC (catalog:

RM6005; Invitrogen), antimouse Foxp3-PE-Cy5.5 (catalog:

35-4776-41; eBioscience), mouse IL-1b ELISA kit (catlog:

70-EK212/3-96; MultiSciences, China), mouse IL-6 ELISA

kit (catalog: 70-EK206/3-96; MultiSciences), mouse IL-10

ELISA kit (catalog: 70-EK210/3-96; MultiSciences), mouse

IFN-g high sensitivity ELISA kit (catalog: 70-EK280HS-96;

MultiSciences)

Infectious Severe Sepsis Mice Model Establishment
and FFP Transfusion

Forty C57/BL6 mice (aged 10–12 weeks) were brought from

Shanghai Bangyao Biotechnology Co. Ltd. (No. A0001).

They were maintained in specific pathogen-free conditions

in the animal care facility. After 1 week of adapted cultiva-

tion, 10 mice were anesthetized with 2% isoflurane and

sacrificed. The blood samples from the mice aorta abdomi-

nalis were collected immediately for FFP transfusion. The

remaining 30 mice were administered with E. coli 0111: B4

(100 � 106 colony forming units) by intraperitoneal injec-

tion. The methods of bacteria cultivation are as follows21.

The E. coli 0111: B4 were stored in 20% glycerol at �70�C.

Then, some bacterial colonies were collected with
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inoculation loops and were cultured on LB agar (Sigma) for

12 h at 37�C. Afterward, the colonies were counted with the

scratch inoculation method after overnight incubation. The

breath, mobility, and food/water intake of the mice (to esti-

mate endotoxemia) were recorded three times daily for up to

7 days; the mice were found to be in severe sepsis with the

symptoms of trembles, high fever, and difficulty breathing.

The infectious mice were gavaged with the antibiotic Cefur-

oxime Axetil (75 mg/day/mice) and were randomly divided

into two groups: one group received FFP transfusion via the

lateral tail vein while the other group received an equivalent

saline injection. After FFP transfusion, the mice were recov-

ered from endotoxemia, anesthetized with 2% isoflurane,

sacrificed, and the blood was collected immediately.

Exosome Isolation and Identification

The collected blood samples of mice were centrifuged at

3000 � g/min to obtain the serum. The total exosome isola-

tion reagent was added to the serum with reverse blending

and placed for one night at 4�C. Afterward, the mixed

medium was centrifuged three times at 3000 � g/min for

5 min. We extracted the proteins from the precipitates (exo-

some), transferred into three tubes, and analyzed for the

marker proteins (CD63 and CD81) with the ExoAb antibody

kit. The exosome protein, Galectin-9, was detected with

Western blot analysis. The precipitates in other tubes were

resuspended with PBS and visualized using a transmission

electron microscope.

Flow Cytometry

The lymphocytes were isolated from the collected blood

samples of mice with mouse lymphocyte isolation medium

by centrifugation at 3000 � g/min. Then, the obtained lym-

phocytes were cultured in RPMI-1640 medium with FBS

and counted. Later, 3–5 � 106 cells were put in each tube

and permeabilized with a fixation/permeabilization solution

for 30 min away from light. The antimouse CD16/CD32

(1 mg/106 cell) cells were added into each tube and kept for

30 min at 4�C away from light.

Afterward, the cells were washed with wash buffer.

Double-staining antibodies dilution buffer was added

equally into all except one tube: antimouse CD4-FITC

mixed with antimouse IFN-g-PE, antimouse CD4-FITC

mixed with antimouse IL-17-PE-Cy7, antimouse

CD25-APC mixed with antimouse Foxp3-PE-Cy5.5 for

30 min at 4�C incubation away from light, Thereafter, the

cells were washed twice and resuspended in flow cytometry

staining buffer for flow cytometry analysis using the Calibur

FACS (Bioscience) instrument.

ELISA

The collected blood samples of mice were centrifuged three

times at 3000 � g/min to obtain the plasma. The plasma was

analyzed for the presence of cytokines IL-1b, IL-6, IL-10,

and IFN-g using ELISA. Finally, the microplate reader

(Bio-Tek, Epoch) was used to measure the optical density

at 450 nm. All the procedures were done according to the

manufacturers’ instructions.

Statistical Analysis

The data were analyzed with a one-way analysis of variance.

Statistical analyses were performed using SPSS19.0 soft-

ware. The significance was defined as P < 0.05. All graphs

were depicted with Graphpad prism 6.0 presenting data with

mean + standard error of the mean. Data are representative

of at least two or three independent experiments.

Results

FFP Transfusion Inhibited the Secretion of Exosome
Protein Galectin-9 in Infectious Severe Sepsis Mice
Model

We found that the protein Galectin-9 was higher in the blood

of the severe sepsis mice compared with the normal control

mice (Fig. 1A). We also identified that the protein Galectin-9

was a secreted exosome protein (Fig. 1B, C). Also, the FFP

transfusion into the sepsis mice model inhibited the secretion

of exosome protein Galectin-9 compared with the sepsis

mice without FFP transfusion (Fig. 1D, E).

FFP Transfusion Facilitated the Reprogramming of
CD4þ T Cell Immune Response Through Regulating
the Exosome Protein Galectin-9

The protein Galectin-9 was a member of the b-galactoside

binding lectin family located in the cell membrane, cyto-

plasm, and nucleus. Interestingly, in this study, the results

showed that FFP transfusion promoted the proliferation of

Th1 and Th17 cells (Fig. 2A, B) but inhibited the differen-

tiation and expansion of Treg cells (Fig. 2A, C). Moreover,

this immune reprogrammed activity mediated the secretion

of inflammatory cytokines with an increase in the proinflam-

matory cytokine production of IL-1b, IL-6, and IFN-g at

different levels, while the anti-inflammatory cytokine

IL-10 production was reduced (Fig. 3).

Discussion

In this study, we studied the sepsis disease in hypoinflam-

matory status. In the severe sepsis mice model, we identified

the protein Galectin-9 to be an exosome protein, which was

found exerting therapeutic effects on polymicrobial sepsis

through expanding natural killer T (NKT) cells and

pDC-like macrophages to modulate the inflammatory

response22. The results showed that FFP transfusion facili-

tated the reprogramming of CD4þ T cell immune response

through inhibiting the secretion of exosome protein

Zhang et al 3



Galectin-9. The differentiation and expansion of Th1 and

Th17 cells were recovered after FFP transfusion, and this

activity of Treg cells was evidently suppressed. This finding

was consistent with the study of Wu HP23 and Li J24 that the

proportion of Th1/Th2 was inversed and the counts of Th1,

Th2, Th17, and Treg cells were all decreased in severe sepsis

or septic shock. Furthermore, the inflammatory cytokines

(IL-1b, IL-6, IFN-g, and IL-10) were all modulated with FFP

transfusion. The proinflammatory cytokines (IL-1b, IL-6,

and IFN-g) were reversed, while the production of IL-10 was

reduced. This effect was possibly due to the activity of exo-

some protein Galectin-9 as it induced Th1 cell apoptosis and

exhaustion and inhibited the Th17 cell expansions, and thus,

IFN-g mutually influenced Th1 cell differentiation and its

secretion25, while IL-1b and IL-6 favored Th17 cells’ differ-

entiation to suppress TGF-b-driven induction of Foxp3

T cells26,27. In addition, FFP transfusion reduced the secre-

tion of exosome protein Galectin-9, which could indirectly

reduce the differentiation and expansion of Treg (iTreg)

cells18. Additionally, owing to the severe sepsis, all mice

were treated with antibiotics, hence, it may also assist in

balancing the destroyed immune system. While, during our

study process, all the severe sepsis mice without antibiotic

treatment died, and hence so we concluded that FFP

transfusion facilitated the reprogramming of CD4þ T cell

immune response through inhibiting the secretion of exo-

some protein Galectin-9. However, further studies are

needed to reveal the individual function of antibiotic treat-

ment and FFP transfusion in the reprogramming of CD4þ T

cell immune response in sepsis.

Galectin-9 protein had been found highly expressed in

eosinophils, DC, macrophages, T lymphocytes, endothe-

lial cells, Kupffer cells, intestinal epithelial cells, and

vascular endothelial cells28. Also, it is a highly modula-

tory molecule in immune function that interact with mul-

tiple receptors, such as, Tim-3, cell surface protein

disulfide isomerase (PDI), IgE, 4-1BB, (CD137 and

tumor necrosis factor receptor superfamily, member 9

(TNFRSF9)), and CD4416,28,29. Wang et al30 clearly

proved Tim-3 to be a potential therapeutic target for the

treatment of sepsis. Therefore, in our study, we should

further investigate the interacted receptor of the Galectin-

9 exosome in CD4þ T cells. In addition, the master tran-

scription factor and secondary transcription factors8, such

as Th1, T-bet/STAT4; Th2, GATA3/STAT5; Th17,

RORgt/STAT3; and iTregs, Foxp3/ play important roles

in the differentiation and maintenance of CD4þ T cells;

hence, how the cytokines regulate the transcription

Figure 1. Western blot analyzed the protein Galectin-9 in sepsis mice blood samples. &P < 0.05 indicated significant difference versus the
normal control group (A); transmission electron microscope detected protein Galectin-9 to be an exosome protein; the arrow points
the exosomes (B) and the exosome surface protein CD63 and CD81 (C). Western blot analyzed exosome protein Galectin-9 in sepsis mice
blood samples with or without plasma transfusion. #P < 0.05 indicated a significant difference versus sepsis model group (D, E).
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factors in CD4þ T cells is yet to be found. On the other

hand, in our study, FFP transfusion in sepsis mice did not

induce unpredictable adverse effects, while FFP transfu-

sion in the clinical study often shows adverse effects,

such as acute lung injury31. This may be due to the

species variation and the amount of FFP transfusion. Fur-

ther study is necessary to identify whether the results are

similar in clinical sepsis patients. Taken together, FFP

transfusion promoted reprogramming of CD4þ T lympho-

cytes immune response through inhibiting the secretion of

exosome protein Galectin-9 in mice with severe sepsis to

relieve immunosuppression.
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Figure 2. The T cell subtypes of Th1, Th17, and Treg cells’ maintenance changed with or without plasma transfusion by flow cytometry
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Figure 3. ELISA assay analyzed the secretion of inflammatory cyto-
kines, the increase of IL-1b, IL-6, and IFN-g, and the decrease of
IL-10 in sepsis mice model with plasma transfusion versus sepsis
mice model. &P < 0.05 indicated a significant difference; data were
presented as mean + standard error of the mean. IL, interleukin;
IFN, interferon.
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Zajonc DM, Nishi N, Niki T, Hirashima M, Croft M.

Galectin-9 controls the therapeutic activity of 4-1BB-targeting

antibodies. J Exp Med. 2014;211(7):1433–1448.

30. Wang F, Hou H, Xu L, Jane M, Peng J, Lu Y, Zhu Y, Sun Z.

Tim-3 signaling pathway as a novel negative mediator in

lipopolysaccharide-induced endotoxic shock. Hum Immunol.

2014;75(5):470–478.

31. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM,

Jaeschke R, Reinhart K, Angus DC, Brun-Buisson C, Beale

R, Calandra T, et al. Surviving Sepsis Campaign: international

guidelines for management of severe sepsis and septic shock:

2008. Crit Care Med. 2008;36(1):296–327.

Zhang et al 7



<<
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


