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The inflammatory responses in Alzheimer’s disease and prion
diseases are dominated by microglia activation. Three different
phenotypes of microglial activation, namely classical activation,
alternative activation, and acquired deactivation, have been
described. In this study, we investigated the effect of amyloido-
genic fragments of amyloid 3 and prion proteins (A3;_4; and
PrPg6_126) On various forms of microglial activation. We first
examined the effect of AB;_4, and PrP;ys_126 stimulation on
the mRNA expression levels of several markers of microglial
activation, as well as the effect of cytochalasin D, a phagocytosis
inhibitor, on microglial activation in Af;_4- and PrP;gs_12¢
stimulated BV2 microglia. results showed that Af;_4, and
PrPyg6_126 induced the classical activation of BV2 microglia,
decreased the expression level of alternative expression
markers, and had no effect on the expression of acquired de-
activation markers. Cytochalasin D treatment significantly
reduced AB;_4- and PrPo_qz¢-induced up-regulation of
proinflammatory factors, but did not change the expression
profile of the markers of alternative activation or acquired de-
activation in BV2 cells which were exposed to Af;_4, and
PrPg6_126- Our results suggested that microglia interact with
amyloidogenic peptides in the extracellular milieu-stimulated
microglial classical activation and reduce its alternative activa-
tion, and that the uptake of amyloidogenic peptides from the
extracellular milieu amplifies the classical microglial activation.
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Introduction
The abnormal assembly and deposition of amyloid fibrils in

brain characterizes a diverse group of neurodegenerative dis-
orders including Alzheimer’s disease (AD), Parkinson’s

disease, Huntington’s disease, and prion diseases [1] and
many of them involving the degeneration of neurons and
microglial activation [2]. Prion and AD are neurodegenera-
tive disorders characterized neuropathologically by the pres-
ence of extracellular amyloid deposits, extensive neuronal
loss, and gliosis. In AD, the amyloid deposits are composed
of amyloid-beta (AB) peptides, which result from the abnor-
mal proteolytic cleavage of the amyloid precursor protein
[3], whereas, in prion diseases, the amyloid deposits are con-
stituted mainly by the scrapie isoform of the prion protein
(PrP5°), a conformational variant of the cellular prion protein
(PrPC) [4]. PrPigs_126 is a peptide fragment that mimics
PrP5¢ toxicity and forms fibrils in vifro and is commonly
used as a model for investigating prion disease [5—8].

Microglia are the principal immune effector cells in the
central nervous system, and play an important role in receiv-
ing and propagating inflammatory signals in response to the
activation of peripheral immune system. In the absence of in-
flammatory stimuli, microglia are quiescent even though
they are actively involved in immune surveillance [9, 10]. In
response to inflammatory triggers, microglia are activated
and display macrophage-like capabilities including phago-
cytosis, antigen presentation, and inflammatory cytokines
production [11, 12]; this proinflammatory state is known as
classical activation and the main identifying features of this
state include the over-expression of tumor necrosis factor-
alpha (TNF-a) and nitric oxide synthase 2 (NOS2).

Microglia have been demonstrated to show an anti-
inflammatory alternative activation phenotype when stimu-
lated with IL-4 or IL-13 [13]. These alternatively activated
cells produce several components associated with tissue
repair and reconstruction after injury [14—17]. The over-
expression of arginase 1 (Argl) and mannose receptor 1
(Mrcl) characterizes this state of activation.

Recently, a third subtype of microglial activation, termed
acquired deactivation, has been identified [13]. This phenotype
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is induced by IL-10 and incorporates a mixed-phenotype
population that exhibits immunosuppression and is associated
with the uptake of apoptotic cells. This type of activation is
characterized by the up-regulation of suppressor of cytokine
signaling 3 (SOCS3) and interleukin 4 receptor o (IL-4Ra).

In this study, we investigated the effect of the exposure to
amyloidogenic fragments AR, _4, and PrP;g6_12¢ On micro-
glial activation. Results showed that the exposure led to clas-
sical activation, reduced alternative activation and had no
effect on acquired deactivation. Cytochalasin D, a phagocyt-
osis inhibitor, reduced classical activation of BV2, but had
no effect on the other two types of activation.

Materials and methods

AB1_42 and PrP(¢_1,6 treatment

AB_4 and reverse control Rev,,_; peptides were purchased
from UNIV-bio (Beijing, China). For fibril formation, Ap
peptides were resuspended in sterile phosphate buffer solution
(PBS) (final concentration, 1 mM) and incubated at 37°C for
1 week. Experiments were conducted with final peptide con-
centrations of 5 wM [18]. PrPge_12¢ (KTNMKHMAGAAA
AGAVVGGLG) and scramble PrP (Scr, AVGMHAGKG
LANTAKAGAMVG) were purchased from Sangon Bio-
Tech (Shanghai, China) and dissolved in sterile PBS to a
concentration of 1 mM and left to aggregate at 37°C for 12 h.
The experiments were conducted with final peptide concen-
trations of 50 pM [18, 19].

Cell culture and treatment conditions

BV2 microglial cells, a murine microglia cell line, were
obtained from Union Medical University (Beijing, China).
Cells were cultured in DMEM and F12 medium (Hyclone,
Logan, USA) supplemented with 10% heat-inactivated
FBS (Gibco, Grand Island, USA), 100 pg/ml streptomycin,
100 U/ml penicillin (Gibco), and 2 mm glutamine at 37°C
with 5% CO,. For each experiment, 2 x 10> cells were plated
into 12-well plates, cultured for 12 h, and then stimulated with
AB1_42 (5 pM) or PrPos_126 (50 mM) for 1, 12, 24, 36, 48,
and 60 h, respectively, at 37°C in a 5% CO, humidified atmos-
phere. For cytochalasin D treatment, BV2 cells were co-treated
with PrPygg_126 and 2 uM cytochalasin D (Fermentek, Israel)
or AB;_4 and 2 puM cytochalasin D for 12, 24, and 36 h, re-
spectively. Then cells were collected for RNA extraction. All
experiments were performed for three times.

Enzyme-linked immunosorbent assay (ELISA) for
TNF-a and iNOS secretion

Cell culture supernatants were assayed for TNF-a and iNOS
with ELISA kit from Boster Biotech (Wuhan, China) accord-
ing to manufacturer’s instructions.
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Thioflavine-T fluoreometric assay
The fibril formation of AB;_4, and PrPigg_12¢ Was mea-
sured by using a thioflavine-T (ThT) fluorometric assay
according to published reports [20].

RNA isolation and complementary DNA synthesis

Total RNA of BV2 cells was extracted using SV Total RNA
Isolation System (Promega, Madison, USA), and reverse tran-
scribed into cDNA by using cDNA synthesis kit (Fermentas,
Glen Burnie, USA) and oligo(dT) 18 primers. In accordance
with manufacturer’s instructions, a final volume of 20 .l was
used and incubated for 60 min at 42°C, containing RNA tem-
plate (1 pg), dNTPs (0.5 mM), oligo(dT) primers (1 wM), RT
buffer, and nuclease-free water and enzyme was inactivated at
70°C for 5 min.

Quantitative polymerase chain reaction

Quantitative polymerase chain reaction (qPCR) was per-
formed by using SYBR Green I Master Mix (Bio-Rad,
Hercules, USA) and a thermal cycler (DNA Engine
Opticon™ 2 system; MJ Research, Waltham, USA) with
primers shown in Table 1. The qPCR amplification reaction
was performed in a final volume of 20 pl, containing 10 .l
Master Mix, 0.5 wl of each primer (10 pMm), 30 ng of cDNA
and water. The amplification procedure was as follows: de-
naturation at 95°C for 2 min; 40 PCR cycles of 95°C for 5 s,
55°C for 20 s, 72°C for 30 s; 1 cycle at 84°C for 1; 10 s at
70°C and slow heating at a rate of 0.2 per second up to 100°C
with continuous fluorescence measurement. Quantification
was performed by using comparative Cy method (27 24CT)
[21]. All samples were analyzed in triplicate.

Table 1 Primers used for quantitative PCR

Factor name Sequence (5'—3')

Argl GCATATCTGCCAAAGACATCG
CCATCACCTTGCCAATCCC
Mrcl GCAGTGGGCTGGAGGAA
TGCTGAGGGAATGATAAATGG
TNF-«a CCCTTCCTCCGATGGCTAC
CGCCTCCTTCTTGTTCTGG
NOS2 GAGCGAGTTGTGGATTGTC
GGCAGCCTCTTGTCTTTG
SOCS3 GAGATTTCGCTTCGGGACT
GCTGAGCAGCAGGTTCG
IL-4Ra CCCAGTGGTAATGTGAAGC
TCCAGGTGCCAGTGAGTA
B-actin CCTTCTGACCCATTCCCACC
GCTTCTTTGCAGCTCCTTCG

970z ‘ST Jequieidas uo A1seAIUN 3RS BIURA|ASUUBH Te /610'sjeulno[pioxosqae//:dny woly papeojumod


http://abbs.oxfordjournals.org/

Inhibition of phagocytosis reduced the classical activation of BV2

Statistical analysis

Each experiment was done on three separate occasions. Data
were expressed as mean + SD. All comparisons of data were
made using one-way analysis of variance followed by
post hoc Turkey’s test or Student’s #-test. SPSS software
(version 13.0; SPSS Inc., Chicago, USA) was used to analyze
data and P < 0.05 was considered statistically significant.

Results

AB1_42 or PrPy6_12¢ up-regulates markers of classical
activation, down-regulates of markers of alternative
activation and has no effect on acquired deactivation of
BV2

To investigate the effect of AB;_4, or PrPjoe_126 on the
activation state of microglia, we stimulated BV2 cells with
APB1_4 or PrPigs_126 and detected the expression level of
specific markers of different microglial activation phenotypes
at different time points. Results showed that the exposure to
AB;_4p or PrPos_126 significantly up-regulated the expres-
sion level of these two specific markers of microglial classical
activation, TNF-a and NOS2 [Figs. 1(A), 2(A)]. The
up-regulation started as early as 1 h post exposure, when the
amyloidogenic fragment-induced up-regulation of TNF-a and
NOS2 expression was already statistically significant. The
up-regulation of the expression level of these two proinflam-
matory factors was most significant between 12 and 36 h post
exposure. At 48 and 60 h time points, the expression level of
cytokine decreased gradually; it reverted to control level for
NOS2, but still significantly higher than control level for
TNF-a. Consistent with these results, the exposure to ABq_4>
or PrPyg6_ 126 significantly increased the production of iNOS-
generated nitric oxide and the protein level of TNF-a between
12 and 36 h post exposure [Figs. 1(B), 2(B)].

B

ABi_4p or PrPige_126 treatment reduced the expression
level of Argl and Mrcl below control level [Figs. 1(C),
2(C)]. The inhibitory effect was more significant at the time
interval between 24 and 60 h post exposure. For specific
markers of acquired deactivation, ABq_4> or PrPigs_126
treatment had no effect on the expression of SOCS3 and
IL-4R« [Figs. 1(D), 2(D)].

ThT fluorometric assay showed the presence of amyloid
aggregates in AB;_4 and PrPjg¢_126 preparation with the
treatment of BV2 microglia [Figs. 1(E), 2(E)].

Inhibition of phagocytosis reduced classical activation of
BV2 microglia by AB;_4; or PrPgs_126
Figure 3 showed that the treatment of BV2 cells with
cytochalasin D, an inhibitor of the phagocytosis, during amy-
loidogenic stimulation significantly reduced AP;_4- and
PrP;ps_126-induced up-regulation of proinflammatory factors
at all time points examined. However, the stimulatory effect
of amyloidogenic treatment on proinflammatory factors was
not completely abrogated by the inhibition of phagocytosis.
Cytochalasin D treatment did not change the expression
profile of these markers of alternative activation or acquired
deactivation in BV2 cells upon exposure to AB;_4» and
PI'P106, 126 (data not ShOWIl).

Discussion

To better understand the nature of interactions between micro-
glia and amyloidogenic fragments during Alzheimer’s and
prion disease, we investigated the effect of exposure to
amyloidogenic fragments on the activation state of microglia.
BV2 microglia were therefore exposed to synthetic fragments
APB1_42 or PrPygg_126, and the expression level of specific
markers of different microglial activation phenotypes was
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Figure 1 mRNA expression of TNF-a, NOS2, Argl, Mrcl, SOCS3 and IL-4Ra after treatment with Af3;_4, or AB4>_ in BV2 microglia BV2
cells were treated with 5 pM AB; 4, or AB4, ; for different time periods. The mRNA level changes of TNF-a and NOS2 (A), Argl and Mrcl (C), and
SOCS3 and IL-4Ra (D) were measured by quantitative PCR and were expressed as fold changes relative to the mRNA level in control cells which were
exposed to PBS only. The secretion of TNF-a and NO was tested by using ELISA (B), and the presence of amyloid aggregates of AB; 4, using
thioflavine-T (ThT) fluorometric assay (E). Data were expressed as mean + sp of triplicate experiments. *P < 0.05.
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Figure 2 mRNA expression of TNF-a, NOS2, Argl, Mrcl, SOCS3 and IL-4Ra after treatment with PrP;os_;26 or Scr in BV2 microglia BV2 cells
were treated with 50 WM PrP ;o626 or Scr for different time periods. The mRNA level changes of TNF-a and NOS2 (A), Argl and Mrcl (C), and SOCS3
and IL-4Ra (D) were expressed as fold changes relative to the mRNA level in control cells which were exposed to PBS only. The secretions of TNF-o and
NO were measured by using ELISA (B), and the presence of amyloid aggregates of PrPos_ 126 using thioflavine-T (ThT) fluorometric assay (E). Data were

expressed as mean + sp of triplicate experiments. *P < 0.05.
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Figure 3 Inhibition of phagocytosis reduced classical activation of BV2 microglia by amyloidogenic fragments
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determined at various post-exposure time points. Results
showed that the expression profile of all examined genes upon
exposure to either AR _4, or PrP;gs_12¢ Was basically identical,
which supported the close similarity in microglia-associated
pathogenic processes during Alzheimer’s and prion diseases.
AB_4p or PrPge_126 induces the proinflammatory clas-
sical activation of microglia, which is consistent with the
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well-established fact of microglia-associated proinflamma-
tory process during Alzheimer and prion diseases [22, 23].
The analysis of the effect of amyloidogenic fragments treat-
ment on genes associated with alternative activation of micro-
glia revealed that AP _4, or PrPos_126 treatment reduced the
expression level of Argl and Mrcl below control level. These
results suggested that the exposure to amyloidogenic peptides
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might increase the threshold for microglial alternative activa-
tion. However, these findings were not consistent with those
from previous reports which showed that neurodegenerative
diseases, including AD, are characterized by co-expression of
alternative activation and classical activation of the microglia
in the brain of affected animals or patients [24]. In light of the
findings we reported here, a possible explanation of the alter-
native microglial activation observed in previous reports was
that other cerebral cells such as neuron and astrocytes were sti-
mulated to release anti-inflammatory factors such as IL-4,
which might be an indirect result of the amyloidogenic
peptides-induced proinflammatory process. These factors in
turn stimulated alternative activation of microglia and permit-
ted the establishment of a balance between the opposite poles
of proinflammation and increased self-toxicity and anti-
inflammation and longer tissue survival in activated microglia
in neurodegenerative diseases.

When compared with control, exposure to AP;_4p Or
PrP;o6_126 had no significant effect on the expression level
of SOCS3 and IL-4Ra, two genes associated with the third
phenotype of microglial activation, also known as acquired
deactivation, suggesting that this activation phenotype did
not play a relevant role in the pathogenesis of Alzheimer’s
and prion diseases.

Cytochalasin D treatment significantly reduced AR _4,- and
PrP;¢6_126-induced up-regulation of proinflammatory factors,
suggesting that the most important part of the stimulatory
effect of amyloidogenic peptides took place only after their
uptake inside BV2 cells, and that this stimulatory effect started
as early as microglia interact with amyloidogenic peptides in
extracellular milieu. This result also highlighted the importance
of phagocytosis in the pathogenesis of amyloidogenic neurode-
generative diseases and confirms previous reports of the in-
volvement of phagocytosis in the establishement of the
neuro-inflammatory process associated with AD [25].

Taken together, our results suggest that the interactions of
microglia with amyloidogenic peptides in the extracellular
milieu stimulate microglial classical activation and reduce its
alternative activation, and that the uptake of amyloidogenic
peptides from the extracellular milieu amplifies classical
microglial activation.

Acknowledgements

This work was supported by grants from the Natural Science
Foundation of China (No. 31001048 and No. 31172293), the
Specialized Research Fund for the Doctoral Program of Higher
Education (No. 20100008120002), the Foundation of Chinese
Ministry of Science and Technology (No.2011BAI15B01),
and the Program for Cheung Kong Scholars and Innovative
Research Team in University of China (No. IRT0866).

References

—

Ross CA and Poirier MA. Protein aggregation and neurodegenerative
disease. Nat Med 2004, 10: 10—17.

2 Block ML, Zecca L and Hong JS. Microglia-mediated neurotoxicity:
uncovering the molecular mechanisms. Nat Rev Neurosci 2007, 8:
57-69.

Yankner BA and Lu T. Amyloid B-protein toxicity and the pathogenesis of
Alzheimer disease. J Biol Chem 2009, 284: 4755-4759.

4 Aguzzi A and Heikenwalder M. Pathogenesis of prion diseases: current
status and future outlook. Nat Rev Microbiol 2006, 4: 765—775.

Floden AM, Li S and Combs CK. B-Amyloid-stimulated microglia induce
neuron death via synergistic stimulation of tumor necrosis factor a and
NMDA receptors. J Neurosci 2005, 25: 2566—2575.

Halle A, Hornung V, Petzold GC, Stewart CR, Monks BG, Reinheckel T and
Fitzgerald KA, et al. The NALP3 inflammasome is involved in the innate
immune response to amyloid-B. Nat Immunol 2008, 9: 857—-865.

W

w

N

~

Forloni G, Angeretti N, Chiesa R, Monzani E, Salmona M, Bugiani O and
Tagliavini F. Neurotoxicity of a prion protein fragment. Nature 1993, 6420:
543-546.

Selvaggini C, Degioia L, Cantu L, Ghibaudi E, Diomede L, Passerini F and
Forloni G, et al. Molecular characteristics of a protease-resistant, amyloido-

(o]

genic and neurotoxic peptide homologous to residues 106—126 of the prion

protein. Biochem Bioph Res Co 1993, 194: 1380—1386.

Nimmerjahn A, Kirchhoff F and Helmchen F. Resting microglial cells are

highly dynamic surveillants of brain parenchyma in vivo. Science 2005,

308: 1314—-1318.

10 Soulet D and Rivest S. Bone-marrow-derived microglia: myth or reality?

Curr Opin Pharmacol 2008, 8: 508—518.

Garden GA and Moller T. Microglia biology in health and disease. J

Neuroimmune Pharmacol 2006, 1: 127-137.

12 Ransohoff RM and Perry VH. Microglial physiology: unique stimuli, spe-
cialized responses. Annu Rev Immunol 2009, 27: 119—-145.

13 Colton CA. Heterogeneity of microglial activation in the innate immune re-

=}

—_
—_

sponse in the brain. J Neuroimmune Pharmacol 2009, 4: 399—418.

14 Odegaard JI, Ricardo-Gonzalez RR, Goforth MH, Morel CR, Subramanian
V, Mukundan L and Eagle AR, et al. Macrophage-specific PPAR&ggr; con-
trols alternative activation and improves insulin resistance. Nature 2007,
447: 1116—1120.

15 Brodie C, Goldreich N, Haiman T and Kazimirsky G. Functional IL-4 recep-
tors on mouse astrocytes: IL-4 inhibits astrocyte activation and induces NGF
secretion. J Neuroimmunol 1998, 81: 20—30.

16 Kitamura Y, Taniguchi T, Kimura H, Nomura Y and Gebicke-Haerter P.
Interleukin-4-inhibited mRNA expression in mixed rat glial and in isolated
microglial cultures. J Neuroimmunol 2000, 106: 95—104.

17 van Rossum D, Hilbert S, Straenburg S, Hanisch U and Briick W.
Myelin-phagocytosing macrophages in isolated sciatic and optic nerves
reveal a unique reactive phenotype. Glia 2007, 56: 271-283.

18 Kouadir M, Yang L, Tu J, Yin X, Zhou X and Zhao D. Comparison of
mRNA expression patterns of class B scavenger receptors in BV2 microglia
upon exposure to amyloidogenic fragments of beta-Amyloid and prion pro-
teins. DNA Cell Biol 2011, 30: 893—-897.

19 Gargéo P, Oliveira CR and Agostinho P. Comparative study of microglia ac-
tivation induced by amyloid-beta and prion peptides: role in neurodegenera-
tion. J Neurosci Res 2006, 84: 182—193.

20 Levine H. Thioflavine T interaction with synthetic Alzheimer’s disease—

amyloid peptides: Detection of amyloid aggregation in solution. Protein Sci

1993, 2: 404—-410.

Wong ML and Medrano JF. Real-time PCR for mRNA quantitation.

BioTechniques 2005, 39: 75.

2

—_

Acta Biochim Biophys Sin (2013) | Page 5

970z ‘ST Jequieidas uo A1seAIUN 3RS BIURA|ASUUBH Te /610'sjeulno[pioxosqae//:dny woly papeojumod


http://abbs.oxfordjournals.org/

Inhibition of phagocytosis reduced the classical activation of BV2

22 Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM and Cooper
NR, et al. Inflammation and Alzheimer’s disease. Neurobiol Aging 2000,
21:383-421.

23 Rock RB, Gekker G, Hu S, Sheng WS, Cheeran M, Lokensgard JR and
Peterson PK. Role of microglia in central nervous system infections. Clin
Microbiol Rev 2004, 17: 942—-964.

Acta Biochim Biophys Sin (2013) | Page 6

24 Colton CA, Mott RT, Sharpe H, Xu Q, Van Nostrand WE and Vitek MP.
Expression profiles for macrophage alternative activation genes in AD and
in mouse models of AD. J Neuroinflamm 2006, 3: 27.

25 Rogers J and Lue LF. Microglial chemotaxis, activation, and phagocytosis
of amyloid B-peptide as linked phenomena in Alzheimer’s disease.
Neurochem Int 2001, 39: 333-340.

970z ‘ST Jequieidas uo A1seAIUN 3RS BIURA|ASUUBH Te /610'sjeulno[pioxosqae//:dny woly papeojumod


http://abbs.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /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 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


