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Introduction

Paratuberculosis (Johne’s disease) is a chronic and

debilitating disease of ruminants, caused by infection with

Mycobacterium avium subsp. paratuberculosis (MAP) [22, 34].

The disease is characterized by persistent diarrhea,

progressive wasting, and eventual death in ruminants, for

which there is no available treatment [7, 9, 21]. The

prevalence of MAP was 3-15% in herds in most regions,

but can exceed 50% in dairy herds in some areas in major

dairy-producing countries such as the United States and

Europe [6, 12, 26, 34]. There is a particular interest in

controlling MAP infection owing to the huge economic

losses in the dairy industry caused by this disease and its

possible relationship with Crohn’s disease in humans [26].

The net economic losses due to Johne’s disease in the US

dairy industry have been estimated to be 200-1500 million

dollars per year, due to decreased milk production,

reproductive dysfunctions, poor feed conversion, shortened

production age, and increased susceptibility to other
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Mycobacterium avium subsp. paratuberculosis (MAP) is the causative agent of Johne’s disease, a

chronic debilitating disease affecting ruminants worldwide. In the present study, we aimed to

determine the major gene networks and pathways underlying the immune response to MAP

infection using whole-blood cells, as well as provide the potential transcriptional markers for

identifying the status of MAP infection. We analyzed the transcriptional profiles of whole-

blood cells of cattle identified and grouped according to the presence of MAP-specific

antibodies and the MAP shed by them. The grouping was based on the results obtained by

ELISA and PCR analyses as follows: i) Test1 group: MAP-negative results obtained by ELISA

and positive results obtained by PCR; ii) Test2 group: MAP-positive results obtained by ELISA

and negative results obtained by PCR; iii) Test3 group: MAP-positive results obtained by

ELISA and positive results obtained by PCR; iv) uninfected control: MAP-negative results

obtained both by ELISA and PCR analysis. The results showed down-regulated production

and metabolism of reactive oxygen species in the Test1 group, activation of pathways related

to the host-defense response against MAP (LXR/RXR activation and complement system) in

the Test2 and Test3 groups, and anti-inflammatory response (activation of IL-10 signaling

pathway) only in the Test3 group. Our data indicate a balanced response that serves the

immune-limiting mechanism while the host-defense responses are progressing. 
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diseases [9, 11]. 

According to the symptomatic assessment and

quantification of the shed bacteria, Johne’s disease can be

divided into four stages of progression: silent, subclinical,

clinical, and advanced cellular infection. During the silent

stage, the cattle do not shed any detectable amounts of

bacteria and show no symptoms [33]. In the subclinical

stage, the animals shed a small amount of MAP in their

feces and milk, thereby contaminating the surrounding

habitat and spreading MAP throughout the herd [33].

Bacteria are shed at high levels in the clinical stage, and

then in the advanced cellular infection stage, typical disease

symptoms begin to appear [33]. The disease progresses

from the silent to the subclinical stage without any

observable symptoms, which leads to the spread of the

bacteria to the entire herd. Hence, the accurate detection

and culling of infected animals at the early stage of MAP

infection are important for control of Johne’s disease. 

Currently, functional genomic technologies are being

used to investigate the cellular pathways and molecular

mechanisms implicated in the host immune response to

mycobacterial infection in order to understand the disease

pathogenesis [15, 16, 18, 21, 35]. Based on genomic profiling

data, some reports have identified potential molecules that

are critical for host-pathogen interactions during the

infection [3, 30, 35]. In addition, many groups have

performed transcriptional profiling of macrophages or

peripheral blood mononuclear cells from Mycobacterium-

infected animals; thus, transcriptomic research for the host-

immune response against mycobacterial infection has

already been recognized in immune cells. In the present

study, we characterized the transcriptional profiles of

whole-blood cells in cattle, which were identified and

grouped according to the presence of MAP-specific

antibodies and shed MAP bacteria. Whole-blood cells

contain dynamic and interactive information in the body,

such as changes in association with a disease process;

therefore, transcriptional profiling from whole blood has

the potential to identify genetic biomarkers for diseases

[13, 24, 31]. 

In the current study, we performed the transcriptional

profiling of peripheral blood from eight MAP-infected cows

using microarray analysis. The resulting transcriptional

profiles were characterized by functional, network, and

canonical pathways using Ingenuity Systems Pathway

Analysis (IPA) Knowledge Base. These results may provide

novel insights into understanding the host-immune

response during the different stages of progression of MAP

infection. Therefore, this research can potentially discover

molecules that may serve as reliable transcriptional

markers of MAP infection. This will in turn help to improve

traditional diagnostic methods.

Materials and Methods

Animals and Sample Source

All animal procedures were performed according to the

guidelines of the Institutional Animal Care and Use Committee at

Seoul National University. The cattle used in this study were

Holstein cows, which were evaluated for disease status by a

commercial ELISA (IDEXX Laboratories, Inc., Westbrook, ME,

USA) for the detection of MAP-specific antibodies and for IS900

and ISMap02 by fecal PCR. The fecal PCR was performed as

previously described [4, 5]. Eight cows were divided into four

groups: control (n = 2) with MAP-negative results obtained by

ELISA and PCR, Test1 (n = 2) with MAP-negative results obtained

by ELISA and positive results obtained by PCR, Test2 (n = 2) with

MAP-positive results obtained by ELISA and negative results

obtained by PCR, and Test3 (n = 2) with MAP-positive results

obtained by both ELISA and PCR. Blood samples from the cattle

were immediately collected into PAXGene Blood RNA tubes

(PreAnalytiX/Qiagen, Hilden, Germany).

Microarray Hybridization

The total RNA was isolated from blood of the cattle according

to the manufacturer's instructions using a PAXGene blood RNA

kit (PreAnalytiX/Qiagen). RNA quantity and quality were assessed

by a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific,

Waltham, MA, USA) and an Agilent 2100 Bioanalyzer (Agilent

Technologies, Inc., Santa Clara, CA, USA). All samples fulfilled

the criteria of a 260/280 ratio greater than 1.7, a 28S/18S rRNA

ratio greater than 1.7, and RNA integrity numbers greater than 8.

Labeled cRNA was prepared from 5 µg of total RNA according

to the manufacturer’s instructions using Agilent’s Quick Amp

Labeling Kit (Agilent Technologies, Inc.). Following fragmentation,

1.65 µg of labeled cRNA was hybridized to the Agilent expression

microarray according to the protocols provided by the manufacturer.

The arrays were scanned using the Agilent Technologies G2600D

SG12494263 (Agilent Technologies, Inc.). Array data export

processing and analyses were performed using Agilent Feature

Extraction v11.0.1.1 (Agilent Technologies, Inc.). RNA amplification,

cDNA labeling, array hybridization, and scanning for the

microarray were carried out by Macrogen Inc. (Seoul, Republic of

Korea). Microarray experiments were repeated three times for

each sample.

Analysis of Microarray Data

The Bovine Oligo Microarray Chip (Bovine 4X44K G2519F)

from Agilent was used in this study. The array contains 43,803

bovine probes that were developed by clustering more than

450,000 mRNA and EST sequences of the bovine genome (btau 4.0
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assembly). Raw data were extracted using the software provided

by the manufacturer (Agilent Feature Extraction v11.0.1.1). The

selected gene signal value was transformed by a logarithm and

normalized by the quantile method. The statistical values for the

expression data were determined using fold change and the local

pooled-error test. Correction for the false discovery rate (FDR)

was performed by the Benjamini and Hochberg multiple testing

method with a FDR adjusted p-value cut-off at ≤0.05 and a fold-

change cut-off of ≥1.5. All data analyses and visualization of

differentially expressed genes were conducted using R 2.15.1

(http://www.r-project.org).

Functional Analysis of Gene Expression Data

Data were analyzed using Qiagen’s Ingenuity Pathway Analysis

(IPA; Ingenuity Systems Inc., Redwood City, CA, USA) for

biological processes, canonical pathways, and networks analysis.

The DEGs with an adjusted p ≤ 0.05 and fold changes ≥1.5 or ≤-1.5

were filtered and uploaded into the IPA program. Each gene was

mapped to its corresponding gene object in Ingenuity’s Knowledge

Base. Go-ontology analysis was performed using IPA to determine

the biological functions of the differentially expressed genes in the

MAP-infected cattle. Each GO category was ranked based on the

number of DEGs that fit in each functional group. Right-tailed

Fisher’s exact test was adopted to measure the p-value for each of

the biological functions. Canonical pathways, from the IPA library

of canonical pathways, were investigated to identify major

biological pathways associated with MAP infection in cattle. The

significance of the association between the data set and the

canonical pathway was determined based on two parameters: (i) a

ratio of the number of genes from the data set that map to the

pathway divided by the total number of genes that map to the

canonical pathway and (ii) a p-value calculated using the Fisher's

exact test determining the probability of the association between

the genes in the data set and the canonical pathway being due to

chance alone. In the case of upstream regulators, the predicted

activation state and activation z-score were based on the fold-

change values for genes in the input data set for which an

experimentally observed causal relationship has been established.

The ten upstream regulators were investigated based on an

activation z-score, which, when below (inhibited) or above

(activated) 2, was considered as significant. Additionally, canonical

pathways and networks were presented as upstream and downstream

effects of activation or inhibition of molecules predicted by the

Molecule Activity Predictor tool from the IPA software.

Reverse Transcriptase and Quantitative Real-Time PCR Validation

The total RNA was reverse transcribed with random primers by

using the QuantiTect Reverse Transcription Kit (Qiagen Inc.,

Valencia, CA, USA) following the manufacturer’s instructions.

Eight genes selected with differential expression were analyzed

by real-time quantitative RT-PCR in order to validate the

microarray results (Table 3). Real-time quantitative RT-PCRs were

performed with 2 µl of cDNA using the Rotor-Gene SYBR Green

PCR kit (Qiagen Inc.) and Rotor-Gene Q real-time PCR cycler

(Qiagen Inc.). Amplification was performed for 40 cycles at 95°C

for 20 sec, followed by 45 sec at 60°C, with fluorescence detected

during the extension phase. The expression level was determined

by the 2-∆∆Ct method using a housekeeping gene, beta-actin, as a

reference. The expression level was compared with the control

group to determine the expression-fold change of each gene. A

Pearson correlation coefficient was calculated for logarithmically

transformed data obtained with quantitative RT-PCR and microarray

analysis, using the IBM Statistical Package for Social Sciences

software (SPSS, ver. 21; IBM SPSS Inc., Chicago, IL, USA). Differences

were considered significant if a value of p < 0.05 was obtained.

Results and Discussion

Gene Expression Profiling of Blood from Cattle Naturally

Infected with MAP

Whole-blood samples from 275 cows were examined by

serum enzyme-linked immunosorbent assays (ELISAs) for

MAP-specific antibodies and by fecal PCR testing for IS900

and ISMap02. Among them, eight cows were selected and

divided into four groups depending on the results of the

ELISA and fecal PCR analysis: Test1 with ELISA-negative

and PCR-positive results; Test2 with ELISA-positive and

PCR-negative results; Test3 with ELISA-positive and PCR-

positive results; and control with ELISA-negative and PCR-

negative results. In particular, Test2 and Test3 animals had

moderate (S/P ratio ≥55 and <100) and high levels (S/P

ratio ≥200) of MAP-specific antibodies, respectively.

Transcriptional profiles of Test1, Test2, and Test3 group

animals were compared with the control, and the gene

expression was considered significant when p was ≤0.05

and the fold-change of expression was ≥1.5 for both up-

and down-regulation. Scatter plots of normalized signal

values (Fig. 1A) show that the number of differentially

expressed genes (DEGs) increased from Test1 to Test2 to

Test3 animals. Among the 12,029 genes analyzed, 127

(1.06%), 443 (3.68%), and 655 (5.45%) genes were differentially

expressed in Test1, Test2, and Test3 animals, respectively.

Among the total genes, 61, 354, and 510 genes were up-

regulated and 66, 89, and 145 genes were down-regulated

in Test1, Test2, and Test3, respectively (Fig. 1B). In total, 32

and 8 genes were commonly up- and down-regulated

among the groups, respectively. In particular, Test2 and

Test3 animals had many genes in common, including 280

up-regulated and 57 down-regulated genes (Fig. 1C). A list

of the DEGs and the relative fold changes in Test1, Test2,

and Test3 animals is provided in Tables S1, S2, and S3,

respectively. The top 10 up- and down-regulated genes

were enriched with functional annotation in Tables 1 and 2,
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respectively. The most up-regulated genes play a role in

immune response (DEFB10, KLK12, DEFB1, DAB2, LAP,

LOC616942, BOLA, JSP.1, and DEFB5), metabolic processes

(ANG2, PRSS2, KLK12, LAP, DEFB10, and DEFB5),

localization (HBE4, HBM, and TTYH2), and cellular processes

(IGFBP1 and CDH10). In the most up-regulated genes,

Fig. 1. Gene expression levels of cattle infected with Mycobacterium avium subsp. paratuberculosis. 

The animals were grouped on the basis of their Mycobacterium avium subspecies paratuberculosis (MAP)-infection status determined by the results

of ELISA and PCR analyses. The groups were defined as follows: ELISA-negative and PCR-positive results (Test1), ELISA-positive and PCR-

negative results (Test2), ELISA-positive and PCR-positive results (Test3), and ELISA- and PCR-negative results (controls). (A) Scatter plots

comparing gene expression levels between MAP-infected and control groups. Red dots indicate an expression level change of |fold change| ≥ 2.

Expression level was calculated using a base-2 logarithm of the normalized hybridization signals from each sample. (B) Numbers of genes with

altered expression levels during this experiment. (C) Venn diagram showing the overlapping genes that were significantly up- or down-regulated

in MAP-infected cattle. 
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Table 1. List of top 10 up-regulated genes in the cattle infected with Mycobacterium avium subspecies paratuberculosis.

Group
Gene 

symbol
Gene name Primary functions

Fold-

change
Commona

Test1 PRR19 proline rich 19 Modulation of bacterial adhesion 5.1 Test2

(6.8)

DEFB10 beta-defensin 10 Antibacterial activity 3.5

KLK12 kallikrein-related peptidase 12 Carcinogenesis; angiogenesis 3.4

SLC43A3 solute carrier family 43, 

member 3

Transport metabolites and nutrients; highly expressed in 

macrophages

3.3

PRSS2 protease, serine, 2 (trypsin 2) Involvement in defensin processing; localized to the 

T cell receptor beta locus

3.2

MT1E metallothionein 1E Mineral absorption; cadmium ion binding; copper ion 

binding

3.1

DEFB1 defensin, beta 1 Microbicidal and cytotoxic peptides made by neutrophils 3.0

DAB2 disabled homolog 2, 

mitogen-responsive 

phosphoprotein (Drosophila)

Myeloid cell differentiation; macrophage adhesion and

spreading; tumor suppressor

2.9

ANG2 angiogenin 2 Angiogenesis 2.9

LAP lingual antimicrobial peptide Antibacterial and antifungal activities; 

a member of the family of beta-defensins

2.8

Test2 IGFLR1 IGF-like family receptor 1 Probable cell membrane receptor for the IGF-like family 

protein IGFL; carcinogenesis; regulatory functions on 

T cell responses

16.1 Test3

(14.3)

BOLA MHC class I heavy chain Antigen processing and presentation of peptide antigen 

via MHC class I; positive regulation of T-cell-mediated 

cytotoxicity

9.6 Test3

(10.1)

JSP.1 MHC class I JSP.1 Antigen processing and presentation of peptide antigen 

via MHC class I; positive regulation of T-cell-mediated 

cytotoxicity

6.7 Test3

(7.3)

TPRG1L tumor protein p63 

regulated 1-like

Identical protein binding; localization in various 

compartments (synaptic vesicle, cytoplasm, and cell junction)

5.6 Test3

(5.7)

LOC616942 major histocompatibility 

complex, class I, A-like

Antigen processing and presentation of peptide antigen via

MHC class I; positive regulation of T-cell-mediated cytotoxicity

5.5 Test3

(5.3)

HBE4 hemoglobin, beta, epsilon 4 Heme binding; iron ion binding; oxygen binding; oxygen

transporter activity

5.1 Test3

(5.0)

HBM hemoglobin, mu Heme binding; iron ion binding; oxygen binding; oxygen

transporter activity

4.7

DMKN dermokine Act as a soluble regulator of keratinocyte differentiation 4.7

MTUS1 microtubule-associated tumor 

suppressor 1

Cooperates with AGTR2 to inhibit ERK2 activation and cell

proliferation

4.6

Test3 CDH10 cadherin 10, type 2 (T2-cadherin) Act calcium-dependent cell adhesion proteins 4.8

IGFBP1 insulin-like growth factor 

binding protein 1

Inhibition or stimulation of the growth-promoting effects of

the IGFs on cell culture; cell migration

4.4

DEFB5 defensin, beta 5 Bactericidal activity; a member of the family of 

beta-defensins

4.4

TTYH2 tweety homolog 2 (Drosophila) Ca2+ signal transduction; cell proliferation and cell aggregation 4.4

aThe overlapped genes among the experimental groups are indicated and presented as (fold-changes). 
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Table 2. List of top 10 down-regulated genes in the cattle infected with Mycobacterium avium subspecies paratuberculosis.

Group
Gene 

symbol
Gene name Primary functions

Fold-

change

Overlapped

genea

Test1 BOLA-DQA5 major histocompatibility complex, 

class II, DQ alpha 5

Antigen processing and presentation of peptide 

or polysaccharide antigen via MHC class II

-21.9 Test2

(-7.0)

Test3

(-9.1)

KLRC1 killer cell lectin-like receptor 

subfamily C, member 1

Act as a receptor for the recognition of MHC class I 

HLA-E molecules by NK cells and some cytotoxic 

T-cells; carbohydrate binding

-4.8

LOC100140174 NKG2A-like Synonyms: KLRC1 -4.7

MYO5B myosin VB Vesicular trafficking; together with RAB11A and 

RAB8A participates in epithelial cell polarization; 

together with RAB25 regulates transcytosis

-4.2 Test3

(-3.1)

ADRA1B adrenergic, alpha-1B-, receptor G-protein coupled receptor activity -4.0 Test2

(-2.8)

Test3

(-3.1)

SPATA20 spermatogenesis-associated 20 Catalytic activity -3.5

PTX3 pentraxin 3, long Antibacterial activity -3.5

RGS20 regulator of G-protein signaling 20 Inhibition of signal transduction by increasing 

the GTPase activity 

-3.3

LOC100126815 MHC class I-like family A1 Antigen processing and presentation -3.2 Test2

(-23.5)

Test3

(-22.4)

WNT2B wingless-type MMTV integration 

site family, member 2B

Ligand for members of the frizzled family of seven 

transmembrane receptors; regulation of cell growth 

and differentiation; carcinogenesis

-2.9

Test2 ULBP27 UL16-binding protein 27 Antigen processing and presentation -4.1 Test3

(-4.6)

ULBP3 UL16-binding protein 3 Antigen processing and presentation -4.0 Test3

(-3.2)

TRD@ T-cell receptor delta chain Reducing the pathogenicity of prokaryotes; binding 

free lipopolysaccharides and exotoxins

-3.3 Test3

(-3.6)

VL1X immunoglobulin light chain VJ region -3.1

GPR183 G protein-coupled receptor 183 Mediating the correct localization of B cells during

humoral immune responses; Promoting activated 

B-cell localization in the outer follicle and 

interfollicular regions

-2.8

CD163L1 CD163 molecule-like 1 Involvement in clearance and endocytosis of 

hemoglobin/haptoglobin complexes by 

macrophages; uptake and recycling of iron via 

endocytosis of hemoglobin/haptoglobin and 

subsequent breakdown of heme 

-2.8

GBP6 guanylate binding protein family, 

member 6

GTP binding; cellular response to 

interferon-gamma; defense response to bacterium

-2.7 Test3

(-3.5)

Test3 NRCAM neuronal cell adhesion molecule Cell adhesion; ankyrin-binding protein involved 

in neuron-neuron adhesion

-2.8

DLK2 delta-like 2 homolog (Drosophila) Regulation of adipogenesis -2.7

aThe overlapped genes among the experimental groups are indicated and presented as (fold-changes).
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beta-defensin genes that efficiently kill bacteria and can

participate in the early elimination of bacilli were detected

in Test1 (DEFB10, DEFB1, and LAP) and Test3 (DEFB5)

animals [29]. Although DEFB4A (2.73-fold up-regulation;

4.12-fold up-regulation), DEFB5 (2.67-fold up-regulation;

4.37-fold up-regulation), and TNF-alpha (2.02-fold up-

regulation; 2.33-fold up-regulation) genes were not included

in the top gene expression list, they were increased in both

Test2 and Test3, and are related to the induction of beta-

defensin. These data suggest that the antimicrobial peptides

that increased in the animals that shed MAP bacteria (Test1

and Test3 animals) and the defensins that increased in the

animals with MAP-specific antibodies (Test2 and Test3

animals) were associated with the maintenance of latent

infection, constituting a bridge between innate and adaptive

immunity [29]. The most down-regulated genes were

involved in immune system processes (BOLA-DQA5,

KLRC1, LOC100140174, PTX3, ADRA1B, LOC100126815,

GBP6, ULBP3, ULBP27, and CD163L1) and metabolic

processes (RGS20, ADRA1B, and MYO5B). The top up- and

down-regulated genes overlapped between the Test2 and

Test3 groups. In particular, these genes, such as BOLA,

JSP.1, ULBP3, ULBP27, BOLA-DQA5, LOC100126815, KLRC1,

LOC100140174, and LOC616942, were involved in antigen

processing and presentation of antigen, indicating a down-

regulation of MHC class I and II genes in the Test1 group,

up-regulation of MHC class I genes and down-regulation

of MHC class II genes in Test2 animals, and up-regulation

of MHC class I and II genes in the Test3 group. KLRC1 and

LOC100140174, as killer cell lectin-like receptor subfamily

C, are genes related to modulating antiviral, bacterial,

protozoal, and cancer-associated responses in gamma delta

T lymphocytes [28]. They were strongly down-regulated in

the Test1 (4.8-fold down-regulation) and Test3 (1.78-fold

down-regulation) groups, demonstrating down-regulation

of natural killer (NK) cell activity and enhanced survival of

the shed MAP bacteria [8]. Additionally, interferon-

inducible guanylate-binding protein (Gbp) 6, one of the

Gbps (Gbp1, Gbp6, Gbp7, and Gbp10) that may play a role in

the innate immune response by regulating autophagy

formation against intracellular pathogens, was down-

regulated in Test2 and Test3 [17, 23].

Functional Analysis of DEG in MAP-Infected Cattle

In total, 113, 328, and 528 up- and down-regulated

transcripts in Test1, Test2, and Test3, respectively, were

mapped to molecules in the Ingenuity Knowledge Base.

Like the previous results, such as those shown by the Venn

diagram and the top 10 regulated genes, the DEGs in Test2

and Test3 animals were involved in the same categories of

“molecular and cellular functions,” “physiological system

development and functions,” and “diseases and disorders”

(Fig. 2). Although the DEGs in the Test2 and Test3 groups

were found to be involved in the same categories of

biological functions, the number of associated genes in

Test3 animals was greater than in Test2 animals. In the

Test1 group, the related biological functions included a

small number of genes and different categories, such as

lipid metabolism and free radical scavenging, compared

with the Test2 and Test3 groups. 

As shown in Fig. 3, the representative network for the

identified genes in the Test1 group showed enrichment of

factors associated with cellular movement, immune cell

trafficking, cellular function, and maintenance; they

included haptoglobin (HP, 2.7-fold down-regulation),

myeloperoxidase (MPO, 1.8-fold down-regulation), C-C

motif ligand 5 (CCL5, 2.1-fold down-regulation), pentraxin

3 (PTX3, 3.5-fold down-regulation), oxidized low density

Table 3. Top 5 canonical pathways among differentially expressed genes in the MAP-infected cattle. 

Canonical pathwaya p-Value Genes/Totalb Up/Down

Test2 Role of pattern recognition receptors in recognition of bacteria and viruses 1.23E-04 9/109 8/1

LXR/RXR activation 6.39E-04 9/139 9/0

Complement system 1.59E-03 5/35 5/0

Dendritic cell maturation 4.19E-03 9/211 6/3

Test3 LXR/RXR activation 7.48E-07 16/139 16/0

Complement system 1.76E-05 8/35 8/0

IL-10 signaling 2.46E-05 10/78 10/0

Dendritic cell maturation 3.12E-05 16/211 13/3

Role of pattern recognition receptors in recognition of bacteria and viruses 4.59E-05 12/109 12/0

aOnly pathways with the number of associated genes ≥5 are shown. 
bGenes/Total = number of differentially expressed genes (1.5-fold change; p < 0.05) out of total of genes associated with the canonical pathway according to IPA.
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lipoprotein (lectin-like) receptor 1 (OLR1, 2.5-fold up-

regulation), interleukin 12B (IL12B, 2.3-fold up-regulation),

and serpin peptidase inhibitor, clade F, member 1

(SERPINF1, 1.9-fold up-regulation). This network showed

the relationships in the DEGs as well as the predicted

upstream and downstream effects of activation or inhibition

of molecules. In particular, 23 of the DEGs in Test1,

including the genes in this network, were selected and the

activation state of diseases or function annotation was

predicted by IPA. The inhibition of functions in the “free

radical scavenging” category, including metabolism of

reactive oxygen species (activation z-score = -2.309, p-value

= 7.31E-05), synthesis of reactive oxygen species (z-score = -

2.384, p-value = 1.37E-05), and production of reactive

oxygen species (z-score = -2.758, p-value = 1.23E-02), were

significantly predicted and contained 16 genes: HP, MPO,

CYGB, GZMH, GZMA, GZMB, CCL4, CCL5, SERPINF1,

FBP1, RETN, FOS, CXCL12, CEBPE, ALOX5, and OLR1.

The inhibition of functions in the “lipid metabolism” and

“small molecule biochemistry” categories, including

synthesis of lipids (z-score = -2.392, p-value = 1.03E-02),

synthesis of fatty acids (z-score = -2.165, p-value = 1.34E-

02), and synthesis of eicosanoids (z-score = -2.162, p-value

= 1.23E-02), was also predicted and associated with 13

Fig. 3. Representative network of the alerted genes in the

Test1 group. 

Individual nodes represent proteins with relationships represented

by edges. Nodes are colored on the basis of gene expression, where

red indicates up-regulation, green indicates down-regulation, and

white indicates that the gene/factor is not differentially expressed,

but has a defined relationship with other genes in the network.

Arrows indicate directional relationships.

Fig. 2. Enrichment of the top five biofunctions in cattle

infected with Mycobacterium avium subspecies paratuberculosis. 

(A) Physiological system development and function, (B) molecular

and cellular functions, and (C) diseases and disorders attributed to the

differentially expressed genes in cattle infected with Mycobacterium

avium subspecies paratuberculosis (MAP). The top five biofunctions

were derived from Ingenuity Systems Pathway Analysis of differentially

expressed genes in the MAP-infected cattle.
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genes: ME1, ANG, PTX3, PDK4, FOS, RETN, IGFBP7,

ALOX15, CCL5, IL1R2, CXCL12, ALOX5, and OLR1.

Myeloperoxidase (MPO), which plays an antimycobacterial

role as one of the most abundant granule proteins in

neutrophils, was down-regulated in both Test1 and Test3

animals, suggesting that the shed MAP bacteria interfered

with the microbicidal mechanism [2]. 

Canonical Pathways Associated with Differentially

Expressed Genes in MAP-Infected Cattle

The top canonical pathways for the DEGs in Test1, Test2,

and Test3 animals are reported in Table 3. Since the

canonical pathways in Test1 animals included a very low

number of DEGs, we could not determine their relationship

to MAP infection (data not shown). In addition, all four

canonical pathways in Test2 animals were also seen in

Test3 animals, but the DEGs associated with the pathways

in Test3 animals were highly enriched compared with

Test2 animals. The genes whose products play a role in the

five canonical pathways were up-regulated in Test2 and

Test3 animals. These genes were involved in multiple

pathways related to the immune response (Liver X receptor/

Retinoid X receptor (LXR/RXR) activation, complement

system, interleukin-10 signaling, dendritic cell maturation,

and recognition of bacteria and viruses by pattern-

recognition receptors), and lipid metabolism (LXR/RXR

activation) and were strongly activated in both Test2 and

Test3. The LXR/RXR activation pathway was primarily

identified in both Test2 and Test3 animals as ELISA-

positive in the naturally infected cattle. As shown Fig. 4,

LXR activation in macrophages showed predicted activation

and expression of several genes involved with inflammatory

mediators, including genes encoding inducible NO synthase

(iNOS), cyclooxygenase 2 (COX 2), IL-1, IL-6, and matrix

metallopeptidase 9 (MMP9), as well as those involved in

cholesterol trafficking and efflux, including genes encoding

ATP-binding cassette, sub-family A, member 1 (ABCA1),

ATP-binding cassette, sub-family G, member 1 (ABCG1),

ATP-binding cassette, sub-family G, member 4 (ABCG4),

and apolipoprotein E (ApoE). Several reports have

demonstrated that Mycobacterium in the nutrient-deficient

macrophage phagosome uses lipids as its main carbon

source; therefore, lipid metabolism is involved in virulence

and is important for long-term survival of the bacilli in

macrophages [10, 25, 32]. In addition, cholesterol has been

reported as an essential factor for the phagocytosis of the

bacterium by macrophages and the inhibition of phagosome

maturation [14, 25]. LXR/RXR activation induced the

protective immune response against M. tuberculosis [25],

and the pathway was also identified in MAP-infected

bovine macrophages [20]. The naturally infected cattle that

showed MAP-specific ELISA-positive results also showed

induction of LXR/RXR activation in the present study, and

it is thought to be due to host responses modulating both

innate and acquired immune responses as well as lipid

metabolism.

Test2 and Test3 animals also showed induction of the

complement system pathway with up-regulation of the

complement component 1, q (C1q), C2, C3, and C3-receptor

genes (C3aR) (Fig. 5). According to several reports, the

complement receptor is used by pathogenic mycobacteria

to gain entry into macrophages; [30] and M. tuberculosis-

specific antibodies increase complement activation through

both classical and alternative pathways, thus enhancing

phagocytosis of the antibody-opsonized bacteria by

macrophages [19]. The complement system pathway was

more strongly induced in Test3 animals than in Test2

animals, which is thought to be due to a higher MAP-

Fig. 4. LXR/RXR activation pathways in the Test3 group. 

Nodes are colored on the basis of gene expression and predicted

activity of upstream and downstream molecules, where red indicates

up-regulation, green indicates down-regulation, orange indicates

predicted activation, and blue indicates predicted inhibition. The

intensity of the node color indicates the degree of regulation. Genes

shown as uncolored nodes were not differentially expressed in our

experiment and were integrated into the computationally generated

networks based on the evidence stored in the IPA Knowledge Base.
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antibody titer in the cattle of Test3 compared with those of

Test2. Among the three complement pathways, activation

of the alternative pathway was predominantly observed, as

shown in Fig. 5. 

Among the signaling pathways, the IL-10 signaling

pathway was seen to be induced in Test3 animals (Fig. 6).

In order to adopt various immune-evasion strategies and

sustain against long-term infections of M. tuberculosis, the

macrophages actively suppress the host-protective immune

responses by secreting high levels of immunosuppressive

cytokine IL-10 [1]. Therefore, these data suggest that the

activation of the IL-10 signaling pathway in Test3 animals

was a balanced response that serves the immune-limiting

mechanism while the host-defense responses are progressing.

Predicted Upstream Regulators of DEG in MAP-Infected

Cattle

The inhibition or activation of upstream regulators was

predicted based on the absolute activation z-scores obtained

by IPA. The 10 upstream regulators were considered when

comparing the Test1, Test2, and Test3 groups (Fig. 7A). The

regulators showing a different activation state in each

group were selected for further investigation as biomarker

candidates for the diagnosis of MAP infection. STAT3, IL-27,

ERK, and CD28, transcription factors showing a significant

absolute activation z-score in Test1, and STAT3 showing

significant activation in Test3, were visualized in their

predicted networks with their target genes (Fig. 7). STAT3

is essential for anti-inflammatory responses, and the

pathway mediated by STAT3 is known to be associated

with blocking phagosome maturation in Mycobacterium-

infected macrophage and developing an immunosuppressive

niche in granulomas [20, 27]. Among the target genes of

STAT3, we found some genes showing different gene

expression patterns in each group, suggesting that they

could be utilized as candidate diagnostic biomarkers for

MAP infection: CCL4, 2.27-fold down-regulated in Test1;

CCL5, 2.26-fold down-regulated in Test1; HP, 2.79-fold

down-regulated in Test1; SERPPINE1, 2.12-fold up-regulated

Fig. 5. Complement system pathway in the Test3 group. 

Nodes are colored on the basis of gene expression and predicted

activity of upstream and downstream molecules, where red indicates

up-regulation, green indicates down-regulation, orange indicates

predicted activation, and blue indicates predicted inhibition. The

intensity of the node color indicates the degree of regulation. Genes

shown as uncolored nodes were not differentially expressed in our

experiment and were integrated into the computationally generated

networks based on the evidence stored in the IPA knowledge base.

Table 4. Primers used for quantitative RT-PCR. 

Gene symbol

[Accession No.]
Primer sequences (5’-3’) Size (bps)

PGA5

[NM_001001600]

F: ACTTGCGAGCCAGGAAGAAT 91

R: TGACGAGTGGGATCTTGACG

DEFB4A

[NM_174775]

F: TTCCGTTCTTGTGCCGTGTA 121

R: TTCTGACTCCGCATTGGTCC

BOLA-DQA5

[NM_001012675]

F: CAGAGCTGACAGAGACTGTGG 109

R: GAAGGGTCACCTGAACGTAGG

BOLA

[NM_001193296]

F: CCCGGTACCTGGAAGTCGG 92

R: CCGCGCTGTAGGCTCTATC

TRD@

[BC142016]

F: TCTTTGGAAAAGGGACCCGC 108

R: CCTTCACCAAACAAGCGACG

JSP

[NM_001040498]

F: CAGATGTTGCGGAGAGACAGA 141

R: GACCAGAGATGGGGTGATGG

EXOC3L4

[NM_001205930]

F: CTCATCTCTGAGCGGCAACT 89

R: AAGGTGCACGAGGCTTTCTC

ULBP3

[NM_001103233]

F: GTGGGCTAGCCGGAAAAGAT 102

R: GGTCTTGGAGCCACCCATTT
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in Test3; IL-10, 2.69-fold up-regulated in Test3; MMP-9,

2.03-fold up-regulated in Test3; HGF, 2.03-fold up-regulated

in Test3. All genes are located in the extracellular space.

However, further studies checking the gene expression in a

larger number of cattle is needed to determine potential

diagnostic biomarkers.

Validation of Microarray Data

Quantitative RT-PCR (qRT-PCR) validation of the microarray

results was performed for seven putatively differentially

expressed genes. The PGA5, JSP, DEFB4, BOLA-DQA5, and

BOLA genes from Test1 animals, TRD@, JSP, BOLA-DQA5,

and BOLA genes from Test2 animals, and EXOC3L4, JSP,

BOLA-DQA5, and BOLA genes from Test3 animals were

selected for qRT-PCR (Table 4). The same RNA samples

used for the microarray were used for qRT-PCR. Log2 fold-

change data of qRT-PCR and microarray analysis were

analyzed for validation. The Pearson correlation coefficient

between the two analyses was 0.769 (p < 0.01). The differential

expression of all the selected genes was considered to be

validated since similar values were obtained for the qRT-

PCR and microarray data analysis (Fig. 8).

Acknowledgments

This work was carried out with the support of “Cooperative

Research Program for Agriculture Science & Technology

Develpoment (Project No: PJ00897001)” Rural Development

Fig. 6. IL-10 signaling in the Test3 group. 

Nodes are colored on the basis of gene expression and predicted activity of upstream and downstream molecules, where red indicates up-

regulation, green indicates down-regulation, orange indicates predicted activation, and blue indicates predicted inhibition. The intensity of the

node color indicates the degree of regulation. Genes shown as uncolored nodes were not differentially expressed in our experiment and were

integrated into the computationally generated networks based on the evidence stored in the IPA knowledge base.



266 Shin et al.

J. Microbiol. Biotechnol.

Administration and Research Institute for Veterinary Science,

Seoul National University, Republic of Korea.

References

1. Aly S, Laskay T, Mages J, Malzan A, Lang R, Ehlers S. 2007.

Interferon-gamma-dependent mechanisms of mycobacteria-

induced pulmonary immunopathology: the role of angiostasis

and CXCR3-targeted chemokines for granuloma necrosis. J.

Pathol. 212: 295-305.

2. Borelli V, Banfi E, Perrotta MG, Zabucchi G. 1999.

Myeloperoxidase exerts microbicidal activity against

Mycobacterium tuberculosis. Infect. Immun. 67: 4149-4152.

3. Cha SB, Yoo A, Park HT, Sung KY, Shin MK, Yoo HS. 2013.

Analysis of transcriptional profiles to discover biomarker

candidates in Mycobacterium avium subsp. paratuberculosis-

infected macrophages, RAW 264.7. J. Microbiol. Biotechnol.

23: 1167-1175.

4. Chiodini RJ, Vankruiningen HJ, Thayer WR, Merkal RS, Coutu

JA. 1984. Possible role of mycobacteria in inflammatory bowel-

disease. 1. An unclassified Mycobacterium species isolated from

patients with Crohns-disease. Digest. Dis. Sci. 29: 1073-1079.

5. Coffman F. 2008. Chitinase 3-Like-1 (CHI3L1): a putative

disease marker at the interface of proteomics and glycomics.

Crit. Rev. Clin. Lab. Sci. 45: 531-562.

6. Collins MT, Sockett DC, Goodger WJ, Conrad TA, Thomas

CB, Carr DJ. 1994. Herd prevalence and geographic

Fig. 7. Differentially expressed target genes of predicted upstream regulators in cattle infected with Mycobacterium avium

subspecies paratuberculosis. 

IPA-derived upstream regulators were selected by absolute activation z-score (A). STAT3 is significantly involved in the control of target genes (p

≤ 0.05 for Test1 (B) and Test3 (C)). Genes in red are up-regulated and genes in green are down-regulated.

Fig. 8. Validation of microarray data via quantitative RT-PCR. 

The relative expression level was normalized by the 2-∆∆CT method in

terms of the beta-actin expression level relative to the control group.



Whole-Blood Transcriptional Changes of Cows Infected with MAP  267

Feburary 2015⎪Vol. 25⎪No. 2

distribution of, and risk factors for, bovine paratuberculosis

in Wisconsin. J. Am. Vet. Med. Assoc. 204: 636-641.

7. Coussens PM. 2001. Mycobacterium paratuberculosis and the

bovine immune system. Anim. Health Res. Rev. 2: 141-161.

8. Cyktor JC, Carruthers B, Stromberg P, Flano E, Pircher H,

Turner J. 2013. Killer cell lectin-like receptor G1 deficiency

significantly enhances survival after Mycobacterium tuberculosis

infection. Infect. Immun. 81: 1090-1099.

9. Dorshorst NC, Collins MT, Lombard JE. 2006. Decision

analysis model for paratuberculosis control in commercial

dairy herds. Prev. Vet. Med. 75: 92-122.

10. Gumber S, Taylor DL, Whittington RJ. 2009. Evaluation of

the immunogenicity of recombinant stress-associated proteins

during Mycobacterium avium subsp. paratuberculosis infection:

implications for pathogenesis and diagnosis. Vet. Microbiol.

137: 290-296.

11. Hasonova L, Pavlik I. 2006. Economic impact of paratuberculosis

in dairy cattle herds: a review. Vet. Med. Czech. 51: 193-211.

12. Hill BB, West M, Brock KV. 2003. An estimated prevalence

of Johne’s disease in a subpopulation of Alabama beef

cattle. J. Vet. Diagn. Invest. 15: 21-25.

13. Hoang LT, Lynn DJ, Henn M, Birren BW, Lennon NJ, Le PT,

et al. 2010. The early whole-blood transcriptional signature

of dengue virus and features associated with progression to

dengue shock syndrome in Vietnamese children and young

adults. J. Virol. 84: 12982-12994.

14. Jungersen G, Huda A, Hansen JJ, Lind P. 2002. Interpretation

of the gamma interferon test for diagnosis of subclinical

paratuberculosis in cattle. Clin. Diagn. Lab. Immunol. 9: 453-460.

15. Kang DD, Lin Y, Moreno JR, Randall TD, Khader SA. 2011.

Profiling early lung immune responses in the mouse model

of tuberculosis. PLoS One 6: e16161.

16. Killick KE, Browne JA, Park SD, Magee DA, Martin I,

Meade KG, et al. 2011. Genome-wide transcriptional profiling

of peripheral blood leukocytes from cattle infected with

Mycobacterium bovis reveals suppression of host immune

genes. BMC Genomics 12: 611.

17. Kim BH, Shenoy AR, Kumar P, Das R, Tiwari S, MacMicking

JD. 2011. A family of IFN-gamma-inducible 65-kD GTPases

protects against bacterial infection. Science 332: 717-721.

18. Lamont EA, Xu WW, Sreevatsan S. 2013. Host-Mycobacterium

avium subsp. paratuberculosis interactome reveals a novel

iron assimilation mechanism linked to nitric oxide stress

during early infection. BMC Genomics 14: 694.

19. Lande R, Giacomini E, Grassi T, Remoli ME, Iona E,

Miettinen M, et al. 2003. IFN-alpha beta released by

Mycobacterium tuberculosis-infected human dendritic cells

induces the expression of CXCL10: selective recruitment of

NK and activated T cells. J. Immunol. 170: 1174-1182.

20. Lang R. 2005. Tuning of macrophage responses by Stat3-

inducing cytokines: molecular mechanisms and consequences

in infection. Immunobiology 210: 63-76.

21. Machugh DE, Taraktsoglou M, Killick KE, Nalpas NC,

Browne JA, Park S, et al. 2012. Pan-genomic analysis of

bovine monocyte-derived macrophage gene expression in

response to in vitro infection with Mycobacterium avium

subspecies paratuberculosis. Vet. Res. 43: 25.

22. Manning EJ, Collins MT. 2001. Mycobacterium avium subsp.

paratuberculosis: pathogen, pathogenesis and diagnosis. Rev.

Sci. Tech. 20: 133-150.

23. Marcuzzi A, Bianco AM, Girardelli M, Tommasini A,

Martelossi S, Monasta L, et al. 2013. Genetic and functional

profiling of Crohn’s disease: autophagy mechanism and

susceptibility to infectious diseases. Biomed. Res. Int. 2013: 297501.

24. Mejias A, Dimo B, Suarez NM, Garcia C, Suarez-Arrabal

MC, Jartti T, et al. 2013. Whole blood gene expression profiles

to assess pathogenesis and disease severity in infants with

respiratory syncytial virus infection. PLoS Med. 10: e1001549.

25. Nielsen SS, Toft N. 2008. Ante mortem diagnosis of

paratuberculosis: a review of accuracies of ELISA, interferon-

gamma assay and faecal culture techniques. Vet. Microbiol.

129: 217-235.

26. Nielsen SS, Toft N. 2009. A review of prevalences of

paratuberculosis in farmed animals in Europe. Prev. Vet.

Med. 88: 1-14.

27. O’Leary S, O’Sullivan MP, Keane J. 2011. IL-10 blocks

phagosome maturation in Mycobacterium tuberculosis-infected

human macrophages. Am. J. Respir. Cell. Mol. Biol. 45: 172-180.

28. Poccia F, Cipriani E, Vendetti S, Colizzi V, Poquet Y,

Battistini L, et al. 1997. CD94/NKG2 inhibitory receptor

complex modulates both anti-viral and anti-tumoral responses

of polyclonal phosphoantigen-reactive V gamma 9V delta 2

T lymphocytes. J. Immunol. 159: 6009-6017.

29. Rivas-Santiago B, Sada E, Tsutsumi V, Aguilar-Leon D,

Contreras JL, Hernandez-Pando R. 2006. Beta-defensin gene

expression during the course of experimental tuberculosis

infection. J. Infect. Dis. 194: 697-701.

30. Seth M, Lamont EA, Janagama HK, Widdel A, Vulchanova

L, Stabel JR, et al. 2009. Biomarker discovery in subclinical

mycobacterial infections of cattle. PLoS One 4: e5478.

31. Silbiger VN, Luchessi AD, Hirata RD, Lima-Neto LG,

Cavichioli D, Carracedo A, et al. 2013. Novel genes detected

by transcriptional profiling from whole-blood cells in

patients with early onset of acute coronary syndrome. Clin.

Chim. Acta 421: 184-190.

32. Stabel JR, Whitlock RH. 2001. An evaluation of a modified

interferon-gamma assay for the detection of paratuberculosis

in dairy herds. Vet. Immunol. Immunopathol. 79: 69-81.

33. Yakes BJ, Lipert RJ, Bannantine JP, Porter MD. 2008.

Detection of Mycobacterium avium subsp. paratuberculosis by

a sonicate immunoassay based on surface-enhanced Raman

scattering. Clin. Vaccine Immunol. 15: 227-234.

34. Yoo HS, Shin SJ. 2012. Recent research on bovine paratuberculosis

in South Korea. Vet. Immunol. Immunopathol. 148: 23-28.

35. Zhong L, Taylor D, Begg DJ, Whittington RJ. 2011.

Biomarker discovery for ovine paratuberculosis (Johne’s

disease) by proteomic serum profiling. Comp. Immunol.

Microbiol. Infect. Dis. 34: 315-326.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


