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Abstract

avoided.

infliximab at baseline.

support the clinical decision-making process.

Background: Biological therapies have been introduced for the treatment of chronic inflammatory diseases
including rheumatoid arthritis (RA) and Crohn’s disease (CD). The efficacy of biologics differs from patient to
patient. Moreover these therapies are rather expensive, therefore treatment of primary non-responders should be

Method: We addressed this issue by combining gene expression profiling and biostatistical approaches. We
performed peripheral blood global gene expression profiling in order to filter the genome for target genes in
cohorts of 20 CD and 19 RA patients. Then RT-quantitative PCR validation was performed, followed by multivariate
analyses of genes in independent cohorts of 20 CD and 15 RA patients, in order to identify sets ofinterrelated
genes that can separate responders from non-responders to the humanized chimeric anti-TNFalpha antibody

Results: Gene panels separating responders from non-responders were identified using leave-one-out cross-
validation test, and a pool of genes that should be tested on larger cohorts was created in both conditions.

Conclusions: Our data show that peripheral blood gene expression profiles are suitable for determining gene
panels with high discriminatory power to differentiate responders from non-responders in infliximab therapy at
baseline in CD and RA, which could be cross-validated successfully. Biostatistical analysis of peripheral blood gene
expression data leads to the identification of gene panels that can help predict responsiveness of therapy and

Background

Biological therapies targeting tumor necrosis factor alpha
(TNFa) have been introduced for the treatment of
chronic inflammatory diseases including rheumatoid
arthritis (RA) and Crohn’s disease (CD). Up tothe end of
2010 [1], more than two million patients worldwide had
received treatment with anti-TNFa biologic agents, such
as infliximab, adalimumab and etanerceptforconditions
such as RA and CD. The efficacy of these biologics differs
from patient to patient and these agents are rather
expensive, sothey should not be used to treat primary
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non-respondersin the long term. In this study, we aimed
at predicting patient response to infliximab, ahumanized
chimeric anti-TNFa antibody, from the genomic
perspective. Infliximab is a genetically constructed immu-
noglobulin G1 murine-humanchimeric monoclonal
antibody binding both to thesoluble subunit and the
membrane-bound precursor of TNFa; and has proven to
be anefficacious treatment for both RA[2] and CD [3].

RA and CD are believed to have a common pathogenetic
background because they can be associated with overlap-
ping biological processes, includingchanged inflammatory
response[4], therefore it is reasonable to expect that over-
lapping gene panels could predict the response to the
same therapy in these two conditions.
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Gene expression profiling has been successfully used
on tissue samples or blood for the identification of bio-
markers and/or genome classifiers in various disorders,
such as breast cancer [5] and asthma [6]. Peripheral
blood mononuclear cells (PBMCs) contain cells affected
by inflammation, such as circulating monocytes, T-
lymphocytesand B-lymphocytes. Therefore gene expres-
sion patternsof PBMCsmay reflect mechanisms of the
disease, and the challenge is to producepharmacoge-
nomics biomarkers and/or genome classifiersfor clinical
decision making through the development of assays
based on gene panels predicting response to therapies
or disease progression [7]. It would be particularly inter-
esting to know how the PBMCs of patients with CD or
RA respond to the same biological therapy and, if discri-
minating gene panels are available, what the degree of
similarity between such panels is in predicting the out-
come of therapy and disease progression.

There is a clear need for a set of biomarkers and/or gen-
ome classifiers predicting response to infliximab therapy,
underscored by two important problems. First, about 35%
of patients with CD [8] and 20% to 40% of patients with
RA [9,10] fail to respond to this therapy. Second, efficacy
may decline afterswitching to a second TNFa inhibitor
[11]. Therefore, predicting whether a patient will respond
to a particular therapy before starting the first therapeutic
option is clearly an unmet medical need. This predictive
ability would have a strong effect on the use of these medi-
cations, and could lower healthcare costs and give the
patient the opportunity to receive ‘personalized’ therapy.
Biomarkers or sets of biomarkers and/or genome classi-
fiers predicting response to therapy by using the least inva-
sive peripheral blood sampling have clear advantages [12].

The response to infliximab therapy has been examined
in CD by using colon biopsy samples [13] and in RA using
blood [14,15] as well as synovial biopsy [16]. A comparison
of the response from the genomic perspective in both con-
ditions in PBMCs has never been documented.

In the present study, we performed PBMC global gene
expression profiling for filtering the genome for target
genes on one cohort of patients with CD and one cohort
with RA. Wethen performed RT-quantitative PCR gene
expression in PBMCs on independent cohorts,followed by
multivariate analyses to identify interrelated gene sets that
can differentiate responders from non-responders to
infliximab therapy in an independent cohort. Compared to
studies in which single genes differentiating between
responders and non-responders are the focus, our analysis
put an emphasis on identifying interrelated gene panels
showing differences between the above-mentioned groups.

Our results demonstrate that peripheral blood gene
expression profiles are suitable for determining panels of
interrelated genes with high discriminatory power,as
shown by cross-validation analyses that can differentiate
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responders from non-responders to infliximab therapy
at baseline in cohorts of patients with CD and with RA.
We found that distinct, non-overlapping panels of inter-
related genes can be used to predict the responder sta-
tus in these conditions.

Methods

Patient samples

The Institutional Review Board of University of Debre-
cen Medical and Health Science Center approved the
clinical protocol and study, which were in compliance
with the Helsinki Declaration. Signed informed consent
was obtained from all individuals providing blood
sample.

In total, 40 Caucasian patients with CD (16 females, 24
males) diagnosed by clinicians; and 34 Caucasian patients
(28 females, 6 males) who met the 2010 European League
Against Rheumatism/American College of Rheumatology
(ACR) classification criteria[17] for RA were included in
the study; all of whom had active disease at the time blood
was drawn. Regarding the study design, 20 patients with
CD and 19 with RA were included in the first test cohort
for microarray experimentsampling at baseline and week
2. For the validation cohort, samples from 20patients with
CDand 15with RAat baseline were included in the RT-
quantitative PCR experiments. The schematic outline of
our study design is given in Figure 1.

All blood samples were obtained after the partici-
pantsfasted overnightfor 12 hours locally between 8:00
am and 9:00 ambefore the first admission of infliximab
at week 0 (baseline) and the second at week 2; and were
processed within one hour after sample collection.

Medicationsthatremained unchanged during the study
and patient co-morbiditiesare shown in Tables 1 and 2.
Co-medication was given after blood was taken.

Clinical parameters, including Crohn’s disease activity
score (CDAI), C-reactive protein (CRP), hemoglobin, leu-
kocyte and neutrophil counts in CD; and Disease Activity
Score (DAS28), Health Assessment Questionnaire
(HAQ), CRP and disease-modifying anti-rheumatic drugs
(DMARDs) in RA were assessed at the time of the first
infliximab infusion (baseline), at the second infusion
(week 2), and at week 6 or 14 when the responder status-
was determined based on clinicians’ assessment.

The inclusion criteria in RA were fulfillment of the
2010 European League Against Rheumatism/ACR classi-
fication criteria; age between 20 and 60 years; failure to
respond to at least two DMARDs; active disease (DAS28
>3.2);and anti-TNFa therapy-naive patients or previous
anti-TNFa use at least 3 months prior to blood sampling.
Prednisone therapy <10 mg per day was allowed provided
that the dosage had been stable for at least 2 months
before entryand non-steroidal anti-inflammatory drugs
were allowed in doses stable for at least 1 month before
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Figure 1 Schematic outline of the study design. CD,Crohn’s disease;NR, non-responder; R, responder; RA, rheumatoid arthritis.

Microarray analyses
(Pre-filtering genes)

\

e~ Filter by Mann-Whitney U test

L RT-QPCR (Tagman Low
Density Arrays)

b Canonical Variates Analysis

—
— Performing cross-validation
L and identifying the gene
panels with the best

discriminatory power

baseline.Patients were on maximal-tolerable methotrex-
ate treatment (5 to 30 mg per week), which had to be
stable for at least 4 weeks before baseline.Exclusion cri-
teria were pregnancy or breastfeeding; current or recent
cancer; active infectious disease; a history of an acute
inflammatory joint disease of different origin; and
smoking.

Inclusion criteria in CD were clinically diagnosed CD;
age between 20 and 60 years; CDAI >250; anti-TNFa

therapy-naive patients; and prednisolone therapy with a
dosage of less than 10 mg/day.Exclusion criteria were
pregnancy or breastfeeding; current or recent cancer;
active infectious disease; and smoking.

Responder status was determined by a CDAI decrease of
100 points compared to baseline in CD at week 6; and by
ACR categories at week 14 in RA (ACR0% and ACR20%
improvement represent the non-responder; ACR50% and
ACR70% represent the responderstatus).

Table 1 Summary of the clinical parameters of patients with Crohn’s disease

Responders Non-responders

Test cohort

At baseline 14 6
Gender (male/female) 8/6 4/3
Age (years) 36.2+14.6 36+154
CDAI 319.6+41.3 351.5£33.1
CRP (mg/ml) 22.7+20.2 1354289
Hemoglobin (g/1) 1251176 1206+27.6
Leukocytes(g/l) 9+3.3 8+3.1
Neutrophils (%) 70+8.9 745+89

Responders Non-responders
Validation cohort Difference
13 7

8/5 4/4
26.8+8.7 30.245.1 Non-significant
3383+61.7 370.7+48.1 Non-significant
27.2+436.2 16.5£11.6 Non-significant
130£17.9 12712 Non-significant
75423 924238 Non-significant
74481 728457 Non-significant

CDAI, Crohn’s disease activity index; CRP, C-reactive protein. Data are shown as mean +SD.
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Table 2 Summary of the clinical parameters of patients with rheumatoid arthritis

Responders Non- or moderate responders Responders Non- or moderate responders

Test cohort Validation cohort Difference

At baseline 6 13 4 11
Gender (male/female) 1/5 2/11 0/4 3/8
Age (years) 443493 47+10.7 54+17 56.2+6.8 Non-significant
DAS28 5.6+0.3 52+0.7 52+0.06 54405 Non-significant
HAQ 1.2+0.7 2+0.6 1.5+1.1 1.9+0.7 Non-significant
CRP (mg/ml) 16.8+18.3 283+238 18.9+183 9.5+10.3 Non-significant
DMARDs 2.8+09 26+0.7 3+0.8 2714 Non-significant

CRP, C-reactive protein;DAS28, Disease Activity Score; HAQ, Health Assessment Questionnaire; DMARD, disease-modifying anti-rheumatic drug (methotrexate).

Data are shown as mean+SD.

Peripheral blood mononuclear cell and RNA isolation
Venous peripheral blood samples were collected (10 ml) in
Venous Blood Vacuum Collection Tubes containing
EDTA (BD Vacutainer K2EDTA, Becton Dickinson, New
Jersey, United States). PBMCs were separated by Ficoll
gradient centrifugation. Total RNA was extracted from
PBMCs using Trizol reagent (Invitrogen, Carlsbad, Cali-
fornia, United States), according to the manufacturer’s
protocol. RNA quality was checked onan Agilent Bioanaly-
zer 2100 (Agilent Technologies, Santa Clara, California,
United States); all samples had a 28S/18S ratio between
1.5 and 2.0 and the RNA Integrity Number was between
9 and 10. Quantity was determined usingNanoDrop
(Thermo Scientific, Waltham, Massachusetts, United
States).

Microarray

AffymetrixGeneChip Human Gene 1.0 ST array (Affyme-
trix, Santa Clara, California, United States) was used to
analyzethe global expression pattern of 28,869 well-anno-
tated genes. Ambion WT Expression Kit (Applied Biosys-
tems, Foster City, California, United States) and GeneChip
WT Terminal Labeling and Control Kit (Affymetrix) were
used for amplifying and labeling 250 ng of RNA samples.
Samples were hybridized at 45°C for 16 hours and then
standard washing protocol was performed using GeneChip
Fluidics Station 450 and the arrays were scanned on Gene-
Chip Scanner 7G (Affymetrix).

Univariate data analysis

Microarray data (Gene Expression Omnibus accession
number: [GEO:42296]) were analyzed with Genespring
GX10 (Agilent Technologies). Affymetrix data files were
imported using the robust multi-array analysis algorithm
and median normalization was performed, then genes
with low expression levels were filtered out removing the
lowest 20% based on raw intensity values.Differentially
expressed genes between responders versus non-respon-
ders and baseline versus week 2 conditions were identified
using Mann-Whitney U test with a fold-change cut off 1.5.

RT-quantitative PCR measurements

Gene expression data were obtained using TagMan Low-
Density Array (Life Technologies, Carlsbad, California,
United States). Our custom-designed TagMan LowDensity
Array card allows for two samples to be run in parallel
against 96 TaqMan gene expression assays. Based on our
microarray experiment and the relevant literature, 91
genes were chosen; the remaining fivegenes were house-
keeping genes for normalization (ACTB, GAPDH, HPRT1,
PPIA andRPLP0). cDNA was generated with High Capa-
city cDNA Reverse Transcription Kit (Life Technologies)
according to manufacturer’s protocol. RT-quantitative
PCR amplification was performed using an ABI Prism
7900HT instrument (Life Technologies).Relative gene
expression levels were calculated by a comparative Ct
method that results in normalizing to PPIA(Peptidylproly-
lIsomerase A (Cyclophilin A))expression for each sample.

Multivariate data analysis: canonical variates analysis or
linear discriminant analysis

Separation between predefined groups of objects is best
revealed by canonical variates analysis (CVA). This
method is the extension of linear discriminant analysis
(LDA), and the two terms are used equivalently in this
study. CVA was used to determine whether the groups of
respondersand non-responders are separable in the multi-
dimensional space spanned by the genetic variables, and if
so, which gene subsets have the best discriminatory
power. The results of CVA are the so-called canonical
scores obtained from the canonical functions derived
through eigenanalysis, which serve as coordinates of
observations in the canonical space. A more detailed
description about CVA is included in Additional file 1.

A receiver operating characteristic (ROC) curve shows
the performance of a binary classifier. The curve provides
a complete sensitivity and specificity report, where each
point represents a sensitivity-specificity pair at various cut
points. The area under the ROC curve (AUC) is a diagnos-
tic measure indicating how a parameter can distinguish
between two groups (responder and non-responder).
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Automated gene panel generation

LDA [18]and ROC analyses were performed using R
software (R Development Core Team [19]) with
packages MASS[20] and ROCR[21], respectively, to
automatically generate gene panels according to thefol-
lowing algorithm (Figure 2):

1. The set of ‘genes in model’ is created. This set
represents the genes that were not yet removed perma-
nently. Initially, this set contains all genes. A set of
genes with ‘already tested genes’ is also created. Initially,
this set is empty.

2. The F-value, that is, the ratio of between-group
variability and within-group variability, is calculatedfor
each gene.

3. The classifier algorithm (LDA) is run using the set
of ‘genes in model’. The accuracy percentage value is
recorded as the’best accuracy value’.

4. The set of ‘selectable genes’ is defined as:’selectable
genes’= ‘genes in model’ minus ‘already tested genes’. If
the group of ‘selectable genes’ is not empty, the algo-
rithm is continued in step 5. Otherwise, thealgorithm
skips to step 7.
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5. A gene is selected from the set of ‘selectable genes’
(to avoid performing the same calculation more than
once as well as to terminate the algorithm) according to
the following models:

a. Randomly with equal probabilities (uniform
model);

b. Randomly with a probability that is inversely pro-
portional to their F-value (F_propmodel);

c. Genes with the lowest F-values (min F model).

6. In either case, the selected gene is temporarily
removed from the set of ‘genes in model’. The advantage
of using stochastic models instead of min F model is
that theycan provide bettersegregation of patient groups.
Uniform and F_prop models represent stochastic algo-
rithms whilethe min F model is deterministic.

7. The classifier is run using the (temporarily reduced)
set of ‘genes in model’.

a. If the accuracy percentage value becomes lower,
the selected gene isreinserted into the set of ‘genes

Running LDA algorithm
using (reduced) "genes in
model" and calculating
accuracy value

T

Choosing a gene randomly out
of "selectable genes”, this

N gene is removed temporarily

from "genes in model".

Creating a set of "genes in
model" (containing all genes);
and a set of "already tested
genes" (initially empty)
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"genes in model". g
Calculating and recording =
accuracy value as the [~
"best accuracy value". 2
&
@
i=
|—

Calculating set of
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minus (-)
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Figure 2 Schematic flowchart of automatic gene panel generation. LDA, linear discriminant analysis.
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in model’ and added to the set of ‘already tested
genes’.

b. If the accuracy percentage value is at least as good
as the ‘best accuracy value’, theselected gene is per-
manently removed from ‘genes in model” and the set
of ‘already tested genes’is emptied. The ‘best accu-
racy value’ is overwritten with the calculated accu-
racy value.The algorithm returns to step 4.

8. The algorithm ends. The outputs include the set of
‘genes in model” and ‘best accuracy value’.

Results

Clinical characteristics

In CD, we identified 14 respondersand 6 non-responders
in the test cohort; and 13 responders and 7 non-respon-
ders in the validation cohort. There were no significant
differences regarding age, CDAI, CRP, hemoglobin, leuko-
cytes or neutrophils between the responders and non-
responders (Table 1).

In RA, we used a binary outcome variable to assess clini-
cal responder status: patients with ACR0% or ACR20%
scores were classified as non-responders; and patients with
ACR50% or ACR70% scores were classified as responders.
We identified 6 responders and 13 non- or moderate-
responders in the test cohort; and 4 responders and 11
non- or moderate-responders in the validation cohort.
There were no significant differences regarding age,
DAS28, HAQ, CRP, rheumatoid factor, anti-cyclic citrulli-
nated peptide (anti-CCP)antibody status or DMARDs
between respondersand non-responders (Table 2).

Global gene expression analyses identify differentially
expressed genes between responders and non-
responders in Crohn’s disease and rheumatoid arthritis

In CD, global gene expression analysis resulted in a list of
48 genes through filtering steps based on expression levels,
fold-change cut-off at 1.5 and statistical significant ana-
lyses differentiating responders from non-responders at
baseline. Analysis of samples obtained at week 2 identified
12differentially expressed genes with statistically signifi-
cant differences between respondersand non-responders.
Among these genes,ABCC4, BMP6 and THEM5were sig-
nificantly changing at baseline as well; others were new
findings at week 2, such as CA2, CADM2, GPR34, ILIRL1,
MMD, PRDM1, RAD23A and SLC7AS5 (Table Sla in Addi-
tional file 1).

In RA, analysis of baseline samples resulted in a list of
30 genes showing statistically significant differences
between responders and non-responders. From this list,
some of the genes such as RGSIEPSTII, IFI44, IFIT1,
IFIT2, IFIT3, RFC1 and RSAD2 were also significantly
changed at week 2 as well, while others showed changes at
week 2 only, such as ELOVL7, FCGR3A, GPAM, MICA
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and PF4(Table S1b in Additional file 1).There is no over-
lap between the final gene panels of CD and RA regarding
the responder versus non-respondercomparison.

Comparing baseline and week 2 samples resulted in
three genes (AQPY, IGJ and TNFAIP6) with statistically
significant differences. These genes correlate with the
effects of the therapy and disease progression over time.

There is no overlap between the final gene panels of
CD and RA regarding the responder versus non-respon-
der comparison, but AQP9 and TNFAIP6 overlapped
regarding the baseline versus week 2 comparisons,
which account for the effects of therapy.

Biostatisticalanalysis of RT-quantitative PCR gene
expression data

Genes that showed differential expression between
responder and non-responder in the microarray experi-
ment were validated on a biologically independent
patient cohort in both conditions, using an RT-quantita-
tive PCR method.

The RT-quantitative PCR data were analyzed with the
LDA algorithm and lists of gene panels showing a per-
fect segregation between responder and non-responder-
werecreated. Leave-one-out cross-validation was used to
strengthen the statistical power of the lists. ROC-AUC
analyses were visualized to show the true positive and
false positive rates of gene panels with the bestcross-
validation rates (Figure 3).

Based on the accuracy of cross-validation and the sen-
sitivity of these gene panels, the threelists with the best
discriminatory power were chosen for visualization in
both conditions to show how responder and non-
responder patients are segregated (Figure 4). The lists
with the best discriminatory power include BTN3A2,
CD300E, ENDODI, FMN1, KAT2B, ODCI, PBX1and
UBE2H in CD,and [FI44, MX1, ORA2A9P, PF4and
RFCI in RA.

Genes fromgene panels with cross-validation accuracy
over 80% were ranked based on the number of times
they appeared in such gene panels to show the most
important genes in differentiating respondersfrom non-
responders (Table 3).

Discussion

Predicting whether a patient responds to a specific bio-
logical therapy could have significant health and eco-
nomic benefits, but a prediction based only on clinical
parameters and disease activity scores does not yield the
required efficacy. The detection of gene panels including
genome classifiers discriminating between future respon-
ders and non-responders through the minimally invasive
peripheral blood sampling either in CD or RA is clearly
a yet unmet medical and diagnostic need. The most
common approach to this problem is to identify
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individual genes showing statistically significant differ-
ences between responders and non-responders [10].

We combined these two approaches by performing glo-
bal gene expression analyses in a test cohort to identify a
panel of genes that later could be validated in an indepen-
dent cohort. Our more sensitive method yielded several
genes relevant to CD and RA based on the literature.

In CD, examples include CYP1BI that has been marked
as an inflammatory bowel disease marker compared to
healthy controls in peripheral blood gene expression pro-
files [4]; RNASE2 was significantly reduced in patients
with inflammatory bowel disease compared to healthy
controls in peripheral polymorphonuclear leukocytes[22],
as was FCGRIA, an inflammation-related gene thatis up-
regulated in PBMCs of patients withulcerative colitis and
CD [23]. A single nucleotide polymorphism of ILI8RI
[24] or PRDM1[25]was associated with CD.

As regulation of gene activity of interferon response dur-
ing infliximab therapy in RA is associated with the

treatment response based on whole blood gene expression
profiling, it was not surprising to detect numerous genes
related to the interferonpathways that had been previously
investigated [10] such as [FI44, IFI44L, IFIT1, IFIT2 and
IRF2. PTGS2also discriminated patients with RA from
healthy controls in PBMCs at the gene expression level
[4]; and the genetic polymorphism of RFCI modifies
methotrexate transport and metabolic effects and through
that can influence response to treatment[26].

The RT-quantitative PCR technique was used to mea-
sure the expression levels of our pre-selected genes
from the microarray analysis on biologically independent
patient cohorts in both conditions; and LDA was applied
to identify gene panels with the highest discriminatory
power. Univariate analyses may disregard potential
interactions among genes,but LDA can reveal underlying
differences by using genes simultaneously as a gene
panel, providing perfect segregation in the multidimen-
sional space.
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Figure 4 Biostatistical analysis of gene expression data. Three gene lists scored by linear discriminant analysisin (A) Crohn’s disease and (B)
rheumatoid arthritis. Red bars represent non-responders; blue bars represent responders. The larger the distance between the groups and the
smaller the overlap between samples, the higher the power of separation of the gene list.

The high number of gene panels with 100% segrega-
tion and gene panels with accuracy of over 90% after
cross-validation show that it is likely to find such panels
when testing on larger cohorts. This could also mean
that, regarding the development of a diagnostic assay

predicting response to infliximab therapy in RA and CD,
using a gene set containing 20 to 24 genes seems to be
more reasonable than selecting individual gene lists con-
sisting of typically 5 to 8 genes, provided that an LDA-
based approach is used.
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Table 3 List of genes of gene panels with cross-validation
accuracy over 80%

Crohn’s disease Rheumatoid arthritis

Number Gene name Number Gene name
59 UBE2H 26 IFl44

38 OoDC1 19 PF4

33 CD300E 18 RAVER2
33 PCYT1B 16 IFITT

31 AIDA 14 IFIT3

31 RIOK3 12 APOBEC3A
30 PBX1 12 ELOVL7
25 ARHGEF12 12 MICA

24 MMD 12 OR2A9P
23 BMP6 11 IFl44L

23 WARS 11 MME

22 ENDODI1 10 CCl4

21 CYPIB1 10 RGST

21 GCLC 9 IRF7

20 BTN3A2 8 EPSTIT

20 RNFT11 7 MX1

19 CADM?2 6 DHRS9
19 MAPTLC3B 5 RFCT

17 KAT2B 5 SERPING1
16 IL18R1 3 IFl6

15 FMNT 2 IFI35

12 CA2 1 IFITM1

12 ILTRLT 0 GZMB

Order of genes based on the number of times included in gene panels with
cross-validation accuracy over 80%. Number means the number of times the
gene was included in such gene panels.

To provide compact gene panels resulting in a perfect
segregation between responders and non-responders, as
well as a success rate of over 90% after cross-validation, we
detected and visualized these prominent gene panels - in
which many of the genes overlapped in the different groups.
Understanding the limitation of our study regarding
the sizes of the cohorts, we created pool of genes which
appeared the most times in the best performing gene panels
to let other research groups test these in larger cohorts. A
strategy combining such data sets and cohorts worldwide
would have the highest chance of success in providing the
community with validated gene lists usable in any cohorts.

This research could lead us to the diagnostic use of such
gene arrays in predicting the response to infliximab ther-
apy in CD and RA. The final conclusion of our study was
that, althoughan ultimate gene panel might have been
expected to be found, there is no such panel but instead a
pool of genes with high statistical power that could be
tested in further cohorts using LDA.

Conclusions
In this work, we provided twopieces of proof of concept
to show that peripheral blood gene expression profiles
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are suitable for determining gene panels with the high-
est discriminatory power that can differentiate respon-
ders from non-responders at baseline in CD and RA
patient cohorts and can also be validated in independent
cohorts; and despite the similar pathogenetic back-
ground of CD and RA, distinct, non-overlapping gene
panels predict the responder status in these conditions.
Such gene panels couldcontribute to the solution of
unmet needs in clinical decision making by determining
in advance whether a patient willrespond to a specific
and expensive biologic therapy by analyzing the gene
expression patterns of the least invasively obtained per-
ipheral blood samples, therefore prevent the patient
from receiving an inefficient therapy and then cycling to
an efficient one that could not then achieve the same
efficacy as it would have done if used in the first place.

Additional material

Additional file 1: Methods and Tables S1 and S2. Description of
canonical variates analysis. Table S1: Details of the genes used for
validation. Table S2: Reasoning behind choosing ROC-AUC analysis.

Abbreviations

ACR: American College of Rheumatology; AUC: area under the curve; CD:
Crohn'’s disease; CDAI: Crohn’s disease activity score; CRP: C-reactive protein;
CVA: canonical variates analysis; DAS28: Disease Activity Score for 28 Joints;
DMARDs: disease-modifying anti-rheumatic drugs; HAQ: Health Assessment
Questionnaire; LDA: linear discriminant analysis; PBMCs: peripheral blood
mononuclear cells; RA: rheumatoid arthritis; ROC: receiver operator
characteristic; TNFa: tumor necrosis factor alpha.

Competing interests
ZsH is an employee of EGIS Nyrt. The remaining authors declare that they
have no competing interests.

Authors’ contributions

BM designed the study, performed experiments and wrote the paper. SP
designed the study and performed experiments. AV, KP, AV and ZSz
performed sample collection and determined inclusion/exclusion criteria. GZ
designed the study. AH and LS designed the biostatistical algorithm. JP
performed multivariate analyses. LN directed research, designed the study
and wrote the paper.All authors read and approved the final manuscript.

Acknowledgements

We thank MslbolyaFurtos for her help in processing samples and
MsZsuzsaBodnar for coordinating clinical sample collection. The authors are
indebted to DrAndrasPenyige and members of the Nagy laboratory for
discussions and comments on the manuscript. LN is supported by grants
from the Hungarian Scientific Research Fund (OTKA NK72730 and K100196),
EU FP7 (MOLMEDREX FP7-REGPOT-2008-1. #229920) andTAMOP-4.2.2/08/1,
TAMOP-4.2.1/B-09/1/KONV-2010-0007implemented through the New
Hungary Development Plan co-financed by the European Social Fund and
the European Regional Development Fund.This work was supported by
grant ETT 294-07 from the Hungarian Ministry of Health (LN); grant OTKA K
105073 from the National Scientific Research Fund of Hungary (Z5); and by
the TAMOP 4.2.1/B-09/1/KONV-2010-0007 and 4.2.2.A-1/11/KONV-2012-003 1
projects co-financed by the European Union and the European Social Fund
(ZS).The study was also supported by EGIS Pharmaceuticals.Microarray
analysis was carried out by the Microarray Core of the Center for Clinical
Genomics and Personalized Medicine of the University of Debrecen, Medical
and Health Science Center.


http://www.biomedcentral.com/content/supplementary/gm463-S1.DOCX

Mesko et al. Genome Medicine 2013, 5:59
http://genomemedicine.com/content/5/6/59

Authors’ details

'Department of Biochemistry and Molecular Biology, Debrecen, Egyetemtér,
4028, Hungary. MTA-DE “Lendulet” Immunogenomics Research Group,
Research Center for Molecular Medicine, University of Debrecen, Medical and
Health Science Center Debrecen Egyetemtér, 4028, Hungary. *Center for
Clinical Genomics and Personalized Medicine, Medical and Health Science
Center, University of Debrecen, Debrecen, Egyetemtér, 4028, Hungary.
“Department of Rheumatology, Institute of Medicine, University of Debrecen,
Medical and Health Science Center, Debrecen, Egyetemtér, 4028, Hungary.
2" Department of Internal Medicine, University of Debrecen, Medical and
Health Science Center, Debrecen, Egyetemtér, 4028, Hungary. °EGIS
Pharmaceuticals, H-1106 Budapest, Kereszturitt 30-38, Hungary. "UD-
GenoMed, Ltd, Debrecen, Egyetemtér, 4012, Pf 52, Hungary. ®Biological
Institute, LorandEotvos University, H-1117 Budapest, Egyetemtér, Hungary.

Received: 23 May 2013 Revised: 20 June 2013 Accepted: 28 June 2013
Published: 28 June 2013

References

1. Karampetsou MP, Liossis SN, Sfikakis PP: TNF-alpha antagonists beyond
approved indications: stories of success and prospects for the future.
QJM 2010, 103:917-928.

2. Smolen JS, Aletaha D, Koeller M, Weisman MH, Emery P: New therapies for
treatment of rheumatoid arthritis. Lancet 2007, 370:1861-1874.

3. Cohen RD, Tsang JF, Hanauer SB: Infliximab in Crohn’s disease: first
anniversary clinical experience. Am J Gastroenterol 2000, 95:3469-3477.

4. Mesko B, Poliska S, Szegedi A, Szekanecz Z, Palatka K, Papp M, Nagy L:
Peripheral blood gene expression patterns discriminate among chronic
inflammatory diseases and healthy controls and identify novel targets.
BMC Med Genomics 2010, 3:15.

5. Van't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL,
van der Kooy K, Marton MJ, Witteveen AT, Schreiber GJ, Kerkhoven RM,
Roberts C, Linsley PS, Bernards R, Friend SH: Gene expression profiling
predicts clinical outcome of breast cancer. Nature 2002, 415:530-536.

6. Hakonarson H, Bjornsdottir US, Halapi E, Bradfield J, Zink F, Mouy M,
Helgadottir H, Gudmundsdottir AS, Andrason H, Adalsteinsdottir AE,
Kristjansson K, Birkisson I, Arnason T, Andresdottir M, Gislason D, Gislason T,
Gulcher JR, Stefansson K: Profiling of genes expressed in peripheral blood
mononuclear cells predicts glucocorticoid sensitivity in asthma patients.
Proc Natl Acad Sci USA 2005, 102:14789-14794.

7. Aziz H, Zaas A, Ginsburg GS: Peripheral blood gene expression profiling
for cardiovascular disease assessment. Genomic Med 2007, 1:105-112.

8. Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present DH, Braakman T,
DeWoody KL, Schaible TF, Rutgeerts PJ: A short-term study of chimeric
monoclonal antibody cA2 to tumor necrosis factor alpha for Crohn’s
disease. Crohn’s Disease cA2 Study Group. N £ngl J Med 1997,
337:1029-1035.

9. Strand V, Kimberly R, Isaacs JD: Biologic therapies in rheumatology:
lessons learned, future directions. Nat Rev Drug Discov 2007, 6:75-92.

10.  Van Baarsen LG, Wijbrandts CA, Gerlag DM, Rustenburg F, van der Pouw
Kraan TC, Dijkmans BA, Tak PP, Verweij CL: Pharmacogenomics of
infliximab treatment using peripheral blood cells of patients with
rheumatoid arthritis. Genes Immun 2010, 11:622-629.

11. Rubbert-Roth A, Finckh A: Treatment options in patients with rheumatoid
arthritis failing initial TNF inhibitor therapy: a critical review. Arthritis Res
Ther 2009, 11(Suppl 1):S1.

12. Toonen EJ, Gilissen C, Franke B, Kievit W, Eijsbouts AM, den Broeder AA, van
Reijmersdal SV, Veltman JA, Scheffer H, Radstake TR, van Riel PL, Barrera P,
Coenen MJ: Validation study of existing gene expression signatures for
anti-TNF treatment in patients with rheumatoid arthritis. PLoS One 2012,
7:33199.

13. Agnholt J, Kaltoft K: Infliximab downregulates interferon-gamma
production in activated gut T-lymphocytes from patients with Crohn'’s
disease. Cytokine 2001, 15:212-222.

14. Julia A, Erra A, Palacio C, Tomas C, Sans X, Barcelo P, Marsal S: An eight-
gene blood expression profile predicts the response to infliximab in
rheumatoid arthritis. PLoS One 2009, 4:¢7556.

15. Bansard C, Lequerre T, Derambure C, Vittecog O, Hiron M, Daragon A,
Pouplin S, Daveau M, Boyer O, Tron F, Le Loét X, Salier JP: Gene profiling
predicts rheumatoid arthritis responsiveness to IL-1Ra (anakinra).
Rheumatology (Oxford) 2011, 50:283-292.

Page 10 of 10

16.  Lindberg J, af Klint E, Catrina Al, Nilsson P, Klareskog L, Ulfgren AK,
Lundeberg J: Effect of infliximab on mRNA expression profiles in synovial
tissue of rheumatoid arthritis patients. Arthritis Res Ther 2006, 8:R179.

17. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO,
Birnbaum NS, Burmester GR, Bykerk VP, Cohen MD, Combe B,
Costenbader KH, Dougados M, Emery P, Ferraccioli G, Hazes JM, Hobbs K,
Huizinga TW, Kavanaugh A, Kay J, Kvien TK, Laing T, Mease P, Ménard HA,
Moreland LW, Naden RL, Pincus T, Smolen JS, Stanislawska-Biernat E,
Symmons D, et al: 2010 Rheumatoid arthritis classification criteria: an
American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Arthritis Rheum 2010, 62:2569-2581.

18.  Hamadeh HK, Bushel PR, Jayadev S, DiSorbo O, Bennett L, Li L, Tennant R,
Stoll R, Barrett JC, Paules RS, Blanchard K, Afshari CA: Prediction of
compound signature using high density gene expression profiling.
Toxicol Sci 2002, 67:232-240.

19. R Development Core Team (2008): R: A language and environment for
statistical computing. Vienna, Austria; 2008 [http://www.r-project.orgl.

20. Venables WN, Ripley BD: Modern Applied Statistics with S. Fourth edition.
New York: Springer; 2002.

21. Sing T, Sander O, Beerenwinkel N, Lengauer T: ROCR: visualizing classifier
performance in R. Bioinformatics 2005, 21(20):3940-3941.

22. Bovin LF, Brynskov J, Hegedus L, Jess T, Nielsen CH, Bendtzen K: Gene
expression profiling in autoimmune diseases: chronic inflammation or
disease specific patterns?. Autoimmunity 2007, 40:191-201.

23, Chae SC, Yu JI, Oh GJ, Choi CS, Choi SC, Yang VS, Yun KJ: Identification of
single nucleotide polymorphisms in the TNFRSF17 gene and their
association with gastrointestinal disorders. Mol Cells 2010, 29:21-28.

24. Wang K, Zhang H, Kugathasan S, Annese V, Bradfield JP, Russell RK,
Sleiman PM, Imielinski M, Glessner J, Hou C, Wilson DC, Walters T, Kim C,
Frackelton EC, Lionetti P, Barabino A, van Limbergen J, Guthery S,

Denson L, Piccoli D, Li M, Dubinsky M, Silverberg M, Griffiths A, Grant SF,
Satsangi J, Baldassano R, Hakonarson H: Diverse genome-wide association
studies associate the IL12/IL23 pathway with Crohn Disease. Am J Hum
Genet 2009, 84:399-405.

25. Torkvist L, Halfvarson J, Ong RT, Lordal M, Sjoqvist U, Bresso F, Bjork J,
Befrits R, Lofberg R, Blom J, Carlson M, Padyukov L, D'’Amato M, Seielstad M,
Pettersson S: Analysis of 39 Crohn's disease risk loci in Swedish
inflammatory bowel disease patients. flamm Bowel Dis 2010, 16:907-909.

26. Bohanec Grabar P, Logar D, Lestan B, Dolzan V: Genetic determinants of
methotrexate toxicity in rheumatoid arthritis patients: a study of
polymorphisms affecting methotrexate transport and folate metabolism.
Eur J Clin Pharmacol 2008, 64:1057-1068.

doi:10.1186/gm463

Cite this article as: Mesko et al: Peripheral blood derived gene panels
predict response to infliximab in rheumatoid arthritis and Crohn'’s
disease. Genome Medicine 2013 5:59.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/20802008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20802008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11151879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11151879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20444268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20444268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11823860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11823860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16203992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16203992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9321530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9321530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9321530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20555356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20555356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20555356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22457743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22457743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11563881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11563881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11563881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17134501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17134501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20872595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20872595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20872595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12011482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12011482?dopt=Abstract
http://www.r-project.org
http://www.ncbi.nlm.nih.gov/pubmed/16096348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16096348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17453718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17453718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17453718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20016944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18607581?dopt=Abstract

	Abstract
	Background
	Method
	Results
	Conclusions

	Background
	Methods
	Patient samples
	Peripheral blood mononuclear cell and RNA isolation
	Microarray
	Univariate data analysis
	RT-quantitative PCR measurements
	Multivariate data analysis: canonical variates analysis or linear discriminant analysis
	Automated gene panel generation

	Results
	Clinical characteristics
	Global gene expression analyses identify differentially expressed genes between responders and non-responders in Crohn’s disease and rheumatoid arthritis
	Biostatisticalanalysis of RT-quantitative PCR gene expression data

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


