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Inflammatory bowel diseases (IBD), such as Ulcerative colitis and Chron's disease, are severe chronic inflammatory diseases. Despite the
tremendous progress in this field, their pathogenesis remains unclear, their course cannot be predicted and their therapy often fails or is
accompanied by severe side-effects. Moreover, IBD is accompanied by colorectal cancer or primary sclerosing cholangitis in some patients.
By using cutting-edge immunological and microbiological methods, we will search for biomarkers closely related to key pathogenetic
mechanisms. These includes: changes in gut microbial ecology, immune response against microbiota, gut barrier dysfunction and

1



15-28064A Part A

dysregulation of immune system. By identifying the patients with high risk of unfavorable disease progression will lead to more rational use of
preventive and therapeutic measures, thus reduces the morbidity, mortality and the cost of the therapy.
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Immunological biomarkers for noninvasive diagnosis, outcome prediction and therapy selection
in inflammatory bowel disease

Current knowledge

Inflammatory bowel diseases (IBD), i.e. Crohn’s disease (CD) and ulcerative colitis (UC), are severe
chronic inflammatory illnesses of the gastrointestinal tract, affecting approximately 0.2 % of the
population. Although their etiology and pathogenesis is not fully understood, it is generally accepted
that the inflammation results from an aberrant immune response to antigens of resident gut microbiota
in genetically susceptible individuals.(1) With 10 times more cells than human body, microbiota
represents major stimulus to development of immune system and many other physiological
functions.(2-4) This is most striking in the gut, where microbiota reaches the highest numbers. The
human gut microbiome is composed of at least 1000 distinct bacterial species, out of which almost
50% cannot be cultivated ex vivo and therefore properly studied.(5) It has been proposed, that either
imbalances in intestinal microbiota (dysbiosis), or presence of commensal bacteria with increased
virulence (e.g. Adherent-invasive Escherichia coli, Mycobacterium avium s. paratuberculosis) in IBD
patients, could both cause excessive immune response to microbiota, by disrupting the microbiota-
mucosa interaction, penetrating through the mucosal barrier and stimulate local and systemic
immunity.(6-9)

Antigens in the gut lumen are separated from the host's tissue by very sophisticated barrier
system made of thick mucus layer and tightly connected line of epithelial cells. This barrier prevents
the excessive interaction of these potent antigens with mucosal immune system. Furthermore, the
mucus barrier function is strengthened by biologically active substances produced by other epithelial
(defensin) or immune (secretory IgA) cells. Apical part of the epithelial cells is sealed by a dynamic
complex of proteins regulating cellular connectivity — Tight junctions. Disruption of the barrier
(defects of the epithelial continuity) increases permeability and contact with resident microbiota
antigens, which is one of the key steps in pathogenesis of IBD and also many other diseases, as we
recently reviewed.(10)

The impairment of host-microbe interaction was corroborated by genome-wide association
studies, by finding that IBD patients have numerous mutations in genes encoding recognition,
processing and killing of microorganisms, autophagy, and regulation of immune processes.(11, 12)
Disruption of T lymphocyte regulatory functions and impairment of the mucosal immune response to
normal microbiota play a crucial role in the pathogenesis of chronic intestinal inflammation.(13).
Although a role of Thl and Th17 and their effector functions (cytokine production) in the
pathogenesis of CD has been proved, the presence of increased antibody levels against some microbial
constituents in sera of patients suggest the possible biological role of B cell products.(14) The higher
levels of certain antibodies against microbial antigens (e.g. ASCA, Ompc, CBirl and against
saccharide epitopes) or other biomarkers (e.g. fecal calprotectin) in IBD patients could be used for
diagnostic purposes, and relapse prediction. However, the utility of these serological markers in daily
clinical practice is still rather low.(15, 16) The diagnosis of IBD and its clinical staging is still based
mainly on patient’s history and medical examination, where endoscopy plays major part.

There are several well-established approaches (both surgical and conservative) to manage
IBD, including classical anti-inflammatory drugs and biologicals, and the ideal therapeutic strategy
depends on the type and extent of the disease.(17) But despite the well-established headlines in IBD
therapy, discontinuation of pharmacological intervention due to the inefficiency or adverse events is
very common in IBD for all types of therapy.(17-19) Ability to predict the disease relapses and
complications or suggest the ideal therapy for particular patient during the first patient's admission to
the hospital is a “Holy Grail” of IBD diagnostics.

The most dreaded complication of the IBD is colorectal cancer. With age-standardized
incidence rates of 91.2 per 100000 in males and 44.3 per 100000 in females, colorectal cancer (CRC)
is one of the most common malignant neoplasia in the Czech Republic, reaching the top numbers in
Europe.(20) The development of this malignancy is tightly linked with inflammatory changes,(21) and
its risk is almost 40 times higher in patients with UC than in general population.(22) New biomarkers,
capable to predict the development of this complication, could therefore lead to early diagnosis in this
particular risk group. Primary sclerosing cholangitis (PSC) is another serious complication of UC,



which occurs even in 3 — 7.5% of UC patients. Moreover, PSC is a risk factor for development of both
cholangiocarcinoma and colorectal carcinoma, in which the risk factor is even higher than in isolated
UC.(23) Based on current knowledge the inflammatory bowel disease in patients with PSC could be
considered as a distinct phenotype of IBD, in which colitis has a phenotype different from this of
conventional IBD.(24) The pathogenesis of gut and liver damage in this complex clinical unit is
deeply interconnected. While, the portal bacteremia causes pathological activation of the NF-xB
pathway in the biliary epithelial cells via an aberrant bacterial translocation through the inflamed
intestine (gut barrier failure),(25) the alteration of gut microbiota may lead to liver damage by
changing the metabolism of bile acids.(26)

Biomarkers Definitions Working Group defined biomarker as a characteristic that is
objectively measured and evaluated as an indicator of normal biological processes, pathogenic
processes, or pharmacological response to a therapeutic intervention.(27) Only by predicting the
unfavorable disease progression, therapy failure or even the serious therapy-related adverse events,
one may be able to prevent them without useless, unnecessarily aggressive and expensive therapeutic
options. The best biomarkers are molecules tightly connected to disease pathogenesis, moreover, some
of them could became good target for biological therapy in the future. The ideal biomarkers for IBD
should, therefore be molecules related to immune response to commensal microbiota, or even some
member of gut microbial community, markers of gut barrier failure and molecules with immuno-
modulatory properties such as cytokines.

Hypothesis

Recent studies and our previous results imply that development of certain disease-specific and
therapy-specific complications could be predicted by use of suitable biomarkers. With reliable
biomarkers, clinicians may be able to tailor-made the IBD therapy or follow up for each patient, thus
preventing serious disease- or therapy-related complications. This approach will then not only improve
the patient's morbidity, but it will also reduce the cost of the therapy. For the best results, these
biomarkers should be recruited from known crucial steps in IBD pathogenesis, dysbiosis, gut barrier
failure and dysbalance in immune system regulation. We hypothesize that some gut bacteria penetrate
into the deeper layers of the mucosa, and elicit an increased immune response which can be detected
both on humoral and cellular level. These changes are preceded or followed (vicious circle) by signs of
gut barrier failure and immune system dysregulation. Some of these signs may be used to predict the
course of the disease, select the best therapy and assign the particular patient to the high risk group,
suitable either for aggressive therapy or closer follow up.

Aims and objectives

The general theme of the project is finding the biomarkers in UC and CD patients, that correlate with
disease progression (i.e. relapse prediction) and pharmacotherapy outcomes. The general aim of this
project is to use these molecules, closely related to IBD pathogenesis, as biomarkers suitable for fast,
reliable and non-invasive diagnosis and disease/therapy outcome prediction. This general aim could be
divided into several specific aims, following the key moments of IBD pathogenesis. Each parameter
will be correlated with the disease course and therapy outcome:

1) To screen the cytokines, chemokines and growth factors in the sera of IBD patients with broad-
spectrum protein microarray

2) To measure the serum levels of specific antibodies (B cell response) directed against bacteria with
ELISA.

3) To analyze the phenotype and in vitro immune response of peripheral blood lymphocytes against
microbial antigens in patients with IBD and compare it to healthy controls (T cell response).

4) To characterize the intestinal barrier function by measuring specific serum markers of epithelium
damage (e.g. i-FABP or caspase-cleaved cytokeratine 18) and antibodies against commensal
microbiota.

5) To analyze the gut microbiota composition as a biomarker

6) To validate new biomarkers by correlations with already used biomarkers (ASCA, ANCA
antibodies in serum or calprotectin in stool)



7) By long-term monitoring and retrospective analysis of samples from IBD patients (taken from the
IBD serum bank at the IKEM) verify the predictive value of selected serum biomarkers in the
development of the disease or its complications

Methods

Patient recruitment and sample collection

Clinical samples - stools, blood for serum and blood cells - will be collected from patients with CD,
UC and inflammation-related colon cancer during routine outpatient visits. State of the disease in
patients will be evaluated with standard clinical, endoscopic and histopathological criteria (e.g. HBI,
CDEIS, Mayo score for UC) as a part of the routine examination.(28-30) The control subjects (without
intestinal pathology) will be recruited during the colonoscopy performed as a part of the preventive
screening for colorectal cancer. Due to the considerable inter-individual variability in the microbiota
composition and in immune response to the microbiota, we will need approximately 70 of each CD
patients, UC patients, patients with IBD-related colon neoplasia (including all stages of carcinogenesis
such as dysplasia, adenoma and carcinoma), PSC-UC patients and control subjects. We will also
collect patients in the different stages of the disease (flare-up vs. remission) and those with concurrent
PSC. Informed consent and ethical committee statement is attached below. The stool sample will be
collected during scheduled examination at the outpatient unit of the clinic, together with other
scheduled sample collection. The patients scheduled for the examination will be contacted and
instructed by their physician by phone and if they agree to the enrolment in the study, the standard
collection tube for stool sample and basic instructions for the collection will be mailed in advance. The
stool sample will be frozen within 5h of collection and stored at -80°C until the DNA extraction.

Extraction of bacterial DNA and microbiota analysis

Bacterial DNA for microbiota taxonomy will be extracted using repeated beat beating method
described by Yu and Morrison (31). DNA will be further amplified using the primers from study by
Milani et al. (22, 32) and Q5® Hot Start High-Fidelity DNA Polymerase (New England Biolabs). The
product consisting of relatively wide region of bacterial 16S rRNA gene will be then sequenced using
the lon Torrent PGM platform (Life Technologies). This should allow us to assess the classification to
quite low taxonomic rank and analyze the differences between each groups of patients (PSC, UC,
“PSC-UC,” controls). Selected groups of microbes will be then quantified by gPCR, using standard
protocols.(33)

Serum cytokine analysis

Serum levels of cytokines will be measured by state-of-the art broad-spectrum protein microarrays
(Ray Biotech), and by well - established ELISA and Luminex. With this approach, we can get
information about many potential biomarkers (up to 507 in one analysis), and quantify selected ones.
Results will be compared between IBD and control group, and in same disease in different time-points
(e.g. during both relapse and remission periods in the same patient), and especially in case of therapy
failure or if unexpected complication occurs during the study. The biomarkers will be validated and
compared with those already known (e.g. high sensitivity CRP, ASCA, ANCA in sera, and
calprotectin and lactoferrin in stool) and with disease activity indexes

Analysis of gut barrier function

There are several markers of gut barrier failure that can be measured from serum, and since gut barrier
damage is an important step in IBD pathogenesis, these are obvious candidates for biomarker research.
These includes intestinal fatty acid binding protein (i-FABP) that is released from the gut epithelium
when it is damaged.(34) The ratio of caspase - cleaved fragments of keratin 18 (m30) and its
uncleaved form (m65) can be used to measure the damage to epithelium and distinguish between
apoptosis and necrosis. This approach has been used to monitor damage to liver epithelium, making it
especially interesting to PSC-UC group.(35) All these markers are commercially available as an
ELISA kit suitable for human serum, plasma or even urine. Since the immune system is strongly
primed against own microbiota during barrier failure, serum titers of IgA and I1gG antibodies against
the bacterial antigens can give good information on the condition of gut barrier. The anti-microbiota



antibodies will be analyzed by in-house ELISA, which was previously developed in our
laboratory.(36)

Phenotyping of blood cells

Since the cellular response against microbiota may be more appropriate biomarker, we will analyze the
response of peripheral blood mononuclear cells (PBMCs) to microbiota in vitro. The blood will be
collected into the tubes containing anticoagulant EDTA and transported at room temperature to the
IMIC. Here, the PBMCs will be isolated using discontinuous Percoll gradient and cultivated with the
selected bacterial antigens, including those suspected from driving intestinal inflammation (e.g.
adherent-invasive E. coli).(6, 37) The cytokine response (e.g. IFN-y, IL-17 and TNF-o) and the T cell
phenotype will be measured by ELISA and flow cytometry, respectively.(38)

Statistical analyses and bioinformatics

For the data mining and bioinformatic analyses of the complex data (e.g. microarray or gut microbiota
sequencing), we will use state-of-the art approaches, currently used in our laboratory. Typical cytokine
pattern that can best discriminate between our groups of subject, will be searched by a semi-supervised
prediction analysis using the Prediction analysis of microarray (PAM) method as described previously
(39) By calculating the false discovery rate (FDR) in our predicted biomarker set, the power of the
prediction will be analyzed with the significance analysis of microarrays (SAM) method as previously
described.(40) To identify the biological pathways enriched in our datasets, we will perform pathway
analysis using free bioinformatic tools (e.g. The Database for Annotation, Visualization and Integrated
Discovery - DAVID, KEGG pathway database or COPE cytokine database). The microbiota
bioinformatics will be performed using well established pipelines and the identification of microbiota
will be dune using available databases (e.g. SILVA database od 16S rRNA available at
http://www.arb-silva.de/) and related web-based toolkit.(41, 42)

The statistical analysis of the data will be done using standard approaches, including both parametric
and non-parametric tests comparing quantities between experimental groups, followed by suitable
post-hoc tests if appropriate. For the measurements using different methods (e.g. validation of the
results found by microarray by ELISA) we will use unbiased (e.g. Passing and Bablok) regression
analysis.

Time schedule

2015

During 2015, we will collect first set of clinical samples for the training part of the analysis. The
sample collection will continue throughout the project to collect samples for the validation part of the
study and follow up. We will also perform first set of peripheral blood cells stimulation in vitro. These
experiments will also continue throughout the proposed project since they are dependent on the
collection of fresh blood. First set of biomarker profiling by protein microarrays will be performed
once the sufficient amount of samples will be collected (probably late 2015 or early 2016)

2016

In 2016, we will continue with the experiments outlined during 2015 as well as with with the sample
collection. We will perform advanced bioinformatic analysis of microarray results and perform and
analyze the gut microbiota composition. We will also perform the analysis of markers of gut barrier
function, and select the best candidate microbial antigen for the detection of serum antibodies against
bacteria and its components by ELISA.

2017

In 2017, we will continue with the gut barrier function analysis, increase of the studied cohort and start
validation of the selected panel of biomarkers and transfer the analyses from more complex methods
(microarray and sequencing) to the methods more usable in the clinical laboratory settings (ELISA,
PCR and bead assays).

2018

In 2018, we will finish the experimental part, perform a final evaluation, analysis of the adverse events
and publish the results. We will set up for the longer follow-up and apply for the next project.

Collaboration of participants



There are two institutions, with long and successful history of collaboration, directly involved in the
current project: 1) IKEM, which will take part in the project coordination and where the patients will
be recruited, examined and clinical samples will be collected. Here also will be performed Luminex
analysis 2) Institute of Microbiology ASCR, v.v.i. (IMIC), which will be performing the
immunological and microbiological analyses. The long history of collaboration and proximity of both
institutes will greatly simplify the project management.

International collaboration

Both participants, IKEM and IMIC, are is internationally recognized scientific institutes connected to
the broad network of experts that stretches worldwide. Members of the research team have long
history of international cooperation, as documented by their publications, and their participation in
international projects (e.g. Framework 5th, 6th and 7th of the EU, cooperative projects of NIH, USA).
These collaborations included colleagues from the Netherlands (prof. Chris Mulder, prof. Jerry Wells),
Denmark (Prof. Axel Hansen), Italy (Dr. Andrea Tringali), USA (Prof. Koichi Kobayashi), Canada
(Dr. Elena Verdu) to name few recent ones.

Importance of the proposed project

As briefly outlined in the introduction, IBD results from dysregulated immune response to gut
commensal microbiota and it is accompanied by gut barrier failure and dysbiosis. Therefore, we will
study these pathogenetic mechanisms by serum protein profiling, analysis of the gut microbiota, and
analysis of the humoral and cellular immune response. Recent advances in science and technology
now allow to study these mechanisms in more details than ever before. Practical use of serological
tests in non-invasive diagnostics of IBD is not widely used because of the lack of reasonable
specificity and sensitivity of available tests. It is supposed that finding of the new markers (cytokine
panels or new specificities of antibodies directed against intestinal microbiota components) will
increase the specificity and sensitivity these non-invasive tests and expediting the diagnostic process
in the IBD patients. Moreover, by profiling the biomarkers, we can also unravel new part of IBD
pathogenesis or even find suitable targets for future biological therapy. Therefore, this project connects
three long-term research interests of laboratory at the IMIC and Hepatogastroenterology clinic of
IKEM: microbe interactions with host immune system, intestinal inflammation, cytokine profiling and
searching biomarkers suitable for early diagnostics.

Qualification of the research team and preparedness of the laboratories
Patients and healthy individuals' material (blood and fecal samples) will be provided by experienced
gastroenterologist Assoc. prof. Pavel Drastich and two of his PhD students (dr. Bajer and dr. Brezina)
from the Clinic of Hepatogastroenterology at the IKEM, which is one of the most important health
care institutions in the Czech Republic. This is where the examination of all the patients involved will
be carried out as well.
Assoc. prof. Drastich will be responsible for general management of the project (including the
publication and presentation of the results) and, as a highly experienced physician, will also supervise
the clinical evaluation of the patients.
Prof. Spicak, head of the department and president of Czech Gastroenterological Society, will
supervise the selection of inclusive patients and evaluation of the results in order to introduce them
into clinical practice. He, as a highly respected expert in the field, will also present the results at
various international events.
Dr. Bajer and Dr. Brezina are both postgraduate students at IKEM. They will coordinate the collection
of the samples from the selected patients. They will also perform and assess the Luminex analyses and
PCR and gPCR and correlate the results with clinical condition of the patients, analyses, respectively.
Two technicians (10 % of work capacity) be responsible for samples preparation and storage and
related administrative tasks.
Laboratories at IKEM are equipped with all equipment required for the successful participation on the
project, including Luminex analyzer and both conventional and RT-PCR cyclers.

Research in the Laboratory of cellular and molecular immunology of the IMIC is focused on
the developmental and regulatory mechanisms of mucosal and systemic immunity and their use in
biomarker research. Several commercially available tests were developed in the laboratory in the past.



Members of the team are highly experienced in immunological methods. Dr. Kverka will mainly
coordinate the work at IMIC, mentoring the student involved in the project, analyze and interpret the
data from the experiments and participate on the result publication and presentation. Prof. Tlaskalova-
Hogenova will interpret the experimental data and participate on presenting and publishing the results.
Postgraduate student MSc. Dusilova will perform the experiments in vitro and flow cytometry
analyses and perform the molecular microbiology techniques. PhD student will be hired for the
proposed project and will perform the immunological analyses. Technician (20 % of work capacity)
will perform routine laboratory work (e.g. image analysis) advanced bioinformatics and administrative
activities. Laboratories at IMIC AS CR are well equipped and the members of the team have full
access to all laboratory equipment needed for the project (including LASER scanner with high
resolution, flow cytometer and sequencing analyzers. The last steps in the bacteria sequencing will be
performed at the Institute of animal physiology and genetics AS CR, v.v.i. (located on the same
campus) using lon Torrent sequencer by Dr. Mrazek.

Expected results and significance of the project

The proposed project will have significant impact on both basic science and medical practice, because
the search for new biomarkers will not only bring new knowledge about IBD pathogenesis, which will
be used to prepare a ground for new noninvasive diagnostic and predictive approaches. These
approaches might provide the methodological basis enabling swift and reliable determination of
diagnosis, possible disease prognosis and definition of patients resistant to the conventional therapy,
ultimately improving disease management with positive medical as well as socio-economic output.
Moreover, some of the new biomarkers could be considered as targets of new biological therapies. The
project will bring important results which will be published in three impacted scientific journals and
presented at international and national conferences. The deliverables are quantified in the section C2
of this proposal (3 articles in international impacted journals, 2 articles in Czech peer-reviewed
journals and 3 articles in conference proceedings).

Benefits of the project

We presume that new biomarkers will extend the spectrum of noninvasive tests important not only for
diagnostics or differential diagnosis of CD and UC, but also in the prediction of these grave diseases.
The proposed project is very relevant to the present and future needs of the society. The Czech
Republic belongs among the countries with the highest incidence of colorectal cancer as well as IBD.
The panel of biomarkers revealed with this study could extend the spectrum of noninvasive tests used
in IBD diagnostics, outcome prediction and simplifying the physicians’ therapy decision making
(applied research), ultimately leading to improvement of quality of life of IBD patients and savings for
the health care delivery system. Important part of the project is education of 4 PhD students of
biomedicine. The project’s aims are in agreement with the international focus on biomarker discovery
and early diagnosis, international cooperation between Czech medical research and world science and
support of young scientists.
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