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GENERAL INFORMATION

Venue:

Educational Centre (Vyukové centrum)
Charles University, Faculty of Medicine
University Hospital (Fakultni nemocnice)
Hradec Kralové

Conference office:

The conference office is to be set up for information
and registration at the Educational Centre
in the University Hospital at the following opening hours:

Thursday, 21 November 9.30 - 17.00
Friday, 22 November 8.00 - 14.00

Official language:
English

Presentation time:
Lecture 15 min
Discussion 5 min

Accommodation of participants:

Hotel Nové Adalbertinum
Velké namésti 32
500 03 Hradec Kralové 2



WELCOME

Dear friends and colleagues,

I would like to welcome you to the 10th International Medical
Postgraduate Conference in Hradec Kralové. The conference has been
progressing well since its inception, and over the years it has turned
into a real international meeting. We are proud to welcome participants
not only from the Czech and Slovak Republics, but also from Austria,
Croatia, Georgia, Germany, Hungary, Poland, Portugal and the United
Kingdom. I personally believe that the position of this conference is well
established and it is a standard part of our activities.

The first obvious reason for this conference is the opportunity to compare achieved results, to present
one’s own data and learn from others. Nevertheless, we consider this particular meeting of postgraduate
students in biomedicine also very important for the international harmonization of PhD studies in the
European area. This harmonization is currently one of the most important goals of several international
organisations, with ORPHEUS (Organisation for PhD Education in Biomedicine Health Sciences in
the European System) being one of the dominant players in this area. We are proud to be an active
partner in this endower.

Another important reason for organizing this meeting is the opportunity for direct personal contacts.
Nowadays, the electronic world is overloaded with information. You can find all the latest news, the
latest publications, hypotheses and scientific results at various websites. However, this also means that an
essential human quality of scientific communication is disappearing. Actually, each piece of information is
more valuable if it is accompanied by a personal point of view, a direct contact or a personal acquaintance.
Personal contacts open the world not only to electronic data but also to direct statements, open discussions
and publications filled with personal experience.

Dear participants, take advantage of this occasion not only to learn the news in other medical fields but
also to think about the bits of knowledge in other medical areas which can be valuable for you and your
postgraduate work. Though there is only “one medicine”, the mutual overlapping of its disciplines can
result in great benefits for all.

Those of you evaluated as the best by an expert panel of judges will receive a financial award, yet
this should be considered secondary. I am convinced that the idea of our meeting is similar to the idea
behind the Olympic Games — winning is not the most important thing. Taking part, learning scientific
news, and above all meeting new colleagues and friends is of the utmost importance. If we succeed in
this, the conference has fulfilled its purpose.

I wish you all the best!
Prof. MUDr. RNDr. Miroslav Cervinka, CSc.

Dean, Faculty of Medicine in Hradec Kralové
Charles University in Prague
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SCIENTIFIC PROGRAMME

THURSDAY, 21 NOVEMBER

Part 1 5
Chair: Doc. MUDr. Martina Rezac¢ova, Ph.D.

11.00 M. Bleki¢ (Zagreb): POLYMORPHISMS IN 17q12-21 ARE ASSOCIATED WITH
ASTHMA EXACERBATION AND LUNG FUNCTION IN ASTHMATIC CHILDREN

11.20 L. Erjavec (Zagreb): EFFECT OF BLOOD SEROTONIN LEVELS ON FOUR MONTHS
OLD FEMALE RAT SKELETON

11.40 A. FarkaSovéa (Martin): DETECTION OF ALK GENE REARRANGEMENT IN
NON-SMALL CELL LUNG CARCINOMA BY FLUORESCENCE IN SITU
HYBRIDIZATION

12.00 J. Fontana (Praha): DO GLUCAGON-LIKE PEPTIDE - 1 ANALOGUES AFFECT EARLY
PHASE OF LIVER REGENERATION AFTER PARTIAL HEPATECTOMY IN RATS?

12.20 I. Hetfmanova (Praha) A NOVEL INSIGHT INTO THE EFFECT OF L-ASPARAGINASE
ON LEUKAEMIC CELLS

Part I1 5
Chair: Prof. MUDr. Zuzana Cervinkova, CSc.

13.40 G. Horvath (Pécs): THE EFFECTS OF ENRICHED ENVIRONMENT ON THE
NEUROBEHAVIORAL DEFICITS INDUCED BY GLUTAMATE TOXICITY IN RATS

14.00 E. Janousova (Brno): ANOVEL METHOD FOR COMPUTER AIDED DIAGNOSTICS
OF SCHIZOPHRENIA BASED ON MAGNETIC RESONANCE BRAIN IMAGES

14.20 L. Jedlickova (Kosice): CHARACTERISTICS OF PATIENTS WITH CARDIORENAL
SYNDROME ADMITTED TO OUR DEPARTMENT

14.40 H. Kratochvilova (Praha) MITOCHONDRIAL MEMBRANE ASSEMBLY AND
MULTIPLE FORMS OF TMEM70 PROTEIN

15.00 J. Ktivanek (Brno): DIFFERENTIATION OF NEURAL CREST CELLS FROM
HUMAN EMBRYONIC STEM CELLS AND THEIR ODONTOGENIC INDUCTION



SCIENTIFIC PROGRAMME

Part II1
Chair: Prof. MUDr. Milan Bayer, CSc.

15.40 T. Kupsa (Hradec Kralové): EVALUATION OF SERUM LEVELS OF MULTIPLE
CYTOKINES AND ADHESION MOLECULES IN PATIENTS TREATED FOR
ACUTE MYELOID LEUKEMIA

16.00 L. Lanikova (Olomouc): NOVEL INSIGHTS INTO THE MOLECULAR
MECHANISMS OF ACQUIRED AND CONGENITAL POLYCYTHEMIAS

16.20 V. Mezera (Hradec Kralové): EFFECT OF INCB018424, A JAK1 AND JAK2
INHIBITOR, ON SENESCENCE PHENOTYPE IN OLD MICE

16.40 P. Pault (Praha): RESISTANCE TO CLOPIDOGREL — ETIOLOGY,
MEASUREMENT AND IMPACT ON THE PROGNOSIS OF PATIENTS WITH
CORONARY ARTERY DISEASE

17.00 D. Pawlica-Gosiewska (Krakéw): THE USE OF THE PLASMA LEUCOCYTE
ELASTASE, CALPROTECTIN, LACTOFERIN, INTESTINAL FATTY ACID
BINDING PROTEIN (I-FABP) AND NEOPTERIN CONCENTRATION IN THE
DIAGNOSIS AND ASSESSMENT THE CLINICAL ACTIVITY OF CROHN’S
DISEASE AND ULCERATIVE COLITIS

FRIDAY, 22 NOVEMBER

Part IV
Chair: Prof. RNDr. Jan Krejsek, CSc.

9.00 J. Pejchal (Hradec Kralové): NON-SPECIFIC CHANGES AFTER SOMAN POISONING

9.20 B. Pereira (Porto): REGULATION OF CDX2 AND INTESTINAL DIFFERENTIATION
IN HOMEOSTASIS AND CARCINOGENESIS: UNVEILING THE ROLE OF THE
RNA-BINDING PROTEIN MEX3A

9.40 A. Popperlova (Plzeti): LOW GDP PERITONEAL DIALYSIS REGIMEN HAS
A BENEFICIAL EFFECT ON PLASMA LEVELS OF PROINFLAMMATORY
LIGANDS OF RECEPTOR FOR ADVANCED GLYCATION END PRODUCTS

10.00 S. Richardson (Liverpool): RESVERATROL, CURCUMIN AND METABOLITES CAN
MODULATE CYTOKINE RELEASE BY JURKAT T-LYMPHOCYTES

10.20 B. Salovska (Hradec Kralové): RADIO-SENSITIZATION OF HUMAN LEUKEMIC
CELLS HL-60 BY ATR-KINASE INHIBITOR (VE-821): PHOSPHOPROTEOMIC
ANALYSIS



SCIENTIFIC PROGRAMME

PartV
Chair: Doc. MUDr. RNDr. Milan Kaska, Ph.D.

11.00 T. Shatirishvili (Tbilisi): SHORT-TERM OUTCOME OF CONVULSIVE STATUS
EPILEPTICUS (CSE) IN CHILDREN: HOSPITAL BASED PROSPECTIVE STUDY

11.20 M. Scharffenberg (Dresden): EFFECTS AND MECHANISMS OF INTRINSIC AND
EXTRINSIC VARIABLE ASSISTED MECHANICAL VENTILATION IN THE
EXPERIMENTAL ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

11.40 H. Schneider (Dresden): THE IMPACT OF NEUROPILIN-2 ON THE CXCR4/CXCL12
AXIS IN THE FORMATION OF LYMPH NODE METASTATIS IN COLON CANCER

12.00 M. M. Sousa (Porto): ELECTROPHYSIOLOGYCAL PROPERTIES OF THE
PRONOCICEPTIVE DORSAL RETICULAR NUCLEUS

12.20 U. Thiem (Vienna): VITAMIN D DEFICIENCY AND ITS POTENTIAL
IMPLICATIONS IN RENAL TRANSPLANTATION

Part VI 5
Chair: Prof. MUDr. Jan Cép, CSc.

13.40 P. Vickerton (Liverpool): TRANSLATION OF BIOMECHANICAL STIMULI IN TO
MORPHOLOGICAL AND MICROSCOPIC RESPONSE IN THE RAT TIBIA

14.00 O. Vycital (Plzeil): TUMOR INFILTRATING LYMPHOCYTES AS PROGNOSTIC
FACTOR OF EARLY RECCURENCE AND POOR PROGNOSIS OF COLORECTAL
CANCER AFTER RADICAL SURGICAL TREATMENT

14.20 K. Agrawal (Olomouc): EPIGENETIC STUDY OF 5-AZACYTIDINE NUCLEOSIDES
AND THEIR DERIVATIVES

14.40 J. Warszawska (Vienna): LIPOCALIN-2 DEACTIVATES MACROPHAGES AND
WORSENS PNEUMOCOCCAL PNEUMONIA OUTCOMES

15.00 G. L. Woth (Pécs): PLATELET AND PLATELET-DERIVED MICROPARTICLE
STUDIES IN SEVERE SEPSIS
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EVALUATION COMMITTEE

Chairperson: Professor Vladimir Palicka
Vice-Dean for International Relations
Charles University, Faculty of Medicine
Hradec Kralové, Czech Republic

Members: Professor Margarethe Geiger
Institut of Vascular Biology and Thrombosis Research
Medical University of Vienna
Vienna, Austria

Professor David Gordon

President, Association of Medical Schools in Europe
Faculty of Health Sciences, University of Copenhagen
Copenhagen, Denmark

Professor Zdravko Lackovié

Assistant to the dean for doctoral studies, President, ORPHEUS
School of Medicine, University of Zagreb

Zagreb, Croatia

Dr. Thorsten Liebers

Coordinator of scientific large-scale projects

Faculty of Medicine C. G. Carus, University of Technology
Dresden, Germany

Professor Alan Shenkin

Emeritus Professor of Clinical Chemistry

Faculty of Health and Life Sciences, University of Liverpool
Liverpool, Great Britain

Professor Peter Soeters

Emeritus Professor of Surgery

Faculty of Health, Medicine and Life Sciences,
University of Maastricht

Maastricht, the Netherlands

Dr. Andrea Tamas

Department of Anatomy
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EPIGENETIC STUDY OF 5-AZACYTIDINE NUCLEOSIDES AND THEIR
DERIVATIVES

Khushboo Agrawal
E-mail: khushbooagrawal86@gmail.com
Institute of Molecular and Translational Medicine, Faculty of Medicine and Dentistry,
Palacky University in Olomouc, Czech Republic,
Institute of Organic Chemistry and Biochemistry,
Academy of Sciences of the Czech Republic, Prague

Co-authors: P. Dzubdk, I. Frydrych, D. Holub, M. Kre¢merova, M. Otmar, M. Hajdtch
Tutor: doc. MUDr. Marian Hajduch, Ph.D.

Introduction

Existence of aberrant DNA methylation remains the major hallmark of cancer. Hypermethylation
of gene promoter sequences resulting in transcriptional silencing of tumor suppressor genes has
long been explored as a therapeutic target in cancer. Despite significant results in vitro, 2°-deoxy-5-
azacytidine, an experimental and well characterized drug that has been approved for the treatment of
myelodysplastic syndromes develops resistance in vivo'. In the quest for more potent drugs targeting
methylation, we have developed a fluorescence based detection system to test the series of compounds
for hypomethylation activity with the main focus on 5-azacytidine nucleosides and their derivatives.
Furthermore, in the present study, we have taken into account, 2°-deoxy-5-azacytidine (decitabine) to
study the mechanism of resistance in human colon cancer cell line.

Methods

Cell culture: The human colon cancer cell line, HCT116, was purchased from American Type Culture
Collection and cultured in McCoyis 5A supplemented with 10% fetal bovine serum, 50 pg/ml
streptomycin, 100 U/ml penicillin and 3 mM L-glutamine at 37°C and 5% CO,.

Screening of new epigenetic drugs for hypomethylation activity:

Development of the fluorescence reporter system

To generate the reporter cell line, a targeting vector was constructed where a part of exon 3 of the
FLJ32130 gene was replaced by the fusion of IRES, Hygromycin and EGFP2. HCT116 cells were
transfected with the linearized vector using electroporation and stable transfectants were generated
by selection with 500 pg/ml neomycin. To obtain a sensitive detection system, numerous neomycin
resistant clones were screened by flow cytometry for the EGFP fluorescence before and after the
addition of decitabine. Finally, one clone with expected homologous recombination was isolated
and anticipated green fluorescence was confirmed after treatment with 0.5 pM decitabine and no
EGFP expression was examined before treatment. To facilitate the high content cellular imaging and
continuous visualization of chromosomal degradation in response to the drug, reporter cell line was
further transduced with the TagRFP fused with histone H2B using lentiviral system.

High throughput screening

To test the potential candidates for demethylation, the reporter cell line (HCT116-pFLJ-H2B) was
seeded at the density of 1.5 x 10° cells per well in 96 well plates. After 24 h, drugs were added.
Following the treatment with the drugs, images were captured at every 24 h intervals for 5 days
under appropriate wavelengths for EGFP (excitation/emission: 458 nm/525 nm) and RFP (excitation/
emission: 555 nm/584 nm) using high content imaging system (Operetta, PerkinElmer). Images were
then analyzed using image analysis software (Columbus, PerkinElmer). To monitor the cytotoxic
response of the drugs, numbers of cells were counted in each well with the help of TagRFP fused with
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histone H2B in the cell nucleus. However, hypomethylation activity of the drugs was analyzed by
quantifying the intensity of EGFP fluorescence in each well.

Molecular characterization of HCT116 cells resistant to 5-aza-2’-deoxycytidine:

Development of decitabine resistant HCT116 cells

Early passage HCT116 cells were seeded into two petridishes (A and B) at a density of 1 x 10° cells/10 cm
dish. The cells in dish A were initially treated with decitabine at 1x IC, concentration (0.28uM) which
was gradually increased up to 10x IC, . Cells in dish B were directly exposed to 5x IC, concentration,
which was further doubled to 10x IC, . After long term exposure to the drug, three resistant clones were
derived from each dish®. MTT based proliferation assay was performed* to confirm the resistance to
decitabine and all the six clones thus analyzed exhibited high resistance (>100x IC,).

Flow cytometry

Flow cytometry based cellular assays were performed on the HCT116 parental and the resistant clones.
To distinguish the cells at different phases of the cell cycle Phospho-Histone H3 staining was done®.
BrdU and BrU cell proliferation assays were performed subsequently to analyze the cells actively
synthesizing DNA and RNA respectively®. Furthermore, to investigate the phenomenon of multi-drug
resistance, P-glycoprotein (Pgp) expression was analyzed by flow cytometry”.

Proteomic analysis

Stable isotope labeling by amino acids in cell culture (SILAC)* was used for the proteome wide
analysis. HCT116 parental cells were labeled with heavy Lys-"C, and Arg-"C, and mixed with each of
the non-labeled resistant cell lines in 1:1 ratio followed by cellular lysis. Each of the SILAC samples
were then separated by the preparative gel electrophoresis and subjected to enzymatic digestion. Mass
spectrometric analysis was done to quantify the expression of various differentially expressed proteins
and the commonly affected pathways were analyzed.

Results

Screening of the new epigenetic drugs: After screening 76 new epigenetic drugs, LEM-789 was
identified as the potential candidate for demethylation. Fig.1 show the cytotoxicity and demethylation
profile of LEM-789 for 5 days in comparison with decitabine, alpha-DAC and Vidaza available
commercially. Moreover, the demethylation activity of LEM-789 was found to be nearly constant
from day 1 to day 5 indicating towards the stability of the drug during the treatment.

Cytotoxicity Demethylation

Ic50
b3
Ec50

254

2-10]

Derivatives Derivatives

Figure 1. Cytotoxicity and Demethylation profile of epigenetic drugs

13



Flow cytometric analysis: No significant changes were observed in the distribution of cells at different
phases within the cell cycle. However, cell proliferation assays revealed the significant up-regulation
of DNA and RNA synthesis in each of the resistant cell lines. In addition, no reproducible changes were
observed in the P-glycoprotein (Pgp) expression on comparing parental and the resistant cell lines.
Proteome wide analysis: Mass spectrometry based proteomic analysis identified a total of 4344 proteins
with significant reproducible changes. This extensive proteome coverage enabled analysis of a broad
range of processes and functions.

A. B.
Phospho-Histone H3 (Ser10)

80
o P-gp
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Figure 2. Flow cytometry data for parental (HCT116) and derived resistant (R1-R6) cell lines.
(A) Cell cycle analysis (B) P-gp analysis (C) DNA synthesis (D) RNA synthesis

Discussions

Characterization of mechanisms leading to the development of drug resistance in cancer therapy is
crucial for identification of targets for novel anti-cancer drugs, which may selectively eliminate the cell
resistance and avoid potential therapy failure.

Conclusions

The present study will aid further understanding of the molecular basis of acquired tumor resistance to
2’-deoxy-5-azacytidine and help in predicting the clinical response to the same. It will also facilitate
the introduction of novel therapeutics targeting methylation.

Summary

The cytosine analogues, 5-azacytidine and 2’-deoxy-5-azacytidine, function as DNA methyltransferase
inhibitors and are currently most advanced drugs for epigenetic cancer therapies. Despite encouraging
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results, mechanisms of in vivo resistance to these nucleoside analogues remain unresolved limiting
their clinical application. This emphasizes the need for more potent drugs targeting methylation. To
characterize the hypomethylation activity of wide range of methylation inhibitors, we successfully
established a fluorescence detection system with high sensitivity, suitable for screening by robust high
content cellular imaging techniques. LEM-789, the epigenetic drug discovered and developed by the
Institute of Organic Chemistry and Biochemistry, Czech Republic, showed significant demethylation
activity in preclinical studies. In addition, we also developed several HCT116 p53 wild-type cell clones
resistant towards 2’°-deoxy-5-azacytidine to investigate the mechanisms of resistance and here we also
present the preliminary data characterizing the resistant clones. In MTT cytotoxicity assay, all clones
showed a high degree of resistance. Flow cytometry based studies revealed significant up-regulation
of DNA and RNA synthesis. In addition, there was no change in P-glycoprotein expression between
parental and the resistant clones. Furthermore, proteome wide analysis of the resistant clones using
mass spectrometry unveiled different sets of proteins with varying expression suggesting different
mechanisms of resistance towards the studied methylation inhibitor. The molecular profiling of
resistant clones at transcriptomics level including target mutation analyses and other gene expression
studies together with the search for more potent methylation inhibitors is ongoing.
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POLYMORPHISMS IN 17q12-21 ARE ASSOCIATED WITH ASTHMA
EXACERBATION AND LUNG FUNCTION IN ASTHMATIC CHILDREN

Mario Blekic
E-mail: blekic1978@yahoo.com
General Hospital “Dr Josip Bencevic” Slavonski Brod, University of Osijek, Croatia
The University of Manchester, Manchester Academic Health Science Centre,
University Hospital of South Manchester NHS Foundation Trust, Manchester, UK

Co-authors: Blazenka Kljaic Bukvic MD, Neda Aberle MD, PhD, Susana Marinho MD, PhD,
Jenny Hankinson, Adnan Custovic MD, PhD, Angela Simpson MD, PhD
Tutor: Proffesor Neda Aberle MD, PhD

Introduction

Asthma is common chronic illness with the moderate prevalence among Croatian schoolchildren!. Tt
has an important genetic component confirmed by twin studies but no clear pattern of inheritance®.
Hundreds of genetic association studies have investigated associations between more than hundred
genes and asthma and allergy phenotypes. Few have been successfully replicated in multiple
populations, and often the replication is not precise, with different SNPs implicated in different studies?.
The rapid increase in asthma prevalence that occurred in last decades* in developed societies suggests
a role for environmental exposures in the aetiology of allergic disease. Exposure to environmental
tobacco smoke (ETS) in early life has been associated with the development of asthma®. Maternal
smoking during pregnancy affects the neonatal immune system development, lung structure, and lung
function in offspring®. Studies on different genes confirmed that exposure to tobacco smoke in early
life modifies genetic susceptibility for asthma’. More than 15 studies associated genetic variants in
17921 region with asthma.

We aimed to investigate whether amongst Croatian asthmatic children, genetic variants in this region
are associated with asthma severity and exacerbation. We then investigated whether there were
interactions between early life ETS exposure in relation to asthma severity.

Methods

We recruited 423 children aged 6-18 years with asthma from the paediatric asthma clinic. All had
a physician diagnosis of asthma and were currently taking asthma medications and had had two or
more asthma symptoms (wheezing, coughing, and both) in the last 12 month. Information on hospital
admission with asthma exacerbations was retrieved from medical records. Data on wheeze frequency
and environmental tobacco smoke (ETS) exposure was collected using validated questionnaire. Lung
function (FEV1%predicted) was measured using spirometry. We selected Haplotype-tagging SNPs
with a minor allele frequency (MAF) >5% in the 17q12-21 chromosomal region including GSDMA,
GSDMB, ORMDL3, IKZF3, ZPBP2, TOP2A. We included relevant SNPs reported in the literature.

Result

Of'the 51 SNPs originally selected for genotyping, 3 failed genotyping, one was monomorphic and one
was not in Hardy-Weinberg equilibrium. For the remaining 46 SNPs, we applied linkage disequilibrium
(LD) filtering algorithm to identify tagging SNPs, whilst keeping key SNPs reported in other published
studies. This resulted in 35 SNPs being used in the analysis. We found significant associations between
4 SNPs and hospital admissions (rs12150079, rs7212938, rs2290400, rs8067378). For example,
G allele homozygotes in rs12150079 were at higher risk of being admitted to hospital than carriers of
A allele (aOR 1.85, 95%CI 1.26-2.72, p=0.002); this SNP was also associated with current wheezing.
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Six SNPs were associated with lung function (rs9635726, rs921651, rs9900538, rs3169572, rs4795403,
rs471692). We observed significant interactions between 3 SNPs (rs8079416, rs4795408, rs7212938)
and early life ETS exposure in relation to hospital admissions with acute asthma exacerbation. In
addition, we observed significant interaction between 3 SNPs (rs12603332, rs8067378, 1s9303277)
and in utero ETS exposure in relation to lung function (pint<0.04), in that amongst children of mothers
who smoked during pregnancy, major allele homozygotes had lower FEV1%predicted than minor
allele carriers, but amongst non-exposed children there was no difference in lung function between
different genotype groups.

Discussion

Amongst asthmatic children we observed several associations between SNPs in 17q12-q21 region
and hospital admission with asthma exacerbation, some of which were only seen if children were
exposed to tobacco smoke in early life. Others have looked for associations between 17q12-q21 and
other indicators of exacerbations or severity. Two studies in children, in which exacerbations were
generally defined as the use of oral corticosteroids showed association between T allele of rs7216389
and asthma exacerbations. Two studies carried out in adults observed an association between same
allele and greater asthma severity among early-onset asthma cases. However these studies investigated
only the single SNP rs7216389. In our study we found a trend for association with exacerbations
and rs7216389 (p=0.09). We investigated a much broader panel of SNPs, and found the strongest
associations to be with SNPs rs8067378 and rs2290400, both of which also lie within ORMDLS3 in
the same LD block as rs7216389. To date, few studies have investigated the associations between
polymorphisms in 17q12-21 region and asthma with respect of smoking during childhood. Bouzigon®
reported associations between 11 SNPs in 17q12-21 region and early-onset of asthma only amongst
those that had been exposed to ETS in early life, but not in the unexposed subgroup of children. Flory’
et al investigated influences between exposure to smoking during childhood, gene variants in 17q12-21
and asthma in two populations (but not for African American subjects) and reported modifying effects
for nine 17q12-21 SNPs. Associations between these nine SNPs and asthma were stronger in the group
exposed to ETS. Data from two independent prospective cohort studies from foetal life onwards in
the Netherlands associated rs2305480 with asthma-like symptoms in preschool children, and this
association was modified by smoke exposure already during foetal life, and in infancy'. To the best
of our knowledge, our study is the first to demonstrate the interaction between polymorphisms in the
17q12-q21 region, ETS exposure and hospital admission for severe exacerbation of asthma, suggesting
a possible role of early life ETS exposure on developing more severe asthma.

We have also identified a significant interaction between genetic variants and in utero tobacco smoke
exposure, with lung function being diminished in specific genotypes, but only amongst children
exposed to ETS.

Conclusion
Among Croatian schoolchildren with asthma variants in /7¢12-21 region are associated with disease
severity.
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Chr. 17q12-21 ~411 kb
ORMDL3 <>
_ }_ ) N -
IKZF3 ZPBP2  GSDMB GSDMA TOP2A
Tab. 1. Genes selected in the Chr. 17q12-21 region
SNP Gene Allele* | p-Value | FDR Genetic Model aOR 95%CI
rs number Lower Upper
rs12150079 ZPBP2 G/A 0.02 0.75 AA+AG vs.GG 0.61 0.40 0.93
rs8067378 GSDMB A/G 0.04 0.43 GG vs.GA+AA 0.56 0.32 0.99
rs2290400 GSDMB T/C 0.03 0.91 CC vs.TCHTT 0.52 0.28 0.95
rs7212938 GSDMA T/G 0.04 0.69 GG+GT vs. TT 1.71 1.01 2.88

Tab. 2. Association between genetic variants in the region 17q12-21 and admission to hospital with

acute asthma exacerbation
*common allele is first, risk allele is in bold
Higlighted SNPs are in high LD (r>90).
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FEV1% predicted
Gene Allele* p-value FDR Genetic Model mean 95%CI

lower upper
1s9900538  IKZF3 T/C 0.04 0.35 CC+CT 102.30 98.04 106.57
TT 97.43 95.77 99.09

1s9635726  IKZF3 c/T <0.01 0.01 TT 86.01 79.23 92.79
CT+CC 98.63 97.06 100.20
1s3169572  ORMDL3 G/A 0.02 0.20 AA+AG 102.80 98.74 106.85
GG 97.41 95.75 99.06

14795403 ORMDL3 C/T 0.04 0.33 TT+TC 100.93 97.84 104.01
CC 97.27 95.50 99.04

1s921651 GSDMA A/G 0.04 0.29 GG+GA 95.83 93.11 98.54
AA 99.20 97.32 101.09
rs471692 TOP24 G/A 0.04 0.31 AA 107.94 98.66 117.22
AG+GG 97.84 96.28 99.41

Tab. 3. Genetic variants in the region 17q12-21 and lung-function measures
*common allele is listed first, risk allele is in bold

Exposed to smoke Non exposed to smoke
FEV,% FEV,%
pred pred
Mean | n 95% CI Mean n 95% CI
SNP Gene | Alleles® | Genetic | P L U L U
model | value

rs9303277  PLE4E] C/T TT+TC |0.03 101.67 |61 [97.59 |105.76 | 97.42 | 185 |95.15 99.7

CC 92.7 20 |85.57 99.83 98.16 | 108 |95.19 |101.13
rs8067378 GSDMB | A/G GG+GA |0.03 101.86 |63 |97.8 105.92 | 97.51 [199 |95.34 | 99.68
AA 92.96 21 |85.92 | 100 97.95 | 112 |95.06 |100.85
rs12603332 | ORMDL3 | C/T TT+TC | 0.04 101.76 |64 |97.75 |105.77 | 97.82 | 198 |95.66 99.99
CcC 92.96 21 |85.96 99.97 | 97.73 | 118 |94.93 |100.54

Tab. 4. Significant interaction between 3 SNPs and in utero ETS exposure in relation to lung function
(,,<0.04)
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Introduction

Serotonin or 5-hydroxytriptamine (SHT) is an important neurotransmitter in the central nervous system
(CNS) and has a major role in vasoconstriction, peristaltic bowel movement and blood clotting on the
periphery. The main production of SHT in the body happens in the gut and in the CNS, where blood-
brain barrier completely blocks traverse of the SHT between these two systems. Latest discoveries
imply serotonin effects on bone, where SHT exerts direct effect on bone cells (Yadav et al. 2008, Cui
et al. 2011, Chabbi-Achengli et al. 2012).

Aims
To test the effect of serotonin (SHT) on bone quality in an animal model of altered blood serotonin
level.

Methods

To examine serotonin effect on bone we used well described animal model with altered blood serotonin
levels. Animals were developed by selective breeding to create two distinct animal sublines, high-SHT
and low-5HT (Jernej and Cicin-Sain, 1990). Four months old female Wistar-Zagreb SHT (WZ-5HT)
rats were used in this experiment. Trabecular and cortical bone structure and quality were investigated
in distal part of femur, while only trabecular parameters were analyzed in the body of third lumbar
vertebrae. Animals were weighed on a digital scale and femur length was measured using a caliper.
Bone structure was analyzed ex vivo using a SkyScan 1076 micro CT system while bone quality was
assessed by biomechanical testing using a Texture analyzer TA.HD Plus. In the biomechanical testing
femurs were subjected to three point bending test for cortical bone analysis and an indentation test
for trabecular bone analysis. Obtained data were tested for normal distribution and further statistical
analysis was completed using the Studentés t-test with the level of significance set at P < 0,05.

Results

Animals with high serotonin level had increased weight, femur length and bone tissue volume revealing
an effect of SHT on growth and development (Figure 1).

When analyzing cortical bone, no difference in cortical bone volume and thickness was observed
between the two sublines, while high-SHT animals had increased endosteal volume due to larger bones.
Biomechanical testing confirmed results from micro CT analysis with no difference in parameters
between the high-5HT and low-5HT subline (Figure 2).
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Figure 1. Phenotype difference between the WZ-5HT rat sublines. Platelet SHT content (4), body
weight (B) and bone length (C) was higher in high-5HT subline, all reaching statistical significance

(P < 0,05).
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Figure 2. Cortical bone testing. Micro CT data analysis revealed no difference in bone volume (BV)
and cortical thickness (Co.Th) while, due to larger bones, endosteal volume (EV) was greater in high-
SHT rats (A). Biomechanical testing confirmed no difference in cortical bone quality between the
sublines (B). 3D model of the cortical bone from high-SHT (C) and low-5HT (D) animals.
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No difference in trabecular bone parameters between high-5HT and low-5HT animals was observed on
periphery, while in axial skeleton trabecular parameters were significantly better in animals with low
serotonin level. Indentation test revealed no difference between the two sublines in force parameters of
the trabecular bone in femur (Figure 3).
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Figure 3. Trabecular bone analysis. No difference in femur trabecular bone was observed between the
sublines. Micro CT measurements of the bone volume (4) were confirmed by biomechanical testing (B).
No difference in femur trabecular bone is also noticeable on the 3D model of the trabecular bone form
the femur (C). Analysis of the spine trabecular bone revealed lower quality bone in the high-SHT rats
(D). 3D model of the spine trabecular bone visualizes the difference in trabecular bone (E).

Discussion

In four months old female rats, effect of SHT on bone was only evident at axial skeleton in the site of
lumbar spine. These effects, where only axial skeleton is affected by the change in the physiological
serotonin concentration, could be caused by the fact that there are two separated systems of SHT
production in the body.

Conclusions

In four months old animals, serotonin effect on development and growth was evident due to difference
in weight and bone length. SHT showed no effect on femur bone parameters, while on spine a negative
effect of increased SHT was observed. Our findings point out that serotonin has a distinct negative
effect on trabecular bone properties in axial skeleton, while it has no effect on cortical or trabecular
bone in peripheral skeleton in four months old females.

Summary

Serotonin affected development and growth in WZ-5HT rats due to difference in size between the
sublines. No effect on cortical and trabecular bone was noticed at the site of distal femur, while negative
effect of higher SHT level was observed at the site of lumbar spine.
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Introduction

Non-small cell lung carcinoma (NSCLC) accounts for approximately 80% to 85% of all cases of lung
cancers. One of its main subtypes - adenocarcinoma (AC), is characterized by various genetic changes
of tumor cells, which identification is essential in relation to the indication of the targeted therapy. In
cases of NSCLC without EGFR gene mutations it is now important to define further molecular subgroup
with ALK gene rearrangement. Currently there are several approaches to detect rearrangement in the
ALK gene and/or to detect EML4/ALK fusion protein.

Methods

Paraffin-embedded tissue sections of 281 NSCLC cases, which were negative for EGFR gene mutations were
analyzed by the method of fluorescence in situ hybridization (FISH) using two probes produced by Zytovision
and Vysis/Abbott, with the purpose of detecting the presence of ALK gene rearrangement and/or translocation
of EML4/ALK. Moreover, 91/281 cases were simultaneously analyzed by immunohistochemistry (IHC)
method, using an anti-ALK antibody (clone D5F3) produced by Ventana on BenchMark GX platform.

Results

a) 37/281 cases were positive for the rearrangement of the ALK gene. 34/37 cases were positive also
by using a probe EML4/ALK. Remaining 3/37 cases were not tested due to lack of material, b) 237/281
cases were negative for ALK gene rearrangement, ¢) 7/281 cases were not evaluable due to technical
limitations, d) all FISH negative cases, that were also tested by IHC (104/281), didn’t express ALK
protein, ) 17/22 FISH positive cases expressed the ALK protein and f) 5/22 FISH positive cases didn’t
express ALK protein positivity.

Conclusions

The aim of this project was to compare the two different break-apart probes from the Zytovision and Vysis/
Abbott to determine an algorithm for the analyses of cases with lung adenocarcinoma. Our results show that
in the case of detection of rearrangement in the ALK gene it is preferable to use a break-apart probe for the
gene, because the ALK gene (although rarely) may form fusions with other genes than the EML4 gene. We
also compared the suitability of the method IHC as a screening method for testing ALK fusion protein in cases
of NSCLC/AC. It turns out, however, that the IHC method does not fully correspond with the results of FISH
method. It is questionable whether the set cut-off values for the presence of ALK gene rearrangement are fully
consistent with the phenotype of cancer cells and whether patients with such values benefit from the selected
targeted therapies. For the assessment of such conclusions, however, we have do not enough clinical data.

Supported by grant of Ministry of Health of the Slovak republic 2012/24-UKMA-1 ,,Detection of predictive

relevant parameters in diagnostic algorithm of bioptic examination of colon and lung cancer*, and projects
CEPV II ITMS: 26220120036) and MBRKM (ITMS: 26220220113) co-financed by EU sources.
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Introduction

Liver failure leads quite often to the death. Its treatment is very difficult and for many patients is the
only option liver transplantation. Therefore, there is an intensive search for new effective treatment.
Glucagon-like peptide - 1 (GLP-1) is an incretin hormone known for its proliferative and antiapoptotic
effects on pancreatic B-cells (1). These effects are currently widely discussed in diabetology. From
literature data, it is evident that GLP-1 affects liver functions and liver metabolism (mainly metabolism
of lipids and saccharides) (2, 3). Very little is known about its ability to modulate liver regeneration
and proliferation of hepatocytes (4). GLP-1 has a short biological half-life, because it is effectively
degraded by ubiquitous enzyme dipeptidyl peptidase IV (DPP IV) (5). Therefore, analogues of GLP-1
that are resistant to degradation action of DPP IV are used in clinical practice and also in research.
Currently two analogues: Exenatide (Ex4) and Liraglutide (LIRA) are commonly available. 2/3 partial
hepatectomy (PHx - removal of 65-70 % of liver tissue) is a model of liver regeneration that in contrast
to methods using hepatotoxins is not accompanied by inflammation and we can clearly identify the
beginning of the regeneration (6).

Aims
To determine the effect of GLP-1 analogues, exenatide and liraglutide, on early phase of liver regeneration
and selected metabolic parameters in a model of 2/3 partial hepatectomy in male Wistar rats.

Methods

Experiments were performed on Male Wistar rats with initial weight 264 = 17 g. They were divided into
6 groups (n = 6). On the first day, two doses of either GLP-1 analogues (Ex4 - 42 ug/kg body weight,
liraglutide - 0.75 mg/kg b.w.), or equivalent amount of saline (S) were injected intraperitoneally. On the
second day, the animals were submitted to the 2/3 partial hepatectomy or sham operation - laparotomy
(LAP). The third dose of analogues or saline was injected intraperitoneally immediately after the surgery.
On the third day, 23 hrs after the surgery, bromodeoxyuridine (BrdU - 100 mg/kg b.w.) was administered.
The animals were sacrificed one hour after the BrdU application by exsanguination from abdominal aorta.
Liver and serum samples were taken. Samples for consequent evaluation were immediately frozen in
liquid nitrogen and stored at -80 °C until analysis. We analysed these parameters: body weight, absolute
and relative liver weight, liver BrdU incorporation, liver content of DNA, triacylglycerols (TAG) and
cholesterol, serum concentrations of urea, creatinine, total bilirubin, glucose, total cholesterol and TAG,
serum activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) and mitochondrial respiration.

25



Results

In the rats after PHx, both analogues compared to saline controls decreased BrdU labeling (p < 0.001)
- marker of S-phase activity. Liraglutide compared to Ex4 caused even lower BrdU labeling (p <0.001)
(Fig. 1). This effect was reflected in a decreased liver DNA content in the rats after PHx receiving
liraglutide compared to both Ex4 (p < 0.001) and saline group (p <0.001) (Fig. 2). Laparotomy groups
did not exert significant differences in BrdU labeling and DNA content (Fig. 1, Fig. 2).
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Liraglutide treatment in contrast to both saline and Ex4 treatment led after any surgery (PHx, LAP) to
an increase in serum urea level (LAP-LIRA vs LAP-S: p <0.001; LAP-LIRA vs LAP-Ex4: p < 0.001;
PHx-LIRA vs PHx-S: p <0.05; PHx-LIRA vs PHx-Ex4: p<0.01). Ex4 did not exert any effect on serum
urea (Fig. 3). Both analogues had no significant effect on serum creatinine level (data not shown).

Fig. 3. Serum urea concentration
24 hrs after the surgery

(*P <0.05; **P<0.01;

**EP < 0.001).
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Liraglutide also reduced serum total biliribin (p < 0.05), serum TAG (p < 0.001) and liver cholesterol
content (p < 0.05) in the rats after PHx (data not shown). Analogues had no significant effect on body
weight, liver weight, serum creatinine, serum total cholesterol, serum activities of AST, ALT and ALP,
liver triacylglycerols content and mitochondrial respiration (data not shown).

Discussion

Our work described that GLP-1 analogues, exenatide and liraglutide, affect the early phase of liver
regeneration after PHx. The only until now published work (4) has described a positive effect of
exenatide on the proliferation of hepatocytes. Our work described the negative effect of both GLP-1
analogues marked by a decreased count of BrdU-stained cells in the liver and by decreased liver DNA
content 24 hrs after partial hepatectomy. There are many methodological differences between our work
and work of Aviv et al. (4). Their study was performed on human hepatocytes cultivated in vitro and
stimulated by Epidermal growth factor simultaneously. Thus, the comparison of our and their results
is very difficult.

Our original hypothesis that GLP-1 analogues would have a positive effect on liver regeneration was
not confirmed. In the light of facts, that GLP-1 is sometimes accused of increasing the risk of some
cancers (pancreas, thyroid) (7), our results could indicate that similar concerns would not apply in
relation to liver cells.

Conclusion

Our results suggest that GLP-1 analogues, exenatide and liraglutide, significantly diminish early phase
of liver regeneration after 2/3 partial hepatectomy. Liraglutide effect was even more pronounced.
Interesting finding is an effect of liraglutide on a serum urea level, without a concomitant effect on
serum creatinine concentration. Contrary to our expectations hepatocytes do not respond to incretins
by the stimulation of proliferation, at least during the early phase of liver regeneration after PHx.

Summary

Glucagon-like peptide - 1 (GLP-1) is an incretin hormone known for its proliferative and antiapoptotic
effects on pancreatic 3-cells. These effects are currently widely discussed in diabetology. From literature
data, it is evident that GLP-1 affects liver functions and liver metabolism. Very little is known about its
ability to modulate liver regeneration and proliferation of hepatocytes. Our aim was to determine the
effect of GLP-1 analogues, exenatide (Ex4) and liraglutide (LIRA) on early phase of liver regeneration
and selected metabolic parameters in a model of 2/3 partial hepatectomy in male Wistar rats. Animals
(264 £ 17 g) were divided into 6 groups (n = 6). On the first day, two doses of either GLP-1 analogues
(Ex4 -42 mg/kg, LIRA - 0.75 mg/kg), or equivalent amount of saline (S) were injected intraperitoneally.
On the second day, the animals were submitted to the 2/3 partial hepatectomy (PHx) (1) or sham
laparotomy (LAP). The third dose of analogues or saline was injected immediately after the surgery. The
animals were sacrificed 24 hours after the surgery and the intensity of liver regeneration and selected
metabolic parameters were evaluated. In the rats after PHx, both analogues compared to saline controls
decreased bromodeoxyuridine (BrdU) labeling - marker of S-phase activity. Liraglutide compared to
Ex4 caused even lower BrdU labeling. This effect was reflected in a decreased liver DNA content in
the rats after PHx receiving liraglutide compared to both Ex4 and saline group. Laparotomy groups did
not exert signifiant differences in BrdU labeling and DNA content. Liraglutide treatment in contrast to
both saline and Ex4 treatment led after any surgery (PHx, LAP) to an increase in serum urea. Ex4 did
not exert any effect on serum urea concentration. Liraglutide also reduced serum total biliribin, serum
triacylglycerols and liver cholesterol content in the rats after PHx. Our results suggest that GLP-1
analogues, exenatide and liraglutide, significantly diminish early phase of liver regeneration after 2/3
partial hepatectomy. Liraglutide effect was even more pronounced. Interesting finding is an effect of
liraglutide on a serum urea level, without a concomitant effect on serum creatinine concentration.
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Contrary to our expectations hepatocytes do not respond to incretins by the stimulation of proliferation,
at least during the early phase of liver regeneration after PHx.
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Introduction, Aims

Acute lymphoblastic leukaemia (ALL) is the most frequent type of childhood cancer (1). It is treated
according to the international protocols that cause remission in 98 % of patients. Despite the impressive
advances in therapy, relapses occur approximately in 15 - 20% of patients (2). The protocols used for
ALL treatment require a combination of chemotherapeutics with the critical component L-asparaginase
(L-asp). L-asp is an enzyme that hydrolyses non-essential aminoacids asparagine and glutamine (3).
The traditional explanation of anti-leukaemic effect of L-asp is based on a lower activity of asparagine
synthetase (ASNS) in leukaemic cells compared with healthy cells. Therefore, leukaemic cells are not
able to compensate for the lack of aminoacids that consequently impairs proteosynthesis and causes
cell death (4, 5). The exact mechanism of cytotoxic effect has not been elucidated so far. ALL patients
have different sensitivity to L-asp and some of them suffer serious side effects.

Our aim is to describe the effect of L-asp in leukaemic cells in detail and to find a relevant marker
of patients’ resistance for the therapy.

Methods

We established cell lines resistant to L-asp derived from the B-cell precursor ALL REH (TEL/AMLI1[+];
very sensitive) and NALM6 (TEL/PDGFRB[+]; medium sensitive) cells by long-term incubation
with L-asp. The sensitivity of these cell lines was proved by the [3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) test. Gene expression
profiles of parental and resistant cell lines (GEP) were determined by Microarray NimbleGene. We
applied the pathway analysis (MetaCore software) of GEP data from the cell lines and patient samples
sensitive/resistant to L-asp (6). GEP data were validated by qRT-PCR. Proteins were detected by western
blot. Respiration was measured by oxygraph (Oroboros). Glucose up-take and fatty acid oxidation were
quantitated by liquid scintillation counting. The amount of lactate was determined spectrofotometrically
using lactate kit. The amount of ATP was measured by luminiscent ATP detection assay Kkit.

Results

There was 837 genes with significantly changed expression in resistant REH cell line and 392 in
resistant NALM6 compared with the parental cell lines. 30 genes were identical for both cell lines.
Among the highest scoring pathways found by pathway analysis were translation regulation and lipid
and glucose metabolism. Next to glucose, glutamine is the other major cellular energy source also
important for the activation of PI3K/Akt/mTOR pathway. Since L-asp has also glutaminase activity we
focused on the effect of L-asp treatment on translation and bioenergetics in leukaemic cells.
mTORCI activates cell translation via phosphorylation of P70S6K. The amount of p-P70S6K protein
and its downstream target p-S6 were reduced in REH and NALM6 after treatment with L-asp.
The phosphorylation of 4EBP1 was also decreased (Fig. 1). These results clearly indicate the inhibition
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of translation in leukaemic cells after L-asp treatment. We measured the cytostatic effect of co-treatment:
L-asp with mTORCI inhibitor (rapamycin); with dual inhibitor of mMTORC1 and PI3K (LY294002); and
with specific inhibitor of PI3K (PX866).The MTS assay proved that the L-asp/rapamycin combination
is the most effective.

Next, we determined the impact of L-asp on metabolism of leukaemic cells. The protein level of C-MYC,
the activator of glucose and glutamine catabolism, and glucose transporter 1 (GLUT-1) was decreased in
REH and NALM6 after L-asp treatment. The inhibition of glycolysis was confirmed by the decrease of
glucose uptake (Fig. 2) and by the decrease of lactate production in cells treated with L-asp.
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Besides the glutamine and glucose metabolism, fatty acids are the next substrates for ATP production.
Fatty acid oxidation (FAO) was significantly increased in both cell lines after L-asp (Fig. 3). The co-
treatment of L-asp and etomoxir, the specific inhibitor of FAO, significantly decreased the cell survival
in both cell lines. Since the product of FAO, acetylCoA, enters the Krebs cycle and the product of the
Krebs cycle NADH activates respiratory chain, we measured the impact of L-asp on respiratory chain
as well. The capacity of cell respiration was increased after L-asp administration, indicating increased
oxidative phosphorylation in the cells. Decreased levels of ATP did not confirm this assumption.

Discussion

Our results indicate that L-asp inhibits translation in leukaemic cells. Moreover we show that leukaemic
cells, which normally depend on glycolysis, are able to switch to fatty acid oxidation followed by
activation of respiratory chain under amino acid deprivation stress. The remaining key question is
what the objective of these changes is. The decrease of ATP levels after L-asp treatment shows that the
metabolic switch does not serve to produce energy. We hypothesize that the main reason is to obtain
intermediates from Krebs cycle to supply depleted amino acids. Although L-asp has an apoptotic effect,
it probably also triggers the rescue mechanism. The activation of the rescue pahways could distinguish
between sensitive and resistant patients.

Conclusion

L-asp has already been in use for decades. Its importance in the therapy of childhood ALL is
unquestionable. Recently, it is also used in the therapy of adult ALL. The effect of L-asp is studied in
the therapy of ovarian cancer as well. Nevertheless, the exact mechanism of action has been elucidated
neither in leukaemic cells nor in the ovarian cancer cells. Our study describes for the first time the
strong effect of L-asp on the metabolism of leukaemic cells. These results will help to explain the
cytotoxic effect, the reason of resistance and side effects development.

Summary

Acute lymphoblastic leukaemia (ALL) is the most frequent type of childhood cancer. It is treated
according to the international protocols that cause remission in 98 % of patients. Despite the impressive
advances in therapy, relapses occur approximately in 15 - 20% of patients. L-asparaginase (L-asp)
is the important component of the combined chemotherapy. L-asp depletes extracellular asparagine
and glutamine. The antileukaemic effect of L-asp was traditionally attributed to the lower function of
asparagine synthetase (ASNS) in leukaemic cells compared with healthy cells. We have previously
shown that expression level of ASNS is not responsible for the differential sensitivity of various
leukaemic cells to treatment with L-asp (Krej¢i, Starkova et al, Leukemia 2004; Hefmanova et al, Exp
Hematol 2012).

In the current project, we study the mechanism of L-asp effect on the energy production and
proteosynthesis of the leukaemic cells. Cancer cells are energetically mostly dependent on glycolysis.
Under the treatment with L-asp, glycolysis is impaired, and the cells utilize fatty acid oxidation
followed by activation of respiratory chain as an alternative bioenergetic pathway. Moreover, L-asp
inhibits the mTOR signaling in leukaemic cells, thus decreasing the proteosynthesis. We believe that
these changes are mainly caused by the effort of the cells to mobilize metabolism with the aim to
supply depleted amino acids. Resistance of the particular leukaemia subtypes is likely caused by the
better biochemical adaptability to these processes.
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Introduction

Environmental enrichment is a popular strategy to enhance motor and cognitive performance and to
counteract the effects of various harmful stimuli. The protective effects of enriched environment have
been shown in traumatic, ischemic and toxic nervous system lesions.

The first description of the positive effects of environmental enrichment comes from the neuroscientist,
Donald P. Hebb. In his paper in 1947, he described that the animals kept as pets, i.e., under enriched
environment, showed better performance in memory and learning tasks [1]. Since then, hundreds of
experimental data have accumulated regarding environmental factors and their importance. Among
others, enriched environment has been shown to influence the development of the nervous system
including that of the visual system [2-4]. It is proven that environmental factors have a major influence
on the outcome of different neuronal lesions [5] and so environmental enrichment is a popular
strategy to counteract central nervous system injuries. Recently we have shown, for the first time,
that environmental enrichment has a protective effect in neonatal lesion of the retina [6,7]. Numerous
studies have proven that enriched environment can reduce lesions induced by toxic [8-10], ischemic
and traumatic injuries. The mechanism underlying this protective effect includes stimulating synaptic
plasticity and neurogenesis, increase of dendritic spines and stimulating the expression of neurotrophic
factors like brain-derived neurotrophic factor, insulin-like growth factor and nerve growth factor.

Discussion

Several neurotoxicants are known to induce neurodegeneration and have negative behavioral consequences
in the developing or adult brain. Among toxic lesions, lead-induced injury has been proven to be counteracted
by environmental enrichment [9]. In our model we used monosodium-glutamate (MSG). This agent is
also known as umami or E621 additive food flavoring agent. MSG has toxic effects only if it reaches
the central nervous system in high concentration, which happens only in the newborn rodent brain (with
subcutaneously MSG treatment on postnatal days 1, 5 and 9), when MSG can pass through the blood-brain
barrier. Glutamate toxicity occurs through overexcitation of the N-methyl-D-aspartate (NMDA) receptors.
This then leads to increased calcium ion influx and finally cell death. MSG toxicity in rodents is known to
cause degeneration of the retina, optic nerve, arcuate nucleus and various parts of the cortex.

The development of newborn rats during the first three postnatal weeks follows a general pattern of
reflex appearance and maturation of motor skills. Previously we have shown how different perinatal
insults delay neurobehavioral development: most severe retardation was observed in hypoxia and
asphyxia, while perinatal stress only led to minor changes. We have demonstrated that treating newborn
rats with MSG delays the development of neurological reflexes and motor coordination skills.

Aims

The aim of our study was to investigate whether environmental enrichment alters neurobehavioral development
and whether it provides protection against the neurobehavioral consequences of neonatal MSG toxicity.
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Methods

For environmental enrichment, we placed rats in larger cages, supplemented with different toys that
were altered daily. Normal control and enriched control rats received saline treatment only. Physical
parameters such as weight, day of eye opening, incisor eruption and ear unfolding were recorded.
Animals were observed for appearance of reflexes such as negative geotaxis, righting reflexes, fore-
and hindlimb grasp, fore- and hindlimb placing, sensory reflexes and gait. In cases of negative geotaxis,
surface righting and gait, the time to perform the reflex was also recorded daily. For examining motor
coordination, we performed grid walking, footfault, rope suspension, rota-rod, inclined board and walk
initiation tests.

Results

We found that enriched environment alone did not lead to marked alterations in the course of
development. On the other hand, MSG treatment caused a slight delay in reflex development and
a pronounced delay in weight gain and motor coordination maturation. This delay in most signs and
tests could be reversed by enriched environment: MSG-treated pups kept under enriched conditions
showed no weight retardation, no reflex delay in some signs and performed better in most coordination
tests. These results show that environmental enrichment is able to decrease the neurobehavioral delay
caused by neonatal excitotoxicity.
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Figure 1. Daily changes in body weight (*: p < 0.05, ¥*: p < 0.01, ***: p < 0.001 control monosodium
glutamate (MSG) vs. all other groups).
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Figure 2. Development of reflex performance. (A) Gait performance, (B) Air righting reflex appearance;
(C) Surface righting reflex performance; (D) Negative geotaxis performance (*: p < 0.05).
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Figure 3. Motor coordination tests I: Grid walking and footfault test. (A) Number of total steps; (B)
Number of total faults; (C) Total faults/total steps ratio; (D) Number of forelimb faults (*: p < 0.05).
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Conclusions

Our results show that while raising pups in enriched environment does not considerably alter
neurobehavioral development, it can decrease the delaying effects of the excitotoxic MSG treatment.
Summary:

In summary, our present results show that enriched housing conditions can reduce the delaying effects
of the excitotoxic glutamate treatment on neurobehavioral development in newborn rat pups.
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Introduction

Advances in medical imaging techniques have enabled identification of brain regions affected by
schizophrenia (Shenton et al., 2001). There is also an effort to use medical images to help diagnostics
of this disabling psychiatric disorder, as early and accurate diagnostics can significantly improve
patient recovery rates and the overall prognosis (Perkins et al., 2005).

Algorithms proposed for diagnostics are based on classification of brain images of schizophrenia
patients and healthy controls (HC). Due to large amount of imaging features, classification is often
preceded by data reduction. So far, only few studies have presented complex pipelines for data reduction
and classification, such as the COMPARE method (Fan et al., 2007), which showed promising results
in discrimination of first-episode schizophrenia (FES) and chronic patients from HC (91.8% accuracy).
However, only FES patients should be used in classification as medication affects brain structure in
chronic patients and thus leads to over-optimistic results. Indeed, when the COMPARE algorithm was
used for classification of FES patients and HC, the accuracy was only 73.4% (Zanetti et al., 2012).
The aim of this paper is to present a new data-driven complex pipeline for distinguishing FES patients
from HC with high accuracy and thus aiding schizophrenia diagnostics.

Methods

The proposed data-driven complex pipeline is based on combining deformation-based morphometry
(DBM) with penalised regression with resampling (PRWR). In DBM, high-resolution nonlinear
registration of 3-D brain images with a digital brain atlas is performed (Schwarz et al., 2007). The
resulting 3-D deformations clearly show how the brain anatomy of a subject differs from the normal
template anatomy in terms of local volume contractions and expansions.

After logarithmic transformation, the 3-D deformations are transformed into 1-D vectors and arranged in
(nx p) matrix X, where n and p are numbers of individuals and imaging features, respectively. Class labels
of each subject (1 stands for patients and 0 for controls) are arranged to (n x 1) vectory. The X and y are
used in PRWR for identification of brain regions most discriminating FES patients and HC. Specifically,
both y and X are inputs into a regression model y = X8 + €. The aim is to estimate regression coefficients
B=@8B,.., Bp) such that the model would enable to select most discriminating imaging features, while
correlated features would be selected in groups. Therefore, elastic net penalty (Zou and Hastie, 2005) is
used here as it consists of /, (lasso) penalty which enables selection of the imaging features (Tibshirani,
1996), and /, (ridge) penalty which induces a grouping effect on correlated variables (Zou and Hastie,
2005). The B estimates are found by following formula:

argmBin{IIy—XBxH% + Bl + pliBxll3}, )

where A > pand p > 0 are regularization parameters introduced for the /, and /, penalties, respectively,
and k = (1 + p)"' corrects for double shrinkage caused by applying both penalties. After re-writing the
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Equation (1) and setting p to infinity, whilst still maintaining the grouping effect (Zou and Hastie,
2005), the regression coefficients § are estimated using:

ﬁj = sign(x’;y) (lx.’jyl - /1/2) @

"

where (o), is defined as max(0, o), x’j ,j =1, .., pis a column vector in the matrix X, and A controls
the amount of imaging features selected as most discriminative between patients and HC. Specifically,
when A is zero, all features are selected. As A increases, fewer features are selected. To find optimal A
a resampling method proposed for sparse predictive modelling (Meinshausen and Biithlmann, 2010)
was applied. This resampling procedure aims to calculate selection probabilities for features by
repeatedly fitting the penalised regression model on random subsets of the dataset, while keeping track
of the selected features. The final set of the most discriminative features consists of those with selection
probability higher than 0.5. The selected features are then used for classification of individuals as
patients or HC using linear discriminant analysis.

Results

The proposed classification pipeline was tested in an experiment with T1-weighted magnetic resonance
brain images of 52 male FES patients and 52 sex- and age-matched healthy subjects. The median age
of the patients and controls was 22.9 (range 17-40) and 23.0 (range 18-38) years, respectively. All
subjects signed an informed consent before entering the study.

The classification efficiency of the proposed algorithm was evaluated with the leave-one-out cross-
validation technique to avoid biased results. The performance measures, namely accuracy, sensitivity
and specificity, obtained in classification of the 104 subjects are summarized in Table 1. Our results
demonstrate that the accuracy is stable for various values of 4. The best cross-validated accuracy was
85.6% (sensitivity 84.6%, specificity 86.5%) while selecting about 30000 most discriminative imaging
features, which are visualized in Figure 1. The selected features form connected regions in the left
prefrontal cortex, the right anterior insula, the medial parts of the thalamus, and the cerebellar cortex.

A Number of features Accuracy Sensitivity Specificity
0.3 315123 82.7 84.6 80.8
0.4 107 967 84.6 86.5 82.7
0.5 30461 85.6 84.6 86.5
0.6 5113 83.7 78.8 88.5

Table 1. Number of selected imaging features and cross-validated classification performance
measures in percentage for various A values.
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Figure 1. Coronal, transversal and sagittal slices showing the automatically detected highly
discriminative imaging features between FES patients and HC (in white).

Discussion

A classification pipeline for discriminating FES patients from healthy individuals based of brain
images has been presented here. The data-driven algorithm consisted of DBM and PRWR and enabled
identification of most discriminating imaging features as well as subject discrimination. The features
identified using magnetic resonance images of 52 FES patients and 52 HC were located in regions in
the left prefrontal cortex, the right anterior insula, the medial parts of the thalamus, and the cerebellar
cortex. It is known that these brain regions are involved in higher cognitive, integrative and regulatory
functions that are impaired in schizophrenia (Shenton et al., 2001). High classification accuracy
(85.6%), sensitivity (84.6%) and specificity (86.5%) have been achieved in the experiment with the
104 subjects. The efficiency of the algorithm is superior to results published by Zanetti et al. (2013).

Conclusion

In conclusion, the connections between discriminating morphology features and their significance
for the neurobiology of schizophrenia and the high accuracy of classification of patients and healthy
controls demonstrate the face validity of the approach combining DBM and PRWR for distinguishing
FES patients from healthy subjects.

Summary

This paper presents a new data-driven classification pipeline for discriminating patients with first-episode
schizophrenia from healthy subjects based on medical images of their brain. The proposed method
comprising deformation-based morphometry and penalised regression with resampling identified
brain-imaging biomarkers localised in the left prefrontal cortex, right anterior insula, medial parts of
the thalamus, and cerebellar cortex, which are brain areas involved in higher cognitive, integrative and
regulatory functions that are impaired in schizophrenia. Moreover, the method distinguished 52 first-
episode schizophrenia patients from 52 healthy controls with accuracy of 85.6%, sensitivity of 84.6%,
and specificity of 86.5%.
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Introduction

Cardiorenal syndrome was firstly oficially defined at a consensus conference of the Acute Dialysis
Quality Initiative (ADQI) in 2008, as a disorder of the heart and kidneys whereby acute or chronic
dysfunction in one organ may induce acute or chronic dysfunction of the other. It is classified into five
subtypes: Acute cardio-renal syndrome (type 1): acute worsening of heart function leading to kidney
injury and/or dysfunction. Chronic cardio-renal syndrome (type 2): chronic abnormalities in heart
function leading to kidney injury or dysfunction. Acute reno-cardiac syndrome (type 3): acute worsening
of kidney function leading to heart injury and/or dysfunction. Chronic reno-cardiac syndrome (type
4): chronic kidney disease leading to heart injury, disease and/or dysfunction. Secondary cardio-renal
syndrome (type 5): systemic conditions leading to simultaneous injury and/or dysfunction of heart
and kidney (1,2). Our goal was to identify the characteristics of patients with cardiorenal syndrome
admitted to our department.

Methods

We analyzed retrospectively history, clinical, anthropometric, biochemical and treatment characteristics
of patients admitted to our department (from January to December 2010) and diagnosed with cardiorenal
syndrome according to ADQI definition (1). We calculated estimated glomerular filtration (eGFR)
by Cockroft-Gault formula and MDRD formula (Modification of Diet in Renal Disease, variation
GFRMDRDI186 ) (3.4).

Results

Out of all admitted patients, 124 (10,22%) were diagnosed with cardiorenal syndrome. 65 (52,4%) were
males, mean age of the patients was 74,2+ 9,3 years, mean lenght of their hospitalization was 7,9+ 2,9
days. 119 had arterial hypertension, 121 had ischemic heart disease, 75 had diabetes mellitus. Mean
left ventricular ejection fraction was 40,23 + 12,5%. Cardiorenal syndrome type 1 had only 3 patients,
type 2 had 25 (20%) patients, type 4 had 11 patients and type 5 had 85 (68,5%) patients. There were no
patients with cardiorenal syndrome type 3. The most prescribed medication were beta-blockers (76%) and
furosemide (65,3%), 56 (45,1%) patients were treated with the inhibitors of renin angiotensin system.
Only 2 patients were treated with hemodialysis and only in 5 cases dobutamine was used.

Conclusion

Cardiorenal syndrome was frequent among older patients admitted to our department. The mean
age was 74,2+ 9,3 years. The most common was type 5 (68,5%), and the most common reason for
hospitalisation was chronic heart failure (48%). Coexistence of cardiac and renal diseases significantly
increases morbidity and mortality (1). It is important to recognize cardiorenal syndrome early to
optimalize the management of patient with both conditions.
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Type 1 Type 2 Type 4 Type 5 All
n=3 (2,4%) n=25(20%) | n=11(8,8%) | n=85 (68,5%) n=124
Age (years) 783+ 11,6 75,12 £ 11,7 70,3 +9,1 75,7 £9,0 742+93
Sex (M/F) 2/1 13/12 5/6 45/40 65/59
Hemoglobine (g/dl) 12,8 £2,0 12,18+ 1,8 10,7+ 1,9 11,8 £2,2 11,87 +2,1
Total protein (g/1) 68,45+2,4 63,8 + 8,6 59,6 +2.9 65,2+ 6,0 64,26 + 6,5
Albumin (g/1) 42,1487 384453 374425 38345,0 39,05+ 4,9
Systolic BP (mmHg) 141,6£25,6 | 126,16+24,7 1245+ 15,5 1373 £25.6 132,39 + 24,9
Diastolic BP (mmHg) 80,0 = 10,0 77,72 £ 13,3 75,1 +9,5 81,7+ 11,6 78,63 £ 11,8
LVEF (%) 45,0+ 13,2 36,6 + 10,7 47572 43,1+13,1 40,23 +12,5
Duration of hospitalisation 73+1,5 82+2,6 7,5+3.3 7,8+3,0 7,9+2,9
(days)
Table 1. Basic data of patients with cardiorenal syndrome
Type 1 Type 2 Type 4 Type 5 All
n=3(24%) | n=25(20%) | n=11(8,8%) | n=85 (68,5%) n=124
Creatinine (umol/L) 164,5+47,5 | 133,7+39,7 210+ 114,5 140,8 76,9 162,25+ 76,6
GFR-Cockroft-Gault (ml/min) 22180 | 46,76+£20,7 | 40,5+ 163 | 5128+ 23,6 | 40,18 + 22,7
GFR-MDRD 186 (ml/min/1,73 m?) | 28,15+ 9,9 43,7+11,6 32,6+ 154 48.8+ 17,0 38,31+ 16,2
Table 2. Glomerular filtration in cardiorenal syndrome (GFR)
" Type 1 Type 2 Type 4 Type 5 All
n=3 (2,4%) n=25(20%) | n=11(8,8%) | n=85 (68,5%) n=124
Arterial hypertension 100 84 100 97 95
Smoking 0 12 27 0 10
Ischaemic heart disease 100 92 100 98 97
Peripheral arterial disease 0 12 0 12 12
Diabetes mellitus 33 32 63 69 60
Cerebrovascular disease 0 40 18 22 25
Table 3. Anamnesis of patients with cardiorenal syndrome
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Introduction

TMEM70 is protein functioning as specific, ancillary factor of mammalian ATPsynthase and is
uniquely specific for higher eukaryotes. Its absence results in an isolated decrease of the content of
fully assembled ATPsynthase and reduction of enzyme activity. Mutation in TMEM?70 factor represents
the frequent cause of fatal mitochondrial disease, autosomal recessive encephalo-cardiomyopathy
(Cizkova et. al, 2008). TMEM70 is a 21 kDa mitochondrial protein of the inner mitochondrial
membrane synthesized as a 29 kDa precursor. It contains two putative transmembrane regions in the
central part of the structure (Hejzlarova et. al, 2011).

Aims

The aims of the present study were to determine topology of TMEM70 protein in the inner mitochondrial
membrane, native forms and interaction with ATPsynthase using C-tagged forms of TMEM70 protein
(TMEM?70-GFP, TMEM70-FLAG, TMEM70-MY C-FLAG) expressed in HEK293 cells.

Methods

The membrane topology of protein TMEM70 was studied by two different approches: digestion
test with trypsin protease and test with dye Trypan Blue, quanching fluorescence signal. Blue native
electrophoresis analysis in first dimension (BN-PAGE) and second dimension (BN-PAGE/SDS-PAGE)
were used to explore native forms of TMEM70 protein in model cells. Two different immunoprecipitaion
procedures (anti-FLAG immunoprecipitation, ATP-synthase immunocapture test) and immunogold
analysis were used to investigated possible interaction of TMEM70 and ATPsynhtase.

Results

Based on accessibility to trypsin (Fig. 1) or membrane-impermeable dye Trypan Blue we demonstrated
that TMEM?70 protein has a hairpin structure with N- and C- termini oriented towards mitochondrial
matrix. These findings is in accordance with the previously bioinformatic predictions (Jonckheere et.
al, 2011). When solubilized with mild detergents and resolved by BN-PAGE, TMEM?70 is detected in
multiple homooligomeric forms, dimers and higher oligomers. Variable portion of tagged TMEM70
is found in high molecular weight region, partly overlapping with assembled ATP synthase. Extensive
immunoprecipitation studies as well as immunogold electron microscopy analysis confirmed interactions
between TMEM70 molecules but no direct interactions with ATP synthase subunits.
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Fig. 1. Freshly isolated mitochondria from HEK293 cells expressing TMEM70 FLAG were swollen
using hypotonic medium to disrupt outer mitochondrial membrane but keeping the inner mitochondrial
membrane intact. The swollen mitochondria were incubated with/without trypsin and with/without
TRITON X-100. Samples were separated by 12% SDS-PAGE and immunoblotted with antibodies.
OPA1 (located in the inner mitochondrial membrane facing the intermembrane space) was completely
digested when trypsin was added, whereas TMEM70 _FLAG and FH (located in matrix) was completely
protected from trypsin digestion. NDUFB6 was used as loading control (protein protected before
trypsin digestion by structure of complex I).

Discussion and conclusion

In conclusion TMEM70 protein is with its both terminus facing to the mitochondrial matrix. In cells
is present in several higher oligomeric forms and there is no evidence of interaction TMEM70 and
ATPsynthese subunits, indicating that the biological function of TMEM70 in ATPsynthase biogenesis
may be mediated through interaction with some other protein.
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Introduction

Neural Crest (NC) cells are transient, multipotent cell population with migratory ability and originate
from neural plate borders fusion, which occurs during neural tube invagination. NC cells give rise to
many different cell types such as Schwann cells, melanocytes, connective tissue cells or odontoblasts.
From this point of view NC cells can be an interesting aim in stem cell therapy.

Aims

* Differentiation of NC cells from human Embryonic Stem (hES) cells and optimization of cultivating
conditions

* Molecular and functional characterisation of the obtained cells

* Quantification of expression of early odontogenesis characteristic markers after FGF8 application

Methods

hES cells were differentiated according to a protocol published by Lee ef al. 2007 (later innovated by
Kim et al. 2012). Heterogeneous cell population was obtained. From this population NC cells were
sorted by FACS (Fluorescence-Activated Cell Sorting) based on immunological CD271 (LNGFR, Low-
Affinity Nerve Growth Factor Receptor; marker of NC cells) staining. Subsequently expression of other
proteins characteristic for NC cells was determined at these sorted cells by immunocytochemistry and
flow cytometry. Besides molecular characterisation, functional characterisation of connective tissues
differentiation was carried out. Finally, expression of early odontogenesis markers was quantified
after specific differentiation inductors treatment at mRNA level by qRT-PCR (Quantitative Real-Time
Polymerase Chain Reaction) method.

hES cells lineage CCTL14 (Centre of Cell Therapy Line 14) was used for NC cells differentiation.
A method of direct differentiation through dual SMAD inhibition (Lee et al. 2007, Kim et al. 2012)
was used. Undifferentiated hES cells were propagated on extracellular matrix (Matrigel™, BD
354234) until cell confluence reached 60 % of culture dish. In this phase SMAD inhibitors (10uM
SB431542, 500 ng/ml NOGGIN) were added into cultivating media and the differentiation itself
started. KSR (Knockout Serum Replacement) medium, in which the cells were cultivated at the
beginning of differentiation, was gradually replaced with MEC media — media for long-term NC
cell propagation. Three different MEC media (MEC1-3) were used for cultivation. The composition
of MEC1 and MEC2 was described in previous works (Lee ez al. 2007, Kim ef al. 2012) and MEC3
medium was designed by our group. The main difference in MEC3 media is addition of non-essential
amino acids, -mercaptoethanol, higher concentration of growth factors FGF2 and EGF.

After 12 days of differentiation NC cells were sorted according to CD271 (antibody: FITC conjugated,
anti-human CD271, Biolegend #345104) expression on BD FACS ARIA Il instrument and subsequently
a CD271 positive population was cultivated.
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Results

After 12 days of differentiation the cells were seeded on MaxGel (MaxGel™ ECM, Sigma E0282)
coated dishes. However, these cells were not phenotypically stable and a lot of them (20-30 %) died
of anoikis. That is why alternative surface coating was tested. Cells cultivated on Poly-L-ornithine/
Fibronectin coating grow fast and maintain homogeneity during time. Poly-L-ornithine/Laminine
coating also provides good grow, but with no homogeneity. Collagen I is absolutely unsuitable for
cultivating these cell, the cells do not attach to this surface. MEC3 was the best one of the cultivating
media tested, because of low amount of dying cells, fast growth and homogeneity of cell population.
Influence of different coating and cultivating media can be seen in picture 1.

ais g i {
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Picture 1. Influence of different dishes coating and media

Expression of some characteristic molecular markers of NC cells was elucidated. SOX9 (transcription
factor, skeletal development) and SOX10 (transcription factor, neural crest and peripheral nervous
system development) expression was detected by immunocytochemistry and CD271, CD57 (HNK1,
modulate cell adhesion in neural cells) and AP2 (transcription factor, expressed during eye, face or
neural tube development) by flow cytometry. Expression of CD271, CD57 and AP2af is depicted in
flow cytometry graph in picture 2.
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Picture 2. Expression of CD271, CD57 and AP2af in differentiated cells measured by flow cytometry
method. Grey (on the left side) line represents the intensity of fluorescence of isotype control and dark

(on the right side) the intensity of fluorescence of specific antibody stained cells. Results are in folds of
isotype control. Axis x is logarithmic scale.
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These cells can be differentiated into adipogenic lineage. After 3 weeks in adipogenic differentiation
medium and oil red O staining red coloured lipid granules can be seen in the cells.

BARXI1 is homeobox gene expressed during early odontogenesis. It plays role in the development of
teeth and craniofacial mesenchyme of neural crest. Increased expression at mRNA level was found out
after treatment with FGF8 (Fibroblast Growth Factor 8, key molecule initiating signalling from dental
epithelia to neural crest). Increased BARX1 expression was detected after 72 and more significantly
after 96 hours after the beginning of the treatment, as can be seen in picture 3.

Barx1 expression after FGF8 treatment
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Picture 3. BARXI expression after FGF8 treatment

Discussion

Although increased expression of BARX1 gene was observed, expression of other homeobox genes
participating in odontogenic induction, such as DLX2, MSX1, PAX9, was not detected. Currently, the
stimulation of differentiated cells with other signalling molecules is being studied. Increased BARX1
expression was also detected during mouse FGF8 treatment, which is important especially for the
process of co-cultivation of these cells with mouse embryonic dental epithelia in order to prove ability
of forming functional odontoblast.

Conclusion

In this study differentiation of hES cells toward cells possessing molecular (expression of characteristic
proteins) and functional (adipogenic differentiation) signs of neural crest cells was introduced.
Cultivating conditions were optimised for these cells — combination of new MEC3 medium, Poly-
L-ornithine and Fibronectin coating. Under these conditions the cells can be cultivated long-term.
Expression of BARX1 homeobox gene was upregulated after FGF8 treatment.

Summary

The presence of neural crest is a crucial step in (vertebrate) evolution. NC cells participate in
development of many organs, wrong function of these cells is connected with congenital diseases such
as Waardenburg or DiGeorge syndrome. Proper understanding of neural crest function in developing
organism can provide a powerful tool for regenerative medicine. This is the first study dedicated to
differentiation of hES cells into odontogenic lineage and suggests the way of next investigations and
future clinical application.
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Introduction

Acute myeloid leukemia (AML) shows a high degree of heterogeneity owing to a variety of mutations
and mechanisms involved in leukemogenesis. Standard prognostic indicators as cytogenetics and
molecular genetics'? often do not fully reflect the course of the disease and patient outcome. Cytokines
and adhesion molecules also play a role in leukemogenesis, AML cell persistence, extramedular
infiltration and treatment outcome. The role of cytokines in AML has been reviewed recently?.
Modulation of the cytokine network and adhesive interactions can disrupt signalling pathway
activation and overcome the high resistance to treatment and improve outcomes of AML treatment.
Further knowledge gained from multiple cytokine and adhesion molecule analysis should allow more
precise risk stratification and better disease management. This research activity follows the recently
published pivotal trial performed by our group*.

Aims
The aim of our study was to evaluate baseline serum levels of multiple cytokines and adhesion
molecules in a context of respected prognostic indicators in patients treated for AML.

Methods

A total of 47 newly diagnosed AML patients, 17 males and 30 females, mean age 52.4 + 13.4, median
54.9 years, 10 low risk, 8 intermediate-1 risk, 12 intermediate-2 risk and 17 high risk, treated with
“3+7” induction chemotherapy, followed by “HiDAC” consolidation alone or escalated with high-
dose chemotherapy “FIAG-Ida” and allogeneic hematopoietic stem cell transplantation in 28 cases
(preparative regimen Bu/Flu/+ATG), were studied. We evaluated serum levels of the following 17
cytokines and 5 adhesion molecules: interleukins (IL-1a, IL-1pB, IL-2, IL-3, IL-4, IL-6, IL-7, IL-8,
IL-10, IL-12, IL-13, IL-23), vascular endothelial growth factor (VEGF), tumor necrosis factor-alpha
(TNF-a), interferon-gamma (IFN-y), epidermal growth factor (EGF), monocyte chemotactic protein-1
(MCP-1), E-selectin, L-selectin, P-selectin, intercellular adhesion molecule-1 (ICAM-1), vascular
cell adhesion molecule-1 (VCAM-1). All biomarkers were measured by biochip array technology on
Evidence Investigator analyzer (Randox) in sera collected at the diagnosis of AML. Biochip array
technology enables simultaneous detection of multiple cytokines and adhesion molecules in a single
sample and provides valuable information relating to each tested analyte and possible associations
between analytes in each sample. The levels of cytokines and adhesion molecules were compared with
defined prognostic indicators and course of the disease. Probability values (p) < 0.05 were considered
statistically significant.
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Results

All the patients” samples were collected after exclusion of clinically manifest infection, the differences
in CRP levels were not significant in any analysis performed.

Comparing the whole group of newly diagnosed AML patients with a control group of healthy
individuals (blood donors), significant increase in IL-6 (14.05 + 13.23 ng/L vs. 0.52 £ 0.25 ng/L,
p<0.05), VCAM-1 (730 £ 293 ug/L vs. 328 & 62 ug/L, p<0.005), ICAM-1 (352 £ 137 ug/L vs. 197 +
30 ug/L, p<0.005) and L-selectin (2572 + 978 ug/L vs. 1104 + 210 ug/L, p<0.000005) and decrease
in IL-1pB (0.99 £ 0,64 ng/L vs. 2.23 + 2.21 ng/L, p<0.05), IL-2 (3.14 + 2.59 ng/L vs. 6.28 + 3.24 ng/L,
p<0.01) and IL-4 (1.51 £ 1.04 ng/L vs. 3.27 £ 1.47 ng/L, p<0.0005) levels was found. Very similar
results were obtained from analysing any of defined prognostic subgroups itself when compared to
control group.

The de novo AML patients(n=34) differed from secondary AML patients (n=13) in higher IL-2 (3.88
+2.65 ng/L vs. 1.19 £ 1.19 ng/L, p<0.05), lower IL-7 (4.16 + 2.42 ng/L vs. 9.03 £ 8.42 ng/L, p<0.05)
levels and age (49.3 £ 14.2 vs. 60.6 + 7.6 years).

Patients with initial hyperleukocytosis (n=8) had higher levels of IL-1f (2.22 + 1.12 ng/L vs. 0.74 +
0.45 ng/L, p=0.00001), IL-10 (10.35 + 8.93 ng/L vs. 3.05 + 2.85 ng/L, p<0.05), TNF-a (5.84 + 4.31
ng/L vs. 2.18 £ 1.05 ng/L, p<0.0005), VCAM-1 (1260 + 638 ug/L vs. 622 + 174 ug/L, p=0.0001),
E-selectin (38.4 £ 13.5 ug/L vs. 20.7 + 14.9 ug/L, p<0.05) and L-selectin (3309 £ 265 ug/L vs. 2421 +

1016 ug/L, p<0.05), and lower levels of MCP-1 (117 £+ 61 ng/L vs. 225 + 114 ng/L, p<0.05) and INF-y
(0.39 £ 0.35 ng/L vs. 2.20 + 1.67 ng/L, p<0.05).

In elderly patients (age over 65 years, n=15) an increase in IL-6 (23.34 + 23.33 ng/L vs. 9.70 + 8.86
ng/L, p<0.05) and decrease in IL-12 (0.85 + 1.13 pg/L vs. 4.36 + 3.99 pg/L, p<0.05) and IL-13 (2.03 +
3.24 ng/L vs. 5.27 £ 4.21 ng/L, p<0.05) levels was found. These patients were excluded from further
analyses.

Finally, we analyzed a group of 22 patients who either survive without disease progression for at least
6 months after completion of chemotherapy or allogeneic hematopoietic stem cell transplantation,
or relapsed. Those patients who are doing well (n=12) had higher IL-1f (1.12 + 0.65 ng/L vs. 0.34 +
0.43 ng/L, p<0.05) and lower VCAM-1 (569 + 158 ug/L vs. 823 + 226 ug/L, p<0.05) and ICAM-1
(263 £ 46 ug/L vs. 422 + 168 ug/L, p<0.05) levels at the time of diagnosis. Furthermore, we found
moderate correlation between IL-1p (r= 0,42) and inverse correlations between VCAM-1 (r= -0,49)
and E-selectin (r=-0,41) and progression free survival. Out of these 12 well doing patients, 7 belong
to low + intermediate-1 and 5 to intermediate-2 + high risk subgroup.

Comparing cytokine and adhesion molecule profile among subgroups of patients organized according
to standard risk stratification has not revealed any statistically significant differences.

Discussion

Analysing this group as a whole, same as analysing defined prognostic subgroups, reveals changes
associated with the activity of the disease’. To assess the possible cytokine-mediated changes, exact
subgroups of patients, comprising patients from various prognostic subgroups according to standard
indicators, need to be analysed. The prognostic stratification of AML according to cytogenetics and
molecular genetics was validated in large cohorts of patients, where individual changes disappear
in the majority. We subdivide patients according to clinical course of the disease and try to identify
appropriate changes in cytokine and adhesion molecule profile. We realize that the analysed group is
small and at the moment we can not evaluate the impact of cytokine and adhesion molecule profile on
overall survival.

Conclusion

Standard prognostic indicators are important in AML patient management, but can not identify
patients with an aggressive disease marked as low or intermediate-1 risk, same as patients marked as
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intermediate-2 or high risk and less aggressive disease. The cytokine and adhesion molecule profile is
capable to uncover more profound differences in a specifically defined patient subgroups and seems
to be more personalized. To validate our data, further investigation in a larger number of patients is
necessary.

Summary

Cytokines and adhesion molecules have been studied as markers of immune system activation in various
diseases including AML. A total of 47 newly diagnosed AML patients, who were treated with intensive
chemotherapy and in indicated cases allotransplanted in the period from 2010 to 2013, were evaluated
for baseline cytokine and adhesion molecule profile. The findings were compared with standard risk
stratification according to cytogenetics and molecular genetics, and in subsequent analyses cytokine
and adhesion molecule patterns in defined subgroups of patients were estimated. We provide evidence
about differences in cytokine and adhesion molecule profile linked to hyperleukocytosis, age and
secondary AML origin. Finally, we identified a cytokine pattern associated with improved progression
free survival, which seems to be caused by lower aggressiveness of the disease. Due to relatively short
follow-up we are not able to identify cytokine and adhesion molecule pattern associated with improved
overall survival yet. Our analyses are limited by low patient count. Analyses in a larger cohort of
patients would be probably even more exciting.
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Introduction

Polycythemia vera (PV) and primary familial and congenital polycythemia (PFCP) are primary
polycythemic disorders with erythroid progenitors hypersensitive to erythropoietin (EPO). They are
caused by somatic (PV) or germ-line (PFCP) mutations that are intrinsic to erythroid progenitors and
result in an augmented response to EPO [1]. PV is an acquired clonal hematopoietic stem cell (HSC)
disease characterized by increased production of erythrocytes, granulocytes, platelets and largely
polyclonal T lymphocytes. Over 95% of PV patients carry a somatic JAK2V®'"" gain-of-function
mutation [2]. Evidence suggests that JAK2V6'" is not the disease-initiating mutation and constitutes
only part of the clone [3]. One of the major challenges in order to identify genetic lesion preceding
JAK2V'Y §s to isolate and expand the disease-initiating HSC clones in vitro.

Secondary polycythemias may be subdivided into appropriate and inappropriate, when the former
responding normally to tissue hypoxia (i.e. high-altitude polycythemia and hemoglobins with increased
affinity for oxygen) and the latter is stimulated by aberrant production of EPO. So called Chuvash
polycythemia shares features of both primary and secondary polycythemias. The underlying genetic
defect is the homozygosity with respect to a C—T missense mutation in VHL gene, causing an arginine-
to-tryptophan change at amino-acid residue 200 (Arg200Trp) [4]. Germline von Hippel-Lindau (VHL)
gene mutations underlie dominantly inherited familial VHL tumor syndrome. It was proposed that
different positions of loss-of-function VHL mutations are associated with VHL syndrome cancer
predisposition and only C-terminal domain encoding V’HL mutations would cause polycythemia.

Methods

Peripheral blood samples were collected in EDTA and/or ACD tubes. Written inform consent was
obtained from all participants. The virus-free, integration-free induced pluripotent stem cells (iPSCs)
from female PV patient were derived according to protocol described previously [5]. Human iPSCs
were differentiated into hematopoietic cells following a spin-EB protocol [6]. Functional analysis of
VHL mutations are described in details elsewhere [7,8]. Briefly, genomic DNA was isolated from
granulocytes using Gentra-Puregene Kit (Qiagen, Germantown, MD), and VHL gene’s exons were
amplified using Hot Star Master Mix (Qiagen). 786-0 cell line (renal cell adenocarcinoma origin) was
purchased from ATCC (CRL-1932™, Manassas, VA). VHL Human ¢cDNA ORF Clone was obtained
from OriGene (RC216151, Rockville, MD). Site-directed mutagenesis was performed using the
QuickChange II Site-Directed Mutagenesis Kit (Agilent Technologies, Santa Clara, CA) and allele-
specific oligonucleotides.

Results

Derivation of PV-specific iPSCs clones and their analysis. Using blood and bone marrow progenitors
from female patient with typical PV (with high allele burden (99%) of JAK2V®'"", and ~1% of wild-type
JAK2) dozens of iPSC clones were generated by episomal vectors with several distinct JAK2 genotypes.
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The erythroid differentiation of 5 representative PV-iPSC lines and normal control were examined. The
hematopoietic progenitor cells (HPCs) derived from J4K2V'"" iPSCs had enhanced erythropoiesis
compared to wild-type JAK2 iPS cells, as expected. iPSCs were sequentially differentiated to specific
blood lineages and sensitivity to given drugs (JAK2 inhibitors) at various developmental stages were
tested. Our results show the ineffectiveness of the JAK?2 inhibitors to eliminate the disease-initiating
clones in PV patient.

Comparison of Croatian and Chuvash polycythemia. We report a second polycythemic Croatian
VHL"™'® homozygote distantly related to the first propositus [9]. Three generations of both families
were genotyped for analysis of shared ancestry. The VHL"'® mutation did not segregate in the
families defined by the known common ancestors of the two subjects, suggesting a high prevalence in
Croatians, but haplotype analysis indicated an undocumented common ancestor ~six generations ago
as the founder of this mutation. We show that EPO levels in homozygous VHL"'P individuals are
higher than in VHL?*W patients of similar age, and their native erythroid progenitors, unlike Chuvash
R200W, are not hypersensitive to EPO.

Novel homozygous VHL mutation associated with polycythemia but not with the cancer. We report
a novel homozygous variant of the VHL gene located in the middle of coding region in exon-2;
413C>T:P138L. The propositus’ parents are VHL"'*" heterozygotes and no VHL tumors are reported
in the extended family, in contrast to the other VHL"'"* residue (P138R, P138T) mutations that have
been reported in VHL syndrome and renal cancer. We show that VHL"'*® has perturbed interaction
with hypoxia-inducible transcription factor (HIF)-10. Further, VHL?'*®" protein has decreased stability
in vitro. Similarly to what was reported in Chuvash polycythemia and some other instances of HIFs
upregulation, VHL"'*¥" erythroid progenitors are hypersensitive to EPO.

Discussion and Conclusions

The nature of the pre-JAK2V*'"* somatic and germline mutations has not yet been identified, and the
search for these predisposing genetic lesions using marrow and blood cells is hampered by their genetic
heterogeneity. In order to overcome this obstacle, we generated several iPS cell lines from the same
PV female with different JAK2 genomic configuration. iPSC clones are currently analyzed to reveal
potential genetic defects involved in the early pathogenesis of PV.

Mutations of VHL (a negative regulator of hypoxia-inducible factor) have position-dependent
distinct cancer phenotypes. Only two known inherited homozygous VHL mutations exist and they
cause polycythemia: Chuvash R200W and Croatian H191D. We described and characterized a novel
homozygous VHL mutation, in exon-2, which is associated in the affected homozygote with congenital
polycythemia but not in her, or her heterozygous relatives, with cancer. We also reported a second
polycythemic Croatian VHL™'® homozygote and performed several biochemical and molecular tests
to better define the phenotype.

Summary

These studies will lead to better understanding of the genetic lesions in PV-initiating clones. We further
define the hematologic phenotype of VHL"'®and VHL"'3*" mutations and provide additional evidence
for phenotypic heterogeneity associated with the positional effects of VL mutations.
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Introduction & Aims

Aging is a major risk factor for many chronic diseases, particularly atherosclerosis, cancer, diabetes mellitus,
dementia, and more. These are then responsible for the majority of morbidity in developed countries.
Senescence, i.e. aging at the cellular level, was originally defined as a result of shortening of the
telomeres at the end of chromosomes due to repeated cell division. Other factors independent on cell
replication, e.g. oxidative stress, may also cause senescence. Senescence is associated with inflammation
and with senescence-associated secretory phenotype (SASP), when senescent cells produce various
cytokines in order to attract immune cells and in order to get removed?>.

The aim of our study was to determine if INCB018424, a selective inhibitor of Janus kinases JAK1 and
JAK24, has an effect on senescent cell accumulation and/or SASP in adipose tissue of chronologically
old mice.

Methods

26-month-old BL75/6 male mice were treated with INCB018424 or vehicle for two months. Mice were
treated daily with a single dose (60 mg/kg/ body weight) of INCB018424 mixed with food. Epidydimal,
inguinal, mesenterial, perirenal, and subscapular adipose tissues were collected after treatment. The fat
tissues were fixed and stained for senescence-associated beta-galactosidase (SA-beta-gal), a marker
of cellular senescence, and counterstained with DAPI, a nuclear stain. Images of histological samples
were taken and the percentage of SA-beta-gal positive cells estimated using computer-aided image
analysis. RNA was isolated from fat depots. SASP components and senescence markers were assayed
using qRT-PCR.

Results

No difference was observed in SA-beta-gal positivity in epidydimal depots. In all other depots, there
was a non-significant trend to lower SA-beta-gal positivity in INCB018424 treated animals when
compared to controls. However, expression of following senescence markers and SASP components
were downregulated in the fat tissue of treated mice compared to controls: pl16, p21, IL6, Emrl,
MMP3, MMP9, MMP12, CEBPa, ZFN423, Hmgb1. Expression of other genes (PAI, TNF-o, FABP4,
PPAR-y, MCP1) was not different.

Discussion & Conclusions

In previous study, health span was increased by removing senescent cells in progeroid mice'.
INCBO018424 ameliorated some symptoms of geriatric frailty in patients with myelofibrosis* and seems
to be a promising agent in preventing tissue dysfunction associated with inflammation.

In the present study, we observed that INCB018424 did not change senescent cells abundance, but
significantly reduced senescence-associated inflammmation in adipose tissue in chronologically old
mice. Thus, INCB018424 might prevent age-associated adipose tissue dysfunction.
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Based on results above, targeting the JAK1 and JAK2 with INCB018424 seems to be promising way of
ameliorating SASP. More studies are necessary to determine if inhibiting the JAK1 and JAK2 kinases
can promote health span.
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Introduction

Dual antiplatelet therapy with aspirin and clopidogrel is the gold standard of modern pharmacotherapy
in cardiovascular atherothrombotic diseases. Many studies in the past 20 years have confirmed, that the
combination of aspirin and clopidogrel dramatically reduces the rate of major adverse cardiac events in
patients with acute coronary syndromes and following percutaneous coronary intervention (PCI) [1,2].
However, significant numbers of patients treated with clopidogrel do not have an adequate response to
the treatment and are considered to be clopidogrel non-responders. This is called clopidogrel resistance,
which can be devided into clinical resistance (recurrence of ischaemic events despite adequate therapy)
or laboratory resistance (higher platelet reactivity during antiplatelet therapy). The incidence of
laboratory resistance varies from 4.8 to 40% depending on the study [3]. The etiology is multifactorial,
there are both clinical and cellular and genetic causes. There are many studies that have confirmed poor
prognosis of patients with acute coronary syndrome with worse response to clopidogrel compared with
the patients with sufficient clopidogrel action. The clopidogrel effectiveness can be routinely measured
by different point-of-care assays. One of them is Verify Now. Early studies involving the measurement
of clopidogrel efficacy had shown the prognostic promise [4-6]. However, results from some recent
trials have failed to confirm the prognostic value [7,8].

Aim

The aim of our study was to determine the incidence of clopidogrel resistance in the real practise, detect
the factors associated with poor response to clopidogrel and evaluate if the clopidogrel resistance
measured bz VerifyNow is connected with worse prognosis of patients with coronary artery disease.

Methods

Three hundred and forty five consecutive patients, who underwent PCI due to stable angina pectoris
or acute coronary syndrome and were indicated to dual antiplatelet therapy, were enrolled to our
study. Exclusion criteria were as follows: planned cardiosurgery, noncompliance, coagulopathy with
higher risk of bleeding, life expectancy less than one year, administration of GP IIb/Illa inhibitors
(other than bolus of eptifibatide). Each patient received a 600 mg loading dose of clopidogrel during
PCI or less than 2 hours before PCI, than followed by a daily maintenance dose of 75 mg. Venous
blood samples were taken from each patient within 24 hours of the clopidogrel loading dose not
before 2 hours after PCI. At the same time, genetics samples and standard laboratory measurements
(biochemistry, hematology) were drawn. Two samples (2 ml venous blood anticoagulated with sodium
citrate 0.109 mol/L ratio 9:1) from each patient for measuring platelet reactivity using the VerifyNow
assay (Accumetrics) were also taken. The results were reported as PRU (platelet reaction units) and
as a percentage of the baseline (pre-treatment) PRU. All 378 of patients were contacted 6 months
after randomization to assess the predefined endpoints - MI (STEMI, NSTEMI), stroke and death.
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Non responders were defined as patients with PRU > 240. DNA was isolated using the standard spin-
column protocol. After isolation the target DNA segments were amplified using polymerase chain
reaction (PCR). Denaturing capillary electrophoresis (DCE) was used to find gene polymorphisms
of CYP2C19, CYP2C9, GPIIla, GPVI, and MDR in obtained fragments. A 96 capillary sequencer
(MegaBACE 1000, Amersham Biosciences, NJ) was used for the separation.

Results

From April 2009 to October 2010, 410 patients were enrolled. The mean age was 67.2 + 12.8 years,
weight 82.4 + 16.4 kg, height 171.0+ 10.1 cm, BMI 28.9 + 17.7. There were 262 (69.3%) men and 116
(30.7%) women. 116 patients had diabetes (30.7%), 223 patients had hypertension (58.9%), and there
were 224 (59.3%) current or former smokers. 243 (64,3%) were classified as clopidogrel responders
and 135 (35,7%) as clopidogrel non-responders. Variables, which were independently associated with
clopidogrel non-responsiveness were age (OR 1,03 [1,01-1,05], p<0,05), higher weight (OR 1,02
[1,01-1,03], p<0,05), diabetes (OR 2,2, [1,7-5,5], p<0,05), female gender (OR 1,9 [1,1-3,1], p<0,05),
mechanical ventilation (OR 8,2 [1,9-74,8], p<0.05), higher leukocyte count (OR 1,1 [1,05-1,7],
p<0.05), higher concentration of interleukin-10 (OR 1,29 [1,03-1,60], p<0.05) and the presence of AA
alele of CYP 2C19*2 (OR 1,8 [1,2-3,2], p<0,05). During the 6-months follow-up, 30 patients (7.94%)
had at least one of the pre-defined end-points. Twelve patients (3.17 %) had a MI, 5 patients (1.32 %)
had a stroke and 15 patients (3.97 %) died. The remaining 348 patients (92.06 %) were end-point
free. In multivariate analysis factors associated independently with poor prognosis were: the leukocyte
count (OR 1.7 [1.2-2.4], p<0.01), the concentration of serum creatinine (OR 1.4 [1.1-2.5], p<0.05) and
with borderline significance the presence of the AA allele of gene CYP2C19*2 (OR 2.5 [0.99-4.1],
p=0.052). There was no difference in PRU or PRU% values between the groups.

Discussion and conclusion

The influence of clopidogrel effectiveness on the prognosis of patients has been described in many
presented studies (4,5). Our result show that more than 30 % of patients treated with clopidogrel have
higher on treatement platelet reactivity (OTPR). These are patients older, females, with diabetes, more
often treated by mechanical ventilation, with higher leukocyte count, concetration of interleukin-10 and
with more frequent presence of the AA allele of gene CYP2C19*2. These results are consistent with
many published studies, moreover in our study OTPR was connected also with mechanical ventilation.
Nevertheless the biggest surprise of our study was the absence of prognostic impact of PRU value. The
groups with and without endpoints differed only leukocyte count, serum creatinine and borderline the
AAallele of gene CYP2C19*2. Our results are in one line with some studies (8,9,10), on the other hand
differ from the others (4,5,6). The reason why the results of similarly designed studies are so different
is not clear. In our opinion, the main argument is that platelet reactivity is complex process affected
by many factors, and not only single laboratory value. Also the presentation of PRU as the marker of
platelet reactivity is just one of many possible. In the future we will need complex algorithm containing
both laboratory and clinical values to individualized antiplatelet treatement.

Summary

Three hundred and seventy-eight patients were enrolled into the study. The incidence of clopidogrel
resistance was 35,7%. Variables, which were associated with clopdiogrel non-responsiveness were
higher age, higher weight, diabetes, female gender, mechanical ventilation, higher leukocyte count,
higher concentration of interleukin-10 and the presence of AA alele of CYP 2C19*2. Thirty patients
underwent MI, stroke or died during following 6 months. Variables associated with poor prognosis
were higher concentration of creatinine and higher leukocyte count, on borderline level the presence
of AA alele of CYP2C19*2.
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Introduction

Diagnosis of inflammatory bowel diseases (IBD) is based on histopathology, endoscopy or radiography,
which makes the diagnostics time consuming, expensive, and sometimes invasive[3]. For this reason
new laboratory parameters that can be an objective tool for assessing disease activity, prediction of
severity and treatment monitoring are needed[3]. Both in Crohn’s disease (CD) and in ulcerative
colitis (UC), the prognosis is unfavorable. In many patients only a periodic remission can be achieved.
Both diseases are considered incurable and the only possibility is the symptomatic treatment. These
diseases significantly reduce the quality of patient’s life limiting the performance of many activities
of day-to-day life and professional activity, often leading to chronic disability, not only physical but
also psychosocial [4]. Therefore, in addition to improvement of treatment methods new diagnostic
tools are developed to improve early diagnosis, risk stratification and treatment monitoring of these
diseases[3].

The aim of this study is to evaluate the diagnostic usefulness of selected proteins released from
neutrophils and intestinal epithelial cells:

« in differential diagnostics of CD and UC

« in assessment of both diseases’ severity

Methods

The study population was a group of 60 patients with inflammatory bowel disease (33 — ulcerative
colitis and 27 — crohn’s disease) and 20 healthy subjects in the control group. The UC patients were
divided into active phase of disease (23 patients) and inactive phase of disease (10 patients) subgroups
according to the Mayo index (assessing amount of defecation per day and systemic disorders). The
CD patients were divided into active phase of disease (20 patients) and inactive phase of disease (7
patients) subgroups according to the Crohn’s disease activity index (assessing amount of defecation
per day and systemic disorders).

C-reactive protein CRP was measured using immunonephelometry on the Nephelometer II Analyzer
(Siemens Healthcare Diagnostics). Leukocyte Elastase (HLE) were determined using ELISA (PMN
Elastase ELISA BioVendor). Calprotectine, Lactoferin and free fatty acids binding protein (I-FABP)
were determined using ELISA and Human Caprotectin (Hycult (Biotechnology Company, USA),
(Human Lactoferrin (Hycult Biotechnology Company, USA) and Human Intestinal Fatty Acid
Binding Protein (Biotechnology company Hycult, USA) reagents, respectively. Plasma neopterin was
measured using ELISA(IBL International, Germany).
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Normality of distribution of the results will be tested using the Kormogolow-Smirnov test. If the
analyzed results showed a normal distribution, means were compared using test t. When analyzed the
results did not show a normal distribution, medians were compared using U-Mann Witney test. That
significance level for analised parametes is p <0.05. The result which were normally distributed and
are presented as means and standard deviations. The result which were not normally distributed and
are presented as medians and quartiles. The logistic regression results were shown as IR and OD with
95% CI.

This study was funded by a National Science Center Grant (number: DEC-2011/01/N/NZ5/000054).

Results
CRP, Lactoferin, Calprotectin, Leukocytes elastase were significantly higher in the group of patients
with CD than in controls (Tab 1).

Control Group Crohn’s disease P
Hs CRP 1,06 (0,51-2,14) 5,55(0,71-18,83) 0,025248
Neopterin 6,81 (5,67-8,16) 6,87 (5,75-8,49) 0,777703
I-FABP 572,2 (468,6-760,9) 447,5 (368,0-648,6) 0,138987
Lactoferin 565,9 (440,5-754,5) 235,2 (181,2-269,9) 0,000011
Calprotectin 69,94+22,10 135,12+62,57 0,000054
Leukocytes Elastase 30,12+7,73 56,76+22,57 0,000007

Tab. 1. Comparison of plasma concentrations of chosen parameters in patients with Crohn's disease

with a control group

CRP, Lactoferin, Calprotectin, Leukocytes elastase were significantly higher in the group of patients

with CU than controls (Tab 2).

Control Group Crohn’s disease P
Hs CRP 1,06 (0,51-2,14) 2,26 (1,11-19,59) 0,011635
Neopterin 6,81 (5,67-8,16) 7,94 (5,83-10,23) 0,144627
I-FABP 572,2 (468,6-760,9) 429,2 (329,1-938,3) 0,392481
Lactoferin 565,9 (440,5-754,5) 217,1 (176,6-303,9) 0,000008
Calprotectin 69,94422,10 161,41+97,61 0,000143
Leukocytes Elastase 30,12+7,73 67,21+45,64 0,000743

Tab. 2. Comparison of plasma concentrations of chosen parameters in patients with Ulcerative
Colitis with a control group

Comparison of the studied parameters in patients with Crohn’s disease and patients with Ulcerative
Colitis were not statistificly significant.

The relationship between the analysed parameters and the occurrence of Crohn’s disease in this study
was assessed using logistic regresion (statistical significance was observed for: hs CRP 1,282 (1,007-
1,633), Lactoferin 0,990 (0,985-0,996), Calprotectin 1,037 (1,014-1,061) and Leucocytes Elastase
1,175 (1,074-1,287)). The relationship between the studied parameters and the occurrence of Ulcerative
Colitis in this study was also assessed using logistic regresion (statistical significance was observed
for: hs CRP 1,252 (1,003-1,562), Lactoferin 0,990 (0,985-0,995), Calprotectin 1,034 (1,012-1,057) and
Leucocytes Elastase 1,166 (1,058-1,285)).
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It has been shown that the comparison of the studied parameters useful for differentiation of patients
with CD from the control group (the highest area under the ROC curve) were:Lactoferin =0,866,
Leukocytes Elastase = 0,926 and Calprotectin = 0,892) and in group of patients with CU from control
group (the highest area under the curve were: Lactoferin= 0,853, Leukocytes Elastase = 0,897 and
Calprotectin = 0,833) Fig. 1.

CRP was significantly higher in patients with the active phase of Crohn’s disease (10,52 (2,0-23,6))
than in patients with remission (0,54 (0,13-6,41), p = 0,026889). Similarly, neopterin was significantly
higher in patients with the active phase of Crohn’s disease (7,42 (6,05-8,96)) than in patients with
remission (5,90 (4,81-6,96), p=0,04212). CRP was significantly higher in patients with active phase of
ulcerative colitis (11,67(1,27-27,24)) than in patients with remission (0,87 (0,49-1,87), p = 0,029297).
Other parameters were not statistically significant in clinical activity in both diseases.

Conclusion

Determination of leukocyte elastase, lactoferrin and calprotectin in faeces in patients with IBD are
postulated noninvasive indicators of the inflammatory process located in intestines in the course of
CD and UC [1]. It was found that CRP, Lactoferin, Calprotectin and Leukocytes elastase levels in
patients suffering from CD and CU were higher than in the control group. Thus, these parameters may
be considered useful biomarkers in the diagnosis of CD and CU. Leucocytes elastase had the highest
AUC, . may be helpful in differential diagnosis in both of this diseases. Plasma leukocyte elastase
may be an useful independent marker of IBD activity, particularly effective in identifying patients
in remission and it has been shown to be a better parameter than the ESR and CRP [2]. It has been
shown that only CRP and neopterin can be useful in the assessment of clinical activity of the respective
disease, but because of the small number of patients in remission, this requires further study.

Summary

Diagnosis of inflammatory bowel diseases (IBD) is time consuming, expensive, and sometimes invasive.
For this reason new laboratory parameters that can be an objective tool for assessing disease activity,
prediction of severity and treatment monitoring are needed. The aim of this study is to evaluate the diagnostic
usefulness of selected proteins: lactoferin, calprotectin, I-FABP, Leucocytes elastase and neopterin. The
study population was a group of 60 patients with inflammatory bowel disease (33 — ulcerative colitis and
27 — crohn’s disease) and 20 healthy subjects in the control group. Determination of choosen parameters
were determined using ELISA method. It was found that CRP, Lactoferin, Calprotectin and Leukocytes
elastase levels in patients suffering from CD and CU were higher than in the control group. Thus, these
parameters may be considered useful biomarkers in the diagnosis of CD and CU. Leucocytes elastase had
the highest AUC, . may be helpful in differential diagnosis in both of this diseases. It has been shown that
only CRP and neopterin can be useful in the assessment of clinical activity of the respective disease, but
because of the small number of patients in remission, this requires further study.

References:

1. Burns S., Bisset W., Golden B.: Faecal calprotectin: an objective measure of bowel inflammation
in childhood inflammatory bowel disease. J of Paediat Gastroenterol2001, 32, 171-177

2. Gouni-Berthold ., Baumeister B., Wegel E., Berthold H.K., i wsp.: Neutrophil-elastse in a chronic
inflammatory bowel disease: a marker of activity? Hepatogastroenterol 1999, 46, 2315-2320

3. Mendoza JL, Abreu MT. Biological markers in inflammatory bowel disease: practical
consideration for clinicians. Gastroenterol Clin Biol. 2009 Jun; 33 Suppl 3: S158-73.

4. Casellas F, Arenas JI, Baudet JS, Fabregas S, Garcia N, Gelabert J, Medina C, Ochotorena I,

Papo M, Rodrigo L, Malagelada JR: Impairment of health-related quality of life in patients
with inflammatory bowel disease: a Spanish multicenter study. Inflamm Bowel Dis. 2005
May;11(5): 488-96.

62



Lactoferin Calprotectin -FABP
Cut Off peint: 170,353 Cut Off point: 108,313 Cut Off point: 138,396
AUC=0,853 AUC =0,833 AUC=0.410
10
1.0 f 10
0.8 [[170,3531 —T 08 — 0.8
531
L 06 -
04 ‘—’J
!Ji
02 02 0.2 J
0.0 00 0.0
0,0 02 04 0,6 08 10 0,0 02 04 0,6 08 1,0 0.0 02 0.4 0.6 0.8 1.0
1-Specifidty 1-Specificity 1-Specifiaity
Neopterin Elastase
Cut Off point: 7,246 Cut Off point: 35,258
AUC=0,642 AUC=0,897
1.0 10
4,—|—,7 36,258
0.8 0.8
e I
7246
L 06 L 08
“ 04 “ 04
0.2 02
0.0 0.0
0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 06 08 10
1-Specificity 1-Specifidty
ULCERATIVE COLITIS
Lactoferin Calprotectin I-FABP
Cut OFf Point: 179,68 Cut OFf Point: 99,908 Cut OFf Point: 4725,309
AUC=0,866 AUC=0,892 uc=0.3
10 10 10
f
179,68
0.8 T 0,8 || 99.908 08
.06 L 06 L 06 H
3 3 &
04 04 04 ’,J
02 02 02 [
472, M
00 0.0 0.0
0.0 02 0.4 0.6 08 1.0 00 02 0.4 0.6 08 10 0.0 02 0.4 0.6 0.8 10
1-Specifidty 1-Specifidty 1-Specifidty
Neopterin Elastase
Cut Off Point: 12,89 Cut Off Point: 42,223
UC=0,620 UC=0,926
10 10
L] IR
08 08
06 i L 086
“ o4 ® 04
022 89 02
0.0 0.0
00 02 04 0.6 0.8 10 0.0 02 0.4 0.6 0.8 10
1-Specifidty 1-Specifidty

CROHN"S DISEASE

Fig. 1. ROC curve for chosen parameters group of patients with Crohn's disease and Ulcerative colitis

63



NON-SPECIFIC CHANGES AFTER SOMAN POISONING

Jaroslav Pejchal
E-mail: jaroslav.pejchal@seznam.cz
Centre of Advanced Studies and Department of Toxicology, Faculty of Military Health
Sciences in Hradec Kralové, Czech Republic

Co-authors: F. Caisberger
Tutor: prof. MUDr. Jiti Kassa, CSc.

Introduction

Soman is a highly toxic nerve agent exerting its toxicity via irreversible binding to and inactivation
of acetylcholinesterase. This is associated with accumulation of acetylcholine at the synapses and
overstimulation of cholinergic nervous system. By contrast, less is known about soman-induced non-
specific effects, especially in extracranial tissues.

Herein, we present the results of biochemical (blood), histopathological (heart, lung, liver, kidney,
small and large intestine) and molecular changes (large intestine) following soman poisoning.

Methods

Male Wistar rats were i.m. administered with saline (control) or soman [2-(fluormethylfosforyl)oxy-
3,3-dimethylbutan] at the dose of 60 pg/kg (70% LD, ). Heparinized blood, heart, lung, liver, kidney,
small and large intestine were collected 1, 3 and 7 days after the administration. In blood, glucose, urea,
creatinine, bilirubin, conjugated bilirubin, cholesterol, TAG, total protein, ALT, AST, ALP, GMT, CK,
and LDH were measured in the Department of Clinical Biochemistry and Diagnostics (Faculty hospital,
Hradec Kralove). Heart, lung, liver, kidney, small and large intestine samples were fixed with formalin,
embedded into paraffin and 5 pum tissue sections were cut. Samples were stained with hematoxylin-eozin
(HE). In heart, Mallory s PTAH staining was used to detect myolysis. In lung, liver and kidney, apoptosis
was evaluated using TUNEL technique and immunohistochemical detection of activated/cleaved-
caspase-3 (standard peroxidase technique), while in small and large intestine, only HE and detection
of cleaved-caspase-3 were utilized. In large intestine (1 and 3 day intervals), immunohistochemical
detection of phospho-p535'>, p21, phospho-JNK™ 83157185 phospho-p38T™H180 M8 phogpho-Elk- 153,
phospho-c-Myc™5¥5e62 - nhospho-ATF-2"71 and phospho-CREB%"!3* was performed (standard
peroxidase technique). Samples were evaluated using the BX-51 microscope and computer image
analysis ImagePro5.1. Ten microscopic fields at a 400-fold magnification were randomly selected from
each sample. Image analysis was performed separately in apical and cryptal enterocytes in the area of
2250 um? (30 — 40 cells per field and compartment). Integral optical density of the immunoreactive
structures was measured in the inverted RGB scale. The Mann-Whitney test was used for the statistical
analysis giving mean = 2 x SEM. The differences were considered significant when p < 0.05.

Results

Five of 24 animals died. Symptoms of soman poisoning appeared 5 min and disappeared withing 24 h after
the poisoning. Biochemical and histopathological changes are summarized in Tab 1. Amount of apoptotic
(all tissues) and mitotic cells (intestine only) is summarized in Tab 2. Activation of p53, INK, p38, Elk-1,
c-Myc, ATF-2, and CREB and expression of p21 in large intestine are summarized in Tab. 3.

Discussion and conclusions

According to our results, soman intoxication induces mild biochemical changes in blood and
histopathological changes in heart, lung and intestine. In blood, increased CK and AST were found
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3 days after the poisoning. In regards to unaffected ALT and CK/AST ratio being less than 10, the
probable source of both enzymes was damaged heart muscle. This correlated with findings in heart,
in which multifocal acute myolysis (eosinophilic sarcoplasm, contraction bands, picnotic nuclei) was
found in 7 of 19 (37%) animals. In 5 animals, individual cells were damaged, whereas in 2 animals
larger foci with inflammatory infiltration were found. The 7 animals were also the only ones that
suffered form seizures. This implies hypoxia to be a very significant factor resulting in soman-induced
cardiomyopathy. In lungs, decreased air/tissue ratio due to hypereamia and multifocal intraseptal
oedema was found 1 day after the poisoning. These findings could be explained by the ability of
acetylcholine to regulate vascular permeability (1), nevertheless, heart and/or pulmonary circulation
dysfunction may contribute. Contrariwise, structural heart damage does not seem related to the
morphological changes in lungs, since multifocal acute myolysis was found in 1 of 5 animals 1 day
after the soman intoxication, while the soman-induced changes in lungs were observed in the whole
group. After the initial phase, lungs recovered and only intraalveolar erythrocytes as a sign of previous
intraalveolar bleeding were recorded 3 days after the poisoning. In the 7 day interval, multifocal
intraseptal oedema and hyperaemia reappeared again accompanied with inflammatory infiltration and
increased amount of apoptotic cells. This course suggests a presence of a residual damage that persists
in lungs after the soman intoxication and activates delayed inflammatory process. Findings observed
in small and large intestine had a very similar character. One day after the poisoning, a significantly
decreased mitotic activity was measured in crypts correlating with decreased activity of Elk-1 and
c-Myc. Both participate in cell cycle regulation via cyclin expression (2). In the apical compartment,
we found decreased amount of apoptotic cells, which is probably a compensatory reaction to low
cellular output from crypts regulated by decreased activity of JNK and its substrate c-Myc (3, 4).
No other changes were observed except for lymphangiectasia in small intestine of 2 animals.
Lymphangiectasia might be related to impaired lymph drainage due to circulatory stagnation. In the
3 day interval, the mitotic activity in crypts was restored with phospho-Elk-1 being at the control level
and c-Myec being overactivated. In the apical compartment, the amount of apoptotic cells was increased,
which corresponded to increased proapoptotic INK/c-Myc signalling and decreased p38 activity [p38
protects enterocytes against apoptosis (3, 5)]. Accelerated cell loss correlating with 3 — 5 day cycle of
complete cellular exchange may indicate an effort of intestinal tissue to dispose of cells damaged in
crypts early after the poisoning. JNK also regulates intestinal permeability (6), therefore, subepithelial
oedema could be found. Significance and mechanism decreasing mitotic activity in crypts in the 7 day
interval is uncertain. Theoretically, it might indicate a persisting damage (as discussed before) that was
not successfully repaired and expresses again after several cell cycles. The character of the damage
remains unknown. Nevertheless, soman is capable of forming DNA adducts and interferes with DNA
metabolism in vitro (7, 8). Thus, we may argue that it forms DNA adducts in vivo. Such damage does
not seem so deleterious to activate p53/p21 signalling but it appears significant enough to downregulate
proliferation, and possibly activates DNA repair mechanism, in which CREB may participate via
regulation of genes involved in base and nucleotide excision repair systems (9, 10).

Summary

Purpose: The aim of our study is to explore biochemical (blood), histopathological (heart, lung, liver,
kidney, small and large intestine) and molecular changes (large intestine - p53 and MAPK signalling)
following soman poisoning.

Methods: Male Wistar rats were i.m. administered with saline or soman (70% LD, ). Blood, heart, lung,
liver, kidney, small and large intestine were collected 1, 3 and 7 days after the administration. In blood,
glucose, urea, creatinine, bilirubin, conjugated bilirubin, cholesterol, TAG, total protein, ALT, AST, ALP,
GMT, CK, and LDH were measured. Organs were stained with hematoxylin-eozin, Mallory’s PTAH
(heart) and TUNEL (lung, liver, kidney) and immunohistochemical detection of activated-caspase-3
(lung, liver, kidney, intestine) and phospho-p535¢'>, p21, phospho-JNK™8/Tr185  hhospho-p38ThrisoTyris2)
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phospho-Elk-15¢38 phospho-c-Myc™-3¥5¢62 - phospho-ATF-2™+%7! " and phospho-CREBS*!3 (large
intestine) was performed.

Results

In blood, increased CK and AST were measured 3 days after the soman poisoning. In heart, we found
multifocal acute myolysis in 7 of 19 intoxicated animals. In lungs, decreased air/tissue ratio, hypereamia
and multifocal intraseptal oedema were found 1 day after the poisoning. In the 3 day interval, only
intraalveolar erythrocytes were recorded, while in the 7 day interval multifocal intraseptal oedema
and hyperaemia reappeared accompanied with inflammatory infiltration and increased apoptosis.
In intestine, we observed decreased mitotic activity in crypts 1 day, increased apoptotic activity in
apical cells 3 days and decreased mitotic activity in crypts 7 days after the poisoning. We also found
lymphangiectasia in small intestine of 2 animals in the 1 day interval and subepithelial oedema in large
intestine of an animal form the 3 day group. In the apical compartment of large intestine, we measured
decreased JNK/c-Myc signalling 1 day after the poisoning, while it increased together with increased
activity of CREB and decreased activity of p38 in the 3 day interval. In crypts, we observed decreased
Elk-1 and c-Myc and increased CREB activity 1 day after the poisoning. In the 3 day interval, we
found increased activities of JNK, c-Myc and CREB.

Conclusion

Soman poisoning causes biochemical changes in blood and morphological changes in heart, lungs,
small and large intestine. In large intestine, disregulation of MAPK signalling pathways can be
observed.
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control soman
groups 1d 3d 7d 1d 3d 7d
No. of animals in group 6 6 6 8 8 8
dead before time of examination 0 0 0 3 1 1
BLOOD
AST 1.2+0.2 1.4+03 1.1£0.1 1.4+03 2.1+0.2 1.3+04
creatin kinase (CK) 54+1.0 8.6+4.5 57+09 45+15 17.3£4.6 59+23
HEART
acute myolysis 0 0 0 +(1) +/++ (4) +(2)
inflammatory infiltration 0 0 0 0 +(2) +(1)
LUNG
intraseptal oedema 0 0 0 ++/+++ (5) 0 +++(4)
hyperaemia 0 0 0 +H/+++ (5) 0 +/++ (4)
intraalveolar bleeding 0 0 0 +(3) +(3) +(4)
inflammatory infiltration 0 0 0 0 0 +(4)
bronchial subepithelial oedema | 0 0 0 +(1) 0 0
air in microscopic field (%) 7242 0843 0943 59+4 70 +3 65+4
SMALL INTESTINE
lymphangiectasia | 0 | 0 | 0 | ++(2) | 0 | 0
LARGE INTESTINE
subepithelial oedema | 0 | 0 | 0 | 0 | ++ (1) | 0

Tab 1. Biochemical and histopathological changes found in rats after soman poisoning.

+ - rare, ++ - mild, +++ - middle, ++++ - strong change
Significant differences between control and intoxicated animals: p < 0.05 — bold
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control soman
groups 1d | 3d | Groups 1d | 3d Groups
HEART (myolytic cells per microscopic field at 400-fold magnification)
PTAH" subendocard 0+0 0+0 0£0 02+04 [41+£27 [1.0+£3.0
myocard 0+0 0+0 0+0 0.1+0.1 |1.0£1.0 |03£05
LUNG (apoptotic cells per microscopic field at 400-fold magnification)
activated-caspase-3* 02402 02+0.1 [ 0.1£0.1 | 03+£0.2 | 04+0.2 | 0.7+0.2
TUNEL* 0.1+0.1 | 0.1£0.1 [ 0.1£0.1 | 0.1£0.0 | 0.3£0.1 | 0.3£0.1
LIVER (apoptotic cells per microscopic field at 400-fold magnification)
aCtiVﬁth-CaSpaSC-3+ 04+0.1 05+02 0.3+0.1 0'5 + 0'2 0'6 + 0'2 0'4 + 0'1
TUNEL" 05401 04202 04402 07+02 | 0.7+0.2 | 0.3+0.1
KIDNEY (apoptotic cells per microscopic field at 400-fold magnification)
cortex activated-caspase-3* 04+03 |03+02 |03+02 [03+0.1 |03+£02 |05+04
TUNEL" 0.1+0.1 [0.1+0.1 [02+0.1 [02£0.3 [0.1+0.1 |0.1+0.1
medulla activated-caspase-3" 04+02 |02+£02 |03+02 |02+0.1 [03£02 [03+0.3
TUNEL' 02+0.1 {0.1+0.1 [02+0.1 [03+02 [02+0.1 [03+0.2
SMALL INTESTINE (apoptotic index, %)
apical cells HE 1.1+0.1 [1.0+0.1 [1.0+0.1 [0.7£0.2 [1.0+0.1 |09+02
activated-caspase-3* 1.3+0.1 |[1.1£02 |13+02 |09+02 [1.6£02 [09+0.2
cypts HE 06+02 [0.7+02 [0.7+03 |0.6£0.3 [0.8+05 |05+02
activated-caspase-3" 05+0.1 10.6£0.1 |0.6+0.1 |04+03 [04+£02 [05+0.2
mitotic index, % 34+05 [33+£0.5 [32+0.6 |25+04 [41+0.6 (2303
LARGE INTESTINE (apoptotic index, %)
apical cells HE 20+£03 [21+03 [20+03 |1.3£03 [2.8+04 |1.6+0.1
activated-caspase-3* 19402 |2.1£03 |20+03 |1.5£03 [3.0+05 [20+0.4
cypts HE 1.3+£0.1 [1.3+03 [1.5+02 [1,3+03 [1.1+£03 |1.5+03
activated-caspase-3* 1.1+£03 | 1.1£03 |1.1+£03 |1.0+04 |[1.2+0.3 1.4+0.3
mitotic index, % 1.1+£02 [1.3+02 [1.0+03 [05£0.2 [12+03 [0.6+0.1

Tab 2. Amount of apoptotic cells in heart, lung, liver, kidney, small and large intestine and amount of
mitotic cells in small and large intestine in rats after soman poisoning.

Significant differences between control and intoxicated animals: p < 0.05 — bold.

HE — hematoxylin-eosin.

In intestine, apoptotic index was assessed within 1000 cells at the luminal sufrace and both apoptotic

and mitotic indexes were evaluated in 50 crypts within the cells from the 1st to the 14th position
starting at the midpoint at the base of the crypt.
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control

soman

groups 1d 3d 1d 3d
apical enterocytes
p-p535s 400 + 100 400 + 100 700 £ 300 500 + 100
p21 2000 + 600 1700 + 1200 2500 + 1300 1500 + 900
P-JNKThr83/Tyr1s 2200 + 700 1700 + 800 900 £ 300 5600 + 3200
p-p3gThrsoriyris2 2400 + 1200 3300 + 1200 1600 + 400 1100 = 300
p-Elk-153% 32400 + 6500 28600 + 3700 31300 + 7200 36800 + 6300
p-c-Myc™=88e-62 1 12100 + 3600 8100 + 2200 6500 + 3700 17400 + 4000
p-ATFE-2T097! 500 + 100 400 + 200 700 +200 500 + 100
p-CREBSe133 1200 + 300 1400 + 700 2000 + 900 4300 + 2300
crypts
p-p535erts 100 + 100 0+0 100+ 0 0+0
p21 100 +0 100 + 100 200 + 100 0+0
P-JNKThri83/Tyriss 200 + 100 300 £ 100 200 + 200 2600 + 2000
p-p38ThrisoTyris2 500 =200 200 + 100 300 + 100 400 + 200
p-Elk-15r3% 28800 + 6100 30000 + 3700 17500 + 5500 22700 + 4200
p-c-Myc™=s¥/5er62 13500 + 700 4600 + 800 2200 += 600 6300 + 1200
p-ATF-2m0o! 300 + 100 600 + 200 300 + 100 700 + 200
p-CREBSe1# 500 + 100 1300 + 600 1600 + 400 2200 + 700

Tab 3. 10D values of p53, JNK, p38, Elk-1, c-Myc, ATF-2, and CREB activation and p21 expression
in rat large intestine following soman poisoning.

Significant differences between control and intoxicated animals: p <0.05 — bold
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Introduction

Gastrointestinal (GI) malignancies are a leading cause of morbidity worldwide, affecting over two
million individuals per year (Ferlay et al. 2010). This health burden has been intensively tackled
during the last decades in the search for new approaches of prevention and management. Deregulated
expression of the homeobox transcription factor CDX2, a master regulator of intestinal differentiation,
is associated with GI carcinogenesis (Barros ef al. 2012). In the stomach, de novo CDX2 expression
drives a preneoplastic lesion known as intestinal metaplasia that confers increased risk of gastric cancer
development (Almeida ez al. 2003), whereas it has been classically considered a tumour-suppressor in
intestinal epithelial cells (Bonhomme ez al. 2003). Since structural alterations in the CDX2 locus are
rarely detected (Woodford-Richens et al. 2001), efforts have been concentrated in thoroughly defining
the regulatory mechanisms underlying its expression. In the long-run, the acquired knowledge could be
integrated into alternative and more target-oriented therapeutic strategies. In the present work, we have
established 3D gastric cell culture models that better mimic the in vivo setting, hypothesizing that this
exploratory approach would allow uncovering new molecular mechanisms of CDX2 regulation.

Methods

Through genome-wide microarray screening of a 3D cell culture system comprising the gastric
carcinoma AGS cell line and an extracellular matrix (matrigel), we disclosed the RNA-binding protein
MEX3A as a putative CDX2 regulator. This regulation was validated by modulating MEX3A levels
through overexpression of a myc-tagged MEX3A form and transient silencing of the endogenous
transcripts using siRNAs. To assess interaction between MEX3A protein and CDX2 mRNA, RNA-
immunoprecipitation and luciferase reporter experiments were performed. Functional effects
of MEX3A overexpression were addressed in vitro by assessing the expression profile of specific
intestinal markers and employing 3D cell cyst formation assays in matrigel (Gao and Kaestner 2010).
The MEX3A expression pattern was studied in murine intestine by immunofluorescence.

Results

We observed that CDX2 protein expression was abrogated in 3D culture, lacking correlation with its an
mRNA levels, suggesting a post-transcriptional regulation (Figure 1). Transcriptomic analysis revealed
increased expression of the RNA-binding protein MEX3A in the 3D culture. MEX3A is one of the
human orthologues of MEX-3, a translational repressor known to target the CDX orthologue pal-1 in
Caenorhabditis elegans and involved in specifying blastomere identity during early embryogenesis
and totipotency in the adult germline (Ciosk er al. 2006; Pereira et al. 2013). A novel interaction
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between human MEX3A and CDX2 mRNA in a GI context could constitute a plausible explanation
for the reduction of CDX2 protein levels observed in the 3D culture. MEX3A repressive function was
determined by observing an inverse correlation with CDX2 protein levels, both in gastric and colorectal
cell lines. Furthermore, we proved interaction of MEX3A with CDX2 mRNA 3 untranslated region
(3'UTR) and defined the specific binding sequence (Figure 2). Phenotypic characterization of in vitro
models demonstrated that MEX3A overexpression leads to loss of intestinal differentiation, as assessed
by reduced levels of the enterocyte-specific marker Villin and the goblet cell-specific marker MUC2.
Furthermore, MEX3A overexpressing cells have an altered cell cycle profile and increased expression
of intestinal stem cell markers, namely LGRS5, BMII and MSII1. These cells also fail to elaborate 3D
cysts with a well-defined central lumen, indicating that apical-basal polarity is affected (Figure 3).
Finally, we show that MEX3A is expressed in the mouse small intestine and colon in a pattern that
putatively correlates with CDX2 modulation and stem cell properties.
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Figure 1. Establishment of AGS 3D cell cultures and characterization of CDX2 expression. (4)
Schematic representation of the culture systems and cellular morphology at culture day 4 in bright field
microscopy (original magnification, x100). (B) Western blot and real-time PCR of CDX2 expression in
2D and 3D after 2 weeks culture. Cardinal numbers represent biological replicates. Values for CDX2
mRNA expression in 2D culture were referred to as 1.
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Figure 2. Mechanistics of MEX3A interaction with CDX2 mRNA in AGS cells. Real-time PCR
showing the relative enrichment obtained after immunoprecipitation with a myc-tag antibody (directed
against myc-tagged MEX3A) or control IgG for Renilla luciferase (Rluc) mRNA alone (pRLControl), for
a fusion transcript between Rluc coding sequence and the CDX2 mRNA 3 "UTR (pRLCDX2), and for a fusion
transcript containing the CDX2 3 UTR with a mutated MEX-3 recognition element (pRLACDX2). Values for
Rluc expression in IgG samples were referred to as 1 (**** P < 0.0001).
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Figure 3. Polarity alterations induced by MEX3A in Caco-2 cells. Phalloidin and DAPI staining in
Caco-2 cysts (original magnification, x630; scale bars 20 um).

Discussion

Our results bring forward a possible role for MEX3A in intestinal homeostasis and colorectal
carcinogenesis, not only through CDX2 regulation, but also through its association with loss of polarity
and gain of stemness properties. MEX3 A might directly contribute to the decreased CDX2 expression
observed in a subset of colorectal carcinomas, particularly those with minimal differentiation. The
recent identification of MEX34 mRNA as being part of the transcriptomic signature of LGRS" intestinal
stem cells (Muiloz et al. 2012), and the fact that 74 to 85% of colorectal cancers display a LGRS
associated transcriptional profile (Ziskin ef al. 2013) favour a link between MEX3A and colorectal
malignancy that we will explore in the near future.

Conclusions

This study describes a novel post-transcriptional process by which CDX2 expression is impaired in the
GI setting and intestinal-like homeostasis compromised. Another layer of control is thus added to the
complex CDX2 regulatory network, involving mRNA control by the RNA-binding protein MEX3A,
which might have significant implications to GI carcinogenesis.

Summary

The homeodomain transcription factor CDX2 is a key player in intestinal differentiation. Therefore, it is
not surprising to find its expression significantly altered in carcinogenic processes of the gastrointestinal
tract. Several transcriptional, post-transcriptional and post-translational mechanisms have been described
to control CDX2, making this a highly complex and tightly organized regulatory system. Through genome-
wide screening of a 3D culture system, the RNA-binding protein MEX3A was identified as putatively
involved in CDX2 regulation; therefore, its biological relevance was addressed by setting up cell-based
assays together with expression studies in murine intestine. We demonstrate that MEX3A has a repressive
function by controlling CDX2 levels in gastric and colorectal cellular models. This is dependent on
the interaction with a specific binding determinant present in CDX2 mRNA 3'untranslated region. We
have further determined that MEX3A impairs intestinal differentiation and cellular polarization, affects
cell cycle progression and promotes increased expression of intestinal stem cell markers. Finally, we
show that MEX3A is expressed in mouse intestine, supporting a biological background for the regulation
of CDX2. In this study, we provide the first demonstration that MEX3A represses CDX2 expression
in the gastrointestinal context, putatively as a translational repressor, with direct implications in key
mechanisms for tissue homeostasis that are also inextricably linked with cancer.
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Introduction

The receptor for advanced glycation end products (RAGE) has originally been described as a receptor
for AGEs and mediates many but not all of the effects of AGEs. Some of AGEs effects are direct,
without any receptor, and some other effects are mediated via different receptors. AGEs accumulate
in chronic kidney disease (CKD) patients. AGEs are a heterogenous group of structures occuring as
a consequence of nonenzymatic glyoxidation of proteins or lipids in presence of glucose and / or glucose
degradation products (GDP). In peritoneal dialysis (PD) patients, AGEs may contribute to anatomical
and functional changes of peritoneum which inevitably occur with long-term PD. Expression of RAGE
is enhanced in CKD. RAGE is a multi-ligand receptor biology of which is driven by the diversity of
its ligands, e.g. AGEs, S100A1- also known as EN-RAGE (extracellular newly identified receptor for
advanced glycation end products) (10,6kDa) (1), High mobility group box-1 (HMGB-1) (30kDa) (2) and
others. Soluble RAGE (s-RAGE) (50kDa) (3) is one of the variants of RAGE (lacking the C-terminal
(transmembrane) domain) acting as a naturally occurring inhibitor of pathological effects mediated via
RAGE. S-RAGE levels are elevated in CKD patients and correlate inversely with glomerular filtration
rate and atherosclerosis and inflammation in this patients” population (4). Engagement of RAGE by
EN-RAGE has proinflammatory effect (5). HMGB-1 is present in the nucleus of almost all eukaryotic
cells. If released extracellularly, it acts as an inflammatory mediator (6). PD patients, especially those
treated with glucose-lactate PD solutions, are exposed to very high intraperitoneal load of GDP and
glucose. Implementation of a PD regimen containing icodextrine or glucose-bicarbonate based dialysis
solution in two-compartement PD bags enables to decrease the intraperitoneal GDP and / or glucose
exposure and AGEs generation. With this in mind we designed a study to compare the plasma levels of
s-RAGE, EN-RAGE and HMGB-1 between three patients” groups treated with a PD regimen which
differ in GDP content and to compare s-RAGE and its above mentioned ligands between PD patients,
CKD patients stage 3-5 and healthy volunteers (HV).

Methods

PD regimen with high GDP load (glucose-lactate PD fluid, D; n = 8) was compared with a low GDP
load (glucose-bicarbonate/lactate with icodextrin exchange for overnight dwell, E; n = 9) and a very
low GDP load (glucose-bicarbonate/lactate, P; n = 16).

Results

D group demonstrated higher plasma EN-RAGE levels, 77.8 ng/mL, vs. both E, 11.2, p<0.001 and P,
27.0, p<0.001 as well as higher plasma HMGBI levels, 2.2 ng/mL vs. both E, 1.1, p<0.01 and P, 1.5,
p<0.01. Plasma s-RAGE did not differ between the three PD regimen used. Peritoneal clearance of
s-RAGE and EN-RAGE was higher with E compared to both D and P (p<0.001 resp. p<0.01). In the
whole PD patients” group, those with dialysate-to-plasma creatinine ratio (D/Pcr) > 0.65 tended to
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have higher s-RAGE plasma levels (p = 0.056); and those with CRP level above median demonstrated
higher HMGB-1 and EN-RAGE (p<0.05 for both).

Discussion

Patients treated with a PD regimen with decreased GDP content (with glucose—bicarbonate/lactate
or icodextrin PD solutions), group P and E, demonstrated significantly lower plasma levels of
proinflammatory EN-RAGE and HMGB-1 ligands compared to patients treated with conventional,
high GDP PD solution (group D) (7). This finding suggests that prescription of low GDP PD solution
might be associated with lower generation of AGEs in the systemic circulation as well as lower
inflammatory response. Intraperitoneal GDP load seems to be an important factor of increased plasma
levels of proinflammatory RAGE ligands. GDP content in PD solutions seems to be more important
for AGEs generation than glucose concentration per se. GDPs disappear from the peritoneal cavity
during the dwell but — due to their high reactivity — not all of them can be detected in plasma (8).
We assume that higher plasma levels of proinflammatory RAGE ligands described in our study in
PD patients treated with conventional PD solutions might reflect an accelerated AGEs production
as a consequence of the high intraperitoneal GDP load. Our findings are consistent with the fact that
EN-RAGE increases during inflammation (9) as we have shown a correlation between EN-RAGE and
CRP in PD patients. Moreover, PD patients with CRP above median demonstrated also significantly
higher EN-RAGE. HMGB-1 which is released extracellularly with profound cell damage or after
proinflammatory stimulation (6) has not been extensively studied in PD patients as yet. Its higher
plasma levels found with high GDP PD regimen might document the higher cytotoxicity of these
conventional PD solutions. The fact that HMGB-1 concentration in PD effluent was higher than
in plasma and lack of correlation between plasma and effluent HMGB-1 levels might suggest that
HMGB-1 is generated intraperitoneally in significant quantities probably due to the cytotoxicity of
instilled PD fluid. Mutual correlation between HMGB-1 and EN-RAGE demonstrated in our PD, CKD
and HV subject supports the idea that the biological activity of these two proinflammatory ligands is
closely interrelated. In PD and CKD patients — individuals with decreased renal function, a condition
universally associated with microinflammation, HMGB-1 and EN-RAGE correlated with CRP.
Intraperitoneal GDP load does not seem to directly effects plasma s-RAGE levels, because they did
not differ between the three PD regimen studied. Plasma s-RAGE levels were higher than its effluent
levels in all three PD regimen and significant positive mutual correlation between plasma and effluent
levels was demonstrated. Interestingly, but not surprisingly, PD regimen using icodextrin (which
is known to increases peritoneal clearance of middle molecular weight substances) (10) increased
peritoneal clearance of both EN-RAGE (MW 10.6kDa) (1) and s-RAGE (MW 50 kDa) (3) compared
to glucose-based PD regimen. However the design of our study does not enable us to quantify the
relative contribution of this mechanism to the plasma levels.

Conclusions

A lower intraperitoneal GDP load is associated with decreased plasma levels of EN-RAGE and HMGB1
thus possibly reflecting reduced systemic AGEs generation. Peritoneal transport characteristics,
microinflammation as well as the capability of icodextrin to increase removal of middle molecular
weight substances might also exert an effect on plasma RAGE ligands levels.

Summary

Our study which demonstrated lower plasma proinflammatory RAGE ligands (EN-RAGE and
HMGB-1) level when low GDP PD solutions are used support the findings that GDP load directly
influences systemic AGEs levels.
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Introduction

As we age, multiple dysregulations occur in the immune system, resulting in a chronic, systemic pro-
inflammatory state', known as inflamm-ageing. Chronic inflammation plays a major role in age-related
cell and tissue dysfunction and the ability to modulate inflammation in older people may improve
quality of life for these individuals. Characteristics of inflamm-ageing include increased expression
of inflammatory genes such as tumour necrosis factor (TNFa)? elevated circulating inflammatory
cytokines, and aberrant NF-kB activation®.

T-lymphocytes are the main component of the immune system; their number and function have been
observed to decline with age*. Therefore the focus of this project was to reduce cytokine release in Jurkat
T-lymphocytes with dietary phenolic compounds. These compounds are known to have antioxidant
and anti-inflammatory properties®. An increased intake of dietary polyphenols has a number of health
benefits including for cardiovascular disease® and cancer’” Thousands of natural polyphenols have
been identified, with different biological properties depending on their structure®, which affects their
antioxidant capability and bioavailability. This study screened 29 phenolic compounds, from complex
parent polyphenols to smaller phenolic acid metabolites, at the physiologically relevant concentration
of 1uM. We determined changes in interleukin 2 (IL2), an important cytokine for T-cell activation and
function, and also interleukin 8 (IL8) and TNFa, inflammatory mediators that increase as we age.

Aims
To identify phenolic compounds able to reduce release of IL2, IL8 and TNFa cytokines in Jurkat
T lymphocytes.

Methods

Jurkat cells (an immortalized T-lymphocyte cell line) were seeded at 2x10°/ ml in 48 well plates and
treated with DMSO or 1uM phenolic compound for 48 h. At the 24 h time point cells were either left
unstimulated or treated with 25 ng/ml phorbol myristate acetate (PMA) and 5 pg/ml phytohaemagglutinin
(PHA) to activate cells to induce cytokine release. Following incubation cell number was determined
using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS) assay and release of IL2, IL8, and TNFa was determined using multiplex assay, following the
manufacturer’s instructions (Bio-Rad, USA).
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Compounds provided by Professor Alan Crozier
(University of Glasgow) unless otherwise stated with °
(Sigma Aldrich, Dorset, UK). These compounds were
chosen to represent complex native polyphenol
obtained directly from foods, along with phenolic
acids the metabolites of these polyphenols.

Tab. 1. Phenolic compounds dissolved in dimethyl sulfoxide (DMSO) at a stock concentration 5 mM.
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Results & Discussion

From the screening process, the most anti-inflammatory polyphenols screened were curcumin,
resveratrol, quercetin, and isorhamnetin. Fig. 1. Shows curcumin, the active principle of the dietary
spice turmeric, lowered cytokine release of IL2 by -43% + 14%, IL8 by -30% + 7% and TNFa -21%
+ 4% in stimulated cells. The curcumin metabolites ferulic acid and dihydroferulic acid retained the
anti-inflammatory effects observed with curcumin. Curcumin had less of an effect in unstimulated
cells, whereas ferulic acid lowered IL8 by -63% + 3%. Curcumin blocks Ca* mobilization in T cells,
preventing activation of nuclear factor of activated T cells (NFAT) and also nuclear factor kappaB (NF-
«B) via T cell receptor’ This may explain the decreases in both IL2 (expression regulated by NFAT)
and IL-8 release (expression regulated by NF-«xB)!°

Effects of curcumin and its metabolites on cytokine release by Jurkat cells.

—

Percentage change (%)
&
(]

+PMA/PHA

Figure 1. Effect of polyphenols on cytokine release from Jurkat cells (expressed as percentage change
Jfrom DMSO carrier cells). Cells were treated with 1uM parent compound curcumin or metabolites, for
48h with and without PMA/PHA added at the 24h time point.

Resveratrol is found in red wine resulted in a decrease in IL2 by -42 + 7% and IL8 by 31% + 3% in
unstimulated cells (fig. 2). The smaller phenolic acids vanillic acid and caffeic had similar effects
especially in stimulated cells. Other studies have shown resveratrol to lower inflammation, with SuM
reseveratrol suppress NF-kB activation induced by TNFa in Jurkat cells'!
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Effects of resveratrol and its metabolites on cytokine release by Jurkat cells.
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Figure 2. Effect of polyphenols on cytokine release from Jurkat cells (expressed as percentage change
from DMSO carrier cells). Cells were treated with 1uM parent compound resveratrol or metabolites
and wine phenolic, for 48h with and without PMA/PHA added at the 24h time point.

The anti-inflammatory effects observed by polyphenols are thought to act through a number of
different mechanisms from scavenging reactive oxygen species, to inhibiting transcription factors and
kinases. Polyphenols inhibits the release and synthesis of pro-inflammatory mediators through NF-
«B and activator protein-1 (AP-1). Compared with other polyphenol research, we have shown anti-
inflammatory effects of these phenolic compounds at physiologically relevant concentrations with both
polyphenols and their metabolites. These metabolites retained their anti-inflammatory effect or, in the
case of ferulic acid, were more active than the native polyphenol found in food. These smaller phenolic
acids have a greater bioavailability that polyphenols and can be generated from a number of food
sources; therefore their effects in vivo maybe much greater than the native polyphenol and potentially
more effective in reducing inflammation in the elderly.

Conclusion

Though this screening process a number of phenolic compounds showed potential for lowering
cytokine release by T-lymphocytes both in un-stimulated cells as well as those that were stimulated
(although only a few were highlighted here). Data also showed that metabolites could retain some
of the anti-inflammatory properties observed with the parent compound. Thus, data suggests that
curcumin, resveratrol and their metabolites provide promising nutritional interventions to modulate
chronic inflammation in older people.

Summary

Ageing has been shown to be associated with low level chronic inflammation with particular increases
in TNFa contributing to age-related pathogenesis like atherosclerosis'?> Lowering serum cytokine
content is likely to be beneficial in age-related disease such as type 2 diabetes and Alzheimer’s disease.
Increased levels of TNFa are associated with the pathogenesis of these diseases. Dietary antioxidants
such as polyphenols can reduce oxidation and potentially slow the progression of age-related diseases.
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The structure of these polyphenols can be linked to their antioxidant capabilities and also their
bioavailability. Therefore metabolites of these polyphenols are important to consider when analysing
their effects over cellular processes such as inflammation. It is thought that the bioavailability is greater
with the phenolic acids; therefore their effects in vivo would be greater than the parent compounds. The
aim of this work was to determine potential phenolic compounds that will reduce the pro-inflammatory
and oxidative state observed with ageing. A number of polyphenols have been identified as promising
candidates for reducing inflammation. In particular, curcumin and resveratrol considerably lower the
cytokine release of IL2, IL8 and TNFa by stimulated cells. In addition, metabolites and other smaller
phenolic acids retained the anti-inflammatory effects observed with the more complex polyphenols.
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Introduction

One of the treatment modalities in oncology is radio-therapy. It often combines chemical agents
increasing sensitivity towards ionising radiation (IR). IR induces the most deleterious lesions of DNA,
double strand breaks (DSB), and their repair is regulated by ataxia telangiectasia-mutated kinase
(ATM), DNA-dependent protein kinase (DNA-PK), and ATM and Rad3-related kinase (ATR), whose
inhibition has been reported to increase radio-sensitivity (Tichy et al. 2010).

In 2011, a specific inhibitor of ATR kinase, VE-821, was developed (Charrier et al., 2011). There
are a few publications that reported an excellent selectivity of this inhibitor in sensitizing of cancer
cells towards various types of DNA damaging agents, whereas the normal tissue remained unaffected
(Reaper et al., 2011, Pires et al., 2012, Prevo et al., 2012, Huntoon et al., 2013).

We have previously compared the effect of inhibitor of ATM (KU55933) and ATR kinases (VE-821)
on the radio-sensitization of human promyelocyte leukaemia cells (HL-60), lacking functional protein
p53. The inhibition of ATR by VE-821 resulted in a more pronounced radio-sensitizing effect in HL-60
cells compared to the inhibition of ATM. In contrast to KU55933, VE-821-treatment prevented HL-60
cells from undergoing G2 cell-cycle arrest (Vavrova et al. 2013).

Aims

Our goal was to describe the changes of phosphoproteome in radio-sensitized tumour cells, since in
the DNA damage response (as well as in the other molecular processes) it is phosphorylation that
frequently initiates and propagates signal transduction pathways. We aimed to characterise the effect of
specific inhibition of ATR by VE-821 and to report the mechanisms and signalling pathways involved
in the processes triggered by IR in a leukemic cell line that served as a model of p53-negative cells.
An inevitable part of a mass spectrometric analysis of phosphorylation is the enrichment of
phosphorylated peptides from the mixture with their non-phosphorylated counterparts. It compensates
their low abundance, insufficient ionization, and suppression effects of non-phosphorylated peptides
(Tichy et al. 2011). Hence, we initially optimized the metal oxide affinity chromatography (MOAC)
enrichment using titanium dioxide and applied it in our experiments (Salovska et al. 2013).

Methods

HL-60 cells were cultured either in SILAC light (Arg0/Lys0) or SILAC heavy (Arg6/Lys6)
supplemented IMDM medium for at least 6 doublings. Thirty minutes prior irradiation by the dose of 6
Gy, VE-821 was added to the heavy labeled cells in concentration of 10 uM (control cells were treated
with DMSO at the same time-point). The cells were harvested 1 hour after irradiation and the proteins
were extracted. After digestion with trypsin, peptides were separated into 22 fractions using HILIC
chromatography. Each fraction was enriched for phosphopeptides using TiO, chromatography. The
MS analysis was performed on nanoRPLC-ESI-MS/MS system using Thermo Fisher Q Exactive mass
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spectrometer. Raw files were processed using MaxQuant software with Andromeda search engine. Gene
ontology and Reactome pathways over-representation analysis was done using ConsensusPathDB’s
web tool. Sequence logos were created in IceLogo. 1D enrichment of consensus kinase motifs was
performed using Perseus and kinases were predicted using Networkin 2.0 database (supported by
PhosphositeAnalyzer software). Regulated subnetworks were extracted using Subextractor algorithm.

Results and Discussion

TiO, chromatography with HILIC prefractionation and nanoRPLC-ESI-MS/MS analysis revealed
6927 class I phosphorylation sites on 2430 proteins; among them 893 were differentially up- or down-
regulated by phosphorylation (FDR 5%). Most of the regulated proteins were localized in the nuclear
compartments. Nevertheless, a considerable fraction of regulated proteins was localized outside the
nucleus, implying that ATR inhibition also affects various non-nuclear functions.

The proteins regulated by ATR inhibition were mostly involved in biological processes like metabolism
of nucleic acids, cell-cycle phase transition, mitosis or DNA damage response.

ATR inhibition resulted in the increase of activity of cyclin-dependent kinases (indicating abrogation of
cell-cycle checkpoints through the ATR inhibition-mediated decrease of CHK1 activity) and decreased
activity of ATM/ATR group, which confirmed biological relevance of our data.

In addition, the increased activity of PLK1 kinase - an essential component of G2/M transition processes
- was also proved in our study. The key role of ATR in regulation of PLK1 after UV-irradiation has
been described recently (Qin et al., 2013) However, it is now for the first time that ATR regulation of
PLK1 after IR-induced DNA damage has been reported. Interestingly, the activity of NEK family of
protein kinases was also shown to be decreased in our study. While some kinases of the NEKs group
are only checkpoint targets that are inhibited by DNA damage, e.g. NEK2 which is known to be PLK1-
dependent, others have an important role in DNA damage response (DDR) DDR signalling (NEK1,
NEK10, and NEK11). Among them, NEK11 is known to be activated in response to IR-induced DNA
damage in an ATM/ATR dependent manner, whereas NEK 1 activity seems to be independent on ATM/
ATR kinases activities (reviewed in Fry et al., 2012).

The network analysis using Subextractor algorithm revealed regulated phosphoproteins involved in
multiple types of DNA repair (single/double strand break repair and base excision repair) emphasizing
the importance of ATR kinase in these molecular mechanisms.

Conclusion

Our phosphoproteomic study provided for the first time a complex insight into the mechanisms of
inhibition of DNA repair enzyme, ATR kinase. We described phosphorylation processes triggered by
radiation-induced DNA damage in radio-sensitized cancer cells and we proved that the novel potent
and selective inhibitor VE-821 could be developed into a future drug for eradication of p53-negative
tumour cells.

Summary

DNA damaging agents such as ionizing radiation or chemotherapy are frequently used in anti-cancer
treatment. DNA damage response (DDR), which is triggered by the presence of gamma-radiation
induced double strand breaks, is orchestrated mainly by three protein kinases belonging to the
phosphatidyl-inositol-3 kinase family: ATM, DNA-PK and ATR. The activation of such kinases in
radioresitant cells promotes cell-cycle arrest and thus provides sufficient time for DNA damage repair,
which results into a failed therapy. A specific ATR inhibitor, VE-821, that was developed recently, has
been shown to have a great potential in support of radio- and chemo-therapy. Its sensitizing effect has
been reported to be delimited to cancer cells (mostly p53-negative) without affecting normal cells.
In this study, we employed SILAC-based high resolution quantitative phosphoproteomics in order
to better describe the mechanism of the radio-sensitizing effect of VE-821 in human promyelocytic
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leukemic cells HL-60 (p53-negative) and the role of ATR kinase in DDR (1 hour after irradiation
by 6 Gy). Titanium dioxide chromatography with HILIC prefractionation and LC-MS/MS analysis
revealed 6927 class I phosphorylation sites. Proteins with up- or down- regulated phosphorylation on
at least one phosphorylation site were mostly localized in nucleus and were involved in the cellular
processes like cell-cycle progression, cell division and metabolism of nucleic acids. An overview of
regulated pathways and kinases involved in signalling of radio-sensitized HL-60 cells will be given.
Taken together, VE-821 proved as a potent radio-sensitizing agent for p53-negative cells.
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Introduction

Convulsive Status Epilepticus (CSE) is defined as a continuous generalized tonic-clonic seizure activity
lasting longer than 30 minutes or two or more seizures without full recovery of consciousness during
the interictal period.! CSE is the most common medical neurological emergency during childhood
with the overall estimated incidence 18/100 000 cases per year.® It is widely accepted that CSE has
associated with morbidity and mortality. There is still no consensus about the relative predictive value
of different factors such as: age, sex, etiology, seizure duration, time of the beginning of treatment etc.
and their influence on outcome.>***

The objectives of our study were to determine the predictive value of different risk factors and to
evaluate influences of pre-hospital and hospital treatment strategies on the outcome of CSE.

Patient and methods

Our prospective hospital-based study was performed in Tbilisi (the capital of Georgia) and included
48 Patients with CSE, admitted to the emergency department of M. Iashvili Children’s Central, from
March 2007 to March 2012.

The study was approved by the M. Iashvili Children Central Hospital Research Ethics Committee.
Inclusion criteria for study were: (1) patients with CSE aged after neonatal period till 18 years;

(2) patients with convulsive seizures or intermittent seizures without full recovery of consciousness
between seizures, lasting >30 min.

Exclusion criteria : 1) seizures with duration < 30 min 2) unreliable data about duration of CSE,

3) patients with nonconvulsive status epilepticus (NCSE) 4) Age less than one month.?

The cases were reviewed according to history, underlying etiology, seizure type, seizure duration, recurrent
CSE, existence abnormal neurological status before CSE, pre-hospital and hospital treatment strategies
and outcome. All the information was recorded on a specially prepared form designed for this study.
Treatment protocol was based on “North Central London Epilepsy Network for Children & Young
People” Guideline-“The Management of Convulsive Status Epilepticus” Published an April 2005,
Review Date April 2007, Autumn 2010." This guideline was adapted for the Georgian reality.
According to the above mentioned guideline an “appropriate treatment” was defined as treatment using
one dose of BZD in pre-hospital setting and one dose of BZD in the hospital setting. In the case, where
the pre-hospital dose of BZD was missing “appropriate” treatment was evaluated as using two dose
of BZD in hospital setting . An “inappropriately high treatment” was defined as using more than one
dose pre-hospital and more than one dose in hospital. “Timely” treatment was defined as a treatment
started within 10 minutes from seizure onset and “late” treatment started after 10 minutes in the pre-
hospital setting.

The etiology of CSE was summarized into five categories according to Shinar’s classification:
idiopathic/cryptogenic SE, remote symptomatic SE, febrile SE, acute symptomatic SE, and progressive
encephalopathy.’
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Seizures were classified by type as: primary generalized convulsive, secondary generalized convulsive.
Children with no history of CSE before enrolment into the study were defined as first episode of CSE
and children with medical history of CSE defined as having recurrent CSE.

The short-term outcome of CSE was evaluated after 30 days from admission and it was classified
into three categories: unchanged neurologic status, neurological consequences (new neurologic deficit
compared to the condition before SE), and fatal outcome. Evaluation was performed with the help
of Age and Stage Questionnaire (ASQ) and “The functional independence measure for children
(WeeFIM)” 8.9

Statistical analysis was performed with SPSS, version 16.0. Canonical Discriminant Functions analysis
was used for testing the influence of different .Discriminant Functions Coefficient was 0.721 (more
than 0.7 is high index coefficient). GLM-univariate full factorial model was used to determine influence
of treatment on the CSE outcome. The predictive factors for the poor outcome were calculated with
multivariable analysis of variance and Odds ratio (OR). Statistical significance for coefficient p was
accepted as significant if p <0.001.

Result

Among 870 hospital admissions with seizures during the specified five year period, there were
48(5.3%) cases of CSE. The average age of patients with CSE was 5.4 year. 54% were male and 45%
female. According to seizure type secondary generalized seizures were the most frequent seizure type
manifested in 62.5% patients. Recurrent form of CSE manifested in 9 (19%) patients. Most of patients
had a favorable outcome: an unchanged neurologic status was described in 36 (75%) cases and new
neurological deficit in eight (16.7%), four (8.3%) had a fatal outcome. The following neurological
sequelae were recorded: diffuse persistent hypotonia, focal neurological deficit - hemiparesis, cranial
nerve palsy, cognitive impairment and loss of previously reached milestones.

A high correlation was found between recurrence of CSE and increased incidence of new neurological
deficit after CSE. (Canonical Discriminant Function Coefficients 0.795). The risk of development
of new neurological deficit is 11.67 times higher after the recurrent CSE (RR=11, 67; CI (2.81;
48.40); P<0.001).There is a statistically significant correlation between the existence of neurological
abnormalities before CSE and the incidence of new neurological deficit (Canonical Discriminant
Function Coefficients 0.428). Risk of development of new neurological deficit is 5.8 times higher in
patients having abnormal neurological status before CSE. (RR=5.8; CI (1.33;25.32); P<0.001). There
was no statistically significant correlation between sex, age and seizure type with the outcome of CSE
(Canonical Discriminant Function Coefficient - 0.152).

120%
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40%

20%

0%
Reccurent CSE Non reccurent CSE

¥ Unchanged neurological status after CSE
Figure 1. Recurrent CSE as a predictor
of morbidity

M Neurological sequalae after CSE
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In our study acute symptomatic, remote symptomatic and progressive encephalopathy were associated
with higher morbidity and mortality. Progressive encephalopathy is the most frequent etiology group
which led to development of new neurological sequelae in three patients. Oslo long duration of CSE
mostly were associated with etiology of acute symptomatic and with progressive encephalopaties
group (Canonical Discriminant Function Coefficient 0.462).

H Etiology groups M N.sequalses M Mortality

Figure 2. Neurological outcome according to etiology

According to multivariate analysis neurological abnormalities before CSE (4.51-241.28) and recurrent
CSE (CI 1.53-52.8) represented significant risk factors for the development of morbidity after CSE
(P <0.001).
CSE Treatment and outcome: In pre-hospital setting treatment with one dose of BZD occurred in 31
(64.5%) patients and more than one dose BZD in 17(35.5) % cases. “Appropriate” hospital treatment
with one dose of BZD was carried out in 21 (43,7%) and “inappropriate’ hospital treatment with 2 and
more dose of BDZ in 27 (56.3%) cases). In case of appropriate pre-hospital treatment (using one dose of
BZD), seizure duration ranged from 30 - 70 min (median 40,65min). In case of “inappropriate” (using
more than one dose BZD) treatment seizures lasted from 30 - 180 (median time 65.8min). Median
time of treatment initiation from clinically manifested seizure were 10.38 minutes (ranged from 5 to
18 minutes), when median duration of CSE were 49, 58 minutes (ranged from 60 to 180 minutes).
GLM Univariate analysis showed high
200 correlation between timely initiation
* of treatment (P<0.05), “appropriate”
pre-hospital treatment (P<0.05) with
'S the short duration of CSE. 13 (27%)
patients needed artificial ventilation. All
. . these patients had received more than
. + 28 ¢ two doses of BZD in the pre-hospital
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Figure 3. Correlation between CSE treatment initiation and seizure duration.
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Discussion

A synthesis of available data on the outcome of CSE is important for clinicians and careers as such
review gives prognostic information that can guide management and can indicate significant issues
for future research. Unfortunately still there are not many high quality studies about mortality and
morbidity of CSE and risk factors influencing the outcome. According to systematic review of available
studies on outcome (Raspall-Chaure et al. 2006), short-term mortality after CSE was 2.7-5.2% if
studies with the highest quality scores are considered. If only children admitted to ICU are included,
mortality is estimated between 5% and 8%.'° According to our study; short term mortality rate is 8.3%
similar to those studies where only children who needed ICU were included. Reported data on the
sequelae of SE are difficult to interpret because they may be related to an underlying disorder rather
than SE itself. Based on prospective population-based studies, neurologic sequels are reported in up to
15% of children. Young age, female sex, and a long duration of SE is associated with worse outcome.'!
In our study new neurological deficit was found in only eight (16.7%) cases. A high correlation was
found between recurrence of CSE and existence of neurological abnormality before CSE and increased
incidence of new neurological deficit after CSE.

In recent studies most of authors agreed that timely and adequate treatment of CSE influenced seizure
duration, and multiple uses of benzodiazepines in pre-hospital setting are associated with more frequent
respiratory depression. A study from Chin, et al (2004) demonstrates that the risk of respiratory
depression is greater with more than two doses of benzodiazepines in pre-hospital setting, treatment
delays also contribute to respiratory failure.'? Our study identified statistically significant increase of
incidence of artificial ventilation (p<0.001) in patients receiving more than one dose of BZD in pre-
hospital setting, additionally we found a statistically strong relationship between timely initiation of
treatment (P<0.05) and appropriate pre-hospital treatment (P<0.05) with a short duration of CSE.

Conclusion

In our study existence of neurological abnormality before CSE, recurrent CSE, and progressive
encephalopathy were the main determinants of morbidity.

Duration of CSE was significantly dependent on timely treatment and adequate pre hospital care. There
was statistically significant increased incidence of artificial ventilation (p>0.001) in patients receiving
more than one dose of BZD in pre-hospital setting.

Timely and appropriate pre-hospital treatment will significantly shorten seizure duration.
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Introduction

The acute respiratory distress syndrome (ARDS) is a potentially life-threatening condition in intensive
care medicine, which is associated with relatively high mortality'. Although mechanical ventilation
(MV) is usually required to avoid severe hypoxemia and to reduce the work of breathing, it can further
damage the lungs (ventilator-associated lung injury - VALI)?. Variable pressure support ventilation
(noisy PSV), which leads to extrinsic breath to breath variability of tidal volume (V) improves lung
function and reduces the severity of VALI compared to protective pressure controlled MV (PCV) in the
mid-term®. So does the neurally adjusted ventilator assist (NAVA), which requires a gastric tube and
is triggered by the electrical activity of the diaphragm, leading to intrinsic variability of V. *. The aim
of this study was to characterize the effects of long term noisy PSV and NAVA on lung function and
damage, and to investigate their mechanisms.

Methods

Experimental severe ARDS was induced in 24 anesthetized pigs by repetitive bronchoalveolar
lavages followed by injurious ventilation. Afterwards, animals were randomly assigned to 24 hours
of mechanical ventilation with one of the following three ventilation modes: 1) NAVA, 2) noisy PSV
or 3) PCV. In all groups, the ventilator was set to achieve a mean V_ of 6 ml/kg BW; the fraction
of inspired oxygen (FiO,) and positive end-expiratory pressure (PEEP) were adjusted according the
ARDS Network table. Hemodynamics, lung function and respiratory parameters were measured every
6 hours. After killing the animals by anesthesia overdose, lung tissue samples were immediately
removed for analyses of inflammatory and fibrotic protein and transcript markers and histological
examination. The lung tissue wet to dry ratio was assessed in the right middle lobe. Statistical analyses
were performed using parametric and non-parametric methods, as appropriate. Statistical significance
was accepted a<0.05.

Results

Hemodynamics, oxygenation, blood gases, minute ventilation, V. and PEEP were comparable
among groups. Mean airway and mean transpulmonary pressures were lower in the NAVA- and
noisy PSV- compared to the PCV-group (Fig. 7). NAVA exhibited the highest variability in VT and
respiratory rate (RR) followed by noisy PSV and PCV. Furthermore, NAVA and noisy PSV showed
a higher variability of the pressure support level (P, ;) than PCV (Table I). Compared to PCV, NAVA
yielded lower concentrations of interleukin 8 (IL-8) both in ventral and dorsal lung tissue samples
(Fig. 2). Furthermore, NAVA resulted in lower concentration of tumor necrosis factor alpha (TNFa)

920



in the bronchoalveolar lavage fluid compared with noisy PSV. Compared to PCV, the expression of
procollagen III was reduced in Noisy PSV, but not NAVA. Histological analyses demonstrated a more
severe damage to the lung epithelium in noisy PSV compared to the other groups and additionally more
interstitial edema in dorsal lung regions. However, both the overall cumulative alveolar damage score
(DAD score) and the wet to dry ratio analysis uncovered no differences between all groups.

Discussion

Compared to traditional controlled protective ventilation and in addition to low tidal volumes, NAVA
and noisy PSV offer further lung protection by reducing mean airway and transpulmonary pressures.
Noisy PSV generated similar coefficients of variation (CV) of P, as in NAVA. Both the CV of VT
and RR in NAVA and noisy PSV were in the range corresponding values in young healthy humans >,
whereas PCV exhibited negligible variability. The reduction of airway and transpulmonary pressures
during NAVA was associated with diminished inflammatory response compared to PCV. This is in
agreement with the work of Brander et al. 4. The elevated concentration of TNFa and the higher
lung epithelium damage and interstitial edema in Noisy PSV might be due to differences in animal-
ventilator synchrony, but this issue deserves further evaluation. However, the cumulative DAD score,
which consisted of five additional criteria, did not differ among groups. According to the work of
Carvalho et al., noisy PSV causes less reaeration and hyperinflation compared to PCV ¢. This could
avoid high stress to lung tissue and prevent fibrotic remodeling, and might explain a lower procollagen
III expression in noisy PSV. As mentioned above, further examinations of ventilator-asynchrony,
breathing comfort and biological and histological analyses of the diaphragm need to be performed or
are in progress, respectively.

Conclusions

In the present model of severe ARDS in pigs, long term mechanical ventilation with NAVA reduced
lung epithelium damage and interstitial edema, compared to noisy PSV and PCV, while noisy PSV
reduced the pro-fibrotic lung response compared to PCV. Extrinsic and intrinsic variability of pressure
support were not associated with major effects on lung function, compared to conventional protective
mechanical ventilation.

Summary

The acute respiratory distress syndrome (ARDS) is potentially life-threatening and usually requires
mechanical ventilation (MV). Although MV is essential to avoid severe hypoxemia, it can further
damage the lung. Variable MV modes, for example variable pressure support ventilation (noisy PSV)
and neurally adjusted ventilatory assist (NAVA), reduce the ventilator-associated lung damage in the
mid-term. It is not clear whether both modes exhibit different effects on lung function and damage in
the long term. In this experimental study with 24 anesthetized pigs, long-term NAVA and noisy PSV
reduced airway and transpulmonary pressures and restored variability of respiratory patterns compared
to conventional protective ventilation. NAVA reduced lung inflammation and lung epithelium damage
and interstitial edema compared to noisy PSV and PCV, while noisy PSV reduced the pro-fibrotic
lung response compared to PCV. Both extrinsic and intrinsic variability of pressure support were
advantageous compared to conventional protective ventilation.
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Fig. 2. Concentrations of interleukin 8 (IL-8) in [pg/mg protein] in ventral and dorsal lung tissue
samples. Bll: Baseline 1; Lav: Lavage, Vili: Ventilator-induced lung injury; BI2: Baseline 2; T1 — T5:
Measurements every 6 hours.§ vs. NAVA p<0.05
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Tl T2 T3 T4 T5 p-value

CV VT NAVA 28,76 29,42 28,69 17,14 19,48 $0,025
+12,78 +6,50 +8,74 +7,33 +7,68 § 0,000

Noisy PSV 18,98 19,61 17,44 17,02 16,20 $0,025

+6,25 +2,33 +4,15 +5,28 +8,53 #0,000

PCV 1,19 1,32 2,44 1,80 1,13 § 0,000

+0,68 +0,69 +1,88 +1,41 +0,46 #0,000

CVRR NAVA 23,19 30,33 30,64 27,29 32,53 $0.003
+10,72 +10,38 +11,16 +10,65 +5,96 § 0,000

Noisy PSV 12,94 13,19 12,50 20,31 17,61 $0.003

+4,02 +4,75 +7,05 +8,50 +13,05 #0,001

PCV 0,93 0,52 0,46 0,79 0,52 § 0,000

+0,99 +0,25 +0,16 +0,87 +0,33 #0,001

CVP,,  NAVA 33,48 33,79 34,74 21,25 25,37 $0.121
+17,53 + 6,64 +9,21 +10,23 +13,31 § 0,000

Noisy PSV 23,70 25,69 24,64 24,06 24,54 $0.121

+5,36 +2,49 +3.81 +422 +12,50 #0,000

PCV 1,02 0,77 1,76 1,73 1,56 § 0,000

+0,91 +0,28 +1,52 +1,19 + 1,50 # 0,000

Table 1. Coefficients of variation (CV) in [%]. Values represent means and SD. VT: Tidal volume; RR:
- Level of pressure support; T1 — T5: Measurements every 6 hours. $: NAVA vs.

Respiratory Rate; P

ASB®

Noisy PSV; 8: NAVA vs. PCV; #: Noisy PSV vs. PCV
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Introduction

The presence of lymph node metastases is an important prognostic factor in colorectal cancer (CRC).
To be able to form lymph node metastases disseminating tumor cells have to meet a supportive
microenvironment called the metastatic niche. An essential part of this niche are lymph vessels that are
located in lymph nodes prior to metastasis. The function of these intranodal lymph vessels might be the
production of chemoattractant factors like CXCL12 that can bind to CXCR4-positive tumor cells.

Aims

In the first part, we have investigated the hypothesis that intranodal lymph vessels are a prognostic
factor for node negative colon cancer patients. In the second part, we evaluated the role of Neuropilin-2
(NRP2) in mediating lymph node metastasis by modulating the chemoattractant CXCR4/CXCL12
signaling pathway.

Methods

A cohort of 113 patients with node negative colon cancer (pT3 pNO) was analyzed by D2-40-staining,
which is specific for lymphatic endothelium, for intranodal lymph vessel densitiy in regional lymph
nodes. In the colorectal cancer cell lines SW 480 and SW 620 protein and mRNA levels were assessed by
Western blot and quantitative real time PCR. Boyden Chamber Migration assays were performed after
stimulation with human recombinant CXCL12 and RNAi1 mediated depletion of NRP2 and CXCR4 via
or NRP2 inhibition by addition of Semaphorin 3F (Sema3F). To confirm our results in human tissue
78 Patients with advanced colon cancer (pT3-4, pN1, pM0) were analyzed for NRP2- and CXCR4-
expression in primary tumors and corresponding lymph node metastases by immunohistochemistry.

Results

Intranodal lymphangiogenesis is significantly correlated with disease-free survival in patients with
node negative colon cancer. In the colorectal cancer cell line SW480 blockade of NRP2 via siRNA and
Sema3F decreased CXCR4-expression and abrogated phosphorylation of Akt after stimulation with
CXCLI12. Furthermore, CXCL12 triggered up-regulation of CXCR4 mRNA (“feed forward loop™)
was blocked after NRP2 depletion via siRNA and Sema3F. In contrast, RNAi mediated inhibition
of CXCR4 expression had no influence on NRP2-expression. Inhibition of NRP2 via siRNA and
Sema3F significantly abrogated CXCL12-induced migration (P < 0,001). Interestingly, the metastatic
cell line SW 620 expressed decreased levels of CXCR4 but highly increased Sema3F-Expression.
Significant upregulation of NRP2 in lymph node metastasis of colon carcinoma patients confirmed
our in vitro results. Interestingly, CXCR4 protein levels were significantly downregulated compared
to the primary tumor.
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Discussion

Sentinel node lymphangiogenesis has been shown to be an important factor in developing not only
lymph node metastasis but also distant metastasis (Hirakawa et al. 2005, Hirakawa et al. 2007). Our
laboratory has also shown the contribution of intranodal lymphangiogenesis in a rectal cancer cohort
after neoadjuvant treatment (Jakob et al. 2011). In line with these results this study also demonstrates
that in node negative colon cancer patients lymphangiogenesis located in regional lymph nodes is an
adverse prognostic factor. These results might have some clinical impact because in node negative
colon cancer patients there are no clear cut criteria for the use of adjuvant therapy. The present study
suggests, that in patients with intranodal lymphangiogenesis a more aggressive adjuvant treatment is
indicated than in patients without any lymph vessels in regional lymph nodes.

The essential role of intranodal lymph vessels in the formation of the metastasis can be attributed to
the fact, that lymphatic endothelial cells produce CXCL12 (Kim et al. 2010) and this attracts CXCR4
positive primary tumor cells. Therefore, high CXCR4 expression in the primary tumor correlates with
lymph node involvement (Silinsky et al. 2013). Because NRP2 has already been shown to be important
in distant metastasis in colorectal cancer (Gray et al. 2008) and Yasuoka et al. have demonstrated an
association between NRP2 and CXCR4 expression in breast cancer (Yasuoka et al. 2009) the role of
NRP2 in the regulation of the CXCR4/CXCL12 axis has been investigated in colon cancer. In vitro,
RNAIi mediated depletion of NRP2 downregulated CXCR4 protein and messenger expression and
inhibited CXCL12 induced intracellular signaling. Heckmann et al. have already demonstrated that
CXCR4 depletion inhibits the migration of colorectal cancer cells (Heckmann et al. 2013). Accordingly,
NRP2 inhibition via siRNA and Sema3F reduced the migration in a CXCL12 chemoattractant assay.
The in vitro study results have been confirmed in patient tissue that demonstrated a significant increase
in NRP2 expression compared to the primary tumor. Interestingly, in the metastatic situation the
CXCR4/CXCL12 axis seems to have minor importance as demonstrated by the decreased CXCR4
levels in the lymph node metastases. What is more, our in vitro results in a metastatic colon cancer cell
line demonstrated a significantly increased Sema3F expression suggesting the CXCR4/CXCL12 axis
is even blocked.

Conclusion
In conclusion, NRP2 regulated CXCR4/CXCL12 signaling and influenced the migration of primary
colorectal cancer cells. Thus, the expression and functionality of both receptors may have an impact on
the metastatic potential of colorectal cancer cells. Therefore, NRP2 may be an interesting therapeutic
target to block the CXCR4/CXCL12 axis and by this way to avoid metastatic spreading of colorectal
cancer cells.

Summary

* CXCL12 producing intranodal lymph vessels correlate with disease free survival in node negative
colon cancer patients.

* NRP2 is significantly higher expressed in lymph node metastasis compared to the primary tumor.

* In vitro, NRP2 is essential for the function of CXCR4/CXCL12 signaling axis that is important to
attract cancer cells to the lymph nodes.

* In vitro, inhibition of NRP2 reduces CXCL12 induced cancer cell migration.
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Introduction

The dorsal reticular nucleus (DRt) is located in the dorsolateral quadrant of the medulla oblongata,
surrounded by the cuneate nucleus (Cu), the nucleus tractus solitarius (Sol), motor nuclei of the vagal
(10N) and hypoglossal (12N) nerves, the spinal trigeminal nucleus and the caudal ventrolateral reticular
formation. DRt neurons were shown to be preferentially or exclusively activated by noxious stimulation
conveyed by Ad- and C-fibres from the entire body [1, 2]. They receive projections from spinal dorsal
horn nociceptive neurons that establish asymmetrical, potentially excitatory, synaptic contacts, and
project back to the dorsal horn [3-7]. DRt neurons were also shown to encode the intensity of noxious
stimuli and to be associated with diffuse noxious inhibitory controls [2, 8].

While the functional importance of DRt in nociception is well established, very little is known about the
basic electrophysiological properties of DRt neurons. It is also not known whether electrophysiological
properties of DRt neurons are distinct from that of neurons in the adjacent brainstem areas, such as the
parvicellular reticular nucleus (PCRt). While these two adjacent regions are both part of the mesh-like
neuronal column of the reticular formation, their input is clearly different: ascending axons from the
spinal dorsal horn to the reticular formation cannot not be traced further than the rostral border of DRt
[5], while PCRt receives projections from the trigeminal mesencephalic nuclei neurons and contains
the dorsal group of interneurons that integrate and coordinate activity of the oral motor nuclei [9].
The aim of this work was to 1) characterize the electrophysiological properties of DRt neurons in
the rat using intracellular recordings; 2) establish functional neuronal classes; and 3) identify
electrophysiological features that would distinguish DRt neurons from neurons in adjacent reticular
formation and neighbouring brainstem regions.

Methods

Laboratory Wistar rats (P14-P18) were killed in accordance with the national guidelines after
anaesthesia by intraperitoneal injection of Na*-pentobarbital (30mg/Kg). The brainstem was exposed
by removing the cranial bone, the brain and the cerebellum. In order to achieve maximally preserved
reticular neurons, a transverse cut in the brainstem was done, at the level corresponding to Plates
147-152 from Paxinos. Reticular neurons on the cut surface were visualized using the oblique infrared
(IR-LED) illumination technique [10].

Recordings were made with an EPC-10 amplifier. In whole-cell mode, neurons were filled, by passive
diffusion of biocytin, from the pipette. Incrementing current and voltage step protocols were applied
to assess passive membrane properties along with firing pattern responses. To determine the local
network contribution to spontaneous activity, synaptic transmission was blocked by bath application
of a cocktail of postsynaptic receptor antagonists (CNQX, Strychnine and Picrotoxin).

To reveal the biocytin, the free floating brainstem sections were treated according the avidin-
biotinylated horseradish peroxidase method and the histochemical reaction was completed with
a diaminobenzidine chromogen reaction. Complete 3-D reconstruction of the labelled cell along with
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contours of the brainstem and borders of landmark structures was performed in one case with a 40x
objective, using Neurolucida.

Model construction and computer simulations were performed in NEURON simulation environment.
Spontaneous activity data, acquired in current-clamp mode, was analysed using scripts developed in
MATLAB. Excitatory post-synaptic currents (EPSC) and inhibitory post-synaptic currents (IPSC)
were detected using the Mini Analysis software and analysed in MATLAB.

Results

After removing cells that did not remain stable for sufficient time to perform adequate
electrophysiological characterization, 43 (from a total of 100 cells) were morphologically recovered,
allowing their identification or their location. Passive and active membrane properties of the recorded
neurons were analysed and distinguished between four regions. Passive membrane properties (E_,
R, and t ) between these neurons did not show any significant difference, although the combination
of smallest T and a high R, in case of DRt neurons suggests somewhat smaller somata in this
group. Action potential amplitude and overshoot, measured on voltage traces corresponding to the
first suprathreshold depolarizing current step, was the highest in DRt neurons. Interestingly, nonRt
neurons had the slowest spikes, which was evident from the significantly larger half-width of the action
potentials. Neurons in the reticular formation (DRt and PCRt) responded, almost exclusively, with
tonic firing profiles to depolarizing current steps; the single exception being a DRt neuron that showed
gap-firing. Neurons outside the reticular formation presented a larger repertoire of firing patterns:
tonic, gap-firing, and single-spike.

Our experimental data revealed that about 62% of the neurons showed network driven spontaneous
activity (SA). About 30% (n = 15) of the neurons showing SA were strongly modulated by frequencies
within the range from 2 tol1 Hz. However many neurons also showed irregular spontaneous activity.
As an in-depth analysis of electrophysiological properties, membrane potential distributions were
calculated for neurons exhibiting spontaneous activity to provide information about membrane
current dynamics, presence of plateaus and balance between excitation and inhibition. Sub-threshold
membrane potential distributions showed several distinct histogram profiles that could be grouped in
two major classes and were present in all three neuronal populations.

Apart from intrinsic conductances, rhythmic excitatory synaptic input could also drive spontaneous
firing in neurons. Thus, we assessed the synaptic input pattern of the recorded neurons and concluded
that EPSCs were randomly distributed in all investigated cell groups. Therefore it is not likely that
the observed rhythmic spontaneous firing is driven by suprathreshold rhythmic synaptic input. This
suggests that irregular spontaneous firing is most likely network driven while rhythmic activity could
be intrinsic.

Discussion and conclusions

Although the reticular formation is considered a mesh of multiple functional neurons, their
electrophysiological properties are not as heterogeneous as expected. Namely, in terms of
electrophysiology, there are no relevant differences between neurons in DRt and PCRt with both
regions showing a very high incidence of tonic neurons. These results have strong implications given
the pronociceptive role of the DRt, and they point to the possibility that neurons on the reticular
formation are functionally similar differing only in their connectivity profiles (input sources and output
targets). Also of great importance is the high prevalence of spontaneous activity (regular and irregular)
in DRt neurons which certainly affects, and shapes, the nociceptive information modulation provided
by these neurons.
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Summary

In this work we performed whole-cell patch-clamp recording in rat brainstem blocks to characterize
the electrophysiological properties of neurons in the dorsal reticular nucleus (DRt), a region known to
be involved in pronociceptive modulation. We also compared properties of DRt neurons with those in
the adjacent (PCRt) and in neighbouring regions outside the reticular formation. We found that neurons
in the DRt and PCRt had similar electrophysiological properties and exhibited mostly tonic-like firing
patterns, whereas neurons outside the reticular formation showed a larger diversity of firing-patterns.
Interestingly, more than half of the neurons also showed spontaneous activity. Our results indicate
that functional difference of neurons in the reticular formation may mostly be determined by their
connectivity profiles and not by their intrinsic electrophysiological properties. The dominance of tonic
neurons in the DRt supports previous conclusions that these neurons encode stimulus intensity through
their firing frequency, while the high prevalence of spontaneous activity most likely shapes nociceptive
modulation by this brainstem region.
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Introduction

Low calcidiol levels are a common finding in kidney transplant recipients. Only about 5 - 25% of
prevalent kidney transplant recipients were reported to have sufficient calcidiol levels, i.e. > 75 nmol/l
[1-3]. Despite the high prevalence of vitamin D deficiency (calcidiol < 50 nmol/l) and insufficiency
(calcidiol 51 - 75 nmol/l) among kidney transplant recipients, there is no general consensus on the
management of vitamin D deficiency after kidney transplantation [4].

Calcitriol, the active metabolite of vitamin D, does not only play an important role in the regulation of
mineral and bone metabolism, but has known immunomodulatory and renoprotective properties [5].
In the transplant setting, these immunomodulatory and renoprotective properties could be exploited
to enhance graft tolerance and survival as demonstrated in different animal models of transplantation
[6-8]. It is believed that vitamin D deficiency might impair these potential beneficial actions.

Aims

On the one hand, we aimed to determine the prevalence of vitamin D deficiency/insufficiency in kidney
transplant recipients attending the outpatient department for renal transplantation at the Medical
University of Vienna and to study the course of vitamin D levels over time. On the other hand, we
investigate in a randomized, controlled trial whether treatment of vitamin D deficiency in de-novo
kidney transplant recipients affects the outcome one year after kidney transplantation.

Methods

Out of 1046 prevalent kidney transplant recipients who attended the outpatient department for renal
transplantation at the Medical University of Vienna in 2010, 879 underwent renal transplantation more
than 6 months ago and had their calcidiol levels measured within the yearly check-up and were thus
included in the cross-sectional analysis. Moreover, we retrospectively analyzed the course of calcidiol
levels in a seasonally-matched subgroup of 208 kidney transplant recipients who had their calcidiol
levels measured between 2005 and 2007 as well as in 2010. At our institution, vitamin D supplements
are not routinely prescribed to kidney transplant recipients with vitamin D deficiency.

Furthermore, in a currently ongoing randomized, placebo-controlled study (VITA-D study), we
investigate whether correction of vitamin D deficiency in de-novo kidney transplant recipients
improves the post-transplant outcome [9]. As primary endpoints graft function, the occurrence of
allograft rejections and infections are assessed one year after transplantation. 202 adult de-novo kidney
transplant recipients with vitamin D deficiency (calcidiol < 50 nmol/l) were stratified by calcidiol
levels (< 25 or 25 - 50 nmol/l) and randomized in a 1:1 ratio to 6800 International Units vitamin D,
per day or placebo. The participants are treated for one year. We excluded patients who underwent
re-transplantation more than twice or were highly immunized as well as those who had a history of
gastrointestinal diseases that lead to impaired intestinal vitamin D absorption.
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Results

The cross-sectional study of 879 prevalent kidney transplant recipients [63% male, median (range) age
of 58 (19 - 87) years] revealed that only 4% of the patients have sufficient calcidiol levels (> 75 nmol/l)
after a median period of 7.1 (0.5 to 36.8) years after transplantation. The median calcidiol was 38.9 (5.0
- 166.0) nmol/l and was significantly higher in summer as compared with all other seasons (p<0.0001).
21% of patients were vitamin D insufficient (51 - 75 nmol/l), 41% were deficient (26 - 50 nmol/l), and
34% were severely deficient (<25 nmol/l). In a seasonally-matched subgroup of 208 patients, calcidiol
significantly decreased over a median period of 4 (2 - 5) years [54.7 (10.4 - 140.3) nmol/l between 2005
and 2007 to 32.8 (5 to 91.2) nmol/l in 2010 (p<0.0001)]. The percentage of patients with sufficient
calcidiol levels decreased from 21% to 4%, while the percentage of patients with severe vitamin D
deficiency increased from 14% to 34% over this period.

Considering the high prevalence of vitamin D deficiency and insufficiency in kidney transplant
recipients and the lack of general treatment guidelines for these patients, we are currently performing
a randomized, controlled trial to investigate the effects of vitamin D supplementation on the outcome
after transplantation. Between May 2009 and August 2013 we screened 605 de-novo kidney transplant
recipients, 73% of whom had calcidiol levels below 50 nmol/l. Out of the 202 randomized patients,
42% were severely vitamin D deficient (< 25 nmol/l). Baseline characteristics of the study population
will be presented. The study will be completed in one year and the final results are expected for the
autumn of 2014.

Conclusions

At our transplant center, three quarter of the prevalent kidney transplant recipients are vitamin D deficient.
The circannual rhythm of vitamin D seems to be preserved in these patients. However, vitamin D
deficiency does not resolve spontaneously over time. Today, there are no general recommendations on how
to manage vitamin D deficiency after kidney transplantation; neither do we know whether correction of
vitamin D deficiency would affect the post-transplant outcome. Therefore, our currently ongoing VITA-D
randomized controlled study should help to determine the potential beneficial effects of vitamin D, on the
post-transplant outcome as well as its safety in vitamin D deficient kidney transplant recipients.
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Introduction

It is well-established that the musculoskeletal system responds to mechanical stimuli. The precise
mechanisms guiding this response are not fully understood, and the functional nature of the adapted
morphology produced is usually assumed, and rarely tested. The aims of this study are to:

* Test miniature neuromuscular stimulators as an appropriate method for musculoskeletal loading.

¢ Quantify the change in bone and muscle morphology and histology.

* Replicate the loading caused by muscle stimulation iz silico to establish the forces acting upon the bone.

Methods

Rats underwent surgical implantation of miniature neuromuscular stimulators. The stimulators caused
contraction of muscles in the left limb only, indirectly loading the tibia. The right limb was used as
a contra-lateral control. The stimulators were set on a burst pattern of 100Hz every 30 seconds, for 28
days. All experiments were carried out in strict accordance with the Animals (Scientific Procedures)
Act of 1986, which governs animal experimentation in the UK.

Hindlimbs were imaged using microCT, and iodine-enhanced microCT, (Jeffery et al., 2011) at the
EPSRC funded Henry Moseley X-ray Imaging Facility, University of Manchester. The microCT data
were used to quantify muscle volume, create global BMD maps, and for more focused sampling of BMD
and cortical thickness. All tibias were analysed using geometric morphometrics to determine which
sample had the geometry closest to the mean shape. These tibias were used for further analysis.

For cellular detail bone and muscle samples were sectioned for histology. Bones were fixed and
decalcified, then routinely processed for histology and paraffin embedded. Paraffin blocks were
sectioned, mounted and stained with Haematoxylin and Eosin. Muscle samples were snap frozen in
liquid nitrogen, sectioned and stained for myofibrillar ATPase and NADH reductase. Images obtained
by light microscopy.

Finite element (FE) models of both tibias were constructed. Tetrahedral meshs were created in Amira
5.4.1. The model included cortical and trabecular bone, cartilage, fat, femoral head, and a platform.
Material properties were taken from the literature. Muscle was modelled based on Blemker et al’s
contractile material (Blemker et al., 2005). This produces a more realistic pattern of muscular loading
than other methods. The model was found to reach equilibrium at 1.1 seconds, and to converge between
100000 and 155000 tetra. Models were validated against previously published data (Torcasio et al.,
2012). Analysis was run in FEBio 1.5 software.

Results

Stimulated muscle showed a decrease in type 2b fibres and an increase in oxidative potential. This was
accompanied by a 20% reduction in muscle volume. The tibias showed significantly lower BMD, and
higher cortical thickness in the anterior-distal region of the tibia compared with their contra lateral
control (Fig.1). Histological analysis of the antero-distal region of the tibia showed that the stimulated
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limb had a large degree of primary osteon formation (Fig.2).

FE analysis established that during contraction of tibialis anterior there was high compressive and
effective strain in the antero-distal region of the tibia. The geometry of the stimulated tibia was
modelled and showed significantly reduced (p<0.05) strain in this region (Fig.3).
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Figure 1. BMD (grey lines) and cortical thickness (black lines) of the stimulated (continuous lines)
and contra-lateral control (dashed lines) tibias, sampled along the anterior aspect of the tibia.
At sample point 9 the cortex is significantly thicker (p<0.05) and the BMD is significantly lower
(p<0.05) in the stimulated tibia than in the contra-lateral control. Diagram of tibia represents the
approximate position of the sample site along the tibia.

Figure 2. histological sectioning of the contra-lateral control (left) and stimulated (right) tibias.
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Figure 3. FE models, showing compressive
strain across the unstimulated geometry
(left) and the stimulated geometry (right)
under identical loading conditions. White
indicates highest strain, black the lowest.
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Discussion

Previously the implantation of miniature neuromuscular stimulators has been used to study the
transformation in muscle (Sutherland et al., 1998). Here we show that they are also capable of altering
the morphology of the bones the muscles load in a highly localised manner. The stimulated muscles
showed a transformation to a smaller more oxidative muscle than the contra-lateral controls. The
increase in mitochondria in muscle fibres is characteristic of muscle training and help resistance to
fatigue. Volume reduction in the stimulated muscles may be due to the decrease in thick type 2b fibres
and increase in thinner type 2a fibres (Pullen, 1977).

Histological analysis of the antero-distal region of the tibia showed primary osteon formation, a number
of chondrocytes, and a reactive periosium, which are features more commonly associated with fracture
repair than bone modelling (Tomlinson et al., 2012). Histological analysis showed no evidence of stress
fractures present or repaired within the bone.

FEA reveals that the muscular contraction of tibialis anterior showed peak compressive strains at the
muscle attachment site and another region of high strain in the antero-distal region of the tibia. It is
interesting to note that there was no change in geometry or BMD measured in this region. Previous work
has found that compressive strain, and strain energy density correlate very well with bone apposition
(Webster et al., 2012). The difference between results almost certainly arises from the mechanism of
loading. In our study we loaded our bones using muscle contraction, as opposed to a compressive
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rig. Muscular contraction clearly detracts from the simplicity of the bone response. Previous studies
have found that increased muscular activity does not alter the morphology of muscular attachment
sites (Zumwalt, 2006). This discrepancy may be caused by bone being “tuned” to particular forces,
so habitual loading, such as muscular contraction at a muscle origin, does not stimulate adaptive
responses. It is well documented that “novel” loading regimes are more osteogenic than habitual
regimes (Lanyon, 1996).

Conclusions

Implantable miniature neuromuscular stimulators are capable of transforming muscle and bone.
The region of bone growth was found to be under high compressive strain during tibialis anterior
contraction, but this was not the region of peak strain, which was the un-altered muscle attachment site.
The altered tibial geometry significantly decreased strain within the antero-distal region of the tibia.

Summary

Here we present an in vivo model of musculoskeletal loading, and correlate it with a complex FE
model, which acknowledges the contractile nature of muscular loading. No morphological change was
observed at the muscle attachment site, despite it being the region of peak strain. A highly localised
change in morphology was observed in the antero-distal region of the tibia, which was a region of
high compressive strain. The observed change in morphology significantly reduces strains within this
region, implying that it is a functional response. This region shows many cellular characteristics of
fracture repair as opposed to bone modelling, despite a lack of visible damage in bone. Taken together
this suggests that the morphological change observed fulfils a biomechanical role and effectively
reduces strain within this region.
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Introduction

Tumor infiltrating lymphocytes (TIL) were described as a good prognostic factor for patients with
a high risk of relapse (1,2). The aim of this study was to analyse the relationship of contemporary
clinical and histopathological factors and TIL to determine patients with a high risk of poor overall
survival and tendency to early.

Methods

We analysed 150 patients who underwent radical surgical procedure for CRC between the years
2004-2007. The following clinical parameters were statistically analysed in relation to the disease
free interval (DFI) and the overall survival (OS): staging, grading, preoperative leukocytosis, type of
surgical procedure (radical vs. palliative), postoperative complications and postoperative oncological
treatment. We evaluated endovascular (VI), endolymphatic (LI) and perineural infiltration (PI)
by cancer cells. Lymphocytic infiltration was detected as intratumoral (ITL), intrastromal (ISL),
peritumoral (PTL) and Crohn-like reaction (Crohn-like PTL). Reactive histological changes in lymph
nodes (LN reactions) were detected as follicular hyperplasia (LN-FH), sinus histiocytosis (LN-SH)
and the presence of granulomas (LN-GR). We examined also immunohistochemical positivity of
lymphocytes for CD4 and CDS.

Results

The Spearman rank correlation coefficient did not prove any stronger correlation than a moderate
correlation at LI and lymph node infiltration by metastatic process (Spearman rank correlation
coeffiecient 0.56, p<0.05). Lymph node infiltration, CD4+ lymphocytic infiltration and VI were
proved as negative prognostic factors of shorter overall survival. The presence of PTL, Crohn-like
PTL, LN-FH, CD8+ was proved as a positive prognostic factor of OS.

PI and lymph node infiltration were proved as a negative prognostic factor of an earlier recurrence.
CD8+ lymphocytic infiltration was proved as a positive prognostic factor enlarging DFI. The
Multivariate Cox Regression Hazard Model proved the combination of the severity of the lymph node
infiltration by a metastatic process and the severity of CD8 positivity of infiltrating lymphocytes as the
best prognostic factors for the prediction of risk of early recurrence and combination of the severity
of lymph node infiltration by metastatic process and LN-FH as the best prognostic factors for the
prediction of the risk of shorter overall survival.

Discussion

Our outcomes support the hypothesis that the adaptive immunological reaction in tumor tissue and
lymph nodes can influence the behavior of CRC CD4 and CDS positivity of ITL was demonstrated
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as a crucial histopathological sign of tumor-specific immune response that could reflect the clinical
situation and a tendency to relapse (CD4+) or the larger overall survival (CD8+)(3,4,5).

Conclusion/Summary

Tumor infiltrating lymphocytes seem to be promising prognostic factors that could find their use in
colorectal surgery and consecutive oncological treatment (6) as an indicator of the type or combinations
of therapies reflecting the risk of patients to early recurrence or poor overall survival.
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Introduction

Macrophages play a key role in responding to pathogens, and initiate an inflammatory response to
combat microbial multiplication [1]. Deactivation of macrophages facilitates the resolution of the
inflammatory response. Deactivated macrophages are characterized by an immunosuppressive
phenotype, but the lack of unique markers that can reliably identify these cells explains the poorly
defined biological role of this macrophage subset [2].

Lipocalin 2 (LCN2)[3], also known as neutrophil gelatinase-associated lipocalin (NGAL), is
a mammalian protein expressed by myeloid and epithelial cells in response to Toll like receptor (TLR)-
activation during infections. LCN2 scavenges a subset of bacterial siderophores, thereby restricting
iron acquisition by bacteria such as Escherichia coli [4], Klebsiella pneumoniae[5] or mycobacteria[6].
However, Streptococcus pneumoniae, the most prevalent respiratory pathogen, does not depend on
siderophores for iron acquisition. We and others found that S. pneumoniae induced remarkably high
LCN2 levels in the respiratory tract [7]. This finding alerted us to the possibility of a siderophore-
independent role of LCN2 within the pulmonary compartment. Upon analysis of the published LCN2
promoter [8] we noticed NFkB binding sites, but also glucocorticoid response elements and several
binding sites for transcription factors which are critically involved in the deactivation of macrophages.
Considering that LCN2 may modulate inflammation, we hypothesized that LCN2 could play a role in
macrophage deactivation and thereby impact host defense against pathogens such as S. preumoniae.

Methods

Human subjects. Sixty-four intubated and mechanically ventilated ICU patients with suspected
pneumonia, defined by the presence of new infiltrates in the chest X-ray were examined. Diagnosis of
pneumonia was considered confirmed if microbiological assays revealed >10*CFU/ml of potentially
pathogenic bacteria in the bronchoalveolar (BAL)-fluid. BAL samples were obtained via bronchoscopy
and blood was withdrawn from ICU patients before bronchoscopy.

Murine pneumonia model. Pathogen-free 8-10 week old female C57BL/6 wild-type (WT) littermate
and LCN2-/- mice were used for experiments. S. pneumoniae serotype 3 was inoculated intranasally
into anesthetized mice. Six, 24 or 48 hours post infection mice were sacrificed and blood, BAL and
lung samples were collected for assessment of bacterial growth and inflammation (cytokine levels,
cell influx, histology). IL-10 blocking in vivo: mice were administered 150ug of either anti-IL-10 or
isotype Ab intranasally 15 min following S. pneumoniae infection.

Cell culture and stimulations. Primary cells (ex vivo isolated alveolar, bone marrow derived macrophages
and primary epithelial cells) and the murine MH-S cell line were stimulated with cytokines (IFNy,
IL-4, IL-13, IL-10), dexamethasone, LCN2, heat inactivated bacteria and bacterial ligands.

Analysis of Len2 and inflammatory mediators. Expression of Len2 was assessed by flow cytometry.
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Levels of secreted mediators were measured using specific ELISAs. Messenger RNA levels were
quantified by RT-PCR.

Luciferase gene reporter assays. RAW264.7 cells overexpressing Len2 and GFP control cells were
transiently transfected with an IL-10 reporter plasmid and stimulated 24h later with S. preumoniae.
Luminescence was assessed after 24h and normalized to renilla.

Results

We found that high LCN2 secretion is a feature of dexamethasone deactivated macrophages and
a robust marker of IL-10 polarized alveolar macrophages. Comparing TLR-induced responses of WT
and LCN2-/- macrophages we observed that the absence of LCN2 resulted in M1 skewing which is
associated with a sustained pro-inflammatory immune response. Concordantly, recombinant mouse
Len2 dampened macrophage responses to TLR ligands, and overexpression and blocking studies
disclosed that Len2 mediated these effects via IL-10 induction. In agreement, alveolar macrophages
(AM) from WT mice infected with S. prneumoniae exhibited increased IL-10 and suppressed KC
mRNA expression compared with LCN-2-/- AM.

Studying a murine pneumonia model, we found Lcn2-/- mice to exhibit augmented bacterial clearance
and consequently, accelerated resolution of lung inflammation and improved survival (Figure 1A),
indicating a harmful role for LCN2. As an explanation for the improved host defense in LCN2-/-
animals, we found the early inflammatory response (6h after induction of pneumonia) to be exaggerated
with a significantly increased neutrophil influx in LCN2-/- animals. Blocking IL-10 in vivo confirmed
that LCN2 impairs bacterial clearance in an IL-10 dependent manner.

Analyzing LCN2 concentrations in BAL-fluid and plasma of patients with suspected pneumonia we
found significantly enhanced levels in patients with confirmed bacterial pneumonia which were further
enhanced by inhaled glucocorticoid therapy. Intriguingly, siderophore-independent pathogens, such as
S. pneumoniae, induced LCN2 as potently as siderophore-dependent bacteria. Finally, in accordance
with murine data, high LCN2 levels in the BAL-fluid of ICU patients suffering from pneumonia caused
by Gram-positive bacteria but not by Gram-negative bacteria were indicative for an adverse clinical
outcome (Figure 1B).

>
(oY)

1007 501
- W Bl survivors
© Len2” w * 3 R ’
= 807 . Y 40 non-survivors
> <
2 3
S 60 E 304
wv ~
£ 2
S 404 & 207
e =z n=6 *
v V]
o 204 e 104 n=7
0 : : : . 0- — =
0 50 100 150 200 Gram-pos Gram-neg

hours after infection

Figure 1. LCN2 exerts detrimental effects during pneumococcal pneumonia in mice and humans [9].
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Discussion

The question remains why do host cells induce Lcn2 upon infection with siderophore-independent
bacteria, if it is detrimental? Since we discovered a positive LCN2-IL-10 feedback loop in macrophages,
we postulate that Len2 might provide a means to prevent overwhelming inflammation and promote
tissue repair after clearance of infectious pathogens. This pathway might prove safe in uncomplicated
infections, which is supported by a report demonstrating a pro-regenerative function for Len2 in a model
of renal ischemia-reperfusion injury [10]. However, in ICU patients with severe pneumonia, elevated
Len2 levels may be a result of an exaggerated immune response to higher bacterial concentrations.
In this setting, elevated Lecn2 might deactivate macrophages and in turn prevent efficient bacterial
clearance and aggravate the disease. In agreement, we report a worse outcome during severe pneumonia
with Gram positive bacteria in ICU patients with elevated Len2 levels in the BAL. Corticosteroids can
further enhance Len2 formation and macrophage deactivation, which is undesirable for the clearance
of viable bacteria. Thus, the use of these drugs might be harmful during severe infections with
siderophore-independent pathogens.

Conclusions

We identified LCN2 as both a marker of deactivated macrophages and a macrophage deactivator. We
show that LCN2 attenuated the early inflammatory response and impaired bacterial clearance, leading
to impaired survival of mice suffering from pneumococcal pneumonia. LCN2 induced IL-10 formation
by macrophages, skewing macrophage polarization in a STAT3-dependent manner. Pulmonary LCN2
levels were tremendously elevated during bacterial pneumonia in humans and high LCN2 levels were
indicative of a detrimental outcome from pneumonia with Gram-positive bacteria.

Summary

We postulate that LCN2 modulates the early inflammatory response upon S. pneumoniae infection
through induction of IL-10 and deactivation of lung macrophages, which ultimately results in impaired
bacterial clearance and survival.
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Introduction

Severe sepsis and septic shock are leading causes of in-hospital. We aimed to assess the contribution of
platelets and microparticles in the pathophysiology severe sepsis. Platelets are well known contributors
of haemostasis and also have an immunomodulatory role. The first description of microparticles (MPs)
came from Wolf in 1967, who first noted them as platelet-dust. He proved their procoagulant activity
and that this feature is removable by ultracentrifugation. During cell activation, apoptosis or increased
shear stress the presence of phosphatidylserine (PS) in the outer leaflet is one of the first signs of
this process. According to the “classical” view of MPs production, intracellular Ca** increase is the
main determinant of MP formation. Calcium-induced degradation of cytoskeleton by calpains and the
transient mass difference between membrane leaflets support the formation of MPs and Ca?* influx
following cell activation may inhibit flippase and activate floppase enzymatic activity. Outer membrane
composition of MPs in the circulation of mainly platelet origin consists of cholesterol (about 60%),
sphingomyelin, phosphatidylethanolamine and PS.

The aim of our first study was to determine whether spontaneous aggregation of platelets is present
in the circulation of severe septic patients and if it may determine the outcome of severe sepsis. As
the source pathogen may define the pathophysiology of sepsis our second study aimed to determine if
microparticle profiling can help the choice of early antimycotic treatment. In our third study we were
interested if microparticles are involved in the development of sepsis-related organ failures.

Methods

Our patient inclusion criteria were recently discovered severe sepsis (within 24 hours) with two or
more sepsis-related organ dysfunctions and procalcitonin levels above 2 ng/ml, and 5 ng/ml in the
infection source MP study. In our studies patients in moribund state or with any kind of haematological
baseline disease such as myeloproliferative disorders like lymphoma or leukaemia, cytostatic treatment
in the last 30 days, high dose prolonged steroid medication, patients with disseminated intravascular
coagulation score >5, drugs known to alter platelet functions (i.e. acetylsalicylic acid), platelet
transfusion during the study period were excluded. Platelet tests were carried out using the Carat TX4
light transmission aggregometer using adrenaline (ADR, 10 pmol), ADP (10 pmol), collagen (COL,
2 pg/ml) and normal saline (SAL) as inductors. Microparticles were isolated by multiple centrifugation
steps. Surface PS was labelled by annexin V, specific antigens were labelled by fluorescent monoclonal
antibodies. Constitutively expressed platelet fibrinogen receptor subunits, GPIIb-IIla were measured
by the CD41 and CD61 antibodies respectively. Fibrinogen binding active form was assessed by
the PAC1 antibody. Platelet adhesion receptor glycoprotein GPIb-V-IX has been tested with CD42a
labelling. For microbiological assessment we used standard blood cultures. Acute sepsis-related kidney
injury was defined by the Injury category of the RIFLE criteria (serum creatinine normal x 2, >50%
deteriorated filtration rate, or urine production <0.5ml/bwkg/h).
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Results

Forty-five patients were included in our platelet aggregation study. Fourteen patients deceased during
our study and 31 patients built up the survival group. Non-survivors showed no significant deterioration
in platelet count (p>0.05). All induced and saline aggregation measurement results, when compared
to survivors were not significantly different in non-survivors. The spontaneous aggregation group
(14 patients) revealed a non-significant difference in platelet counts compared to the non-spontaneous
aggregation group. The non-spontaneous aggregation group showed a significantly higher, but
constantly decreasing procalcitonin levels on the 1st, 3rd, 4th consecutive days. Lactate levels were
also non-significantly lower in the spontaneous aggregative patients during our study.

During our first microparticle study 33 patients were enrolled. Six patients comprised the mixed fungal
septic group and 27 patients were in the non-fungal septic group. Microbiological identification proved
Candida albicans in all six fungal septic patients. Upon admission annexin V" MPs and CD41" MPs
were elevated in both the mixed fungal and in the non-fungal septic group compared to volunteers.
While CD42a" MP numbers were negligible in non-fungal and control groups, mixed fungal septic
patients showed significantly elevated numbers in all measurements with an elevation until day 5
(p<0.05). Mixed fungal septic patients showed significantly elevated numbers of PAC1* MPs in the 1st
and 5th study days compared to non-fungal septic patients (p<0.05).

In our second study (n=37) we focused on the presence of various organ dysfunctions and the connection
with microparticle profile. Although patients presented a wide variety of total MP numbers, patients
with renal injury showed significantly increased MP numbers on inclusion and a slight decrease of
MP numbers on day 3. Patients without renal injury had a continuous elevation of MP numbers during
our study period (p<0.05). Patients without renal injury showed a steady non-significant increase
of CD41" particles, while sepsis-related renal injury patients had elevated CD41" MP numbers on
admission already. Also, CD13" particles were significantly elevated on admission in patients with
renal impairment (p<0.05) and patients without renal failure showed elevating MP numbers.

Discussion and conclusions

Studies have not assessed the use of saline as an alternative for the measurement of spontaneous aggregation
in severely septic patients. Increased procalcitonin and increased lactate levels in the non-spontaneous
group hypothesise that members of this group may have a more severe state compared to the spontaneous
group. Our data support the model of increased numbers of platelet MPs compared to volunteers in sepsis.
We have shown that compared to severe bacterial sepsis, severe sepsis with fungal infection contributes to
more increased platelet MP levels in our multidisciplinary intensive care unit setting. We believe our MP
measurement based on PAC1" and CD42a” PMP measurements can provide valuable additional information
on mixed fungal sepsis prone patients following the admission to the intensive care unit. After the assessment
on the effect of various organ failures on MPs, patients with renal dysfunction on study inclusion showed
overall MP, platelet MP and myeloid MP increase. The activation of the innate immune system and infiltration
of the kidney by monocytes and macrophages contributes to sepsis-related renal failure. Monocyte-derived
microparticles are a main source of blood-born tissue factor and carry high amounts of PS. Elevation of these
microparticles can cause increased clot formation and obstructions in kidney vessels.

Summary

Our study was the first to provide evidence on the presence of increased spontaneous platelet aggregation
in severe septic patients. We provided further evidence on increased MP levels in severe sepsis. Our
clinical study was the first which showed the MP profile difference in patients with severe sepsis
complicated with fungal (C. albicans) infection. This finding could help the development of a future
early diagnostic test based on MPs. Our novel approach revealed that there is no direct connection
between the number of organ failures and MP numbers. Data from our second study support the
contribution of MPs in the development of sepsis-related acute kidney injury.
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