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= Die Mikrobiota (Singular!): Gesamtmenge aller den Menschen
kolonisierenden Mikroorganismen (Bacteria, Archaea, Eukaryota, Viren)

= Das Mikrobiom: Gesamtheit aller mikrobiellen Gene im menschlichen
Organismus

= Der Pathobiont: Ein Mikroorganismus, der unter normalen Umstanden
symbiotisch mit dem Wirt koexistiert, aber im Rahmen einer Dysbiose
zum Pathogen werden kann

= Das Metabolom: Gesamtheit aller Metaboliten im menschlichen
Organismus
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Multi-Omics Ansatz

Genom - - DNA
Transkriptom - = RNA -
Proteom - - Proteine =
A
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Metabolom <= Zucker Nukleotide Aminosduren Lipide o
Metabolite

1

Phanotyp/Funktion

Abb. 2.6: Einordnung des Metaboloms in Relation zu anderen typischen Gebieten der ,,Omics“-
Analyse, Korrelation der unterschiedlichen Felder zur Genom- (Genomics), Transkriptom-
(Transcriptomics), Proteom- (Proteomics) und Metabolom- (Metabolomics) Forschung sowie die

direkte Nahe des Metaboloms zum Phanotyp/Funktion und Einfluss des Metaboloms auf Proteine
und RNA.

Bild aus Stallmach, Vehreschild (Hrsg.) Mikrobiom 2016, de Gruyter
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Probenvorbereitung LC/MS-Vermessung Datenprozessierung Datenanalyse
Metabolit-Extraktion und Statistik und Interpretation

Abb.2.9: Typischer Ablauf eines metabolomischen Experiments von der Probenvorbereitung und
Metabolit-Extraktion, gefolgt von der Vermessung, Datenprozessierung und Statistik sowie Daten-
analyse und Interpretation.

Bild aus Stallmach, Vehreschild (Hrsg.) Mikrobiom 2016, de Gruyter



~
=

Immunphanotypisierung und unvensiiie 108

KLINIKUM FRANKFURT

funktionelle Analysen

9g® g%
%.. 2 Sample
® Sheeth Fluid

Laser ol Detector
A -— o 5 rsc [
e Q o of e .
1 J
P I:L Charge  Fluid
\. Droplet
4 ® @_fﬂ :
Electromagnet: + - . . . .
" @ Zellsortierung mit nachfolgender Sequenzierung des Immunglobulin-
o und T-Zellrepertoires
iiohs Polystyrene beads: Magnetic beads:
8 e : '
4 Granulozyten : i : £ LD o
8- : St:pt c:; :E '.' Ligh Wl Streptavidin-PE
g S0 8 Demion @I s Bl
i, . A i W
'-: 2 = Monozyten 5 - \d‘ " Target 5 - .
sz-; e v Qﬁ 55 , \ Analyte oﬁ 5‘5 ' et
Zells chrot———P> - AE——————— Lymphozyten oo N\ § i Analyte

T T T T T v
0 50 100 150 200 250
FSCH

Klassische Durchflusszytometrie _
Zytokinanalysen

Bilder aus www.bio-techne.com; www.ruhr-universitate-bocum.de; Sabban 2011, PhD thesis, The University of Sheffield; Reindl-Schweighofer, Nephro Script 2016
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Ticinesi et al. Kidney Int. 2019 Jul;96(1):25-27.
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THE ROLE OF THE MICROBIAL FLORA IN UREMIA

I. SurvivaL TIMES OF GERMFREE, LIMITED-FLORA, AND CONVENTIONALIZED
RATS AFTER BILATERAL NEPHRECTOMY AND FASTING

By ALBERT EINHEBER, Pr.D., Axp DARRYL CARTER,* M.D.

(From the Department of Germfre¢ Research, Division of Surgery, Waller Reed Army
Institute of Research, Washington, D. C.)

CLINICAL RESEARCH ‘ www.jasn.org

Colonic Contribution to Uremic Solutes

Pavel A. Aronov,* Frank J.-G. Luo,’ Natalie S. Plummer,T Zhe Quan,* Susan Holmes,?
Thomas H. Hostetter,* and Timothy W. Meyer?

Metabolomics analysis reveals large effects of gut
microflora on mammalian blood metabolites

Erste Arbeiten zu Uramietoxinen
und Mikrobiom

—

—

William R. Wikoff?, Andrew T. AnforaP®, Jun Liu®, Peter G. Schultz®', Scott A. Lesley®, Eric C. Peters®, and Gary Siuzdak?'
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Einheber et al. J Exp Med.
1966;123(2):239-250.

Keimfreie anephrische Mause leben
langer als Mause mit einer definierten
oder einer Standardmikrobiota

Aronov et al. J Am Soc Nephrol.
2011;22(9):1769-1776. und Wikoff et al.
Proc Natl Acad Sci USA.
2009;106(10):3698-3703.

Die Mikrobiota des Kolons ist essentiell
fir die Synthese verschiedener
Uramietoxine.
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Nierenerkrankung

Table 1. Alterations of the Gut Microbiome in CKD

Study Group Methods Gut Microbiota Features Associated With CKD Reference

Human Studies

CKD patients (n = 22), with Antroduodenojejunal Abnormal motility and bacterial overgrowth in small 151 ErSte Fal |Ser|e n U nd StUd Ie n am

(n = 12) and without manometry, culture intestine of CKD patients . . . .
(n = 10) GI symptoms | o Tier kartographieren das Mikrobiom
Hemodialysis patients (n = 8) Bacterial cell count Increased counts of both aerobic (~10° bacteria/mL) and 152
anaerobic (~ 107 bacteria/mL) organisms in the I 1 1 I 171 .
duodenum and jejunum (which are normally not bel ChronISCher NIerenInSUﬁIZIenZ
colonized heavily by bacteria in healthy individuals) L
ESRD patients (n = 24) vs Phylogenetic microarray Highly significant differences between the ESRD and 23 [ -
healthy persons (n = 12) healthy control groups in the abundance of >200 Abnormale Darm mOtI | Itat
bacterial operational taxonomic units belonging to 23

bacterial families Und UberWUCherung deS

ESRD patients (n = 24) vs Phylogenetic microarray and  Expansion of bacterial families possessing urease, 49 .
healthy persons (n = 12) hypergeometric distribution uricase, and p-cresol— and indole-forming enzymes; D u n ndarms
tests depletion of bacteria possessing short-chain fatty acid .
forming enzymes m 2
ESRD patients (n = 10) vs 16S rDNA amplification and Disturbed composition of microbiota characterized by 24 ErhOhter Antell aerOber
healthy persons (n = 8) DNA pyrosequencing overgrowth of aerobic bacteria such as Enterobacteria

and Enterococci species (~ 100 times higher in ESRD Bakterlen |m KO'On

patients); of the anaerobic bacteria, ESRD patients had

significantly lower numbers of Bifidobacteria and higher u E rho hte Rate an bakte r| el Ie N

numbers of Clostridium perfringens ) )
ESRD patients (n = 52) 16S rDNA amplification and Increased bacterial translocation in plasma of ESRD 153
pyrosequencing patients; bacterial DNA concentration positively TranSIO katl O n e n d u rCh d Ie
correlated with plasma levels of CRP and IL-6 H
Experimental Animal Studies Darmwand u nd reaktlver

5/6 nephrectomy (n = 6) or Phylogenetic microarray Significant difference in abundance of 175 bacterial 23

sham-operated rats (n = 5) operational taxonomic units between uremic and control E ntZ u n d u n gsaktIVItat
animals, most notably as decreases in the
Lactobacillaceae and Prevotellaceae families
Uremic (n = 20) and control ~ Culture Impaired intestinal mucosa barrier with significantly more 154
(n = 20) Wistar rats bacterial translocation in uremic than in control animals

Abbreviations: CKD, chronic kidney disease; CRP, C-reactive protein; ESRD, end-stage renal disease; Gl, gastrointestinal; IL,
interleukin; rDNA, ribosomal DNA.

Ramezani et al. Am J Kidney Dis. 2016 Mar;67(3):483-98.
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Intestinal
dysbiosis

Entstehung von Uramietoxinen:

| Intestinale Resorption Proteine
= 1 Proteinanteil im distalen Darm

T Anteil proteolytischer Bakterien
T Proteinfermentation

= 1 Uradmietoxine

/Proliferation \
of proteolytic
bacteria

/ Impaired
protein
digestion

UREMIC TOXINS

Ramezani et al. Am J Kidney Dis. 2016 Mar;67(3):483-98.
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Name Source Class
M | kro b | Ot a- Indoxyl sulphate Tryptophan Protein-bound
.. Indole-3 acetic acid Tryptophan Protein-bound
assozlie rte p-cresyl sulphate Phenylalanine, tyrosine Protein-bound
- : T TMAO Choline, l-carnitine, PPC Water-soluble
U rami etOXI ne Phenylacetylglutamine Phenylalanine Water-soluble

Abbreviation: PPC, phosphatidylcholine.

Tryptophanase Urease possessing
possessing families families
Clostridiaceae Alteromonadaceae
Enterobacteriaceae Cellulomonadaceae
Verrucomicrobiaceae Clostridiaceae
Dermabacteraceae
Increased indoxyl sulphate Enterobacteriaceae
ZU (0] rd nun g L and p-cresyl sulphate J Halomonadaceae
Methylococcaceae
re I evante r Micrococcaceae
i . Moraxellaceae
Bakte ren Fatty af:|d (butyrate) Polyangiaceae
forming ezymes Pseudomonadaceae
Lactobacillaceae Xanthomonadaceae
Prevotellaceae
Increased metabolism of urea to
Decreased production of ammonium hydroxide
short-chain fatty acids

CO(NH,), + H,0 — CO, + 2NH,
NH, + H,0 — NH,OH

Lau et al. Clin Sci (Lond). 2018 Mar 9;132(5):509-522.
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Healthy Uremia Translocation of bacteria
kidney CKD/ESRD and bacterial products
activates systemic inflammation

(and CKD/ESRD complications?)
. Uremia
pioreo it induces
/ ) dysbiosis
B cell
Proinflammatory

cytokines

Intestinll epithe O
| | ),

VR e PEE

& & mucus, IgA
VN

Symbiosis: pathobionts
are kept in check, barrier
integrity maintained

Ve

ial barrier

Dysbiosis: pathobiont
overgrowth — promotes
loss of barrier integrity

Pathobionts Qo@ Symbionts Q Q

Translokation von Pathobionten

Lau et al. Clin Sci (Lond). 2018 Mar 9;132(5):509-522.
Anders et al. Kidney Int. 2013 Jun;83(6):1010-6.



Interaktion mit der Darm-Immun Achse  umuessirars 22

GOETHE-UNIVERSITAT
Gut Lumen . :
‘Homeostatic' microbiota \
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T . .
Th17 reg Neutrophil o 1 lung-selective Nesitrop™
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1 IFN production e ‘ B cell
1 antiviral immunity
1 cytokine responses 1 IgM, IgA, IgG
production
Systemic environment

Haak et al. Front Immunol. 2018 Sep 10;9:2042.



Immunantwort

Transient endotoxin exposure

Einfluss von Endotoxinen auf die I
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P
Belease - Systemic
promflalr:matory inflammation
cytokines g
Induction of multiple negative -
immune g regulators of TLR signaling ~ Phenotype
deactivatiory ‘ switch toward
T anti-inflammatory
. Lymphocyte apoptosis' Phagocytosis of apoptotici_’ macrophages
upon activation cells by phagocytes
.| NF-xB p50.v’50| _Secretion of anti-inflammatory]
homodimers | mediators (e.g., IL-10, TGF-B)| TV
ndotoxin tolerance
A | Inhibition of TLR and | refractory innate

microRNA | I
L | IL-1 receptor pathway |

Epigenetic regulation

immune state

> (histone deacetylation/methylation)

Persistent endotoxin exposure

Anders et al. Kidney Int. 2013 Jun;83(6):1010-6.
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Klinische Relevanz
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2. Sekundare
Verstarkung der
Dysbiose durch
Uramietoxine

!;l Nephrotoxicity

~_ T Inflammation
\ T Tubulointerstitial fibrosis

-9

Renal tubular cell

Inflammatory cytokines/
Profibrotic molecules
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Bactenal/LPS
translocation

3. Translokation von
Bakterien

4. Hepatische Aktivierung
von Uramietoxinen

5. Aktivierung
pathologischer Pathways in
verschiedenen Endorganen

6. Endorganschaden
und Infektionen



Spektrum Endorganschaden

Adipocytes
= |nsulin
resistance
Cardiovascular
\ = Vascular calcification
Kidney = Atherosclerosis
= Fibrosis
= Podocyte
dysfunction Altered gut
* {CKD progression i mlcroblome in CKD
Eplthellal barrier
breakdown

Systemic translocation

of bacterial-derived

uremic toxins

Red blood cells

= Decreased
erythropoietin

= Eryptosis (cell death)

Bone

= Decreased
bone turnover

White blood cells

» |mpaired granulocyte
function

UNIVERSITATS
KLINIKUM FRANKFURT

GOETHE-UNIVERSITAT

Lau et al. Clin Sci (Lond). 2018 Mar 9;132(5):509-522.
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Development of prebiotics

Synthetic prebiotics
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Bacterial metabolites

Q

Synthetic metabolites

Development of postbiotics



Therapeutische Perspektive

Table 3. Treatment Options for Uremic Toxins and Inflammation

Intervention Patient Type Comments Reference
Probiotic
Qligofructose-enriched inulin Healthy participants (n = 50) | Urinary excretion of p-cresol 72
Inulin/oligofructose Obese women (n = 30) | Endotoxemia 64
Oligosaccharides Elderly patticipants (n = 74) | TNF-2. mRNA and IL-6 mRNA; 73
1 serum soluble CD14
Prebiotic
Bifobacterium bifidum, Peritoneal dialysis patients | TNF-4, IL-5, IL-6, and endotoxin; 1 138
Bifobacterium catenulatum, (n = 39; 21 in probiotics group IL-10; preserve residual kidney
Bifobacterium longum, and and 18 in placebo group) function
Lactobacillus plantarum
QOligofructose-enriched inulin Hemodialysis patients (n = 22) | Serum p-cresyl sulfate and 58
generation rate
Synbiotic
Probiotic along with inulin, oat bran,  Trauma patients (n = 65) | Rate of systemic inflammatory 74
pectin, and resistant starch response, syndrome, infections,
severe sepsis, and mortality
Galacto-oligosaccharides, Hemodialysis patients (n = 7) | Serum p-cresol 143
Lactobacillus casei, and
Bifobacterium breve
Probinul neutro CKD patients stages 3-4 (n = 30) | Total plasma p-cresol 139
Oral adsorbent
AST-120 Adult patients with moderate to | Indoxyl sulfate in a dose-dependent 146,148
severe CKD (n = 132)"*%; adult manner'*®; unable to demonstrate
patients with moderate to beneficial effect of AST-120 on
severe CKD (n = 2035)'%¢ progression of CKD'*®
o-Galactosidase Inhibitor
Acarbose (an inhibitor of the - Healthy volunteers (n = 9) | Serum concentrations of p-cresol; 160
glucosidase enzymes) lurinary excretion of p-cresol; 1fecal
excretion of nitrogen increased
Genetically Engineered Bacteria
Microencapsulated genetically Uremic rats | Plasma urea concentration; |plasma 145
engineered live Escherichia coli ammonia concentration
DH5 cells
Ongoing Studies
SYNERGY-HMW inulin, fructo- Patients with moderate to severe Ongoing study aiming to assess 149
oligosaccarides and galacto- CKD stages 4-5 (n = 37) effectiveness of synbiotics on the
oligosaccarides plus strains from synthesis of uremic toxins indoxyl
the Lactobacillus, Bifidobacteria, sulfate and p-cresyl sulfate
and Streptococcus genera
Arabinoxylan-oligosaccharides Patients with CKD stage 3b-4 Ongoing study aiming to assess 161

(AXOS)

whether AXOS can decrease
intestinal generation and serum
concentrations of microbial
metabolites in patients with CKD

Abbreviations: CKD, chronic kidney disease; HMW, high-molecular-weight; IL, interleukin; mRNA, messenger RNA; TNF-a,, tumor

necrosis factor a.
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Erste klinische Studien zeigen

gemischte Effekte

Ergebnisse erlauben noch
keinen Transfer in die klinische

Praxis

Ramezani et al. Am J Kidney Dis. 2016 Mar;67(3):483-98.
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= Durch Sequenzierung verbesserte Darstellung der Mikrobiota

= Multi-OMICS Analysen als wichtige Komplementierung fur die Identifizierung
funktioneller Zusammenhange

= Mikrobiota-assoziierte Uramietoxine tragen zur Morbiditat von Patienten mit
chronischer Niereninsuffizienz mal3geblich bei:

» Entstehung durch erhéhte Fermentation von Proteinen im Darmlumen -
» Sekundare Verstarkung einer Dysbiose durch Uramietoxine selbst -
= Translokation von Bakterien und hepatische Modifikation der Uramietoxine -
= Aktivierung dysregulatorischer Pathways in den Endorganen -
= Multiple Endorganschaden und Infektionen

* Therapeutische Perspektive tber Modulation der Mikrobiota

FMT Kapsel
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