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MukoBiopa gvtépov

>10* pkpoopyovicpoi oto T'EX ( 90% bugs kot 10% “us™! ) n yropida
Mycobiota= 1 kowdtnTo TmV HUKNTOV

Mycobiome=10 cuvoA0 T®V YOVIdi®mV aVTOV

“Dysbiosis”= dvciettovpyio. Xvyvn o TOALL vooruata, tepiiapoavouévov XA, Ca
TOYEMG EVIEPOL KO 1O10TOONG PAEYLOVDOONG VOGO EVTEPOV

Site specific mycobiota
AV K01 LEAETEC VTTOOEIKVVOLV KEVIPIKO POAO T®V HVKNTOV GTNV
OUO1OCTOOT) TOV EVTEPOV KOl GTNV GUOTNUATIKY avocoroyia, <0.4% tng
BiBAtoypapiac Tov UIKPOPLOUATOC OVAPEPETAL GTNV KOLVOTITO TMV
wokntov (Herndndez-Santos and Klein, 2017).
IIpocpata gvpruorto vrostnPilovy TV VTAPEN AVTAYOVIGLOD UETAED
Baktnpiov Kot pokNTmV 610 £VIEPO.
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Critical Issues in Mycobiota Analysis

B Halwachs, et al. Frontiers in Microbiology 2017 | Volume 8

*ECaptmuevo and tov EEVIOTY], 01 LOKNTEC GLVIGTOVV TO
<0.1% tov ukpoopyavicumv oto 'EX xatl £wg 10% ot0 6éppa
(Belkaid and Naik,2013).

*To pokntiokod kuttapo eivar 100 opég ueyarvtepo amd to
Baktnploko, ennpedlovtac TNV PUGIOAOYIN TOV EEVIOTN
(Underhill and lliev, 2014).

*To pukoPiopa Tov 'EX aAlniemdpd pe To avoGOTOMTIKO,
Onm¢ uEsm tov vodoyéa Tne Dectin-1, aupArvvovtag v eAeyuovn

tov 'EX (llievet al., 2012).



This is from2014!

New mushrooms found in porcini packet
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DNA sequencing of mushrooms in a shop-bought packet of porcini results in

the description of three species new to science.
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Contents of a commercial packet of dried porcini containing three species new to science (Photo: B. Dentinger)
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REVIEW ARTICLE
Forgotten fungi—the gut mycobiome in human
health and disease

Chloe E. Huseyin'%?, Paul W. O’Toole??, Paul D. Cotter?
and Pauline D. Scanlan®*

FEMS Microbiology Reviews, fuw047, 41, 2017, 479-511



Number of peer-reviewed scientific publications for (A) microbiome and
(B) mycobiome studies

4000 1 304

3000+

[A*]
[=}
1

2000+

Number of Scientific Publications
S

Number of Scientific Publications
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:'j NCBI Resources [/ How To (V]

PUblwed-&"”' PubMed V| [mycobiota |
US National Library of Medicine
National Institutes of Health Create RSS

First publication in 2009%*,

Pubmed search for Mycobiota

10 results in 2013

At least 70 results as of July 2016

24 September 2018, 370 results

Filter “Humans” In the last 5 Years 49 results
167 results in 2020

16 Reviews

*Gillevet, P.M, et al. Fungal Ecol. 2009, 2, 160-167



An Emerging Need For Reference Materials in Mycobiome Research

fim pubkshatt 13 F ooy 215
MICROBIOLOGY 103389 201

doi: 10.3389fmick. 2016.00089

The lung mycobiome: an emerging field of the human
respiratory microbiome P

hitpeffigenomemedicine.comdcontent!5/7 /63
Linh D. N. Nguyen’, Eric Viscogliosi' and Laurence Delhaes'** Genome Medicine

The human mycobiome in health and disease

ijia Cual', Alison Morris” and Elodie Ghedin'**

The mycobiome of the human urinary tract: potential roles for
fungi in urology

A. Lenore Ackerman’, David M. Underhill*

Cell

Temporal Stability of the Human Skin Microbiome
[ntemational Journal of - .
. Molecular Sciences |’MDP| Graphical Abstract Authors
! ’ s o Julia Oh, Allyson L. Byrd, Morgan Park,
Cell Host & Microbe NISC Comparative Sequencing Pragram
Review CetPross Heidi H. Kong, Julia A. Segre

The Fungal Mycobiome and Its Interaction with

Gut Bacteria in the Host Through the Scope Darkly:

Qi Hui Sam ', Matthew Wook Chang 2.3 and Louis Yi Ann Chai -4* The Gm MYCOblome comes into Focus

Nydiaris Hernéndez-Santos’ and Bruce 5. Klein' 2%~




REVIEW ARTICLE
Forgotten fungi—the gut mycobiome in human
health and disease

Chloe E. Huseyin!?3, Paul W. O’Toole?3, Paul D. Cotter’?
and Pauline D. Scanlan?*  FEMS Microbiol Rev. 2017 Jul 1;41(4):479-511.

Timeline of studies published on the gut
mycobiome and colour coded as follows: major
developments (grey), Gl disease (blue),
Immunocompromised hosts (red), healthy
populations (yellow), infants (purple), diet
(green) and other (teal).




Healthy intestinal environment (A) compared to dysbiosis (B) that leads to intestinal
iInflammation and emerging of autoimmunity
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MvukofBiopa vroektipunon?

AplOUOC onUOVTIKOV HEAETOV TOV LOKOPBLopatog Pacileton 6E LOPLOKES
uebdoovc.

A@popovv kupimg peréteg madnoewv tov I'EX (Ottet al. 2008; Ilievet al. 2012;
Lewis et al. 2015;Hoarauet al. 2016; Mar et al. 2016) kaOd¢ Kot LeEAETEC EMIMTMOONG
LOKNTOV og avocokoataotaipevoug (Chen etal. 2011;Mukherjeeetal. 2014).

To pvkoBioua emnpedletor omd v nAkia (Gewolb et al. 1999; Strati et al.2016b),
neprloppovouévev tadiwv (Heisel et al. 2015) kot evnAikov

(Scanlanand Marchesi 2008), pvAo (Stratietal. 2016b), yewypapikn

neproyn (Namet al. 2008; Hamad et al. 2012), stapntn, Tayvoapkio (Gouba, Raoult
and Drancourt2013; Mar Rodriguez et al. 2015; Kowalewska et al. 2016) ko dtotpoen,
anorexia nervosa (Gouba, Raoult and Drancourt 2014a) kou TEPLOYN

ocopotoc (Zhang et al. 2011; Nguyen, Viscogliosi and Delhaes 2015)

Teyvucég Shotgun metagenomics sequencing vroloyifovv TovE WOKNTES GTO
0.1% tov evtepkov uikpoPropartoc (Qinetal., 2010)



The gut microbiota during the human lifespan

Human lifespan
o
:
L
E
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— % % i
Age Stable adult  Chronic Inflammation/
1-2 years microbiota perturbation ageing
| (poor diet) iImmunosenescence
I
|
Changes in gut
2 microbiota over time
e
=
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H
o

Human lifespan

Clinical & Experimental Immunology
Volume 179, Issue 3, pages 363-377, 16 FEB 2015 DOI: 10.1111/cei.12474

http://onlinelibrary.wiley.com/doi/10.1111/cei.12474/full#ceil2474-fig-0001




The Western Microbiota Diverges from
That of Non-Western Populations

PC2 (6.6%)

uUs
Amerindians
Malawians

P P

Phylotypes

Starving our Microbial Self: The Deleterious Consequences of a Diet Deficient in Microbiota-Accessible Carbohydrates

Cell Metabolism, Volume 20, Issue 5, 2014, 779-786



GUT MYCOBIOME
Huseyin C, et al. FEMS Microbiol Rev. 2017 Jul 1;41(4):479-511.

Culture Dependent

Agaricus bisparus
Ajellomyces capsuiatns
Vjellomyces dermatitidis
Mteeraria alternia
Mtermaria brassicicolu

Altermaria sp.

Antarctic fungal

Aphytiophorates sp.

Arxiozymna teluris

Cryprococens luteoluy
Coaptaococcns ueaformans
Crypracaccus podznlicas
Craprococens tephrensis
Craptococcus victoriae
Craptacacens wieringae
Cyberiindnees jodinii
Cyseafiloboyidiun infirmominiatum
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Methods to study the microbiome

S {h

Microbial community

\J 1

Which microbes What are the What is the
are there? microbes doing? genetic potential?
A
Nucleic acids RNA Proteins Metabolites DNA

I T
M L=

SSU rRNA Metatrans- Meta- Meta- Meta-
approaches criptomics proteomics bonomics genomics

Zoetendal, Gut 2008



Amplicon-based next generation sequencing : Schematic representations
of rRNA operons and their variability assessed by multiple sequence alignments

(MSA)
A
Prokaryotic rRNA operon
‘ < <
5 s » Z = == E 3
% ............................................. =
W V2 V3 V4 V5 V6 V7 V8 V9

200 400 600 800 1000 1200 1400  bp

B

Eukaryotic rRNA operon
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Mycobiota characterization of a shotgun metagenomics and targeted-
amplicon sequencing of a phylogenetically informative fungal marker.

Metagenomics considerations:
Metagenomics « Fungal genome databases not
comprehensive
— + Sequencing of non-coding DNA and
Fragment DNA,
adapter & multiplexing

introns/exons
e + Sequencing across kingdoms
barcode ligation : . " g

L

,
* Fungal reads will be in low abundance
in comparison to other reads

« Taxonomic resolution low due to
’\/\ inadequate databases

ATGCATGCATGCATGC
ATGCATGCATGCATGC
b Library ATGCATGCATGCATGC
Sample DNA extraction ; Raw Reads Bioinformatics
preparation R e
& N ATGCATGCATGCATGC
S~— \ ATGCATGCATGCATGC
ITS1 ITS2 . .
1as S Sl 285 Ampl_lcon sequencing
Amplification of target considerations:
and addition of adapter \ * Primer and amplification bias/errors
*» Ease of higher taxonomic resolution
* Bioinformatics software should be
\ adapted to accomodate nuances of
Amplification to add different targets (e.g. ITS)
sequencing primers and

Targeted-amplicon multiplexing barcodes



The archaeal and fungal components of the human
gut microbiome

h. s T
HITI i m § v Archaea (amplicon yield, ng/mL)
1 l l 1 AN I ITS (amplicon yield, ng/mL)
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"' P11 Fe Enspmanen Copotocas 2 Index Fungorum

m [} ] Ascomycota phylum 02

Cul v bty '.'1 e e 2 http://www.indexfungorum.org/
| i Asc Eurotiomycetes unknown Genus

qT I iRl I‘r 1 Ill# llll' Asc Saccharomycetes Candida I

i

III n I Iﬂlll

2, nhames/names.asp
Asc Saccharomycetes Debaryomyces

b 1 Asc Saccharomycates Meyacozyma o

1 J I Asc Saccharomycetes Pichia
”l. I'E ' 1-' [ BEE M Asc Saccharomycetes Saccharomyces

' Asc Sordanomycetes Fusarium
| L I | i l 3 Asc Sofdanomywn unknown Genus

N l i in n FE i Other Ascomycota
| l Basidiomycota phylum

| Bas Microbotryomycates Rhodotorula
r Bas Tremellomycetes Cryplococcus

Fungi

I
Bas Tramellomycates Cystofiobasidum
Bas Tremellomycetes unknown Genus

. i A
K llLﬁ.!_L_J' !ll!_l_u__l.l Cnteoun Py
Hoffmann C, Dollive S, Grunberg S, Chen J, Li H, et al. (2013) Archaea and Fungi of the Human
Gut Microbiome: Correlations with Diet and Bacterial Residents. PLOS ONE 8(6): e66019.




B MYCOBANK HOME SEARCH v REGISTRATION v RELEASE IDENTIFICATIONS ¥ STATS NEWS FORUM FAQ & HELP LOGIN CONTACT Unknown user

- BANK DATABASE

Fungal Databases, Nomenclature & Species:Ba

MycoBank in short

MycoBank is an on-line database aimed as a service to the mycological and scientific community by documenting mycological
nomenclatural novelties (new names and combinations) and associated data, for example descriptions and illustrations. Pairwise
sequence alignments and polyphasic identifications of fungi and yeasts against curated references databases are proposed. More

information here.

An Excel version of the list of taxa present in MycoBank (export dafe: 31st of July 2019) can be downloaded here.



REVIEW ARTICLE
Forgotten fungi—the gut mycobiome in human
health and disease

Chloe E. Huseyin!?3, Paul W. O’Toole?3, Paul D. Cotter’?
and Pauline D. Scanlan?*  FEMS Microbiol Rev. 2017 Jul 1;41(4):479-511.

M Zygomycota

B Neocallimastigomycota
B Glomeromycota

@ Chytridiomycota

200 B Basidiomycota

B Ascomycota

150

100

Number of different genera reported for each fungal phyla

Total dataset Dataset with singletons removed



The Human Mycobiome

ORAL CAVITY

* Cryptococcus

® Fusarium

* Gibberella

* Glomus

* Pichia

* Saccharomyces
* Teratosphaeria

. ﬂ-fgpergfﬂus:'

* Candida

* Cladosporium
 Penicillium

¢ Cryptococcus

GASTRO-
INTESTINAL

| e
=9

o

| Vgt
* Aspergilliis™
* Candida
* Cladosporium
* Cryptococcus
* Fusarium
* Penicillium
* Pneumocystis
* Mucor
* Saccharomyces

*Potentially pathogenic lineages

SKIN

» Candida
* Cryptacoccus

* Debaryomyces

* Epidermophyton
» Malassezia

* Microsporum

* Rhodotorula

* Trichophyton

& Aspergillus

* Chrysosporium

* Epicoccum

* | eptosphaerulina
* Penicillium

* Phoma

* Saccharomyces

e |Istilaon

« Early surveys have revealed several pathogenic species that may increase one’s
risk of disease when the healthy microbiome is disrupted.

* Candida and Aspergillus species are among the most common members of the
human mycobiome.

* When the balance of a microbial community is disrupted, fungal species can

flourish and cause disease o
The Scientist. 02.2016. 37



The mycobiota during health and in dysbiosis

Genus

|:| Aspergillus
[:l Alternaria
- Candida

D Capnodiales

Cladosporium
. Cryptococcus
- Debaryomyces

. Epicoccum
. Eremothecium
. Malassezia

|:l Penicillium

|:| Pichia

. Saccharomyces
. Trichosporon

D Other

Phylum

. Ascomycota
D Basidiomycota

D Other

Healthy

mycobiota

v
=

-
%

Lung

Dysbiotic
mycobiota

Skin (AF)

Skin (HF)

Wound (HF)

b Factors contributing to dysbiosis

In the mouth, HIV-mediated
immunodeficiency causes severe
dysbiosis, which correlates with
decreased numbers of CD4" T cells

Cystic fibrosis causes severe
physiological changes in the lung
accompanied by the outgrowth of
opportunistic pathogens. Candida spp.
can adapt to escape Pseudomonas
aeruginosa-mediated inhibition of the
yeast-to-hypha transition

Primary immunodeficiencies that
disrupt the T_17 pathway, such as STAT3
mutation, lead to fungal dysbiosis

In the gut, dysbiosis is induced by
antibiotic-mediated depletion of
bacteria, genetic defects in antifungal
immunity pathways, changes in diet,
antifungal drugs and inflammation

Several factors can lead to increased
growth of Candida spp. in the vagina,
including glycogen and oestrogen
produced during pregnancy,
HIV-mediated immunodeficiency and
depletion of lactobacilli

Temporally stable dysbiotic fungal
communities occupy chronic
wounds and can interfere with the
skin-healing process







Available online at www.sciencedirect.com Current Opinion in

ScienceDirect Microbiology

Gut mycobiota under scrutiny: fungal symbionts or
environmental transients? -

William D Fiers'?, Iris H Gao"~* and lliyan D lliev"*>* () crosvis



frontiers in
MICROBIOLOGY

REVIEW ARTICLE
published: 13 February 2015
doi: 10.3389/fmicb.2015.00089

The lung mycobiome: an emerging field of the human
respiratory microbiome

Linh D. N. Nguyen', Eric Viscogliosi' and Laurence Delhaes™?*

W Ascomycota (1.101%; 5,14%; 0,33
= Taphrinomyycetes (1.57%; 0%; 0.4
¥ Saccharomycetes (4213%; 87 284
m Pezizomycetes (0.11%; 0%, 1.53%
m Lectiomycates 0.018%; 0.15%; 0.
W Sordariomycetes (0.16%; 0.08%; ¢
H Dothedeomycetes (16 55%; 0.45%;
1 Eurctiomycetes (0.23%; 20.58%. 2
® Basidiomycota (04%; 0.44%; 0%)

m Cystobasidiomycetes (0.55%, 0.0
W Tritirchlomycetes (0%; 0%; 0.023
B Microbotryomycetes |0%; 0.13%. (
B Pusciniomycetes (0%; 0% 0,006%
) Malasseziomyoetes (0%; 2.21%; 2
m Exobasidomycstes (15, 0.15%.; 0
O Tremellomyceles (0%; 0.356%, 0.4€
W Agancomycetes (027%; 236%; &
uFungl incertae sedis (1,14%; 0%;(
W Neocallimestigomycetes (0%, 0.01
m Chytridiomyceme (2 98%; 0%, 0.0¢
m Microsporicka {23.58%,; 066, 0%)

u Cryptomycota 3.01%; 0%; 0.19%)
H Basidictolomycetes 0.125%; 0%;
[ Glomeromycetes (0.011%; 0%; 0.0

Distribution of fungal classes (% of relative
abundance) in the sputum of healthy individuals
(outerring) and patients with CF (middle ring) and
asthma (innerring),based on published

pyrosequencing investigations

Cross talk between the intestinal and lung
microbioma?

Healthy

C. cladosparioides
E. sinecaudum
S. alba

V. polyspors

Diagram representing the comparison of the
respiratory mycobiomes in healthy individuals,
and patients with CF or asthma from published
studies



RESEARCH ARTICLE

Characterisation of Candida within the
Mycobiome/Microbiome of the Lower
Respiratory Tract of ICU Patients

Robert Krause'*, Bettina Halwachs®>*, Gerhard G. Thallingers, Ingeborg Klymiuks,
Gregor Gorkiewicz®, Martin Hoenigl1, Jurgen Prattes’, Thomas Valentin’,

PLOS ONE | DOI:10.1371/journal.pone.0155033 May 20, 2016

1a,

healthy

adults

(n =87)
Intrahospital death 0
30-day mortality 0
Candida related 0

death (related to
total deaths)

1b, non-ICU,
extrapulmonary
infection, AB therapy
(n=18)
0
0

0

2a,ICU, no
AB therapy
(n=8)

3 (38%)
3 (38%)
0 (0%)

2b, ICU,
extrapulmonary
infection, AB
therapy (n = 23)
9 (39%)
9 (39%)
0 (0%)

3b, ICU, 4, candidemia
pneumonia, AB (n=32)
therapy (n = 34)%

11 (32%) 10 (31%)
11 (32%) 10 (31%)
0 (0%) 7 (70%)

p-value

0.92
0.92
0.074



Krause R, etal, PLOS ONE 2016

Sequence distribution at the Genus level
Scale: relative, Confidence threshold: 0.80, "Other" threshold: 0.02
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relative abundance %

Krause R, etal, PLOS ONE 2016

100 -

=
n
1

50 -

Relative abundances of Candida in different groups

*

Group 1a (n=4)
Healthy adults

Group 1b (n=5)

healthy RT but
with AMB

Group 2a (n=7)

VAP ICU without
AMB

Group 2b (n=6)
VAP ICU
with
AMB

Group 3b (n=22)

AMB due to pneumonia



Krause R, etal, PLOS ONE 2016

% of Sequences
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Sequence distribution at the Genus level
Scale: relative, Confidence threshold: 0.80, "Other" threshold: 0.02
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International Journal of K\
Molecular Sciences MD\Py

Review

The Fungal Mycobiome and Its Interaction with
Gut Bacteria in the Host
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Mycobiota and immune system
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Bacher P, et al. Human anti-fungal Th17 immunity and pathology rely on
cross-reactivity against Candida albicans
Cell 2019; 176(6):1340-1355




Examples of mucosal immune responses to fungal infection and

dysbiosis

[liev I, et al. Nat Rev Immunol. 2017 Oct;17(10):635-646
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Leonardi et al., Science 2018; 359:232-236

GUT IMMUNITY

CX3CRI1" mononuclear phagocytes
control immunity to intestinal fungi

Irina Leonardi,"* Xin Li,"* Alexa Semon,"? Dalin Li,” Itai Doron,"? Gregory Putzel,?
Agnieszka Bar,"” Daniel Prieto,* Maria Rescigno,” Dermot P. B. McGovern,”
Jesus Pla,” Iliyan D. Niev">%*

Intestinal fungi are an important component of the microbiota, and recent studies have
unveiled their potential in modulating host immune homeostasis and inflammatory
disease. Nonetheless, the mechanisms governing immunity to gut fungal communities
(mycobiota) remain unknown. We identified CX3CR1" mononuclear phagocytes (MNPs) as
being essential for the initiation of innate and adaptive immune responses to intestinal
fungi. CX3CR1" MNPs express antifungal receptors and activate antifungal responses in a
Syk-dependent manner. Genetic ablation of CX3CR1" MNPs in mice led to changes in gut
fungal communities and to severe colitis that was rescued by antifungal treatment. In
Crohn's disease patients, a missense mutation in the gene encoding CX3CR1 was identified
and found to be associated with impaired antifungal responses. These results unravel a role
of CX3CR1" MNPs in mediating interactions between intestinal mycobiota and host
immunity at steady state and during inflammatory disease.

C. albicans-RFP



Curr Opin Gastroenterol. 2018 Sep 18. doi: 10.1097/MOG.0000000000000479. [Epub ahead of print]

Macrophage interactions with fungi and bacteria in inflammatory bowel disease.

Leonardi 12, Li X"2, lliev ID"2:34,

KEY POINTS

e At steady state, gutresident macrophages are required
for the establishment of an immunoregulatory response.

e In IBD patients, intestinal inflammation affects the
maturation of infiltrating monocytes into tolerogenic
macrophages and results in the accumulation of
proinflammatory monocytes.

e Gutresident macrophages are required to control
intestinal fungi and bacteria.

e Defects in CX3CR1" mononuclear phagocyte function
worsens gut intestinal inflammation.

e Loss of function mutation in CX3CR1 affects the
induction of humoral responses against intestinal fungi
in Crohn’s disease patients.




XA L I®NE kot evrepiko pokofpiopa

To kOplo evpuata pEypt otryung oxetiCovron pe Saccharomyces cerevisiae kou
Candida sp. Yrepavartoén Candida spp.€yet diamiotmOei o acbeveic pe XA I kot
PAEYLOVMOT VOGO EVTEPOV.

Koaxn poOon XA unopel va oonyel o€ vrepavdmtuén pokntov Kot acbeveic pe XA
elval o EMPPETEIC 0€ LUKNTIOKEC AOIUDEELS [79].

To 1010 1oydeL Ko Y100 vocoKATOGTAAUEVOVS acBeveic [2,3].

Y& voco Crohn éxet mopatnpndei T amokioudg and Candida sp, 1 enineda
antifungal-antibodies against Saccharomyces cerevisiae (ASCA 1g) ko |
Saccharomyces cerevisiae oto gvtepiko pvkofiouo . O T amoikioudc amd
Candidasp o IONE pmopei vo opeileton 6€ 0VOGOAOYIKT O10TAPOY KO GE YPNON
avtipAeypuovodnv, AMB [4].

H vro0eom 011 10 eviepiko pokoPiopa £xel enintmon oe eEMEVTEPIKT OVOGTN
VOGTNPICETOL OO EVPNUOTO OE ETIUVEC LLE TVEVUOVIKT] AAAEPYiQ ETAYOUEVT] OO

AMB vrepovantoén Candida [5].

H pokntiokn yAopida uropei emiong va ennpedlel tov fPAevvoyovikd payud, otov

10 wikpoPioua dratapdoceton [6].

1. Nowakowska D, et al. J Infect 2004;48(4):339-46. 2. Li Q, etal. J Clin Gastroenterol 2014,48(6):513-23.
3. Chehoud C, et al. Inflamm Bowel Dis 2015;21(8):1948-56

4. Plantinga TS, etal. Clin Infect Dis 2009;49(5):724-32.

5. Noverr MC, et al. Infect Immun 2005;73(1):30-8.

6. Sokol H, et al. Gut 2017;66(6):1039-48.



Review Article
Diagnostic Markers for Nonspecific Inflammatory Bowel Diseases

ASCA, 12, and
OmpC altogether

Tanty 1; The most important carrently used markers for nonspecific inflar y bowel di (IBD)
Can b e fO u n d I n Marker Name Expression Comments References
- Tests evaluating neutrophil activietion
" . ial neutrophil activay awel epithy cells mlesty Stimuslares the chemolaxis of neutro y possesses anglogenic
80% of patients g Epithelial neutrophil activatig  Bowel epithelil cels imestinal  Simulates the chemotasis of neutrophils, possesses ngiogeric ||
d pepidde epithelial cells properties oE
h C : . i Plays a role in degenerative and inflammatory diseases throagh
W It D HLY Human lencocytic dastase Activated neutrophuls proteolysis of collsgen-FV and elastin 6]
MRP-8/MRF-14 or X Cytoplasm of newutrophils and Aothaciwhl. anitfeng 'mmunmnodum(“' besidie sy e g
SI0OARIAY Calprotectin A ot action: i chemotactic factor for peutrophils; the fecal level is 1,77)
- . monocytes peoportional to neutrophilic influx into the intestinal tract
Takes part in acute inflammatory response exhibits high affinity o
L Lactofernin Neutrophils tron making tron insccessible to bacteria; fecal L increases significantly 10, 58]
with bowel Infiltration by neutrophils
y . Inflammatory marker; may help predict the progress of the disease;
N Neopterine Maonocytes und macrophages el 10 assess dinscal activity of 1D 9]
Serological markers
ANCAs Antinestrophil cytoplasmic High p-ANCA levels and antibodies 1o CBirl have been associated with 701
: antibodics mcreased risk of ponchitis after colectomy m UC
SANIES ~ . Antibodies against granules of P
cANCA Cytoplasmic nowrophil cytoplasm Increase in UC
2 sreck] Patients with CD and positive p- ANCA were less likely to respand to
S . o therapy with infliximab
PANCA I'cn;ﬁnml-u:::;:ﬁ.:.t Eytoplaic Increase significantly in UC |74)
ASCAs i w‘t‘:‘::::z e The utifity in diagnosing difficult cases of Indeterminate colitis (1C) 174]
- Antiouter membrane protein C OmpC pANCA, ASCA, and 12 altogether can be found in 80% of
Anti-OmpC antibody patients wath CD (l
Hup-B My h‘:::;::,m L May represent the target antigen for pANCA [10]
o : v y May be a marker of Crohn’s disease complicated by fistulas,
Anti-CBirl Hagellin Antibodies to bacterial flagellin perforations, or other serious problems (10)
AR . ““:"“"“n:’t"'_nl‘:'":“:"r:'l“‘;::‘:’" o PAB ia positive i 20%-40% of CD cases and 5% of UC cases; PAB ”
VP 3= Pro expression muy exhibit racial differences ;
pancreatic secretions)
IgA anti-12 i positive in 55% of CD cases, 10% of UC cases, and 20% of
" 2,
Ant-12 Amisodies tn Lvotmonsy non- (B0 colitis cases: anti-12 has also been found In patients with other |

fluorescens-associated sequence [2

Inflammatory enteritis




l.! Therapeutic Advances in Gastroenterology Review

Emerging concepts in non-invasive
monitoring of Crohn’s disease
£ The Autharlsl. 2018

Wojciech Marlicz ", Karolina Skonieczna-Zydecka, Konstantinos John Dabos, :{v’zl:vw:"’:qcln:ﬁr»

Ilgor Loniewski and Anastasios Koulaouzidis journatsPermissions.nav
The Basidiomycota:Ascomycotaratio and the \
Candidaalbicans count were found to be B
increased, while Saccharomyces cerevisiae e i
abundance decreased. B N e —
Other species’ numbers found elevated in CD TR

included Gibberella moniliformis, \/ Gut.,e,atm.m’
Alternaria brassicicola and Cryptococcus (ex. Rho-A)

neoformans. |
It is of interest that fungal microbiota correlated
with the CD activity index and the degree of
inflammation expressed by C-reactive protein Microbota diversity

(CR P) con Centratl on. (ex. Foecalibacterium sp.)

Microbiota-related biomarkers in s
' (ex. LPS) and faeces (ex. |-FABP)
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Available online at www.sciencedirect.com
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Fungal interactions with the human host: exploring the

spectrum of symbiosis
Rebecca A Hall'® and Mairi C Noverr®® @Cﬂmm

Mutualism Jolerance Commensalism Inflammation Parasitism

Colonization Resistance ; .
Pathogen Antagonism Homeostasis Trauma, dysbiosis, virulence traits

on.Lgl.

Candida levels below threshold Candida levels below threshold Candida levels
= low PRR signalling = low PRR signalling reach threshold for PRR signalling

% Inflammatory Signals

@ PVN @ Tcell w PRR
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The Fungal Mycobiota: Small Numbers, Large Impacts

Carol A. Kumamoto'*

'Department of Molecular Biology and Microbiology, Tufts University, 150 Hamrson Avenue, Boston, MA 02111, USA
*Correspondence; carol kumamoto@tufts edu

htip://dx.daiorg10.1016/).chom.2016.06.018

Cell Host & Microbe

DSS

Coon - gripcolitisi/sgh

Normal Gut Fungal
Community Dysbiosis

Figure 1. Effects of Fungal Dysbiosis on Colitis

A normal fungal community exhibits diversity (left panel). Long-term treatment with an antifungal drug such
as fluconazole shifts the composition of the fungal community, producing fungal dysbiosis. In this situ-
ation, the host has an exaggerated response to dextran sodium sulfate (DSS)-induced colitis (right panel).
Image of colonic tissue by E. Uthman, public domain. Image of bacteria, public domain FDA.
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© 2014 NV
Mycobiota in gastrointestinal diseases

Pranab K. Mukherjee, Boualem Sendid, Gautier Hoarau, Jean-Frédéric Colombel, Daniel Poulain

Key points

« The mycobiome (the resident fungal community and their genome), is a key
component of the human microbiome

« Within a microbiome, there are interactions between and within Species or
genera among fungi and bacteria

« Alterations within the mycobiota are associated with different diseases

o The mycobiota might directly or indirectly interact with the host immune system

 [nteractions between the mycobiota and host immune system can lead o
exacerbation of gastrointestinal diseases such as IBD



Curr Gastroenterol Ren (20150 17: 16
Curr Gastroenterol Rep (2015) 17: 16
DOI 10.1007/511894-015-0436-2

NEUROGASTROENTEROLOGY AND MOTILITY DISORDERS OF THE GASTROINTESTINAL TRACT (S RAO, SECTION EDITOR)

Small Intestinal Fungal Overgrowth

Askin Erdogan - Satish S. C. Rao

26 % (24/94) and 25.3 % (38/150) of a series of
patients with unexplained GI symptoms had SIFO
- symptoms observed in these patients were belching,
bloating, indigestion, nausea, diarrhea, and gas

- small intestinal dysmotility and use of proton pump
Inhibitors are possible underlying mechanism(s)

- a 2-3-week course of antifungal therapy is
recommended and may be effective in improving
symptoms, but evidence for eradication is lacking




Food Chem Toxicol. 2018 Sep 21. pii: S0278-6915(18)30685-9.

WX Riki: . [Epub ahead of print]

The role of mycotoxins in the human exposome: Application of mycotoxin biomarkers in
exposome-health studies.

Marin S, Cano-Sancho G, Sanchis V3, Ramos AJ°.

Fungal metabolites of clinical and diagnostic interest
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Nature. 2015 June 11; 522(7555): 216-220. do1:10.1038/naturel14335.

Drug-based modulation of endogenous stem cells promotes
functional remyelination in vivo

Fadi J. Najm'!, Mayur Madhavan', Anita ZarembaZ?, Elizabeth Shick!, Robert T. Karl!, Daniel
C. Factor!, Tyler E. Miller'34, Zachary S. Nevin!, Christopher KantorZ, Alex Sargent?,
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Influence of diet on gut fungi

« Candida abundance was positively correlated with recent consumption of
carbohydrates and negatively correlated with total saturated fatty acids (1)
*Recent consumption of short chain fatty acids drove down the abundance of

Aspergillus (1)
* A decrease in Candida and Penicillium related to almond and pistachio
consumption (2)

1. Hoffmann C, et al. PLoS One 2013
2. Ukhanova M, et al. Br J Nutr 2014: 111:2146-52
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Influence of diet on gut fungi
Most common taxa in vegetarian and conventional diet samples

Genus Vegetarian Conventional

Fusarium 14 (88%) 2 (3%)
Candida 10 (63%) 58 (84%)
Malassezia 13 (81%) 8 (12%)
Penicillium 12 (75%) 1 (1%)
Aspergillus 11 (68%) 4 (6%)
Geotrichum ND 32 (46%)
Pichia 1 (6%) 11 (16%)
Cladosporium 4 (25%) 11 (16%)

Hallen-Adams HE, et al. Fungal Ecol 2015; 15:9-17
Suhr MJ, et al. Lett Appl Microbiol 2016; 62:209-15
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High-Fat Diet Changes Fungal
Microbiomes and Interkingdom
Relationships in the Murine Gut

Timothy Heisel,> © Emmanuel Montassier,> Abigail Johnson,*
([ Gabriel Al-Ghalith,¥ Yi-Wei Lin, Li-Na Wei,® Dan Knights,=f @Cheryl A. Gale?

Fungal-Bacterial Dysbiosis and High-Fat Diet

Candida parapsilosis
Fusarium

Alternaria
Cladosporium
Didymellaceae
Candida glabrata

Pichia kudriavzevii
Sarocladium kiliense
Candida albicans
Other

0000000000

High Fat Chow Standard Chow

Cryptococcus neoformans

FIG 4 Relative abundance plots of fungal taxa for mouse chows. Each chow was sequenced three
individual times (DNA was isolated from different pieces of chow for each sequencing run), and results
for each chow were pooled after sequencing. Fungi were identified to the species level, as described in
Materials and Methods.



Figure 6. Possible syntrophic relationships in the human gut consistent with data

reported in this study.
©-PLOS | one

Hoffmann C, et al. PLOS ONE 2013; 8(6): e66019
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Saccharomyces boulardii

O Henri Boulard aroudévmoe
uvrnTa oo ta epovto, lychee ko
mangosteen to 1923 mov
ovoudcnke

Saccharomyces boulardii ,

V€O €100¢ TOV

yévoovg Saccharomyces ,

LE TPOPLOTIKES 1010TNTEG

Amovcio YoAokTolng Kot GYNUATIGULOV
oTOPilMV GLYKPLTIKA pE S. cerevisiae
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SCIENTIFIC REPQRTS

OFEN Complete genome sequence and
comparative genomics of the
probiotic yeast Saccharomyces
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Capric Acid Secreted by S. boulardii Inhibits C. albicans
Filamentous Growth, Adhesion and Biofilm Formation

Anna Murzyn', Anna Krasowska’, Piotr Stefanowicz?, Dorota Dziadkowiec', Marcin Lukaszewicz'>*

1 Faculty of Biotechnology, University of Wroctaw, Wroctaw, Poland, 2 Faculty of Chemistry, University of Wroctaw, Wroctaw, Poland, 3 Faculty of Chemistry, Wroclaw
University of Technology, Wroclaw, Poland

Abstract

Candidiasis are life-threatening systemic fungal diseases, especially of gastro intestinal track, skin and mucous membranes
lining various body cavities like the nostrils, the mouth, the lips, the eyelids, the ears or the genital area. Due to increasing
resistance of candidiasis to existing drugs, it is very important to look for new strategies helping the treatment of such
fungal diseases. One promising strategy is the use of the probiotic microorganisms, which when administered in adequate
amounts confer a health benefit. Such a probiotic microorganism is yeast Saccharomyces boulardii, a close relative of baker
yeast. Saccharomyces boulardii cells and their extract affect the virulence factors of the important human fungal pathogen C.
albicans, its hyphae formation, adhesion and biofilm development. Extract prepared from S. boulardii culture filtrate was
fractionated and GC-MS analysis showed that the active fraction contained, apart from 2-phenylethanol, caproic, caprylic
and capric acid whose presence was confirmed by ESI-MS analysis. Biological activity was tested on C. albicans using extract
and pure identified compounds. Our study demonstrated that this probiotic yeast secretes into the medium active
compounds reducing candidal virulence factors. The chief compound inhibiting filamentous C. albicans growth comparably
to S. boulardii extract was capric acid, which is thus responsible for inhibition of hyphae formation. It also reduced candidal
adhesion and biofilm formation, though three times less than the extract, which thus contains other factors suppressing C.
albicans adherence. The expression profile of selected genes associated with C. albicans virulence by real-time PCR showed
a reduced expression of HWP1, INO1 and CSHI1 genes in C. albicans cells treated with capric acid and S. boulardii extract.
Hence capric acid secreted by S. boulardii is responsible for inhibition of C. albicans filamentation and partially also adhesion
and biofilm formation.




Zoric et al. BMC Complementary and Alternative Medicine (2017) 17:268
DOI 10.1186/512906-017-1773-5 BMC Complementary and
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A European ECMM-ESCMID survey on goals and practices for
mycobiota characterisation using next-generation sequencing

Jean-Pierre Gangneux® | Héléne Guegan® | Louise-Eva Vandenborght? |
Sylvie Buffet-Bataillon' | Raphael Enaud? | Laurence Delhaes?
for the ECMM-ESCMID NGS study group

Twenty-six questionnaires from18 countries were received. The use of NGS to
characterise the mycobiota was not in routine for most of the laboratories (N = 23, 82%)
and the main reason of using NGS was primary to understand the pathophysiology of

a dysbiosis (N = 20), to contribute to a diagnosis (N = 16) or to implement a therapeutic
strategy (N = 12).

Other reported reasons were to evaluate the exposome (environmental studies) (N = 10)

or to investigate epidemics (N = 8).

No consensus has emerged for the choice of the targetswith 18S, ITS1 and ITS2 used
alternatively among the laboratories.



Map of the 14 European countries that participated in the ECMM-
ESCMID survey

©d-maps.com




Questions

Goals of using NGS to
study the mycobiota

Mycobiota sites studied
or planned to be studied

Samples used for NGS
processing

Answers (%)

Understand the pathophysiology of a
dysbiosis: /1%

Contribute to a diagnosis: 57%
Implement a therapeutic strategy: 43%

Evaluate the exposome (environmental
studies): 36%

Investigate epidemics: 33%
Lower respiratory tract: 54%
Digestive tract: 39%

Upper respiratory tract: 36%
Environmental samples: 25%
Oral cavity: 11%

Skin: 3%

Sputum: 50%

Stool: 43%

Broncho-alveolar lavage: 39%
Environment samples: 21%
Oral wash: 11%

Skin 3%



Results of the survey on goals and practices for mycobiota
characterisation using next-generation sequencing in
European laboratories (N = 27 laboratories in 18 countries)

Lung diseases to be stud- Cystic fibrosis: 50%

led by NG5S Lung transplantation: 32%
COPD: 29%
Asthma: 29%
Pneumonia: 29%
Digestive tract diseases Crohn disease: 18%

to be studied by NGS Pseudomembranous colitis: 14%

Chronic ulcerative colitis: 11%

Other (<10%): rheumatoid polyarthri-
tis, diabetes mellitus, AlDS...

Target used 18s rRNA: 40%
ITS1: 40%
1TS2: 40%
Shotgun approach: 18%
28s rRNA: 0%
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Unanswered questions about GI Mycobioma

*What are fungi doing in a healthy host, and would their absence be detrimental?

* Are species interchangeable, is there any effect in replacing C. albicans with
C. tropicalis or C. parapsilosis in an individual host?

* Do species, or strains of the same species, compete and, if so, are there predictable
outcomes?

« Stability of the gut mycobiome?

« Are there geographical differences in mycobiome?

« Differences based on diet, age, gender or other demographic factors?

« Which groups of fungi are likely to be of importance to the host and the overall
microbiome?

« How do we best categorize the diverse members of gastrointestinal mycoblota
In order to separate true residents from transient passersby? -
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