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PSYCHONEUROENDOCRINEIMMUNOLOGY
_FROM RESEARCH TO CLINICAL PRACTICE“

Infertility: the role of microbiota

Marina Risi @ PNE| CURE INTEGRATE
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dsome of My Best Friends Are Germs

I can tell yvou the exact date that I began
to think of myself in the first-person
plural — as a superorganism, that is,
rather than a plain old individual human
being. It happened on March 7. That's
when I opened my e-mail to find a huge,
processor-choking file of charts and raw
data from a laboratory located at the
BioFrontiers Institute at the University of
Colorado, Boulder. As part of a new
citizen-science initiative called the

American Gut project, the lab sequenced
my microbiome — that is, the genes not
of “me,” exactly, but of the several
hundred microbial species with whom I
Vhitaker for The New York Times. Frop stylist share this body. These bacteria, which
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My microbial fingerprints




MICROBIOME Since 2007
PROJECT

» Characterize the communities of microorganisms
that are found in the major ecological niches in humans

» Assess the ecology of microbial metabolic and
functional pathways

» Understand the mechanisms that are responsible for
the differences and similarities in the microbes
people share

» Determine their functional roles in health
maintenance and disease development
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Live News The number of microbes that are present on surfaces and in cavities of our body
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MyNewGut will shed
light on the role of the
human gut microbiome
and its relevance to
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the role of the human
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biome is the bacterial ecosystem of our intestines. It is known to affect our body's
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Joshua Lederberg 1925-2008

1958
Nobel Prize in
Medicine

He conied the term:
Microbiota




Term Definition

Microbiota The microbial taxa that are associated with an environment and are revealed using molecular techniques such as 165 rRNA
sequencing [Cho and Blaser, 2012; Ursell et al., 2012).

Microbiome Refers to the habitat as a whole, thus incorporating the biotic and abiotic factors, encompassing host and microorganism genomes
and environmental conditions (Cho and Blaser, 2012).

Metagenome The collection of genomes and genes from the inhabitants of a microbiome (Marchesi and Ravel, 2015).

Metatranscriptome  The total content of gene transcripts in a community at a specific sampling time [Parro and Paz, 2015).

Metaproteomics Interrogation of the entire protein complement of a community at a given time point (Wilmes and Bond, 2004),

Culturomics Method allowing the determination of microbial community composition by high-throughput culture [Greub, 2012).

Biofilm A structured consortium attached to a lving or inert surface formed by microbial cells adherent to each other and surrounded by the
seli-produced extracellular polymeric matrix (de a Fuente-Nunez et al., 2013; Hall-Stoodley et al., 2004).

Dysbiosis Qualitative and quantitative changes, their metabolic activity and their local distribution (Holzapfel et al., 1998).

Probiotic Live microorganisms which when administered in adequate amounts confer a health benefit on the host (Sanders, 2008).

Prebiotic A non-digestible food ingredient that benefits the host by selectively stimulating the growth and/or activity of one or a limited number

of bacteria in the colon, and thus improves host health (Gibson and Roberfroid, 1995].

rRNA = ribosomal RNA.
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MICROBIAL CELLS .K.'.§ MICROBIAL GENES
~100 TRILLION N\l ~2,000,000
(-70-90%) AN (-33%)

CTCGGCGGCGCCCA
CTCAAGGGTGCCTGGGCCTGCCTA
GCCGTGGCAGATCCCCGCAAGGSTGE
CCGGECCTGCCETGGCAGATCCCCAACG
GTGATTTCGGCGGTGTATCCCGGCGBAACT
TYGCGCGTATTCCGGTCGCGGAAACGCGAAT
COCCTTCOCTTTCGATCCGCCCGAGGCGATC
CCAAGTATCCGCATCCCGGGATCGOATCCGLG

ACCTCTTCTCGCGTCCCTAAC  GCGCA

TITACYGTTACGTCCTGCTAY
TGCCCTAGGCTEAGATGCCT
GATGAGCTGGCTGATTACGT
AAGTCGTAAGCCTGCCGAT
ATTCTGTGTCGGGCCTGET
GCATGCTTGCAACGTCCCT
ATCCTTCGTAGCTGTCCCAC
CAGTAGTTGACCAGTGACCT
TYTGCCATGGTAAGCCTCATG
GGCTAACTATATGCTCGAGAC
GCCTCCCTAAGYTTCAAAGGTY
TATCGYAGCTTGCCTCGTCCT
CGGTAATATTGACCCTGTATAA
AAACCGTTAGGTATCTGTTTG
GCTGGCGCGGGAAGGGTCCCA
TAAGCTGCAAAGTTTTCCCTCE
CTAGCGGCTAGCGGCTGAGAGA
GCGATTTITAGGCTGAGATGCCY

GTTACGGAA
TCATTTACA
GTAACAAGG
AAAACTTYTA
TCTCTTAT

HUMAN CELLS
~30 TRILLION

HUMAN GENES
~23,000




COLON
1010-10%2 CFU/ml

Bacteroidi
Clostridi
Pseudomonas
Bifidobatteri
Streptococchi
Lactobacilli
Veillonelle
Protozoi, Funghi
Fusobatteri
Proteus
Enterobacter
Stafilococchi

STOMACO, DUODENO
10%-103 CFU/ml

Lattobacilli
Streptococchi
Funghi

INTESTINO TENUE
10%-10% CFU/ml

Lattobacilli
Streptococchi
Enterobatteri

Bacterioidi

Fusobatteri

Bifidobatteri




Gut Microbiota: Where do they come from?

 |nitial exposure occurs during passage through birth canal

« During first year of life, heavily influenced by mother and environment

Effect of
maternal
exposures
Environment
* Antisepsis
* Antibiotics
* Diet

Other hosts
Epigenetics

Dental
amalgaml Bottle feeding

(% Oral )
{pre-mastication of food)

Mammary. through breastfeeding
{selection)

Cutaneous
{contact with skin)

Vaginal
\(passago through birth canal)

Early-life

Early/ antibiotics
extensive
bathing Caesarean section




Microbiome
complexity
& stability

Disease

Factors affecting the microbiome

Healthy

______ Perturbation
|

Infectious diseases, metabolic diseases,
and inflammatory disorders

ADULT LATE
ONSET ONSET
| | I |
I I | |
Birth 3yrs Adult

* Protect against pathogens
* Train/stimulate immune function

* Supply nutrients, energy, vitamins, SCFA

* Inflammation (local > systemic)
+ Oxidative stress

* Increase in Gram negative bacteria
+ Infection (opportunistic/pathogenic)

Altered metabolite production

Elderly

>
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Gut microbiota: the next-gen frontier in preventive and
therapeutic medicine?

Ravinder Nagpal'!, Hariom Yadav?' and Francesco Marotta®*

! Divizion of Laboratonss for Probiotic Research, Juntende University Graduate School of Medicine, Tokya, Japan
* National Inatitute of Disbetes, Digestive and Kidmey Diseases, Mational institute of Heslth, Bethesda, MO, USA

? ReGenara Research Group for Aging Intervention, Milan, ltaly

Metabolic Cardiovascular diseases

syndrome
Y Rheumatoid q

Endotoxemia/ arthritis ' o

septicemia Hypertension

NAFLD/ NASH/ HS

Endocrinal imbalance
Systemic

: . Asthma
inflammation

Colorectal cancers
Diabet > &
? .es/ Diarrhea/ constipation/
Insulin resistance . :
. Celiac disease/
Y Gastroenteritis

Obesity/ Adiposity IBD/ IBS/ UC/
Crohn’s disease

Gut Microbiota




{ronters in PERSPECTIVE ARTICLE
published: 23 June 2014 :%
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Gut microbiota: the next-gen frontier in preventive and
therapeutic medicine?

Ravinder Nagpal'’, Hariom Yadav?®' and Francesco Marotta®*

! Divizion of Lsbaratonas for Probiotic Ressarch, Juntendo University Graduate School of Medicing, Tokyo, Japan
# National Instifute of Disbetes, Digestive snd Kidney Diseases, National institute of Hesith, Bethesda, MO, US54
¥ ReGenera Ressarch Group for Aging Intervention, Mian, ltaly
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Prudent diet & lifestyle,
probiotics/ prebiotics,
Anti-inflammatory/
immune-potentiating

Balanced gut microbiota Gut microbial dysbiosis

o lGut permeability; \ therapeutics, nutraceuticals (. N Gut permeability; \
J-Tonemia/Sepsls; T Endotoxemia; septicemia;
JProinflammation; 1 Systemicinflammation;
M nsulin sensitivity; M nsulin resistance;
M gut/metabolic/cardiovascular 1 Adiposity, diabetes, MetS,

< health / \CVD, NAFLD, NASH, IBD, IBS etC7




Metabolic

. i surgery
microbiome (BRAVE

Effects)

Lipid Bile acid %~
peroxidation metabolites

} Insulin

Insulin & IGF-1
receptor

Diabetes, Metabolic Syndrome,Cardiovascular Disease & Cancer

TRENDS in Microbialogy




The world within:
living with our microbial guests and guides
Janoff E et al
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Has the microbiota played a critical role in the evolution of the
adaptive immune system?

Scrence. 2010

Yun Kyung Lee and Sarkis K. Mazmanian’

Human Microbiome Human Genome Th17/Treq Profile

(A)
Healthy
Microbiome

Treg Th17

Health

X

(B)
Dysbiosis
(increased Pro-
inflammatory

bacteria)

Treg Th17

Disease

(C)

Dysbiosis
(decreased anti-
inflammatory
bacteria)

Treg Th17

%Q Disease

e B. fragilis
\«»» SFB

© Thi7 cell
© IL-10+ Treg cell




The interaction of
microbiome with the immune system

Intestinal microbiota drives immune
development and maturation from birth and
contributes to the maintenance of intestinal
homeostasis between immune competence and

tolerance



Highly Low level
colonised colonisation
Oral cavity T Brain
Skin
Breast milk Breast tissue

Fetus
Alimentary tract

Placenta

Urogenital tract
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Birth rate is the

ratio between

the number of births
In @ community in a
given period time
and the average
population during
the same period



italia / Tasso di fertilita

1,39 nascite per donna (2014)

Francia
1.99

® |talia
1.39

Germania
1.39



Fallopian _— s
tubes LA

)
LA
‘. '-'.
. )

S

9

@
Uterus @

o

Columnar epithelial cells

Endocervix O
) Squamous epithelial cells
° 3 P CD8 or
° & CD4 T cells
B cells
o] o, o
Ectocervix S | \ 7 Macrophages
o] & Uterine lymphoid aggregate (LA)
CD4/CD8+ T cells Macrophages  Dendritic cell macrophages
©
Vagina
o °
o
°
Mucus
bbb Columnar s 5quam0us Stromal

= epithelial 3 epithelial cell Dendritic @ B cell o T cell O NK cell
cell cell cell




Microscopy and culture-dependent methods
demonstrated that the composition of normal
vaginal flora may also fluctuate within an
Individual woman; for example, throughout the
menstrual cycle or as a result of sexual activity

The species of Lactobacilli that dominate the
vaginal environment may have implications for
gynecologic health: it seems that various species
may differentially predispose to dysbiosis



Batterio

Meis=senia
ponorrhocac

Chlamydia
trachomatis

Chlamydia
trachomatis, stipit
L1-L3

Treponcma
pallidum

Haemophilus
Ducrey

Klebseclla
granulomatis

Myvcoplasma
gmenitalium

Ureaplasmms
urcalyticum

Malattia

Croniorres

Infemone da
Clamadhia

Linfogranuloma
VEreTeo

Sifulade

Ulcera molle o

cancriide

Grranuloma
nguimale o

Doniovanos:

Quadro clinico

L BT TETY

Lretrite (secrezione purulental)
cpididimite, orchite

Urctnite (secrezione chiaral,
cpididimite, orchite

Ulcere genitals con adenopatia,
proscirbe

Ulcere genitale mdolente con
sdenopatia

Uleere genitaln dolents eventuale
linfoadenve

Tumefarzione nodulare ¢ lesiom
ulcerative imgumalis e della
regione anale

Liretrite (secrezione chiara)

Uretrite (secrezione chiara)

Donma

Cernvicite, endometrite, salpingite,
malattia infiasmmatoria pelvica (FILY)

Cernacibe, endomctrte, salpingiie,
malattia infiammatora pelvica (FILY)

Ulcers genitali con adenopatia,
proctite

Ulcers gemitale mdolente con
adenopatin
Aborto, parto prematurc

Ulcers genitali dolenti eventuale
linfoadenite

Tumcfarzione nodulare ¢ lesiom
ulcerative imguinali e della regione
anale

YWaginite batterica, malattia
imfiammatoria pelvica { PID)

Yaginite batterica, malattoa
imfiammatoria pelvica { PIE)



Infezioni Sessualmente Trasmesse da agenti viral

Agente patogeno

HIV

Herpes simplex
HSV1 e HSV2

Papillomavirus
umano HPY

E patite

HAY, HBYV,
HOV

Poxvirus

Malattia

AIDS

Herpes
eenitale

Condilomi

Epatite

Mollusco
contagioso

OQuadro clinico

LUomo
Immunodeficienza acquisita
e patologie correlate

Lesioni vescicolari e

ulcerative regione genitale e
anale

Condilomi del pene , area
genitale ¢ regione anale

Epatite acuta ¢ cronica,
cirrosi epatica, neoplasia del
fegato

MNoduli ombelicati genitali
efo extragenitali

Donna
Immunodeficienza acquisita
¢ patologie correlate

Lesioni vescicolari e ulcerative
regione genitale ¢ anale

Condilomi area genitale e
regione anale

Epatite acuta ¢ cronica, cirrosi
epatica, neoplasia del fegato

MNoduli ombelicati genitali e/o
extragenitali



Agente
patogeno

Protozoi

Trichomonas
vaginalis

Miceti

Candida
cifbicens

Parassiti

Phthirus pubis

Sarcoples
scabiel

IST da Protozoi, Miceti ¢ Parassiti

Malarttia Quadro clinico
Uomo Donna
Tricomoniasi Uretrite secretiva,spesso Vaginite secretiva, parto
asintomatica prematuro
Candidosi Lesioni superficiali del Vulvovaginiti, prurito valvare,
glande, uretrite uretrite, cistite
Pediculosi Infestazione dei peli pubici, Infestazione dei peli pubici,
prurito prurito
Scabbia Prurito, cunicoli scabbiosi, Prurite, cunicoli scabbiosi,

lesioni da grattamento, rush

lesioni da grattamento, rush
cutaneo

cutanéon
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Microorganisms within Human Follicular Fluid: Effects on
IVF

Elise S. Pelzer**, John A. Allan®, Mary A. Waterhouse?, Tara Ross®, Kenneth W. Beagley',
Christine L. Knox'

B Lactobacillus spp.
W Actinomyces spp.
30

The most prevalent species B Propionibacterium spp.
identified for each genital W Bifidobacterium spp.
tract site
W St ;
(percentage) aphylococcus spp.

W Streptococcus agalactiae
W Peptostreptococcus spp.
1 Escherichia coli
1 Enterococcus faecalis

Leftfollicle  Left follicle  Right follicle Right follicle ~ Vagina Vagina
colonized contaminated colonized contaminated colonized contaminated
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REVIEW ARTICLE
published: 27 Movember 2014
doi: 10.3389/fimmu.2014.00555

Exploring preterm birth as a polymicrobial disease: an
overview of the uterine microbiome

Matthew S. Payne* and Sara Bayatibojakhi

School of Womens and Infants’ Health, The University of Western Australia, Perth, WA, Australia

Roseovarius;
Rhodococcus;
Paenibacillus and
Kiebsiellia sp.

Pantoea and
Eubacterium sp.

Adenovirus

Dark shading= PTB

Light shading = Term

Medium shading = PTB/Term

Al Adenovirus; Enterovirus; W
_ Cytomegalovirus

Epstein-Barr virus;

Respiratory-Synctial virus and
L Parvovirus =




Infection is a leading cause of
preterm birth.

A focus of many studies

has been to characterize
microorganisms present in
the uterine cavity and
document any association
with negative pregnancy
outcome.
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Maternal

Placenta

Many studies have contributed
vast amounts of data toward
characterization of the uterine
microbiome, specifically that
present in the amniotic fluid, fetal

membranes, and placenta.

The emphasis has been placed on
the bacterial microbiome, with

less data produced on the viral

and fungal/yeast microbiomes




Sei1 Transi Med 2014 May 21; 6(237): 2371a65. do1:10.1126/scitranslmed 3008599,

The Placenta Harbors a Unique Microbiome

Kjersti Aagaard! 23" Jun MalZ, Kathleen M. Antony'!, Radhika Ganu', Joseph Petrosino?,
and James Versalovic?®

B-C <0.2 mummm

Airways B-C <03
Supragingival
Nares
Subgingival
plaque
Ear (right)
Skin
Ear (left)
Placenta Tonsils
Placenta Oral
Vaginal microbiome
in pregnancy
Mid vagina
Vagina
Gut .
Posterior fornix Stont
Vaginal introitus

The placental microbiome has a taxonomic profile that is similar to the oral microbiome



Fertility
and Sterility

Effect of vaginal probiotic lactobacilli on in vitro—induced
sperm lipid peroxidation and its impact on sperm motility
and viability

Arcangelo Barbonetti, M.D., Benedetta Cingue, Ph.D_, Maria Rosaria Caterina Vassallo, Ph.D., Salvatore
Mineo, Ph.D.. Sandro Francavilla, M.D., Maria Grazia Cifone. Ph.D., Felice Francavilla, M.D.FF 24

This study provides evidence that probiotic
lactobacilli, whose effectiveness in treating BV
In the form of vaginal tablets has been reported
recently, may also protect human spermatozoa
from lipid peroxidation induced In vitro by
Fe2* and from its negative effects on sperm
motility and viability



Volume 3, 2012, Pages CDO0S995
Antibiotics prior to embryo transfer in ART.

University of CQueensland, Queensland Fertility Group Research Foundation, Brisbane,

To evaluate the effectiveness and
safety of antibiotic administration
prior to ET during ART cycles.

There was no evidence of a difference in clinical
pregnancy rate between those receiving an
amoxycillin and clavulanic acid antibiotic
combination (64/178: 36%) and those not
(61/172: 35.5%) (OR1.02, 95% CI 0.66 to 1.58)

This review suggests that the administration of amoxycillin and
clavulanic acid prior to embryo transfer reduced upper genital
tract microbial contamination but did not alter clinical
pregnancy rates.



It is becoming increasingly evident that the
aggregate microbiome is not a simple
accumulation of free-floating bacteria on the
surface of a human tissue.

A protective outer coating composed of
polysaccharide, nucleic acid, and protein may
develop



These biofilms may inhibit immune detection
and reduce the effectiveness of antimicrobial
treatment
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Fig. 1 Interactions between the HPA axis and the female and male reproductive systems and their
actions on the immune and inflammatory reaction

Hypothalamusi

Pituitary gland

Ovaries

Estradiol Testosterone
Progesterone

Immune target tissues

iCRH, inflammatory
mediators, cytokines

Science Signaling
Published by AAAS G. P. Chrousos, Sci. Signal. 3, pe36 (2010) RAYAAAS
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Fertrd Sterf 2016

Local and Systemic Factors and Implantation: what is the
Evidence?

Chelsea Fox, MD?, Scott Morin, MD"¢, Jae-Wook Jeong, PhD®, Richard T. Scott Jr., MD"¢,
and Bruce A Lessey, MD, PhD?

f '
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Progesterone
h 4
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The Gut Microbiome Is Altered in a Letrozole-
Induced Mouse Model of Polycystic Ovary
Syndrome

Scott T. Kelley', Danalea V. Skarra®, Alissa J. Rivera®, Varykina G. Thackray= =

O0ther
BVerrucomicrobiales
OBurkholderiales

B Alphaprotecbacteria
B Erysipelotrichales
OLactobacillales

B Deferribacterales

B Clostridiales

B Bacteroidales

Placebo Letrozole
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RESEARCH ARTICLE

Association between Polycystic Ovary
Syndrome and Gut Microbiota

Yanjie Guo, Yane Qi, Xuefei Yang, Lihui Zhao, Shu Wen, Yinhui Liu, Li Tang*

After treating PCOS rats with Lactobacillus and
fecal microbiota transplantation (FMT) from
healthy rats, it was found that the estrous
cycles were improved in all 8 rats in FMT
group, and in 6 of the 8 rats

in Lactobacillus transplantation group with
decreasing androgen biosynthesis.

Their ovarian morphologies normalized.




050+«

025+

000~

LB

MISC

. Atopobium

NP

Report of Major Impact

ajog.org

Evidence that the endometrial microbiota has an effect on (!)wm

implantation success or failure

Inmaculada Moreno, PhD'; Francisco M. Codofier, PhD'; Felipe Vilella, PhD'; Diana Valbuena, MD, Ph;
Juan F. Martinez-Blanch, PhD; Jorge Jimenez-Almazan, PhD; Roberto Alonso; Pilar Alama, MD, PhD;
Jose Remohi, MD, PhD; Antonio Pellicer, MD, PhD; Daniel Ramon, PhD’; Carlos Siman, MD, PhD*
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Reproductive tract microbiome In

assisted reproductive technologies

d T. Scott, Ir, M.D., H.C.L.D.2"

Fertil Steril, 2015

A Er ab
Jason M. Franasiak, M.D andR

The study of the microbiome and its relationship to
the efficiency of conception and early pregnancy
maintenance is just beginning

Given the influence which the microbiome has in
virtually every organ system, it is not surprising that
subtle changes in the microbiome are associated
with meaningful changes in gamete quality and
ultimate clinical outcomes.
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e Respect them
e Love them

e Care for them:
- Feed them healthfully
- Makes sure they get enough sleep
- Exercise them

* You and they will be much more healthy






oukran

bighmml ®
ke

wE
iR

N -

ZEAFBLAIAL2 g graCIas

Merci =
3% DA E S graZIe

obrigada .

i -
1D




