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The human microbiome

The human microbiota and microbiome

THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN BODY
HAS 100 TRILLION MICROSCOPIC L1FE FORMS LIVING IN IT.
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Nature Reviews | Genetics

Delsuc et al. 2005 Nat Rev Gen

The human microbiota is the collection of all the microorganisms living in association with the human
body, including eukaryotes, archaea, bacteria and viruses

The human microbiome refers to their genomes



The human microbiome

The Human Microbiome Project

2008
Characterization of the microorganisms associated to healthy and
diseased humans

Samples from different parts of the

THE HUMAN MICRoBloME TRYECT human body

Unprecedented information about the
CONTAINS MICROORGAN ISMS, 250 complexity of human microbial
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MIORE MIRSBIAR: 2 ENV I RONMENTHL /(IS o
T T—:-'LLs INTE@\ TloNS HEP\LT\'W 3,000 microbial genome sequences
AN U PEOtLE
\\Lt/ uLﬁ /,

Graphic Sciencie. Perrin Ireland. www.wagsrevue.com/thewag/



The human microbiome

Gut microbiota

“All diseases begin in the gut”

(Epidemias) Hippocrates
460 -370BC

The Phisiology of defecation
The examination of the stool (alvine discharge) yields the most
information about the nature, temperament and overall quality
of the initial First Digestion of food and drink in the
gastrointestinal tract

Anton Van Leeuwenhoek &
Robert Hooke
1665-1683
Microscopy, first description of
bacteria

First published depiction of a microorganism



The human microbiome

The human gut microbiota

“Organ” of ~10* microorganisms ~2kg responsible for multiple

physiological functions

Immune
system

*  Mucosal
development

*  GALT maduration

*  Maintainance
homeostasis

* Regeneration
intestinal epithelium

Nutrition &
metabolism

Production essential
metabolites




The human microbiome

The human gut enterotypes
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Arumugam et al. 2011 Nature

Intestinal microbiota variation is generally
stratified in three clusters or enterotypes,
driven by genus composition

Bacteroides sp.

Bacteria that drive the
different enterotypes
tend to be mutually
excluding

Ruminococcus sp.



The human microbiome

Gut dysbiosis

Recovery ?
a2dewep 1no

The pathogenesis of intestinal disorders including inflammatory bowel disease, irritable bowel
disease (IBD) and coeliac disease, as well as extra-intestinal disorders such as allergy, asthma or
obesity, is associated with gut dysbiosis




The gut microbiome and HIV

HIV infection and gut damage

Brenchley et al. 2004 J Exp Med



The gut microbiome and HIV

HIV infection and gut damage

HIV - HIV +
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Brenchley et al. 2004 J Exp Med



Influence of the gut microbiota on
HIV-1 infection

Chronic infection



HIV-1 specific gut dysbiosis?

Exploring the gut microbial communities




Exploring the gut microbial communities

Microbial Genomics

Classical Genomics
Cultivable organisms

Only a restricted set of
microbial communities are
cultivable

Metagenomics
Determine the abundance and identity of microbes in a sample

-

Target gene survey Random shotgun

(16S rRNA)
Single targets are amplified using Total DNA is isolated from
PCR and then the products are samples and then sequenced
sequenced

Tringe & Rubin 2005 Nat Rev Gen



Exploring the gut microbial communities

16S rRNA sequencing

~400
different
codes per

[yl *‘! iy
“ || sample

17'!4':67800

1.049.116 codes



Exploring the gut microbial communities

16S rRNA sequencing

~400 different
codes per
sample

|
s ]

1234567890

ELEIRIED)

Bacteria and archaea



Exploring the gut microbial communities

Random shotgun sequencing

ELEIREIRELI(S

@ 2015 Encyclopadia Britannica, Inc. V

Bacteria, archaea, viruses, eukaryotes



Exploring the gut microbial communities

Gene content and functional profile

Metabol
Cofactors and Vitamins
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HIV-1 specific gut dysbiosis?

The MetaHIV Project




The MetaHIV Project

16S rRNA sequencing

Stockholm: External Validation
83 subjects

* 7 HIV negative, all HTS

* 76 HIV positive (including 3 EC)

* 18 (22%) MSM, 55 (66%) HTS, 10 (12%) PWID
.~

Barcelona: Internal
Validation: same :35
( analysis 1 month later

Barcelona: Test dataset
156 subjects

« 28 HIV negative, mostly MSM
+ 128 HIV positive with # phenotypes 9
* 100 (64%) MSM, 41 (26%) HTS, 15 U

(10%) PWID
. ry = ./) w

Noguera-Julian et al. 2016 eBioMedicine



The MetaHIV Project

The Barcelona MetaHIV Project

Barcelona: Test dataset
156 subjects

= 27 HIV negative, mostly MSM
* 129 HIV positive with # phenotypes
" « 100 (64%) MSM, 41 (26%) HTS, 15 (10%) PWID

Phenotype N Li:‘xsfount :f;:::;’ad ART

Late Presenter 11 - - -
Immune Discordant 18 <300 <50 Yes

Immune Concordant 53 > 500 <50 Yes

Early Treated 13 > 500

Naive 15 > 500

Viremic Controller 11 > 500

Elite Controller 8 > 500

HIV Negative 27 -




Results |

100

Microbial diversity and richness

MSM individuals had the
highest microbial
diversity and richness
compared to HTS and
PWID in both cohorts

Observed Shannon : 0.' Simpson
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After stratifying for
sexual preference HIV-1
infection consistently
associated with
significant reduction in
microbial richness

| _ Shannon
% % 600 _-
. 0.9+ % ? * ‘??
400 1 081 { S i
200‘ 07‘ :
0.6 g
KPR S IR @@ \>¢¢¢ N TN
& & e°° 5 \=° & & & & &
BCN STK BCN STK BCN STK BCN STK BCN STK

E3 Hiv-1-negative [l HIV-1-positive




Results |

Microbial diversity and richness
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The lowest microbial richness is observed in subjects with a virological-immune discordant response to ART




Results |

Microbial enterotypes and risk group

E MSM individuals tend to

cluster together in terms
of genus composition,
nonMSM have a
different composition
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Results |

Diet influence

Short term recall questionnaire

Nutrients
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1: Prevotella 18:
2: Faecalibacterium 19

3: Bacteroides 20:
4: Lachnospiraceas_unclassified 21:
5: Succinivibrio 22

6: Alloprevotella 23:
7: Buminococcaceae_unclassified 24:
8: Blautia 25

9: Lachnospira 26:
10: RC9_gut_group 27,
11: Alistipes 28

12: Barnesiella 29:
13: Bacteria_unclassified 30:
14: Coprococeus a1:
15: Dialister 32:
18: Clostridium_sensu_sltricto_1  33:
17: Ruminococcus 34.

Paraprevotella

: Buminococcaceae_|ncertae_Sedis

Bacteroidales_unclassified
Victivallis

: Sutterella

vadinBB60_unclassified
Elusimicrobium

: Christensenellaceae_unclassified

Intestinimonas
Butyricimonas

: Saturated fat

Water

Ethanol

Iron

Total Protein
Plant protein
Digestible sugars

composition of the microbiota was found in our setting

Long-term dietary patterns have been linked to alternative enterotype states, but limited effect of diet on the




Conclusions |

Take-home message Part |

* Factors related with sexual preference might also affect the gut
microbiota composition by unknown mechanisms

 HIV-1 infection is consistently associated with reduced bacterial
richness (hallmark of HIV-1 infection) independently of sexual

orientation

« Early ART initiation might help to preserve gut microbial richness

Gut Microbiota Linked to Sexual Preference and HIV Infection @CmMark

Marc Noguera-Julian *>!, Muntsa Rocafort #“!, Yolanda Guillén *<, Javier Rivera *°, Maria Casadella ®<,

Piotr Nowak ¢, Falk Hildebrand ¢, Georg Zeller ¢, Mariona Parera ?, Rocio Bellido ?, Cristina Rodriguez ?,

Jorge Carrillo *“8, Beatriz Mothe > Josep Coll *!, Isabel Bravo !, Carla Estany {, Cristina Herrero ', Jorge Saz ",
Guillem Sirera !, Ariadna Torrela !, Jordi Navarro |, Manel Crespo !, Christian Brander *><J, Eugénia Negredo >,
Julia Blanco <, Francisco Guarner ¥, Maria Luz Calle , Peer Bork ™, Anders Sénnerborg ¢,

Bonaventura Clotet *>°f Roger Paredes *><*
L e — - S




HIV-1 specific gut dysbiosis?

The MetaHIV Project




Results Il

Gene richness in Bcn cohort

Gene richness

2e-06 -

0e+00 ~

250000 500000 WOOO
Gene counts (10 M)
Threshold 621.808

Gene count rank

* Downsampling 1M -> 70,865 - 313,572

» Downsampling 10M > 163,558 - 904,589
« All sequences > 226,219 - 1,373,562



Results Il

Gene richness in Bcn cohort

Gene richness

Basic principles in natural sciences ‘

. Practical applications for use in society  EP R |
Disease genes, Imaging probes,
Drug targets, etc. I I Drug leads, etc
26-06 /- \ Molecular systems / N\
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Threshold 621.808 GG richness
0.00100 -
0.00075 -

Gene count rank

* Downsampling 1M -> 70,865 - 313,572
» Downsampling 10M > 163,558 - 904,589 0.00050
« All sequences > 226,219 - 1,373,562

0.00025
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3500 4000 4500 5000 5500
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Results Il

Two populations according to gene richness

C Gene richness, all subjects
I
X p-value = 0.001 '
p-value = 0. : HIV-1
36-061 ' negative
>
‘@
§ 2e-06 HIV-1 |
positive !
|
1e-06- :
|
|
|
0e+00- :

250000 500000 750000
Gene counts (10 M)

LGC HGC
HIV + 92 37
HIV - 11 16

* Chi-square p < 0.001

* Other factors linked to LGC: HIV risk group, older age, female
gender, caucasian ethnicity, HIV phenotype (viremic controller and HIV-
negative higher in HGC), Nadir CD4+, creatinin, FA, fibrinogen and
platelets

d Gene richness, MSM

4e-061 XZ value = 0.055 i
P ke . HIV-1
| .
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2e-06-  HIV-1 |
positive !
|
16—06 - |
|
|
|
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400000 600000 800000
Gene counts (10 M)

LGC HGC
HIV + 46 31
HIV - 8 15

* Chi-square p < 0.055
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Frequency (%)

Gene richness correlates with immune discordance
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Gene richness by HIV-1 phenotype
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Results Il

Nadir CD4+ T cell
Lowest CD4+ T cell counts recorded
Marker for immune recovery: low nadir CD4 = poor immune recovery

Gene richness by nadir CD4+ T-cell counts

2
X p-value = 0.002

HIV infection HIV treatment
1500 * + 100-
: - 18 18 34 11
600 ;
H 75,
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-
8
3 I HGe
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[JLcc
200 [——---— = D
25-
I 44— 2- 10 years ——P»
fter HIV CD4 count then drops after treatment, 4 16 16
a\fee::tion CD4 quickly in a few your CD4 count 0- 1
count drops a PGOP:: but mo_;st 323.3\”:5'?.?”: ‘ ‘ ) ) )
bit and then people take 4-7 years
recovers to drop down to 500 levels ,@0 ,q/QQ 5,)06 (OQQ rz;‘\&
“ X & 7 >
— — v v 4,'»0
&

CD4+ T cells / mm®

| Subjects with LGC were gradually more
. abundant in lower nadir CD4+ T-cell count

categories




Results Il

Dose-effect relationship between nadir CD4+ T-cell counts and
microbial gene richness in multivariate regression model

Table 2. Factors associated with low-microbial gene counts®
Univariate Multivariate
OR 95% ClI p Value OR 95% Cl p Value
Age Per each additional year 1.03 [1-1.07] 0.074 - - -
Gender Female 1
Male 0.32 [0.10-0.82] 0.028 - - -
Transgender woman - - -
Ethnic Group Caucasian 1 1
Hispanic-Latin 0.27 [0.11-0.64] 0.003 0.26 [0.10-0.67] 0.006
Asiatic and others® - - - - - -
HIV-1 risk group Non-MSM 1 1
MSM 0.17 [0.06-0.39] <0.001 0.20 [0.07-0.51] 0.002
HIV-1 status Negative 1
Positive 3.68 [1.57-8.89] 0.003 - - -
Nadir CD4+ T-cell count, cells/mm? HIV-1 negative 1 1
>500 2.04 [0.75-5.74] 0.169 213 [0.73-6.45] 0.173
200-500 3.09 [1.19-8.37] 0.006 292 [1.03-8.62] 0.047
100-200 6.55 [1.86-27.71] 0.023 5.55 [1.40-26.15] 0.020
<100 26.18 [4.40-506.6] 0.003 14.00 [2.02-288.71] 0.023
®Full dataset analysis, n = 156 subjects
b Analysis does not apply because all subjects are included in the same response group
MSM men-who-have-sex-with-men

Increased risk of being LGC wheﬁ nadir CD4; T cell were < 500
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Monounsaturated fats
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Normalised residuals
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R =0.192

Vitamine A

* P=0.012
R =0.222

:s__Alistipes_putredinis

. s__Alistipes_unclassified

: s__Bacteroides_faecis

: s__Bacteroides_ovatus
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: s__Bifidobacterium_longum
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: s__Clostridium_sp_L2_50

10: s__Coprococcus_catus

11: s__Eubacterium_biforme

12: s__Eubacterium_eligens

13: s__Eubacterium_hallii

14: s__Eubacterium_ramulus

15: s__Eubacterium_ventriosum
16: s__Faecalibacterium_prausnitzii
17: s__Methanobrevibacter_smithii
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18: s__Methanobrevibacter_unclassified
19: s__Mitsuokella_multacida

20: s__Mitsuokella_unclassified
21:s__Odoribacter_splanchnicus
22:s__Parabacteroides_merdae

23: s__Parabacteroides_unclassified
24:s__Paraprevotella_unclassified

25: s__Phascolarctobacterium_succinatut

26: s__Prevotella_copri
27:s__Prevotella_stercorea

28: s__Roseburia_hominis

29: s__Ruminococcus_bromii

30: s__Ruminococcus_callidus
31:s__Sutterella_wadsworthensis
32: s__Veillonella_unclassified
33: Ethanol

34: Iron

Diet questionnaire
Moderate influence of diet on gene
richness

- Positive correlation between
gene richness and intake of
monounsaturated fats,
carotenoids, iron, fiber and
Vitamin A

|

il

i;NDirichIVe’i multinomial r'égressi(;n‘
| Association between iron intake
and P, copri, E. eligens and

Ruminococcus spp.




Results Il

More different microbial configurations in subjects with
LGCs than in HGCs in non-metric multidimensional scaling

1.0
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Results Il

Anna Karenina principle

“Happy families are all alike; every unhappy family is unhappy in its own way” (Tolstoy)

Successful ecological risk assessments (HGC) are all alike; every unsuccessful ecological risk
assessment (LGC) fails in its own way (Moore)

1.04
e HGCHIV-
°*  HGCHIV+
(]
* LGCHIV-
0.5 - LGC HIV+
8‘) Lachnospiraceae bacterium 9 1 43BFAA
[a) Lachnospiraceae bacterium 1 4 56FAA
> 0 - Anaerotruncus colihominis .
> » rabacteroides merdae
N Barnesiella intestinihominis
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Bacteroides uniformis
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o v .« Oscillibacter unclassified
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Results Il

GRAM-NEGATIVE

Microbial species and gene richness

GRAM-POSITIVE

LRRLESEQRUEqUQRtqqid

QT

~ Peptidoglycan

> Cytoplasmic ¢
membrane

B

Subdoligranulum unclassified
Methanobrevibacter smithii
Methanobrevibacter unclassified
Dorea formicigenerans
Eubacterium eligens
Coprococcus catus
Alistipes senegalensis
Ruminococcus obeum
Collinsella aerofaciens
Eubacterium siraeum
Methanosphaera stadtmanae
Roseburia hominis
Olsenella unclassified
Butyrivibrio crossotus
Oxalobacter formigenes
Ruminococcus flavefaciens
Coprococcus comes
Eubacterium biforme
Ruminococcus bromii
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Results Il

a

ko00680(Methane metabolism
ko00072 Synthesis and degradatiormof Ketone bodies -

ko00970 AminoacyltRNA biosynthesis -

ko00620 Pyruvate metabolism -

ko00906 Carotenoid biosynthesis

ko05120 Epithelial cell signaling in Helicobacter pylori infection -
k003010 Ribosome -

ko00071 Fatty acid degradation -

ko00380 Tryptophan metabolism -

ko03022 Basal transcription factors -

ko05100 Bacterial invasion of epithelial cells -

ko00561 Glycerolipid metabolism -

ko00260 Glycine, serine and threonine metabolism -
ko00643 Styrene degradation -

k000240 Pyrimidine metabolism -

ko00010 Glycolysis / Gluconeogenesis -

ko03430 Mismatch repair -

ko03420 Nucleotide excision repair -

ko00230 Purine metabolism -

ko02010 ABC transporters -

ko00564 Glycerophospholipid metabolism -

ko03060 Protein export -

ko00622 Xylene degradation -

ko03030 DNA replication -

ko03440 Homologous recombination -

ko00450 Selenocompound metabolism -

ko03410 Base excision repair -

ko04122 Sulfur relay system -

ko00624 Polycyclic aromatic hydrocarbon degradation -
ko00650 Butanoate metabolism -

ko00400 Phenylalanine, tyrosine and tryptophan biosynthesis -

Specialists

Methanogenesis

Basal transcription Machinery (Archaea)
Production of butyrate

Transport and metabolism of free fatty acids

Microbial growth, replication and protein production

43 metabolic pathways
correlated with gene richness

Generalists

ko00785 Lipoic acid metabolism -

ko00520 Amino sugar and nucleotide sugar metabolism -
ko00281 Geraniol degradation -

ko00780 Biotin metabolism -+

ko00311 Penicillin and cephalosporin biosynthesis
ko00500 Starch and sucrose metabolism -

ko00540 Lipopolysaccharide biosynthesis -

ko00511 Other glycan degradation -

ko00051 Fructose and mannose metabolism -
ko00052 Galactose metabolism -

ko00040 Pentose and glucuronate interconversions -
ko00600 Sphingolipid metabolism -

Synthesis of sphingolipids
LPS biosynthesis (Gram -)
Synthesis of biotin

Complex carbohydrates enzymes
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HIV, Inflammation and Oxidative Stress

__’/Z;El:nﬂux
Reactive Oxygen Species (ROS) i 1 -
production during the host inflammatory 5 EEfunds
::{;‘ :.l)L:I)X f s
response = Epithelialcell ~ +  Active duox s Eﬁ?ﬁ}:l?;;
B W P O graden
(a) (b)

H;0; response

Antioxidants, such as glutathione T
peroxidase and catalase could (7 o
catalyze the decomposition of ROS
into non-toxic compounds such as

oxygen and water.

phils

H>0; modulation by neutrc

<§\ Neutrophil consuming
tissue H,0;

é Neutrophil
oxidative burst

Wittmann et al. 2012. Advances in Hematology
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KEGG copies KEGG copies

KEGG copies

ROS Metabolism enzymes enriched in LGC

Gene copies were significantly more abundant as nadir CD4 decreased

* Glucose-6-phosphate dehydrogenase *3-phosphogluconate dehydrogenase

3e+05

2e+05+

16405+ [

" P=7.2e-05

]

9e+05

6e+05:

3e+05: |

Thioredoxin reductase

P =0.565

200000+

150000+

100000-
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ol

* Catalase

P =1.5e-04

' P=5.4e-04
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5e+05-

4e+05-
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* Peroxiredoxin AhpC

P =1.4e-04

* Superoxide dismutase Fe-Mn
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2e+05-

1e+05-

0-

P = 4.6e-04

Nadir CD4+ T cells / mm3

<100 100-2
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H B B

* Glutathione reductase

Glutathione peroxidase

3e+05+ .
P =0.054 P=0.171
40000+ 26405,
20000+ 164051
o B B B s e

Peroxiredoxin Q/BCP

P =0.085
4e+05- 3e+05
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2e+05+
1e+05-
* Bacterioferritin
3e+05- : I P =0.007 200000-
1 o
2e+05- 50000
100000-
1e+05-
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0- 0-

Atypical 2-Cys peroxiredoxin
) " P=1.6e-05

Methionine sulfoxide reductase A

P =0.109
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ROS Metabolism enzymes enriched in LGC

G6PDH

6PGD

GR

GPx

AHPC

BCP

TPX

CAT

SOD2

MSRA

0 3
Wilcoxon test statistic

6

. Roseburia intestinalis
. Roseburia inulinivorans
. Ruminococcus bromii

. s salivarius

Alistipes onderdonkii . Bacteroides ovatus . Prevotella stercorea
Alistipes putredinis . Bacteroides plebeius Acidaminococcus unclassified
Bacteroidales_noname ph8. Bacteroides salyersiae Butyrivibrio crossotus

. Bacteroides caccae . Bacteroides stercoris . Catenil ium mi

. Bacteroides clarus . Bacteroides melaiotaomicron. Clostridium L2_50

. . i uniformis . Dorea longicatena

. Subdoligranulum unclassified
Escherichia coli

. Bacteroides dorei . Bacteroides vulgatus . Erysipelotrichaceae_noname bi!orrn' Haemophilus parainfluenzae
. Bacteroides eggerthii . Barnesiella intestinihominis . Eubacterium eligens . Sutterella wadsworthensis
. Bacteroides faecis . Odoribacter splanchnicus . Eubacterium rectale C2likevirus C2unclassified
[ Bacteroides finegoidi [ Parabacteroides distasonis - [Jl] Eubacterium siraeum [ other taxa(154)

. Bacteroides fragilis . Parabacteroides merdae . Faecalibacterium prausnitzii

. Bacteroides massiliensis . Prevotella copri . Roseburia hominis

Case-associated taxa Case-associated taxa
reducing functional shift  driving functional shift

l Functional shift l

Control-associated taxa  Control-associated taxa
reducing functional shift  driving functional shift
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Concentration (mM)

Fecal short chain fatty acid (SCFA) levels

Acetic Butyric Propionic Valeric Isobutyric Isovaleric
T T *
20~
1 T
15- *
-
10- 1 T
T L T
5- =5 +
0- | | | | ) | | | |

Increase in butyrate production
by acetate consuming

z HGC LGC

log10 ([Acetic (mM)] / [Butyric (mM)])

051

butyrogenic bacteria like
Roseburia spp. in LGCs

log (Abundance (%) +1)

054

0.07

E3 Hoc B3 Lee

Roseburia intestinalis

00 » wed

v v v
250000 500000 750000

MR T A P

-051

05+

0.0

Nadir CD4+ T cells / mm?

<100  100-200 200-500 >500 nogative

5 8 8 88

Roseburia inulinivorans

oo MTSoATH, .
Se o.*:'-‘\ﬂ e

v v
250000 500000 750000

Increased butyrate and
_* propionate levels in LGCs

Cc

Megasphaera unclassified -
Prevotella copri -
Megasphaera elsdenii -
Mitsuokella unclassified -
Subdoligranulum unclassified -
Mitsuokella multacida -
Methanobrevibacter smithii -
Bacteroides uniformis -
Roseburia inulinivorans -
Bacteroides cellulosilyticus -
Roseburia intestinalis -
Methanobrevibacter unclassified -
Alistipes onderdonkii -

Dorea longicatena -
Parasutterella excrementihominis -
Dorea formicigenerans -
Coprococcus comes -
Acidaminococcus intestini -
Bacteroidales bacterium ph8 -
Barnesiella intestinihominis -
Prevotella stercorea -
Catenibacterium mitsuokai -
Anaerotruncus unclassified -

Spearman's rho
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Bacterial virulence factors and antimicrobial resistance

Enzymatic toxins enriched in LGC

Intacellular
toxins
.......... -
Toxins that
damage -
extrace!lular . . . .
matrix . Microbial shifts associated
................ with immune deficiency
oy implied increases in
. bacterial virulence factors
- and changes in the gut
damaging microbial resistome.
oxins
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Discussion

Hypothesis

A A
Glucose
NADPH Ox-Trx Red-Prx GSH NADP+
X ) S @ ) 18 (@) @ D
NADP+ Red-Trx Ox-Prx GSSH NADPH
3-Ribulose-5P

SOD Fe-Mn

\4

[ orna ]

Organic Sulfides

Tertiary amines N-oxides
(TMAO)

Inflammation

[ torC, torD, torS, torZ J
o o @

Dissimilatory nitrate reduction: napA, napB, narH, nrfA, nrfC, nrfD
m Nitrate/Nitrite response regulator: narL, narQ

Nitrogen availability regulation: nrtY, ginA, ginG




Conclusions Il

Take-home message Part |l

* HIV-1-induced immune deficiency is strongly linked to reduced microbial richness
and results in significant shifts in the composition and function of the gut
microbiome.

Gut microbiome shifts observed in HIV-1 are not necessarily unique to the

infection, but instead, share important characteristics with those seen in other
diseases featuring gut inflammation

Mucosallmmunology www.nature.comimi
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HIV-1 eradication

Influence of the gut microbiota on
HIV-1 eradication




HIV-1 eradication

Why should we care about microbiota in HIV eradication?

1. Microbiota priming of CD4 T

and B cell repertories. Cross
reactivity of HIV-1 vaccine
responses (HVTN 505)

“Good bacteria” help fight
cancer in mice. Antibiotic
consumption associated with
poor response to
immunotherapeutic PD-1
blockade. Oral
supplementation of
Akkermansia muciniphila
restores tumor-specific CTL
responses.

. Epigenetic modulation of
the reservoir and virus
production. Butyrate is and
HDAC inhibitor.

f/‘ran Mm infection

(HIV)

- &8

Human T cell
repertoire Microbiota-stimulated T cells
Iﬂeﬂr«:o:n —\ respond to viral infections

JPu,ll

oy

g o,
A m e
0o
Human B cell  and vaccination

repertoire (HIV)

Microbiota-stimulated B cells respond
to Env gp41 in HIV-1 infection

—
Virus infection

and vaccination

Williams et al. Curr Op HIV 2017

Patient Danor

-

—e— B control
- B+ anti-PD-L1

—e— A control
& A+ anti-PD-L1

Tumor Volume (mm?)

5 10 15
Days post tumor injection

Slow tumor growth (n=41)

Fast tumor growth (n=41)

P28

P06 P34 P11

Matson et al. Science 2018




HIV-1 eradication

Cases of post-treatment control and cure

Typical Patlent
rebound
s sk O No More
Timothy Brown—a.k.a.
“the Berlin Patient”—
Boston A is the Man Who
3 months Once Had HIV.
Boston B
8 months L
- All started ART early after infection
T |
= l )
g Mississippi child
> 28 months
Post treatment controllers
>10 years (VISCONTI)
....................................................................................... Timothy
—_————————  Brown
2 "
1 /1 i >
1 2 6 7 years

Deeks et al. lat Med. International aids Society: Global Scientific Strategy Towards an HIV Cure 2016



HIV-1 eradication

Cases of post-treatment control and cure

«OQ Typical
) rebound

HIV hides in reservoirs that are not sensitive 5
to current therapies -

() -

Patient

All started ART early after infection

A
[ \

Mississippi child
28 months

Viral load

Post treatment controllers
>10 years (VISCONTI)

....................................................................................... Timothy
—_————————  Brown
A~ i >
0 1 2 6 7 years

Deeks et al. lat Med. International aids Society: Global Scientific Strategy Towards an HIV Cure 2016



HIV-1 eradication

What is viral latency?

. Virus is able to persist by
integrating its genome into the
host cell DNA. It remains hidden
from immune responses.

. Virus is present but not active in
a cell.

. Reservoirs are cells where HIV is
able to persist in the latent phase,
even while on antiretroviral
therapy (ART).

. Cellular reservoirs are widely
dispersed throughout the body.

Lymph nodes
and thymus
isod Lung
Bloo %
t J \\

D A\ \\\ Spleen
Gut-associated A \ \\\l Kidney
lymphoid tissue —q, Adipose

\ \\\\ tissue
l@ Genital tract
m? and fluids

Bone marrow

\

Avettland-Fenoél et al. Clin Micr Rev 2016



HIV-1 eradication

“Kick and kill” and gut microbiota

HIV
infection

ART

kick and kill

Viral reservoir

Activated virus

Virus latency Virus replication

Latency reversing agents (LRA)
kick

Inmune activation

kill

HDAC inhibitors

HIVconsv vaccine




HIV-1 eradication

“Kick and kill” and gut microbiota

g Viral reservoir Activated virus
= 5 Virus latency Virus replication
T8
S
-
oc
<
= Latency reversing agents (LRA) Inmune activation
x . ;
E kick kill
;U HDAC inhibitors HIVconsv vaccine
I3 =
3
(o]
S

SCFA-producing Inmune system
microorganisms development

Microbial composition

External factors
Early-life environment, diet, sanitation,etc.

Gut microbiome



HIV-1 eradication

“Kick and kill” and gut microbiota

VN [ “kick and kill” ]:ARTimerruption][ AFlTrestart]
D @ S
n=15 | & L 4 L 4 L 2 4 L 4 L 4
w (LSt /et e
L | | | ___i_____l_ ______ !
\ ) | I | | :
Timepoint 1 2 3 4 5 6 7
101345 6 9 13 17 21 25 41 49
( Control ]
D
) ') ') d ') ) )
L 4 L 4 L 4 2 L 4 L 4 L 4
\/ \/ \/ \/
| | | | | |
| I I | | | |
Timepoint 1 2 3 4 5 6 7
-1 1 6 13 21 25 49

4 Microbiome @ ART interruption

@) Neurological evaluation (® ART restart
/ Vaccine } Inflammatory markers
;f? Fomidepsin \/ Labco




HIV-1 eradication

“Kick and kill” and gut microbiota

Potential cure

Human (HIV)

N=14

HIV+
early ART

N=9

Kick & kill
ART

®

===

Follow-up 7 time points

Fecal DNA shotgun sequencing
Fecal RNA shotgun sequencing

Fecal metabolome
Fecal metaproteome

Blood markers inflammation
Immune recovery

Follow-up 7 time points
Control

>

.\
!
A

HIV+

[ Influence of the gut microbiota on HIV eradication ]

1. Asses the influence of the gut microbiota in a
“kick-&-kill” based strategy by characterizing:

a. Microbial composition
b. Fecal metabolites

c. Immune response

d. Viral reservoir

2. Assess the effect on the microbial composition
through the assay of:

a. Romidepsin and vaccination.

b. ART stop and restart.

c. Potential probiotics for future interventions
targeting HIV eradication.

V&
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