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Potential for the microbiome as a
diagnostic tool in PWH

Current challenges to using the
microbiome as a diagnostic tool.
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Potential clinical implications of the microbiome
under investigation
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The Cervicovaginal Microbiota Influences the Risk of HIV
Acquisition in Women

Women who later became HIV-infected had Bacterial vaginosis determines local
up-regulated preinfection cervicovaginal inflammation via TLR-4 signaling
cytokine concentrations (risk x3)
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Tenofovir gel effective against HIV with Lactobacillus
dominance
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Extracellular vesicles from vaginal
lactobacilli inhibit HIV-1 infection

“EVs released by lactobacilli into culture medium protect human T cells as well as human cervico-vaginal and tonsillar tissues ex

vivo from HIV-1 infection, through the inhibition of viral attachment and entry in the target cells.”
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Table 1 Protein cargo of EVs derived from L. gasseri BC12

and L. crispatus BC5.

5x 10° 5x 10° 5x 107 5x 10°

EVs derived from L.gasseri BC12 (particles per mL)

Cervico-vaginal tissues ex vivo

5x10° 5x10° 5x 107 5x10°

Lactobacillus-derived EV- iated pr Ac i b

1. ATP synthase subunit beta ATPB_LACGA

2. ATP synthase subunit alpha ATPA_LACGA (+1)
3. Phosphonates import ATP-binding PHNC_LACGA
protein PhnC

4. ATP synthase subunit b ATPF_LACGA

5. Enolase 22 ENO2_LACGA

6. 60 kDa chaperonin?

7. Enolase 1

8. Elongation factor Tu?

9. ATP synthase gamma chain?
10. Foldase protein PrsA 12

1. ATP synthase subunit beta
12. ATP synthase subunit delta?
13. 505 ribosomal protein L4P
14. Pyruvate kinase?

15. 30S ribosomal protein S4
16. Triosephosphate isomerase?
17. 508 ribosomal protein L21P
18. 505 ribosomal protein L20

CH60_LACGA (+1)
ENO1_LACGA (+1)
EFTU_LACGA
ATPG_LACGA
PRSA1_LACJO
ATPB_LACAC
ATPD_LACGA
RL4_LACAC
KPYK_LACDE
RS4_LACGA (+1)
TPIS_LACGA (+1)
RL21_LACAC (+1)
RL2_LACGA (+2)

EVs derived from L.gasseri BC12 (particles per mL)

3Protein identified only in L. gasseri BC12-derived EVs
bProtein identified only in L. crispatus BC5-derived EVs




HPV Increases the risk of some cancers

Host’s determinants remain unclear

Anal condyloma Cervical HSIL Anal HSIL

o

Anal HSIL Vulvar cancer




HPV infection is exclusively intraepithelial
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Challenges to address causal relationships between HPV-
associated disease, HIV and the microbiome
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microbiome as a diagnostic tool.




The Microbiota as a Diagnostic Tool
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The low number of “core-species” limits using microbiome signatures as a

diagnostic tool

8208 participants.
1253 species identified.

Only 8 species found in >95% participants (“core microbiota”)

Adapted from: Gacesa et al. 2022 Nature
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Challenges to leverage the microbiome as a diaghostic tool

Colorectal cancer (CRC)-related microbes across studies
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Microbiome ‘compartments’
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Multi-kingdom microbiome analyses identify biomarkers of colorectal cancer
better than single-kingdom approaches
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Need better understanding of the temporal variation of
predictive microbial signatures

Vaginal microbiota

Fecal microbiota
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Microbiome is complex at the sub-species level: shotgun
metagenomics

Strain variation in Ruminococcus gnavus in individuals with IBD versus healthy controls

9216 mo7
oD 9216 mobé
) p9216 mo8
& P9216 mo5
p8712 mo1
Clade 1 p8808 mo6
00 p8808 mo5
wo  s1pB8808 mo7
61 [:)HROH mo4
& b8sos mo8
el
T2 8585 mo7
?8646 mo1
86 100
=1—
&1
24
subject - 5¢
p8582
I pesss 5 8646 mo10
peson a8 8646 mo7
W pesss s7f| 10 p8646 mo5
Mass. pee s [—p8646 mo2
General pee4s _—
Hospital | I p8712 — ——p8585 mot
(IBD) p877S
.p8808 100 &2
pesss — —
B eezs
SKST012 4
B sksTo14 3 o
Emory | SKSTo24 54
Hospital SKST025 100
p8712 mo2
(=0 8KsTo27 5 8712 mo3
[ sksTos2 53 BTIZMOS
Emory p mo.
Hospitat [l SksTO12 _ SKSTO:
(Control) —p8808 mo12
Q%SKSTON 5
E3

100
Clade 2 100 —!7
n [ p8808 mo11

100 |
7| e

a5

a

100

Hall et al. 2017 Genome Medicine

condition

ooiein - amesen  condition

1BD
Control

log(coverage)

5

0

-5

-10
i

-15
-20



The Functional Hierarchy of the Microbiome

PHENOTYPING METAGENOMICS METATRANSCRIPTOMICS METAPROTEOMICS METABOLOMICS
Microbial DNA/RNA High throughput Gene regulation and Protein content, activity Metabolite content and
extraction sequencing expression and post-translational fluxes
16S rRNA amplification PICRUSt: imputed modification
and sequencing functional analysis
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3 The case of anal HPV-disease in PWH.



Anal cancer is markedly increased in people with HIV

Cancer
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Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

METHODS

Tasks @

[ Measurements and data

* Objectives:
* Identify anal bacterial biomarkers to il

improve the accuracy of anal cytology for o Bl
. . [l Data analysis
HSIL diagnosis. ’
* Potential bacterial biomarkers: bacteria,

proteins and metabolites.
e Study period: 2018-2022
* Prospective cohort study with
discovery and validation cohorts.

* All experienced anoscopists and .
pathologists. gr:a} o] e

https://www.transcanfp7.eu/index.php/abstract/scratch.html
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More statistically significant

Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

Anal microbiota composition did not consistently predict HSIL Relevant differences in bacterial proteins and HSIL
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Microbiome-based SCReening of Anal Cancer in PWH

SCRATCH study

Proteins overexpressed in HSIL showed biological consistency and plausibility

Pathway within the glycolysis and
gluconeogenesis overexpressed in HSIL
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Pathway within the cobalamin biosynthesis and
connections with other proteins overexpressed

Bacteria presumably implicated in progression to cancer produced

greater concentrations of cobalamin and SucCoA than those

in HSIL presumably protective.
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F. necrophorum: associated with cancer pathogenesis (Shang, World J
Gastrointest 2018)

P. copri: associated with HSIL in this study.
B. longum: known anci-carcinogenic effects (Fahmy, Nutr Cancer 2019)

S. sanguinengens: decreased in HSIL in this and our previous study (Ron, JID

2021)




Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

RESULTS: Targeted metabolite analysis directed by the proteomic findings

Succinyl-CoA and cobalamin are increased in anal cytologic samples from patients with HSIL
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Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

Diagnostic accuracy

Measuring SucCoA and cobalamin overperforms the reference test (anal cytology)
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Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

Succinyl CoA and cobalamin reclassified to true negatives >80% of cytologic false positive results.

Cyology-based screening of anal HSIL (60% correctly classified)
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Microbiome-based SCReening of Anal Cancer in PWH
SCRATCH study

Succinyl CoA and cobalamin reclassified to true negatives >80% of cytologic false positive results.

Cyology-based screening of anal HSIL (60% correctly classified)
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Take-home messages

Individual bacterial species are unlikely to become
accurate diagnostic biomarkers.

Multi-omic studies can result into predictive
signatures which are difficult to translate into
the clinics...

...but can inform hypothesis-driven approaches
3 that allow discovering biomarkers with better
properties to allow implementation.

Succynil-CoA and cobalamin could improve HSIL
screening.

S ; Emerging research opportunities (e.g., identify
By Dall-E: “A scientist taking care of the microbiome. people at greater riSk Of HIV achiSition, HS".
Digital art, pale colors” .

progressing to cancer, prevent STls, etc)



P

et SRE IR-7CIS Ciber |INFEC BresiDA

= Gl TRANSCAN
European | gjflf:agﬁon funding
Commission for Research & Innovatior
Thanks to all study participants g:ggf(;‘g“
contra el cance
Hospltal Ramon y Cajal and IRYCIS, Madrid Proteomic and Metabolomic Oslo University
N/l Infectious Diseases Platforms > Marius Troseid
f it . Santiago M Instituto de Catalisis, CSIC, Madrid : ° Sajan Rajy
. J::é'aAg_’cl’DérZrze_R/fo”na ° Manuel Ferrer e : o Johannes Roksund
o Javier Martinez-Sanz ° Laura Fernandez |
° Raquel Ron Bangor Universtity, United Kindom

o Clara CreSpi”O ° Rafael Bal’gle|a

Milano University

Immunovirology Lab o Camilla Tincati

o Elena Moreno
o Alba Talavera
o Claudio Diaz

Stuttgart University
° Jana Seifert
o Johan S. Saez

Microbiology

o Rosa del Campo

Pathology ‘
o Amparo de Benito i .
Hospital La Paz and Hospltal Fund. Jiménez GraptSIFundlng/Support
Biostatistics IdiPAZ, Madrid Diaz, Madrid Instituto de Salud Carlos Ili

European Comission — ERANET
Asociacién Espaiola Contra el
Cancer

o Javier Zamora Dermatology

o Alf Muriel
onso iune o Elena Sendagorta

Infectious Diseases

o Alfonso Cabello

-

Questions? Ideas?

M serranovillar@gmail.com D @serranovillar




