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Anal cancer is markedly increased in people with HIV
But The Mechanisms Are Unclear
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Clinical discordance between stable sexually active couples:
Why?

Patient 1: MSM with HIV on ART, CD4 Patient 2 (his partner): MSM with HIV on
>500, HPV 16+ ART, CD4 >500, HPV 16+




HPV infection is exclusively intraepithelial
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Microbiota-mediated induction of Th17 cells and autoimmunity
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Influence of the microbiota and diet on subsets of regulatory
T cells in the epithelium

Small = Colon Dietary I
intestine B. theta fibre |
B. fragilis B, caccae T Y
,,:D | W w

Dietan g C —l Clostridia clusters & _
any =29 XIVa, IV, XVIII
antigens L 1, 1V,

- | sting Lumen
= 1 ntestir .r_al _. \

° P epithehal cell cf

Mucus layer

|

/ I Lamina propria

GPR109a | GPR43 bt Self antigens and
HDACI HDACI Foxp3* T -cell pool l microbial antigens
T tT
Y / ! P 3 ST2—g / .
N -«

Dendritic i S
t‘ .Pi -” ". ———‘-* @
ce 'f\.{\

Naive T cell 5 e

TGF-pB, RA

o T
ot

. ——

- v Y
{ L Hellos

,. k 1 L — @ R o ‘,,_.7_ . A A, 0 "
\ { ! .

'P\—‘/\ "“ J RORVI

Honda & Litmman. Nature 2016 P



Is there an HIV-Associated Dysbiosis?
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Is there an HIV-Associated Dysbiosis?
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Microbiome’s Effects on HIV. Passive mechanisms
The Cervicovaginal Microbiota Influences the Risk of HIV Acquisition in Women

Women who later became HIV—infected had up-regulated Bacterial vaginosis determines local inflammation via
preinfection cervicovaginal cytokine concentrations (risk x3) TLR-4 signaling
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Microbiome’s effects on HIV replication. Active mechanisms
Extracellular vesicles from lactobacilli inhibit HIV replication
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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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The microbiome affects cancer pathogenesis and treatment outcomes
Consistent with the Previous Links Between the Microbiome and Cancer Pathogenesis

A Dysbiotic microbiome
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HPV-Associated disease risk are increased in PWH
Does the Microbiome Influence HPV disease?

Anal condyloma Anal HSIL Cervical HSIL

g,

Vulvar cancer




Serrano-VillarS...

Bacterial Signhatures Associated with Anal Dysplasia
Differ in Anal Biopsies vs. Stools

Moreno S, AIDS 2017
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Bacterial Signatures Associated with Anal Dysplasia
Consistent with Reported Links Between the Microbiome and Cancer Pathogenesis
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Increased:

e Gardnerella

e Atopobium

e Sneathia

e Prevotella

e Megasphaera

Decreased:
e Lactobacillus species
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Is the Microbiome Contributing to HPV Progression Through Its Metabolism?
The “Active” Microbiota: Insights from Metatranscriptomics

70 anal biopsies: 31 LGSIL, 16 HGSIL, and 23 ASCC
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Is the Microbiome Contributing to HPV Progression Through Its Metabolism?
The “Active” Microbiota: Insights from Metabolomics
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Potential links between 3-hidroxybutyrate and HPV oncogenesis

1. Immune Suppression: Inhibits NLRP3, reducing immune response, allowing HPV persistence.
2. Epigenetic Changes: Acts as HDAC inhibitor, promoting oncogene expression (E6/E7).

3. Metabolic Shifts: Alters the vaginal microenvironment, supporting viral survival.

4. Cell Proliferation: Influences cellular proliferation, increasing risk of malignant transformation.



Challenges to address relationships
Association or causation?

Vaginal Microbiome and HPV Persistence

. Metabolites like biogenic amines, glutathione, and lipids, linked to HPV

persistence.
* HPV persistence and dysplasia.
. Dominance of non-Lactobacilli facilitates HPV
* L.iners and L. crispatus associated with lower risk.
*  Sneathia or Gardnerella linked to HPV-induced carcinogenesis.

Microbiome and Inflammation in HPV

* Lactobacillus-depletion increases inflammation and promotes HPV oncogene
expression and malignant cell growth.

. Promotes coinfections, e.g., Chlamydia trachomatis.

* HPVdown-regulates innate molecules, affecting Lactobacillus growth.

Proinflammatory Cytokines and HPV Carcinogenesis

*  Specific inflammation markers related to progression to carcinogenic status,
potential clinical markers for preventing high-grade lesions.
*  Specific metabolic profiles associated with HPV progression.

Challenges ahead

Most studies are cross-sectional, making it difficult to determine causality between
microbiota and HPV infection

Moreno E, Ron R, Serrano-Villar S. The microbiota as a modulator of mucosal inflammation and HIV/HPV pathogenesis: From association to
causation. Front Immunol. 2023 Jlan 23:14:1072655
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Anal cancer is markedly increased in people with HIV
But the specificity of anal cytology is poor

* MSM with HIV exhibit a disproportionately high (85 to 300-fold) risk of anal cancer?.

* Screening and treating high-grade squamous intraepithelial lesions (HSIL), the cancer precursor, decreases the risk of anal cancer. The
prevalence of HSIL is high (~40%)3.

* The specificity of the current screening test, anal cytology, is poor (46% - 65%) * >, but its negative predictive value is high (~¥95%) >.
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Low-grade squamous
intraepithelial lesion

Target population*
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First Invasive Revision
i carcinoma \ Topical therapy 6 months
. 1.7% a year
Anal Cytolo | —b
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classification int:laepithelial Treatment 1
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Recurrence Sources:

Danielle R L Broaden et al.. 2021 (link)

1. Clifford GM. et al. A meta-analysis of anal cancer incidence by risk group: Toward a unified anal cancer risk scale. IntJ Cancer 148, 1-11 (2020). 2. Koroukian SM. et al. Excess cancer prevalence in men with HIV: A nationwide analysis of Medicaid data. Cancer 128, 1987-1995 (2022).

3. Palefsky JM. et al. Treatment of Anal High-Grade Squamous Intraepithelial Lesions to Prevent Anal Cancer. New England Journal of Medicine 386, 2273-2282 (2022).
4. Clarke MA, Wentzensen N. Strategies for screening and early detection of anal cancers: A narrative and systematic review and meta-analysis of cytology, HPV testing, and other biomarkers. Cancer Cytopathol 126(7):447-460 (2018)

5. Serrano-Villar et al. Screening for Precancerous Anal Lesions with P16/Ki67 Immunostaining in HIV-Infected MSM. Plos One 2017



Exploring the Microbiota as a Diagnostic Tool for Anal Precancer

Anal cytologies from 128 individuals: 47 (36.7%) with bHSIL and 81 (63.3%) without HSIL

N bHSIL B No bHSIL

Diagnostic Sensitivity | Specificity | AUC P value
test (%) (%) ROC g
Anal citology* 72 (59-85) 57 (46- - 0.002 o
68) c
z
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Bacterial 65 (51-79) 83 (74- 0.805 [ 0.0006
biomarkers? + 90) o
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0.00 0.25 0.50 0.75 1.00
1 - Specificity
1High or low intraepithelial squamous lesions = positive Area under ROC curve = 0.8050
2Abundance of Ruminococcaceae NK4A214 and Alloprevotella, absence
of Prevotella melanonigenica and Ruminococcaceae UCG-014

LDA SCORE (log 10)

From 35 (94%) of false positive cytologic results, the combination of these four biomarkers reclassified
to true negative 33 (94%), significantly improving the predictive performance of anal cytology alone to
AUC 0.805.

Ron R... Serrano-Villar. Exploiting the Microbiota for the Diagnosis of Anal Precancerous Lesions in Men Who Have Sex With Men. JID 2021



Challenges to leverage the microbiome as a diagnostic tool

Microbiomes differ
between individuals due
to genetics, lifestyle, diet,
geography, etc., making it

hard to establish a
baseline for diagnosis.

Different methodologies for
sampling, DNA extraction,
seguencing, and
bioinformatic analysis yield
varying results, affecting
reproducibility and
reliability.

The microbiome is dynamic
and fluctuates due to
environmental factors,
infections, antibiotics, and
hormonal changes, making it
inconsistent.




Microbiome-based SCReening of Anal Cancer in PWH (SCRATCH)
Using Multiomics To Guide Biomarker Discovery

Objectives: Identify anal bacterial biomarkers to improve the accuracy of anal cytology
for HSIL diagnosis.

Study population: 213 PWH undergoing HSIL screening with concomitant anal cytology + HRAin 4
clinical sites in Spain and Italy.

» Discovery cohort: 167 (70 [42%] with confirmed HSIL)

» Validation cohort: 46 (25 [54%]with confirmed HSIL)
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SCRATCH

Microbiome-based SCReening of Anal Cancer in PWH (SCRATCH)
Using Multiomics To Guide Biomarker Discovery
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Anal microbiota composition did not consistently predict HSIL Relevant differences in bacterial proteins and HSIL
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Serrano-Villar... Ferrer. Microbiome-Derived Cobalamin and Succinyl-CoA as Biomarkers for Improved Screening of Anal Cancer.
Nature Medicine 2023 Jul;29(7):1738-1749. Link for free access: https://rdcu.be/dg9g9



Microbiome-based SCReening of Anal Cancer in PWH (SCRATCH)

Using Multiomics To Guide Biomarker Discovery

SCRATCH

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
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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)

Ferrer. Microbiome-Derived Cobalamin andr!SuccinyI—CoA as Biomarkers for Improved Screening of Anal Cancer.

Nature Medicine 2023 Jul;29(7):1738-1749. Link for free access: https://rdcu.be/dg9g9
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Microbiome-based SCReening of Anal Cancer in PWH (SCRATCH)
Using Multiomics To Guide Biomarker Discovery

RESULTS: Targeted metabolite analysis directed by the proteomic findings

Succinyl-CoA and cobalamin are increased in anal cytologic samples from patients with HSIL

SuccinxLCoA Cobalamin Succinyl CoA Cobalamin
1 — Measurements

* Succinyl-CoA Synthetase
colorimetric assay kit (ID
ab196989; Abcam, Cambridge,
UK)

* Cobalamin ELISA kit (ID LS-
F13023; LifeSpan BioSciences)

3.0
25 —L |
Bimsaien = 2.21

Discovery cohort

Log10 Cobalamin (ng/mg of total protein]

Log10 Cobalamin (ng/mg of total protein)

Log10 Succinyl CoA (ng/mg of total protein)
Discovery cohort
Log10 Succinyl CoA (ng/mg of total protein)

Calibration curves

® Succinyl-CoA (ref. S1129-
5MGM, Merck Life Science
S.L.U., Madrid, Spain)

* Cobalamin (ref. V6629-
100MG, Merck Life Science
S.L.U., Madrid, Spain) were
prepared before the assay.

re
1

re
1=

Validation cohort
Log10 Succinyl CoA (ng/mg of total protein)

Log10 Cobalamin (ng/mg of total protein

Validation cohort
Log10 Succinyl CoA (ng/mg of total protein)
Leg10 Cobalamin (ng/mg of total protein)




Microbiome-based SCReening of Anal Cancer in PWH (SCRATCH)
Using Multiomics To Guide Biomarker Discovery

©)
(»)
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SCRATCH

! Target population

v

First
Examination

SCRATCH (100 patients)

) Confirmation and
30 patients classification
l 1 High Resolution Anoscopy

Normal (-) Abnormal (+) = (HRA) + Biopsy

This part of the patient’s journey will be
altered by the addition of SCRATCH

¥

18 patients

Normal/ ASCUS/
Low-grade squamous
intraepithelial lesion

Invasive
~ ' carcinoma

1.7% a year
2.3% at three years

1

Medical surveillance
(1 visit per year)

Topical therapy

12-71%
Recurrence

Local ablative therapy

High-grade N
intraepithelial

Q,
lesion Recurrence 13-57%

»s :
® Surgical treatment

=n

18-30%

Recurrence

Revision

6 months

Sources

Danielle R L Brogden et al., 2021 (link)
Chittleborough, T, et al., 2020 (link)
Mahira Jahic et al., 2020 (link)
Burgos, J. et al.,2016 (Link)

Poynten IM et al., 2021 (link)
Palefsky JM et al., 2022 (link)

Serrano-Villar... Ferrer. Microbiome-Derived Cobalamin and Succinyl-CoA as Biomarkers for Improved Screening of Anal Cancer.
Nature Medicine 2023 Jul;29(7):1738-1749. Link for free access: https://rdcu.be/dg9g9



Translating Science Into Technology
(or at least trying to &)

:K Fundacién "la Caixa”

VISIONARIUM

(v Y[2sY\I Metabolite Early Detection
SR GE ¢ \nal Lesions
TRANSCAN :

To develop, validate, and start the regulatory pathway
of an innovative bacterial metabolite biosensor for
detecting precancerous anal lesions, enhancing anal
cancer prevention through improved accuracy, patient

acceptability, and ease of use.
Assess its utility in other epithelial cancers.

Innovation by Gilead

Microbiota-based
SCReening of Anal Cancer
in HIV-infected individuals
SCRATCH

Environmental factors
MSM vs. non-MSM vs. women, HIV vs. non-HIV, EU-based vs. US-based
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IRYCIS
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Project leader
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Director at IRYCIS
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Head of Aptamer
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Therapeutic interventions in the microbiome for HPV

Cervico-Vaginal Community States Associated with HPV Current Cervicovaginal - Targeted Therapies to Facilitate HPV
Progression Clearance
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Pipeline for Vaginal Microbiome Research

Bacterial vaginosis
Bacterial consortia

Ferring, Rebiotix and
MyBiotics

Bacterial vaginosis

Lactobacillus
crispatus CTV-05
(Lactin-V)

Osel

Bacterial vaginosis
pH regulator (PHyph)

Gedea therapeutics

Bacterial vaginosis
Phage therapy
Intralytix

Bacterial vaginosis

uBiome transplant

Johns Hopkins
University




Ongoing clinical trials targeting the microbiome for HPV

NMCT Number

Study Title

NCTO0S5109533

NCTO0S5316064
NCTO01599416

NCTO01097356
NCTO06001190

Probiotics Role in HPV Cervico-vaginal Infection Clearance

Probiote Lactobacillus Crispatus-M247 (Crispact®) Supplementation in the Sterilization of High-risk Human Papilloma (HPV-HR) Viruses
Reducing Abundance of Human Papilloma Virus in Women by Taking Probiotic

Influence of U-relax on Vaginal Health Promotion and HPYV DNA Test Change From Positive to Negative

Probiotic Implementation as Help in Solving Vaginal Infections

Application of Oral Bacteriotherapy to Promote Anal HPV Clearance in HIV Positive Individuals

The Effect of Probiotics on the Clearance of the Human Papillomavirus and on Cytological Lesions Caused by the Virus

The Influence of Oral Probiotic on the Vaginal Flora and Microenvironment Alteration in the Vaginosis Infection Wormen

Comparisons of the Effects and Clinical Outcomes of CH2 Vaginal Gel Versus Placebo on CINT
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Interventions On the Penile Microbiome
Male circumcision reduces female-to-male HIV transmission Through
Microbiome Changes Reducing Local Inflammation

Control Provents i [ v — " | Aphoshia "1 Annsnn
/
gt i — ‘1'/ —— /
Dainee Mablans ol Py wnitmepe “
t/‘
» 4 -,
Intervention 2o e v onome Shann

Absoluty Abundante gt il

g Relatonship between absolute abundance of
/ penile anaerobes and concentration of in IL-8

e ——— SR

Odds ratios of HIV seroconversion

Liu. mBio 2013 Liu. mBl102017



Vaginal Microbiome Transplantation in Recurrent BV
[ Screening
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(zoogle Patent vaginal microbicta
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Vaginal microbiota collection device modular preservation unit

Abstract

Tha presant inventicn discloses o FgnSl RIGIODION <cllection device snd modular preservation
Ui Compriing i misknd 10 colbect and presens Thi RGN ARSIOBIENE from an individual, § miesns
o disnritte the harvestiod THCIODIONE, O Both. The maeans 10 dainbute the kareested TRCHODIobN
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aozmplished By & pHnon mechanism Thi priden] imsenion Ms0 Sscose & mathed of haraating
vaginal micRobial 1sing the device disclosed herein.

Cihar languagai: Frend
Invanbor: Chinstopisr Stevens

(54) Title: VAGINAL MICROBIOTA COLLECTION DEVICE MODULAR PRESERVATION UNIT

Figure 1

sl |

(57) Abstract: The present invention dicolacae a vaaingl microbiota collec-
tion device and modular preserv, NPS://AWItter.com means 1o collect and
preserve the vaginal microbiota from an individual, a means to distribute
the harvested microbiota, or both, The means to distribute the harvested m i-
crobiota comprises a collection apparatus with one or more modular com-
ponents. The vaginal microbiota is distributed based on need or validation.
The collection and preservation of the vaginal microbiota is accomplished
by a piston mechanism. The present invention also discloses a method of
harvesting vaginal microbiota using the device disclosed herein.



Interventions on the Anal Microbiome: A Trending Topic but a
Neglected Site
Fiat secundum artem
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Conclusions

Emerging Research Area

- The connections between the microbiome and HPV
immunopathogenesis seem evident, but there is still much
to learn.

Understanding the cause-effect relationship is a challenge in
2 microbiome studies:
- If microbiota leads to HPV/dysplasia: therapeutic
opportunities
- In any case: diagnostic opportunities

We must strive to transform the knowledge generated in this
field into clinical tools that:

- Stratify the risk of complications,

- Diagnose precancerous lesions and effectively treat them.
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