Estrogen and Recurrent UTl Shape Urinary
Microbiome Structure and Function



Recurrent UTI significantly reduces quality of life

Recurrent UTI (rUTI): cycles of infection w/ intervening negative urine culture

* Premenopausal: ~25% UTI — rUTI rUTI Pathology Cycle
« Postmenopausal: >50% UTI — rUTI T Negative Urine Negative Urine
P ] 0 Culture Culture

Cycles can go on for years — severely
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diminishes quality of life i
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UTI

12 months
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The Vicious Cycle of Recurrent UTI

Infection Bacterial
Altered microbiota attachment
( rUTI + antibiotics ) and
— invasion

? Probiotics ?

Disruption of
protective
microbiota

~ Urothelial remodeling Sensitization

naive | snitized healthy rUTl

O’Brien et al. Nature Microbiol 2016, Mulvey et al. PNAS 2000 |
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Who are the culprits?

In order of prevalence:

» Escherichia coli (UPEC)

 Enterococcus faecalis

UPEC invasion of the mouse Bacterial invasion of the

* Klebsiella pneumoniae bladder human bladder
Rosen et al. Infect. Immun. 2008 De Nisco et al. JMB 2019

 Other: (Staphylococcus spp.,Proteus mirabilis, Pseudomonas
aeruginosa, Streptococcus spp., Enterobacter spp.)
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Uropathogenic bacteria can invade deep into the
bladder wall

= Mucosa

= Superficial/Transitional Epithelium
= Basal Epithelium

= Sub-epitheulium

Where antibiotics can’t reach them

New therapies needed!
De Nisco et al. JMB 2019
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Ehe New Pork Eimes

DEADLY GERMS, LOST CURES

Urinary Tract Infections Affect Millions.
The Cures Are Faltering.

As the infections become increasingly resistant to antibiotics,
some standard treatments no longer work for an ailment that was
once easily cured.

Matt Richtel, The New York Times, July 2019
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Infection is not a one-sided conversation

» (Colonization factors «

* Cytotoxins :‘ PATHOGENS ]

* |mmune evasion

Mechanisms a w

* Innate Immunity

* Adaptive Immunity

* Resident Microbiota
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Urine is NOT sterile — a urinary microbiome exists!

School Natural Sciences and Mathematics, Department of Biological Sciences




Does urobiome structure and function contribute to
rUTI susceptibility in women?

( rUTI + antibiotics b
? Probiotics ?
@ Disruption of @
protective
. microbiota y

Can probiotic approaches be used to restore a
beneficial urinary microbiota in women with rUTI?
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Urine WGMS human cross-sectional cohort design

COHORT STRUCTURE |N

1 History of rUTI
e Dr. Philippe Zi Dr. K II'P I‘
& History of rUTI !\‘ncii-asrt\ri::?;h”* U'I[.SW II\I/Iperh)deicallrr]Crre1ﬁ’:2r r.U'I?-[I)al{aagn >
RS i urine-...

Curated Bacterial

oy e d

& History of rUTI

&/ Active UTI

rUTI Pathology Cycle

Negative Urine
Culture

Negative Urine
Culture

->»>

B i [ —

12 months
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Are there microbial biomarkers of rUTI
susceptibility in the urinary microbiome?
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Taxonomy of the postmenopausal microbiome

Dr. Michael Neugent

Q = B L. crispatus B. breve
&) L. delbrueckii B. dentium
C 80— W L. gasseri mm B. longum
8 Bl L iners I S. agalactiae
cC Bl A. urinae 0 S. anginosus
> 60 Bl K oxytoca I S. parasanguinis
0 Bl K pneumoniae WM G. vaginalis
© = E. coli B S. epidermidis
O 40- B Escherichia spp..lM S. haemolyticus
-_E Bl E. faecalis Bl A. schaalii
O Bl F. magna
D 20 Bl C. aurimucosum
e B C. pyruviciproducens
C. striatum
0- = Bl P. lymphophilum

B F. hominis

I F. ignava

Bl A. hydrogenalis

Bl A. lactolyticus

[ A. prevotii

Bl Other

Neugent et al. Cell Reports Medicine 2022
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Bayesian modeling reveals potential microbial
biomarkers of rUTI susceptibility

____Bp Dr. Qiwei Li
27 Aerococcus— -@- 8?8#;1;“?:3% 0.97
Lactobacillus— O 0.96
Peptoniphilus— O 1.00
Prevotella— O 1.00 .
Actinomyces— © 0.98 “BeneﬁCial” ’ NO UTI HIStory
Finegoldia— © 1.00
Oscillibacter - —Oo— 0.99
Steoaay = .00 Dysbiosis > rUT| Remission
Fusobacterium— —O— 1.00
Brevibacterium=— —— 1.00
Escherichia— O 1.00
Eggerthella] —o— 0.07 Uropathogen > rUTI Remission
Clost. Fam. Xl Inc. Sedis— —O— 1.00
Bacteroides— —O0— 1.00
Gemella— o | 100 Are these remnants of past infection??
Klebsiella— —e— | 099
T | T T
-10 -5 0 5 1|o Neugent et al. Cell Reports

log, (Posterior Effect Size) Medicine 2022
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Does rUTI history alter urinary microbiome function?

Does a history of rUTI and antibiotic therapy alter the number of Antibiotic Resistance Genes
(ARGs) encoded by the urinary microbiome?
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Urobiomes of women with no UTI history harbor

significantly less ARGs 25 o
=201 p=go4s5
« Used GROOT to quantify ARGs encoded in each 3 15
metagenome %
< 10
©
 ARGs were enriched in women in the rUTI 2 5
Remission and Relapse Groups 2 .
 Even in the absence of active UTI, the urobiome NoUTl _ rUTI Ul
of women with rUTI history is enriched in History Remission Relapse
ARGs compared to women with no UTI history Group

Neugent et al. Cell Reports Medicine 2022
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ARGs enriched in the urobiomes of women with rUTI
history

Beta-Bernoulli Model

Gr_oup Bayes Posterior P-val Group

Comparison Factor Probability |(Fisher Exact) | Enrichment
o Slgnlflcantly enriched ARGs Aph3-ll 22-1;_ 461 1.00 0.02
. ) 3-1)— 4.34 0.81 1.00
iIn rUTI Remission Group:  (Aminoglycoside) | (3.2)— 57 | o8 0.04
. o  Aphaia | S e | oo | 015
* Amlnoglyc03|de 3'- (Aminoglycoside) 23_2g_ 421 1.00 0.01
h hotransfer 1)— 89.6 0.99 0.11
phosphotransferases Ems | (21 806 | 099 .
(Macrolide) | (3-2)— 13.3 0.93 0.18
. Aminoglycoside O- MECA 22-1§_ — 11.8 0.93 0.37
nucleotidyltransferase (Bete-lactam) | (3.2)— 7or | 000 005
] . Ant6-la | (2-1)— 59.4 0.98 0.01
 Macrolide resistance (Aminoglycoside) g;;g: 295 1 on 1%

I I I
-0.50 -0.25 0.00 0.25 0.50

95% Credible Interval
Difference of ARG(+) Proportion

« B-lactam resistance

Neugent et al. Cell Reports
Medicine 2022
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Conclusions and Future Questions — Part 1

« Species involved in vaginal dysbiosis may be biomarkers of rUTI susceptibility

* Peptoniphilus lacrimalls Postmenopausal Urogenital Microbiome

* Prevotella timonensis No UTI History [ UTI(-) r|LsJ-2|r lUT|(+) |
» Gemella spp. y ‘
» Eggerthella spp. , V | ?

 Enrichment of ARGs in rUTI remission A Lactobacillus
suggests residual ARGs after infection VARGs

tDysbiosis
tARGs

 Aminoglycoside, macrolide, and B-lactam ARGs
enriched in remission urobiomes
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Clinical factors impacting urinary microbiome composition in
postmenopausal women

: - Bacterial Species
No UTI Histo rUTI Remission .
100 — = Bl L. crispatus B. breve
- L. delbrueckii B. dentium
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C 80— Bm A. urinae = S. anginosus
© Bl K oxytoca W S. parasanguinis
© Bl K pneumoniae WM G. vaginalis
% 60— B E coli B S. epidermidis
I Escherichia spp..lM S. haemolyticus
'(% Bl E. faecalis Bl A. schaalii
Bl F. magna
O 404 2 Bl C. aurimucosum
2 B C. pyruviciproducens
b s C. striatum
Y i mm P, lymphophilum
O 20— B F. hominis
m W F. ignava
Bl A. hydrogenalis
0— ] Bl A. lactolyticus
mn A. prevotii
Bl Other
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Urinary Lactobacillus almost exclusively associated
with estrogen hormone therapy in PM women

Genera

E H T (‘) E H T (+ ) Bl [actobacillus ™8 Gardnerella

00 BN Aecrococcus M Staphylococcus
B Klebsiella Bl Actinobaculum
80 Bl Escherichia Bl Finegoldia
Bl Enterococcus WM Corynebacterium

Bifidobacterium W Propionimicrobium

(@)
o
|

W Streptococcus WM Facklamia
Bl Anaerococcus Ruminococcus
40— B Prevotella B Other
B Peptoniphilus
20— Bl Alloscardovia
Varibaculum

Relative Abundance (%)

B Actinomyces

o
[

B Atopobium
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EHT as a major driver of urinary microbiome composition
in postmenopausal women

Lactobacillus Abundance EHT (-) V/S- EHT (+)
0. P=0.0012 . PPI
S . OEHT ()
> A.vaginae—- -©- 1.00
o 8 751 : O EHT (+)
=S S. infantis — - : 1.00
&5 :
§§ » S. m/o/p — o 1.00
cQ :
& 25 L. vaginalis - : o 0.98
o) :
4 :
0- L. crispatus — © 1.00
T(- [ T i T
EHT(-) EHT(+) 10 0 10

log, (Posterior Effect Size)

Neugent et al. Cell Reports » e . PPl = Posterior
Med?cine 2022 Beneficial Dysbiosis Probability of Inclusion
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Modality dependent differences in association

between EHT and Lactobacillus 0 1964

P=0.0003
Lactobacillus Abundance P=0.0009

—
o
o
i |

D |

P=0.0012

1A

EHT(-) EHT(+)

N
o
o

Stratify by EHT
Modality

Lactobacillus
Relative Abundacne
o

N
($)}

Lactobacillus
Relative Abundance (%)
(&)

o

o

EHT(-) Oral Patch Vaginal
EHT(+)
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Quantitation of excreted EHT metabolites by LC-MS/MS

E1 + E2 Conjugates

» Differences between modalities could be P=0-000‘|1
due to:
« compliance
« formulation
« dosage

* Quantified urinary estrogens by LC-MS/MS

ng/ug Creatinine

« Urinary estrogen concentration highest in
women taking oral EHT

EHT(-) Oral Patch Vaginal
EHT(+)
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Association between urinary estrogen concentration and
Lactobacillus abundance

P=0.1964

P=0.0003 ; E1 + E2 Conjugates
£=0.0009 10"y —P=0.0004
100- ]
1
- e 10
2 &) c
=® c
S e | =
QS ©
S8 O 102 | |
£ < 10- S
LE- E
Q 2103 |
4 c
EHT(-) Oral Patch Vaginal EHT() Oral Patch Vaginal
EHT(+) EAT()
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Which urinary taxa correlate with high urinary estrogen?

3
No UTI History
..B. breve
o L. iners
P disiens :
R L. crispatus
COHORT STRUCTURE A. prevoli iF nucleatum - o
P—— 2— @ : . “© Mobiluncus sp.
History of rUTI : B. dentium ¢
. = L. gasseri=~"® P. anaerobius
Active UTI o o
o
=2 O S I I—
_l‘ID L )
1 —
0 | l
-1.0 -0.5 0.0 0.5 1.0

Spearman R (Taxa vs Estrogen Conjugates)
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Which urinary taxa correlate with high urinary estrogen?

3

rUTI Remission

2 C. aurimucosum

= ¢ : .Dorea sp.

@ ) : -

d D. microaerophilus : R obeu?.-c- aerofaciens
IS

o)

=

st = 1 & praushizi ... R. torques
g V Historyof rUTI ........'.0...0..'.'..............: ................................
Active UTI 1 :

| |
-1.0 -0.5 0.0 0.5 1.0
Spearman R (Taxa vs Estrogen Conjugates)
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Conclusions and Future Questions — Part 2

 EHT associated with enrichment of L. crispatus in the
urobiome

 The modality of EHT may be important!

(+) Estrogen Hormone (-)

« oral EHT — most robust urinary Lactobacillus Therapy
enrichment < e
 VEHT more variable — seen with the vaginal
microbiome in multiple studies {Diversity \Diversity
t4Lactobacillus +Streptococcus

« Correlation between urinary estrogens and urinary
microbiota influenced by rUTI history

» L. iners, L. crispatus and L. gasseri correlate with
estrogens in No UTI history group
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