Microbiome and IC/BPS:
Is there any connection?
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Microbiome & 16S rRNA gene sequencing
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How does microbiome affect human system?
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Microbiome and immunologic disorder

Table 1 Administration of AhR ligands or drugs in treatments of autol mmune diseases or models

Autoi mmune ARR li gands or Types of AhR— Tested cells or Influence on immune cells or cyvlokines  References
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How does Urobiome affect IC/BPS?
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Putative pathophysiology of IC/BPS
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Putative pathophysiology of IC/BPS

Homma VY et al. Current Bladder Dysfunction Reports 2019
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Putative pathophysiology of IC/BPS

Recent clinicopathological and genomic evidence suggests that IC/BPS should be categorized by
Hunner lesion, rather than by clinical phenotyping based on sympomatology

Hunner IC: distinct inflammatory disease with proven bladder etiology characterized by epithelial
denudation and enhanced immune responses

Non-Hunner IC: non-inflammatory disorder with little evidence of bladder etiology. Potentially
associated with urothelial malfunction and neurophysiological dysfunction. Presentes with somatic
and/or psychological symptoms, which commonly results in central sensitization

Histologic characters of IC/BPS

Akiyama Y et al. Int J Urol 2020
HIC (Hunner lesion) HIC (non-Hunner lesion) NHIC or BPS
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Putative pathophysiology of IC/BPS

Urothelial dysfunction
- immunologic malfunction
-deficiency in tight junction
- alterations in signaling
system between peripeheral
nerve and urothelium

|

Persistant inflammation

- autoimmune disorder
- role of microbiome

\

Deficiency in GAG barrier

Chronic pain

Acute pain (Neuropathic pain)

(Nociceptive pain)

- central sensitization

»

- peripheral
sensitization

- caused by damage
to body tissue

- caused by
neuroinflammation
- allodynia,
hyperalgesia

o 4

Neuroinflammation

> - peripheral level
- CNS level




Mechanism of chronic bladder pain

Urothelium
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Immune modulation in periphery \
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J. Li et al. Immunology Letters 232 (2021) 39-44

Fig. 1. CX3CR1" macrophage is indispensable for the

: maintenance of gut integrity. Intestinal resident CX3CR1 ™"

| macrophages generate cytokines including IL-1p and IL-23 to

| enhance IL-22 production of ILC2 cells. IL-22 plays crucial

I g roles in maintaining gut integrity through the induction of

Homeostasis LAl . L 0 Colitis epithelial cell proliferation, goblet cell hyperplasia and anti-

- | w2 microbial peptide (AMP) secretion. On the other hand,

| CX3CR1 /" macrophages fail to keep pathogenic microbes at

bay; otherwise, a colitogenic T cell (Teff) response is elicited to
accelerate colitis progression.
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Immune modulation in periphery
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Immune regulations:
Homeostasis vs Inflammation
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Immune modulation in periphery

Competition for nutrients
Antimicrobial peptides
Metabolites
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Immune modulation in CNS: glial cells i

Microglia

- CNSO| Al immune response?f homeostasis2| FX|0f 23
(primary immune cell in CNS like macrophage in peripheral)
- phagocytosis/clearance of debris and infectious antigens
signaling: antigen presentation/cytokine production

rapid immune surveillance/activation of inflammatory respo

AD, PD, MS 51} Z2 neurodegenerative diseaseltT 2=

NFULIHON AZR2E REste G

Astrocyte

regulation of BBB integrity

requlate neural excitability and synaptic transmission
repair nervous system

(microbe-associated molecular patterns)

\and antigen presentation (MHC II)

CNS glial celle| CHE A Q1 microglia, astrocyte

= CNSO||A phagocytosis Z= immune
response, long term potentiation 51t Z2
neural remodeling0f| Z!10| 2t sl= St

cell=0| neuron-glial interaction2 &3| Of
2|3k 22 S LIEHATE

-10 =

secretion or absorption of neural transmitters (glutamate, ATP, GABA)

express PRR(pattern recognition receptors) for detection of MAMPs

- modulate neuroinflammatory response through cytokine production




Expression of microglia/astrocyte in experimental IC model

Kwon J. 2021 ICS, 2022 SUFU Basic Science Essay Award Kwon J. 2022 SUFU
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Immune modulation in periphery
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Immune modulation in CNS

GF 22 ABx treated mousedj| A

a Normal microglia
- rog =
Wi S N » | * Short processes and limited branching |5, -~ |
TS « Standard maturation and activaton 7 | ¥ i
SPF * Inflammatory response to stimulation HC” O
o}
sl
) o)
ol Dysregulated microglia H’C\JLO,
~ .= | Morphology: L& f& _ +SCFAs
SPF + ABX * Increased segments })t; '> '.
* Increased branches ///C ‘
* Increased process length
Gene expression:
; by * Increased expression of maturation
#___ ¥ —%| and activation markers consistent
GF with immature state
: * Increased expression of cell cycle
‘f.; ‘ and proliferation markers
2 » Decreased expression of genes for
inflammation and responses to stimulation
o= Function:
252 = 7| «impaired response to LPS
ASF and LCMV exposure

GF (germ free): absence of microbial colonization

N

Affect neural function through microglia

« GFO||A| SPFQ} H| W&}l immature microgliaZ} & O]
HBHS5{51 10, O]= gut-microbiota?f microgliaQ|
maturation0f Z+o{$tCH= o|O|.

e Adult GF mouse =& SPF + Abx mousedj| A
microglia®| A{ impaired immune functiong E0 &
(attenuated immune activation & impaired
proinflmmatory cytokine induction)

* Microbiome?| metabolite®l SCFAsES HE =35} X}
microglial morphologyL} functionO| & =}t&.

- 0| 2{gt SH = gut-microbiotaZ} CNSO| Al immune
modulatlonOﬂ tFOW_H:fE o|o.

« SPF (specific pathogen-free): conventional microbial colonization 2 E ¢

Fung TC 2017 Nature Neuroscience /




Immune modulation in CNS

\_

Affect neural function through astrocyte

« Gut-microbiota= tryptophana CHALSHO
indole-3-aldehyde?} indole-3-propionic acid
£ MM plasmas £ S5 metabolites
CNSO1|A1 astrocyte2| AhR signaling=
activation - neurodegenerative disease model
| A clinical score 8! neuroinflammation= <

Mots =it
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Putative mechanisms of microbial effect (dysbiosis) on IC/BPS

- microbiome2 gqutO| A A & 220 M = hostet2| symbiosisE 2|off & ot H = 2| peripheral immune
modulation= & Zdoe 2 =™EILCY,

- bladderLl{ 2] microbiome?| #¥ 0| MO & HAZ (dysbiosis) #AHAKX| A S| m2t= Of7|g &= U1, 0|
St HAK| Aol w2t altered barrier function, 2|10 BFHdMO 2 X|£E|= 9N E X Y= ZA4AES
OF7|g == UL}

- 0|24t peripheral damage= peripheral sensory nerveE Ed| Ot AM Ol MAXI=Z S CNSE Mg Z0|
H, O|= B4 EZ2| /20| | = CNS levelf A neural remodeling2 Zz2fjgt Z0|LC}. (HICS| 7+4)

- EESH microbiomeO| 8-t metabolite= plasma & &5l CNSO|A glial activation0f| Z 0] 2 & 3}
=0, microglial maturation/function, 12|11 AHRZ &3t astrocytel| neuroinflammation x| 0f 2t0{ St}

- 24 A, microbiomeO| MA&SH AdatS Lot 42 CNSO| A neuroinflammation=S =250 Bt E=0F 2t
2| central sensitizationS 2AUA|Z =& QIC}. (BPSQ| 7|Ad)




Putative mechanisms of microbial effect (dysbiosis) on IC/BPS

1. Altered barrier function by UTI or immunologic changes in bladder due to dysbiosis

2. Urothelial dysfunction affected by dysbiosis
3. Persistant inflammation by pertubated immune responses by dysbiosis

4. Neuroinflammation induced by failure to regulate neuron-glia interaction







