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Brindha & Elango, 2014, Env. Earth Sci.

• Associated with multiple cancers – skin, lung, bladder, GI
• Renal excretion
• Air pollution is also associated with increased UTI risk

Polycyclic Aromatic Hydrocarbons



Conceptual Framework

• Benzo[a]pyrene (BaP) is one of the 
most common and most toxic 
Polycyclic Aromatic Hydrocarbons

How does BaP exposure 
affect the urothelium?

DNA Adducts
Inflammation
Proliferation

?
?

Spoiler Alert: Proliferation

Biorender



Can urine microbes 
metabolize BaP?

Based on 16S rRNA sequencing: 
Enterococcus, Acinetobacter,                
Micrococcus, and Ralstonia - all 
potential PAH degraders - were 
associated with bladder cancer 

Bukavina et al.
European Urology Oncology, 2023

Potentially



Can we find 
polycyclic aromatic 

hydrocarbon 
metabolizing genes 

in human urine 
microbes?

Microbiome 2025

Yes



We examined ~1800 publicly 
available urine bacterial 
isolates

Garrett Smith

2024

2023



Environmental chemical and steroid metabolism 
genes present in human urine microbes

Benzo[a]pyrene

Estrogen

• Polycyclic aromatic hydrocarbon (PAH) metabolism 
genes present in ~122 (of ~1800) urine microbial 
isolates 
• nah and phd genes were present, but full pathways for degradation 

were not present
• Co-metabolism between microbes or microbes / host is also feasible
• Databases for microbial PAH metabolism are based on soil bacteria 

and it is possible urine microbes metabolize PAHs via different 
pathways

• Long chain alkane metabolism was present in ~380 
isolates

• Steroid metabolism was present in ~1600 isolates
• Bacterial CYP genes are promiscuous and could feasibly degrade PAHs
• Urine microbial isolates derived from males had significantly greater 

number of genes for steroid metabolism



Can urine microbes 
metabolize BaP?

Feasible - humans



Polycyclic aromatic hydrocarbon  
metabolism genes present in mouse 
urine and gut microbes



Can urine microbes 
metabolize BaP?

Feasible - mice

Does BaP affect the gut 
microbiome and 

urobiome?

See Dr. Audra 
Crouch’s Poster #8

How does BaP affect 
the urothelium?



Urothelial proliferation but no inflammation in 
bladders of BaP-exposed mice

EDU: Epithelial proliferation
KRT5: Basal cells
UPK3A: Superficial cells
Hoechst: Nuclei

Bladder of BaP 
Exposed Mouse 



How does BaP affect 
the urothelium?

Inflammation

Proliferation
X

Can we recapitulate 
this BaP-exposure-

induced proliferative 
effect in vitro?

Yes! 
See Dr. Audra Crouch’s Poster #8

(HBLAK cells & a transwell system)

Why does 
BaP induce a 
proliferative 

effect?



Benzo[a]pyrene

Estrogen

3-hydroxy-BaPEstrogen 
receptor

Secondary Metabolites
3-OH-BaP
7-OH-BaP
8-OH-BaP
9-OH-BaP
BaP-1,6-quinone

In vitro: Van de Wiele et al. 2005, 
Environ Health Perspect 

Hypothesis: BaP is metabolized into estrogenic 
compounds that stimulate proliferation

Can we capture an 
estrogenic response 
in our in vivo and in 

vitro models?



• In “tdTomato” mice engineered for 
fluorescent expression of the ERβ 
gene, bladders were removed and 
dissociated into a single cell 
suspension and assess via flow 
cytometry.

• ~16% of the bladder cells (excluding 
endothelial cells and lymphocytes) 
expressed ERβ

In vivo: Do mouse 
bladders contain 

estrogen receptors (ER)?

YES



• ERβ but not ERα expression was 
observed in HBLAK urothelial cells (RT-
qPCR)

• Controls: MCF7 breast cell line - 
contains ERα but not ERβ

• hMelt melanocyte cell line engineered 
to express exogenous ERβ

• Also confirmed ERβ in HBLAK cells via 
Western blot

In vitro: Do HBLAK 
urothelial cells contain 

estrogen receptors?

YES



• Using HEK293 human kidney cells 
engineered to contain ERβ, we 
assessed ER stimulation by each 
metabolite (measured by 
luciferase activity) 

• Mono-hydroxylated BaP 
metabolites (3-, 7-, 8-, and 9-OH 
BaP) were all strongly estrogenic 
while BaP and 1,6-BaP quinone 
were not

In vitro: Are BaP secondary 
metabolites estrogenic?

YES

Estrogen 
receptor

Secondary Metabolites
3-OH-BaP
7-OH-BaP
8-OH-BaP
9-OH-BaP
BaP-1,6-quinone



Secondary Metabolites
3-OH-BaP
7-OH-BaP
8-OH-BaP
9-OH-BaP
BaP-1,6-quinoneEstrogen 

receptor

BaP exposure induces urothelial proliferation
• This response could be 

linked to the estrogenic 
activity of secondary BaP 
metabolites

• To what extent are host and 
microbes metabolizing or 
co-metabolizing BaP?

• How are microbiomes 
impacted by BaP?

• Do differing microbiomes 
alter proliferation potential?

• What implications does BaP 
exposure (or other 
pollutants) have on bladder 
cancer? UTI risk? Overall 
bladder health?





Key Take Aways
• Environmental exposures play an 

important role in bladder health
• Microbial metabolism of these 

exposures may serve to enhance 
or mitigate cytotoxic or genotoxic 
effects of these exposures
• See: Roje et al 2024, Nature
• Gut microbes were necessary and 

sufficient to increase number and 
severity of bladder tumors in a BBN 
(chemical)-induced bladder cancer 
mouse model

• Chemical-microbe-host 
interactions are likely critical to 
bladder cancer development and 
recurrence
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