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Learning Objectives
1. Evaluate the evidence and identify research gaps 

in the  relationship of microbial ecology and 
function with cancer risk.

2. Consider the association of diet and microbes with 
health disparities.

3. Determine how research can be translated into 
action steps to provide individuals access to 
interventions.



CRC is a leading cause of cancer 
incidence and death



Higher CRC burden in individuals 
that identify as Black

Source: Surveillance, Epidemiology, and End Results (SEER) Program, 18 Registries, National Cancer 
Institute, 2021. ©2022, American Cancer Society, Inc., Surveillance and Health Equity Science
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The majority of CRCs are the 
result of modifiable risk factors

Environmental 
Trigger

Islami F et al. (2018) CA Cancer J 
Clin

Brennan and Garrett. (2016) Annual Review of Microbiology



Gut microbiome is strongly 
influenced by diet and is a risk factor 
for CRC

Sender R et al. (2016) PLoS Biol
Burkhardt Flemer et al. (2015) Gut 



Economic and structural inequalities are 
barriers to dietary quality 

Wolf, Kim, and Tussing-Humphreys (2023) American Journal of Gastroenterology



Economic and structural 
inequalities are barriers to dietary 
quality 

Zenk SN et al. (2014) Am J Public Health
Singleton CR et al. (2021) Public Health Nutr

↓ quality of whole foods and ↑ microbial load

Saturation of fast-food restaurants and liquor stores

Predatory marketing of convenience foods and beverages

Zenk SN et al. (2005) Am J Public Health
Li W et al. (2017) J Nutr Health 

Aging

Small food outlets with fewer healthier food items

Jackson KA et al. (2011) J Food Prot
Zenk SN et al. (2006) Ethn Dis

Morland K et al. (2002) Am J Prev Med
Block JP et al. (2004) Am J Prev Med

Hilmers A et al. (2012) Am J Public Health

Travel further to the nearest supermarket



Inequitable food environment and 
cancer disparities

Wolf et al. (2021) mSystems



Bile acids at the nexus of diet, 
microbes, and CRC risk

Cholic acid 

Chenodeoxycholic acid 

Ligands for immune 
and cell signaling 
pathways

Aids absorption of 
lipids, cholesterol, and 
fat-soluble vitamins

Emulsify dietary fats



Approximately 5% of bile 
acids escape reabsorption

Ridlon JM and Gaskins HR (2024) Nat Rev Gastroenterol Hepato



Receptor affinity and cytotoxicity of 
bile acids impacted by microbial 
metabolism

Taurine Respiration
Bilophila wadsworthia

Ridlon JM et al. (2020) Gut Microbes 



Accumulation of hydrophobic 
bile acids promotes CRC

Mingnini I et al. (2024) J Clin Med



Bacteria that produce hydrophobic bile 
acids associated with CRC

g_Acidaminococcus

g_Bilophila
g_unknown_Barnesiellaceae
g_Parabacteroides
g_Odoribacter

Yazici and Wolf et al. (2017) Gut



Bacteria that produce hydrophobic bile 
acids associated with CRC

Wirbel J and Pyl PT et al. (2019) Nature Medicine



Hydrophilic bile acids are 
enriched in centenarians 

Sato Y, et al. (2021) Nature 



Anti-inflammatory impact of hydrophilic 
bile acids may promote colonic health

Ridlon JM and Gaskins HR (2024) Nat Rev Gastroenterol Hepato



What role does diet play?



Dietary 
Patterns?



Plant vs. Animal Based Diet

David L, et al. (2014) Nature



Hydrophobic bile acids linked 
with animal based diet

David L, et al. (2014) Nature



Western diet vs. Rural South 
African Diet



Hydrophobic bile acids linked 
with western diet

O’Keefe S, et al. (2015) Nature Communications



Impact of dietary pattern on hydrophilic 
bile acid production unknown



Individual 
nutrients?



Work done mostly in rodent 
studies

Wolf et al. (2021) mSystems



Effect of individual nutrients on bile 
acid composition is not well known

Amino AcidsCalciumFiber Fatty Acids AlcoholCoffee



Data collection and methods



Most abundant derivative

Three most abundant forms constitute 14% of the fecal bile acid pool
Wolf et al. (2025) J Nutr



Microbial genes for 
the formation of 
hydrophilic bile acids 
were highly 
abundant

Wolf et al. (2025) J Nutr



Effect of diet on secondary bile acid 
metabolites

MUFAs



In practice: 

Replacing 5% of the 
energy from SFAs with 
plant MUFAs was 
associated with 11% 
lower CRC mortality



Olive oil may inhibit bacterial 
growth



Effect of diet on secondary bile acid 
metabolites

Amino Acids



In practice: 

Chan et al. (2011) Plos One

If you eat red meat, limit 
consumption to no more than ∼3 
12–18 oz portions per wk. Consume 
very little, if any, processed meat. 



Effect of diet on secondary bile acid 
metabolites

Coffee



In practice: 

No recommendation. Associations between coffee intake and CRC are 
mixed. There is compelling evidence that unfiltered coffee increases 
serum cholesterol by inhibiting bile acid synthesis. 



Effect of diet on secondary bile acid 
metabolites

Fiber



In practice: 

Eat a diet rich in whole grains, 
vegetables, fruit, and beans.

Aune et al. (2011) BMJ



Fiber likely impacts bile acid composition 
through a variety of mechanisms

Truong NH, Lee S, & Shim SM. (2016) Appl Biol 
Chem



Summary: Effect of diet on 
secondary bile acid metabolites

Amino Acids

Fiber

MUFAs

AlcoholCoffee



Data collection and methods



Diet characteristics and BMI

26 28 30 32 34 36
kg/m2

BMI *

0 2 4 6 8 10 12 14

Fiber

Calcium

g per 1000 kcal

*

*

HEI-2015 ≥ 
51 

0 2 4 6 8 10 12 14

Saturated fat

Alcohol

% kcal

*

*

48%

52%



Dietary quality impacts the 
metagenome
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Differences in bile acid genes

Pius Sarfo Buobu



Poor dietary quality increases 
hydrophobic bile acids

DCA LCA



Poor dietary quality reduces 
hydrophilic bile acids

Iso-DCA Iso-LCA Iso-allo-DCA

Allo-LCA 3-oxo-DCA 3-oxo-LCA



Depend
ent 

Variable
s

Major Secondary Bile Acids Bile Acid Metabolites that Drive Treg Expansion
Deoxycholic 

Acid
(DCA)

Lithocholic 
Acid                   
(LCA)

Iso-allo-LCA Allo-LCA Iso-allo-DCA
Iso-DCA
Iso-LCA

3-oxo-LCA

Indepe
ndent 

Variabl
es 

Higher HEI-2015 Higher HEI-2015 Higher % kcal 
ETOH

Higher % kcal 
ETOH

Race = White

Controlling for:
• BMI
• Race
• % kcal ETOH

Controlling for:
• BMI
• Race
• % kcal 

ETOH

Controlling for:
• HEI-2015
• BMI

Controlling for:
• HEI-2015 
• BMI
• Race

Controlling for:
• HEI-2015 
• BMI
• % kcal 

ETOH

Generalized linear modeling, backward selection
% kcal ETOH included in model selection given not captured in HEI-2015 

Multivariable Modeling 
Predicting Fecal Bile Acid 
Metabolites



In practice: 

Results consistent with AICR recommendations to 
reduce colorectal cancer risk 



Inequitable food environment 
and cancer disparities

Adapted from Wolf et al. (2021) mSystems



Socioenvironmental barriers 
to diet quality

Sage Kim

Lisa Tussing-Humphreys



Participant characteristics

0% 50% 100%

Self identify as non-Hispanic Black

Educational attainment > high school

Household income > $50,000

Currently smoke

History of colorectal adenoma

Male
HEI-2015 ≥ 
51 
HEI-2015 <
51

*

*



Participant neighborhood 
characteristics at census tract 

0 20 40 60 80

CRC mortality per 100,000
population

Life expectancy, years

Food outlet within 1 mile of
residence

Food insecure, %

Poverty rate, %

HEI-2015 ≥ 51

HEI-2015 < 51

*

*

*

*



Unhealthy and healthy food 
stores in Chicago food 
environment

Approximately 80% of 3280 “grocery stores” were miscategorized!



Major findings

• Secondary bile acid derivatives are significant 
contributors to the fecal bile acid pool

• Dietary quality and individual nutrients may 
impact bile acid accumulation and conversion 
by gut microbes. 

• Dietary quality is likely impacted by physical and 
economic barriers to nutrition. 



What’s next?

M2 macrophage 
differentiation in response 

to BA derivative 
treatmentCharacterization of 

microbial steroid 
metabolism pathways

Psychosocial stress on bile 
acid accumulation and 

metabolism
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Any questions?

Contact info:
wolfpm@purdue.edu

mailto:wolfpm@purdue.edu
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