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ABSTRACT

Colorectal cancer (CRC) is the third leading cause of cancer and second leading cause of cancer death in the
United States. Recent evidence has linked a high fat and animal protein diet and microbial metabolism of host
bile acids as environmental risk factors for CRC development. We hypothesize that the primary bile salt taur-
ocholic acid (TCA) is a key, diet-controlled metabolite whose use by bacteria yields a carcinogen and tumor-
promoter, respectively. The work is motivated by our published data indicating hydrogen sulfide (H»S) and
secondary bile acid production by colonic bacteria, serve as environmental insults contributing to CRC risk. The
central aim of this study is to test whether a diet high in animal protein and saturated fat increases abundance of
bacteria that generate HyS and pro-inflammatory secondary bile acids in African Americans (AAs) at high risk for
CRC. Our prospective, randomized, crossover feeding trial will examine two microbial mechanisms by which an
animal-based diet may support the growth of TCA metabolizing bacteria. Each subject will receive two diets in a
crossover design— an animal-based diet, rich in taurine and saturated fat, and a plant-based diet, low in taurine
and saturated fat. A mediation model will be used to determine the extent to which diet (independent variable)
and mucosal markers of CRC risk and DNA damage (dependent variables) are explained by colonic bacteria and
their functions (mediator variables). This research will generate novel information targeted to develop effective
dietary interventions that may reduce the unequal CRC burden in AAs.

1. Introduction

United States (US), with an estimated 101,420 new CRC cases in 2019
[1]. Increased attention to CRC screening and diagnosis has led to a

Colorectal cancer (CRC) is the third leading cause of cancer in the decline in incidence and mortality rates [1,2], however this has been
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attenuated in African Americans (AAs) [2]. Indeed, AAs have the highest
risk of CRC in the US, with mortality rates 50% higher than non-Hispanic
Whites [1]. While this difference likely reflects disparities in screening
and treatment access [2-8], AAs have lower stage specific survival rates
[2] and are diagnosed at earlier ages [3]. This points to genetic or
environmental factors, in addition to socioeconomic inequalities, which
may influence CRC incidence and mortality in AAs compared with other
races.

As central components of a “western” diet, animal fat and protein
have been implicated as environmental factors contributing to CRC risk.
Early epidemiological data correlated populations consuming a high fat
diet with increased CRC rates [9]. An analysis of Japanese-Americans
observed increased CRC incidence to “western” rates within two gen-
erations of immigration [10,11]. Similarly, 1st and 2nd generation de-
scendants of native Africans, who traditionally have negligible CRC
incidence, developed incidence similar to “western” populations [12].
Vegetarian Seventh Day Adventists have lower CRC incidence than
aged-matched and socioeconomically-similar cohorts who consume a
“western” diet [13]. In addition, a 2011 meta-analysis revealed
increased CRC risk in subjects who consumed abundant red and pro-
cessed meat [14]. Together, these data provide compelling evidence that
a “western” diet contributes to CRC risk, however, diet related mecha-
nisms remain to be elucidated.

The taurine conjugated bile salt taurocholic acid (TCA) may be a key
component linking diet and CRC risk [15]. Patients with CRC or ade-
nomas have higher fecal bile acids, which correlate with a high animal
fat and protein diet [16,17]. Two studies observed increased primary
and secondary bile acid concentrations in feces of subjects consuming an
animal protein-rich diet compared to a plant-based diet [18,19]. Taurine
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for bile acid conjugation is supplied by diet or synthesized in hepato-
cytes [15,20]. Humans are unable to metabolize taurine, and excess
taurine is excreted through bile or urine [21,22]. Consequently, a high
taurine diet increases tauro-conjugation of primary bile acids [23],
providing an ideal niche for TCA metabolizing gut microbes [15].

There is compelling evidence that increased CRC risk associated with
a “western” diet may be caused by microbial TCA metabolism. A diet
exchange between higher CRC risk AA subjects and lower risk native
African subjects, observed increased fecal bile acid concentrations and
increased abundance of TCA metabolizing bacteria in subjects
consuming a “western” diet [18]. In another study, a TCA metabolizing
bacterium was observed to be relatively more abundant in subjects
consuming a high fat and processed meat diet [19]. In accordance with
this, our recently published data, revealed that AAs had a higher intake
of dietary fat and protein than non-Hispanic White subjects, and that the
TCA metabolizing bacterium Bilophila wadsworthia was a significant
marker of AA CRC [24]. Thus, microbial TCA metabolism may be a key
diet-controlled mechanism that partly explains higher CRC risk among
AAs.

2. Aims and hypotheses

The overall aim of this study is to determine, in the context of a
controlled diet-intervention trial, the role of TCA metabolism by gut
bacteria in AA subjects at elevated risk for CRC. We hypothesize that
TCA is a key diet-controlled metabolite whose metabolism by Bilophila
wadsworthia (or related heretofore undiscovered taxa capable of con-
verting taurine to HyS) and Clostridium scindens (or related taxa capable
of converting cholic acid to deoxycholic acid (DCA)) yield a carcinogen
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Fig. 1. Study Hypothesis. Intake of a high in taurine and saturated fat diet increases liver bile acid secretion and production of taurine conjugated bile acids.
Metabolism of the taurine conjugated bile acid TCA by Bilophila wadsworthia and Clostridium scindens yield both a carcinogen (H2S) and a tumor-promoter (DCA),
respectively [15]. Altering dietary intake of taurine and saturated fat may modulate bile acid composition, abundance of TCA metabolizing bacteria, and conse-

quently markers of CRC risk.
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and a tumor-promoter, respectively (Fig. 1) [15]. We also hypothesize
that the colonic microbiota (including the latter two bacteria) can be
specifically modulated by altering dietary intake of taurine and satu-
rated fat (found in high red meat diets) in AA subjects at elevated risk for
CRC.

3. Study design
3.1. Overview

The study has been approved by the Institutional Review Board (IRB)
at the University of Illinois at Chicago (UIC) (#2016-0495) and Rush
University Medical Center (RUMC) (#13102201) and is registered at
clinicaltrials.gov (NCT03550885). Prior to participation, all subjects
will be informed of the study purpose and potential risks and will pro-
vide written informed consent. Forty-four AA subjects between the ages
of 45-75 will be recruited from the Chicago metropolitan area to
participate in a randomized, crossover, controlled feeding trial. Eligi-
bility and exclusion criteria are presented in Table 1. Participation will
be limited to individuals with increased risk of developing CRC (i.e.,
history of adenomatous colorectal polyps (AP) in the past 10 years,
overweight/obesity (body mass index (BMI) 25.0-50.0 kg/mz) and ev-
idence of systemic inflammation (as detected by high sensitivity C-
reactive protein (CRP) > 3.0 mg/l) to improve the power to detect
intervention effects on the outcome measures [25]. Two isocaloric
experimental diets will be tested to determine the extent to which diet
and markers of elevated CRC risk are explained by microbial TCA
metabolism: 1) an animal-based diet, high in taurine and saturated fat
(HT-HSAT) and 2) a plant-based diet, low in both taurine and saturated
fat (LT-LSAT). Serving as their own control, subjects will consume each
diet for 21 days followed by a minimum 21-day washout interval be-
tween diets [7]. Following baseline data collection, subjects will be
randomized and blinded to their diet sequence (HT-HSAT diet —
LT-LSAT diet or LT-LSAT diet — HT-HSAT diet). Measurements of
outcome variables will be performed at baseline and following each diet
regimen. Research staff performing the data collection measurements
will be blinded to the diet sequence. The study design is described in
Fig. 2.

3.2. Diet design, standardization, and compliance

All subjects will be provided experimental diets that are isocaloric to
their individual calorie needs. The research diets will be prepared at the
UIC Metabolic Kitchen, by a ServSafe® certified trained chef and
research assistants. The diets will be on a 7-day cycle and consist of three
meals and 2-3 snacks daily. All beverages, including water, will be
provided. Menus were developed at the 1600, 1800, 2000, 2200, 2400,
and 2600 calorie levels. An example of a one-day menu at the 2000 kcal
level for both diets is presented in Table 2 and Table 3. The diets were
designed to be comparable in percentage of calories from fat and grams
of dietary fiber per 1000 kcals but diverge in ratio of animal to vegetable
protein (2:1 in HT-HSAT and 1:2 in LT-LSAT, respectively), percentage
of calories from saturated fat, and the absolute amounts of taurine/
sulfur amino acids. There will be a reciprocal difference between the
diets in percentage of calories from total carbohydrate and percentage of
calories from total protein with the HT-HSAT diet having a higher per-
centage of calories from protein and a lower percentage of calories from
carbohydrate, compared to the LT-LSAT diet. Probiotic foods and bev-
erages (e.g., yogurt) will be excluded from both diets. Moreover, for the
LT-LSAT diet, special attention will be paid to avoid the food additive
carrageenan, because it can be used by gut bacteria to produce HyS [26].

The menus were developed by registered dietitians (RDs). Food items
readily available through a local grocery delivery service (i.e., Peapod®)
and local grocery stores were considered when developing the study
menus. Nutrition Data Systems for Research (NDSR) software and the
taurine content of foods reported by Laidlaw et al. [27,28] were used to
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Table 1
Participant eligibility criteria.

Inclusion criteria:

African American

Body mass index (BMI) 25-50 kg/m?

45-75 years of age

Diagnosed with adenomatous colorectal polyps within 10 years
C-reactive protein >3 mg/L

Good general health

Expect no major lifestyle changes in 6 months

Willing to maintain current level of activity

Women: Post-menopausal (natural or surgical)

® o o 0o 0 0 0 o o

Exclusion criteria:

Race other than African American

BMI <25 or >50 kg/m?

Weight > 450 lbs

Current malignancy except removed non-melanoma skin cancer
Current gastrointestinal illness other than GERD or hemorrhoids
Chronic liver or kidney disease

History of cardiac disease

Positive genetic test for inherited polyposis syndromes
Inflammatory/auto-immune or connective tissue diseases

Prior perforation at colonoscopy

Gastrointestinal bleeding due to biopsies of the colon
Alcoholism or illicit drug use in the past 5 years

Marijuana use more than twice per week

Antibiotic use within the past 2 months

Regular medication use that may interfere with normal digestion
Anticoagulant use

Pre- or probiotics use within the past month

Non-English speaking

Therapeutic or vegetarian diet

Women: at least one menstrual period in the past 6 months
Women: Pregnant or breast feeding

History of intestinal cancer, inflammatory bowel disease, celiac disease, or
malabsorptive bariatric surgery

Food allergies or other dietary restrictions

Claustrophobia (due to RMR)

®© © 6 06 06 06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o

design the menus to obtain detailed nutrient information. Study recipes
and daily food preparation forms were developed for each day of the
controlled diets that included preparation instructions and volume-
tric/gravimetric quantities for the metabolic kitchen chef.

Individual energy needs will be determined from Resting Energy
Expenditure obtained via indirect calorimetry using the TrueOne 2400
Canopy System (ParvoMedics, Sandy, Utah) and multiplied by an ac-
tivity factor based on self-reported activity at baseline [29]. Foods and
beverages will be distributed weekly for each controlled diet. Study food
consumption will not be supervised by the research staff. Subjects
receive the foods and beverages, food record checklists to track daily
consumption, and heating/storing instructions. Subjects will be
instructed not to consume other foods and beverages (except water),
outside of the study provided meals, and will be asked to return any
uneaten foods or beverages during their weekly food pick-up. The un-
eaten foods and beverages will be weighed by the research team and
data regarding uneaten amounts will be recorded on the subject’s daily
food checklist. Subjects who fail to consume 100% of study foods >5
days per week will be removed from the study. Body weight will be
checked at each weekly food pick-up. Body weight change more than
+2% from the previous week will be addressed by adding or subtracting
100-250 calories daily while maintaining the intended nutrient
composition of the diets. Subjects starting antibiotics during the study
period will no longer qualify for the study. To further monitor compli-
ance with the diets, subjects will participate in unannounced
phone-based 24-h dietary recalls during each 3-week dietary interven-
tion period.
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Fig. 2. Trail Design. Forty-four AA subjects at elevated risk for CRC will be recruited to participate in a randomized, controlled, crossover feeding trial. Participation
in the trial will be over the course of 10-weeks. After informed consent and eligibility screening, subjects will be randomized to one of two diet sequences (HT-HSAT
diet — LT-LSAT diet or LT-LSAT diet — HT-HSAT diet). Each participant will receive the first assigned diet for 3-weeks, during which they will participate in weekly
visits to receive intervention meals, drop off food logs and stool samples, and allow research personal to collect blood samples and measurements. After a 21-day
washout period, participants will receive the second assigned diet for 3-weeks and participate in weekly visits as outlined above.

3.3. Participant recruitment and screening

Recruitment will take place over a 3-year period. Subjects will be
recruited from patients completing screening or surveillance colonos-
copies at UIC and RUMC and passively recruited citywide through local
email list-servs and media advertisements. Interested individuals will
contact the study coordinator by phone or email and respond to basic
eligibility questions related to race/ethnicity, age, presence of APs in the
past 10 years, and body weight and height to calculate BMI. If the basic
eligibility criteria are met, an in-person screening visit will be scheduled.
For those outside of the UIC and RUMC health systems, a request will be
made for proof of previous AP prior to the in-person screening. During
the in-person screening visit, written informed consent will be obtained,
and the study procedures will be explained in detail. Following this, a
venous blood sample will be obtained to assess CRP, height and weight
will be measured to verify BMI, and an interview will also be conducted
to assess the individual’s ability to adhere to the study procedures (e.g.,
vacation plans, food storage capabilities). Those meeting eligibility
criteria will be invited to a baseline visit. Baseline testing will take place
within 5-30 days of the in-person screening. Subjects will be instructed
to keep a 3-day food record and collect a stool sample 24 h prior to their
baseline research visit.

3.4. Data collection procedures

Subjects will be instructed to arrive after a minimum 12-h fast (water
is allowed) and having performed no vigorous physical activities for 48
h. In addition, subjects will report no antibiotic use, or infection or
illness since the in-person screening. Participants will have eight
laboratory-related visits in total while enrolled in the study (Fig. 2).

3.4.1. Body mass and composition analysis

Subjects will be weighed to the nearest 0.1 kg using a digital scale
(Tanita BWB-800, Arlington Heights IL). Height is measured to the
nearest 0.1 cm during the in-person screening visit using a portable
stadiometer (seca, UK). At the baseline for each diet, whole body
composition will be assessed via Dual Energy X-ray absorptiometry
(DXA) (GE iLUNAR), by a trained research assistant.

3.4.2. Dietary intake assessments

To improve the accuracy of self-reported dietary data, a combination
of dietary assessment methods will be used. Prior to baseline for each
diet, subjects will be asked to keep a 3-day food record. Subjects will be
instructed how to keep food records by a study RD and will be provided
with an example. Food records will be reviewed for legibility and
completeness and will be entered into NDSR software [27] to calculate
macro- and micronutrient intake. At the baseline for each diet, the
research staff will conduct a 24-h diet recall, capturing the data in NDSR.
At the first baseline visit, subjects will also complete the full Block food
frequency questionnaire (FFQ) detailing their food and beverage intake
over the past 12 months.

3.4.3. Other relevant subject data

Questionnaires will be administered regarding self-reported
engagement in physical activity over the previous 12 months (using
the Paffenbarger physical activity questionnaire) [30], current tobacco
use and alcohol consumption, medication and supplement use, health
history (including past medical and surgeries histories), family medical
history, and recent (past week) gastrointestinal symptoms (if any) (using
a structured gastrointestinal symptom checklist) [31].

3.4.4. Colonic and fecal microbiota sampling and testing
To examine baseline and dietary induced changes in microbial
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markers of colonic TCA metabolism, stool samples will be collected and
stored. Subjects will be given a stool collection kit (including an ice
pack, a water-proof gas-proof bag with glycerol, and instructions), and
instructed to collect a stool sample 24 h prior to their research visit.
Stool samples will be collected twice at baseline for each diet, and once
at post-intervention of each diet, and stored at —80 °C until use.

To examine changes to mucosally adherent bacteria due to the
controlled diets, unprepped flexible sigmoidoscopies will be completed
at the start and completion of each experimental diet. During the scope,
7 samples of endoscopically healthy appearing colonic mucosa will be
collected using a standard 2.2 mm sterile biopsy forceps at the distal
sigmoid colon at about 20 cm from the anal verge.

Quantitative PCR will be performed with a Light Cycler 480 Real-
Time PCR System (Roche Diagnostics, Risch-Rotkreuz, Switzerland)
using stool and mucosa DNA isolated with a Qiagen DNeasy PowerLyzer
Powersoil Kit. Functional gene targets for TCA metabolism, including
production of genotoxic HyS and pro-inflammatory DCA will be quan-
tified. Targets for HoS metabolism include degenerate dissimilatory
sulfite reductase A (pan-dsrA) [32] which detects sulfate reducing bac-
teria (SRB) [33] and B. wadsworthia-specific (dsrA-Bw) [34] which is
used during the final step of taurine respiration [15]. Primers targeting
16S rRNA genes will be used to measure total bacterial abundance as
well as Desulfovibrio spp., [35], which is the most abundant SRB found in
the human colon [36]. The bile acid 7a-dehydratase (baiE) gene from
DCA producing Clostridium scindens will also be quantified by forward
primer 5-TGGTATTCCATAGCCCGAAG-3' and reverse primer
5'TAGCCGTAGTCTCGCTGTCA-3".

3.4.5. Bile acid measurement

To measure baseline and dietary induced changes in circulating and
fecal bile acid concentration and composition, a non-fasting blood
sample will be taken at beginning and during each 3-week dietary
intervention period, and stool collection will take place as described
above to measure fecal bile acids. Measurement of serum bile acids by
electrospray-ionization mass spectrometry will be performed to deter-
mine the extent of taurine-conjugation of bile acids, the ratio of conju-
gated:unconjugated bile acids, and the concentration of secondary bile
acids absorbed from the gut. Fecal bile acid analysis by HPLC will focus
on dietary-induced changes in bile acids in fecal water (soluble bile acids
interacting with epithelium) and total bile acids (insoluble bile acids in
fecal pellet + fecal water).

3.4.6. Colonic proliferation, DNA damage, and immunohistochemistry

Conventional approaches for tissue fixation and immunohisto-
chemistry will be used to quantify Ki-67" cells, a marker for cellular
proliferation, with the primary antibody Ki-67 (# MIB-1, 1:100, mouse
monoclonal, Dako). Secondary detection will be accomplished via the
Immpress universal antibody Polymer detection kit (# MP-7500, Vector
Labs). Proportions of positive staining cells will be counted in well-
oriented crypts (minimum 8/slide) using light microscopy at x400
magnification by an investigator, under blinded conditions.

Base excision repair protein localization will be assayed at sites of
DNA damage, tissue sections will be stained with primary [anti-Oggl
(ab91421); anti-APE1 (ab2717); anti-XRCC1 33-2-5 (ab1838)] and
appropriate secondary reagents from Abcam. Proteins will be colo-
calized to spots of oxidative DNA damage via immunohistochemistry
staining for oxoguanine 8 with anti-oxoguanine 8 2Q2311 (ab64548).
To assess inter-observer variability, 40 randomly selected slides will be
recounted by a 2nd senior pathologist. The expression of 84 key genes
encoding the enzymes involved in base-excision, nucleotide excision,
mismatch, double-strand break, and other repair processes will be
quantified using the Human DNA Repair RT [2] Profiler™ PCR Array
(PAHS-042Z; SABioscience). In addition, expression of the two iso-
enzymes (thiosulfate sulfurtransferase and mercaptopyruvate sulfur-
transferase) of the HyS detoxifying protein Rhodanase will be measured
via RT-qPCR to estimate presence of volatile HS.
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Biomarkers of colonic inflammation [CD3 (lymphocytes) & CD68
(macrophages)], will be measured using immunohistochemistry of
colonic biopsies. Inflammatory genes induced by secondary bile acids
will observed though quantification of TNF-a, IL-11, IL-6, and COX-2
mRNA using our published protocols. Biopsy RNA will be isolated
using standard approaches; protocols for PCR gene arrays will be as
previously performed [37-40].

3.4.7. Side effect monitoring

Subjects will be asked to report any side effects they experience
during the intervention. Following the flexible sigmoidoscopy, subjects
will be called within 24-48 h to assess any adverse effects related to the
procedure. Subjects will have 24-h, 7 day per week contact with study
staff while consuming the diets and will be encouraged to contact study
staff immediately regarding health changes or diet concerns. During
weekly food pick up, subjects will complete a structured gastrointestinal
symptom checklist and will be interviewed regarding any other adverse
health effects.

4. Data analysis
4.1. Power analysis

Our power calculations are based on effect sizes generated from,
B. wadsworthia and dsrA-Bw (bacterial gene markers for saturated fat
exposure) in our previous feeding trial of a high animal protein diet and
high saturated fat exposure (similar to the proposed HT-HSAT diet) in
native Africans that normally consume a diet very low in animal protein
and saturated fat [18]. The 14-day intervention resulted in a mean effect
size for B. wadsworthia (16S rDNA), and dsrA-Bw of 1.11 (SD 1.0) and
0.63 (SD 1.0), respectively. Based on these results and a significance
level of 5%, a sample of 40 subjects will provide >97% power to detect
effect sizes at these levels using a two-sided one-sample t-test. Assuming
a 10% loss to follow-up, an initial recruitment sample of 44 will yield 40
participants that complete the trial. Moreover, our previous trial sub-
stantiates that even 20 subjects provide enough power to detect diet
effects for many of the proposed study endpoints (bacterial functional
gene targets, Ki67, CD3, CD68, DCA and other secondary bile acids).
However, the current trial is being implemented under “real-world”
conditions whereas the previous study was tightly controlled with par-
ticipants under 24-h, 7 day per week surveillance.

4.2. Statistical analysis

The main independent variable of interest, diet composition, is
incorporated into the crossover design. Mediator variables and response
variables, all continuous, will be measured three times for each subject —
at baseline, after the HT-HSAT diet, and after the LT-LSAT diet. Three
change scores will be computed for each subject which are HT-HSAT
versus baseline, LT-LSAT versus baseline, and HT-HSAT versus LT-
LSAT. Descriptive statistics will be tabulated for each of the three
measurements, as well as each of the three change scores. Distributions
of change scores will be evaluated for normality and transformations
will be applied if needed. In case of extremely non-normal distributions
that are not improved with transformation, ranks will be calculated and
used for analysis resulting in nonparametric tests. Paired t-tests will be
used to test the effect of each diet on response variables and to compare
the two diets; response variables include A) Mucosal markers of CRC
risk: number of positive cells in each biopsy tissue section; epithelial
proliferation (Ki-67); Inflammation markers by immunohistochemistry
(CD3, CD68) and qRT-PCR (TNF-a, IL-11, IL-6, and COX-2). B) DNA
damage- 8-oxodG and BER protein localization; and C) Systemic
inflammation marker CRP. Pearson correlation coefficients will be
tested against zero to see if changes in mediator variables are associated
with changes in response variables; mediator variables include A) Mi-
crobial genes associated with HyS and DCA production: B. wadsworthia-
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specific dissimilatory sulfite reductase gene (dsrA- Bw); SRB dissimila-
tory sulfite reductase gene (pan-dsrA); C. scindens bile acid 7a-dehy-
dratase (baiE), which encodes the rate-limiting enzyme in DCA
production; and 16S rRNA genes for Desulfovibrio spp., C. scindens,
C. hylemonae, C. sordellii, and C. hiranonas; B) Fecal and serum DCA
concentrations. Multiple linear regressions predicting change in
response as a function of more than one mediator simultaneously will be
used to explore independent effects of mediators and test their
interactions.

4.3. Data management and quality control

The Principal Investigator team (LTH and EAM) are responsible for
the quality of the clinical data. An operations manual with all study
related procedures was developed by the UIC and RUMC investigators
and is strictly followed at both sites. Training sessions for all study staff
cover all aspects of the study including recruitment, consent, data
collection, assessment procedures (e.g., DXA, RMR), and specimen
processing and handling. The UIC and RUMC project coordinators are
responsible for handling and processing data and specimens, entering
data into our Research Electronic Data Capture (REDCap) [41,42]
(Vanderbilt University, Nashville, TN) data structure, specimen sample
entry in FreezerWorks (Seattle, WA), backing up DXA and dietary data
collected on stand-alone desktops and laptops, and securing data files.
Food records and food checklists are reviewed carefully by study RDs for
legibility and completeness.

5. Discussion

The metabolites HoS and DCA are formed endogenously in the colon
as a consequence of microbial TCA metabolism [15]. Hydrogen sulfide
has been shown in a series of publications to cause DNA damage, induce
proinflammatory pathways, and be genotoxic in concentrations less than
normally found in the colon [37-40]. Deoxycholic acid is a tumor pro-
moting secondary bile acid, which causes degradation of tumor sup-
pressor genes, induces COX-2 expression, and activates f-catenin
resulting in cancer cell proliferation and invasiveness [43-46]. Previous
studies have observed an increase of bacteria that form these metabo-
lites with intake of a diet high in saturated fat and animal protein [18,
19]. Moreover, mice fed a diet high in milk-fat had a greater abundance
of HyS-producing B. wadsworthia compared with those fed a low-fat or
polyunsaturated fat diet [34]. This observation was reproduced in mice
gavaged with TCA, demonstrating that B. wadsworthia abundance was a
direct consequence of TCA metabolism [34]. Similarly, several human
studies have observed an increase in “bile tolerant” bacteria with intake
of a “western” type diet, correlating with an increase in primary and
secondary bile acids including DCA [18,19]. While it is clear that
TCA-metabolizing bacteria may be more abundant with intake of a
“western” diet, the impact of diet on B. wadsworthia abundance has been
minimally studied in humans. In addition, it is unclear whether the
abundance of TCA metabolizing bacteria is stimulated in tandem, and
whether this coordinated effect increases markers of CRC risk in
humans. This study is designed to investigate the biological basis of
increased CRC risk independently associated with consuming a high
animal protein and saturated fat diet. Our results will provide novel
information regarding in vivo interactions between diet and gut mi-
crobes that heretofore have not been explored in humans, particularly
AAs. Food taurine content is not currently provided in either NDSR [27]
or the USDA Standard Reference (USDA SR) [47] nutrient databases,
which are the standard sources for the nutrient content of foods. Evi-
dence that a high fat diet containing sulfur amino acids, typical of a
"western" diet, promotes growth of bacteria whose metabolites are
capable of inducing biomarkers of CRC risk, would be an important
novel observation justifying concomitant evaluation of fat content and
sulfur amino acids in nutrient analyses and databases. If our hypothesis
is substantiated, simple vigilance of fatty acid type and amino acid
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intake might diminish susceptibility to CRC in all individuals, especially
AAs at elevated risk. Further, if our hypothesis is upheld, in the future we
can design similar studies that can manipulate the microbiota in ways
beyond diet (potentially through pre-, pro- or synbiotics). Finally, if our
study reveals particular modes of bacterial sulfur or bile acid meta-
bolism correlating with epithelial proliferation or inflammation in AAs,
the endpoints identified can potentially be used to predict high-risk in-
dividuals who should be: a) advised on specific dietary interventions
(those investigated herein); b) offered pharmaceutical or targeted pro-
biotic therapy to reduce risk; and/or c) additionally targeted for intense
counseling about the importance of colon screening.

6. Conclusions

This study will test the central hypothesis that dietary interventions
can alter the bile salt TCA whose metabolism by specific colonic bacteria
yields both a carcinogen and a tumor-promoter. The key outcome will be
novel understanding of diet-nutrient microbiome interactions that can
be used to develop effective cancer prevention interventions that may
contribute to a reduction in the unequal colon cancer burden in AA men
and women.
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