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Microbiome

95% bacteriain
body localized
to the gut

39 trillion bacteria cells: 30 trillion human cells ) - \ |
Our body is only 43% human! R o SX/




Good to know microbiome terms and explanations

Alpha-diversity: richness measure/total Beta-diversity: difference in
number of different microbes in a sample ~ communities of microbes
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Sample 2 has a higher a-diversity Samp|e 2

Sample 3

Samples 2+3 are the most different from each
other and have a higher B-diversity




Functions of a healthy gut bacterial microbiome
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What shifts your gut bacterial microbiome?

Consumption of a high saturated

fat diet increases Firmicutes phyla Urbanization associated

with decreases in gut

Mediterranean diet consumption diversity

associated with increased
Bacteroidetes phyla
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Moderate exercise
increases gut '

diversity -

Exercise
Early-life factors

Pharmaceuticals

Firmicutes and
Proteobacteria
| phyla increases in
: elderly populations

Commonly used drugs such as proton pump inhibitors,
metformin, selective serotonin reuptake inhibitors and s
laxatives influence gut microbiome composition. Lifecycle stage




How the gut microbiome composition may affect
breast cancer risk

Obesity
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Exploring the gut microbiome for breast cancer prevention

n=46 randomized peri/postmenopausal I
overweight/obese women

& ik

n=23
Omega-3 (2,200 mg | &,

EPA+1,050 mg DHA) B
+Weight loss !

intervention |

n=16 g —r: | |Placebon=16 | Omega-3 PUFA n=18

n=42 Fecal samples

n=23

Placebo + Weight loss
intervention

Fecal samples
collected at baseline 6-month fnllnw-up: collected at baseline Age, years 52.7 £3.7 >1.817.0
and at 6 months B“?;ﬂ:’;‘:'ggltégjﬁs and at 6 months (45-63) (43-64)
9 BMI baseline, kg/m? 31.7+3.3 32.2+3.6
(28-40) (28-42)
Available data with matching % Body fat 46.5+4.5 48.0+ 3.2
fecal samples composition (37.4-54.9) (42.2-51.7)
Body adiposity n= 33 .
12M read metagenomic Fasting insulin n= 32 12M read metagenomic 10-year Tyrer-Cuzick ~ 12.0 £ 8.5 91148
sequencing performed Adiponectin, leptin n= 33 sequencing performed model, % risk (6.2-37) (1.9-19)
MCP-1, CRP. IL-6, TNFa n= 33
Estradiol n= 32
Lipocalin-2 n= 33 No significant differences between groups at
baseline in patients with collected fecal
Fabian et. al., Prevent Cancer Research 2021 samples



Weight loss and omega-3 supplementation interactions on the

phyla level microbiota abundances

Placebo Omega-3 Placebo Omega-3
<10% BW loss <10% BW loss >10% BW loss >10% BW loss
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Weight loss and omega-3 supplementation interactions on select

microbiota species

0.05- ® Baseline
Phocaeicola dorei b - - 6 months
0.04 -

Bacteroides intestinalis
0.080

Phocaeicola vulgatus

Proportional Abundance

Phascolarctobacterium faecium

Alistipes finegoldii

Body Fat Composition
Alistipes onderdonkii 0.060 y p

Pearson correlations:

Alistipes putredinis r=-0.38 -0.52 -0.45

p =0.06 0.002 0.0004
Alistipes shahii ® Baseline

0.040 - 6 months
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Phocaeicola massiliensis

Bacteroides stercoris

Bacteroides uniformis 0.020

Phascolarctobacterium faecium
Relative Proportional Abundance

0 200 400 600 800

Faecalibacterium prausnitzii Fasting serum insulin (pg/mL)

Pearson correlations:

Baseline Endpoint Combined
Phascolarctobacterium faecium r=-0.384 -0.428 -0.422
p = 0.070 0.014 0.0013

n :34 Placebo <10% Weight loss Omega-3 <10% Weight loss Placebo >10% Weight loss Omega-3 >10% Weight loss

Cook et. al., unpublished data



Dorea formicigenerans

[Ruminococcus] ghavus
Proportional Abundance

Proportional Abundance
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Omega-3 PUFA supplements modulates
Inflammation associated microbes

1r = 0.8346
p = 0.0001
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n=16-18; *p<0.05

Previous European cohort
(n=53) showed a positive
correlation between gut D.
formicigenerans and circulating
C-reactive protein in obese
postmenopausal women
(Brahe et. al., Nutrition and
Diabetes 2015

Cook et. al., unpublished data



Snap-shot summary

« Omega-3 PUFA regardless of
weight loss reduces
iInflammation-associated D.
formicigenerans

sam
M2-|
Th2

Omega-3 PUFA and >10%
weight loss interact to
significantly decrease Firmicute
phyla proportional abundance
compared with all other groups

Omega-3 PUFA and >10%
weight loss interact to increase
metabolic health associated
microbe P. faecium

omega-3 PUFA 1

Phasarctobacterium
faecium

Dorea formicigenerans |——— omega-3 PUFA

Peyer's patch microbe
sampling:

pling: :
response response

1. Increased tight junction protein
2. Decreased gut permeability
3. Decreased inflammation

1. Increased gut permeability
2. Increased LPS bioavailability
3. Increased inflammation

Decreased obesity mediated
breast cancer risk

Increased obesity-mediated
breast cancer risk
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The breast microbiome and cancer

« Microbiota of human breast tissue. Urbaniak et al, 2014

Microbiota Genus

Canadian breast tissue (% of
microbiota population)

Irish breast tissue (%
microbiota population)

of

Bacillus

11.4%

<2%

Acinetobacter

10%

<2%

Enterobacteriaceae

8.3%

30.8%

Pseudomonas

6.5%

5.3%

Staphylococcus

6.5%

12.7%

Propionibacterium

5.8%

10.1%

Prevotella

5%

<2%

Listeria

<2%

12.1%

* The microbiota of breast tissue and its association with breast
cancer. Urbaniak et al, 2016

* Increased Staphylococcus in breast tissue from women with BC
when compared with healthy controls

 The microbiome of aseptically collected human breast tissue
In benign and malignant disease. Hieken et al, 2016

 Decreased Lactobacillus in breast tissue from women with

malignant BC



Since diet is main determinant of the gut
microbiome, can what you eat modify you
breast microbiome?

B ‘," 3

.. h
,

v '
LA

10-fold increase in MG

Newman et al. Microbiome (2021) 9:100 Cell Repo rts

https://doi.org/10.1186/540168-021-01069-y MicrObiome LaCtObaCIHUS (genUS)
proportional abundance

RESEARCH Open Access

Diet, obesity, and the gut microbiome as @ Consumption of Mediterranean versus Western Diet

updates

determinants modulating metabolic Leads to Distinct Mammary Gland
outcomes in a non-human primate model Microbiome Populations

Tiffany M. Newman', Carol A. Shively?, Thomas C. Register?, Susan E. Appt?, Hariom Yadav>*, Rita R. Colwell®,
Brian Fanelli®, Manoj Dadlani®, Karlis Graubics’, Uyen Thao Nguyené, Sivapriya Ramamoor‘thyi’, Beth Uberseder?,
Kenysha Y. J. Clear’, Adam S. Wilson’, Kimberly D. Reeves®, Mark C. Chappell’, Janet A. Tooze®® and

Katherine L. Cook'&1%"

Carol A. Shively,” Thomas C. Register,' Susan E. Appt,’-®* Thomas B. Clarkson,’.¢ Beth Uberseder, Kenysha Y.J. Clear,
Adam S. Wilson,2 Akiko Chiba,2-2 Janet A. Tooze,* and Katherine L. Cook2:3:5.7.*



Detangling obesity and diet using NHP cohort

Table 1. Metabolic Parameters by Body Weight Group. Values represent mean £ standard deviation.

Western-Heavy (n=8)

Mediterranean-Lean

(n=7)

Mediterranean-Heavy

(n=7)

Western-Lean
(n=7)

BW (kg)
BMI (kg/mz)

Body Fat
Composition
(%)

Insulin AUC

TPC (mg/dL)

TPC/HDL-C
ratio

Cortisol

2.5+0.2 4.1+1.0 2.7+0.2 4.9+1.2
36.7+4.2 48.246.9 39.7+4.5 60.2+10.4
8.4+2.0 23.4+9.0 11.7+4.3 39.1+10.5
17214335 645615703 3431+4043 105268427
133.4+29.4 163.7+48.0 159.5+33.1 149.9+28.5
48.6+8.6 66.7+29.8 78.4+40.6 72.1417.2
2.78+0.50 2.62+0.46 2.38+0.95 2.13+0.16
36.5+4.2 29.3+5.6 33.748.8 41.145.7
Cook et. al.,

unpublished data



Diet and adiposity interact to shift NHP breast microbiome

@ Western w/ low adiposity
@ Western w/ high adiposity
0.25 @ Mediterranean w/ low adiposity

@ Mediterranean w/ high adiposit o 15— % %
Sl-c
0.15 = _ A
0 3 10 A
0.1 o E < A
: ==
s g
S8 5 .
35 l
0 1 8_
% a
) L L L L
&Q é\Q é\Q &
-0.15 ? S >
NI S
\\\0 N RS
-0.2 Q\{\ ${{9 \?\{\ ${<-(\
S o™ X0 <& >
I &% ¥ °
-0.25 o J A R
& & & &
-0.3 $ & *\ &&(b‘
IS
-0.35 ®@ ‘\QJ
o -0.6 -0.55 -0.5 -0.45 -04 -0.35 -0.3 -0.25 -0.2 -0.15 ] PB(&%Q.’Z%) .
PCI(15.62% ' - ) ' ' 0.15 0.2 PERMANOVA Analy3|s
- . . Western + low adiposity vs Western + high adiposity p=0.006
n=5-7; *p<0.05; *p<0.01 posity g posity p

. Western + low adiposity vs Mediterranean + low adiposity p=0.013
Cook et. al., unpublished data posity posity p



Elevating mammary gland Lactobacillus modifies tissue
metabolism
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igenesis
Ki67 Tumor Proliferation

Mammary gland Lactobacillus reduces tumor

MMTV-PyMT Mammary Carcinogenesis Model
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Conclusions

- We have Identified several pro-health associated species (such as P.
faecium) that may be a potential novel probiotic to reduce metabolic
breast cancer risk factors.

 Diet and adiposity interact to influence the breast tissue microbiome.

* Lower body fat composition was associated with increased breast
Lactobacillus populations in NHP cohort regardless of dietary pattern.

« Mammary gland Lactobacillus enhances normal tissue glucose
metabolism.

 Mammary gland Lactobacillus prevents breast tumorigenesis and
decreased tumor proliferation in a MMTV-PyMT murine model.

* Both the gut and breast microbiome may be a modifiable target for breast
cancer prevention.
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