Unequal distribution of wealth and access:
measuring the biology of disparities

Victoria Seewaldt, M.D.

Ruth Ziegler Professor and Chair Population Science
Beckman Institute

City of Hope Comprehensive Cancer Center, Duarte, California

Disclosure Information: | have no financial relationships to disclose



Loretta Erhunmwunsee MD
Veronica Jones MD

Lily Lai MD

Tijana Talisman, PhD
Michael Press, MD PhD
Mark LaBarge, PhD

Dustin Schones, PhD
Rama Natarajan, PhD

Rob Winn, MD

Terry Hyslop, PhD

Lucio Miele MD

Shankar Subramaniam, PhD
Augusto Ochoa MD

Ruth O’Regan, MD

Jean Abrams, MD

Sheeba Irshad, MD

Anita Grigoriadis, PhD

City of Hope
City of Hope
City of Hope
City of Hope
uSC

City of Hope
City of Hope
City of Hope
VCU

Sidney Kimmel
LSU

UCSD

LSU

U. Rochester
Cambridge
Kings

Kings

orators

il “fdl j—‘" '.' ;“‘. ,Jfﬂ‘l

Environmental Epi - Disparities
Luminal B Breast Cancer
Clinical trials

Super-Resolution Microscopy
Biomarkers
Microenviornment-signaling
Epigenetics

Epigenetics

Disparities, lung cancer
Multi-Scale Modeling, Disparities
Luminal B breast cancer
Systems Biology

Immunology, Disparities, Metabolic Signaling
Clinical — Phase I clinical trials
Omics, microenvironment
Omics, microenvironment
Microenvironment


http://yetsai.blogspot.com/2012/06/california-institute-of-technology.html

Early death in women > 50% US Counties 2006

- David Kindig and Erika Cheng, University of Wisconsin
- Chris Murray, University of Washington
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LA as an example: unequal distribution of wealth = shorter lives
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Poor resourced neighborhood links to Redlining — LA

Denial of loans, insurance, health care, supermarkets
Increase ER visits and temperature
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Racism — institutional, structural, cultural - and Discrimination— need biology

Policies from 1920’s to Present - Redlining, Mortgage Discrimination, Discriminatory Zoning

v v v v
Institutional Racism Structural Racism Cultural Racism e Discrimination
v v External - Internal v
Formalization of = Racial Residential Segregation 7 - Stress
oppression: 7  Z - Values assigned to - Depression
- Cultural Lack of access to: Exposure to: appearance/language - Lack of sleep
) :nstltutlonal | - Quality Education | - Air pollution - Normalization of racism | | - High-risk
- Interpersona - Employment - Toxic waste in media, fashion, sports | | Pehaviors
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Increased Risk for Cancer, Obesity, Hypertension, Tissue Inflammation, Type-2 Diabetes, Accelerated Aging
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Getting at the biology: nutrition and calories are no longer linked

Before 1950’s

Privileged
High calories
Good nutrition

¥

Good health
Higher BMI

Good nutrition
Low calories

v

Good health
Lower BMI
Space to exercise

Disadvantaged

Low calories
Malnutrition

v

Poor health — anemia, Scurvy,
Rickets, protein/energy malnutrition

Poor nutrition
Highfalories

Obesity, heart disease,
HTN, T2DM, cancer
No space to exercise




Definitions: T2DM - glucose]; Insulin resistance - insulin]
Difficulty controlling eating is biology not “will-power”

- stimulates hunger

Insulin
- promotes carbohydrate tofat
glucose - prevents fat access (breast feeding)

A A2hr
Healthy — HgbA1C = 5.3

glucose

Insulin

nguc;se\

A A2hr A A2hr
Resistant — HgbA1C = 5.7-6.3 Diabetes — HgbA1C > 6.3

ogressive Pancreas Failure




60% of T2DM can be prevented w/diet, walking, metformin
- need for medical education

Insulin
glucose

A 2hr

Healthy HgbA1C = 5.3

glucose

A2hr
ReS|stant HgbA1C =5.7-6.3

Metformln

Metformin - decreases serum insulin
- decreases hunger — CNS effects
- increases fat breakdown

- prevents >60% T2D - DPP & DPPO
Lancet374:1677-1686, 2009

glucose

A A2hr
Diabetes — HgbA1C > 6.3



Woman: Insulin Resistant

nsulin resistance, produces high insulin
18FDG PET

I
+

At risk breast tissue

Increased insulin sensitivity
AKT/mTOR/glycolysis
Nu"n — \Wnt/beta-catenin
glucose EZH2/Notch/cMyc

Resistant — HgbA1CA=25h5-6.2 IL6/Stat3/NFKB/IRF1



Epi studies are confusing: Obesity does not consistently
iIncrease risk of premenopausal TNBC in AA women

« Carolina Breast — Basal type TNBC increased in obese
premenopausal Black/African American women (WHR).

« Women's Contraceptive and Reproductive Experience
(CARE) (BMI >30) — No association

« Black Women’s study (BMI) — Adams-Campbell - inverse
association BMI and premenopausal cancer

 AMBER Association— consortium Carolina Breast, Multi-
ethnic cohort, Black Women'’s study Adams-Campbell,
Women'’s Circle of Health - NO association (BMI, WHR)

Biphasic variable - BMI >30 YES or NO I

Bandera EV, Chandran U, Hong CC, Troester MA, Bethea TN, Adams-Campbell LL, et al. Abrosone C. Obesity, body fat distribution, and risk
of breast cancer subtypes in African American women participating in the AMBER Consortium. Breast cancer research and treatment (2015)



BMI

and metabolic health — one size fits all fails
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Chiu M, et al. Diabetes Care 2011, 34:1741-8



Significant individual variability in insulin resistance

‘7

Carolyn (Sister) Vicky (me)

58 years old 63 years old

6’3" and 243 Ibs. 5’8" and 128 Ibs.

BMI = 31 BMI = 19

Diet — carbs, sugar Diet — low carb, vegetarian, veggies
Smoker, no exercise 1 hour swimming & 30 mins running/day
HgbA1c = 5.4 HgbA1c = 6.0 on 2500 mg Metformin
Cholesterol (total) = 168 Cholesterol (total) = 190 on Lipitor 40 mg
No Asian Ancestry Asian Ancestry by 23andMe

Lost 40 Ibs. on metformin Off StatinHgbAlc=5.5



Catchment Area Study — 981 women enrolled

Redcap survey — demographics, zip code, education, employment, nutritional
survey, food shopping and access. Mix of neighborhoods.
- Genetic ancestry in progress.

Age 31-61 (mean 43)

Race/Ethnicity NHW HW Black Asian NA
288 (35%) 378 (46%) 41 (5%) 116 (14%) 4 (<1%)

Neighborhood 1-3 (adv) 4-6 7-10

¢emmm Neighborhood
does not accurately
predict disparity

Disparitylndex 312 (38%) 426 (52%) 89 (11%)

HgbA1C <5.6 5.7-5.9 > 6.0
236 analyzed 138 (58%) 59(25%) 39 (17%)



Catchment Area — exclusion known Type-2 DM
Metabolically unhealthy low BMI

HgbA1c vs BMI n = 236

10
9

o8 T2DM HgbA1c >6.3

<7

T .
6 WL MR S — i Insulin Res: HgbA1c 5.7 — 6.3
> Normal: HgbA1c <5.7
4

41 46 51

Chiu M, et al. Diabetes Care 2011, 34:1741-8



Pre-diabetic/insulin resistance women have chromatin acetylation at
H3K9Ac and chromatin opening.
Top hits are promoter regions for genes coding for TNFa and IL6;
TNFo/IL6 cytokines are increased.
Also increased in racial residential segregation, CVD, cancer.

Insulin
glucose

A A2hr
Healthy — HgbA1C = 5.3

Insulin

A

A A2hr
Resistant — HgbA1C = 5.7-6.3

~ HIGH SERUM INSULIN

Histone Acetylation
- Chromatin opening
fﬂl_m' Epigenetic regulation

High \ / :

- electron transport TR
- ROS production 4 \ ==
citrate — citrate
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|

EPIGNETIC DAMAGE
CANCER RISK

ChlP-seq - H3K9Ac
n=40: 20 HgbA1c < 5.7 and 20 HgbA1c 6.0-6.3
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Top Pathways Activated in Insulin-Resistance: NFkB/TNFo-
signaling, inflammation, IL6, innate immunity, senescence
Bulk white blood cells give same results as single cell analysis

Bulk analysis WBC — test n=32; validation 254 Single cell analysis - 32 URM Latinas

Normal HgbA1c<5.7 IR HgbA1lc 5.7-6.3 T2DM HgbA1lc <6.3
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Common Pathways — Racism, lack of access, exposures to toxins, stress, crowding
- Same pathways that drive heart disease, T2 diabetes, kidney disease, cancer

Racism
Discrimination

Tissue
Inflammation

Immune
Dysregulation

—

|

Institutional Racism

Structural Racism

Cultural Racism

Discrimination

Lack of access to:

- Quality Education

- Employment

- Safe Neighborhood
- Healthy Food

- Health Care

Exposure to: Increased:

- Air pollution |- Stress

- Toxicwaste |- Depression

- Crowding - Lack of sleep

- Decaying - Tobacco
building - Alcohol

‘ Increased Cardiovascular Risk Factors — Obesity, Hypertension, Inflammation

Inflammation > = -
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[ Anti-inflammatory adipokines J [

IL4, IL10, IL13, IL33, adiponectin

Pro-inflammatory mediators TNFa, INF,
IL1B, IL6, CCL2, CXCLS5, Leptin
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Anti-inflammatory cells: TH2 lymphocytes
M2-like macrophages, IL4 producing cells

J

Pro-inflammatory cells: Th1 Lymphocytes, ]

M1-macrophages, Neutrophils
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Inflammation, accelerated aging
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Evidence

for accelerated aging in BRCA7T mt
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Reversibility: Over 60% of diabetes can be prevented.
If insulin-resistant women become metabolically healthy — does
the epigenetic/inflammation/aging damage get reversed?

Primary Prevention: ALLIANCE Metformin vs. placebo:

Endpoint: presence/absence mammary atypia; biology “heavy” trial

Inclusion
>20% life-time risk
Cytological breast atypia

Premenopausal
women with
mammary atypia

o
¥ AT
¥

BMI >25
Metformin 850 bid Yes atypia
BMI, WHC vs. placebo
Metabolic markers 12 months l
- insulin 1 Yes/no atypia?
- HOMA IR ChIP
- HgbATc RPFNA, RPPM ~ gh S
- Pathway
- CRP - 12 mos
- RPPM
Plasma - 24 mos Agi
WBC DNA/RNA T AIng




Public health

Body mass index does not always predict metabolic health.
- Clinicians and research studies need to consider individuals as individuals

Metformin, diet, and exercise can prevent 60% of type-2 diabetes.
- Trial data exists, guidelines exist, need to include in medical training and
Quality Assurance standards.

Future Directions

 If insulin-resistance is treated and the person is metabolically
health, do the epigenetic and inflammatory changes reverse?

« Early monitoring of HgbA1c and early treatment.
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L.A.’s overcrowded neighborhoods had
higher COVID-19 death rates
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