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Outline

* Epidemiology of Diabetes and the increased
Cancer risk

* Potential mechanisms explaining this
association



Cancer Deaths Associated with Obesity
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Does Bariatric Surgery Affect Mortality?

Utah Obesity Surgery Study

* Retrospective cohort study
— 9949 gastric bypass patients

— 9628 severely obese driver’ s license
applicants
(BMI 235 kg/m2)

Adams TD et al. N Engl J Med 2007;357:753-761.



Does Bariatric Surgery Affect Mortality?

Surgery Group Control Group
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Adams TD et al. N Engl J Med 2007;357:753-761.



T2DM is associated with an increased risk
of cancer at specific sites

Cancer Site RR (95% Cl)
Men and Wormen RR:O.S RR1.0 RR:2.0 RR:3.0
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Potential Mechanisms Linking Type 2
Diabetes and Cancer
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Adapted from: Gallagher EJ, LeRoith D. Curr Opin Endo Diab Obes 2013; 20(5) 485-94



Relative risk of pancreatic cancer
and level

Number
Study Cases/Controls RR (95% CI) RR (95% ClI)

US,Michaud,2007 121/287 1.52 (0.87-2.64)

Finland,Stolzenberg,200588/196 2.01 (1.03-3.93)
ALL STUDIES 209/483 1.70 (1.10-2.63)

Pisani et al. Archives of Physiology and Biochemistry 2008; 114(1): 63-70



Breast Cancer and
Levels

Hazard Ratios
- 1 <27.0 1.0
— Q227.0-35.3 1.46 (1.11-1.93)
Q3 35.3-51.9 1.78 (1.17-2.72)
3.62 (1.41-9.29)
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Animal Models of Metabolic
Disease and Cancer

Hyperinsulinemia Dyslipidemia

Hyperglycemia VLDL /TG LDL

Immunocompetent Immunodeficient

14



Ragl’-/MKR** Mouse: Immunodeficient model

No mature B and T cells ———— Immunodeficient

)[ 4 Mammary Fat Pad

/ Human Triple Negative
ER-, PR-, HER2-

Ragl’ Mouse MKR Mouse Ragl’; MKR Mouse
Rag/WT Rag/MKR




Metabolic Abnormalities in MKR Mice
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Mouse Models of Breast Cancer

Transgenic Model

PyVmT IR/IGF-IR

i | o i

. S08066800060000660850665050 LG iiiiﬁiiﬁ Ras LT
Polyoma Middle T Ag
(PyVmT) oY
pY
- |PLCY1
Cell transformation, .~
Proliferation, ¥ @
Migration, D
Invasion - Sre
ERKm
Invasive
Malignant Growth

Mitogenic and other
biological effects




Mammary Tumorigenesis
the effect of endogenous hyperinsulinemia

PyVmT at 6 weeks PyVmT/MKR at 6 weeks

Polyoma Middle T Ag
(PyVmT)



Molecular Mechanisms Underlying Tumor-
Promoting Activity in T2DM
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Strategies to Reduce Tumor-Promoting
Activity in T2DM

Insulin resistance ¢ 71 Insulin

/ IGF-IR

R, L

99999999999999999999999999999 2999 999999999090
IRS

'

J Apoptosis

T Proliferation
T Migration

T Invasion

'

T Tumor progression



Reduction of Mammary Tumors Using a Tyrosine Kinase Inhibitor,
Despite the Marked Hyperinsulinemia

Met-1 tumor growth
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Framingham Offspring
Cohort

Number of
participants

Association studied

VLDL-C and overall cancer risk

1.54

Atherosclerosis Risk in
Communities (ARIC)

Low HDL-C (<ou mg/aL) and breast
cancer incidence

Malmo Preventive
Project (Sweden)

1.67*

Total cholesterol
and breast cancer risk

1.64**

Furberg et al., 2004
(Norway)

HDL-C (>1.64 mmol/L vs <1.20
mmol/L) and breast cancer risk

0.43**

EBBA study
(Norway)

HDL-C, TC, LDL-C/HDL-C and
mammographic parenchymal pattern

1.77 (HDL-C)
0.54 (TC)
0.60 (L/H)

ATBC Cancer
Prevention Study
(Finland)

27,074

HDL-C (highest vs lowest quintile)
and risk of Non-Hodgkin Lymphoma

0.35

Andreotti et al., 2008
(China)

460+858

HDL-C (lowest vs median quintile)
and gallbladder/hile duct cancer risk

11.63/16.81

Magura et al., 2008
(North Dakota)

312+319

Total cholesterol, LDL-C (high vs
normal), HDL-C (low vs normal) and
prostate cancer risk

1.64 (TC)
1.60 (LDL-C)
1.57 (HDL-C)

Atherosclerosis Risk in
Communities (ARIC)

14,547

Low HDL-C
and lung cancer incidence

1.45




Does dyslipidemia affect breast carcinogenesis
Independently of insulin resistance?

Epidemiological studies have shown an association between hyperlipidemia
and cancer risk

Recent NEJM article demonstrated that statins reduce cancer-mortality.
Nielsen NEJM 2013

Animal Model of Hyperlipidemia

ApoE-/- mice cannot take up TG and Chol into tissues, therefore have
increased circulating chol and TG in blood stream, but are insulin sensitive
and do no have hyperinsulinemia.



Tumor volume (mm?3)
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ApoE-/- Mice with Orthotopic Tumors
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Lung Metastasis after Orthotopic and Intravenous Injection of
Tumor Cells in ApoE-/- Mice
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Potential Mechanisms Linking Type 2
Diabetes and Cancer
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Adapted from: Gallagher EJ, LeRoith D. Curr Opin Endo Diab Obes 2013; 20(5) 485-94



The intestinal microbiome, weight, and
metabolic changes in women treated by
adjuvant chemotherapy for breast and
gynecological malignancies
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Uzan-Yulzari et al. BMC Medicine (2020) 18:281
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