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Learning objectives
1. To define the physiological signaling pathways that enhance metastasis.

2. To describe how does neural signaling facilitates tumor cell dissemination.

3. To explain how beta-blockers may protect against cancer progression.
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Presentation Notes
What has become apparent over the last while – in addition to these intrinsic changes in a cell – in solid tumors the surrounding microenvironment has a significant impact on tumor progression.  tumor are infiltrated by many different types of host cell that influence behavior of the tumor cells.  
Host Fibroblasts, endothelial and immune cells – macrophages and lymphocytes - are recruited to the tumor and influence the architecture of the tumor.  Bernies talk – vasculature – provides channel of communication with the blood stream – delivery of nutrients for tumor growth and possibly pathway for escape of cells during metastasis.  

Metastasis.   cancer progression in context of solid tumors – breast and prostate cancer = mets.  

What I hope to convince to today is that the host neuroendocrine system is a previously unidentified component of the tumor microenvironment, that plays a key role in cancer progression and should be considered as a target for pharmaceutical intervention.  
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What is the impact of physiological SNS signaling on breast cancer?
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Use of mouse models.  Reduces individual variability, controls environment, correct orthotopic enviornment (TME influences on progression)
Our goal:  exposure -> whole body physiology -> local ME -> tumor cells.  If get local ME wrong: difficult to interpret results.  

We assayed the growth of tumor cells at intervals throughout the experiment. 



In vivo bioluminescence imaging of cancer progression
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To assay tumor growth  we’ve been using advanced imaging techniques.  We’ve tagged the cancer cells with luciferase.  This is the gene that makes fireflies glow. We then inject the substrate luciferin into the blood stream of the mouse.  Reacts with luciferase in the presence of oxygen to generate photons which we can then detect using a highly sensitive super chilled CCD camera.  
tumor cells are inoculated into the 4th mammary fat pad (mice have 5 on each side). Ensure the breast cancer cells grow in the correct mammary microenvironment, as they do in humans with breast cancer.  Can see the primary tumor growing over time – larger bioluminescence signal and increase in red which indicates the highest density of tumor cells. Distant metastasis become visible around 21 days after inoculation in clinically relevant tissues including lung and lymph node.  
Day 28 at the conclusion of the expt we can dissect tissues and determine where tumor has metastasized.  Lung and LN.  
This live optical imaging has greatly advanced our work.  Highly sensitive.  
We can see down to less than 7000 cells – equivalent to micromet less than .5 mm diameter.  
This allows us repeated measurements of metastasis over time.
We innoculate tumor cells into the 4th mammary fatpad.  tumors become palpable around 4-7 days, but already we can see signal on the day of inoculation.


Chronic stress impacts breast cancer progression
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Sloan et al. (2010) Cancer Research



Chronic stress impacts breast cancer progression
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Chronic stress impacts breast cancer progression
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EX vivo imaging
28 days after inoculation
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Tissue-specific metastasis
At the conclusion of the experiment we dissected tissues to determine metastatic burden in each tissue type.  Chronic stress increased metastasis in both lung – 12-fold - and lymph node – 3 fold increase.  

impacts TME to mo
For a long time we have focused on the genetic differences that allow cells to successfully metastasize, but  in this model the mice are genetically identical and all the tumors come from the same cells.  So there are no inherent genetic differences.  Rather. this work would suggest that the external environment - ** Exposome (or our cumulative experience of uncontrollable stress) – can play a critical role in accelerating cancer progression.  


Which physiological signaling pathways enhance metastasis?

How does SNS signaling facilitate tumor cell escape?

Does SNS neural signaling impact other tumor types?



SNS neurotransmitters signal through B-adrenergic receptors
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Paraventricular nucleus – AVP, CRF, signals to HPA
Locus coeruleus (noradrenergic system)


SNS neurotransmitters signal through B-adrenergic receptors

B-blockade

\V W(' catecholamine

lllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllll

B Adrenergic
receptor ATP

Gene
transcription

1.0

Metastasis-free survival

L B -blocker treated, n = 43

330.9‘ %.H b b e ~
= \
3 e
2 0.8- ™,
o T
g et
g
=]
@ 0.7- \5»3_%
other patients, n = 423
0.6-
(I) 5|0 1(|)0 12I')0 2(|)0 22'|)0

Time taken for DM formation (months)

Powe et al., Oncotarget 2010.


Presenter
Presentation Notes
Good evidence that stress responsive pathways such as SNS modulate TME to impact metastasis

Hypertensive breast cancer patients treated with beta-blockers showed 57% reduced risk of metastasis and 71% reduction in breast cancer mortality after 10 years.  p = .022



Which beta-blocker to use?

Breast cancer-specific mortality
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In terms of implications… Looking at ways of blocking the effects of noradrenaline caused by activation of the SNS, we looked at already available drugs… first we looked into was BBs. Not only did treatment with BBs significantly reduce the amount of metastasis in stressed animals, it also significantly reduced the number of macrophages in PTs of stressed animals. Furthermore, it is specifically the activation of beta2ARs that are responsible for our stress response. 
Work out if tumor cells or macrophages are responsible through adoptive transfer of macrophages using KO mice (ie. beta+ TCs and beta- macs)
Do macrophage count on propranolol treated mice
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CGP –  1000-fold selectivity for b1 over b2
ICI – 100-fold selectivity for b2 over b1
Atenolol – 30-fold selectivity for b1.  

 	b1AR vs b2AR
CGP: 	8.5 vs  5.7
ICI:  	120 nm vs 1.2 nm
Atenolol:  6.9 vs 5.6  


Stress modulates primary tumor gene expression
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B-AR regulation of tumor-associated macrophages
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B-AR regulation of tumor-associated macrophages
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Neural signaling makes macrophages pro-metastatic
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SNS signaling is sufficient to make BMDM look like TAMs 

Functional changes
 Differentially expressed genes
 Arginine metabolism
 ARG1, ARG2
 Cell cycle regulation
 CCND1
 Actin cytoskeleton reorganization
 DIAPH1, WASF1
 Pro-inflammatory cytokines, chemokines, and receptors
 IL1B, IL-15, TLR-2, CD14, HIF1A, � VEGFA, IL22RA, CXCL14
 Cell cycle, DNA replication, and base excision repair
 CCND1, PCNA, MCM5, MCM6, � UNG
 Lysosome compartment
 CTSZ, HEXB, ATP6V0A1



Which physiological signaling pathways enhance metastasis?
Neural pathways - BAR signaling
Tumor side — M2 myeloid recruitment

How does SNS signaling facilitate tumor cell escape?



Stress impacts pathways of tumor cell dissemination
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To start to understand how stress is modulating metastasis we used qRT-PCR to measure expression of several genes known to be involved in metastasis.  Expression of each of these genes is increased in tumors from chronically stressed mice.  Currently exploring the role they might have in increasing metastasis.  


Stress impacts pathways of tumor cell dissemination
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Lyve-1

Stress impacts pathways of tumor cell dissemination
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Stress impacts pathways of tumor cell dissemination
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In vivo

Stress impacts pathways of tumor cell dissemination
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Which physiological signaling pathways enhance metastasis?
Neural pathways - BAR signaling
Tumor side — M2 myeloid recruitment

How does SNS signaling facilitate tumor cell escape?
Angiogenesis & lymphangiogenesis

Does SNS neural signaling impact other tumor types?



Stress accelerates pancreatic cancer progression
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SNS accelerates hematopoietic malignancy
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SNS accelerates hematopoietic malignancy

Don Lamkin

Control Stress Stress + Propranolol

14 day Nalm-6 pre-B ALL
Lamkin et al., Brain, Behav, Imm 2012 Lamkin et al., Brain, Behav, Imm 2012



Which physiological signaling pathways enhance metastasis?
Neural pathways - BAR signaling
Tumor side — M2 myeloid recruitment

How does SNS signaling facilitate tumor cell escape?
Angiogenesis & lymphangiogenesis

Does SNS neural signaling impact other tumor types?
Other solid tumors
Hematopoietic malignancies
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Mechanism and pathway for tumor cell dissemination
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