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Symposium PurposeSymposium PurposeSymposium PurposeSymposium Purpose

• Facilitate knowledge of this emerging 
i th NCI b h i l harea in the NCI behavioral research 

portfolio

• Obtain BSA input on how NCI can best:
Expand the breadth and depth of–Expand the breadth and depth of 
this transdisciplinary science
Catal e prod cti e high impact–Catalyze productive high impact 
collaborations



Presentation PurposePresentation Purpose

• Define biobehavioral risk factors

• Review epidemiology

• Review biobehavioral signaling pathways

• Review biobehavioral influences on cancer • Review biobehavioral influences on cancer 
biology



Biobehavioral Risk FactorsBiobehavioral Risk Factors
Distinction from other behavioral sciences
• Focus on neuroendocrine mediation

Distinction from systemic and 
environmental stress

Ph i l i i• Physical activity
• Environmental tobacco smoke
• AlcoholAlcohol
• Diet/nutrition

Biobehavioral risk factorsBiobehavioral risk factors
• Social isolation / social support
• DepressionDepression
• Chronic psychological stress



Epidemiology of Biobehavioral Epidemiology of Biobehavioral p gyp gy
Influences on CancerInfluences on Cancer

Inconsistent association ith cancerInconsistent association with cancer 
incidence
• Nielsen & Gronbaek 2006Nielsen & Gronbaek, 2006
• Dujits et al, 2003

More consistent association with cancer 
progression and mortality

A t i t l 2006• Antoni et al, 2006
• Kroenke et al, 2006
• Soler-Vila et al 2003Soler Vila et al, 2003



Stress as a Biobehavioral InfluenceStress as a Biobehavioral InfluenceStress as a Biobehavioral InfluenceStress as a Biobehavioral Influence

• Perception that a threatening orPerception that a threatening or 
challenging external event (“stressor”) 
exceeds the organism’s ability toexceeds the organism s ability to 
respond

• Challenge biological homeostasis

N d i d th d l• Neuroendocrine and sympathoadrenal 
stress response systems











Biobehavioral Influences on Biobehavioral Influences on 
Tumor BiologyTumor BiologyTumor BiologyTumor Biology

N l ti ll th• Neoplastic cell growth

• Tumor gene expressionTumor gene expression

• Viral gene expression

• Cell-mediated immunity

I i• Invasion

• Tumor growth and progressionTumor growth and progression



Neoplastic cell growthNeoplastic cell growth
Hormones and Behavior 50 (2006) 454-462
Infant temperament predicts life span in female rats
that develop spontaneous tumors

* b b dSonia A. Cavigellia,*, Jason R. Yeeb,c, Martha K. McClintockb,c,d

In vivoIn vivo



Tumor Gene ExpressionTumor Gene Expression

In vivoIn vivo



Neuroendocrine activation of Neuroendocrine activation of 
human tumor viruseshuman tumor viruseshuman tumor viruseshuman tumor viruses

In vitroIn vitro



Neuroendocrine activation of KSHV

Viral replication

In vitroIn vitro



UVUV--induced skin cancer in stressed miceinduced skin cancer in stressed miceUVUV induced skin cancer in stressed miceinduced skin cancer in stressed mice

Tissue CD25+             Blood Treg

In vivo



Nasopharyngeal carcinoma cell invasionNasopharyngeal carcinoma cell invasionp y gp y g

In vitroIn vitro



Human ovarian cancer cell invasionHuman ovarian cancer cell invasion

MMP-9Membrane invasion

Membrane 
Invasion MMP-9

In vitroIn vitro



Cytokine levels in human ovarian cancerCytokine levels in human ovarian canceryy

Plasma IL-6 Ascites IL-6 Serum VEGF

In vivoIn vivo



Human ovarian tumor cells Human ovarian tumor cells 
in stressed micein stressed micein stressed micein stressed mice

SKOV3SKOV3
HeyA8

SKOV3-ip

In vivoIn vivo



Overarching Themes*Overarching Themes*gg
• Stress biology can influence tumor biology

– 1.5 – 3-fold effects observed1.5 3 fold effects observed

• Mechanisms are being elucidated
– Neuroendocrine regulation of:g

• Neoplastic cell growth
• Tumor gene expression
• Viral gene expression• Viral gene expression
• Cell-mediated immunity
• Invasion
• Tumor growth and progression

• Opportunity to test adjuvant interventions
* See also: Biobehavioral Influences on Cancer Biology: An Emerging Opportunity (2007) 



AgendaAgendaAgendaAgenda

• 15 minute presentation

• Five minute question and answer

• Discussion



Effects of Chronic Stress Effects of Chronic Stress 
on Cancer Growth on Cancer Growth 
and Progressionand Progression
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Social Environment and Social Environment and 
Tumor Biology: The Role of Tumor Biology: The Role of 
GlucocorticoidGlucocorticoid--mediated  mediated  

Tumor Cell SurvivalTumor Cell Survival
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GeneGene--Social Environment Social Environment 
Interactions in CancerInteractions in CancerInteractions in CancerInteractions in Cancer
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Symposium PurposeSymposium PurposeSymposium PurposeSymposium Purpose

• Facilitate knowledge of this emerging 
i th NCI b h i l harea in the NCI behavioral research 

portfolio

• Obtain BSA input on how NCI can best:
Expand the breadth and depth of–Expand the breadth and depth of 
this transdisciplinary science
Catal e prod cti e high impact–Catalyze productive high impact 
collaborations





Effects of Chronic Stress on Cancer Effects of Chronic Stress on Cancer 
Growth and ProgressionGrowth and ProgressionGrowth and ProgressionGrowth and Progression
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OVERVIEWOVERVIEW

Response to stress

M h i f ff t tMechanisms of effects on tumor 
microenvironment



The Stress ResponseThe Stress Response

Glaser and Kiecolt-Glaser, Nat Rev Immunol, 2005



Effects of Chronic Stress Effects of Chronic Stress 

Immune System:
d ll di t d i itdecrease cell mediated immunity        
(i.e., natural killer cells, lymphocytes)
decrease humoral response                 p
(i.e., antibodies)

Glaser and Kiecolt-Glaser, Nat Rev Immunol, 2005

Cancer Biology:      
modulate apoptosis
i t i t ll t iincrease matrix metalloproteinases
increase in VEGF

Lutgendorf, Sood et al., Cancer, 2002
Lutgendorf, Sood et al., Clin Cancer Res, 2003
Antoni…Sood, Nat Rev Cancer, 2006



In VivoIn Vivo Effects of Chronic StressEffects of Chronic Stress



Development of a ModelDevelopment of a ModelDevelopment of a ModelDevelopment of a Model



Norepinephrine LevelsNorepinephrine Levelsp pp p

1.0m
g) 0.30g)O O t

0 0

0.5

E 
(n

g/
m

0 00
0.10
0.20

N
E 

(n
g/

mOvary Omentum

0.0
0 3 7 14

 Time (days)

N 0.00
0 3 7 14Time (days)

N

( y )

1.00

g/
m

g)

Spleen
Legend:

0.00

0.50

N
E 

(n
g g

Restrained
Control

0 3 7 14
Time (days)



S h f Ch i St M d lS h f Ch i St M d lSchema of Chronic Stress ModelSchema of Chronic Stress Model

Day #       -7           0            7           14            
2121
Restraint 
stressstress

Tumor cell 
i j tiinjection

Necropsy



Effect of chronic stress onEffect of chronic stress onEffect of chronic stress on Effect of chronic stress on 
orthotopic HeyA8 ovarian cancerorthotopic HeyA8 ovarian cancer

3 10
Mean Tumor Weight Mean Tumor Nodules
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Thaker…Sood, Nature Med, 2006



Effect of chronic stress on Effect of chronic stress on 
orthotopic ovarian cancerorthotopic ovarian cancer

Controls had disease 
confined to the peritonealconfined to the peritoneal 
cavity

50% f t d i l50% of stressed animals 
had parenchymal liver, 
splenic or pleuralsplenic, or pleural 
metastasis

Thaker…Sood, Nature Med, 2006



Effect of chronic stressEffect of chronic stress ++ ββ--blockadeblockadeEffect of chronic stress Effect of chronic stress ++ ββ--blockade blockade 
on orthotopic HeyA8 ovarian canceron orthotopic HeyA8 ovarian cancer
Mean Tumor Weight Mean Tumor Nodules
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- stress
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Control
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Placebo 
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Propranolol 
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Thaker…Sood, Nature Med, 2006



Effect of chronic stress Effect of chronic stress ++ ββ--blockade on blockade on 
i i i i ii i i i iangiogenesis in ovarian carcinomaangiogenesis in ovarian carcinoma

Thaker…Sood, Nature Med, 2006



Effect of chronic stress on angiogenesisEffect of chronic stress on angiogenesis

Thaker…Sood, Nature Med, 2006



Effect of chronic stress on angiogenesisEffect of chronic stress on angiogenesis

Thaker…Sood, Nature Med, 2006



Effect of Effect of ββ--receptor silencingreceptor silencingββ p gp g

*p<0.01
**p<0.001

Thaker…Sood, Nature Med, 2006



Effect of VEGFEffect of VEGF R inhibitionR inhibitionEffect of VEGFEffect of VEGF--R inhibitionR inhibition



Mechanisms of VEGF ActivationMechanisms of VEGF ActivationMechanisms of VEGF ActivationMechanisms of VEGF Activation

Thaker…Sood, Nature Med, 2006



Effects of stress 
on tumor 

microenvironment

Antoni, Lutgendorf, Cole, Dhabhar, g
Sephton, McDonald, Stefanek, Sood
Nature Reviews Cancer, 2006



ConclusionsConclusions
Chronic stress not only accelerates ovarianChronic stress not only accelerates ovarian 
cancer growth, but also causes a more 
invasive pattern of spread in this modelinvasive pattern of spread in this model.

These effects are mediated by beta-
receptors that establish a favorable 
microenvironment for tumor growth.



Future DirectionsFuture Directions
i i i ii i i iExamine the microenvironment in human Examine the microenvironment in human 

tumors in the context of behavioral factorstumors in the context of behavioral factors

Mechanisms (immune and nonMechanisms (immune and non--immune) by immune) by 
which biobehavioral factors affect tumor which biobehavioral factors affect tumor 
growthgrowth

Develop intervention strategiesDevelop intervention strategiesDevelop intervention strategies Develop intervention strategies ––
behavioral and/or pharmacologicalbehavioral and/or pharmacological
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Social environment and Social environment and Social environment and Social environment and 
tumor biology: The role of tumor biology: The role of 
gl cocorticoidgl cocorticoid mediated mediated glucocorticoidglucocorticoid--mediated mediated 
tumor cell survivaltumor cell survival

Suzanne Conzen, MDSuzanne Conzen, MD
Associate ProfessorAssociate ProfessorAssociate ProfessorAssociate Professor
Department of Medicine and Department of Medicine and 
The Ben May Department of Cancer ResearchThe Ben May Department of Cancer Research
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Identification of novel anti-apoptotic signals

MCF 10AMCF 10A--MycMyc

Apoptotic stressApoptotic stress
(chemotherapy, radiation, DNA damage, (chemotherapy, radiation, DNA damage, 

growth factor deprivation)growth factor deprivation)

APOPTOSIS>
proliferation

apoptosis<<PROLIFERATION
?

Tumor
Growth

Glucocorticoids



Glucocorticoids (GCs) provide a potent 
anti apoptotic signal to MCF10A Myc cellsanti-apoptotic signal to MCF10A-Myc cells

-GCs

+GCs+GCs
Moran et al, Cancer Res 64, 2000



Primary human breast epithelium and Primary human breast epithelium and 
cancers express glucocorticoid receptorscancers express glucocorticoid receptorscancers express glucocorticoid receptorscancers express glucocorticoid receptors

DCISNormal Invasive

Williams, Delgado and Conzen, In prep.



GCs inhibit chemotherapyGCs inhibit chemotherapy--induced apoptosisinduced apoptosis

Western analysis

Mikosz et al., JBC, 2002
Wu et al., Cancer Research 2004



Does GR activation inhibit tumor Does GR activation inhibit tumor 
response to chemotherapy response to chemotherapy in vivoin vivo??????

MDA-MB-231 cells
(h b t

response to chemotherapy response to chemotherapy in vivoin vivo??????

(human breast cancer
cell line) 

5-6 week old  
female SCID mouse

Paclitaxel +/-Dex Days 1-5

MDA-MB-231 injected
into mammary fat pady p

Pang et al., Can Bio and Therapy, 2006



MBMB--MDAMDA--231 xenografts:  Glucocorticoids 231 xenografts:  Glucocorticoids 
decrease paclitaxeldecrease paclitaxel--induced apoptosisinduced apoptosisdecrease paclitaxeldecrease paclitaxel induced apoptosisinduced apoptosis

*
*p=0.005

*

*

p<0 05

*
*p<0.05



What is the basis of our What is the basis of our 
transdisciplinary work with transdisciplinary work with p yp y

behavioral/social scientists?behavioral/social scientists?
The glucocorticoid story — The social isolation story

C  L b
McClintock LabDoes an Does an 

Conzen Lab
GR inhibits 
apoptosis

Relative social 
isolation results 

increasedincreased
cortcort

responseresponsep p
in mammary 
epithelium

in larger 
mammary gland 
tumors in Sprague 

responseresponse
favorfavor
tumortumor

th?th? p g
Dawley ratsgrowth?growth?



CanCan social environment social environment 
affect tumor growth?affect tumor growth?

Cross-disciplinary research

IndividualPopulation

p y

B h i /

Individual

Tumor

Population

Social 
Behavior/
hormones Gene expression/

Cell survival

Tumor
Environment

Cell survival

McClintock MK, Conzen SD et al., J Gerontol B Psychol Sci Soc Sci., 2005



What model can be used What model can be used 
to test this framework?to test this framework?to test this framework?to test this framework?

C3(1) SV40 Tag transgenic mice* 

Well-defined genetic predisposition for 
mammary gland cancer
C3(1) promoter targets Tag to MG but 
is not activated by the GR
Bl ki  t i  i  th  thBlocking apoptosis increases the growth
of Tag MG tumors (e.g., Tag  x  BAX -/-)
However behavioral studies in SV40 Tag miceHowever, behavioral studies in SV40 Tag mice 
have not been performed.

****



A Model of Social Isolation A Model of Social Isolation ––
SV40 Tag MiceSV40 Tag Mice

G h dSingle-housed Group-housed

versus

Hypothesis:
Chronic social isolation will result in 
• an acquired vigilant behavioral phenotype
• increased corticosterone response to acute stressorsc eased co cos e o e espo se o acu e s esso s
• increased mammary tumor growth (? inhibit apoptosis)



Behavior: “Vigilance” in a potentially threatening Behavior: “Vigilance” in a potentially threatening 
environment can be measuredenvironment can be measured

Vigilant Curious



Behavior: Effect of social isolation Behavior: Effect of social isolation 
on vigilance in SV40 Tag miceon vigilance in SV40 Tag mice
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Endocrine response: Effect of social Endocrine response: Effect of social 
isolation on corticosterone levels isolation on corticosterone levels isolation on corticosterone levels isolation on corticosterone levels 

following a mild stressorfollowing a mild stressor

Slope of the rise:  p=.022
Absolute increase: p=.032



Tumor growth: Effect of social isolation Tumor growth: Effect of social isolation Tumor growth: Effect of social isolation Tumor growth: Effect of social isolation 
on mammary tumor sizeon mammary tumor size

I l t d ( 15)
(22 weeks)

Grouped (n=15) Isolated (n=15)

(n=28 tumors/
12 mice)

(n=38 tumors/
12 mice)

( )

mixed effects ANOVA p = .024



HowHow does social environment does social environment 
affect tumor growth?affect tumor growth?

Future Plans

Population

Future Plans

Individual

Tumor

Population

Social 
Acquired 
vigilance/

GR activation
GR-mediated 

gene expression/

TumorIsolation

• Vary D fi i  di l gene expression/
cell survival

y
timing • Defining diurnal 

cort patterns 
(24 hours) • Measuring apoptosis

T   i• Tumor gene expression
• Response to chemorx



Translational ImplicationsTranslational Implications
ObservationsObservations

• Understanding of GR mechanisms in 
progression and resistance to 

Translational ImplicationsTranslational Implications

Examine GR in breast cancer 
subtypes to assess GR as a progression and resistance to 

therapy

• Blocking GR targets can 

subtypes to assess GR as a 
predictive or prognostic marker

Test selective inhibitors of GR and 
increase tumor cell sensitivity 
to chemotherapy/ radiotherapy 
in vitro

of its downstream effectors in 
preclinical models and Phase 
0/1 clinical trials

• Implication of possible adverse effect 
of glucocorticoid administration on 
h  i

Prospective clinical trial with 
and without glucocorticoid 

di tichemorx responsiveness

• Cortisol responses to stress differ 
depending upon social environment 

premedication

Collaborate with social scientists 
to examine cortisol and GR depending upon social environment 

and support systems
to examine cortisol and GR 
expression in studies on social 
isolation and cancer
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Gene-Social Environment Interactions in Cancer
A bioinformatic approach

Steve W. Cole, Ph.D.
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Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?4. What are the prospects for protective intervention?
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KSHV / HHV 8KSHV / HHV-8

0.5% replicating

BC3 cells latently infected with KSHV

+ 10 uM Norepinephrine

22.8% replicating

Chang et al. (2005)  Journal of Virology, 79, 13538
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Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?4. What are the prospects for protective intervention?

Answer:  Neuroendocrine activation of cellular signal-transduction pathways.



Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?4. What are the prospects for protective intervention?
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Sp1
CREB
NF-κB

Cole et al. (2005)  Bioinformatics 21, 803



Sp1
CREB
NF-κB

Cole et al. (2005)  Bioinformatics 21, 803



Depression and ovarian carcinoma: functional genomics

• 10 primary ovarian epithelial carcinomas
- 5 pt with high social support and low depression

p g

5 pt. with high social support and low depression
- 5 pt. with low social support and high depression
- matched on Grade, Stage, and histological subtype

• Global gene expression profiling
- Affymetrix U133A high-density oligonucleotide arrays
- simultaneous hybridization in UCLA / Jonsson Cancer Center DNA Microarray Core
- low-level expression analysis by Robust Multi-array Averaging (RMA)

• Bioinformatics
1. Identify differentially expressed genes (> 2-fold)
2. Identify upstream transcription control pathways (www.telis.ucla.edu)



Depression and ovarian carcinoma: functional genomics
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Depression and ovarian carcinoma: functional genomics
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Depression and ovarian carcinoma: functional genomics
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Depression and ovarian carcinoma: functional genomics
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Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?4. What are the prospects for protective intervention?

Answer:  Risk-related activation of the cAMP / PKA / CREB pathway in 
primary ovarian tumors
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β-AR pathway genes: ovarian carcinoma
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β-AR pathway genes: ovarian carcinoma
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β-AR pathway genes: ovarian carcinoma

Functional Regional
Gene relationship alteration         Consistency

ADRB1 + - -
ADRB2 + + +
ADRB3 + + +
ADCY1 + + +
ADCY2 + + +
ADCY3 + + +

13 / 14: Haplotype p = .00006

ADCY3 + + +
ADCY6 + + +
ADCY7 + + +
ADCY8 + + +ADCY8
ADCY9 + + +
PRKACA + + +
PRKACB + + +
PRKAR1A          - - +
PRKAR2A          - - +



Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?4. What are the prospects for protective intervention?

Answer:  Evidence of selection for β-AR / PKA genes in ovarian cancer
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Biobehavioral regulation of gene expression in cancer

1. How do social factors regulate gene expression?

2. Are these “social signal transduction” pathways active in clinical cancer?

3. Do they shape the evolution of the tumor genome?

4. What are the prospects for protective intervention?

Basic science: Pathway identification

4. What are the prospects for protective intervention?

Basic science:  Pathway identification
- rational targeting of interventions (agent selection, personal risk profiling)
- genomic biomarkers for intervention impact

T l ti l t it β AR thTranslational opportunity:  β-AR pathway
- β-blockade (safe, cheap, effective?)
- molecular manipulation (ADRB2, ADCY, transcription factors, stay upstream for leverage)
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Overarching Themes*Overarching Themes*gg
• Stress biology can influence tumor biology

– 1.5 – 3-fold effects observed1.5 3 fold effects observed

• Mechanisms are being elucidated
– Neuroendocrine regulation of:g

• Neoplastic cell growth
• Tumor gene expression
• Viral gene expression• Viral gene expression
• Cell-mediated immunity
• Invasion
• Tumor growth and progression

• Opportunity to test adjuvant interventions
* See also: Biobehavioral Influences on Cancer Biology: An Emerging Opportunity (2007) 



Future DirectionsFuture DirectionsFuture DirectionsFuture Directions

• Breadth of effects

• Biological 
mechanismsmechanisms

• Clinical impactClinical impact



OpportunitiesOpportunitiespppp

• Basic science
• Quantitative experimental models
• Pharmacologic and molecular tools
• In vivo models of human tumor biology

• Translational science
• Pilot trials for neuroendocrine modifiers
• Biomarkers for biobehavioral influences

• Transdisciplinary science



Symposium PurposeSymposium PurposeSymposium PurposeSymposium Purpose

• Facilitate knowledge of this emerging 
i th NCI b h i l harea in the NCI behavioral research 

portfolio

• Obtain BSA input on how NCI can best:
Expand the breadth and depth of–Expand the breadth and depth of 
this transdisciplinary science
Catal e prod cti e high impact–Catalyze productive high impact 
collaborations






