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Context of a malignancy in vivo: ���
the Tumor Microenvironment (TME)	
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4th Dimension…time
the real estate…the landscape…changes..



Neoadjuvant Chemotherapy Trial for High-Risk 
Prostate Adenocarcinoma 

Mitoxantrone---Docetaxel

54 Patients: No Complete Responses



Neoadjuvant Chemotherapy Trial for High-Risk 
Prostate Adenocarcinoma 

H2AX DNA 
Damage Foci



DNA Damage-associated Gene Expression	


Sun et al 2012 Nat Med Aug 5

Gene expression in 
primary prostate 
fibroblasts



DNA Damage-associated Secretory Program: DDSP	
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Sun et al 2012 Nat Med Aug 5



DNA Damage-associated Secretory Program: DDSP	
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DNA Damage-associated Secretory Program: DDSP	


Immune Modulation
IL6
IL8
CCL8
CCL11
CCL13
CXCL1
CXCL2
CXCL3
CX3CL1
IL6ST
IL33
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DNA Damage-associated Secretory Program: DDSP 

WNT16B
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Cell Type- and WNT Type-Specific Damage Response���
In Vivo	


Sun et al 2012 Nat Med Aug 5



WNT16B Is Altered in the TME by Chemotherapy	
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WNT16B Is Altered in the TME by Chemotherapy	


Sun et al 2012 Nat Med Aug 5



WNT16B Is Altered in the TME by Chemotherapy in 
Breast and Ovarian Tumors	


Sun et al 2012 Nat Med Aug 5



WNT16B and Outcomes following ���
Neoadjuvant Chemotherapy and RRP	


Sun et al 2012 Nat Med Aug 5



Fibroblast-Derived WNT16B Promotes ���
Epithelial Cell Proliferation	


Sun et al 2012 Nat Med Aug 5



PC3	
 BPH 1

Fibroblast-Derived WNT16B Promotes Epithelial Cell 
Migration Through Paracrine Effects	
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β-Catenin Target Genes Associate with WNT16B ���
Expression After Chemotherapy	


Sun et al 2012 Nat Med Aug 5



Fibroblast WNT16B Promotes Tumor Growth	

…or WNT16B shRNA 



Stromal WNT16B Promotes Tumor Growth	
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1950’s
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Revesz Effect + Corollaries

ü  Lethally-irradiated tumor cells reduced 
the number of non-irradiated tumor 
cells required to initiate a tumor…

ü  Lethally-irradiated tumor cells reduced 
the latency period of tumor growth…

ü  Irradiating the tumor bed 
(microenvironment conferred the same 
effects, and enhanced metastasis…

ü  Irradiated benign cells, co-implanted 
with tumor cells, conferred this effect



Prostate Cancer Cell Chemo-resistance is Enhanced by 
Paracrine-Acting WNT16B	


12 hrs	


72 hrs	


Sun et al 2012 Nat Med Aug 5



Prostate Cancer Chemo-resistance Enhanced by Paracrine-
Acting WNT16B In Vivo	


Sun et al 2012 Nat Med Aug 5



Suppression of the WNT16B contribution to the full DDSP 
attenuates the chemoprotective effect of the DDSP In Vivo	


Sun et al 2012 Nat Med Aug 5



Enhanced Wnt16B expression in multiple organs of 
chemotherapy-treated mice

Western 

Sun et al 2012 Nat Med Aug 5



DDSP: Transduction of Damage to Effector Proteins




NFkB






DNA Damage Induction of WNT16B Occurs Via NFkB

IκBα construct represses NFκB 
signaling…..

A B conditioned medium



DDSP: Master Regulators?

Focus on pathways that are verified or likely 
regulators of the DNA damage secretory response.

 The target molecules will include the DDR proteins:


ü  ATM
ü CHK2 
ü p38MAPK 
ü NFκB
ü mTOR
ü IL-1α
ü HSP27?






DDSP: Master Regulators?--mTOR






mTOR blockade with Rapamycin does not augment 
or inhibit DNA damage

IF staining for DNA double
 strand breaks

Sun et al unpublished

IF staining for DNA double strand breaks: 
Quantitation



Sun et al unpublished

mTOR Blockade Largely Suppresses Key Effectors 
of the DNA Damage Secretory Program

DDSP Components



D

mTOR is an upstream regulator of the DDSP	

control	
 XRT	
 XRT+Rapamycin	


Rapamycin 
blocks major 
components of 
the DDSP	


Red=induced by DNA damage…	
Sun et al unpublished



DDSP: Master Regulators?--mTOR




Rapamycin


Sun et al unpublished



DDSP: Master Regulators?--mTOR




Rapamycin


Sun et al unpublished



DDSP: Master Regulators?--mTOR




Rapamycin


Sun et al unpublished



Enhanced epithelial cell proliferation induced by 
DNA damage to fibroblasts (PSC27-RAD) is 
attenuated by treatment of fibroblasts with 
Rapamycin (RAPA/RAD)

Sun et al unpublished



Resistance to chemotherapy conferred by the DDSP 
from prostate fibroblasts (PSC27-RAD) is attenuated 
by pre-treatment of fibroblasts with Rapamycin 
(RAPA/RAD)

Sun et al unpublished



2. Inhibition of the fibroblast DDSP with rapamycin 
attenuates prostate cancer chemotherapy resistance

Prostate Cancer Xenografts: Tumor Epithelium +/- 
Prostate Fibroblasts (PSC27)

1. Fibroblasts induce prostate cancer resistance to 
systemic chemotherapy 

Sun et al unpublished



Diminished chemoresistance of prostate tumor 
xenografts  by rapamycin administration

Sun et al unpublished Tumor cells alone



Diminished chemoresistance of prostate tumor 
xenografts  by rapamycin administration

Sun et al unpublished Tumor cells + chemotherapy



Diminished chemoresistance of prostate tumor 
xenografts  by rapamycin administration

Sun et al unpublished No RAPA Effect



Diminished chemoresistance of prostate tumor 
xenografts  by rapamycin administration

Sun et al unpublished Tumor cells+Fibroblasts+Chemo



Diminished chemoresistance of prostate tumor 
xenografts  by rapamycin administration

Sun et al unpublished

RAPA + Chemo



Clinical Trial: Co-Targeting Microenvironment Damage 
Response Signals



SUMMARY	

¡ DNA Damage results in a reproducible and expansive 

gene expression program that includes paracrine 
mediators of epithelial growth (e.g. AREG, HGF, 
WNT16B…).

¥ The DDSP may contribute to therapy resistance through 
multiple mechanisms:
ü EMT
ü Resistance to apoptosis
ü Angiogenesis
ü Enhanced tumor cell proliferation/tumor repopulation
ü Modulation of tumor immunity

¤  The fibroblast DDSP includes a spectrum of secreted 
cytokines and chemokines that modulate immune cell 
function (e.g. IL6, IL8, CXCL2… WNT16B?).



Complexities in Modulating 
Microenvironments…	
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WNT16b ??
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Key Questions/Directions	



ü What are the key initiators and effectors of the DNA 
Damage program?

ü Is the DNA damage program (and DDSP) the same in 
every tissue? Every cell?


ü What contributes to the inter-individual variation in the 
microenvironment DDSP ? 


ü Does the therapy-induced DNA Damage/stress program 
contribute substantially to treatment resistance? Can it be 
modified to enhance responses?

ü What is the composite effect of the DDSP on tumor cells 
versus immune responses
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