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BIOMATERIALS FOR RECONSTRUCTION
Rebuilding tissue after tumor resection 

Breast

Esophagus

Dura

Biodesign® Dural Graft
Durepair™

Surgisis®

AlloDerm™
Permacol™

SYNTHETIC IMPLANTS BIOLOGICAL SCAFFOLDS



SYNTHETIC AND BIOLOGICAL MATERIALS
Replacing physical structure versus re-growing tissue

SYNTHETIC 

BIOLOGICAL

Synthetic implants induce a foreign 

body response (fibrotic capsule)

Do biological scaffolds that support 

tissue repair promote tumor growth?
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Wolf, et al, Science Translational Medicine, 2019

Biological scaffolds reduce tumor growth

Biological scaffold co-implantation with tumor cells
Replacing physical structure versus re-growing tissue
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Biological scaffolds synergize with checkpoint blockade
TH2/M2 with biomaterials differs from tumor

Lymphoid aggregates



2015

Development (2020) 147, dev181636 

involved in healing/fibrosis 



Tumor microenvironmentWound microenvironment

Senescent cells: a stromal bridge to the immune systemNew discoveries in wound environment  implications for tumors and immunotherapy

BIOMATERIALS AS MODELS FOR THE TUMOR MICROENVIRONMENT

There is a continuum of wounds - from healing to non-healing - that are regulated 

by intrinsic and extrinsic factors that correlate with tumor properties



Fibrosis, chronic inflammation

Non-healing wound

Healing wound
Inflammationresolution
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SYNTHETIC

MODELS OF HEALING AND NON-HEALING TISSUE ENVIRONMENTS

Different biomaterials create unique immune and tissue environments  

BIOLOGICAL



MODELS OF HEALING AND NON-HEALING TISSUE ENVIRONMENTS

Sadtler et al., Science, 2016

Material

No Treatment

BIOLOGICAL
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MODELS OF HEALING AND NON-HEALING TISSUE ENVIRONMENTS

Chung, et al, Science Translational Medicine, 2020

SYNTHETIC

Fibrosis Picrosirius Red

PCL particle
Breast implant Fibrosis 



THE IMMUNE RESPONSE TO SYNTHETIC MATERIALS

Lee et al, Archives of Plastic Surgery



CD3+ T cells

THE SYNTHETIC IMPLANT RESPONSE

Chung et al., Elisseeff, Science Translational 

Medicine, April 2020.



IL17A

IFNγ

CD3+CD4+ CD3+γδ+

T CELL RESPONSE TO BREAST IMPLANTS

Gedge Rosson, MD

Average patient age was 56 (range of 

41-70 years) 

Average implant residence time was 

41 months (range of 1-360 months). 
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Liam Chung

Loss of IL-17 signaling reduces macrophages and fibrosis

Wild type IL17A-/- IL17RA-/-
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SENESCENT CELLS: a key factor in a non-healing wound? 

Senescence-associated 

secretory phenotype 

(SASP) IL6

IL1b

Development

Wound healing

Aging Diseases

Cancer 

p16

p21

Growth Arrest
Replicative senescence

Oncogenic senescence

Redox senescence

Immunologically-induced senescence?

What is a SnC?

SnCs do NOT overlap with CAF subsets and cannot be detected by single cell

p16INK4a

FAPα

CD90

DAPI

p16INK4a
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CLEARANCE OF SNC PROMOTES HEALING AND REDUCES FIBROSIS

INFLAMMATION REDUCED 

PAIN REDUCED 
Senescent cells

IL-6, IL-1b 

TISSUE REPAIR AFTER SENOLYSIS

Vehicle Senolytic regimen
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Kim, Jeon et al., Nature Medicine 2017 



IMMUNOLOGICALLY-INDUCED SENESCENCE

Naïve 

T cell

Senescent

FB 

p16 IL6

Inflammatory-

induced Senescence

Faust, Zhang, Han, et al., JCI, 2020
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Senescent cells

IL-6, IL-1b 

Th17

IL17

New therapeutic targets for FBR



Reduction in the FBR with treatment



WHICH CELL TYPES ARE SENESCENT IN WOUND AND TUMOR?

Jan van Deursen

Cdkn2aCreErt2:LSLtdTomato
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SENESCENCE IN THE TUMOR MICROENVIRONMENT

Consistent in B6-F10

Variable in young MC38

Consistent in aged MC38

Senescence formation 

in the TME
Human p16

HPV+ head/neck 

metastasis in lymph node

Colon cancer

Matt Wolf

p16

sample stromal cancer conclusion

4183 + +/- mixed

4185 +/- +/- mixed

4188 - + tumor

4199 + - stromal

3752 - + tumor

3754 + - stromal

4194 - + tumor

4195 - + tumor

4197 + + mixed

4198 + - stromal

(-) stroma means p16 in stroma not radically different from control, 

not that there isn’t any p16 in stroma. Likewise, (-) tumor does not 
mean 0 p16 in cancer cells, just comparatively not a large increase.

(+) stromal (-) cancer 4199T (-) stromal (+) cancer 4188T

Mixed: (+) stromal (+) cancer 4197T

3/10 stromal p16+
4/10 cancer p16+

3/10 mixed stromal/cancer p16+



SnC’s INCREASE IO-RESPONSIVE TUMORS IN A SEX-DEPENDENT 
MANNER 

MC38 tumors +/- PD-L1, 74 wk old mice

Senescent cells: a stromal bridge to the immune systemWHAT IS THE SnC PHENOTYPE AND REQUIREMENT FOR RESPONES?



Janis Taube

Tricia Cotrell

Franck Housseau

(colon cancer)

Clinical relevance: SnCs in lung tumor neoadjuvant PD-1 clinical studies

p16INK4a CD31 aSMA

DAPI

Senescent cells: a stromal bridge to the immune systemDo SnCs correlate with response/resistance and how does location impact response?



Tumor microenvironmentWound microenvironment

Senescent cells: a stromal bridge to the immune system

Healing and non-healing wounds and biomaterial models to define the tumor 

microenvironment and IO responsiveness
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Unpublished data

SnC doping and IO responsiveness

Adding senescent cells (artificial) increases tumor growth
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