
Fibroblast lineage tracing in metastatic and pre-metastatic microenvironments
Jamie L. Null, Dae Joong Kim, Yu Zhang, James V. McCann, Thomas H. Barker, and Andrew C. Dudley

Results

The University of Virginia Department of Microbiology, Immunology, and Cancer Biology, & the Department of Biomedical Engineering, Charlottesville, Virginia, USA

Abstract
Breast cancer is one of the leading causes of cancer-related mortality among women worldwide, and the 
overwhelming majority of breast cancer patient deaths are caused by metastatic disease rather than 
primary tumor growth. Tumor cell dissemination and colonization of distant tissues is incompletely 
understood and is largely incurable using existing therapies. Metastatic disease is particularly intractable 
because metastasis is not solely driven by tumor cell-intrinsic properties but is instead a consequence of 
dynamic, heterotypic interactions between cancer cells and other cell types in the tumor microenvironment 
(TME) including cancer-associated fibroblasts (CAFs). CAFs are a prominent component of the breast 
TME and are important during multiple stages of tumor development, including metastasis. However, 
CAFs have been shown to display paradoxical functions across different cancer types, suggesting that 
heterogeneous CAF subpopulations may play opposing roles in the TME. It was recently shown that 
periostin, a TGFβ-induced matricellular protein involved in extracellular matrix stiffening (ECM), can 
distinguish CAF subtypes in breast cancer. This specific CAF subpopulation is not well characterized, and 
its source, functional properties, and contribution to disease progression have not been studied in vivo. 
Thus, I have developed a reporter mouse model that allows for in vivo genetic labelling of periostin+ 
subpopulations to better delineate their expansion and functions during breast tumor growth and 
metastasis. My data indicates that ZSGreen-labelled periostin-expressing CAFs are more abundant in 
primary tumors, metastases, and pre-metastatic niches of highly-metastatic breast tumor cells compared 
to their low-metastatic counterparts. I also observe that ZSGreen+ cells in highly metastatic tumors are 
larger and more spindle-shaped and that periostin knockdown in CAFs reduces their migratory capacity, 
suggesting a potential role for periostin in fibroblast spreading and motility. My results point to a selective 
activation of periostin+ precursors in the TME that could enable tumor invasion via ECM-mediated 
mechanisms. 

Fig 1. Expression of periostin, a TGFβ-induced matricellular protein, 
predicts poor outcome in human breast cancer patients.

Fig 5. Primary CAFs express abundant periostin in vitro, and periostin 
knockdown inhibits cell spreading and migration.

Future directions
i. High-metastatic tumor study following in vivo depletion of periostin-expressing cells using Postn-

CreERT2:DTA mice 
ii. Atomic force microscopy and traction force microscopy to measure changes in biomechanical 

properties of CAFs following periostin knockdown  
iii. Tumor cell/CAF co-culture spheroid assay to assess changes in invasion following periostin 

knockdown 

Fig 4. Collagen fibers are longer and display directionality in highly 
metastatic breast tumors.

Fig 2. Spindle-shaped periostin+ cells are more abundant in highly 
metastatic breast tumors.

Fig 3. Periostin+ cells are more abundant in the lungs and lymph nodes 
of mice bearing highly metastatic breast tumors.Juntilla et al. Nature (2013) Kalluri. Nature Reviews Cancer (2016)

Adapted from Obenauf and Massague. Trends in Cancer (2015)
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