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ABSTRACT 

 

The tumor microenvironment is a well-recognized contributor to cancer progression in 

solid tumors. Cancer cell interactions with abnormal extracellular matrix, tumor 

associated immune and stromal cells, and aberrant fluid flow all contribute to cancer 

progression. Breast tumors are often characterized by a dense collagenous stroma and a 

hypoxic core. A recently identified and little understood component of the breast tumor 

microenvironment is the breast microbiome. The work described here elaborates on the 

importance of the tumor microenvironment in cancer progression and demonstrates the 

importance of studying cancer-microbiome interactions in the context of tumor 

microenvironmental stimuli. 
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GENERAL AUDIENCE ABSTRACT 

 

One of the major barriers to effective cancer treatment is the environment is which cancer 

grows. Tumors insulate themselves in a thick protein structure that leads to a stiffening of 

the breast tissue. In addition, irregular tumor-associated blood vessels lead to poor blood 

flow, and therefore a lack of oxygen, in the center of the tumor. These and other 

characteristics of tumors create an environment in which cancer cells are resistant to 

current anti-cancer therapies and thereby allows them to flourish. It was recently 

discovered that, contrary to previous belief, there are resident bacteria present in normal 

and cancerous breast tissue. The role they play in controlling cancer development and 

progression in the tumor is unknown. The work described here elaborates on the tumor 

environmental barriers to current anti-cancer therapies and shows how one bacterial 

produced compound may interact with other features of the tumor environment in order 

to control breast cancer survival.  
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CHAPTER 1. INTRODUCT ION 
 

In 2015, breast cancer was the second leading cause of death from cancer for women in 

the U.S. (1). It was estimated that women in the U.S. would be diagnosed with 231,840 

new cases of invasive breast cancer and 60,290 cases of in situ cancer in 2015 (1). 

Perhaps most disconcerting is the fact that, in the United States, incidence rates of breast 

cancer have increased for women ages 20-39 (0.6% per year from 1994 to 2012), ages 

60-69 (1.0% per year since 2004) and ages 70 or older (1.2% per year since 2005) (1). 

For patients with distant metastases, the five-year survival rate is 24% (2).  

 

It is known that one of the major difficulties in treating invasive cancers is the 

pathological microenvironment inherent to these solid tumors. The microenvironment is 

characterized by dense collagen-rich stroma, abnormal fluid flows, and tumor associated 

stromal and immune cells (3, 4). These components act in concert to drive the phenotypic 

changes associated with malignancy and cancer progression (3-5). In addition, these 

microenvironmental factors limit our ability to effectively treat the bulk of the tumor 

tissue. High intratumoral pressure caused by leaky tumor vasculature severely impedes 

flow and, consequently, the ability of chemotherapeutic agents to reach much beyond 

capillaries in the tumor periphery (4-6). Beyond the physical boundaries the tumor 

microenvironment creates, pathological cell interactions are driven by adhesion to the 

tumor extracellular matrix (ECM) as well as by the hypoxia that is caused by ineffective 

vascular flow to the tumor core. These factors drive cancer cell phenotypes that are 

associated with significantly less death from chemotherapy (5, 7-9). Such 

microenvironmental interactions are one reason anti-cancer drug candidates that are 

promising in the preclinical setting fail when applied in clinical trials (10). 

 

In order to better understand and treat invasive breast cancers, it is necessary that we 

develop and utilize better preclinical models of tumor tissue. Cancer research in vitro 

most often involves culturing cells on polystyrene or other plastics (10, 11). By 

incorporating tumor environmental stimuli such as cell-ECM adhesions, we can develop 

improved in vitro models will facilitate both basic science and therapeutic insights (10, 

12). Furthermore, unlike animal models in which human xenograft tumors are interacting 

with non-human microenvironments, in vitro models offer the opportunity to customize 

the tissue engineered system to better represent the human in vivo environment (13, 14). 

These systems also allow for better experimental control which translates to further 

insights into cancer dynamics that may be lost in the noisy in vivo environment (15). In 

this thesis, Chapter 1 provides a full discussion of the complexities of the tumor 

microenvironment and the novel in vitro culture systems that seek to replicate aspects of 

that environment. 

 

One aspect of the breast tumor microenvironment that has, until recently, largely escaped 

attention is the microbiome. For years breast tissue was believed to be sterile (16). 

However, biopsies of breast tissue have revealed many different genera of bacteria 

growing throughout the human breast (16-19). Although many studies have investigated 

and demonstrated the important role gut bacteria play in cancer (20), the investigations 

connecting the breast microbiome to cancer progression are recent and few (17-19). 
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Finally, these interactions are rarely studied in vitro (21) and in the context of tumor 

microenvironmental stimuli (i.e. hypoxia and ECM); the importance of tumor 

microenvironmental stimuli is discussed in Chapter 1. 

 

In an effort to understand these interactions, Chapter 2 details a preliminary investigation 

into the importance of a bacterial secreted molecule, and its impact on tumor 

microenvironmental interactions relevant to breast cancer progression. This study utilized 

N-(3-oxododecanoyl)-L-homoserine lactone (OdDHL), a quorum-sensing molecule 

secreted by Pseudomonas bacteria (22). This is a genus of bacteria that has been shown to 

represent a significant portion of the breast microbiome (16, 23-26)), and also to impact 

the viability of a wide range of mammalian cells (21, 27-31). Significantly, it selectively 

kills off breast cancer cells while having no significant impact on non-malignant breast 

epithelial cells (21). Thus, we used OdDHL to study the differential response of 

malignant and non-malignant breast cells subjected to tumor relevant stressors of hypoxia 

and a dense collagen-rich tissue mimic. It was found that such stressors significantly 

altered the response of malignant cells lines. This outcome emphasizes the importance of 

microbiome-tumor microenvironment interactions from both a basic science and 

therapeutic perspective.   
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