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Announcement

Dr. Douglas Faller (Professor of Medicine and Biochemistry and Director of the Cancer Center), Dr. Maria Trojanowska (Professor of Medicine, and Director, Arthritis Center), and Dr. Tien Hsu (professor of Medicine/Hem/Onc), are leading a new pre-ARC focused on Stromal Biology and Cancer. As expected of pre-ARCs, the group includes investigators with interdisciplinary expertise relevant to this field of research in cancer biology, aiming at forming collaborative efforts using innovative approaches and ideas for designing new cancer therapeutics.

The group meets every first Wednesday of the month at 1:30 pm in E542. For more information about content, potential participation, etc., please contact Douglas Faller <dfaller@bu.edu>, Maria Trojanowska <trojanme@bu.edu>, and/or Tien Hsu <tienh@bu.edu>,.

Overview of Goals and Mission

The emerging concept of stromal biology originates from the realization that all organs, healthy or diseased, rely on the supporting tissues for growth and maintenance.  For example, stem cells are absolutely dependent on the supporting microenvironment called "niche" that consists of matrix, blood vessels, immune cells, fibroblasts and other tissue-specific cell types for maintaining the stem cell characteristics.  Another example is cancer.  Tumors cannot grow without physical support from matrix proteins and growth factors supplied by stromal cells such as macrophages and myofibroblasts.  However, cancer treatments over the past 40 years have uniformly targeted the cancer cells themselves, which because of their mutator phenotype invariably become drug-resistant.  The result is that cancer remains largely incurable.  Evidence has shown that targeting the host stromal cells can be highly effective and reduces toxicity to non-malignant tissues.  The reason that investigation of cancer stroma, although active, has remained in the periphery of cancer research is mainly because of the complexity of stromal biology, which involves the entire physiology of the host and a combination of many different cell types.  To tackle such complex problems, a multidisciplinary research approach is required.  For example, cancer stroma and the fibrotic diseases share many common features such as invasion of immune cells and fibroblasts, and the appearance of fibrosis.  Thus, a new direction of cancer research requires collaboration of experts from fibrotic diseases, immunology, cancer biology, and matrix biology.  Our goal is to foster interdisciplinary collaborations that will lead to innovative research projects, and ultimately novel therapeutics.

Significance

Increasing evidence has implicated the importance of cancer stroma in promoting cancer progression (Engels et al., 2012; Orimo and Weinberg, 2006).  Stromal environment consists of extra-cellular matrix and several cell types including blood vessel- and lymphatic vessel-associated cells (endothelial cells, pericytes, smooth muscle cells, etc.), fibroblasts and immune cells, all embedded in the extra-cellular matrix (Fig. 1).  These components are the focus of this pre-ARC interest group:

First, in the tumor microenvironment, normal stromal cells are usually "activated" or otherwise altered phenotypically. In particular, carcinoma (or cancer)-associated fibroblasts (CAFs) are myofibroblasts that have been shown to promote tumor growth in xenograft models.  Interestingly, early studies showed that mammary CAFs retained their tumor-promoting capability even after 10 passages in vitro (Orimo et al., 2005), suggesting genetic or epigenetic changes in CAFs.  Indeed, mutational events in stromal cells have been suggested to be part of the tumorigenic program (Barcellos-Hoff and Ravani, 2000; Fukino et al., 2004; Kurose et al., 2002; Maffini et al., 2004; Moinfar et al., 2000), and DNA methylation and miRNA-mediated epigenetic changes have been identified (Hu et al., 2005; Mitra et al., 2012).  Alternatively, self-perpetuating autocrine signaling may also contribute to long-term maintenance of the CAF phenotypes. However, the exact inductive events leading to CAF formation is still unclear.  We believe there are at least two potential complications in the current studies of CAFs or myofibroblasts in general.  First, most of the research on tumor stromal fibroblasts to-date has used resected human tumors as a source.  These isolated CAFs/myofibroblasts represent the "late-stage" phenotype of the stromal cells.  These CAFs may be different in their characteristics and sensitivity to therapeutics from the myofibroblasts associated with earlier stages of tumor progression.  Targeting these CAFs may not be effective in preventing tumor growth.  The concept of step-wise induction of tumor transformation by stromal myofibroblasts has been proposed (Otranto et al., 2012).  It is therefore reasonable to suggest that stromal myofibroblasts may also undergo gradual transformation in step with tumor progression.  Such gradual transformation of stromal cells has indeed been noted in the clinical settings for some time [e.g., (Ogawa et al., 2002)], and experimental models also suggest that "multiple hits" are necessary to endow the stromal myofibroblasts with hyperplasia-inducing, then malignancy-inducing capacities [e.g., (Zong et al., 2012)].  

Second, the immune component of the cancer stroma is also a critical factor in cancer progression.  It has been well-documented that tumor-associated macrophages (TAMs) can promote cancer growth either by direct paracrine action on tumor cells or by inducing angiogenesis.  Other components such as tumor-associated neutrophils (TAN) and myeloid-derived suppressor cells (MDSCs) have also been shown to be tumor-supportive (Hanahan and Coussens, 2012).  This tumor-supportive immune function is therefore a paradox that contradicts the normal host immunity.  Thus, the key point is to understand the transition at which protective host immunity turns into tumor-supportive chronic inflammation, which remains to be elucidated.

Third, the tumor mass, including tumor cells and all stromal cellular components, are supported by the extra-cellular matrix.  For example, interstitial collagen can sustain the epithelial-to-mesenchymal phenotype of the tumor cells (Zhang et al., 2013), and is critical for invasiveness (Conklin et al., 2011).  Recently, mechanosignal transduction has also been implicated in tumor progression (Provenzano et al., 2009). 

[image: image1.wmf]We believe that current stromal biology research is largely separated by these different components.  One key aim of the pre-ARC group is to examine the interaction among these stromal components.

Goals

The immediate goal of the pre-ARC period of the SBC is to assemble a team of diverse expertise, and to introduce to participants the available technologies and reagents.  We will begin to identify key questions to address, and form collaborations to tackle these questions.

Several immerging themes will be our initial focus:

1. The origin and function of CAF/myofibroblasts

2. Diverse functions of TGF- signaling 

3. Matrix-mediated signaling 

4. Development of in vitro/ex vivo matrix system for assaying stroma-cancer cell interaction

5. Small molecules targeting stromal components

6. Metastasis and stroma 

7. Development of core facility and common reagents: mouse models for lineage-tracing, tumor stromal cell samples and in vitro/ex vivo assay systems.

Current Members (Refer to APPENDIX for members' research interest)

	Name/Title
	Departments/School
	Role in Pre-ARC
	Email
	Website

	Douglas Faller, MD/PhD, Professor
	Medicine, Micro, Path, Biochemistry/Medicine
	Co-director
	dfaller@bu.edu
	www.bumc.bu.edu/immunology/itp-faculty-andtheir-research/douglas-v-faller-phd-md/

	Maria Trojanowska, PhD, Professor
	Medicine/Medicine
	Co-director
	trojanme@bu.edu
	http://www.bumc.bu.edu/medicine/faculty/arthritis-center/

	Tien Hsu, PhD,

Professor
	Medicine/Medicine
	Co-director
	tienh@bu.edu
	www.bumc.bu.edu/hematology/research/tien-hsu-ph-d/

	Jeff Browning, PhD, Visiting Scientist
	Microbiology/Medicine
	Investigator
	browninj@bu.edu
	

	Yan Dai, PhD, Assistant Professor
	Medicine/Medicine
	Investigator
	yandai@bu.edu
	www.bumc.bu.edu/medicine/dai/

	Hui Feng, MD/PhD, Assistant Professor
	Pharmacology and Medicine/Medicine
	Investigator
	huifeng@bu.edu
	www.bumc.bu.edu/busm-pm/faculty/faculty-profiles/hui-feng-m-d-ph-d/

	Mikel Garcia-Marcos, PhD, Assistant Professor
	Biochemistry/Medicine
	Investigator
	mgm1@bu.edu
	www.bumc.bu.edu/biochemistry/people/faculty/mikel-garcia-marcos/

	Alessandra Farina, MD/PhD, Research Assistant Professor
	Medicine/Medicine
	Investigator
	farina@bu.edu
	http://www.bumc.bu.edu/medicine/faculty/farina/

	Rong Han, PhD, Instructor
	Medicine/Medicine
	Investigator
	ronghan@bu.edu
	

	Kathrin Kirsch, PhD, Associate Professor
	Biochemistry/Medicine
	Investigator
	kirschk@bu.edu
	www.bumc.bu.edu/biochemistry/people/faculty/kathrin-h-kirsch/

	Matthew Layne, PhD, Assistant Professor
	Biochemistry/Medicine
	Investigator
	mlayne@bu.edu
	www.bumc.bu.edu/biochemistry/people/faculty/mlayne/

	Valentina Perissi, PhD, Assistant Professor
	Biochemistry/Medicine
	Investigator
	vperissi@bu.edu
	www.bumc.bu.edu/biochemistry/people/faculty/valentina-perissi/

	Katya Ravid, DSc/PhD,

Professor
	Medicine and Biochemistry/Medicine
	Investigator
	kravid@bu.edu
	www.bumc.bu.edu/medicine/faculty/ravid/

	Amar Salomon, DDS/MS/PhD, Professor
	Periodontology & Oral Biology/Dental
	Investigator
	samar@bu.edu
	www.bu.edu/dental/profile/salomon-amar/

	Barbara Smith, PhD, Professor
	Biochemistry/Medicine
	Investigator
	bdsmith@bu.edu
	http://www.bumc.bu.edu/biochemistry/people/faculty/smith/

	Sam Thiagalingam, PhD, Associate Professor
	Medicine and Pathology & Lab Medicine/Medicine
	Investigator
	samthia@bu.edu
	www.bumc.bu.edu/genetics/genetics-people/faculty/thia/

	Philip Trackman, PhD, Professor
	Periodontology & Oral Biology/Dental
	Investigator
	trackman@bu.edu
	http://www.bu.edu/dental/profile/philip-trackman/

	Bob Varelas, PhD, Assistant Professor
	Biochemistry/Medicine
	Investigator
	xvarelas@bu.edu
	www.bumc.bu.edu/biochemistry/people/faculty/varelas/

	Muhammad Zaman, PhD, Associate Professor
	Biomedical Engineering

/Engineering
	Investigator
	zaman@bu.edu
	www.bu.edu/zaman/
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APPENDIX

Member research interests
Jeff Browning 

Pericyte-like cells are central to tissue organization and function.  These cells range from pluripotent progenitors (e.g. mesenchymal stem cells, pre-adipocytes) for adipocytes,  chondrocytes and the classical vascular mural cell to myofibroblasts. Lymph nodes (LN) are unique in their ability to expand in response to events occurring in the draining tissue bed followed eventually by reversal to the resting state.  These volume changes include adaptation by not only the vasculature and lymphatics, but also the pericyte-like reticular stromal networks and as such it is an exquisite model of physiological accommodation or “tissue repair”.   My interest lies in applying the lessons learned from the LN system to understanding pericyte differentiation in pathological settings such as fibrosis in scleroderma and potentially stromal reactions in tumors. 

Yan Dai

My research interest is to study the molecular mechanism of cancer development and progression, with a focus on the role of class III HDACs in tumor growth and metastasis using in vitro and various xenografts mouse models ( subcutaneous, tail vein, prostate, mammary pad injection combined with IVIS imaging).  We show SIRT1 regulates EMT, invasion and cancer cell growth and metastasis. We found that SIRT1 control EGF-EGFR signaling which is a critical in the interaction of tumor and microenvironment.  We hypothesize that SIRT1 regulate cancer cell growth and metastasis by regulating the interaction of tumor and microenvironment.
Douglas V. Faller

The critical role of the tumor “stroma” in cancer development has been increasingly recognized. Tumor initiation, triggered by mutations in proto-oncogenes and/or tumor suppressor genes, is insufficient for the development of cancers. Tumor promotion depends on the interaction between “initiated” cells and their microenvironment. The tumor stroma is reciprocally dependent upon TGF elucidated by the tumor. Infiltrating tumor cells educate the host stroma of the target organ to support metastasis initiation. Cancer-associated fibroblasts (CAFs) are recruited by cancer cell-secreted factors, such as TGF. Through autocrine and paracrine signaling of TGF (and stromal cell-derived factor-1), fibroblasts transdifferentiate into myofibroblasts during tumor progression. Fibrosis/desmoplasia characterizes tumor stroma, and TGF is a crucial inducer of -SMA (smooth muscle actin)-positive CAFs. Lysl oxidase (LOX) is a direct product of the tumor-CAF interface desmoplastic reaction and is induced by fibrogenic pathways such as TGF. TGF also induces a biologic program termed endothelial-to-mesenchymal transition (EndoMT), which contributes directly to tumor stroma. We have developed several generations of novel molecules which inhibit PKC and thereby block components of  TGF signaling related to induction of tumor stroma. These molecules block specific PKC-mediated aspects of TGF signaling in mesenchymal cells: TGF-induced fibrosis, migration, and EndoMT thereby limiting tumor-stromal interactions, and thus limiting tumor progression in vivo. 

Mikel Garcia-Marcos 

Trimerc G proteins are gate-keepers of signal transduction. Traditionally, they are activated by G protein-coupled receptors but it has become increasingly evident that they can also be activated by a diverse group of cytoplasmic proteins. We have previously characterized one of such factors, i.e., GIV aka Girdin, and demonstrated that its abnormal overexpression during cancer progression promotes metastasis. We are actively investigating how GIV/ Girdin regulates tumor cell behavior in response to stimulation by extracellular matrix components. Our current data suggest that GIV/ Girdin may establish a previously unappreciated link between trimeric G proteins and integrin signaling with important implications in cancer progression.

Tien Hsu

Our laboratory is interested in the precancerous tissue changes in the kidney. We have developed a mouse model by conditionally inactivating the von Hippel-Lindau tumor suppressor gene (VHL), the mutations of which account for up to 80% of the familial and sporadic renal cell carcinoma of the clear-cell type (ccRCC).  This conditional Vhl knockout in the kidney tubules resulted in inflammation, fibrosis and hyperplasia, accompanied by infiltration of myofibroblasts.  We are interested in elucidating the stromal abnormalities, such as the recruitment of immune cells and activation of myofibroblasts, that underlie the development of precancerous lesions.  

Kathrin H. Kirsch

My research has centered on the interplay of tumor cells with the extracellular environment. We study the focal adhesion protein p130Cas and the extracellular matrix modifier lysyl oxidase.  The pro-peptide region of lysyl oxidase (LOX-PP) has tumor suppressor activity, while the enzyme region (LOX) has been implicated in metastasis formation, specifically in forming/modulating the metastatic niche.  We demonstrated that a SNP (rs1800449) associates with increased risk of breast cancer and others showed increased risk association with ovarian and gastric cancer.  A knock-in mouse that carries a LOX gene with this SNP is being generated.  This mouse model will be important for elucidating the modifying activity of the stroma by LOX.  More recently, in collaboration with Dr. Layne, we have begun to study the role of ACLP (aortic carboxypeptidase-like protein), which we have found to be highly enriched in the tumor stroma and fibrotic tissue.

Matthew Layne

Our laboratory studies the basic mechanisms of fibroproliferative diseases. Specifically we are investigating the mechanisms of myofibroblast formation by defining the function of novel extracellular matrix components, which stimulate signaling pathways and alter the mechanical properties of tissue. We are developing innovative tools to target these processes to reduce the progression of fibrotic diseases. We are also testing the hypothesis that molecules and pathways, which govern fibrotic remodeling, also function in the tumor stroma.

Valentina Perissi

The major goal of the Perissi lab is to investigate the role of the NCoR/SMRT corepressor complex in maintaining a critical balance between a healthy immune response system and a pathological state of chronic inflammation during disease states such as cancer and diabetes. Our current focus is on a cofactor called G protein Suppressor Protein 2 (GPS2) for which we have recently identified a critical, non-transcriptional role in regulating the enzymatic activity of the TRAF2/CIAP1/Ubc13 ubiquitin-conjugating complex. Ongoing projects aim at determining the role of GPS2, together with associated factors NCoR, HDAC3, TBL1 and TBLR1, in the regulation of inflammatory responses regulated by Toll-like receptors and TNFalpha in adipocytes, macrophages and B-cells.

Sam Thiagalingam

Our major goal is to decipher the Smad signaling connection to epigenetic regulation of breast cancer progression. TGF, a cytokine often present in the tumor microenvironment and secreted by the stromal and tumor cells, plays dual roles during carcinogenesis; an early tumor suppressive and a late-stage pro-oncogenic role. While TGF has been shown to induce cancer progression and metastases, the molecular basis of these effects has remained elusive. We have found a link between hyperactive TGF-TGFR-Smad2 signaling axis and maintenance of epigenetic silencing of critical target genes due to DNA methylation to facilitate breast cancer progression. We plan to extend our initial observations to unravel the Smad signaling mediated molecular mechanisms for the epigenetic regulation of specific target genes that promote breast cancer progression and metastases. 

Philip Trackman

Dr. Trackman’s laboratory studies the regulation of extracellular matrix accumulation in mineralized and non-mineralized normal tissues, and in pathologies in which extracellular matrix accumulation is affected. Goals of our studies are to obtain a greater understanding of the molecular and cellular basis for gingival overgrowth and other fibrotic diseases, and the mechanisms of osteopenia that occurs as a complication of type I diabetes. We showed that oral fibroblasts are resistant to the effects of certain inflammatory factors, and that this resistance contributes to the elevated expression of connective tissue growth factor (CCN2/CTGF). This growth factor, in turn, contributes to gingival overgrowth and oral fibrosis, mediated in part by members of the lysyl oxidase family. In addition, the biological process of epithelial to mesenchymal transition has been identified as a contributor to gingival overgrowth. The lab is also investigating the mechanism of action of the lysyl oxidase propeptide (derived from the extracellular matrix) to inhibit the growth of tumors which are driven by elevated Ras signaling.

 
Maria Trojanowska

Dr. Trojanowska’s laboratory studies the molecular mechanisms that mediate controlled regulation of extracellular matrix turnover in healthy connective tissue and are responsible for dysregulation of this process during fibrosis and tumorigenesis. Currently the laboratory focuses on the role of endothelial cell injury in activation and propagation of fibrogenic cells including, pericytes, fibroblasts, and myofibroblasts using mouse models of fibrosis. The complementary studies using primary endothelial cell cultures focus on activation of the TLR4/PKC/Fli1 pathway as a key pathogenic event leading to endothelial cell injury and activation of adjacent pericytes/fibroblasts. Because activation of tumor stroma contributes to tumor growth and progression, we are planning to extend our investigation to tumor stroma focusing on oral cancer.

Bob Varelas

Research in the Varelas lab focuses on understanding the molecular mechanisms coordinating cell growth with cell fate. We are particularly interested in the role of the Hippo tumor suppressor pathway, an evolutionarily conserved signaling pathway that has emerged as a vital regulator of tissue growth and organ size. Deregulation of the Hippo pathway is associated with a range of diseases, including several forms of cancer. We are incorporating both directed and systems-based approaches to understand how Hippo signaling integrates extrinsic growth factor signals, such as those initiated by TGF and Wnt, with intrinsic mechanosensory cues to direct key events in development and disease. 
Fig. 1. Cancer stroma. BEC, blood endothelial cell; CAF, carcinoma (cancer)-associated fibroblasts; ECM, extra-cellular matrix; LEC, lymphatic endothelial cell; MC, mast cell; MDSC, myeloid-derived suppressor cell; NKT, natural Killer T cell; TAM, tumor-associated macrophage; TAN, tumor-associated neutrophil; Treg, regulatory T cell.
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