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INTRODUCTION:  
 
The DOD Award Number DAMD17-02-1-0595 research project had three specific aims. As mentioned in the 
report for year 2, the first aim was to determine which tissue in the rat mammary gland was the target of the 
chemical carcinogen N-nitrosomethylurea. This aim was fulfilled. The second aim included screening and 
counting lesions and performing morphometric data analysis of whole mounts (branching pattern, relative 
abundance of the different ductal and alveolar structures). These studies were directed at identifying the 
changes occurring between the time of exposure and the appearance of neoplasias. This aim was also fulfilled. 
Finally, as described for Aim #3, during years two and three we explored the specific roles of hyaluronan and 
EMMPRIN, two molecules that are enriched in tumors and involved in tumor-stromal cell interactions as 
mediators of neoplastic initiation and progression.  
 
BODY:  
 
HYPOTHESIS: Are the targets of the carcinogen the genomic DNA of epithelial cells, the stroma, or both? 
The answer to this question was the stroma. During the three-year period of support we have accomplished the 
following:  
Aim #1. The data collected were published (The stroma as a crucial target of chemical carcinogens in the rat 
mammary gland. Maricel V. Maffini, Ana M. Soto, Janine M. Calabro, Angelo A. Ucci and Carlos 
Sonnenschein, Journal of Cell Science, 117, 1495-1502, 2004). This publication merited being editorialized in 
the same issue of the Journal of Cell Science (Weaver VM, Gilbert P 2004 Watch thy neighbor: cancer is a 
communal affair. Journal of Cell Science 117:1495-1502) 

Briefly, only those animals whose stroma was exposed to NMU developed neoplasias, regardless of whether or 
not the transplanted mammary epithelial cells were exposed to the carcinogen. The Ha-ras mutation was also 
assessed in DNA isolated from NMU-exposed and non-exposed mammary epithelial cells, mammary 
fibroblasts, and mammary pre-adipocytes collected from intact virgin rats and grown in culture. The presence of 
the mutation did not correlate with cell type, culture conditions or carcinogen treatment. These results 
highlighted the need to explore the roles that the stroma components play in rodent mammary carcinogenesis; 
these components include the cells (fibroblasts, adipocytes, macrophages, mast cells) and the extracellular 
matrix. The next step will be to explore the role of the stroma in 3-dimensional tissue culture models for 
carcinogenesis. We have identified novel silkworm fibroins that form scaffoldings and mats as a promising 
experimental model where cellular and extracellular components of the mammary gland will be studied.  
 
Aim #2. To establish a pattern of the dynamic, temporal response of the stroma and the epithelium of the 
different combinations of tissue involved in mammary carcinogenesis as outlined in Aim #1. Our experimental 
results and those by other groups indicated that the mammary glands are most vulnerable to chemical 
carcinogenesis at puberty and become resistant as the rats age. Maximal resistance is achieved after pregnancy 
and lactation.  In the same context of Aim #1, we explored the role of the stroma during what we interpreted as 
tumor inhibition. Namely, we assessed whether the ability of the cleared mammary gland fat pad (CFP) to 
normalize cancer cells varied during diverse physiological states, more specifically, the age of the host. A pilot 
study revealed that epithelial carcinoma cells (ECCs) formed tumors when injected in CFPs of “young” (24 and 
50 day-old) hosts. In contrast, tumor development was substantially inhibited or absent when tumor cells were 
injected into CFP of “adult” (80 and 150 day-old) or multiparous hosts (after 2 pregnancies followed by 
complete nursing of pups). Most remarkably, these data suggested a parallel to the phenomenon of age-
dependent susceptibility and resistance to chemical carcinogens.  That is, the incidence of transplanted tumors 
decreased as the age at which rats were inoculated with tumor cells increased. In addition, twice-pregnant rats 
developed no tumors from the tumor cells implanted (see Figure 1, below). This experiment was completed 
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during the third year of funding and has now been published in the American Journal of Pathology (Maffini, 
Calabro et al. 2005).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: The incidence of secondary tumors decreased with the age of the stroma. The parous host only developed 
normal ductal outgrowths. **Statistically different from twice-parous, 150- and 80-day-old host groups. * 
Statistically different from twice-parous, and 150-day-old host groups. 
 
Hence, susceptibility to chemical carcinogens and the ability to reprogram the neoplastic behavior seem to be 
linked to aging; more specifically, the ability of these tumors cells to organize as ducts or as tumors is regulated 
by the age of the stroma in which they are implanted. Thus, as susceptibility to carcinogenesis decreases, the 
ability of the stroma to reprogram neoplastic epithelial cells as normal epithelial duct cells increases. This 
observation strongly supports the notion that the neoplastic phenotype is context-dependent and, hence, it offers 
the intriguing possibility that the process of carcinogenesis is amenable to normalization or “cure” once the 
mechanisms of stroma-mediated “normalization” are elucidated.  
 
Aim #3. To define the relationship between early carcinogenic events and peri- and extracellular markers that 
are known to affect the proliferative and invasive behavior of cancer cells. We tried to optimize the protocols to 
characterize EMMPRIN and hyaluronic acid expression using immunohistochemistry and histochemistry 
techniques, respectively. EMMPRIN was localized in the epithelial cells while HA was mostly localized in the 
fibroblasts of the periductal stroma. Both histochemical reactions showed a very high background with spurious 
staining of the fat pad. Despite redoubled efforts to resolve this technical problem, it could not be circumvented. 
Quantification of hyaluronic acid using an ELISA assay could not be performed due to technical problems. In 
addition to these technical problems, the earliest evidence for ductal structures in recombined mammary glands 
occurred not before 60 days following the injection of 50,000 tumor cells. Renewed efforts to refine an ELISA 
were unsuccessful and this precluded observing hyaluronic acid and EMMPRIN expression during early 
neoplastic development. The alternative to further pursue this line of investigation would have made us incur 
into expenditures of animals and culture components beyond the budget allotted to these activities by the DOD. 
To remedy this situation, we opted to gain information about early events in rat mammary gland carcinogenesis 
by performing DNA microarrays. Genome-wide DNA Microarray analysis was performed with RNA extracted 
from the cleared mammary fat pads of rats treated with vehicle or 50 mg/kg NMU at 50 days of age. The 
mammary glands were harvested 5 days later (the time of recombination with epithelial cells). To avoid 
confounding by hormonal status, only animals in proestrus were used.  We found that NMU treatment resulted 
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in 37 genes being up-regulated genes (17 were EST) and 36 genes being down-regulated (19 were EST) at a 
ratio of 1.5 (p=0.05). Ontology analysis resulted in the following categories being significantly up-regulated: 
IR: immune response (6 genes), ST: signal transduction (11 genes), M: metabolism (3 genes), CA: cell adhesion 
(1 gene), R: receptor (1 gene) and T: transcription (2 genes). We are completing the analysis of these data and 
preparing a manuscript for publication. 
 
 
 
 
 
 
 
 
         
 
Frequency of gene expression in mammary gland stroma: The graph on the left represents the ontogeny of 
the up-regulated genes and the graph on the left represents the down-regulated genes. The data represents the 
genes that were expressed higher than 1.5 fold and have a p value higher than 0.05 
 
 
To accommodate a novel perspective on the role of the stroma in carcinogenesis, a rigorous analysis of 
concepts, definitions and experimental approaches is now needed. This will facilitate the identification of the 
mediators responsible for the altered tissue phenotype in cancers and of ways to reverse their effect by adopting 
a solid epigenetic perspective. 
 
KEY RESEARCH ACCOMPLISHMENTS:  
 
• We have completed Aim 1: the results clearly establish that the stroma is a main target of chemical 
carcinogens and suggest that carcinogenesis is a tissue organization-based problem.  
• Our data collected while developing Aim 2 strengthened the notion that the stroma is the most prominent 
target of the carcinogen and, equally important, the stroma has the capacity to “normalize” the neoplastic 
properties of rat mammary gland tumors. 
• The histochemical techniques needed to explore the original Aim # 3 could not be optimized because of 
technical problems.  Instead, we explored the early carcinogenic events by using DNA microarrays in order to 
define which genes and groups of genes are differentially expressed during these early stages of carcinogenesis. 
We are currently processing these data to be included in a publication that is now in preparation. 
 
REPORTABLE OUTCOMES:  
 

• Preliminary data was presented in the 12th International Conference of the International Society of 
Differentiation. (see enclosed abstract)  

• A paper was published reporting the results of Aim # 1 (see enclosed JCS paper). 
• A paper was published reporting the results of Aim # 2 (see enclosed AJP paper). 
• Presentations of our observations were made at the 2002 and 2003 Gordon Research Conferences, the 

2005 Keystone Conferences and 2005 DOD Era of Hope meetings. 
 
 
CONCLUSIONS:  
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Under a theory–neutral experimental design, we tested whether the primary target of the carcinogen was the 
epithelium, the stroma, or both tissue compartments. We concluded that neoplastic transformation of mammary 
epithelial cells occurred only when the stroma was exposed in vivo to N-nitrosomethylurea, regardless of 
whether or not the epithelial cells were exposed to the carcinogen. Mutation in the Ha-ras-1 gene did not 
correlate with initiation of neoplasia. Thus, our results suggest that the stroma is a crucial target of the 
carcinogen and that mutation in the Ha-ras-1 gene is neither necessary nor sufficient for tumor initiation. 
Next, we have found evidence that the ability of the stroma to induce and to curtail neoplastic behavior is age-
dependent. That is, rat epithelial mammary tumor cells injected in cleared fat pads of isogenic hosts developed 
following a pattern comparable to that followed when the carcinogen NMU is injected to rats of different ages 
and also to rats that have gone through two pregnancies. In other words, the stroma of the host rats is affected 
by age and by pregnancy; as a result, either cellular or extracellular components, or both, are able to modulate 
the ability of tumor cells in their ability to either grow as tumors or to form a phenotypically normal ductal tree. 
These observations merit a closer look at the interactions among these tumor cells and stromal cells and 
extracellular molecules. 
 
REFERENCES:  
 
Soto AM, Maffini MV, Calabro JM, Wieloch C, Sonnenschein C: Mammary gland stroma is responsible for 
epithelial cell neoplasia. Differentiation 70:321, 2002 
 
Maffini MV, Soto AM, Calabro JM, Ucci AA, and Sonnenschein C: The stroma as a crucial target of chemical 
carcinogens in the rat mammary gland. Journal of Cell Science, 117, 1495-1502, 2004. 
 
Maffini MV, Calabro JM, Soto AM, Sonnenschein C: Stromal regulation of neoplastic development: Age-
dependent normalization of neoplastic mammary cells by mammary stroma. American Journal of Pathology 
2005; 67: 1405-10 
 
Soto AM, Sonnenschein C: Emergentism as a default: cancer as a problem of tissue organization. Journal of 
Biosciences 2005; 30: 103-18  
 
Soto AM, Sonnenschein C: The somatic mutation theory of cancer: growing problems with the paradigm? 
BioEssays 2004; 26: 1097-107 
 
Sonnenschein C, Soto AM: Are times a' changin' in carcinogenesis? Endocrinology 2005; 146: 11-2 
 
Sonnenschein C, Soto AM: Carcinogenesis and metastasis now in the third dimension- What's in it for 
pathologists? American Journal of Pathology 2006; 168: 363-6 
 
 
APPENDICES: 
 
Soto AM, Maffini MV, Calabro JM, Wieloch C, Sonnenschein C: Mammary gland stroma is responsible for 
epithelial cell neoplasia. Differentiation 70:321, 2002 
 
Maffini MV, Soto AM, Calabro JM, Ucci AA and Sonnenschein C: The stroma as a crucial target of chemical 
carcinogens in the rat mammary gland. Journal of Cell Science, 117, 1495-1502, 2004 
 



8 

Maffini MV, Calabro JM, Soto AM, Sonnenschein C: Stromal regulation of neoplastic development: Age-
dependent normalization of neoplastic mammary cells by mammary stroma. American Journal of Pathology 
2005; 67: 1405-10 
 




































































	0210595--2006-07-11--15h-19m-14s.pdf
	COVER0595.pdf
	TITLE:  Do Perturbed Epithelial-Mesenchymal Interactions Drive Early Stages of Carcinogenesis


	[Untitled].pdf



