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INTRODUCTION


There is an increasing interest in understanding the role of native adult stem cells (ASC) in tissue development and repair. This interest has significantly grown after recent discoveries that indicate that ASC’s have a level of plasticity and cell fate transition much higher than what was initially thought. This fact is tremendously relevant for the tissue engineering field, since it could eventually lead to the use of ASCs for tissue repair or development in disease.


Prior to its potential use, a thorough characterization of ASC morphological and functional characterization is necessary. This has been done for some tissue types. Since there is the lack of good markers for native ASC detection, a reasonable alternative approach consist of performing same-species transplantation of labeled ASCs and look at the activity of those foreign –labeled- cells in their new environment. The mammary gland is an attractive potential candidate for testing ASC plasticity because it could also provide an test bed for expanding ASC in vivo. However a morphological, spatial and functional characterization of ASCs in the mammary gland remains to be done. 


We want to use this technique to identify the three-dimensional location and distribution of transplanted Green Fluorescence Protein (GFP) labeled ASCs in recapitulated mammary glands.  Since ASC activity is dynamic and may involved migration from the locus of transplantation, we aim at complementing initial in vitro studies with in vivo detection of GFP-ASC activity using intra-vital microscopy and whole body detection of GFP emissions.

SPECIFIC AIMS

1. Using GFP-genetically marked mice to generate mammary outgrowths in non-marked glands, we will use our existing computer assisted 3D microscopy system to analyze the gland morphology, and the location and spatial distribution of the transplanted GFP-labeled mammary ASC cells.   Distant organs will be examined to determine if mammary ASC circulate.

2. To test whether bone marrow ASC can contribute to the development of the mammary epithelium after migration through the blood stream, GFP-genetically marked bone marrow cells will be transplanted irradiated 3-week old isogeneic wildtype female mice.  The cleared epithelium-divested fat pads will then be transplanted with mammary epithelial fragments stimulate outgrowth.  These will be analyzed using our 3D microscopy system to identify the location, and spatial distribution of the transplanted bone-marrow GFP-labeled cells. If GFP-labeled cells are incorporated into the mammary outgrowths, it is a clear indication of ASC fate transition.

3. If 2 generates positive results, we will further study this ASC homing and phenomenon using intravital microscopy and whole cell imagers for in vivo detection of GFP-ASC cells. 

BACKGROUND AND SIGNIFICANCE
1. Involvement of epithelial cell progenitors in mammary gland development

It is a well known fact, since the experiments by DeOme et al [DeOme 59] published in 1959, that almost any part of a mammary gland epithelium can recapitulate the entire glandular structure and function after being transplanted into a cleared, mammary gland divested mammary fat pad. This indicates the presence of a subpopulation of epithelial cell progenitors within the developed mammary gland, which can produce mammary gland outgrowths upon transplantation, responding to stimulation by local growth factors and hormone activity. G. Smith [Smith 96] has shown the existence of at least two epithelial cell progenitor types, one involved in lobular development and the other in ductal development. One of the problems that remain unsolved, and we want to address in this project, is how the hormonal status, dictated by the developmental stage, can give rise to these two phenotypes from a generic epithelial undifferentiated stem cell type.

2. Identification of adult mammary gland stem cells

A morphological candidate has been already proposed from an epithelial stem cell in the mouse mammary gland [Smith 88][Kenney 01]. The authors analyzed mammary outgrowths obtained upon transplantation of mammary eptihelial cells into mammary gland cleared fat pads. Markers for multiple products ((-casein, (-catenin, E-cadherin, etc...) were used to identify the remaining fraction of undifferentiated adult stem cells, with characteristic morphological features: spherical nuclei, pale stained cytoplasm, distributed among the epithelia in both ductal and lobulo-alveolar structures. We believe that using mammary cells from GFP-expressing cells, obtained from a GFP enhanced (EGFP) transgenic mouse line, and a sistematic search (see below) we will be able to better characterize the morphology and distribution of mammary epithelial progenitor cells. The EGFP transgenic mice contains a GFP cDNA under the control of a chicken beta-actin promoter and cytomegalovirus enhancer that makes all of the tissues, with the exception of erythrocytes and hair, appear green under excitation of light. This fact will make it easier to identify the progenitor cells and their progeny within the non-flourescent native environment of the host animal.  

3. 3D reconstruction
Under current funding, we have developed a computer-assisted system for semi-automatic reconstruction and molecular analysis of thick –physically sectioned- tissue blocks [Fernández-González 01][Fernández-González 02] [Ortiz de Solórzano 02]. Using this system we significantly reduce the amount of work required for imaging, annotating and analyzing sections of multi-color, multi-resolution sections of tissue. In this project, we propose to use our system to reconstruct mammary gland outgrowths and locate GFP labeled adult stem cells and their progeny within the native environment of the host.

4. Adult stem cell migration and cell fate change

Recent studies [Bittner 99][Brazelton 00][Krause 01][Lagasse 00][Mezey 00] have challenged the existing believe that adult stem cell had a predefined, irreversible fate. They show how bone marrow derived stem cells can migrate through the blood flow, enter different organs, and under specific a microenvironment, alter their function and differentiate into different cell types (e.g. cardiac myocytes, liver hepatocytes, neural cells,…). This shows a level of plasticity and change beyond what was thought until the late 90’s. It has not been found yet such a migration and cell-fate change in the development of the mammary gland, and we want to look at this possibility. We therefore want to ask if bone marrow cells directly injected in cleared, growth stimulated fat mammary pads, can change their fate and contribute to the recapitulation of the mammary gland. Then, we will look at the possible migration of transplanted bone-marrow cells from the mammary gland to other distant organs of the animals.

5. In vivo detection of GFP-labeled adult stem cells 


Near single cell detection of GFP labeled cells within mouse models has been reported possible using intravital microscopy [Yang 02]. In their studies, light absorption and scattering were reduced by imaging through a simple, minimally invasive reversible skin flap. We want to use this technique to identify and follow in vivo the development of mammary outgrowths, which will give us a dynamic picture of the activity and involvement of the transplanted GFP-labeled adult stem cells statically inferred from in vitro experiments.

Finally, whole body imaging of microscopic epithelial structures has been reported using light-detecting box [Yang 00]. Using this technique we aim at tracking the development of the mammary outgrowths in vivo.
Overall, the outcome of this project will be the establishment of a new research line in the division, focused on the role of adult stem cells in mammary gland development from a whole-gland perspective. This involves using three-dimensional microscopy and GFP-like staining, what naturally leads towards the development of non-invasive in vivo imaging and image analysis techniques. This can be of great use not only in gland-morphogenesis studies, but in the study of neoplastic events as well.

METHODS
Year 1 

1. Acquire and breed two couples of GFP enhanced transgenic mice (C57BL/6-TgN(ACTbEGFP), from Jackson Laboratories (Bar Harbor, ME, USA) until an stable progeny of transgenic animals is achieved.
2. Characterize the GFP strain by sampling 2 animals at 3 different developmental stages (pre-puberal, post-puberal, pregnant), extracting their mammary glands, fully sectioning, scanning and reconstructing them with our 3D reconstruction software. We establish the efficiency of the transgene by looking at the intensity and distribution of green cells in the “all-green” epithelium of the gland.

3. Prepare primary cell cultures of mouse mammary epithelium, after extracting the mammary gland of 10 virgin GFP-mice mammary glands.

4. Implant the cells into the #4 inginal fat pads of twelve (12) 3-week old nude mice, whose mammary glands were previously surgically cleared.

5. Euthanize three animals every two weeks. Extract both #4 inginal glands along with other organs (e.g. lungs, brain, liver). Fully reconstruct the mammary gland outgrowths of the mammary glands, and look at the distribution of green epithelial cells, which are the original adult cells of the GFP-mice and their progeny. Establish the morphology and the distribution of green cells in the different parts of the glands. Cut a transversal thin section of the other organs, image them using our scanning optical microscope, and look for evidence of green cells, which may be adult stem cells migrated to distant organs from the mammary gland.

Year 2
1. Prepare primary cell cultures of bone marrow cells extracted from 10 GFP mice.

2. Prepare primary cell cultures of epithelial cells from surgically removed mammary glands of normal wild type mice.

3. Implant the both bone marrow and epithelial cells in twelve (12) 3-week old nude mice, whose mammary glands  will be surgically removed.

4. Repeat #5 (yr.1), now asking if and when bone marrow green cells can be found as part of the mammary outgrowths.

5. Implant epithelial cells (from the culture established in #3 yr. 1) in three (3) 3-week old nude mice, whose mammary glands will be surgically removed.

6. Using intravital microscopy after opening a reversible skin flap on the torso of the animals, near the 4th inginal gland, determine whether high resolution images (single cell) can be obtained of the development of the mammary outgrowths.

7. Simultaneously, establish the level of resolution that can be obtained by performing whole-body images of the animals, using a light box an correlate both intravital and whole-animal images.
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