Morphogenesis Mammary Cells
Positional importance of the cells for branching morphogenesis in Mammary gland cells

Abstract

Branching morphogenesis is a process whereby ductal epithelial cells form branched structures and involves EGF-induced epithelial-mesenchymal transition (EMT), a central mechanism for diversifying the cells found in complex tissues. It has been recently reported that the geometry of the branch plays an important role in determining the sites at which the cells branch out. To confirm this hypothesis we used different shapes of tubules with different surface area ratios made by using a micro-patterning approach which helped us control the initial three-dimensional structure. We also conducted experiments to check for the affect of neighboring epithelial cells in branching .The results give us a clear understanding of the influence of the geometry, inhibitory morphogens and neighboring cells in determining the branching site in mammary gland cells. This shape factor now brings in the whole new dimension on how we looked at branching morphogenesis from being a very random process to a very specific process and this is the one of the reason why most of our organs end up in almost the similar shape and not in any random shape.

Specific Aim 1:

To test the role of positional context in branching morphogenesis of mammary branching morphogenesis

In a recent paper by Nelson et al, it was proposed that branching morphogenesis is a function of shape, they also mentioned that there is an increase tubule length increases the branching .In this aim, we will explore this hypothesis further by fabricating shapes that allow for specific control over surface area, different ratios of sides and the alignment of the tubules. Our hypothesis is that the branching is a surface area phenomena and branching takes place from the direction with the smallest surface area. We also propose that the by using the required shapes we can confirm the existence of a inhibitor released that controls branching by using suitable controls.

Specific Aim 2:

To test the role of the inhibitory morphogens secreted by local epithelial cells in determining branching sites of mammary branching morphogenesis.

In a recent paper by Nelson et al, it was proposed that the branching position was determined by autocrine inhibitory morphogens secreted locally by epithelial cells. In this aim, we are exploring this hypothesis further by alternating the cells with cells that don't secrete any inhibitory morphogens and check if there is any affect in the branching, variations in distance between the two sets of cells will give us a clear picture of the dependence on neighboring cells

Background and Significance:

Branching morphogenesis is fundamental process to the formation of diverse tissues from the tracheal networks of insects to complex organs of higher organisms. Although the final forms and functions of most of these arborized organs are different, many of the major mechanisms that define their morphogenesis tend to be the same in all branched organs, on the other hand other specialized mechanisms are responsible for tissue and species specific features. In general, this process entails the initial specification and formation of an organ anlage, its invagination, the start and outgrowth of its earliest branches, its spatial organization through reiterative branching events and tissue remodeling, the formation of a continuous lumen, and tissue-specific differentiation of the entire network and its terminal structures. Most of the aspects of branching morphogenesis are well or partly understood [1-4], whereas many others are waiting to be solved. The mammary gland, unlike other branched organs undergoes most of its branching during the adolescent stage rather than fetal development. In mice, mammary development begins shortly after mid-gestation, when bilateral epidermal ridges form, along which five pairs of disk-shaped placodes form at the site of each future nipple [5].

Each placode then invaginates forming a bulb-shaped bud, the primary mammary rudiment that penetrates the underlying mesenchyme and enters the cluster of pre-adipocytes hence becoming the mammary fat pad. A limited number of branches sprout from the invading anlage so that a rudimentary ductal tree of the overall fat pad is present at birth. This rudimentary gland grows large enough to keep up with normal body growth until puberty, after that robust hormone-dependent branching begins. At this stage, bulbous terminal end buds (TEBs) form at the tips of the ducts and start to penetrate farther into the fat pad as the ducts elongate. New primary ducts are then formed by the bifurcation of the TEBs, and secondary side-branches sprout laterally from the trailing ducts till there is a extensive system of branched ducts throughout the fat pad system until the entire fat pad of the young adult is filled by an extensive system of branched ducts. Short tertiary side-branches form along the ducts in response to cycling ovarian hormones, filling out the mature ductal tree. Also, lobulo-alveolar structures develop like leaves at the ends of tertiary branches. Mammary transplants form pure ductal structures, whereas others form only alveolar outgrowths, mammary development in humans is slightly different from the traditionally studied mouse model. Limited data from first-trimester human embryos also reveal the formation of a bilateral mammary ridge which leads to the formation s of placodes, appearance and in growth of mammary bulbs, and initial budding of the nascent mammary cone [6]. There is also a conspicuous absence of hair pegs around the mammary anlagen. In mice a rudimentary ductal is formed in the latter stages through progressive elongation, canalization and branching of anlage.

After puberty, the female human breast undergoes different amounts of TEB formation, duct elongation, dichotomous and lateral branching terminal duct lobular unit formation and stromal expansion. Mammary branching can be separated into embryonic, adolescent and adult phases, each of which is differentially regulated. For example , adolescent branching requires estrogen and estrogen receptor-α (ER-α), adult tertiary side branching requires progesterone and its receptor (PR), and embryonic branching is hormone independent, as it can be observed in mice lacking ER-α, ER-β, PR or the receptors for growth hormone (GH) and prolactin [7,8]. .Branching is also affected by local interaction between the developing duct epithelium and the nearby stromal cells. Indeed, tissue transplantation studies in which mammary epithelium and salivary mesenchyme [9] or skin epithelium and mammary mesenchyme [10] were recombined demonstrate that mesenchymal cues control the branching pattern of the epithelium, regardless of epithelial origin.

Local regulation of branching morphogenesis: the role of epidermal growth factor receptor

EGFR is a receptor tyrosine kinase that is effective by binding to one of seven ligands and dimerizing with another EGFR monomer or one of three related ErbB receptors. Notably, EGFR ligands rescue the development of the ductal cells in ovariectomized [11] and ER-α-deficient mice [12], and EGFR activation in ovariectomized mice by exogenous estrogen suggests [13], that EGFR promotes mammary branching downstream of ER-α. Several EGFR ligands promote mammary development if given exogenously; except for, amphiregulin which is up regulated at puberty and is required as ductal outgrowth is impaired in amphiregulin-deficient mice but not in mice lacking EGF transforming growth,

Nuclear-stained whole mounts illustrating ductal branching morphogenesis of the abdominal mammary gland. (a) Embryonic day 18.5; (b) age 3 weeks; (c) age 4.5 weeks; (d) age 11 weeks. Ductal penetration into the mammary fat pad can be judged with respect to the nipple and/or main lactiferous duct (arrowhead), central lymph node (LN), distal LN (as seen in (d)) and fat pad margins. Terminal end buds are readily apparent in the growing 4.5-week gland, and short tertiary branches are apparent in the mature 11-week gland. Scale bars, 0.5 mm (a) and 1 mm (b-d). [14]

transforming growth factor-α (TGF-α), heparin-binding EGF-like growth factor, or betacellulin [15, 16]. In the stoma EGFR's key ligand amphiregulin is exclusively expressed and required in the epithelium [11, 13, 15]. Notably, the transmembrane metalloproteinase ADAM (a disintegrin and metalloproteinase) (TNF-α-converting enzyme; TACE) can release amphiregulin and other EGFR ligands in culture. ADAM17 has an essential role in the epithelial-stromal cross-talk that regulates mammary development by liberating an essential ligand (amphiregulin) that is expressed only on epithelial cells so it can activate its receptor (EGFR) on stromal cells. The persistent failure of ADAM17-deficient glands to catch up over time despite the presence of other related enzymes also means that ADAM17 is the only physiologic sheddase for amphiregulin or that it is independently regulated. Interestingly, the only endogenous inhibitor of ADAM17, issue inhibitor of metalloproteinase 3 (TIMP-3, estrogen is a potent inducer of amphiregulin, and G protein- coupled receptors can stimulate ADAM17-mediated EGFR transactivation in culture. However, the exact reason that affects ADAM17 activity during mammary development is not yet known. Nor is it clear what lies downstream of EGFR. Because TIMP- 1 inhibits mammary branching in culture and in vivo, but does not inhibit ADAM17, at least one other metalloproteinase must be involved, and because metalloproteinase inhibitors block branching in culture in response to EGFR agonists [17], they are probably inhibiting enzymes that act downstream of EGFR.]. Moreover, MMP-2 regulates mammary ductal elongation in vivo; MMP-3 (stromelysin-1), which has not been linked to EGFR signaling, regulates sidebranching; and MMP-14, which is induced in the presumably activated stromal cells surrounding TEBs, promotes ductal development by activating MMP-2 and collaborating with it to degrade type I collagen [16,17]. Stromal fibroblast growth factors (FGFs) and their epithelial receptors play key roles in the branching of the Drosophila tracheal system and also in mammalian lung, salivary gland and kidney branching, suggesting that similar mechanisms may also influence mammary branching.

Negative regulators of branching morphogenesis:

Although controls against precocious, accelerated, or excess branching undoubtedly exist, a full understanding of negative regulators and their individual importance is difficult to obtain because of the redundant or unrelated mechanisms that may sometime exist in this kind of system. For example, the MMP inhibitor TIMP-1 inhibits ductal development as its primary function, but its absence has no effect on branching in a loss of function. [17]. Thus it is unclear whether TIMP-1 is truly involved or compensated for by other TIMPs. Considerable evidence indicates that TGF-β1 acts as a key negative regulator of mammary branching by limiting the epithelial proliferation and stimulating extracellular matrix (ECM) production [18, 19].Mammary-targeted expression of activated TGF-β1 forms the typomorphic ductal tree, the slow-release of TGF-β1 implants lead to inhibition of epithelial proliferation, TEB formation and ductal elongation, TGF-β1-deficient mice, which have less than 10% of normal TGF-β1 levels, exhibit two to four times more proliferation than normal mice . TGF-β1 heterozygous glands exhibit accelerated outgrowth in wild-type fat pads, indicating that the growth inhibitory effects of TGF-β1 are epithelial in origin. TGF-β1 aids in the maintenance of proper ductal spacing by helping neighboring ducts to avoid one another. Moreover, TGF-β decreases MMP-3 expression, which would tend to stop secondary side-branching without affecting ductal elongation, whereas it increases MMP-2 expression, which increases ductal elongation

We have come to realize that branching morphogenesis is a very important part of organ development and hence making it a very important process to understand. We know that branching in mammary duct glands are controlled by a number of factors and it is highly impossible to find out all the processes that play a role in governing the direction, path and amount of branching. In mammary glands it has been observed that branching occurs from an existing tubule and it has been proved [20] that the initial geometry is an important precursor for determining the branching sites .. Understanding branching morphogenesis as a process that takes the initial geometry in consideration is very important and significant in the study of this subject.

Aim 1:

Preliminary Studies:

The preliminary studies were conducted by Nelson et al, 2006 .They conducted studies on mammary duct branching morphogenesis using a micro-patterned approach where they made 3D tubules of required length in collagen and filled the tubules with normal EpH4 mouse mammary epithelial cells. These were then allowed to branch out after addition of EGF and this was viewed using confocal microscopy. Different shapes of tubules were used in this study and the branching was seen to initiate at the ends as compared to the sides or in the middle. They also used computational modeling to check for the concentration of hypothetical inhibitory molecules through out the tubule length considering the molecules diffused out because of concentration gradients in the environment. They found out that the concentration of the molecules was lower at the places where branching initiated hence showing that there is a direct co-relation between the shape of the module to the inhibitory molecule concentration to the position of the branching sites. They also conducted an experiment where they kept two tubules close to each other and checked for branching and saw that branching occurred only when there was a gap >75um between the two tubules strengthening the concept of the existence of inhibitory molecules and how their relative concentration affects the branching sites. Taking this concept further they investigated the effect of the length of the tubule on the amount of branching and they observed that the amount of branching increased considerably when they increased the length of the tubule but the site of branching remains the same. These studies were conducted with the effort to introduce a new way of viewing branching morphogenesis and studying some of the factors that may be influencing the position of the branching.

Research Design and Methods:

Rationale:
· The preliminary studies carried out by Nelson et al , 2006 showed us only the tip of the iceberg when it comes to understanding the significance of the shapes of the tubules with respect to branching morphogenesis in mammary ducts .Though the experiments carried out with the different shapes seem to be telling a story about the existence of inhibitors that influence the sites for branching , they have not explained why the branching takes place in the end convincingly enough, as their model of the release of inhibitory molecules doesn't hold good for some shapes like the circle and the semicircle . With the studies done you can observe that the branching takes place from the surface having the smallest surface area, we conduct experiments using shapes that will give us a clear idea of whether the surface area is an important factor or no in the determination of the so called “tip” at which the branching occurs.

· In Nelson et al they use a very basic computational model where they model “hypothetical inhibitory molecules “using a diffusion model where they say that the concentration of the molecules is 1 at the surface of the tubule and the concentration at the end of the slide was 0 , using this they checked for the concentration of the molecules along the tubules and they observed that the concentrations of the molecules was less at the “ tips” and hence there was a more branching , they also explained the existence of the hypothetical molecules theory by placing two tubules side by side and proving that branching took place only when the tubules were >75um away from each other. We propose to use special shapes and check if the existence of the inhibitor by placing a placebo and checking if the cells actually have some kind of mechanism to distinguish between a group of cells that don't branch (hence not branching in that direction) and a non- biological barrier in the direction of branching. This is a very important concept because during branching in-vivo the cells identify the existence of another branching tubule and make sure not to come in its way hence it is important to check whether the phenomenon of evading the other branching tubule is due to the release of inhibitory molecules or do branching cells have a different mechanism to detect a hindrance in front of it and evade it.

· The authors of the paper Nelson et al, 2006, conducted an experiment and checked that the branching increased when the length of the tubule was increased; they were unable to explain the results. We would like to work further in this direction and use different length ratios and validate our hypothesis that the branching is a surface area phenomenon and hence tubules in different lengths but the same ratios will show the same branching.
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· To check for the affect of the surface area on the branching site our experimental setup consists of a micro-patterned tubule shaped as shown below, the cells are added to this tubule and after the addition Epithelial growth factors (EGF) we visualize the stained nuclei of the cells and check for branching after 24 hours .The branching can be quantified with magnitude and position by stacking multiple fluorescent images in registration in a way that the stacked image shows a average spatial distribution of the cells within and branching from the tubules
Fig 2. Here the sides a, b , c and d have the same length s=50um and is greater than 100um .
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· To check for the existence of an inhibitor that is a cause of branching can be done by using the experimental set up shown in Fig 3: In this experiment we construct this setup using different mold and these are filled with the respective epithelial cells (1) cells which don't branch by blocking the block the matrix metalloproteins that favor branching (Tg) (2) placebo i.e just some kind of material like polyethylene glycol (PEG) (Tp) (3) one with cells that branch (Tf). EGF is added to the cells and the cells are visualized after 48 hours.
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Fig: 3
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· To validate our hypothesis that branching is a surface area phenomenon we use different tubules of the same ratios of their sizes, our experimental setup will have the following tubules:

· Tubule with a length of 250um and width of 50 um (Ta) (ratio 5:1)

· Tubule with a length of 100um and width of 20um (Tb) (ratio 5:1)

· Tubule with a length of 250 um and width of 150 um (Tc) (ratio 5:3)

· Tubule with a length of 100um and width of 60um (Td) (ratio 5:3)
The cells are added to the tubules of the given dimensions and EGF is added and the tubules are visualized for branching after 24 hours.

Analysis and Interpretation:

Here we make changes from the conventional shaped tubules that have been used in the paper, where the existence of additional “tips” of the same surface area right in between the region proposed to have a much higher concentration of the inhibitor molecules .We guarantee this by making sure that the length of the sides is lesser than 75um, which has been proved to be the optimum distance between two tubules so that one doesn't have any affect on the other branching. This will give us a good view of conflicting ideas and see which one prevails, if we see there is branching at all the sides with the lowest surface area then we can say that branching is a surface area phenomena, but if there is still no branching then we can conclude that there may be hypothetical inhibitory molecules that affect the branching depending upon the geometry of the tubule.

Here we check for three controls, one is the existence of cells which don't branch by blocking the matrix metalloproteins that favor branching (Tg), one a placebo i.e just some kind of material like polyethylene glycol (PEG) that come in the way of the direction of branching (Tp), and one with cells that branch (Tf). This lets us see if there is a inhibitory molecule that is released by cells or does the branching cells have a mechanism to sense a hindrance in their way hence evading it and exhibiting no branching in that direction. This gives us an idea on the why organs take a certain fixed shape. If there is no branching from Tp and Tg that shows that the cells have a mechanism of detecting some kind of blockade in its path and doesn't branch out in that direction. If there is branching from Tp only then it means that the inhibitory molecules are sent out by all kinds of epithelial cells even if they are not branching and hence showing that the cells recognize another cell in its vicinity and doesn't branch in that direction to avoid possible overlap .If there is no branching only from Tf then it proves that only branching cells send out some kind of inhibitory molecules to stop any kind of branching in their direction.

Using the combination of the tubules Ta, Tb, Tc, Td, Te and Tf, we propose to find a relationship between the ratios of the sides to the position of branching sites and if the change in ratio of the sides matter more than just the change in size keeping the ratios same . The 3D modeling that they do is based on the fact that there is more overlap of the inhibitory molecules hence increasing the concentration at places with more surface area as there are cells on the surface. Considering this model we see that the branching should be a function of the ratio of the sides ie if the ratio remains the same then the branching at the ends will also remain the same.

If there is an increase in the branching in Ta than Tc then we can say that relative ratios of the sides matter hence even though the length is the same because of the relative decrease in ratio there is an increase in branching .If not then it means that the ratio doesn't matter and only the length matters. If there is an increase in branching in Ta than Tb then we can say that it is a length factor rather than a ratio of side's facto hence disproving their hypothesis based in the 3D modeling. If there is an increase seen in both the cases then we can conclude that the branching depends on the relative ratio of the sides and lower the ratio between the sides the more branching will take place.

Specific Methods:

Functionally normal EpH4 mouse mammary:

Epithelial cells cultured in 1:1 Dulbecco's Modified Eagle's Medium:Ham's F12 Nutrient Mixture (DMEM/F12), 2% fetal bovine serum, 5 μg/mL insulin, 50 μg/mL gentamycin (Sigma). EpH4 cells that express stable GFP under control of the human vimentin gene promoter were maintained in a growth medium that was supplemented with geneticin (G418)(400 μg/mL). Primary epithelial organoids consisting primarily of luminal epithelial and myoepithelial cells were made from 8-week-old virgin CD-1 mice. Inguinal glands were taken out in non-septic conditions, minced with scalpel blades and allowed to incubate with agitation (100 rpm) for about 30 min at 37C in growth medium supplemented with trypsin and collagenase A. The cells that are digested are centrifuged at 1500 rpm for 10 min. After which the supernatant is discarded, and the obtained cell pellets are resuspended in growth medium supplemented with 1000 U DNase I (Sigma). Single cells usually fibroblasts were obtained from the organoids by carrying differential centrifugation in DMEM/F12. Organoids will then be plated on tissue culture polystyrene in DMEM/F12 supplemented with 20% fetal bovine serum, insulin/transferrin/sodium selenite (ITS; Sigma), and penicillin/streptomycin (UCSF Cell Culture Facility). After 24 hours, the primary epithelial cell is treated with trypsin for 4 min at 37°C. Soybean trypsin inhibitor, is used to stop the reaction, cells were centrifuged at 800 rpm, resuspended in DMEM/F12, and plated in micropatterns. Patterned cells were grown in DMEM/F12 supplemented with ITS and penicillin/streptomycin.Tubules were treated at the time of induction of branching with the following reagents diluted to the concentrations indicated in the text: GM6001 (Calbiochem) to block the Matrix metalloproteins.

Micropatterned tubules:

Cultures of epithelial cells embedded were formed by negative mold method .PDMS (PDMS; Sylgard 184, Ellsworth Adhesives, Germantown, WI) was used to make the 2 elastomeric stamps. which will be rendered non-adhesive by coating with 1% solution of bovine serum albumin (BSA) in phosphate-buffered saline (PBS).These stamps were then placed on a drop liquid neutralized collagen (ICN Biomedicals, Costa Mesa,CA) at 37ºC until gelation. This formed micromolded cavities which were filled by a concentrated suspension of EpH4 cells also allowed to settle were primary cells, or primary organoids. Excess cells were rinsed by culture medium and the second layer of micromolded collagen in placed on top. The culture system was comprised of tubules (50-μm in diameter or varied as needed depending on the experiment) embedded in a 3D volume of collagen gel (~3 mm thick by ~5-mm in length and width) bathed in growth medium. Recombinant EGF (20 ng/mL; Sigma) or HGF (1 ng/mL; Sigma) was used to enhance branching which was apparent after 24 hours.

Imaging and statistical analysis:

The samples are fixed and stained for their nuclei using Hoechst 33258 (Molecular Probes, Eugene, OR), we visualized the cells using a Spot CCD camera attached to a Nikon Diaphot microscope. Total cumulative data will be represented by stacking all the around 50 binarized images, relative pixel frequency would be obtained using a Scion image software and the color coding would be done in Adobe Photoshop. All experiments will be conducted at least 3 times to generate consistent data. To calculate certainty of data, we determined the approximate 95% for the number of branches initiated from specific locations in the tubule geometry, by using 95% CI ~ p ± 1.96 sqrt[p(1-p)/N], where p is the fraction of branches initiating at a specific location, and N is the total number of branches.

Expected Results:

I would expect branching to be a surface area phenomenon with the smallest side having the maximum branching; also a change in ratios will only make a difference in the branching and not just change in lengths, I am expecting to see that the cells have a intrinsic mechanism to detect a hindrance in the direction of its branching and take an alternate path and hence there will be no branching even in the placebo test.

Aim 2:

Preliminary studies:

In Nelson et al 2006 they constructed a 3D model for diffusion, to generate a concentration profile of hypothetical inhibitory molecules produced by epithelial cells in the tubules. The different tubule geometries were defined using Comsol Multiphysics 3.2a software (Comsol Inc, PaloAlto, CA). The geometries of the model were confined by a cylindrical bounding box that measured 40-mm in diameter and 6-mm in height (to represent the culture dish). In this model they setup all the boundaries except the bottom as diffusion sinks with a concentration of 0; the bottom surface was rendered inert with a flux condition of 0. Constant uniform secretion of the inhibitor from the tubule was defined as a flux condition of 1 at the tubule surface. These concentrations were visualized as a section through the mid-plane of the tubules. .Using the results of this model they were able to visualize that the concentration of the inhibitors was lowest in positions where branching was later observed to have induced and as their model included the fact that all the cells especially the neighboring epithelial cells play an important role in selection of the branching sites, by secretion of a hypothetical inhibitory molecules.

Rational:

Using their model of diffusion we see that there is a huge contribution by the neighboring cells in determining the branching site We wanted to test this hypothesis, by alternating the normal cells with certain groups of mutant cells which don't release autocrine TGF-b and varying the distance between the two groups of cells and checking for an increase in branching .The mutant is created by selectively disrupting the TGFb1 signaling by treating it with a function-blocking antibody against TGFb1 ( mutant). If the branching increases as you increase the distance between the two sets of cells then we can conclude that there are molecules that are secreted by the cells which inhibit branching .If there is no difference when the distance is changed then we can conclude that there is no dependence of the determination of the branching sites on the neighboring epithelial cells .

Experimental Approach:

This will employ a new type of micro-molding where the PDMS stamp Fig 4 required is divided into X number of compartments with length Y um where the gap between each compartment is <<< Y um . This setup makes sure we can place the different kinds of cells in each compartment and as we are making sure the thickness of the walls between each of the cells is negligible ( in the range of nanometers) and hence the diffusion of the required molecules through the wall is appreciable as compared to the diffusion if the wall was not there as compared to the size of each of the compartment we can take the whole thing as a single tubule and check for its branching on the surface of the tubule .

Thin wall between the different compartments

Fig 4: The PDMS stamp that will be used to micro-mold the tubules on collagen.

To check our hypothesis we need to make tubules of different dimensions like T1 and T2 as shown in Fig 5
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Fig 5: a) T1, b) T2, c) T3

T1 and T3 are the same moulds but the only difference is that the spacing between the mutated cells has increased. T2 is a different mould where the number of compartments is larger hence increasing the concentration of mutant cells at the surface of the tubule.

To carry out the experiment the mutant cells are added to the blocks marked red and the normal epithelial cells will be added to the white cells, EGF is added and branching is allowed to take place for 48 hours, using the method described in Aim 1 we can visualize the branching by staining the nuclei of the cells.

Analysis and Interpretation:

After letting the cells to undergo branching for 48 hours if we observe that the branching is the same in all three, then we can conclude that as there is equal branching even when the epithelial cells were alternated with mutated cells that did not release the TGF-b , the effect of the inhibitory molecules secreted by the neighboring cells don't affect the branching .If there is a increase in branching is in the order of T3<T1<T2 , then we can say that the inhibitory molecules secreted by the neighboring cells affect the position of the branching site hence strengthening the papers hypothesis and validating their 3D diffusion model.

Specific Methods:

Most of the methods will be the same as shown in Aim 1 that includes the preparation of the epithelial cells, and visualization of the branching

The micro-patterning method will be the same as Aim 1 but the pattern of the PDMS mold used will be as shown in Fig 4 with the dimensions showed in Fig 5 to form the respective tubules for this experiment.

Tubules were treated at the time of induction of branching with the following reagents diluted to the concentrations indicated in the text

1) Control chicken immunoglobulin-G (IgG) (R&D Systems) (the white boxes)

2) Chicken anti-TGFb1 (R&D Systems) (the red mutated boxes)

Expected Results:

I would expect that the branching would increase as I am not convinced by their 3D diffusion model and the increase in branching will show that there is no influence of the neighboring cells.
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