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Abstract
Mammary stem cells provide for net growth, renewal and turnover of mammary epithelial cells, and are therefore potential targets for strategies to increase production efficiency. Appropriate regulation of mammary stem cells can potentially benefit milk yield, persistency, dry period management and tissue repair. Accordingly, we and others have attempted to characterize and alter the function of bovine mammary stem cells. However, research on mammary stem cells requires tissue biopsies which limit the quantity of samples available. Interestingly, different studies reported recently the identification of  putative mammary stem cells in human breast milk and new data are available in ruminants for this issue. In this review we summarized the main achievements in this field for dairy cow science and describe the interesting perspectives open to manipulate milk persistency during lactation and to cope with oxidative stress during the transition period. The exciting possibility that stem cell expansion can influence milk production is currently under investigation. The identification of primitive cell types within cow’s milk may provide a non-invasive source of relevant mammary cells for a wide-range of applications. 

1. Introduction
The discovery of the presence of stem cells and precursors with high regenerative potential in the mammary gland, hypothetically maintained throughout the course of the productive life of dairy cows sheds an interesting light for basic research which aims to clarify all physiological clues that are involved in milk production. Moreover it opens  several scenarios in which increasing or maintaining longer the production  of dairy cows by extending the productive life span become possible.
In this review, we try to summarize which scientific aspects have been clarified so far, which ones still need to be studied and to highlight future practical applications of the manipulation of these cells. In particular, recent data are discussed, even in comparison with those already collected for the human species, on the role of stem cells found in milk.
Some of the data reported must necessarily be translated from those found in other species, but the history of mammary stem cells is relatively young and we should take in mind that only in 2006 (see below for references) in two laboratories mammary stem cells were first isolated in the murine species.

2. Biology of stem cells
Adult stem cells are multipotent, self-renewing cells that are found in adult tissues. They are long-lived cells that are usually quiescent and have the ability to divide asymmetrically to generate committed progenitors (Regan and Smalley, 2007) These progenitors will ultimately undergo an extensive proliferation and will differentiate along the different lineages that can be found in the tissue where they reside. This behavior allows both for maintaining a primitive population and to provide cell turnover for the tissue, either in case of damage or normal wear of older cells (Hennighausen and Robinson, 1998; Kordon and Smith, 1998). 
The mammary gland has a peculiar development, since it takes place at different stages of the life of the animal. Most of the development is after birth of the animal and more specifically right before achieving sexual maturity. However the mammary gland undergoes cyclic remodeling throughout the life of the organism: at each oestral cycle variations in the hormonal milieu cause a limited proliferation of mammary epithelial cells which is followed by a regression phase. These changes are much more prominent during pregnancy: dramatic proliferation and morphogenesis take place and result in appearance of many alveoli (the functional unit of the mammary gland) (Capuco and Ellis, 2005). Prolactin and progesterone drive differentiation of epithelial cells towards a secreting phenotype, that is genes coding for enzymes involved in the biosynthesis of milk components are strongly upregulated. When lactation is over, the mammary gland undergoes involution: cell death occurs to reduce cell numbers and the tissue is remodeled at the same time so that the mammary gland returns to a quiescent state.
The extensive proliferation that the mammary gland undergoes at each cycle (ie at each pregnancy) can be sustained only by an adult stem cell population which resides in the tissue for the whole life of the animal and it’s activated at specific stages by signaling pathways dependant on steroid hormones. Several evidences have been provided for the existence of such a population in the mouse species but only in 2006 two independent research groups isolated this mammary cell subpopulation (Shackleton et al., 2006; Stingl et al., 2006) and described the isolation and purification of stem cells through cell sorting that were able to regenerate in vivo a functional mammary gland when transplanted back in the fat pad of recipient mice. Different committed progenitors were also identified. Two cell lineages can be found in the mammary gland: luminal cells which have the ability to secrete milk in the lumen of the alveoli and myoepithelial cells that are contractile and force the milk through the ductal network to the nipples. Lineage restricted progenitors were detected by these groups, but also bipotent progenitors which could differentiate along both cell lineages but lacked the ability to regenerate in vivo a functional mammary gland.
Other groups further explored the mechanisms that regulate the mammary tissue hierarchy and found that progesterone is one of the main player in causing expansion of the stem cell compartment during oestral cycle and pregnancy (Joshi et al., 2010). However other signaling molecules that were previously studied in other stem population (embryo stem cells) were found to have an important role in self-renewal and cell fate determination: focus was drawn on Notch and Wnt family members (Tanos and Brisken, 2008).
Most of the studies on adult mammary stem cells were done in the mouse and human species. Few data were available on the bovine species: the development  of the mammary gland in dairy cows is more similar to the human one than the mouse species, but due to the common management procedures which involve fecundation of the cow soon after giving birth the result is a lactation that is mostly overlapping with another pregnancy and no involution can be observed in dairy animal. At the end of the lactation the signals that would induce cell death and tissue remodeling are overrun by proliferative stimuli generated by continuous progesterone production in the ovary (Capuco et al., 2012).
Recently bovine adult mammary stem cells have been functionally identified by our lab (Martignani et al., 2009) and their identity has been confirmed as they are able to regenerate alveoli that secrete milk when transplanted in immunodeficient mice (Martignani et al., 2010). Lineage restricted progenitors were also identified. They are characterized by a limited regenerative potential and lack the ability to produce cells of both mammary epithelial lineages. These data suggest that a hierarchical cell organization exists within the mammary tissue of ruminants: stem cells are maintained as a small population in a quiescent or slowly replicating state and epithelial cells expansion which is associated with oestral cycles or pregnancy is mainly due to the proliferation of progenitors. Similar data were obtained also in small ruminants (Prpar et al., 2012). Purification strategies aimed at selection and isolation of the different types of progenitors or stem cells however proved difficult due to lack of antibody specific for the bovine and goat species. Recently  mammary cell populations based on the expression of specific markers were sorted: basal cells, luminal cells, progenitors and stem cells were found to have a differential expression of these markers, potentially allowing for their isolation and purification (Rauner and Barash, 2012).
However showing the existence of adult mammary stem cells and their putative phenotype in the bovine mammary gland is just the first step on the path of understanding the mechanisms that regulate homeostasis of stem cells and drive the differentiation process.

3. Mammary stem cell role during mammary gland development, pregnancy and lactation in cow
We have just mentioned how the complicated and extensive modifications which the mammary gland cyclically undergoes are attributed to adult stem cells, or rather, only to stem cells that have the replication potential to support significant waves of proliferation that determine extensive remodeling during pregnancy (Capuco et al., 2002).  These cells may also be involved in the replacement of the epithelial cells that exfoliate into the lumen of the ducts during lactation. There are different populations of progenitors organized with a clear hierarchy: the most primitive cells (stem cells) give rise to all cell types and in all structures, while the progenitors that are derived from them have reduced multipotency, despite their greater number. They are therefore only partially differentiated, and will undergo several divisions, each of which represents a step towards terminal differentiation. In cattle, after an initial quiescent phase, at 2-3 months of age the mammary gland returns to its development: the ducts are developed as extremely compact and greatly branched structures surrounded by loose connective tissue. The elongation of the ducts takes place through a coordinated process of simultaneous growth, branching and extension of the terminal ductal units (TDU) and proliferation of the surrounding connective tissue that invades the mammary fat. When puberty is reached, the mammary growth ends and only small changes are observed during the succession of estrous cycles due to associated hormonal changes. Very different is the situation that occurs when pregnancy happens. In this case the bovine mammary gland undergoes a massive development which starts immediately after fertilization and lasts until parturition: the growth of the epithelium takes place through an increase in secondary branching of the alveolar structures for cell proliferation, which is followed by the cell terminal differentiation(Capuco et al., 2002; Capuco and Ellis, 2005). This important remodeling phase has the purpose either to drastically increase the number of secreting cells and to induce the terminal differentiation, thus the expression of a series of genes that are essential for the biosynthesis of the various components of the milk. The close relation between the progenitor cells with the total mass of epithelial cells that compose the parenchymal portion of the mammary gland acquires a crucial importance when considering the issue of productivity in dairy cattle. Since the amount of milk that a cow is able to produce at any time is closely related to the number of secreting epithelial cells that are present in the tissue, the more the dairy cow will be able to maintain a high number of these cells, the higher will be its production. It has been in fact demonstrated in the lactation curve of dairy cow that after an initial increase in production due to a greater secretory capacity of the epithelial cells, cell number is kept relatively constant and the slow decline of productivity is due to a slow and steady reduction in the number of epithelial cells. This reduction is due to a low apoptotic rate and a slightly lower proliferative activity of mammary epithelium which nonetheless guarantees a constant turnover of secreting cells throughout lactation (Capuco et al., 2003). In this scenario, it is evident that even limited variations in the proliferative activity of stem cells and progenitors may have an important effect on the productivity of the cow. It is also useful to remember that the normal practice of rearing dairy cattle provides that the animal be fertilized about three months after parturition: in this way the time during which the cow is unproductive is minimized, since the subsequent lactation can be initiated shortly after finishing the previous one. The period that elapses between two lactations is defined dry period. If normally in a mammal an involution of the mammary gland has been observed at the end of lactation which reverts back the gland to a quiescent state, this does not occur in dairy cattle. Concomitant pregnancy produces a hormonal pattern that contrasts sharply with the end of lactation and in particular proliferation and mammary morphogenesis is strongly promoted (Choudhary and Capuco, 2012). There is then a phase of regenerative involution concomitant with the dry period, in which the mammary gland does not come to a tissue remodeling, but rather to a consistent cell turnover. This process is crucial to ensure the production of large quantities of milk in later lactation. It is unclear how this massive proliferation should be supported by a population of primitive cells that are "activated" by a specific hormonal framework that ensures the necessary cellular catabolism. It is suggestive that the dry period represents a critical moment for the productivity of dairy cows and the homeostasis of the progenitor cells compartment at this stage is crucial. The significant metabolic stress to which the cows undergo during lactation and the progressive aging of the animal are factors that can affect both these aspects, causing a reduction in the proliferative capacity of progenitors and consequently lower productivity of the animal. 

4. Mammary stem/progenitors cells in milk
The most common methods for the recovery of mammary cells to analyze their phenotype and their functional properties require the recovery of tissue from the mammary gland, and subsequently its dissociation. This approach may not be possible in case it is necessary to repeat the analyses on the same animal for long periods of time and at regular intervals, as repeated tissue recovery through biopsy may be unacceptable for the welfare of the animal. 
Recently the isolation of progenitor cells was described directly from milk in the human species (Cregan et al., 2007; Thomas et al., 2011a). In these works it is shown that in human milk there is a cell population of epithelial identity (shown by the expression of several types of cytokeratins) expressing markers typical of progenitor cells such as nestin, or p63 and that it is able to generate colonies of different mammary subsets, which expand in culture for short periods of time. In human this finding is now paving the way for investigation of the functions of these cells in the breastfed infant and the use of breast milk as a tool to understand the normal biology of the breast and its pathologies (Hassiotou et al., 2013; Twigger et al., 2013).
Milk contains epithelial cells, colostral corpuscles, polymorphonuclear leukocytes, mononuclear phagocytes and lymphocytes(Crago et al., 1979; Smith and Goldman, 1968; Thomas et al., 2011a), with those of epithelial lineage forming the main bulk of cells within two weeks of establishing lactation (Ho et al., 1979). Few years ago it has been hypothesized that these epithelial cells are shed from the ductal and luminal epithelial layers through either a heightened turnover of the secretory tissue, or as a consequence of the mechanical shear forces associated with the continued filling and emptying cycle associated with breast milk synthesis and lactation. The first reports identified putative mammary stem cells from human breast milk through their expression of various cytokeratin markers, CK5, 14 and 19 and nestin (Cregan et al., 2007). Very recently new data available on these cells demonstrated in the cellular component of human breast milkshowing markers associated with haemopoietic, mesenchymal as well as neuro-epithelial lineages. The positive expression of various primitive stem/progenitor cell markers like CD133, Stro-1, nestin and the presence of SP within the total cell population of human breast milk suggests that breast milk may be a novel source of putative stem/progenitor cells (Fan et al., 2010). Furthermore, it has been reported  that, at least  human milk, contains stem cells with multilineage properties. Breast milk cells from different donors displayed variable expression of pluripotency genes normally found in human embryonic stem cells. These genes included the transcription factors OCT4, SOX2, NANOG, known to constitute the core self-renewal circuitry of hESCs (Hassiotou et al., 2012).
In these years our research group has collected tissue samples from mammary glands  from puberty to ten-lactations old cow to measure mammary progenitors frequencies ad we reported an age-dependent distribution of these primitive cells (Martignani E and Baratta M, 2010). These data were gathered by collecting samples of mammary tissue that were subsequently enzymatically digested in order to obtain a single cell suspension that was used to carry on the analysis. However the data points represent only a single moment in the bovine productive life without providing information on variations associated with specific conditions (quiescence, pregnancy, early vs late lactation). Given the technical difficulties and welfare concerns associated with performing repeated biopsies throughout the productive cycle of a dairy cow, as other authors have reported, milk might be an alternative source for progenitor cells. As we previously reported, luminal progenitor cells from the mammary gland possess a high activity of the Aldehyde dehydrogenase 1 (ALDH1) enzyme, which can be detected by administration of a suitable substrate to the cells. 

5. Mammary stem cell role in transition period
During transition period dairy cows can suffer for an excessive metabolic load and may experience a decreased in the immune system function, thus increasing the risk of disease. Dry period can be consider the time to rest for the mammary gland. During the dry period the mammary epithelial components regress, proliferate and differentiate with the ultimate goal of maximizing milk production during the subsequent lactation. In this period the mammary cells loss is insignificant and therefore the terms involution and regression may be inappropriate. Dry period is necessary to permit reparation or replacement of damaged, lost or senescent epithelial cells and to increase the percentage of cells in the mammary gland prior to the next lactation (Capuco et al., 1997). Cell numbers reflects a balance between cell proliferation and apoptosis. In non pregnant cows, a decline in milk production is expected as lactation progresses, due to changes in cell number rather than to changes in cell activity. In pregnant cows the decline in production may also be related to a secretory capacity reduction. Mammary stem cell manipulation in cow that result in increased cell proliferation or decreased apoptosis will improve the persistency of the lactation curve (Stelwagen et al., 2013). It is evident that variations, no matter how limited in the proliferative activity of stem cells and progenitors may have an important effect on the productivity of the cow. There is then a phase of regenerative involution concomitant with the dry period, in which the mammary gland does not come to a tissue remodeling, but rather to a consistent cell turnover. This process is crucial to ensure the production of large quantities of milk in later lactation (Steeneveld et al., 2013). In this scenario dry period represents a critical moment for the productivity of dairy cows and how homeostasis compartment of progenitor cells at this stage is essential.
Finally, the study of mammary stem cells may shed new light on the ongoing discussion on the most appropriate time of the transition period. In fact, significant metabolic stress to which the cows undergo during lactation and the progressive aging of the animal are factors that can cause a reduction in the proliferative capacity of progenitors and a consequently lower productivity of the animal. The dry period also plays a particularly delicate role in dairy cow in relation to animal well-being, which greatly influences the management when considering the next stage of lactation. Short dry period do not allow for a good regeneration of the mammary tissue, even if they can lower the negative energy balance problems after calving. On the other hand, an extremely long dry period increased body condition of the cows. Multiparous cows can benefit of a short dry period, instead primiparous cows would produce less milk in the second lactation (Annen et al., 2004).

6. Mammary stem cell and oxidative stress
An important issue in the management of dry period concerns the oxidative stress (OS) is the result of an imbalance between reactive oxygen species production (ROS), and neutralizing capacity of antioxidant mechanisms (Mantovani et al., 2010). The accumulation of ROS can result in substantial damage to mammalian tissues and aging, and OS is often associated with numerous pathologies (Sordillo and Aitken, 2009). In the dairy cow, at least three interrelated sources of OS can be identified during the transition period. The first OS source is related to the extreme shifts in the cellular metabolism and mobilization of body reserves. The consequence of such an increase of metabolic demand is an augmented rate of ROS production (Bernabucci et al., 2005; Castillo et al., 2005). Secondly, a significant contribution to OS is given by the immune system. After parturition, bacterial contamination can induce a neutrophilic influx into the uterine lumen. Activated neutrophils kills phagocytized organisms by oxygen-dependent mechanisms (respiratory burst), and contribute to the generation of ROS, which can result in tissue damage and inflammation (Bernabucci et al., 2005; Loiselle et al., 2009). 
The involuting mammary gland can be a source of OS during the period of intensive mammary epithelial cell replacement (Silanikove et al., 2005), occurring soon after termination of milking and characterized by cell apoptosis and tissue remodelling. Although the complete omission of the dry period has a negative effect on milk production in the ensuing lactation (Collier et al., 2012), many authors consider the reduction/omission of the dry period as an alternative model for milk production (Grummer et al., 2010), in particular because an improvement of energy balance and metabolic status can be envisage (Rastani et al., 2005). An interesting line of research therefore is trying to understand the relationship between oxidative stress and therefore regulation of mammary stem cells. In human it has just proposed that ROS produced by accumulated milk breakdown post-weaning may be the mechanism underlying the selective involution of secretory alveolar luminal cells (Thomas et al., 2011b). 

7. Perspective and future challenge
The milk-production industry has a significant impact on most national economies. In Europe more than 91 bilions liters of milk are produced annually with costs ranging from 30 to 90 euro per 100 Kg according to the country (Hagemann et al., 2012)(IFNC Dairy report 2011). The sharp rise in the price of grain, as nutrients but now also for fuel production, endangers the milk industry worldwide.. Since global overproduction has been eliminated by increasing milk consumption in the Orient, the ability to meet consumer demand is at risk. The dairy cow is characterized by a typical milk-production curve that rises shortly after parturition, is maintained for a variable period of time and then decreases for most of the milking period. When the lactating cow is pregnant, lactation is terminated at least 40 days before the following parturition, that is the dry period during which the animal is preparing for the successive lactation and does not produce milk. As lactation progresses, a correlation exists between the decline in mammary epithelial cells and the decrease in milk production, with only a very small fraction (0.4%) of the epithelial cells proliferating during that period. Mammary stem cells provide for net growth, renewal and turnover of mammary epithelial cells, and are therefore potential targets for strategies to increase production efficiency. Appropriate regulation of mammary stem cells can potentially benefit milk yield, persistency, dry period management and repair of mammary tissue damaged by mastitis (Capuco et al., 2012). Cows that tend to maintain their peak yield for longer than average are referred to as persistent. Increased persistence is associated with increased milk production and economic profit. Persistent cows are also healthier since they are exposed to less stress caused by consecutive pregnancies and deliveries and lower metabolic, fertility and health risks. Based on murine models and pioneering experiments in cattle, manipulation of the proportion of mammary stem cells appears to be feasible. In theory, persistency in high levels of milk production could double annual milk yield. Thus, an attractive approach to improving the efficiency of milk production involves maintaining the initially high level of milk secretion over a longer period of time. The reduction in the number of "dry periods" also contributes to the efficiency of lactation. Our hypothesis is that the self-renewal potential of the gland (i.e. number of stem cells able to undergo asymmetric division) is the cellular basis for persistency.
Secondarily, the high amount of milk produced over a long time, could allow for the recovery of  primitive cells from the mammary gland in a non-invasive way. This could prove a simple and rapid method which can easily provide the necessary amount of cells to monitor the functional status of the bovine mammary gland. It is therefore possible to assume that the complete characterization of these cells in the milk can become a diagnostic tool for the examination of aging of the breast and functionality  which can be compromised  by infectious processes or poor management, in particular during the transition period.

Acknowledgment 
This work was funded by the Italian Ministry of Education and Science (MIUR), grant PRIN 2010-2011 AND grant 2012 University of Turin.



References

Annen EL, Collier RJ, McGuire MA, Vicini JL, Ballam JM, Lormore MJ. 2004. Effect of modified dry period lengths and bovine somatotropin on yield and composition of milk from dairy cows. J Dairy Sci. 87:3746-3761.
Bernabucci U, Ronchi B, Lacetera N, Nardone A. 2005. Influence of body condition score on relationships between metabolic status and oxidative stress in periparturient dairy cows. J Dairy Sci. 88:2017-2026.
Capuco AV, Akers RM, Smith JJ. 1997. Mammary growth in Holstein cows during the dry period: quantification of nucleic acids and histology. J Dairy Sci. 80:477-487.
Capuco AV, Choudhary RK, Daniels KM, Li RW, Evock-Clover CM. 2012. Bovine mammary stem cells: cell biology meets production agriculture. Animal. 6:382-393.
Capuco AV, Ellis S. 2005. Bovine mammary progenitor cells: current concepts and future directions. J Mammary  Gland Biol Neoplasia. 10:5-15.
Capuco AV, Ellis S, Wood DL, Akers RM, Garrett W. 2002. Postnatal mammary ductal growth: three-dimensional imaging of cell proliferation, effects of estrogen treatment, and expression of steroid receptors in prepubertal calves. Tissue Cell 34:143-154.
Capuco AV, Ellis SE, Hale SA, Long E, Erdman RA, Zhao X, Paape MJ. 2003. Lactation persistency: insights from mammary cell proliferation studies. J Anim Sci 81 Suppl 3:18-31.
Castillo C, Hernandez J, Bravo A, Lopez-Alonso M, Pereira V, Benedito JL. 2005. Oxidative status during late pregnancy and early lactation in dairy cows. Vet J. 169:286-292.
Choudhary RK, Capuco AV. 2012. In vitro expansion of the mammary stem/progenitor cell population by xanthosine treatment. BMC Cell Biol. 13:14.
Collier RJ, nnen-Dawson EL, Pezeshki A. 2012. Effects of continuous lactation and short dry periods on mammary function and animal health. Animal. 6:403-414.
Crago SS, Prince SJ, Pretlow TG, McGhee JR, Mestecky J. 1979. Human colostral cells. I. Separation and characterization. Clin Exp Immunol. 38:585-597.
Cregan MD, Fan Y, Appelbee A, Brown ML, Klopcic B, Koppen J, Mitoulas LR, Piper KM, Choolani MA, Chong YS, Hartmann PE. 2007. Identification of nestin-positive putative mammary stem cells in human breastmilk. Cell Tissue Res. 329:129-136.
Fan Y, Chong YS, Choolani MA, Cregan MD, Chan JK. 2010. Unravelling the mystery of stem/progenitor cells in human breast milk. PLoS  One. 5:e14421.
Grummer RR, Wiltbank MC, Fricke PM, Watters RD, Silva-Del-Rio N. 2010. Management of dry and transition cows to improve energy balance and reproduction. J Reprod Dev. 56 Suppl:S22-S28.
Hagemann M, Ndambi A, Hemme T, Latacz-Lohmann U. 2012. Contribution of milk production to global greenhouse gas emissions. An estimation based on typical farms. Environ Sci Pollut Res Int. 19:390-402.
Hassiotou F, Beltran A, Chetwynd E, Stuebe AM, Twigger AJ, Metzger P, Trengove N, Lai CT, Filgueira L, Blancafort P, Hartmann PE. 2012. Breastmilk is a novel source of stem cells with multilineage differentiation potential. Stem Cells. 30:2164-2174.
Hassiotou F, Geddes DT, Hartmann PE. 2013. Cells in human milk: state of the science. J Hum Lact. 29:171-182.
Hennighausen L, Robinson GW. 1998. Think globally, act locally: the making of a mouse mammary gland. Genes Dev. 12:449-455.
Ho FC, Wong RL, Lawton JW. 1979. Human colostral and breast milk cells. A light and electron microscopic study. Acta Paediatr Scand. 68:389-396.
Joshi PA, Jackson HW, Beristain AG, Di Grappa MA, Mote PA, Clarke CL, Stingl J, Waterhouse PD, Khokha R. 2010. Progesterone induces adult mammary stem cell expansion. Nature. 465:803-807.
Kordon EC, Smith GH. 1998. An entire functional mammary gland may comprise the progeny from a single cell. Development.  125:1921-1930.
Loiselle MC, Ster C, Talbot BG, Zhao X, Wagner GF, Boisclair YR, Lacasse P. 2009. Impact of postpartum milking frequency on the immune system and the blood metabolite concentration of dairy cows. J Dairy Sci. 92:1900-1912.
Mantovani R, Sgorlon S, Marinelli L, Bailoni L, Bittante G, Gabai G. 2010. Oxidative stress indicators and metabolic adaptations in response to the omission of the dry period in dairy cows. J Dairy Res.  77:273-279.
Martignani E, Baratta M. 2010. Identification of a staminal niche in bovine mammary gland. 2010.  X Meeting SOFIVET, Turin, 11 June 2010, p 11-14.
Martignani E, Eirew P, Accornero P, Eaves CJ, Baratta M. 2010. Human milk protein production in xenografts of genetically engineered bovine mammary epithelial stem cells. PLoS One. 5:e13372.
Martignani E, Eirew P, Eaves C, Baratta M. 2009. Functional identification of bovine mammary epithelial stem/progenitor cells. Vet  Res  Commun. 33 Suppl 1:101-103.
Prpar S, Martignani E, Dovc P, Baratta M. 2012. Identification of goat mammary stem/progenitor cells. Biol Reprod. 86:117.
Rastani RR, Grummer RR, Bertics SJ, Gumen A, Wiltbank MC, Mashek DG, Schwab MC. 2005. Reducing dry period length to simplify feeding transition cows: milk production, energy balance, and metabolic profiles. J Dairy Sci 88:1004-1014.
Rauner G, Barash I. 2012. Cell hierarchy and lineage commitment in the bovine mammary gland. PLoS One. 7:e30113.
Regan J, Smalley M. 2007. Prospective isolation and functional analysis of stem and differentiated cells from the mouse mammary gland. Stem Cell Rev. 3:124-136.
Shackleton M, Vaillant F, Simpson KJ, Stingl J, Smyth GK, sselin-Labat ML, Wu L, Lindeman GJ, Visvader JE. 2006. Generation of a functional mammary gland from a single stem cell. Nature. 439:84-88.
Silanikove N, Shapiro F, Shamay A, Leitner G. 2005. Role of xanthine oxidase, lactoperoxidase, and NO in the innate immune system of mammary secretion during active involution in dairy cows: manipulation with casein hydrolyzates. Free Radic  Biol Med. 38:1139-1151.
Smith CW, Goldman AS. 1968. The cells of human colostrum.  In vitro studies of morphology and functions Pediatr  Res. 2:103-109.
Sordillo LM, Aitken SL. 2009. Impact of oxidative stress on the health and immune function of dairy cattle. Vet  Immunol  Immunopathol. 128:104-109.
Steeneveld W, Schukken YH, van Knegsel AT, Hogeveen H. 2013. Effect of different dry period lengths on milk production and somatic cell count in subsequent lactations in commercial Dutch dairy herds. J Dairy Sci. 96:2988-3001.
Stelwagen K, Phyn CV, Davis SR, Guinard-Flament J, Pomies D, Roche JR, Kay JK. 2013. Invited review: reduced milking frequency: milk production and management implications. J Dairy Sci. 96:3401-3413.
Stingl J, Eirew P, Ricketson I, Shackleton M, Vaillant F, Choi D, Li HI, Eaves CJ. 2006. Purification and unique properties of mammary epithelial stem cells. Nature. 439:993-997.
Tanos T, Brisken C. 2008. What signals operate in the mammary niche? Breast Dis. 29:69-82.
Thomas E, Zeps N, Cregan M, Hartmann P, Martin T. 2011a. 14-3-3sigma (sigma) regulates proliferation and differentiation of multipotent p63-positive cells isolated from human breastmilk. Cell Cycle. 10:278-284.
Thomas E, Zeps N, Rigby P, Hartmann P. 2011b. Reactive oxygen species initiate luminal but not basal cell death in cultured human mammary alveolar structures: a potential regulator of involution. Cell Death Dis. 2:e189.
Twigger AJ, Hodgetts S, Filgueira L, Hartmann PE, Hassiotou F. 2013. From breast milk to brains: the potential of stem cells in human milk. J Hum. Lact 29:136-139.


17

image1.jpeg
UNIVERSITA DEGLI STUDI DI TORINO




